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Non – technical summary 

In recent years globalisation of trade has increased biosecurity risks due to increasing volumes of 

international movements of humans, animals and commodities.  Incursions of pests and diseases can have 

severe ecological and economic consequences and may even threaten national food security in some 

instances.  Because of this, development of a new aquatic disease and marine pest surveillance capability is 

one of the priorities of the Northern Australia Biosecurity Surveillance Initiative.  One of the first steps of 

this process requires capacity building in the area of aquatic diseases and marine pests, including 

identification and prioritisation of organisms of biosecurity concern to Northern Australia through the 

science based process of risk analysis.   

The first stage of this risk analysis process was undertaken by the Northern Australia Biosecurity Framework 

(NABF) Aquatic Biosecurity Working Group during a hazard identification workshop in September 2016.  

The group developed agreed priority lists containing 10 aquatic diseases and 5 marine pests of concern, 

based on criteria including likelihood of establishing in northern Australia (defined as areas north of the 

Tropic of Capricorn), likelihood of impacting on industry in northern Australia, and species of concern that 

are easily identifiable by people that have limited experience or may be easily tested for through a 

surveillance program.  

A qualitative risk assessment was then undertaken for each species of concern and an overall relative 

likelihood of introduction, establishment and spread was determined for each disease and pest species for 

each of the 17 relevant IMCRA Provincial Bioregions identified by the Department of Agriculture and Water 

Resources.  For the 5 marine pest species, the risk assessment found a high likelihood of introduction. 

establishment and spread of the Asian green mussel Perna viridis and Black striped false mussel Mytilopsis 

sallei, a moderate risk of introduction of the Brown mussel Perna perna and Harris’ mud crab 

Rhithropanopeus harrisii, and a low risk of introduction of the Asian bag mussel Arcuatula senhousia.  For 

the disease agents, the risk assessment found a high likelihood of introduction establishment and spread of 

megalocytiviruses of finfish, Acute Viral Necrosis Virus of Scallops (AVNV), White spot Syndrome Virus 

(WSSV) of crustaceans, Yellowhead Disease caused by YHV1 virus in prawns, and Acute Hepatopancreatic 

Necrosis Disease  (AHPND) of prawns.  The risk assessment found a moderate likelihood of introduction 

establishment and spread of Edwardsiella ictaluri of finfish, Taura Syndrome Virus (TSV) of prawns and 

crabs, and Enterocytozoon hepatopenaei (EHP) infections of prawns.  The risk of introduction establishment 

and spread of Necrotizing Hepatopancreatitis (NHP) of prawns was found to be low, while the risk of 

introduction establishment and spread of Infectious Myonecrosis (IMN) was very low and did not exceed the 

Appropriate Level of Protection (ALOP). The analysis also found that any release pathway that facilitated 

entry of live decapod crustaceans (e.g. biofouling in sea chests on commercial shipping) also represented a 

significant risk of introducing several disease agents including WSSV, TSV, YHV1, AHPND and EHP.  

Options for risk mitigation were then presented, together with an appraisal of the utility of each option for 

reducing risks to within the ALOP.  The outcomes from this risk analysis process should be useful to help 

identify and prioritise the bioregions and pathways where increased biosecurity resourcing and/or 

phytosanitary measures are required to prevent entry and establishment of unwanted pests and diseases into 

Northern Australia.   
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1.0 Introduction 

In todays globalised world with increased emphasis on free trade between countries, the biosecurity risks 

associated with ever increasing volumes of international movements of humans, animals and commodities 

have never been greater (Perrings et al. 2005, Jones 2012, Craik et al. 2016).  Even so, the number of 

passengers, shipping and containerised cargo arrivals into Australia are forecast to nearly double by 2025 

(DIRD 2014), representing a significant increase in risk of introduction of aquatic pests and diseases, many 

of which could damage Australia’s industries, environment and our way of life (Hewitt et al. 2011a, b, Craik 

et al. 2016).  Once introduced, the spread of pests and diseases into the aquatic environment in new regions 

is, with few exceptions (Ferguson 2000, Neil et al. 2005), irreversible and can have significant ongoing 

economic and ecological implications for biodiversity, conservation of threatened native species as well as 

threaten food security by interfering with commercial and recreational fisheries and the aquaculture industry 

(Langdon 1990, Friedman 1996, Lightner 1996a, Lightner et al. 1997, Dove et al. 1997, Dove 1998, 

Oidtmann et al. 1999, Söderhäll and Cerenius 1999, Burreson et al. 2000, Daszak et al. 2000, Dove and 

Fletcher 2000, Durand et al. 2000, Gaughan 2002, Hayes et al. 2005, Hasson et al. 2006, Flegel 2006a, 

2006b, Walker and Mohan 2009, Lightner 2011, Stentiford 2012, Stentiford et al. 2012, Shields 2012).   

The four-year 'Northern Australia Biosecurity Surveillance' initiative aims to deliver government priorities to 

improve biosecurity surveillance that were outlined in the Developing Northern Australia and Agricultural 

Competitiveness white papers.  Development of a new aquatic disease and marine pest surveillance 

capability is one of the priorities of this initiative.  An important part of capacity building in the area of 

aquatic diseases and marine pests is identification and prioritisation of organisms of biosecurity concern 

through the science based process of risk analysis.  The first part of the risk analysis process was undertaken 

by the Northern Australia Biosecurity Framework’s (NABF) Aquatic Biosecurity Working Group during a 

hazard identification workshop held in September 2016.  The working group identified 10 aquatic diseases 

and 5 marine pests as priorities from national, state and territory lists of reportable species, based on criteria 

including likelihood of establishing in northern Australia (north of the Tropic of Capricorn), likelihood of 

impacting on industry in northern Australia, and being species that are easily identifiable by people who have 

limited experience or may be easily tested for through a surveillance program.   

Following on from identification of these hazards, this document communicates the outcomes of a risk 

assessment process that was conducted for each disease and pest species of concern to arrive at an overall 

relative likelihood of introduction, establishment and spread across each of the 17 relevant IMCRA 

Provincial Bioregions identified by the Department of Agriculture and Water Resources (DAWR), including 

Bioregions 1, 2, 3, 4, 5, 15, 16, 17, 18, 19, 20, 25, 26, 27, 28, 40, 41 (Figure 1).  When viewed from a 

physical/geographical perspective, these regions stretch across the entire coastal area of mainland northern 

Australia from Northern Territory Offshore (1), Gulf of Carpentaria (25), Western Australia Offshore (2, 3, 

4, 5), Western Australia Onshore (26, 27, 28), East Coast Offshore (15, 16, 17, 18, 19, 20) and East Coast 

Onshore (40, 41) (Table 1).  The major ports in this region are also summarised in Table 1.  Reporting of the 

findings of this analysis is based on a qualitative assessment of the risks involved with introduction (release), 

establishment (exposure) and spread (consequences) of each hazard as assessed using internationally 

recognised risk analysis methodologies (Diggles and Arthur 2010, OIE 2016) and utilising nomenclature, 

and risk estimation matrixes adapted from those used in the Bait and Burley Risk Analysis (Diggles 2011). 
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Table 1.  Physical/geographical groupings of the various IMCRA Bioregions in Northern Australia (For 
maps of major ports and shipping routes in northern Australia, see Appendices 2 and 3). 
 

Region / Bioregion 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 Bong, Karumba, Weipa, 

Skardon River, Thursday Island 

foreign fishing       
coastal population 

Western Australia Offshore   
2 Timor Province none foreign fishing   

offshore oil and gas 

3 Northwest Transition none offshore oil and gas 

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 Island, Broome, Onslow, Port 
Hedland, Port Walcott, Dampier, Varanus Island 

coastal population  
many islands 

28 Central Western IMCRA Transition none coastal population  

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, Darymple Bay, Cairns, Hay Point, 

Lucinda, Mackay, Mourilyan Harbour, Townsville 

high coastal population 
Great Barrier Reef  

41 Northeast IMCRA Transition Cape Flattery GBR, foreign fishing 
 

The risk assessment methodology used accounted for the following scoping document requirements to: 

1. Identify specific pathways/mechanisms/risk factors for entry, establishment and spread; 

2. Allocation of relative likelihoods of entry, establishment and spread across areas for each of the 

pathways/mechanisms identified;  

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

4. Combination of these likelihoods and importance to arrive at an overall relative likelihood of 

introduction, establishment and spread for each disease and pest; 

5. Further assessment of aquatic diseases to determine relative likelihood of introduction, establishment 

and spread in the wild and in an aquaculture setting; 

6. Spatial interpretation of this information based on the Integrated Marine and Coastal Regionalisation 

of Australia (IMCRA) Provisional Bioregions; 

7. Likelihood maps produced for each marine pest/aquatic disease (if detected in the wild) which are 

consistent with East et al. (2013) into the IMCRA provincial bioregions; and 

8. Suitable habitat identified for each pest species to inform surveillance priorities. 
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2.0 Hazard Description 

The first step in a RA process is to list the relevant hazards to be analysed.  These were identified by the 

Northern Australia Biosecurity Framework’s (NABF) Aquatic Biosecurity Working Group during a hazard 

identification workshop held on 28 September 2016.  The working group developed agreed priority lists for 

aquatic diseases and marine pests specifically aligned with northern Australia, in particular: 

• species that are likely to establish in northern Australia, (this area being defined by NABF as north 
of the Tropic of Capricorn including all of the Northern Territory, 

• species that are likely to impact on industry in northern Australia, 

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

o Identifiable can mean the recognition of something “unusual” either in signs or occurrences 
by people with limited experience or knowledge, not necessarily requiring identification 
down to species level,         OR 

o Easily tested for via molecular or another diagnostic methods to achieve identification or 
diagnosis of a potential pest or disease 

Based on these criteria, the working group identified the following priority marine pest species (Table 2) and 
diseases (Table 3) as hazards requiring detailed risk analysis.   

 

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

 
Pest agent 

Priority 
Ranking 

Common name Reportable 
pest 

MOLLUSCA     
Perna viridis 1 Asian Green Mussel National 
Mytilopsis sallei 2 Black Striped False Mussel National 
Perna perna 3 Brown Mussel, Mexilhao mussel National 
Arcuatula senhousia 
(syn. Musculista 
senhousia) 

4 Asian Bag Mussel National 

CRUSTACEA    
Rhithropanopeus harrisii 5 Harris’ Mud Crab National 
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Table 3.  The priority list of aquatic diseases of concern to be considered in the detailed risk analysis. 

 
 
Disease agent 

 
Priority 
Ranking 

 
Disease 
agent is 

infectious 

Agent or 
strains 

confined 
to certain 
regions  

 
Under 
official 
control 

 
OIE/ 

NACA 
listed 

FINFISH       
Viruses      
Infection with Megalocytivirus (ISKNV, 
RSIV and like viruses) 

3 � � National Yes  

Bacteria      
Enteric Septicaemia of Catfish 
(Edwardsiella ictaluri) 

7 � � National Yes 
(NACA) 

CRUSTACEA      
Viruses      
White Spot Disease (WSD) 1 � � National Yes 
Infectious Myonecrosis (IMN) 4 � � National Yes 
Taura Syndrome (TS) 8 � � National Yes 
Yellowhead Disease (caused by YHV1) 6 � � National Yes 
Bacteria      
Acute Hepatopancreatic Necrosis Disease  
(AHPND) (Vibrio parahaemolyticus) 

2 � � National Yes 
(NACA) 

Necrotising Hepatopancreatitis (NHP) 
(Candidatus Hepatobacter penaei) 

9 � � National Yes 

Protozoan      
Infection with  
Enterocytozoon hepatopenaei 

5 � � National Yes 
(NACA) 

MOLLUSCS      
Acute viral necrosis of scallops (AVNV) 10 � � WA Yes 

(NACA) 
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3.0 The methodology used for this Risk Analysis  

This RA was based on a qualitative assessment of the risks involved with translocation of these hazards.  The 

qualitative RA method addresses risk in a standardised manner (Jones and Stephens 2006, Diggles and 

Arthur 2010, DAFF 2011, Diggles 2011, OIE 2016) utilising a series of risk assessment processes, namely 

release assessment; exposure assessment; consequence assessment; 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, 3), the next step in the RA was to identify the potential 

routes of entry into Australian waters through various specific release pathways relevant to the hazard for 

each specific IMCRA Provincial Bioregion in Northern Australia.  Reviews of the literature on likely routes 

and vectors for introductions of pests and diseases into Australia and elsewhere (Hayes and Hewitt 1998, 

AQIS 1999, Hayes et al. 2005, Neil et al. 2005, Bulleri and Airoldi 2005, Biosecurity Australia 2009, Adams 

et al. 2014) identified the following main entry and release pathways (Table 4): 

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

Pathway Type  Abbreviation Marine Pests Diseases 

Aquaculture feed+ AF+ x � 

Ballast water  BW � � 

Biofouling on commercial shipping BC � � 

Biofouling on pleasure and fishing boats BP � � 

Discarded /ghost fishing gear DF � � 

Flotsam/debris FL � � 

Fishing bait - Domestic FBD � � 

Fishing bait- Imported FBI � � 

Fish/shellfish movements – Anthropogenic* FMA � � 

Fish/shellfish movements - Natural FMN � � 

Infrastructure stepping stones ISS � � 

*  Includes introduction via ornamental fish where relevant in the case of diseases. 
+  Includes live feeds such as rotifer cysts and Artemia cysts.  Artificial pellets discussed on case by case.  

The likelihood of entry for each release pathway was assessed 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 to high levels of processing). 

The likelihood estimations (Table 5) that a hazard would be successfully translocated and released via a 

particular pathway were determined through qualitative assessments based on information available in the 

scientific (and other) literature, unpublished data, as well as the professional judgment of the analyst.  

Indicative annual probability ranges for each category are for guidance only and are from DAFF (2003).  The 

risk assessment for a particular hazard was concluded if the release assessment determined that the likelihood 

of release of that hazard was negligible (OIE 2016).  Likelihood estimates were made based on risk estimates 

that includedconsideration of existing risk mitigation measures being applied to each release pathway (for 

example, disease testing of imported seafood products, routine pre-border and border control procedures 

such as ballast water exchange to Australian Ballast Water Management Requirements (DAWR 2016)).   

Table 5.  Nomenclature for the qualitative likelihood estimations 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< P ≤ 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 environment and aquatic animals in an IMCRA 

Provincial Bioregion being exposed to the hazards via the release pathways, and determines the likelihood of 

the establishment and spread of the hazard.  The likelihood of exposure will depend on several factors 

relating to the capacity of the pest or disease agent to colonise and survive in the environment, or in the case 

of diseases, the availability of susceptible hosts, the ease of infection of susceptible hosts, and the likelihood 

of subsequent transmission of infection to others within a population.  In determining the likelihood of 

establishment and spread in Australian waters, the following key factors were considered relevant:  

• Availability and density of suitable substrates and/or susceptible hosts 
• Management of potential hosts and biosecurity protocols for local host populations 
• Contiguity of host populations 
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• 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 location, exotic pest species must enter the risk pathway, 

survive the voyage from the source to recipient region, reproduce or be dislodged in the recipient region, 

colonise an available substrate or environment in the recipient region, and be able to complete its lifecycle in 

the recipient region (that is, undergo continued reproduction to become established) (DAWR 2015a).  

For disease agents, some additional considerations included: 

1. Route of Infection: Viable disease agents must be ingested by a susceptible host or otherwise come 

into contact with susceptible fish or invertebrate species. Infection may occur via the digestive tract, 

through direct contact with contaminated water via the external surfaces and gills, and/or 

2. Infective Dose: There must be sufficient quantities of viable disease agents to induce an infection 

following ingestion or contact with the disease agent via the external surfaces or gills.   

Once a hazard is released into the environment, the likelihood of whether it would survive, infect susceptible 

hosts (in the case of disease agents), and become established was expressed qualitatively using the likelihood 

estimations in Table 5, based on information available in the scientific (and other) literature, unpublished 

data, as well as the professional judgment of the analyst.  The likelihoods for the release and exposure 

assessments were combined using the matrix of ‘rules’ for combining descriptive 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 Extremely 
low 

Extremely 
low 

Extremely 
low 

Extremely low Negligible Negligible 

Negligible Negligible Negligible Negligible Negligible Negligible Negligible 
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The risk assessment for a particular hazard was concluded if the exposure assessment determined that the 

likelihood of establishment was negligible (OIE 2016).  

3.3 Consequence assessment 

The consequence assessment estimates the likely magnitude of the consequences of establishment and/or 

spread of a hazard into a new region, including the possible effects of pests and disease agents on aquatic 

animals, the environment, industry and the economy.  The qualitative terms used to describe the 

consequences of establishment of an unwanted pest or disease agent in this RA are defined in Table 7.   

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

Consequence Definition 

Extreme  Establishment of disease/pest would cause substantial biological and economic 

harm at a regional or even national level, and/or cause serious and irreversible harm 

to the environment.  

High Establishment of disease/pest would have serious biological consequences (high 

mortality or morbidity) and would not be amenable to control or eradication. Such 

organisms would significantly harm economic performance at a regional level 

and/or cause serious environmental harm which is most likely irreversible. 

Moderate Establishment of disease/pest would cause significant biological consequences and 

may not be amenable to control or eradication. Such diseases/pests could harm 

economic performance at a regional level on an ongoing basis and/or may cause 

significant environmental effects, which may or may not be irreversible.  

Low Establishment of disease/pest would have moderate biological consequences and 

would normally be amenable to control or eradication. Such diseases/pests may 

harm economic performance at a local level for some period and/or may cause some 

environmental effects, which would not be serious or irreversible. 

Very Low Establishment of disease/pest would have mild biological consequences and would 

be amenable to control or eradication. Such diseases/pests may harm economic 

performance at a local level for a short period and/or may cause some minor 

environmental effects, which would not be serious or irreversible. 

Negligible Establishment of disease/pest would have no significant biological consequences 

and would require no management. The disease/pest would not affect economic 

performance at any level and would not cause any detectable environmental effects. 

These descriptions are based on information available in other RAs (Jones and Stephens 2006, Biosecurity 

Australia 2009, Diggles and Arthur 2010, Diggles 2011), the scientific literature, unpublished data, as well as 
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the professional judgment of the analyst.  For each hazard of concern, the consequence assessment 

determined the likelihood of occurrence and the associated impact for each of two main outbreak scenarios.  

Either: 

1. The pest or disease agent becomes established and spreads throughout a region of northern Australia.  

This scenario assumes that if an agent were to establish it would eventually spread to its natural 

geographical limits, or; 

2. An index case occurs, but the agent does not persist in the environment.   

Only the first scenario was considered to represent establishment of the pest or disease agent, because the 

second scenario would most likely go undetected.  The risk assessment for a particular hazard was concluded 

if the consequence assessment determined that the consequences of introduction were negligible (OIE 2016). 

3.4 Risk estimation 

Risk estimation is the final step involved with each assessment and would be used to determine whether the 

extent of the unrestricted risk presented by each pest or  disease agent to the aquatic animals, environment, 

industries and community of Australia was sufficient to require risk management.  ‘Unrestricted risk’ means 

the estimated risk if the various hazards were to be translocated with no risk management measures in place 

(except for certain routine pre-border and border control procedures such as ballast water exchange).  Risk 

was assessed using the risk estimation matrix in Table 8 which uses a combination of the qualitative answers 

given for the combined likelihoods of release and exposure and the significance of the consequences of 

establishment of a disease agent to provide an estimate of the risk involved, ranging from ‘negligible’ 

through to ‘extreme’. 

The appropriate level of protection (ALOP) adopted in this RA is expressed in qualitative terms. Australia’s 

ALOP, which reflects community expectations through government policy, is expressed as providing a high 

level of sanitary or phytosanitary protection whereby risk is reduced to a very low level, but not to zero. This 

definition of ALOP, and its illustration by way of a risk estimation matrix is shown below in Table 8.  

If either the likelihood of establishment and spread, or the significance of the consequences of establishment 

and spread of a pest or disease agent were considered negligible or very low, the unrestricted risk would be 

within the ALOP, and there would be no need to implement any additional risk management steps.  

However, if the unrestricted risk estimation for any disease agent or pest was determined to be unacceptable 

(that is, above very low in the risk estimation matrix shown below), the threats posed by the disease or pest 

will be ranked (extreme, high, moderate, low) based on estimates of the relative likelihood of establishment 

and spread in Northern Australia (i.e. considering the number of pathways/mechanisms/risk factors for entry) 

as well as other relevant aspects (identity and likely source(s) of the hazard, epizootiology, likely costs of 

eradication).  For any pests or disease agents with risk estimation rankings that exceed the ALOP, additional 

risk mitigation measures may be necessary to reduce the risk estimate back to within the ALOP (Table 8).  

For the purpose of this risk analysis, to retain transparency in calculations of residual risk, risk estimations 

that fall below the ALOP (to the left of the ALOP in Figure 8) will be presented as they are calculated in the 



 

_________________________________________________________________________________________________________________________________________________________________________________ 

 

    
 

22

 
    

 
  www.digsfish.com 

relevant risk estimation tables, rather than coverting all to “negligible risk” status.  The risk estimation tables 

and area risk maps are colour coded for clarity, using the following:  Extreme risk = purple, High risk = red, 

Moderate risk = orange, Low risk = yellow, at or below ALOP = green (Table 8). 

Table 8. Risk estimation matrix showing the ALOP utilized for this RA (white squares = very low 

risk).  Any diseases which fall to the right of the ALOP during the RA will require additional risk 
management (yellow = Low risk,  orange = Moderate risk, red = High risk, purple = Extreme risk). 

.Negligible 
risk  

Very low 
risk 

Low risk Moderate 
risk 

High risk Extreme 
risk 

Negligible 
risk  

Very low 
risk  

Low risk  Moderate 
risk  

High risk  Extreme 
risk  

Negligible 
risk  

Negligible 
risk  

Very low 
risk  

Low risk  Moderate 
risk  

High risk  

Negligible 
risk  

Negligible 
risk  

Negligible 
risk  

Very low 
risk  

Low risk  Moderate 
risk  

Negligible 
risk  

Negligible 
risk  

Negligible 
risk  

Negligible 
risk  

Very low 
risk  

Low risk  

Negligible 
risk  

Negligible 
risk  

Negligible 
risk  

Negligible 
risk  

Negligible 
risk  

Very low 
risk  

 

 

3.5 Risk mitigation 

For any pests or disease agents with risk estimation rankings that exceed the ALOP, additional risk 

mitigation measures may be necessary to reduce the risk estimate back to within the ALOP.  The additional 

risk mitigation processes examined as part of this RA process related only to option evaluation together with 

an appraisal of the utility of each option for reducing risks to within the ALOP (see Section 6).  The options 

could form the basis of a consultation process that engages stakeholders to evaluate the biosecurity risks 

involved with unrestricted pathways/mechanisms/risk factors for entry with a view towards identifying 

practical mitigation options and/or directing passive/active surveillance efforts that could reduce the risks 

identified to an acceptable level.  Input from stakeholders should be included as they may provide data on the 

nature of alternative risk management measures which may be used to achieve the required risk reduction.  

Where there are equivalent risk management measures that could be used to achieve the required risk 

reduction, the option(s) least restrictive to trade should be employed.  The final risk management methods 

chosen (if any) would understandably vary on a case-by-case basis, depending on a wide variety of pathway, 

industry and region-related factors. 

Consequences of establishment and spread 

Negligible       Very Low            Low             Moderate          High             Extreme 
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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 name Perna viridis.  A 

hardy, highly invasive mussel species native to countries bordering the north-western Pacific Ocean.  

Juveniles are bright green while adults are dark green to brown, growing to a shell length of 8 to 16 cm.  

4.1.2  Pest risk ranking:  1  Zoonotic: No 

4.1.3  Australias status:  This species is exotic to Australia, but is known to have established and recruited 

in small numbers in Trinity Inlet, Cairns between 2001 and 2003 prior to eradication (Stafford et al. 2007).  

It is regularly detected in foreign vessel biofouling in Australian waters (Heersink et al. 2014). 

4.1.4 Introduction  

The Asian green mussel (Perna viridis) is an edible shellfish which colonises both hard and soft substrates in 

intertidal and subtidal areas of coastal, estuarine and tidal creek shores.  It was originally native to the north-

western Pacific Ocean, but has undergone substantial human-mediated range extensions since the 19th 

century via biofouling and deliberate transfers for both subsistence and commercial use (Neil et al. 2005).  Its 

present day distribution now extends throughout the tropical Indo-Pacific from the Middle East to southern 

Japan, islands in Micronesia and Papua New Guinea, where it is a dominant fouling organism and a major 

fouling pest for power plant cooling systems (Murphy and Paini 2010).  As it grows to a quite large size 

(adults are typically 8-10 cm but can reach up to 16 cm in shell length) P. viridis is used for aquaculture in 

countries such as India, Malaysia, Singapore, Indonesia, the Philippines, southern China (including Hong 

Kong) and French Polynesia (Neil et al. 2005).  Perna viridis can tolerate wide environmental extremes in 

water temperature and salinity and has a high tolerance to pollution, hence it readily establishes populations 

in new geographical locations, with known introductions in the USA (Gulf of Mexico, Florida, Georgia), the 

Carribbean (Trinidad, Jamaica), South America (Venezuela), and also in Cairns, Australia (Murphy and 

Paini 2010).  Because of this, Hayes et al. (2005) ranked P. viridis as number 1 and ranked high priority in 

their list of international marine invaders.  

This species successfully established in Trinity Inlet in Cairns in August 2001 after being introduced as 

fouling of the hull of a foreign fishing vessel that was seized by the Australian Customs Service (Neil et al. 

2005).  The foreign fishing vessel was moored in Trinity Inlet for 1 year before being defouled and scuttled 

at a deepwater location.  During defouling P. viridis was identified at high densities (>25/m2) on the hull and 

in water intakes, and subsequent surveys between late 2001 and July 2003 detected mussels on other floating 

structures throughout the Inlet (n=40, shell length range 30.1-161 mm, mean 95 mm), indicating at least one 

spawning and successful recruitment event had taken place (Neil et al. 2005).  At least four additional 

recruits from this Trinity Inlet population are known to have been translocated to Innisfail 90 km south of 

Cairns on the hull of a yacht during this period (Stafford et al. 2007).  These were removed and subsequent 

surveillance has suggested this species either has not established, or remains present in very low densities in 

Trinity Inlet  (Neil et al. 2005, Murphy and Paini 2010 and references cited therein).   
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4.1.5  Release assessment 

A significant amount of research and analysis has been done to assess the likelihood of P. viridis being 

released into Australian waters (Hayes et al. 2005, Neil et al. 2005, Summerson et al. 2007, Richmond et al. 

2010, Heersink et al. 2014).  These analyses concluded that environmental conditions are likely to be suitable 

for establishment of P. viridis around a large proportion of the northern Australian coastline (Summerson et 

al. 2007, Richmond et al. 2010).  The optimal annual temperature range for P. viridis is 26-32ºC, but it can 

survive 7-32 ºC (Murphy and Paini 2010 and references cited therein). It is primarily found at salinities of 

18-33 ppt but can survive 0-80 ppt (Murphy and Paini 2010 and references cited therein).  Heersink et al. 

(2014) found that “the contemporary approach rate (“propagule pressure”) of Perna viridis is high, with an 

estimated 10s to 100s of fouled vessels entering Australian ports each year. Whilst the approach rate arising 

from shipping vectors has been increasing in recent years, it has been substantial for at least the past 50 

years. In addition, a species distribution model for P. viridis based on sea surface temperatures, similar to 

others previously developed, predicts that ports in the Northern half of Australia should be suitable for the 

establishment of P. viridis. Despite this high approach rate, no populations of P. viridis have been found 

anywhere in Australia apart from the sole incursion at the Trinity Inlet, Cairns”  (Heersink et al. 2014).  

The pelagic larval stages of P. viridis are planktonic in the water column for 2-3 weeks before settlement 

(Murphy and Paini 2010), suggesting this species can be introduced via ballast water.  Perna viridis is a 

dominant fouling organism throughout its natural and introduced range, so it is likely to be introduced as 

biofouling on the hulls of not only commercial shipping (Appendix 3), but commercial fishing boats and 

recreational fishing boats and other pleasure craft, as well as other floating vectors such as artificial flotsam 

and debris (Hewitt et al. 2011a, McDonald et al. 2015, Schuyler et al. 2016), and drifting nets and other types 

of discarded fishing gear that are known to reach the shoreline of northern Australia (Wilcox et al. 2013, 

Heersink et al. 2014, Appendix 4).  It is known that fewer than 1% of arriving vessels are inspected for 

biofouling, and one in four of these inspected vessels have high priority pest species present in biofouling 

(Senate Committee 2015). Hence there is a very high chance of introduction into Australian waters via the 

biofouling vector  

Perna viridis is not available as a domestic bait product, but it is possible that it could be imported as bait 

carried by foreign fishing vessels.  Perna viridis is not naturally present in Australian waters despite there 

being suitable conditions for establishment, and hence it appears unlikely to be introduced by natural 

movements of fish or shellfish.  However, there is a risk of the accidental or deliberate introduction of live P. 

viridis into Australian waters through anthropogenic fishing activities (e.g. as bait or through movements of 

product by foreign fishing vessels in transit.  Because P. viridis is a dominant fouling organism and can 

colonise hard structures, it is possible that development of artificial offshore infrastructure such as oil rigs 

and natural gas installations and their associated moorings could allow range extensions by the process of 

stepping stone colonisation across natural geographic boundaries (Bulleri and Airoldi 2005, Glasby et al. 

2007, Adams et al. 2014), which may be particularly true in the case of mussels (i.e. “Mytilusation”, see  

Krone et al. 2013, van der Stap et al. 2016). 

Taking into account the likely propagule pressure experienced via the various introduction pathways 

discussed above, the likelihood estimations for the release of Perna viridis into suitable environments in 

Australian waters via the identified risk pathways are listed below for the various IMCRA Bioregions. 
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Release assessment for Perna viridis 

Likelihood of release Pathway Type 

Feature/          
IMCRA region 

BW BC BP DF FL FBD FBI FMA FMN ISS 

NT Offshore  

1 Timor Transition L M M M M N M M VL M 

Gulf of Carpentaria  

25 Northern I 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 I Transition M H H M M N M M VL M 

27 Northwest I Province H H H L L N VL VL EL VL 

28 Central W I 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 I Province H H H VL VL N EL EL N N 

41 Northeast I Transition M H H M M N L L VL L 

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

for pathway types:  BW = Ballast water, BC = Biofouling on commercial shipping, BP = Biofouling on 

pleasure and fishing boats, DF = Discarded/ghost fishing gear, FL = Flotsam/debris, FBD = Fishing bait - 

Domestic, FBI = Fishing bait - Imported, FMA = Fish/shellfish movements - Anthropogenic, FMN = 

Fish/shellfish movements - Natural, ISS = Infrastructure stepping stones. 

4.1.6  Exposure assessment 

A significant amount of research and analysis has been done to assess the likelihood of P. viridis being able 

to establish in Australian waters (Hayes et al. 2005, Neil et al. 2005, Summerson et al. 2007, Richmond et al. 

2010, Heersink et al. 2014).  These analyses concluded that environmental conditions are likely to be suitable 

for establishment of P. viridis around the entire northern Australian coastline, particularly as this species can 

establish and colonise on a wide variety of natural (mud, rocks) and artificial surfaces including vessels, 

shipping buoys, seawalls, docks and so on (Summerson et al. 2007, Richmond et al. 2010).  Perna viridis is a 

euryhaline organism that can survive in low salinities, including in freshwater, hence it could also establish 
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in river catchments as well as coastal areas.  Taking these factors into account, the risk of exposure and 

establishment is non-negligible, and the likelihood of exposure and establishment of P. viridis in suitable 

environments in northern Australia is considered to be High.   

4.1.7  Consequence assessment 

Introduction and establishment of P. viridis into northern Australia would likely have highly significant 

ramifications, both ecologically and financially, the latter due to it being a major cause of unwanted fouling 

of important marine infrastructure (e.g. power plant cooling water systems, bridges, vessels, shipping buoys, 

docks, seawalls) (Murphy and Paini 2010 and references cited therein).  Establishment of this pest in a region 

of northern Australia would necessitate significant intervention by government authorities and disruption to 

normal shipping and other coastal activities if attempts were made to try to prevent its further spread into 

uninfected areas.  Being an ecosystem engineer, P. viridis would outcompete native species due to it being 

faster growing, and more pollution tolerant, resulting in significant ecological damage to estuaries and 

inshore areas that would be irreversible, including loss of biodiversity through displacement of native 

shellfish reefs and seagrass habitats (Murphy and Paini 2010 and references cited therein).  Perna viridis is 

also known to bioaccumulate heterotrophic bacteria, enteric viruses, toxins and heavy metals to very high 

levels, thus posing a risk to human health if they are eaten, while heavy fouling of surfaces by P. viridis (up 

to 35,000 individuals per m2) can result in losses of public/tourist amenity (Murphy and Paini 2010 and 

references cited therein).  Its introduction may also facilitate entry of new mollusc pathogens and parasites 

which may be harmful to native species, as this has been documented for other shellfish introductions 

(Howard 1994, Bishop et al. 2006, Lynch et al. 2010). It is therefore considered that the consequences of 

introduction of P. viridis into the environment of northern Australia via the identified risk pathways would 

likely be High.  

4.1.8  Risk estimation 

The unrestricted risk associated with P. viridis is determined by combining the likelihood of release and 

exposure (from Table 6) with the consequences of establishment (Table 7) to arrive at a risk estimation 

(Table 8, Figure A1 in Appendix 1).  The unrestricted risk estimate for P. viridis exceeds the ALOP for 

several risk pathways in several bioregions, suggesting that additional risk management is required for this 

species.  
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Risk estimate for Perna viridis 

Likelihood of exposure:  High Consequences of establishment:  High 

Risk estimation BW BC BP DF FL FBD FBI FMA FMN ISS 

NT Offshore  

1 Timor Transition M H H H H N H H L H 

Gulf of Carpentaria  

25 Northern I Province H H H H H N M M L H 

WA Offshore  

2 Timor Province L H H M M N H H L H 

3 NW Transition L H H M M N H H VL H 

4 NW Province L M M L L N L L N M 

5 Central W Transition L L L L L N VL VL N L 

WA Onshore  

26 Northwest I Transition H H H H H N H H L H 

27 Northwest I Province H H H M M N L L VL L 

28 Central W I Transition M H H L L N VL VL N VL 

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 H H M M N L L VL VL 

20 Cape Province L H H H H N M M L L 

East Coast Onshore  

40 Northeast I Province H H H L L N VL VL N N 

41 Northeast I Transition H H H H H N M M L M 

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

for pathway types:  BW = Ballast water, BC = Biofouling on commercial shipping, BP = Biofouling on 

pleasure and fishing boats, DF = Discarded/ghost fishing gear, FL = Flotsam/debris, FBD = Fishing bait - 

Domestic, FBI = Fishing bait - Imported, FMA = Fish/shellfish movements - Anthropogenic, FMN = 

Fish/shellfish movements - Natural, ISS = Infrastructure stepping stones. 
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4.2 Black striped false mussel 

4.2.1  Taxonomy /  description:  Phylum Mollusca, Family Dressenidae, Scientific name Mytilopsis sallei.  

This species is native to the western Atlantic Ocean from Colombia to the Gulf of Mexico.  A troublesome 

fouling organism that forms dense aggregations.  Shells valves unequal in size, one overlapping the other. 

Shell is smooth, sometimes zig zagged or striped and easily crushed, growing to 2.5-3 cm long.   

4.2.2  Pest risk ranking:  2  Zoonotic: No 

4.2.3  Australias status:  This species is exotic to Australia, but is known to have established in Cullen Bay 

Marina in Darwin in 1999, but was successfully eradicated (Ferguson 2000, Willan et al. 2000, Bax et al. 

2002, Neil et al. 2005).  It is occasionally detected in foreign vessel biofouling in Australian waters. 

4.2.4 Introduction  

The black striped false mussel (Mytilopsis sallei) is small shellfish which readily colonises all littoral habitats 

in intertidal and shallow subtidal areas of marine, coastal, estuarine and tidal creek shores.  It was originally 

native to the tropical and sub-tropical waters of the western Atlantic from Colombia to the Gulf of Mexico, 

but has undergone substantial human-mediated range extensions in the 20th century via biofouling and ballast 

water introductions (Neil et al. 2005, Murphy and Paini 2010 and references cited therein).  Its present day 

distribution now extends throughout the Atlantic coastline of North and South America including Florida, the 

Carribbean, West Indies, and by the late 20th century M. sallei had spread to Asia and the Middle East being 

recorded from India (1967), Japan (1974), Taiwan (1977), Indonesia, Singapore and Hong Kong by 1980 

(Murphy and Paini 2010) and the Phillippines soon after (Neil et al. 2005).  In areas where it has been 

introduced, M. sallei becomes a dominant fouling organism and a major fouling pest for power plant cooling 

systems, wharves, marinas, seawalls and other intertidal and subtidal structures (Murphy and Paini 2010 and 

references cited therein).  Unlike P. viridis, due to its small size (maximum 3 cm shell length), M. sallei is of 

limited use as a human foodstuff and indeed due to its massive biofouling potential its presence is considered 

a threat to aquaculture expansion (Murphy and Paini 2010 and references cited therein). Mytilopsis sallei can 

tolerate wide environmental extremes in water temperature and salinity and has a high tolerance to pollution, 

hence it readily establishes populations in new geographical locations, especially in artificial or disturbed 

environments. Because of this, Hayes et al. (2005) ranked P. viridis as number 2 in their next pest list, 

ranked medium priority in their list of international marine invaders.  

Mytilopsis sallei successfully established and was found in large numbers in Cullen Bay Marina in Darwin in 

1999, after it was thought to be introduced via fouling of the hull of yachts or fishing vessels that had 

frequented ports in Indonesia (Neil et al. 2005).  Baseline surveys 6 months earlier did not detect M. sallei in 

the same locations, suggesting it was introduced sometime in late 1998.  At the same time, a small 

population of M. sallei was discovered in a separate marina and a few individuals were found in a third 

marina (Bax et al. 2002, Neil et al. 2005).  Rapid responses by authorities and the fortuitous location of the 

major infestation within a lock-gate protected marina allowed an effective response including use of 

chemicals such as chlorine and copper sulphate, resulting in effective 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 been done to assess the likelihood of M. sallei being 

released into Australian waters (Hayes et al. 2005, Neil et al. 2005, Summerson et al. 2007, Richmond et al. 

2010).  These analyses concluded that environmental conditions are likely to be suitable for establishment of 

M. sallei around the entire Australian coastline (Summerson et al. 2007, Richmond et al. 2010).  The optimal 

annual temperature range for M. sallei is 10-35ºC, but it can survive 5-40 ºC (Murphy and Paini 2010 and 

references cited therein). It is primarily found at salinities of 22-32 ppt but can survive 0-50 ppt and has been 

recorded to persist in freshwater environments for up to 9 months (Summerson et al. 2007, Murphy and Paini 

2010, NIMPIS 2017a).  Neil et al. (2005) stated “While the apparent habitat preferences of M. sallei in both 

its natural and introduced range imply a low ability to survive on exposed and tidally influenced shores of 

northern Australia, it represents a significant threat to brackish harbours and estuaries where tidal range is 

lower, such as ports in the Gulf of Carpentaria”. 

Larvae of M. sallei are planktonic for at least 10 days (He et al. 2016), and M sallei larvae from ballast 

samples from Hong Kong readily settled in laboratory culture tanks (Murphy and Paini 2010), suggesting 

this species can be introduced via ballast water.  The approach rate of M. sallei does not appear to be as high 

as that of P. viridis, perhaps because populations of M. sallei appear to remain localised to polluted harbours 

and sheltered brackish water areas, however, M. sallei continues to be found on a regular basis as biofouling 

on foreign fishing vessels (particularly Indonesian fishing vessels), cruising yachts and pleasure craft (Neil et 

al. 2005, Hewitt et al. 2011a).  It is known that fewer than 1% of arriving vessels are inspected for 

biofouling, and one in four of these inspected vessels have high priority pest species present in biofouling 

(Senate Committee 2015).  Hence there is a significant chance of introduction of M. sallei into Australian 

waters via the biofouling vector on the hulls or sea chests of commercial shipping that originates from 

harbours in Asia (Appendix 3).  Mytilopsis sallei is a dominant fouling organism throughout its natural and 

introduced range, so it is also possible that it could be introduced on other floating vectors such as artificial 

flotsam and debris (Schuyler et al. 2016), as well as drifting nets and other types of discarded fishing gear 

that are known to reach the shoreline of northern Australia (Wilcox et al. 2013, Heersink et al. 2014, 

Appendix 4).   

Mytilopsis sallei is not available as a domestic bait product, but it is possible that it could be imported as bait 

carried by foreign fishing vessels.  Mytilopsis sallei is not naturally present in Australian waters despite there 

being suitable conditions for establishment, and hence it appears unlikely to be introduced by natural 

movements of fish or shellfish.  However, there is a risk of the accidental or deliberate introduction of live 

M. sallei into Australian waters through anthropogenic fishing activities (e.g. as bait or through movements 

of product by foreign fishing vessels in transit.  Because M. sallei is a dominant fouling organism and can 

colonise hard structures, it is possible that development of artificial offshore infrastructure such as oil rigs 

and natural gas installations and their associated moorings could allow range extensions by the process of 

stepping stone colonisation across natural geographic boundaries (Bulleri and Airoldi 2005, Glasby et al. 

2007, Adams et al. 2014), which may be particularly true in the case of mussels (i.e. “Mytilusation”, see  

Krone et al. 2013, van der Stap et al. 2016).  Taking into account the likely propagule pressure experienced 

via the various introduction pathways discussed above, the likelihood estimations for the release of M. sallei 

into suitable environments in Australian waters via the identified risk pathways are listed below for the 

various IMCRA Bioregions. 
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Release assessment for Mytilopsis sallei 

Likelihood of release Pathway Type 

Feature/          
IMCRA region 

BW BC BP DF FL FBD FBI FMA FMN ISS 

NT Offshore  

1 Timor Transition L M M L L N M M VL M 

Gulf of Carpentaria  

25 Northern I 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 I Transition M H H L L N M M VL M 

27 Northwest I Province H H H VL VL N VL VL EL VL 

28 Central W I 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 I Province H H H EL EL N EL EL N N 

41 Northeast I Transition M H H L L N L L VL L 

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

for pathway types:  BW = Ballast water, BC = Biofouling on commercial shipping, BP = Biofouling on 

pleasure and fishing boats, DF = Discarded/ghost fishing gear, FL = Flotsam/debris, FBD = Fishing bait - 

Domestic, FBI = Fishing bait - Imported, FMA = Fish/shellfish movements - Anthropogenic, FMN = 

Fish/shellfish movements - Natural, ISS = Infrastructure stepping stones. 

4.2.6  Exposure assessment 

A significant amount of research and analysis has been done to assess the likelihood of M. sallei being able 

to establish in Australian waters (Hayes et al. 2005, Neil et al. 2005, Summerson et al. 2007, Richmond et al. 

2010).  These analyses concluded that environmental conditions are likely to be suitable for establishment of 

M. sallei around the entire Australian coastline, although establishment may be most likely in brackish 

harbours and estuaries where it can colonise a wide variety of natural (mud, rocks) and artificial surfaces 

including vessels, shipping buoys, seawalls, docks and so on (Summerson et al. 2007, Richmond et al. 2010).  

Mytilopsis sallei is a euryhaline organism that can survive in low salinities, including in freshwater, hence it 
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could also establish in river catchments as well as coastal areas.  Taking these factors into account, the risk of 

exposure and establishment is non-negligible, and the likelihood of exposure and establishment of M. sallei 

in suitable environments in northern Australia is considered to be Moderate. 

4.2.7  Consequence assessment 

Introduction and establishment of M. sallei into northern Australia would likely have highly significant 

ramifications, both ecologically and financially, the latter due to it being a major cause of unwanted fouling 

of important marine infrastructure (e.g. power plant cooling water systems, bridges, vessels, shipping buoys, 

docks, seawalls) (Murphy and Paini 2010 and references cited therein).  Establishment of this pest in a region 

of northern Australia would necessitate significant intervention by government authorities and disruption to 

normal shipping and other coastal activities if attempts were made to try to prevent its further spread into 

uninfected areas.  Being an ecosystem engineer, M. sallei would outcompete native species due to it being 

faster growing, and more fecund, resulting in significant ecological damage to estuaries and inshore areas 

that would be irreversible, including loss of biodiversity through displacement of native shellfish reefs and 

seagrass habitats (Murphy and Paini 2010 and references cited therein).  Heavy fouling of surfaces by M. 

sallei (over 23,000 individuals per m2 were recorded in Cullen Bay Marina, see Bax et al. 2002, and up to 

83,000 individuals per m2 in Singapore, see He et al. 2016) can result in losses of public/tourist amenity 

(Murphy and Paini 2010 and references cited therein).  Its introduction may also facilitate entry of new 

mollusc pathogens and parasites which may be harmful to native species, as this has been documented for 

other shellfish introductions (Howard 1994, Bishop et al. 2006, Lynch et al. 2010).  While this species may 

be attacked by the Australian gastropod Lepsiella vinosa, offering some potential for biotic resistance to M. 

sallei invasions in Australia (Murphy and Paini 2010), it is considered that the consequences of introduction 

of M. sallei into the environment of northern Australia via the identified risk pathways are still likely be 

High.  

4.2.8  Risk estimation 

The unrestricted risk associated with M. sallei is determined by combining the likelihood of release and 

exposure (from Table 6) with the consequences of establishment (Table 7) to arrive at a risk estimation 

(Table 8, Figure A2 in Appendix 1).  The unrestricted risk estimate for M. sallei exceeds the ALOP for 

several risk pathways in several bioregions, suggesting that additional risk management is required for this 

species.  
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Risk estimate for Mytilopsis sallei 

Likelihood of exposure:  Moderate Consequences of establishment:  High 

Risk Estimation Pathway Type 

Feature/          

IMCRA region 

BW BC BP DF FL FBD FBI FMA FMN ISS 

NT Offshore  

1 Timor Transition M M M M M N M M L M 

Gulf of Carpentaria  

25 Northern I Province H H H 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 I Transition M H H M M N M M L M 

27 Northwest I Province H H H L L N L L VL L 

28 Central W I Transition M H H 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 M M N M M L L 

East Coast Onshore  

40 Northeast I Province H H H VL VL N VL VL N N 

41 Northeast I Transition M H H M M N M M VL M 

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

for pathway types:  BW = Ballast water, BC = Biofouling on commercial shipping, BP = Biofouling on 

pleasure and fishing boats, DF = Discarded/ghost fishing gear, FL = Flotsam/debris, FBD = Fishing bait - 

Domestic, FBI = Fishing bait - Imported, FMA = Fish/shellfish movements - Anthropogenic, FMN = 

Fish/shellfish movements - Natural, ISS = Infrastructure stepping stones. 
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4.3 Brown Mussel 

4.3.1  Taxonomy /  description:  Phylum Mollusca, Family Mytilidae, Scientific name Perna perna.  This 

species is native to the central and south-western Atlantic, the south-eastern Atlantic and the western Indian 

Ocean. Another troublesome fouling organism that forms dense aggregations. Shell is smooth and brown in 

colour, thin around the edges and thickens posteriorly, growing to 9-17 cm long.   

4.3.2  Pest risk ranking:  3  Zoonotic: No 

4.3.3  Australias status: This species is exotic to Australia.  

4.3.4 Introduction  

The brown mussel (Perna perna, also known as the Mexihao mussel) is an edible shellfish which colonises 

both hard and soft substrates in intertidal and particularly subtidal areas of coastal, estuarine and tidal creek 

shores.  It was originally native to the central and south-western Atlantic, the south-eastern Atlantic and the 

southwestern Indian Oceans including the southern Carribbean, Brazil, Uruguay, south east and west coasts 

of Africa, India, and Sri Lanka, but has undergone human-mediated range extensions via biofouling and 

ballast water introductions into Venezuela, the Mediterranean, and the Gulf of Mexico (Texas) (Murphy and 

Paini 2010, GISD 2016). 

As it grows to a quite large size (adults grow to around 9 cm shell length when growing intertidally, but 12 to 

17 cm long when in subtidal zones (Murphy and Paini 2010 and references cited therein, GISD 2016).  The 

brown mussel is used for human consumption in many countries, but has been associated with outbreaks of 

paralytic shellfish poisoning in Venezuela and elsewhere (GISD 2016).  Perna perna can tolerate reasonably 

wide environmental extremes in water temperature and salinity, but mainly occurs in subtropical regions and 

is relatively less invasive compared to P. viridis or M. sallei.  Indeed, a near extinction of P. perna 

populations in the Gulf of Mexico occurred in 1997 when surface water temperatures neared 30ºC (Murphy 

and Paini 2010).  Because of this, Hayes et al. (2005) ranked P. perna as low priority in their list of 

international marine invaders.   

Environmental damage associated with invasions by P. perna is mainly due to its ability to outcompete 

native bivalves for space.  In areas where it has been introduced, P. perna becomes a dominant fouling 

organism and a major fouling pest for power plant cooling systems (where it can co-exist with P. viridis), 

wharves, marinas, seawalls, and other intertidal and subtidal structures (Murphy and Paini 2010 and 

references cited therein).  In its native range in Brazil, fouling by P. perna on navigation buoys requires their 

removal every six months to avoid sinking the buoys, which affects shipping safety, while on artificial 

substrata in south Texas, beds of P. perna can be composed of several layers and attain thicknesses in excess 

of 20 cm which causes significant nuisance fouling as well as exclusion 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 been done to assess the likelihood of P. perna being 

released into Australian waters (Hayes et al. 2005, Neil et al. 2005, Richmond et al. 2010).  These analyses 

concluded that environmental conditions are likely to be suitable for establishment of P. perna around a 

significant proportion of the Australian coastline, particularly in southern states (Richmond et al. 2010).  

However, the establishment of P. perna in subtropical locations such as Texas in the Gulf of Mexico 

suggests that it may also be able to establish in Australia’s northern coastline above the Tropic of Capricorn. 

This assessment is supported by the fact that the optimal annual temperature range for P. perna where 

successful reproduction can occur is 10-30ºC, but adults can survive 7.5-42 ºC (Murphy and Paini 2010 and 

references cited therein, GISD 2016, NIMPIS 2017b). It is primarily found at salinities of 30-32 ppt but can 

survive 15-55 ppt (Murphy and Paini 2010, GISD 2016, NIMPIS 2017b).   

Larvae of P. perna are planktonic for 15 to 20 days (Murphy and Paini 2010), suggesting this species can be 

introduced via ballast water.  Indeed, this species is thought to have been introduced into Venezuela by 

ballast water releases (GISD 2016).  Perna perna is a dominant fouling organism throughout its natural and 

introduced range, so it is likely to be introduced as biofouling on the hulls of not only commercial shipping 

(Appendix 3), but commercial fishing boats and recreational fishing boats and other pleasure craft, as well as 

other floating vectors such as artificial flotsam and debris (Hewitt et al. 2011a, Schuyler et al. 2016), and 

drifting nets and other types of discarded fishing gear that are known to reach the shoreline of northern 

Australia (Wilcox et al. 2013, Heersink et al. 2014, Appendix 4).  It is known that fewer than 1% of arriving 

vessels are inspected for biofouling, and one in four of these inspected vessels have high priority pest species 

present in biofouling (Senate Committee 2015). Hence there is a high chance of introduction into Australian 

waters via the biofouling pathway.  

Perna perna is not available as a domestic bait product, but it is possible that it could be imported as bait 

carried by foreign fishing vessels.  Perna perna is not naturally present in Australian waters despite there 

being suitable conditions for establishment, and hence it appears unlikely to be introduced by natural 

movements of fish or shellfish.  However, there is a risk of the accidental or deliberate introduction of live P. 

perna into Australian waters through anthropogenic fishing activities (e.g. as bait or through movements of 

product by foreign fishing vessels in transit.  Because P. perna is a dominant fouling organism and can 

colonise hard structures, it is possible that development of artificial offshore infrastructure such as oil rigs 

and natural gas installations and their associated moorings could allow range extensions by the process of 

stepping stone colonisation across natural geographic boundaries (Bulleri and Airoldi 2005, Glasby et al. 

2007, Adams et al. 2014), which may be particularly true in the case of mussels (i.e. “Mytilusation”, see  

Krone et al. 2013, van der Stap et al. 2016). 

Taking into account the likely propagule pressure experienced via the various introduction pathways 

discussed above, the likelihood estimations for the release of Perna perna into suitable environments in 

Australian waters via the identified risk pathways are listed below for the various IMCRA Bioregions.  
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Release assessment for Perna perna 

Likelihood of release Pathway Type 

Feature/          
IMCRA region 

BW BC BP DF FL FBD FBI FMA FMN ISS 

NT Offshore  

1 Timor Transition L M M L L N M M VL M 

Gulf of Carpentaria  

25 Northern I 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 I Transition M M M L L N M M VL M 

27 Northwest I Province H M M VL VL N VL VL EL VL 

28 Central W I 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 I Province M M M N N N EL EL N N 

41 Northeast I Transition M M M VL VL N L L VL VL 

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

for pathway types:  BW = Ballast water, BC = Biofouling on commercial shipping, BP = Biofouling on 

pleasure and fishing boats, DF = Discarded/ghost fishing gear, FL = Flotsam/debris, FBD = Fishing bait - 

Domestic, FBI = Fishing bait - Imported, FMA = Fish/shellfish movements - Anthropogenic, FMN = 

Fish/shellfish movements - Natural, ISS = Infrastructure stepping stones. 

4.3.6  Exposure assessment 

A significant amount of research and analysis has been done to assess the likelihood of P. perna being able 

to establish in Australian waters (Hayes et al. 2005, Neil et al. 2005, Richmond et al. 2010).  These 

concluded that environmental conditions are suitable for establishment of P. perna around much of the 

coastline, particularly in southern states (Richmond et al. 2010).  Establishment is most likely in brackish 

harbours and estuaries where it can colonise a wide variety of natural (mud, rocks) and artificial surfaces 

including vessels, shipping buoys, seawalls, and docks (Murphy and Paini 2010, Richmond et al. 2010).  
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However, the environmental requirements for establishment of P. perna are more specific than for other 

invasive mussels such as P. viridis and M. sallei, with a near extinction of P. perna populations occurring in 

the Gulf of Mexico when surface water temperatures neared 30ºC (Murphy and Paini 2010), Taking these 

factors into account, the risk of exposure and establishment is non-negligible, and the likelihood of exposure 

and establishment of P. perna in suitable environments in northern Australia is considered to be Low. 

4.3.7  Consequence assessment 

Introduction and establishment of P. perna into northern Australia would likely have significant ecological 

and financial ramifications, the latter due to it being a major cause of unwanted fouling of important marine 

infrastructure (e.g. power plant cooling water systems, bridges, vessels, shipping buoys) (Murphy and Paini 

2010).  Establishment of this pest in a region of northern Australia would necessitate significant intervention 

by government authorities and disruption to normal shipping and other coastal activities if attempts were 

made to try to prevent its further spread into uninfected areas.  Being an ecosystem engineer, P. perna would 

outcompete native species due to it being faster growing, and more fecund, resulting in significant ecological 

damage to estuaries and inshore areas that would be irreversible, including loss of biodiversity through 

displacement of native shellfish reefs and seagrass habitats (Murphy and Paini 2010 and references cited 

therein).  Heavy fouling of surfaces by P. perna (over 27,000 individuals per m2 were recorded on jetties in 

south Texas and spat settlement of up to 120,000 per m2 were recorded in Mexico) can result in losses of 

public/tourist amenity (Murphy and Paini 2010).  Its introduction may also facilitate entry of new mollusc 

pathogens and parasites which may be harmful to native species, as this has been documented for other 

shellfish introductions (Howard 1994, Bishop et al. 2006, Lynch et al. 2010).  As this species grows large 

enough to be harvested for human consumption and has been associated with outbreaks of paralytic shellfish 

poisoning, its establishment and spread would represent an increased risk for human health.  It is therefore 

considered that the consequences of introduction of P. perna into the environment of northern Australia via 

the identified risk pathways are likely be High.  

4.3.8  Risk estimation 

The unrestricted risk associated with P. perna is determined by combining the likelihood of release and 

exposure (from Table 6) with the consequences of establishment (Table 7) to arrive at a risk estimation 

(Table 8, Figure A3 in Appendix 1).  The unrestricted risk estimate for P. perna exceeds the ALOP for 

several risk pathways in several bioregions, suggesting that additional risk management is required for this 

species.  
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Risk estimate for Perna perna 

Likelihood of exposure:  Low Consequences of establishment:  High 

Risk Estimation Pathway Type 

Feature/          

IMCRA region 

BW BC BP DF FL FBD FBI FMA FMN ISS 

NT Offshore  

1 Timor Transition L M M L L N M M L M 

Gulf of Carpentaria  

25 Northern I 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 I Transition M M M L L N M M L M 

27 Northwest I Province M M M L L N L L VL L 

28 Central W I Transition 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 I Province M M M N N N VL VL N N 

41 Northeast I Transition M M M L L N L L L L 

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

for pathway types:  BW = Ballast water, BC = Biofouling on commercial shipping, BP = Biofouling on 

pleasure and fishing boats, DF = Discarded/ghost fishing gear, FL = Flotsam/debris, FBD = Fishing bait - 

Domestic, FBI = Fishing bait - Imported, FMA = Fish/shellfish movements - Anthropogenic, FMN = 

Fish/shellfish movements - Natural, ISS = Infrastructure stepping stones. 
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4.4 Asian Bag Mussel 

4.4.1  Taxonomy /  description: Phylum Mollusca, Family Mytilidae, Scientific name Arcuatula senhousia 

(syn. Musculista senhousia).  This species is native to Japan and China as far south as Singapore. It is 

another troublesome fouling organism that forms dense aggregations. The shell is olive green/brown in 

colour, has zig zag markings and iridescent radiating bands, and is easily crushed, growing up to 3 cm long. 

4.4.2  Pest risk ranking:  4  Zoonotic: No 

4.4.3  Australias status:  This species has been introduced and has established in several parts of Australia, 

including Victoria (Portland and Port Phillip Bay), northern and eastern Tasmania, south west South 

Australia, and Cockburn Sound, Lower Swan River and Fremantle in Western Australia.   

4.4.4 Introduction  

The Asian bag mussel Arcuatula senhousia is a small bivalve (maximum shell length around 3 cm) which 

colonises both hard and soft substrates in subtidal areas of coastal and estuarine shorelines, including into 

brackish waters (Hayes et al. 2005).  Arcuatula senhousia is native to Japan, China and east Asia as far south 

as Singapore, but has undergone substantial human-mediated range extensions in the 20th century via 

biofouling, ballast water and accidental introductions (Neil et al. 2005, Murphy and Paini 2010 and 

references cited therein).  Its present day distribution now extends throughout the northern Pacific Ocean 

from southern Siberia to Singapore and the north and central Philippines, the Mediterranean, north-west 

America, New Zealand (prior to 1980), and Australia, being first recorded here in 1982 (Willan 1987, Neil et 

al. 2005).  Arcuatula senhousia was probably introduced to Washington and California with Japanese 

oysters, but was also thought to be introduced by ballast water and/or ship fouling into the Mediterranean 

and the north-east Pacific (Hayes et al. 2005, Murphy and Paini 2010).  This species has a “remarkable” 

thermal tolerance (Neil et al. 2005), high tolerance to low oxygen levels as well as high fecundity and rapid 

growth to maturity (9 months or less) that allows it to dominate benthic communities and potentially exclude 

native species (Willan 1987).  It can burrow into soft sediments and also settles in dense aggregations known 

as byssal mats (or bags) which may restrict the growth of some species of seagrass, but may also increase 

infaunal density and species richness because they provide additional habitat for many species (Hayes et al. 

2005).  Because of these reasons, Hayes et al. (2005) ranked A. senhousia as medium priority in their list of 

domestic marine invaders.  Arcuatula senhousia prefers to settle in groups on soft substrata, but is a highly 

adaptive species capable of fouling wooden wharf pilings and other man made structures as well as being 

able to tolerate low salinities and low oxygen concentrations (Hayes et al. 2005, Murphy and Paini 2010 and 

references cited therein).   

Since its introduction in Australia in the early 1980’s in the Swan River (see Willan 1987), populations of A. 

senhousia have also become established in Port Phillip Bay and Portland (Victoria), northern and eastern 

Tasmania, southwest South Australia, as well as several other locations 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 been done to assess the likelihood of A. senhousia being 

released and spread into Australian waters (Hayes et al. 2005, Neil et al. 2005, Richmond et al. 2010).  These 

analyses concluded that environmental conditions are suitable for establishment of A. senhousia around the 

majority of the Australian coastline, particularly in southern states but also extending into the tropics 

(Richmond et al. 2010).  The optimal annual temperature range for A. senhousia where successful 

reproduction can occur is 12-26ºC, but adults can survive and persist between 0.8-31 ºC and can even survive 

for short periods at -3 to -5°C (Summerson et al. 2007, Richmond et al. 2010, NIMPIS 2017c). Arcuatula 

senhousia is highly tolerant of low oxygen (1-3 mg/L) and low salinity, being primarily found at salinities of 

18-35 ppt, but able to survive down to 0.8 ppt (Summerson et al. 2007, Richmond et al. 2010, NIMPIS 

2017c).  It is because of these highly tolerant characteristics that A. senhousia is so invasive in inshore waters 

and estuaries.  

Larvae of A. senhousia are planktonic for up to 55 days in the water column (NIMPIS 2017c), a relatively 

long period in the plankton suggesting this species is particularly suited to introduction via ballast water.  

Indeed, A. senhousia is thought to have been introduced into New Zealand and several other countries by 

ballast water releases (Willan 1987).  Arcuatula senhousia is known to foul on wooden wharf piles (Murphy 

and Paini 2010), so could be introduced as biofouling on the hulls of wooden commercial fishing boats, 

recreational fishing boats and other pleasure craft, but would appear less likely to be detected as biofouling 

on commercial shipping (Appendix 3).  Since this species settles mainly on benthic surfaces, it appears less 

likely to colonise other floating vectors such as artificial flotsam and debris (Schuyler et al. 2016), or drifting 

nets and other types of discarded fishing gear that are known to reach the shoreline of northern Australia 

(Wilcox et al. 2013, Heersink et al. 2014, Appendix 4).   

Arcuatula senhousia is not available as a commercially available domestic bait product, but collection of 

wild shells by recreational fishers who may use these molluscs for bait (Diggles 2011, Department of 

Agriculture 2015) in areas near its present distribution could facilitate its introduction to new locations.  

Arcuatula senhousia is not naturally present in Australian waters but has become established in several 

locations in southern Australia.  Because of this, it is also possible that it could extend its range northwards 

via natural recruitment processes, albeit this being a relatively slow process via planktonic dispersal against 

prevailing currents, hence it is far more likely that A. senhousia would be spread into Australia’s north by 

anthropogenic activities.  Indeed, there is far more risk of accidental or deliberate introduction of live A. 

senhousia into Australian waters through anthropogenic fishing activities (e.g. as bait or through movements 

of product by foreign fishing vessels in transit).  Because A. senhousia is a dominant benthic fouling 

organism, and is less likely to colonise hard vertical structures as the other mussel species considered so far 

in this analysis,  it is less likely (though still possible) that development of artificial offshore infrastructure 

such as oil rigs and natural gas installations and their associated moorings could allow range extensions by 

the process of stepping stone colonisation across natural geographic boundaries (Bulleri and Airoldi 2005, 

Glasby et al. 2007, Krone et al. 2013, Adams et al. 2014, van der Stap et al. 2016). 

Taking into account the likely propagule pressure experienced via the various introduction pathways 

discussed above, the likelihood estimations for the release of A. senhousia into suitable environments in 

Australian waters via the identified risk pathways are listed below for the various IMCRA Bioregions. 
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Release assessment for Arcuatula senhousia 

Likelihood of release Pathway Type 

Feature/          
IMCRA region 

BW BC BP DF FL FBD FBI FMA FMN ISS 

NT Offshore  

1 Timor Transition L VL L EL EL N VL L EL VL 

Gulf of Carpentaria  

25 Northern I Province H VL L EL EL N VL VL EL VL 

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 I Transition H VL L EL EL N VL L EL VL 

27 Northwest I Province H VL L EL EL N VL L EL EL 

28 Central W I 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 I Province H VL L N N EL N EL N N 

41 Northeast I Transition H VL L EL EL N VL L N VL 

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

for pathway types:  BW = Ballast water, BC = Biofouling on commercial shipping, BP = Biofouling on 

pleasure and fishing boats, DF = Discarded/ghost fishing gear, FL = Flotsam/debris, FBD = Fishing bait - 

Domestic, FBI = Fishing bait - Imported, FMA = Fish/shellfish movements - Anthropogenic, FMN = 

Fish/shellfish movements - Natural, ISS = Infrastructure stepping stones. 

4.4.6  Exposure assessment 

A significant amount of research and analysis has been done to assess the likelihood of A. senhousia being 

able to establish and spread in Australian waters (Hayes et al. 2005, Neil et al. 2005, Summerson et al. 2007, 

Richmond et al. 2010).  These analyses concluded that environmental conditions are likely to be suitable for 

establishment of A. senhousia around a significant proportion of the Australian coastline, particularly in 

southern states but also into northern Australia along the east coast of Queensland north of Cairns and in the 

Pilbara in Western Australia (Summerson et al. 2007, Richmond et al. 2010).  Establishment was considered 

most likely in brackish harbours and estuaries where it can colonise benthic surfaces and suitable artificial 
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substrates (Willan 1987, Murphy and Paini 2010), and being a euryhaline organism A. senhousia could also 

establish in river catchments as well as coastal areas.  However, it is known that the upper thermal tolerance 

of  A. senhousia  is lower than that of other potential invaders such as P. viridis and M. sallei, with a 

maximum upper water temperature limit of 31ºC (Summerson et al. 2007, Richmond et al. 2010, NIMPIS 

2017c) potentially limiting its spread at lower latitudes.  Taking these factors into account, the risk of 

exposure and establishment is non-negligible, and the likelihood of exposure and establishment of A. 

senhousia in suitable environments in northern Australia is considered to be Low. 

4.4.7  Consequence assessment 

Introduction and establishment of A. senhousia into northern Australia would likely have significant 

ramifications, both ecologically and financially.  Establishment of this pest in a region of northern Australia 

would necessitate intervention by government authorities and disruption to normal shipping and other coastal 

activities if attempts were made to try to prevent its further spread into uninfected areas (Aquenal 2008).  

Arcuatula senhousia would outcompete native species due to it being faster growing, more fecund, and more 

tolerant of adverse environmental conditions, resulting in significant ecological damage to estuaries and 

inshore areas that would be irreversible, including potential loss of biodiversity through displacement of 

native shellfish and seagrass habitats (Aquenal 2008, Murphy and Paini 2010).  On the other hand, the byssal 

mats of A. senhousia may also increase infaunal density and species richness in some areas due to its ability 

to colonise soft substrates such as sand and mud (Murphy and Paini 2010).  However, in general intense 

colonisation of soft surfaces by A. senhousia (densities > 28,000 juveniles per m2 and > 12,000 adults per m2 

have been recorded, see Murphy and Paini 2010) leads to an overall loss of biodiversity.  Its introduction 

may also facilitate entry of new mollusc pathogens and parasites which may be harmful to native species, as 

this has been documented for other shellfish introductions (Howard 1994, Bishop et al. 2006, Lynch et al. 

2010).  It is therefore considered that the consequences of introduction of A. senhousia into the environment 

of northern Australia via the identified risk pathways are likely be Moderate.  

4.4.8  Risk estimation 

The unrestricted risk associated with A. senhousia is determined by combining the likelihood of release and 

exposure (from Table 6) with the consequences of establishment (Table 7) to arrive at a risk estimation 

(Table 8, Figure A4 in Appendix 1).  The unrestricted risk estimate for A. senhousia exceeds the ALOP for 

ballast water in several bioregions, suggesting that additional risk management is required for this species.  
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Risk estimate for Arcuatula senhousia 

Likelihood of exposure:  Low Consequences of establishment:  Moderate 

Risk Estimation Pathway Type 

Feature/          

IMCRA region 

BW BC BP DF FL FBD FBI FMA FMN ISS 

NT Offshore  

1 Timor Transition VL VL VL EL EL N VL VL EL VL 

Gulf of Carpentaria  

25 Northern I Province L VL VL EL EL N VL VL EL VL 

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 I Transition L VL VL EL EL N VL VL EL VL 

27 Northwest I Province L VL VL EL EL N VL VL EL EL 

28 Central W I Transition 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 I Province L VL VL N N EL N EL N N 

41 Northeast I Transition L VL VL EL EL N VL VL N VL 

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

for pathway types:  BW = Ballast water, BC = Biofouling on commercial shipping, BP = Biofouling on 

pleasure and fishing boats, DF = Discarded/ghost fishing gear, FL = Flotsam/debris, FBD = Fishing bait - 

Domestic, FBI = Fishing bait - Imported, FMA = Fish/shellfish movements - Anthropogenic, FMN = 

Fish/shellfish movements - Natural, ISS = Infrastructure stepping stones. 
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4.5 Harris’ Mud Crab 

4.5.1  Taxonomy /  description:  Order Decapoda, Scientific name Rhithropanopeus harrisii.  This species 

is native to the east coast of North America.  It is a highly invasive crab species that outcompetes native 

species causing significant alterations to estuarine food webs. The shell is olive green to greenish brown and 

the claws are curved, unequal in size and have white tips.  This species grows to 2 cm carapace width. 

4.5.2  Pest risk ranking:  5  Zoonotic: No 

4.5.3  Australias status:  This species is exotic to Australia. 

4.5.4 Introduction  

Rhithropanopeus harrisii, or the Harris mud crab (also known as the white-fingered crab), is a small decapod 

crustacean native to estuaries along the Atlantic and Carribbean coasts of North America from New 

Brunswick in the north to north-west Brazil in the south.  Adult R. harrisii reach around 1 cm to a maximum 

2 cm in carapace width, and are cryptic, eurythermal and euryhaline, being able to adapt to a wide range of 

temperatures and salinities (NIMPIS 2017d).  Adults live subtidally, preferring sandy/muddy substrates 

where they are usually associated with shelter or structure such as live or decaying vegetation, oyster reefs, 

shells, rocks and various kinds of debris scattered (NIMPIS 2017d).  In its native range, R. harrisii is mainly 

found in brackish waters, reaching high population densities in salinities below 10 ppt, and occurring at 

depths from the surface to 200 meters (NIMPIS 2017d).  However in its introduced range it can extend its 

distribution well inland into freshwater lakes (Patton et al. 2010).  Because of its high environmental 

tolerances and adaptability, R. harrisii is one of the most widely distributed decapod crustacean invaders 

worldwide (Roche and Torchin 2007).  The main dispersal vector for this species is throught to be via ballast 

water, however other vectors are also important, including fouling of vessel hulls and sea chests, the latter 

being a particularly effective method of international translocation of decapod crustaceans (Coutts and 

Dodgshun 2007).  Rhithropanopeus harrisii is known to have been spread by anthropogenic activities to over 

21 countries (Roche and Torchin 2007), including Japan, Europe, and the Middle East, becoming established 

in the Black Sea by the late 1930’s, the Mediterranean soon after (Zalota et al. 2016) and more recently the 

Baltic Sea (Fowler et al. 2013, Forsström et al. 2015).  A strong association with translocation by shipping is 

shown by the establishment of R. harrisii in the Panama Canal (Roche and Torchin 2007).  Other vectors 

include unintentional transfers, for example, R. harrisii was probably introduced into San Francisco Bay in 

the late 1800’s-early 1900’s via translocations of the American oyster, Crassostrea virginica from the east 

coast of North America (Roche and Torchin 2007), while fish restocking or bait bucket transfers may have 

introduced this species into freshwater lakes in Texas (Patton et al. 2010). 

Introduction of R. harrisii may alter food webs, with the potential to displace native crabs, crayfish, as well 

as benthophagous fish species (Roche and Torchin 2007).  In high densities, the crab is responsible for 

fouling water intake pipes in the Caspian Sea and Texas, and can also cause economic loss to fishermen by 

spoiling fish in gill nets (Roche and Torchin 2007).  Finally, Roche and Torchin (2007) point out this species 

(as well as all other decapods) can host white spot syndrome virus (see Section 5.3), making it a potential 

vector for White Spot Disease, and other internationally important diseases of crustaceans. 
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4.5.5  Release assessment 

Rhithropanopeus harrisii is a highly adaptable species that tolerates a broad range of temperatures and 

salinities.  The optimal annual temperature range for R. harrisii where successful reproduction can occur is 

15-25ºC, but adults can survive and persist between 0.9-35 ºC (NIMPIS 2017d). Rhithropanopeus harrisii is 

extremely tolerant of low oxygen (0.5 mg/L) and low salinity, with adults being found at salinities between 

0.4-35 ppt, with an equally broad reproductive salinity range of 2.5–40 ppt (NIMPIS 2017d).  It is because of 

these highly tolerant characteristics that R. harrisii is so invasive in inshore waters and estuaries worldwide.  

These data suggest that environmental conditions are suitable for establishment of R. harrisii around the 

entire Australian coastline.   

Larvae of R. harrisii are planktonic for up to 43 days in the water column (Biofouling Solutions 2012), 

suggesting this species is well suited to introduction via ballast water.  Indeed, reproductively active R. 

harrisii are known to inhabit ships ballast water tanks (Briski et al. 2012), and it is likely that R. harrisii have 

been introduced into many different countries via this method (Roche and Torchin 2007), particularly as 

mid-ocean exchange does not affect macroinvertebrate occurrence, suggesting that current ballast water 

management regulations are ineffective for this taxonomic group (Briski et al. 2012).  Decapod crustaceans 

are also a prominent inhabitant of sea chests on commercial shipping (Coutts and Dodgshun 2007), so it is 

very likely that R. harrisii can be introduced as biofouling on the hulls of commercial shipping (Appendix 3) 

as well as commercial fishing boats, recreational fishing boats and other pleasure craft (Hewitt et al. 2011a).  

Since this species settles out of the plankton onto a wide range of shelters and structures (NIMPIS 2017d), it 

is possible that it could colonise floating vectors such as artificial flotsam and debris (Schuyler et al. 2016), 

or drifting nets and other types of discarded fishing gear that are known to reach the shoreline of northern 

Australia (Wilcox et al. 2013, Heersink et al. 2014, Appendix 4).   

Rhithropanopeus harrisii is not available as a domestic bait product, and it is unlikely to be imported as bait 

carried by foreign fishing vessels.  Rhithropanopeus harrisii is not naturally present in Australian waters 

despite there being suitable conditions for establishment, and hence it appears unlikely to be introduced by 

natural movements of fish or shellfish.  However, there is a risk of the accidental or deliberate introduction 

of live Rhithropanopeus harrisii into Australian waters through anthropogenic fishing activities (e.g. through 

movements of foreign fishing vessels in transit).  Because R. harrisii is a hardy invertebrate that can colonise  

hard structures, it is possible that development of artificial offshore infrastructure such as oil rigs and natural 

gas installations and their associated moorings could allow range extensions by the process of stepping stone 

colonisation across natural geographic boundaries (Bulleri and Airoldi 2005, Glasby et al. 2007, Adams et al. 

2014). 

Taking into account the likely propagule pressure experienced via the various introduction pathways 

discussed above, the likelihood estimations for the release of Rhithropanopeus harrisii into suitable 

environments in Australian waters via the identified risk pathways are listed below for the various IMCRA 

Bioregions.  
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Release assessment for Rhithropanopeus harrisii. 

Likelihood of release Pathway Type 

Feature/          
IMCRA region 

BW BC BP DF FL FBD FBI FMA FMN ISS 

NT Offshore  

1 Timor Transition M M M EL EL N EL M N L 

Gulf of Carpentaria  

25 Northern I Province H H M EL EL N EL M N VL 

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 I Transition H H M EL EL N VL L N VL 

27 Northwest I Province H H M EL EL N VL VL N EL 

28 Central W I 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 I Province H H M N N N N EL N N 

41 Northeast I Transition H H M EL EL N EL M N VL 

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

for pathway types:  BW = Ballast water, BC = Biofouling on commercial shipping, BP = Biofouling on 

pleasure and fishing boats, DF = Discarded/ghost fishing gear, FL = Flotsam/debris, FBD = Fishing bait - 

Domestic, FBI = Fishing bait - Imported, FMA = Fish/shellfish movements - Anthropogenic, FMN = 

Fish/shellfish movements - Natural, ISS = Infrastructure stepping stones. 

4.5.6  Exposure assessment 

Few studies have assessed the likelihood of R. harrisii being able to establish and spread in Australian waters 

(NIMPIS 2017d).  These analyses concluded that environmental conditions are likely to be suitable for 

establishment of R. harrisii around the entire Australian coastline (NIMPIS 2017d).  Given its habitat 

preferences, establishment of R. harrisii would be most likely in brackish harbours and estuaries (including 

well into freshwater catchments) where it can colonise suitable substrates, however given the upper salinity 

tolerance for successful reproduction of eggs and larvae is 40 ppt, there would be no impediment for R. 
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harrisii to also establish in harbours where oceanic salinity occurs.  Because the lower depth limit for this 

species is around 200 meters (NIMPIS 2017d), this means it could establish around offshore reefs, islands or 

oil and gas infrastructure.  The upper thermal tolerance of R. harrisii is 35°C so it could survive year round 

at water temperatures typical of those of lower latitudes of northern Australia.  Taking these factors into 

account, the risk of exposure and establishment is non-negligible, and the likelihood of exposure and 

establishment of R. harrisii in suitable environments in northern Australia is considered to be High. 

4.5.7  Consequence assessment 

Introduction and establishment of R. harrisii into northern Australia would likely have significant 

ramifications, both ecologically and financially.  Establishment of this pest in a region of northern Australia 

would necessitate intervention by government authorities and disruption to normal shipping and other coastal 

activities if attempts were made to try to prevent its further spread into uninfected areas.  Rhithropanopeus 

harrisii would outcompete native species, resulting in significant ecological damage to estuaries, inshore 

areas and even potentially offshore areas.  The ecological damage would include changes to food webs and 

potential loss of biodiversity through displacement of native crustacean species (Hewitt et al. 2011a), and 

would likely be irreversible.  Its introduction may also facilitate entry of exotic crustacean pathogens and 

parasites which may be harmful to native species, particularly White Spot Syndrome Virus which causes 

internationally notifiable White Spot Disease that would have significant ramifications for international trade 

of crustacean products produced by the fisheries and aquaculture industries of northern Australia.  It is 

therefore considered that the consequences of introduction of R. harrisii into the environment of northern 

Australia via the identified risk pathways are likely be at least Moderate based on ecological damage alone, 

and even higher if notifiable exotic diseases such as WSD are introduced with it (see Section 5.3 for more 

information on consequences of WSD).   

4.5.8  Risk estimation 

The unrestricted risk associated with R. harrisii is determined by combining the likelihood of release and 

exposure (from Table 6) with the consequences of establishment (Table 7) to arrive at a risk estimation 

(Table 8, Figure A5 in Appendix 1).  The unrestricted risk estimate for R. harrisii exceeds the ALOP for 

several different pathways in several bioregions, suggesting that additional risk management is required for 

this species.  Note:  Risk estimations for R. harrisii presented here are based on ecological damage alone.  

Even higher risks may be realised if introduced R. harrisii are infected with notifiable exotic disease agents 

such as WSSV.  
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Risk estimate for Rhithropanopeus harrisii. 

Likelihood of exposure:  High Consequences of establishment:  Moderate 

Risk Estimation Pathway Type 

Feature/          

IMCRA region 

BW BC BP DF FL FBD FBI FMA FMN ISS 

NT Offshore  

1 Timor Transition M M M EL EL N EL M N L 

Gulf of Carpentaria  

25 Northern I Province M M M EL EL N EL M N VL 

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 I Transition M M M EL EL N VL L N VL 

27 Northwest I Province M M M EL EL N VL VL N EL 

28 Central W I Transition 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 I Province M M M N N N N EL N N 

41 Northeast I Transition M M M EL EL N EL M N VL 

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

for pathway types:  BW = Ballast water, BC = Biofouling on commercial shipping, BP = Biofouling on 

pleasure and fishing boats, DF = Discarded/ghost fishing gear, FL = Flotsam/debris, FBD = Fishing bait - 

Domestic, FBI = Fishing bait - Imported, FMA = Fish/shellfish movements - Anthropogenic, FMN = 

Fish/shellfish movements - Natural, ISS = Infrastructure stepping stones. 

Note:  Risk estimations for R. harrisii presented here are based on ecological damage alone.  Even higher 

risks may be realised if introduced R. harrisii are infected with notifiable exotic disease agents such as 

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 are a group of viral agents in 

the genus Megalocytivirus, 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 exotic megalocytivirus was 

reported in Murray cod farmed in Victoria in 2003 (Lancaster et al. 2003).  Disease due to infection with 

exotic megalocytiviruses occurs on a regular basis in imported ornamental fish held in quarantine and post-

quarantine in retail pet shops in Australia (Nolan et al. 2015, Rimmer et al. 2015).  These viruses also are 

found in ornamental finfish farms in Australia (Mohr et al. 2015b), however, to date megalocytiviruses have 

not been recorded from wild fish in Australia (Mohr et al. 2015b, Rimmer et al. 2016). 

5.1.4  Epizootiology 

The family Iridoviridae contains five genera, two of which (Iridovirus and Chloriridovirus), contain viruses 

of invertebrates, while three genera (Ranavirus, Megalocytivirus and Lymphocystivirus) contain viruses that 

infect lower vertebrates (Whittington et al. 2010).  Structurally, megalocytiviruses are relatively large (120–

200 nm) icosahedral viral particles with a double stranded DNA genome (Kurita and Nakajima 2012).  When 

released from cells by lysis, they appear non-enveloped, but as some virions also bud through the cell 

membrane, they may be enveloped (Whittington et al. 2010).  Viruses in the genus Megalocytivirus have 

caused significant economic and ecological impacts on aquacultured and wild fish populations in several 

parts of the world (Rimmer et al. 2015).  Megalocytiviruses are divided into three main genogroups, the first 

described was in 1990 from Japan as red sea bream iridovirus (RSIV), a genogroup that mainly infects 

marine finfish hosts (Inouye et al. 1992, OIE 2016a).  The closely related infectious spleen and kidney 

necrosis virus (ISKNV) represents a second genogroup distinct from RSIV (OIE 2016a).  ISKNV was 

originally isolated from cultured grouper (Epinephelus sp.) in Taiwan (Chou 1998) and also freshwater 

mandarin fish (Siniperca chuatsi) in China (He et al. 2001), and has since been linked to mass mortalities in 

both freshwater and marine hosts throughout SE Asia (Oseko et al. 2004, OIE 2016a).  More recently, 

another related virus called turbot reddish body iridovirus (TRBIV) has caused mass mortalities in cultured 

marine flatfish in China, representing a third genogroup of ISKNV-like viruses that infects mainly flatfish 

(Fu et al. 2011).  It appears that TRBIV may actually be the index case for megalocytivirus infection, as it 

was detected in ornamental fishes archived in 1986 (Go et al. 2016). 

Megalocytiviruses infect a wide range of fish species in both freshwater and marine environments, including 

many commercially, recreationally and ecologically important species groups that occur in northern 

Australia, such as barramundi (Lates calcarifer), cods and groupers (Epinephelus spp.), kingfish and 

amberjacks (Seriola spp.), sciaenids, flatfish and others (Oseko et al. 2004, Fu et al. 2011).  

Megalocytiviruses are also commonly found in many species of ornamental finfish cultured in Asia (Mohr et 

al. 2015b, Rimmer et al. 2015), and the international trade of ornamental fish has aided the spread of these 
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viruses to Europe (Sriwanayos et al. 2013, Jung-Schroers et al. 2016) and Australia (Go et al. 2006, Rimmer 

et al. 2015, Mohr et al. 2015b).  These viruses can cause epizootics resulting in up to 100% mortality in 

populations of cultured fish (Sriwanayos et al. 2013), though carrier states may also occur (Mohr et al. 

2015b, Nolan et al. 2015).  Histopathology of diseased fish finds distinctive hypertrophied cells with foamy 

basophilic cytoplasmic inclusions (cytomegalic cells) which are found throughout various organs, especially 

spleen, kidney and gastrointestinal tract, and to a lesser extent liver, heart, gills and connective tissue 

(Sriwanayos et al. 2013). These cells are often localized to perivascular areas and may occlude blood vessels 

resulting in foci of ischaemic necrosis within affected organs.  The unusual size and appearance of the 

inclusion body has led to infected cells sometimes being described as amoeba-like organisms (Whittington et 

al. 2010). 

ISKNV-like strains, including dwarf gourami iridovirus (DGIV), have been isolated from ornamental fish in 

Australia both during quarantine and also at retail pet stores and ornamental fish farms (Go et al. 2006, Go 

and Whittington 2006, Whittington and Chong 2007, Whittington et al. 2010, Nolan et al. 2015, Rimmer et 

al. 2015, 2016, Mohr et al. 2015b). After an epizootic in a population of the iconic Australian native 

freshwater fish Murray cod (Macullochella peelii) cultured in a farm in Victoria in 2003 (Lancaster et al. 

2003), experimental trials using DGIV-infected gouramis obtained from retail pet shops found the virus was 

transmissible to M. peelii horizontally by cohabitation, causing up to 40% mortality within 28 days (Go and 

Whittington 2006).  More recent trials have found that DGIV can also infect golden perch (Macquaria 

ambigua), endangered Macquarie perch (Macquaria australasica), causing disease and mortalities, as well as 

Southern pygmy perch (Nannoperca australis), but not native eeltailed catfish (Tandanus tandanus) which 

appeared refractive to infection (Rimmer et al. 2016).  This information strongly suggests that ornamental 

fish can act as vectors for megalocytiviruses that are pathogenic to native fish frequenting the same water 

(Go et al. 2006, Whittington and Chong 2007, Rimmer et al. 2016).  Hence populations of ornamental fish 

established in the wild may act as reservoirs and vectors for exotic megalocytiviruses (and many other 

disease agents), potentially causing disease and mortalities in native fishes which are both economically 

important, and threatened in many parts of their range by habitat 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 detected at high prevalences in diseased and apparently 

healthy imported ornamental fish held in quarantine premises (Mohr et al. 2015b, Nolan et al. 2015, Rimmer 

et al. 2015), and post-quarantine in fish held in retail pet shops (Go et al. 2006, Go and Whittington 2006, 

Rimmer et al. 2015).  Megalocytiviruses have also been detected in ornamental fish farms in Australia (Mohr 

et al. 2015b, Rimmer et al. 2015), and have been associated with mass mortalities of M. peelii in aquaculture 

(Lancaster et al. 2003).  However, to date they have not been recorded from wild fish species (Mohr et al. 

2015b, Rimmer et al. 2015).  It is now estimated that around 18 million ornamental fish per annum are 

imported into Australia (Rimmer et al. 2015), up from estimates of 10-15 million fish imported in 2007-2008 

(Whittington and Chong 2007, O’Sullivan et al. 2008).  Nolan et al. (2015) noted an increase in cases of 

Megalocytivirus infection diagnosed in ornamental fish at the Australian border in Western Australia in 

recent years, highlighting an emerging biosecurity risk.  They could not determine, however, whether the 

increase in Megalocytivirus detections represents a real increase in prevalence in imported fish populations, 

or simply was a product of the importation of greater numbers of fish (Nolan et al. 2015).  In view of these 
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data, health certification is now required proving batch negative testing from megalocytiviruses prior to 

export of susceptible ornamental fish hosts into Australia (Rimmer et al. 2015, DAWR 2015b), which if 

implemented correctly should keep the prevalence of the disease in imported fish below 5% (DAWR 2015b).  

However, even though populations of fish may test free of megalocytiviruses prior to export, the stress of 

transport and translocation can result in expression of disease in carriers, increasing viral load and increasing 

spread of infection either during quarantine or post-quarantine during mixing with other susceptible host 

fishes within the wholesale and/or retail supply chain (Becker et al. 2014).  It has been shown that 

ornamental fish routinely exit quarantine in Australia with megalocytiviruses, and given the large volumes of 

fish imported, even at <5% prevalence the propagule pressure will remain significant, which poses a risk of 

release of megalocytiviruses into the environment, given that pathways of release and establishment of 

ornamental fish into the Australian environment are well documented (Chong and Whittington 2005, 

Whittington and Chong 2007, Corfield et al. 2008, Rimmer et al. 2015, Lymbery et al. 2016).   

Release of ornamental fish is one form of anthropogenic translocation of fish and shellfish.  The other 

identified potential introduction pathways for exotic diseases into northern Australia include release via 

aquaculture food, ballast water, biofouling of shipping, arrival on floatsam and debris/discarded fishing gear, 

through domestic or imported bait products, natural movements of wild fish and shellfish and infrastructure 

stepping stones.  Aquaculture feeds that are imported are mainly extruded pelleted feeds which are cooked to 

over 90°C for several minutes during manufacture, which is sufficient to inactivate megalocytiviruses (OIE 

2016a) and most other pathogens (Tacon 2017), however there is no information on whether other 

aquaculture feeds such as Artemia cysts are potential vectors for these disease agents.  There is no evidence 

to date that megalocytiviruses are vertically transmitted (OIE 2016a), hence larval fish hosts taken in with 

ballast water are unlikely to be sources of infection.  However, juvenile or adult fish taken in with ballast 

water from regions where megalocytiviruses are endemic could carry the virus.  The length of time that 

megalocytiviruses remain viable in water outside the host is not known (OIE 2016a), hence it is difficult to 

assess the risk posed by free virus in ballast water.  It appears unlikely that infected fishes could be 

introduced as biofouling on the hulls of commercial shipping (Appendix 3) or on commercial fishing boats, 

recreational fishing boats and other pleasure craft.  However, it is known that some Megalocytivirus 

susceptible species (e.g. juvenile Seriola spp), naturally colonise floating vectors such as artificial flotsam, 

discarded fishing gear and debris which can make landfall into northern Australia (Wilcox et al. 2013, 

Heersink et al. 2014, Appendix 4).  Ornamental fishes are occasionally used as bait by some recreational 

anglers (Diggles 2011, Department of Agriculture 2015) hence it is possible that megalocytiviruses could be 

released via a domestic bait product.  Fishes infected with megalocytiviruses could also be imported as bait 

carried by foreign fishing vessels or as product sold for human consumption and diverted to bait use.  

Megalocytiviruses are not naturally present in Australian waters despite there being suitable conditions for 

establishment, and hence they appear unlikely to be introduced by natural movements of fish or shellfish.  

Because it is known that some Megalocytivirus susceptible species (e.g. Seriola spp), naturally aggregate 

around offshore structures, it is possible that development of artificial offshore infrastructure such as oil rigs 

and natural gas installations and their associated moorings could allow range extensions allowing 

introduction of the virus by the process of stepping stone colonisation of suitable hosts across natural 

geographic boundaries (Bulleri and Airoldi 2005, Glasby et al. 2007, Adams et al. 2014). 
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Taking into account the likely propagule pressure experienced via the various introduction pathways, the 

likelihood estimations for the release of megalocytiviruses into suitable environments in Australian waters 

via the identified risk pathways are listed below for the various IMCRA Bioregions.   

Release assessment for infection with Megalocytivirus (ISKNV, RSIV and like viruses). 

 

Likelihood of release Pathway Type 

Feature/          

IMCRA region 

AF+ BW BC BP DF FL FBD FBI FMA*  FMN ISS 

NT Offshore  

1 Timor Transition N EL EL EL EL EL N VL EL EL EL 

Gulf of Carpentaria  

25 Northern I 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 I Transition EL VL VL VL EL EL L VL L EL EL 

27 Northwest I Province EL VL VL VL EL EL L VL L N EL 

28 Central W I 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 I Province VL VL VL VL N N M VL H N N 

41 Northeast I Transition EL VL VL VL N N L VL M EL EL 

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

for pathway types:  AF = Aquaculture feed, BW = Ballast water, BC = Biofouling on commercial shipping, 

BP = Biofouling on pleasure and fishing boats, DF = Discarded/ghost fishing gear, FL = Flotsam/debris, 

FBD = Fishing bait - Domestic, FBI = Fishing bait - Imported, FMA = Fish/shellfish movements – 

Anthropogenic*, FMN = Fish/shellfish movements - Natural, ISS = Infrastructure stepping stones. 

+ 
Negligible for extruded pellets, but includes rotifer cysts and Artemia cysts, * Includes introduction via 

ornamental fish 
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5.1.6  Exposure assessment 

Megalocytiviruses are sensitive to inactivation by desiccation or heat at temperatures above 56°C for 30 

minutes, but are stable in water at 4 °C and can remain viable in frozen muscle tissue for extended periods 

(OIE 2016a).  Experimental studies confirm that horizontal transmission via cohabitation, contact with free 

viral particles in water, ingestion of excreta or cannibalism of infected hosts are all likely methods of 

transmission (Go and Whittington 2006, Rimmer et al. 2016). Outbreaks of disease due to megalocytiviruses 

are observed mainly when water temperatures are 25°C or more (OIE 2016a), with minimum temperatures 

permissive for infection around 13°C for RSBIV (Jun et al. 2009).  This suggests that temperature conditions 

in northern Australia would be permissive for megalocytivirus infection year round.  Megalocytiviruses lack 

strict host specificity and have been found to cause disease in a wide variety of fish species, including many 

commercially, recreationally and ecologically important species groups that occur in northern Australia, such 

as barramundi (Lates calcarifer), cods and groupers (Epinephelus spp.), kingfish and amberjacks (Seriola 

spp.), sciaenids, flatfish and others (Fu et al. 2011, Go et al. 2016).  The most likely scenario for 

establishment would be exposure of native fishes to imported or domestically raised ornamental fishes that 

have been disposed of in the wild or used as bait in waterways near urbanized areas.   Certain viral genotypes 

tend to naturally infect certain species groups, however some fish species can act as “mixing vessel hosts” 

and permit transfer of multiple genotypes of megalocytiviruses (Fu et al. 2011).  Some of the susceptible 

hosts in Australian estuaries are migratory species, (i.e. anadromous or catadromous), so once infected they 

may facilitate transfer of freshwater strains into marine waters, or vice versa.  It is difficult to determine how 

much the recently tightened biosecurity requirements for testing for megalocytivirus would reduce the risk of 

exposure, however the example of CyHV2 virus in goldfish and Edwardsiella ictaluri in catfish provides 

clear demonstration that aquatic pathogens from ornamental fish can pass through Australian quarantine 

requirements (including testing) and become established in farmed and wild populations (Becker et al. 2014, 

Lymbery et al. 2016).  Taking these factors into account, the risk of exposure and establishment is non-

negligible, and the likelihood of exposure and establishment of megalocytiviruses in suitable environments 

in northern Australia is considered to be Moderate. 

5.1.7  Consequence assessment 

Introduction and establishment of megalocytiviruses into wild fish populations in northern Australia would 

likely have significant ramifications for industry and the environment in Australia.  Establishment of these 

viruses in wild fish populations in northern Australia would not be amenable to control or eradication and 

would likely have significant negative effects on aquaculture of many species of finfish with emerging 

aquaculture potential in this country, including cods and groupers (Epinephelus spp.), cobia (Rachycentron 

canadum), kingfish (Seriola spp.), barramundi and several native freshwater species including golden perch 

and the threatened murray cod, as well as endangered species such as trout cod (Maccullochella 

macquariensis), Mary River cod (M. peelii mariensis) and Eastern freshwater cod (Maccullochella ikei) 

(Whittington and Chong 2007).  These negative impacts may reduce the aquaculture potential of these 

species and thus threaten Australia's future food security.  As these viruses are notifiable to the OIE, 

establishment of these viruses would have significant ramifications for international trade of fish products 

produced by both the fisheries and aquaculture industries throughout Australia, necessitating prompt 

intervention by government authorities and implementation of strict controls on the movements of fish 

products if attempts were made to try to prevent its further spread into uninfected areas.   
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Due to the high pathogenicity of megalocytiviruses, and the fact that populations of native fishes in Australia 

would be naïve to infection, the introduction of these viruses into the wild may represent a significant, 

irreversible threat to biodiversity of native fishes as well as a hinderance to conservation of threatened and 

endangered native fish species.  Infection may represent an additional source of mortality, especially during 

early life history, that would be added to impacts of pre-existing threats from habitat destruction and river 

flow alterations (Corfield et al. 2008, Rimmer et al. 2016).  These cumulative effects could result in 

significant ecological harm to fish communities, resulting in significant cultural and socio-economic harm to 

regional communities in northern Australia and elsewhere in the country.  Any absence of evidence of 

impacts on wild fish populations in areas where megalocytoviruses have been introduced overseas is not 

evidence of absence of such impacts, as impacts of new diseases in wild fish populations are likely to go 

unnoticed in countries without proper baseline ecological data and effective fisheries management.  As 

effects of disease in wild populations vary greatly due to factors such as environmental characteristics, host 

susceptibility and host densities (Burge et al. 2016), it is likely that impacts of disease introduction into 

Ausrtralia would be more severe due to our unique environment, isolated fauna and effective environmental 

and fisheries management arrangements that tend to keep host population levels relatively high.  Indeed, 

there is evidence that introduction of new viruses into Australian fish populations can have extreme 

consequences, as evidenced by two of the worlds largest fish kill events that are considered due to 

introduction of a novel herpesviruses into Australia via translocation of imported baitfish (Gaughan 2002, 

Whittington et al. 2008, Diggles 2011).  Taking these factors into consideration, it is therefore considered 

that the consequences of introduction and establishment of megalocytiviruses into the environment of 

northern Australia via the identified risk pathways are likely be High.  

5.1.8  Risk estimation 

The unrestricted risk associated with megalocytiviruses is determined by combining the likelihood of release 

and exposure (from Table 6) with the consequences of establishment (Table 7) to arrive at a risk estimation 

(Table 8, Figure A6 in Appendix 1).  The unrestricted risk estimate for megalocytiviruses exceeds the ALOP 

for several pathways in several bioregions, suggesting that additional risk management is required for these 

disease agents.   
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Risk estimate for infection with Megalocytivirus (ISKNV, RSIV and like viruses). 

Likelihood of exposure:  Moderate Consequences of establishment:  High 

Risk estimate Pathway Type 

Feature/          

IMCRA region 

AF+ BW BC BP DF FL FBD FBI FMA*  FMN ISS 

NT Offshore  

1 Timor Transition N VL VL VL VL VL N L VL VL VL 

Gulf of Carpentaria  

25 Northern I Province VL VL VL VL VL VL M VL M VL VL 

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 I Transition VL L L L VL VL M L M VL VL 

27 Northwest I Province VL L L L VL VL M L M N VL 

28 Central W I 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 I Province L L L L N N M L H N N 

41 Northeast I Transition VL L L L N N M L M VL VL 

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

for pathway types:  AF = Aquaculture feed, BW = Ballast water, BC = Biofouling on commercial shipping, 

BP = Biofouling on pleasure and fishing boats, DF = Discarded/ghost fishing gear, FL = Flotsam/debris, 

FBD = Fishing bait - Domestic, FBI = Fishing bait - Imported, FMA = Fish/shellfish movements – 

Anthropogenic*, FMN = Fish/shellfish movements - Natural, ISS = Infrastructure stepping stones. 

+ 
Negligible for extruded pellets, but includes rotifer cysts and Artemia cysts, * Includes introduction via 

ornamental fish 
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5.2 Enteric Septicaemia of Catfish (Edwardsiella ictaluri) 

5.2.1  Aetiologic agent  Infection with Edwardsiella ictaluri a 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 to E. ictaluri has been reported in ornamental fishes held in quarantine 

and some ornamental fish farms in Queensland, Tasmania and the Northern Territory.  In 2010 E. ictaluri 

was detected in diseased native catfish (Black catfish Neosilurus ater, Berneys catfish Neoarius berneyi) 

held in ornamental fish facilities in the Northern Territory.  Edwardsiella ictaluri was also detected at a 

prevalence of 40% in apparently healthy Tandanus tropicanus catfish 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 infectious bacterial disease that affects mainly catfishes of 

the families Ictaluridae, Plotosidae, Clariidae, Siluridae, Pangasiidae and Ariidae, but also several other non-

catfish species (Lymbery et al. 2016, DAWR 2017).  The disease is caused by Edwardsiella ictaluri, which 

is a gram negative bacterium classified in the family Enterobacteriaceae.  The disease was first described in 

the 1970’s from channel catfish (Ictalurus punctatus) cultured in the southern United States where it 

continues to cause significant disease, mortality and disruption to industry (Hawke et al. 1998, Bebak and 

Wagner 2012).  Edwardsiella ictaluri was originally considered primarily a disease of channel catfish, 

however more recently various strains of E. ictaluri have been reported to cause disease in a wide range of 

other catfish species, particularly Pangasius spp. (basa catfish) and Clarius spp. cultured in SE Asia (Rogge 

et al. 2013, Suanyk et al. 2014, ENACA 2017) as well as catfishes, rosy barbs, zebrafish and several other 

species cultured for the ornamental finfish industry (Hawke et al. 1998, Whittington and Chong 2007, 

Hawke et al. 2013, Lymbery et al. 2016, ENACA 2017).  Several non-catfish species have also been shown 

to be experimentally or naturally susceptible to infection with E. ictaluri, including salmonids and 

barramundi (Lates calarifer) (Hassan et al. 2012, Lymbery et al. 2016, DAWR 2017).  

Most of the epidemiological knowledge about ESC is based on its occurrence in channel catfish in the United 

States.  Infected channel catfish exhibit a variety of external lesions including multiple reddish or whitish 

ulcerative cutaneous lesions on the skin, flanks base of the fins or top of the head, the latter being a typical 

gross sign leading to the alternative name “hole in the head disease” (Hawke et al. 1998).  Diseased catfish 

cease feeding and can show marked behavioural changes including swimming in circles due to infection of 

the brain with E. ictaluri.  Internally, pathological changes typical of gram negative sepsis are common, 

including accumulation of ascites fluid, haemorrhagic enteritis, with multifocal necrosis in liver, kidney and 

intestinal epithelia (Hawke et al. 1998).  Transmission is horizontal via the faecal–oral route with faeces 

being the main source of shedding and dissemination, however the disease can also be spread via 

cannibalism, exposure to infected water via the olfactory epithelium and gills, and contact with contaminated 

nets or equipment used to handle infected fish (Hawke et al. 1998, DAWR 2017).  The bacterium can survive 

3–4 months free in pond water, mud and vegetation at 25°C.  Fish that survive acute epizootics can carry the 
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bacterium in the brain, kidney and liver for extended periods of up to 200 days, while some surviving fish 

develop specific immunity that protects them from subsequent infection and disease (Hawke et al. 1998).  

There is also a chronic form of ESC, characterised by meningoencephalitis, and fish can also be infected 

asymptomatically (Lymbery et al. 2016).  Subclinical infection by Edwardsiella ictaluri has also been 

detected at prevalences between 3% and 70% in wild populations of ayu (Plecoglossus altivelus) in Japan, 

with prevalence higher during the spawning season (Hassan et al. 2012).  

Husbandry and environmental stress play significant roles in determining the clinical and economic impact 

of E. ictaluri infections.  Nevertheless, this organism is considered a primary pathogen and is capable of 

causing substantial losses even on well-managed fish farms (Hawke et al. 1998).  Vaccines are available to 

reduce risk of E. ictaluri infection in cultured channel catfish, but effectiveness is variable and relatively few 

farmers use them (Bebak and Wagner 2012, Wise et al. 2015), the usual management of the disease being by 

reduction of stocking density or use of antibiotics. 

In Australia, the first report of E. ictaluri was in imported rosy barbs Puntius conchonius held in quarantine 

(Humphrey et al. 1986).  Then in early 2010 infection by E. ictaluri caused mortalities in native Australian 

Berney’s catfish, Neoarius berneyi, toothless catfish, Anodontiglanis dahli, and black catfish, Neosilurus ater 

at an ornamental fish facility near Darwin (Animal Health Australia 2010, 2012).  The affected fish were 

collected from a local river and kept at a premise which also sold imported ornamental fish.  Within a week 

of introduction a mortality event occurred with affected native catfish showing clinical signs of ESC, and E. 

ictaluri was subsequently isolated in pure culture from affected fish (Animal Health Australia 2010).  The 

native catfish section of the infected premises was quarantined, and mortalities ceased within one week of 

treatment of the remaining affected fish with tetracycline.  A ban on selling fish was lifted three weeks later 

(Animal Health Australia 2010).  A survey of native catfish from the source river found no evidence of 

infection with E. ictaluri and the most likely source of infection was considered to be association with 

imported fish within the ornamental fish facility (Animal Health Australia 2010).   

More recently, a preliminary survey found E. ictaluri at a prevalence of 40% (8 out of 20 fish) using 

bacterial culture of both pooled kidney/spleen tissue and intestinal tissue from apparently healthy wild 

Tandanus tropicanus sampled at one site; Bullyard Creek, a tributary of the Tully River in northern 

Queensland (Lymbery et al. 2016).  Biochemical analysis suggests some indications of phenotypic 

differences between E. ictaluri isolated from the Tully River and isolates from the USA and Vietnam, as well 

as those previously detected in quarantined imports in Australia, however more detailed analysis is required 

before an accurate assessment of the origin of the bacterium can be made (Lymbery et al. 2016).   

5.2.5  Release assessment 

In Australia, E. ictaluri is commonly detected in diseased and apparently healthy imported ornamental fish 

held in quarantine premises (Humphrey et al. 1986, Whittington and Chong 2007), and would be expected to 

also occur post-quarantine in imported fish held in retail pet shops (Animal Health Australia 2010, Becker et 

al. 2013, Rimmer et al. 2015).  Edwardsiella ictaluri has already been recorded in wild catfish in north 

Queensland (Lymbery et al. 2016) and has been associated with mortalities of native catfish in ornamental 

fish shops (Animal Health Australia 2010, 2012).  It is now estimated that around 18 million ornamental fish 

per annum are imported into Australia (Rimmer et al. 2015), up from estimates of 10-15 million fish 
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imported in 2007-2008 (Whittington and Chong 2007, O’Sullivan et al. 2008).  Because E. ictaluri can occur 

in apparently healthy carrier fish, these may appear free of E. ictaluri prior to export, however the stress of 

transport and translocation can result in expression of disease in carriers, increasing spread of infection either 

during quarantine or post-quarantine during mixing with other susceptible host fishes within the wholesale 

and/or retail supply chain (Becker et al. 2014).  Given the large volumes of ornamental fish imported, even at 

<5% prevalence the propagule pressure will remain significant, which poses a risk of release of E. ictaluri 

into the environment, given that pathways of release and establishment of ornamental fish into the Australian 

environment are well documented (Chong and Whittington 2005, Whittington and Chong 2007, Corfield et 

al. 2008, Rimmer et al. 2015, Lymbery et al. 2016).   

Release of ornamental fish is one form of anthropogenic translocation of fish and shellfish.  The other 

identified potential introduction pathways for exotic diseases into northern Australia include release via 

aquaculture food, ballast water, biofouling of shipping, arrival on floatsam and debris/discarded fishing gear, 

through domestic or imported bait products, natural movements of wild fish and shellfish and infrastructure 

stepping stones.  Aquaculture feeds that are imported are mainly extruded pelleted feeds which are cooked to 

over 90°C for several minutes during manufacture, which is sufficient to inactivate most microorganisms that 

are sensitive to heat (Torgersen and Hastein 1995, OIE 2009, Tacon 2017), however there is no information 

on whether other aquaculture feeds such as Artemia cysts are potential vectors for these disease agents.  

There is no evidence to date that E. ictaluri is vertically transmitted, hence larval fish hosts taken in with 

ballast water are unlikely to be sources of infection.  However, juvenile or adult fish taken in with ballast 

water from regions where E. ictaluri are endemic could carry the bacterium.  Edwardsiella ictaluri can 

remain viable in water outside the host for over 3 months (Hawke et al. 1998), hence viable bacteria could be 

carried in ballast water.  It appears unlikely that infected fishes could be introduced as biofouling on the hulls 

of commercial shipping (Appendix 3) or on commercial fishing boats, recreational fishing boats and other 

pleasure craft, nor is it likely that E. ictaluri infected fishes would naturally colonise floating vectors such as 

artificial flotsam, discarded fishing gear and debris which can make landfall into northern Australia (Wilcox 

et al. 2013, Heersink et al. 2014, Appendix 4).  Ornamental fishes are occasionally used as bait by some 

recreational anglers (Diggles 2011, Department of Agriculture 2015) hence it is possible that E. ictaluri 

could be released via a domestic bait product.  Fishes infected with E. ictaluri could also be imported as bait 

carried by foreign fishing vessels or as product sold for human consumption and diverted to bait use.  These 

bacteria are not considered to be naturally present in northern Australian waters despite there being suitable 

conditions for establishment, hence they appear unlikely to be introduced by natural movements of fish or 

shellfish, except for regions around the Tully River in north Queensland where it is known the virus occurs 

in native catfish.  Because it is unlikely that fishes infected with E. ictaluri naturally aggregate around 

offshore structures, its arrival by stepping stone colonisation of suitable hosts across natural geographic 

boundaries appears unlikely. 

Taking into account the likely propagule pressure experienced via the various introduction pathways, the 

likelihood estimations for the release of E. ictaluri into suitable environments in Australian waters via the 

identified risk pathways are listed below for the various IMCRA Bioregions. 
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Release assessment for Enteric Septicaemia of Catfish (Edwardsiella ictaluri). 

 

Likelihood of release Pathway Type 

Feature/          

IMCRA region 

AF+ BW BC BP DF FL FBD FBI FMA*  FMN ISS 

NT Offshore  

1 Timor Transition N EL EL EL EL EL N VL EL EL EL 

Gulf of Carpentaria  

25 Northern I 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 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 I Transition EL VL VL VL EL EL L VL L EL EL 

27 Northwest I Province EL VL VL VL EL EL L VL L N EL 

28 Central W I 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 I Province VL VL VL VL N N M VL H M N 

41 Northeast I Transition EL VL VL VL N N L VL M L EL 

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

for pathway types:  AF = Aquaculture feed, BW = Ballast water, BC = Biofouling on commercial shipping, 

BP = Biofouling on pleasure and fishing boats, DF = Discarded/ghost fishing gear, FL = Flotsam/debris, 

FBD = Fishing bait - Domestic, FBI = Fishing bait - Imported, FMA = Fish/shellfish movements – 

Anthropogenic*, FMN = Fish/shellfish movements - Natural, ISS = Infrastructure stepping stones. 

+ 
Negligible for extruded pellets, but includes rotifer cysts and Artemia cysts, * Includes introduction via 

ornamental fish 

5.2.6  Exposure assessment 

Experimental studies confirm that horizontal transmission of E. ictaluri via the fecal-oral route, contact with 

free bacteria in water, and cannibalism of infected hosts are all likely methods of transmission (Hawke et al. 
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1998, OIE 2009). Outbreaks of disease due to E. ictaluri are observed mainly when water temperatures are 

between 20°C and 28°C (Hawke et al. 1998) which means disease is usually observed in spring and autumn 

in intensive channel catfish aquaculture in the southern United States (Hawke et al. 1998)  This suggests that 

temperature conditions in northern Australia would be permissive for E. ictaluri infection most of the year.  

Edwardsiella ictaluri causes disease mainly in catfishes, of which a large number of native species occur in 

northern Australia (Allen 1989), but can also infect a variety of other fish species (Lymbery et al. 2016, 

DAWR 2017), including commercially, recreationally and ecologically important species groups that occur 

in northern Australia, such as barramundi (Lates calcarifer).  The most likely scenario for establishment 

would be exposure of native catfish to imported or domestically raised ornamental fishes that have been 

disposed of in the wild or used as bait in waterways near urbanized areas, and indeed this may have already 

occurred in the Tully River (Lymbery et al. 2016).  Although very little is known of the biology of the host 

catfish species in this case (Tandanus tropicanus), studies on other Australian plotosid catfish have found 

high site fidelity (Lymbery et al. 2016),  which may limit spread of infection.  However, other known 

susceptible hosts which also frequent freshwater areas (such as L. calcarifer) are migratory species, (i.e. 

anadromous or catadromous), which may be capable of facilitating transfer of E. ictaluri into other river 

systems.  Given there is clear evidence that aquatic pathogens from ornamental fish can pass through 

Australian quarantine requirements (including testing) and become established in farmed and wild 

populations (Becker et al. 2014, Lymbery et al. 2016), the risk of exposure and establishment is non-

negligible, and the likelihood of exposure and establishment of E. ictaluri in suitable environments in 

northern Australia is considered to be High. 

5.2.7  Consequence assessment 

Introduction and establishment of E. ictaluri into wild fish populations in northern Australia would likely 

have significant ramifications for industry and the environment in Australia.  Establishment of this bacterium 

would not be amenable to control or eradication and would likely have significant negative effects on 

aquaculture of catfishes, greatly reducing their aquaculture potential in this country and thus threatening 

Australia's future food security.  Establishment may also increase threat of disease outbreaks in cultured 

barramundi and other native freshwater species. As E. ictaluri is a notifiable disease agent, establishment of 

these bacteria would have significant ramifications for domestic and international trade of fish products 

produced by both the fisheries and aquaculture industries throughout Australia, necessitating intervention by 

government authorities and implementation of strict controls on the movements of fish products if attempts 

were made to try to prevent its further spread into uninfected areas.   

Given that wild fish species can harbour E. ictaluri as apparently healthy carriers (Lymbery et al. 2016), and 

disease usually occurs only when fish are concentrated at high stocking densities (Hawke et al. 1998), 

ecological risks may not be as high for this bacterium as they are for some other disease agents.  However, 

populations of native fishes in Australia are presumed to be naïve to infection, and it is known that 

prevalence of E. ictaluri in wild fish populations does increase during stressful periods when fish gather at 

higher than normal densities, such as during the spawning season (Hassan et al. 2012).  Because of this, the 

introduction of E. ictaluri into the wild may still represent an irreversible threat to populations of native 

fishes as well as a hinderance to conservation of rare, threatened and endangered native fish species.  

Infection with E. ictaluri under certain conditions naturally seen in the Australian environment (e.g. low 

river flow conditions when fish are concentrated in waterholes), may cause additional mortality that would 
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be added to impacts of pre-existing threats from habitat destruction and river flow alterations (Corfield et al. 

2008, Rimmer et al. 2016).  These cumulative effects could result in significant ecological harm to fish 

communities, resulting in significant cultural and socio-economic harm to regional communities in northern 

Australia and elsewhere in the country.  Any absence of evidence of impacts on wild fish populations in 

areas where E. ictaluri has been introduced overseas is not evidence of absence of such impacts, as impacts 

of new diseases in wild fish populations are likely to go unnoticed in countries without proper baseline 

ecological data and effective fisheries management.  As effects of disease in wild populations vary greatly 

due to factors such as environmental characteristics, host susceptibility and host densities (Burge et al. 2016), 

it is possible that impacts of disease introduction into Australia would be more severe due to our unique 

environment, isolated fauna and effective environmental and fisheries management arrangements that tend to 

keep host population levels relatively high.  Taking these factors into consideration, it is therefore considered 

that the consequences of introduction and establishment of E. ictaluri into the environment of northern 

Australia via the identified risk pathways are likely be Moderate.  

5.2.8  Risk estimation 

The unrestricted risk associated with E. ictaluri is determined by combining the likelihood of release and 

exposure (from Table 6) with the consequences of establishment (Table 7) to arrive at a risk estimation 

(Table 8, Figure A7 in Appendix 1).  The unrestricted risk estimate for E. ictaluri exceeds the ALOP for 

several pathways (domestic fishing bait, natural movements of fish, and anthropogenic movements of fish 

via the aquarium industry) in several bioregions, suggesting that additional risk management is required for 

this disease agent.   
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Risk estimate for Enteric Septicaemia of Catfish (Edwardsiella ictaluri). 

Likelihood of exposure:  High Consequences of establishment:  Moderate 

Risk estimate Pathway Type 

Feature/          

IMCRA region 

AF+ BW BC BP DF FL FBD FBI FMA*  FMN ISS 

NT Offshore  

1 Timor Transition N EL EL EL EL EL N VL EL EL EL 

Gulf of Carpentaria  

25 Northern I 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 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 I Transition EL VL VL VL EL EL L VL L EL EL 

27 Northwest I Province EL VL VL VL EL EL L VL L N EL 

28 Central W I 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 I Province VL VL VL VL N N M VL M M N 

41 Northeast I Transition EL VL VL VL N N L VL M L EL 

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

for pathway types:  AF = Aquaculture feed, BW = Ballast water, BC = Biofouling on commercial shipping, 

BP = Biofouling on pleasure and fishing boats, DF = Discarded/ghost fishing gear, FL = Flotsam/debris, 

FBD = Fishing bait - Domestic, FBI = Fishing bait - Imported, FMA = Fish/shellfish movements – 

Anthropogenic*, FMN = Fish/shellfish movements - Natural, ISS = Infrastructure stepping stones. 

+ 
Negligible for extruded pellets, but includes rotifer cysts and 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-stranded DNA virus of the genus 

Whispovirus within the family Nimaviridea (Mayo 2005, OIE 2016b).  Numerous synonyms exist, including 

rod shaped nuclear virus of Penaeus japonicus (RV-PJ), penaeid rod-shaped DNA virus (PRDV), white spot 

baculovirus (WSBV), PmNOBIII, systemic ectodermal and mesodermal baculovirus (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 November 2016 when an outbreak 

of WSD was recorded in black tiger prawns (Penaeus monodon) cultured along the Logan River, in South 

East Queensland (DAF QLD 2017).  At the time of publication this WSD oubreak was being managed as an 

eradication response.  Previous incursions include detection of WSSV in broodstock P. monodon and mud 

crabs (Scylla serrata) fed frozen imported prawns at an aquaculture hatchery in Darwin Harbour in 

December 2000.  In that case wild mud crabs and prawns adjacent to the hatchery outlet were also transiently 

infected with WSSV, but over time this infection apparently was self limiting and subsequent testing showed 

the virus did not become established in Darwin Harbour (East et al. 2004, 2005). 

5.3.4  Epizootiology 

White spot disease (WSD) first emerged in 1992-93 in several locations in Asia including Taiwan and Japan, 

though epidemiological evidence suggests the virus originated from China.  Devestating epizootics in 

Penaeus japonicus in Japan in 1993 were due to a new rod shaped virus that was introduced with imported 

post larvae (PL) from China (Momoyama et al. 1994, Inouye et al. 1994, Nakano et al. 1994, Takahashi et al. 

1994).  At around the same time mortalities in farmed P. japonicus, P. monodon and P. pencillatus due to a 

similar disease were also occurring in Taiwan, perhaps from as early as 1992 (Chou et al. 1995).  In Taiwan 

the disease was described as white spot syndrome by Chou et al. (1995) due to the presence of characteristic 

white spots on the carapace of diseased prawns.  The Taiwanese disease outbreaks were caused by a new rod 

shaped virus similar to that described in Japan (Chou et al. 1995) which was subsequently named white spot 

syndrome virus (WSSV) (Lightner 1996a).  Epizootic disease caused by rod-shaped viruses in cultured 

prawns displaying similar clinical signs to those reported in Japan and Taiwan were subsequently reported 

throughout Asia from China (1995), Thailand (1995), Korea (1998), India (1998), and the Philippines (1996) 

(Lightner 2003, Stentiford et al. 2012).  Despite the absence of evidence of live prawn introductions from 

Asia to the Americas, WSSV was diagnosed at several sites in 1995-1997 in captive wild prawns and 

freshwater crayfish and in cultured prawns in the eastern and southeastern United States (Nunan et al. 1998, 

Durand et al. 2000).  Soon after, the WSSV pandemic reached prawn farms in southeastern Europe (1997), 

the Middle East (1999), India (Rajendran 1999), and even central and South America in early 1999 (Lightner 

2003).  By mid to late 1999, WSSV was causing major losses in Ecuador, and by 2000-01, export of prawns 

from Ecuador was down nearly 70% from pre-WSSV levels (Lightner 2003).   

At least some of the introductions of WSSV to the Americas were a result of importation of frozen prawn 

products from WSSV-affected areas of Asia and the value-added reprocessing of frozen prawns for the US 
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market in coastal processing plants (Lightner et al. 1997, Nunan et al. 1998, Durand et al. 2000, Lightner 

2003, Hasson et al. 2006).  WSSV also reached Spain and Australia in 1999-2001 in frozen prawns (Lightner 

2003, Biosecurity Australia 2009). In both cases successful containment and eradication was reported, and 

for both events the importation and use of infected frozen prawns as a fresh feed for broodstock crustaceans 

was implicated as the route of introduction (Lightner 2003, Biosecurity Australia 2009).  Frozen commodity 

prawns sampled from supermarkets were also confirmed as a route of entry for WSSV into Europe (Bateman 

et al. 2012). In 2017, WSD was officially reported to occur in 32 countries including several in central and 

South America, Africa, continental USA and all major prawn farming countries in Asia (Hong Kong, Taipei, 

Taiwan, China, Japan, Korea, Malaysia, Myanmar, Thailand, Brunei, Philippines, Singapore, Iran, Sri Lanka, 

Indonesia, Vietnam, India)1.  Unofficially, it is even more widespread (Stentiford et al. 2012). 

WSD of farmed penaeids is characterised by high and rapid mortality, sometimes accompanied by gross 

signs in moribund prawns of white, initially circular, spots in the cuticle (calcium deposits), and overall red 

body coloration (Lightner 1996a).  The white spots are not pathognonomic, however, as they can also be 

caused by environmental insults and bacterial infection (Wang et al. 2000).  Diseased cultured penaeids 

cease feeding, and moribund prawns are observed swimming near the surface at the edge of rearing ponds.  

Rapid and severe mortality often follows within 3 or 4 days after the first appearance of gross signs (Chou et 

al. 1995).  Pathological changes associated with WSD include characteristic basophilic nuclei and necrosis of 

subcuticular epithelium and other tissues of ectodermal and mesodermal origin (Lo et al. 1997).  Infection of 

crustaceans in the wild readly occurs where WSSV is enzootic in cultured penaeids (Lo and Kou 1998, 

Maeda et al. 1998a, De La Pena et al. 2007, Baumgartner et al. 2009), probably due to horizontal tranfer of 

the infection through wastewater and/or transmission of the virus by vectors (Kanchanaphuam et al. 1998, 

Biosecurity Australia 2009).  Wild crustaceans usually exhibit sub-clinical infections which can be 

exacerbated by stress leading to clinical disease upon their capture and holding (Lo et al. 1996).   

WSD is often considered mainly a disease of cultured prawns (Supamattaya et al. 1998), but other species 

can become infected both naturally and experimentally by injection and by per-os exposure (Flegel 2006a).  

These include freshwater crayfish (Family Parastacidae, Family Cambaridae), crabs (Family Portunidae), 

lobsters (Family Palinuridae, Family Nephropidae), wild penaeid prawns (Family Penaeidae) and freshwater 

prawns (Family Palaemonidae) (Peng et al. 1998, Wang et al. 1998, Rajendran et al. 1999, Edgerton 2004, 

Baumgartner et al. 2009, Stentiford et al. 2009, Oidtmann and Stentiford 2011, Bateman et al. 2012).  In fact, 

all decapod crustaceans from marine, brackish and freshwater, as well as planktonic copepods, parasitic 

copepods that infect fish, barnacles, brine shrimp (Artemia salina), rotifers, insect larvae, and polychaetes are 

considered potential hosts or vectors for WSSV (OIE 2016b).  Once the disease agent is introduced, there are 

many species which can act as carriers or reservoirs of infection (OIE 2016b), and indeed, data suggests that 

zooplankton and/or phyto/pico plankton can vector WSSV prior to infection of cultured prawns (Esparza-

Leal et al. 2009, Callinan et al. 2013, Mendoza Cano et al. 2014).  Mortality rates vary depending on host 

species, environmental conditions and other variables such as dose and age of the host.  For example, Sahul 

Hameed et al. (2000) failed to induce mortality in M. rosenbergii exposed to WSSV by immersion challenge, 

oral route and injection.  In contrast, Pramod Kiran et al. (2002) reported mortalities up to 68% after 

exposure of M. rosenbergii post larvae to WSSV, though adults were more tolerant with mortalities up to 

                                                   
1 https://www.cefas.co.uk/international-database-on-aquatic-animal-diseases/disease-data/?id=62  
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26.7%.  Water temperatures above 33°C appear to prevent WSSV replication and can reduce mortalities of 

prawns exposed to high water temperatures during the early stages of infection (Rahman et al. 2007).  

Rajendran et al. (1999) found mortality rates via per-os exposure were 100% in penaeids, 10% in freshwater 

prawns (including M. rosenbergii), 16-33% in palinurid lobsters and 10-100% in crabs. Freshwater prawns 

which survive disease outbreaks show no clinical signs except for tiny spots on the carapace (Rajendran et al. 

1999), which are around half the size of those observed in penaeids (Peng et al. 1998).  Tissue from sub-

clinically infected M. rosenbergii was fed to penaeid prawns and disease resulted in all cases, confirming M. 

rosenbergii can act as asymptomatic carriers of WSSV (Ranjedran et al. 1999).  Bateman et al. (2012) found 

that clinical WSD occurred in European lobsters Homarus gammarus with mortalities of up to 55% 

occurring within 6 days of lobsters being fed a single 50 mg ration from a clinically diseased P. vannamei at 

22°C (high dose treatment of 3.65 x 105 viral copies/ ng DNA, total dose c. 1.82 x 1011 viral copies).  

Bateman et al. (2012) also found that 66% of batches of frozen green commodity prawns purchased from 

supermarkets in the UK tested positive for WSSV, particularly batches of smaller (<10 gram) prawns, and 

that the virus was viable, and could infect 94% of H. gammarus fed 50 mg of infected commodity prawn 

tissues.  The lobsters infected in this manner were not clinically diseased, as they were fed lower WSSV 

doses (between 2.3 x 106 and 2.58 x 108 viral copies), nevertheless a slightly increased mortality rate (up to 

22%) was observed compared to controls (Bateman et al. 2012).  They concluded that the limiting factor in 

the rapid appearance of WSD in European lobsters was the initial dose; a low-level infectious dose 

establishes latent infection, while a high-level dose progresses more rapidly to disease (Bateman et al. 2012). 

Numerous species of crustaceans can act as carriers, particularly crabs, which can be infected per-os, become 

diseased and die without showing white spots externally (Sahul Hameed et al. 2003), though white spots may 

occur inside the carapace (Raja et al. 2015).  Other species become infected but do not show signs of disease, 

including rotifers, bivalves, polychaete worms and non-decapod crustaceans including Artemia salina, 

copepods, and aquatic arthropods such as sea slaters (Isopoda) and insect larvae (Sahul Hameed et al. 2003, 

Mendoza Cano et al. 2014).  These species can act as as mechanical vectors capable of accumulating high 

concentrations of viable WSSV with persistent, life long infections (OIE 2016b).  Although there is no 

evidence of virus replication within most of these hosts (Stentiford et al. 2009), Overstreet et al. (2009) 

found evidence of replication of WSSV in the copepod Ergasilus manicatus parasitic on fish gills, and 

Desrina et al. (2013) found infection suggesting replication in polychaetes.  Pramod Kiran et al. (2002) 

investigated vertical transmission in M. rosenbergii and found that eggs of experimentally infected brooders 

were WSSV-negative by PCR, but the larvae that hatched from them were positive.  The OIE (2016b) 

considers all life stages of crustaceans to be potentially susceptible, from eggs to broodstock.  The most 

likely life stages for detection of WSSV are late post-larval stages, juveniles and adults, while the probability 

of detection can be increased by exposure to stressful conditions (OIE 2016b) such as rapid reductions in 

water temperature.  It has been reported that WSSV can be 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. 1998), though Chang et al. (1998) stated that 

70°C for 5 min was required to completely inactivate the virus. Methodological variations may explain some 

of these differences, however these authors all examined free virus suspensions isolated from host tissues 

prior to heat treatment, and they did not examine whether WSSV was protected from heat while in-situ 

inside the tissues of infected hosts.  In contrast, Reddy et al. (2011a) used bioassays with the highly 

susceptible Penaeus monodon to find that boiling of WSSV infected P. monodon tissues in water for up to 30 

minutes at 100°C did not fully inactivate all virus and that inoculates of cooked tissues remained infective to 
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P. monodon via intramuscular injection.  There were no data presented on whether the cooked prawns were 

infective via the per-os route.  Only cooking at 100°C for 15 min followed by quick freezing to -40°C was 

sufficient to completely inactivate the virus inside cooked tissues (Reddy et al. 2011b, 2013).  

5.3.5  Release assessment 

For the purposes of this release assessment it will be assumed that Australia is free from WSD (Cowley et 

al.2015) and that eradication will be successful in the environment around the Logan River and in Moreton 

Bay (DAF QLD 2017).  Despite biosecurity protocols requiring testing of 100% of shipments of frozen green 

prawns imported into Australia there is evidence that WSSV-infected frozen green prawns can transit 

through border quarantine in Australia, at least in part due to attempts by some importers to evade detection 

at the border by mislabelling high risk commodities and substituting known WSSV-free prawns for testing 

(Senate 2017).  There is evidence that between 50-86% of imported green prawns sold at the retail counter at 

supermarkets in Australia in November/December 2016 were WSSV positive (Diggles 2017, Future 

Fisheries Veterinary Service 2017, Senate 2017), similar to the UK where 66% of batches of imported frozen 

commodity prawns at the retail counter were WSSV positive (Bateman et al. 2012).  Even if testing at the 

border was 100% effective (Biosecurity Australia 2009), surveillance consists of subsampling 5 prawns from 

each of 13 boxes (n = 65 prawns) in each shipment for testing (Senate 2017).  Assuming 100% sensitivity for 

the diagnostic test and perfect random sampling, this surveillance design would provide 95% confidence of 

detecting WSSV infected prawns only if they were present at prevalences above 5% in each shipment 

(Sergeant 2017).  Hence even with 100% compliance and 100% sampling effectiveness, assuming between 

10,000 and 15,000 tonnes of raw prawns imported into Australia each year (FRDC 2017), <5% prevalence 

may equate to hundreds of tonnes of WSSV infected frozen green prawns entering Australia and becoming 

available for retail purchase at supermarkets.  

Viable WSSV has been recovered from crustacean tissues (including commodity prawns) frozen at -20 or -

70°C after months to several years storage and used to successfully infect susceptible crustaceans (Wang et 

al. 1998, Soto et al. 2001, McColl et al. 2004, Hasson et al. 2006, Bateman et al. 2012, RM Overstreet, 

personal communication, Nov 2009).  Free WSSV also remains viable after storage at -18 to -20°C for up to 

several years, but survival and viability upon thawing is reduced from that stored at -70°C (RM Overstreet, 

personal communication, Nov 2009).  It would be expected (Nunan et al. 1998, Soto et al. 2001, Lightner 

2003, McColl et al. 2004, Biosecurity Australia 2009) that a significant percentage of WSSV could survive 

and remain viable after at least one freeze-thaw cycle during commercial freezing, storage and transport of 

green prawn commodities to Australia.  WSSV infects and replicates principally in tissues of ectodermal and 

mesodermal origin (Lo et al. 1997) and viral loads of between 108-1010 viral copies/g tissue occur in diseased 

prawns (Oidtmann and Stentiford 2011).  Removal of the head section does little to reduce WSSV viral load 

on a per weight basis, as viral load in individual prawns is nearly identical in either heads (49% of total 

virus) or tails (51% of total virus) (Durand et al. 2003), and viable WSSV can still be detected in commodity 

tails (McColl et al. 2004, Hasson et al. 2006, Biosecurity Australia 2009, Bateman et al. 2012), with the virus 

load of the peeled shell representing approximately 55% of the total viral load remaining in the tail (Durand 

et al. 2003).  Hence full processing of green prawn products only reduces viral load by around half, which is 

not sufficient to prevent establishment of infections via per-os route (Bateman et al. 2012).  While the 

majority of green imported prawns sold for human consumption are probably used for their intended 

purpose, prawns are a popular bait (Kewagama Research 2002) and it is well known that some recreational 
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fishers in Australia use imported prawns purchased from supermarkets as bait, because they are cheaper and 

perceived to be better quality (QLD Government 2006, Fishraider.com.au 2013, Department of Agriculture 

2015, Fishing Victoria 2016, Biosecurity Queensland 2017).  There is evidence that the number of people 

using prawns sold for human consumption as bait is increasing (Kewagama Research 2007, Table 12), as is 

the prevalence of WSSV in commodity prawns (Bateman et al. 2012), representing increasing risk of WSSV 

introduction (Oidtmann and Stentiford 2011).  Indeed, in December 2016, surveys by Biosecurity 

Queensland field officers allegedly found 6 groups of fishers using imported green prawns purchased from 

local supermarkets as bait while fishing near WSD infected prawn farms on the Logan River (Diggles 2017, 

Senate 2017). When the imported prawns were confiscated and tested, 2 of the 6 batches (33%) were positive 

for WSSV (Senate 2017), demonstrating that fishing with imported bait near or directly within the intake 

canals of the index prawn farm would have introduced WSSV into those waters (Diggles 2017).  It is also 

possible that WSSV could be introduced into Australia with other commodities which are currently untested, 

including frozen soft shelled crabs (either those infected as carriers (Meng et al. 2009), or via infection of 

Octolasmis sp. barnacles on the gills) or in crustacean ectoparasites on the gills of whole frozen fish 

(Overstreet et al. 2009). 

Release of imported crustacean products sold for human consumption and diverted to bait or burley is one 

form of anthropogenic translocation of fish and shellfish.  The other identified potential introduction 

pathways for exotic diseases into northern Australia include release via aquaculture food, ballast water, 

biofouling of shipping, arrival on floatsam and debris/discarded fishing gear, through release of ornamental 

crustaceans, natural movements of wild fish and shellfish and infrastructure stepping stones.  Imported 

aquaculture feeds are mainly extruded pellets with fishmeal and other ingredients that are processed and 

cooked to over 90°C for several minutes during manufacture, which is sufficient to inactivate most 

microorganisms that are sensitive to heat (Torgersen and Hastein 1995).  Such temperatures are highly likely 

to inactivate all free WSSV (Maeda et al. 1998b, Nakano et al. 1998, Chang et al.1998, Tacon 2017), 

especially in artificially formulated extruded pellets (Pongmaneerat et al. 2001), as opposed to WSSV within 

whole prawn carcasses, some of which may remain viable after cooking (see Reddy et al. 2011a, 2011b 

2013).  It is known that live Artemia can be carriers of WSSV (OIE 2016b), as can live rotifers and rotifer 

resting eggs (Yan et al. 2004), however it is less clear whether freeze dried Artemia cysts are potential 

vectors for WSSV.  There is evidence that WSSV is vertically transmitted, hence larval crustaceans taken in 

with ballast water may be infected.  Juvenile or adult crustaceans can also be taken in with ballast water, and 

are prominent inhabitants of sea chests on commercial shipping (Coutts and Dodgshun 2007), so it is 

possible that WSSV can be introduced via infected hosts translocated in ballast water, or as biofouling on the 

hulls or sea chests of commercial shipping (Appendix 3), commercial fishing boats, recreational fishing 

boats and other pleasure craft.  It is also possible that WSSV infected crustaceans could naturally colonise 

floating vectors such as artificial flotsam, discarded fishing gear and debris which can make landfall into 

northern Australia (Wilcox et al. 2013, Heersink et al. 2014, Appendix 4).  Live crustaceans for the 

ornamental industry should not represent a risk of release of WSSV as they are not permitted entry into 

Australia (https://www.legislation.gov.au/Series/F2006B01053), however there is evidence of illegal 

importation of live ornamental crustaceans (NSW Aquaculture Association 2017).  Crustaceans infected with 

WSSV could also be imported as bait carried by foreign fishing vessels.  WSSV is not considered to be 

naturally present in northern Australian waters despite there being suitable conditions for establishment, 

hence the virus appears unlikely to be introduced by natural movements of fish or shellfish.  Because it is 

known that crustaceans infected with WSSV can colonise hard structures it is possible that development of 

https://www.legislation.gov.au/Series/F2006B01053
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artificial offshore infrastructure such as oil rigs and natural gas installations and their associated moorings 

could allow range extensions for WSSV infected hosts by the process of stepping stone colonisation across 

natural geographic boundaries (Bulleri and Airoldi 2005, Glasby et al. 2007, Adams et al. 2014).  Taking 

into account the likely propagule pressure experienced via the various introduction pathways, the likelihood 

estimations for the release of WSSV into suitable environments in Australian waters via the identified risk 

pathways are listed below for the various IMCRA Bioregions. 

Release assessment for White Spot Disease (WSD). 

 

Likelihood of release Pathway Type 

Feature/          

IMCRA region 

AF+ BW BC BP DF FL FBD FBI FMA FMN ISS 

NT Offshore  

1 Timor Transition N L L L L L EL VL M EL L 

Gulf of Carpentaria  

25 Northern I Province VL L L L VL VL M VL M EL VL 

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 I Transition VL L L L VL VL M VL M EL VL 

27 Northwest I Province VL M M M EL EL M VL VL N EL 

28 Central W I 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 I Province VL M M M N N H N L N N 

41 Northeast I Transition VL L L L EL EL M VL L EL VL 

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

for pathway types:  AF = Aquaculture feed+, BW = Ballast water, BC = Biofouling on commercial shipping, 

BP = Biofouling on pleasure and fishing boats, DF = Discarded/ghost fishing gear, FL = Flotsam/debris, 

FBD = Fishing bait - Domestic, FBI = Fishing bait - Imported, FMA = Fish/shellfish movements – 

Anthropogenic*, FMN = Fish/shellfish movements - Natural, ISS = Infrastructure stepping stones. 
+ 

Negligible for extruded pellets, but includes rotifer cysts and Artemia cysts 
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5.3.6  Exposure assessment 

All of the species of decapod crustaceans endemic to northern Australia including commercially important 

mud crabs (Scylla spp.) and penaeid prawns are likely to be susceptible to WSSV, suggesting that WSSV 

released through various pathways (e.g. imported green prawns sold for human consumption that are 

redirected to bait or burley) could come in contact with many known susceptible species.  WSSV remains 

infective for > 30 days in seawater at 30°C and > 40 days at 25°C under laboratory conditions (Momoyama 

et al. 1998), but viral replication is inhibited at water temperatures above 33°C (Rahman et al. 2007).  

However, water temperatures are not high enough (>33°C) to prevent establishment of WSD in northern 

Australia.  Viable WSSV has been recovered from crustacean tissues (including commodity prawns) frozen 

at both -20 and -70°C after months to several years storage and used to successfully infect susceptible 

crustaceans (Wang et al. 1998, Hasson et al. 2006, RM Overstreet, personal communication, Nov 2009, 

Bateman et al. 2012).  Susceptible crustaceans can also become infected with WSSV via per-os exposure 

through cannibalism (Bateman et al. 2012, OIE 2016b), and indeed the per-os route is more effective for 

establishing WSSV infections than horizontal exposure through the water (Soto and Lotz 2001, Raja et al. 

2015).  Common inshore scavenging crabs present in northern Australia such as Scylla serrata, Charybdis 

spp. and Uca spp. are known WSSV carriers which are highly likely to consume bait or burley, and these 

crabs can subsequently infect other susceptible species via cohabitation (Kanchanaphuam et al. 1998).  Other 

smaller crustaceans such as mysids, copepods or planktonic larval stages of decapods are also susceptible to 

infection, and indeed plankton may be the main reservoir for WSSV when environmental virus levels are low 

(Esparza-Leal et al. 2009, Callinan et al. 2013, Mendoza-Cano et al. 2014, Diggles 2017). 

If a susceptible wild or cultured crustacean came in contact with WSSV infected material through the 

pathways described above, given the high infectivity of WSSV, based on minimum infectious dose 

calculations consumption of even a small (<50 mg) portion of a moderately WSSV infected crustacean or 

vector can result in establishment of a subclinical carrier state (Oidtmann and Stentiford 2011, Bateman et al. 

2012).  Wild crustaceans often carry sub-clinical WSSV infections and would be unlikely to suffer 

mortalities unless they were exposed to stressors (Lo et al. 1996).  Surviving crustaceans may transmit the 

infection vertically, which would further enhance the likelihood of establishment of WSSV in the 

environment.  If the susceptible crustacean in the index case died, cannibalism of dead and moribund 

crustaceans can be a potent source of WSSV, thereby propagating infection (Soto and Lotz 2001, Soto et al. 

2001, Bateman et al. 2012, Raja et al. 2015).  Predation of moribund crustaceans by fish may be an important 

factor modulating transmission and spread of WSSV in some index cases (Biosecurity Australia 2009).  

However, crustaceans (particularly crabs) are important scavengers in inshore tropical areas which would be 

equally likely to encounter WSSV infected material, especially if WSSV infected material is placed in 

isolated water bodies with limited water exchange, such as drains and canals (Diggles 2017).  Indeed, it is 

likely that crabs, crayfish and lobsters will be highly susceptible to transfer of viruses such as WSSV from 

prawns used as bait, because these three groups of scavengers tend to eat entire prawn bodies, including 

viscera, suggesting they would be exposed to more virus via a larger ration, whereas prawns tend to eat only 

the appendages (Soto et al. 2001, Sritunyalucksana et al. 2010, Diggles 2011).  A large amount of empirical 

evidence suggests that once WSSV is introduced into a suitable region, due to the wide range of potential 

host and carrier species in the environment, it is likely to become established in wild populations of 

crustaceans and/or other carriers (Lo and Kou 1998, Maeda et al. 1998a, Hasson et al. 2006, Baumgartner et 

al. 2009, Oidtmann and Stentiford 2011, Macias-Rodriguez et al. 2014).  The likelihood of establishment in 

cultured crustaceans is even higher, including the risk of industrial sabotage (Jones 2012). 
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Given there is clear evidence that WSSV can pass through Australian quarantine requirements (including 

testing) and become established in wild and farmed prawn populations in Australia (Diggles 2017), the risk 

of exposure and establishment is non-negligible, and the overall likelihood of exposure and establishment of 

WSD in suitable environments in northern Australia is considered to be High.  

5.3.7  Consequence assessment 

In regions where WSSV is enzootic in farmed penaeids, prevalence is highly variable, ranging from 0 to 

100% (OIE 2016b, Stentiford et al. 2009, Biosecurity Australia 2009).  In other areas of the world where 

WSSV has been introduced, aquaculture industries based on prawns and other crustaceans (e.g. crayfish) 

have suffered significant production and economic losses of up to $15 billion USD (Stentiford et al. 2012), 

and though some adaptation to the disease agent may occur over time in Australia, the presence of the virus 

represents a significant obstacle to industry competitiveness and profitability.  Production in many WSD 

affected countries overseas eventually recovered, however much of the recovery was due to switching to the 

faster growing Penaeus vannamei (see Flegel 2006a, Stentiford et al. 2012), a species which is exotic to 

Australia and hence this recovery option is not available to the Australian prawn aquaculture industry.  There 

are no commercially available methods of control of WSD (vaccines etc.), although filtering water and 

covering of production ponds with mosquito netting may provide protection (Thitamadee et al. 2016).  Under 

Australian economic conditions, the required changes to infrastructure and husbandry practices (filtration of 

water, lining of ponds, carrier and vector exclusion, minimal/zero water exchange production cycles, 

development of SPF or SPR prawns lines, see Lightner 2005, Moss et al. 2012) would impart additional 

production costs that would greatly reduce industry profitability to marginal levels, at least in the short term.  

The reduced profitability would discourage investment in prawn farming in Australia, posing a risk to 

Australia's future food security (Stentiford 2012, Stentiford et al. 2012).  The likely impacts of introduction 

of WSD on the prawn aquaculture industry in Australia are therefore considered to be extreme.   

Prevalences in wild populations of crustaceans adjacent to areas where WSSV is enzootic in cultured 

crustacaceans can be moderate (3-12%, see De La Pena et al. 2008, Macias-Rodriguez et al. 2014) to high 

(>60%, see Baumgartner et al. 2009) with evidence of significant seasonal variation, with prevalences as 

high as 75% in broodstock P. monodon during the monsoon season (Aftabuddin et al. 2014).  Though virus 

levels can be relatively low in subclinically diseased crustaceans, others may carry high levels of virus 

(Overstreet et al. 2009).  Infections of wild crustaceans are generally sub-clinical (Lo et al. 1996), which may 

aid the transmission and spread of the disease agent throughout local crustacean populations.  Adverse 

impacts at the population level have not been previously reported in wild crustaceans in areas where WSSV 

has been introduced (Maeda et al.1998a, De La Pena et al. 2007, Baumgartner et al. 2009, Flegel 2009).  

However, because sub-clinical WSSV infections can revert to the disease state in susceptible species after 

periods of stress (Lo et al. 1996), this suggests that populations of wild crustaceans adversely affected by 

environmental stressors (e.g. adverse environmental conditions, rapid drops in water temperature or exposure 

to pollutants such as pesticides and herbicides) may experience reduced resilience or “silent mortalities” 

(Behringer 2012, Stentiford et al. 2012, Shields 2012) due to WSSV infection, as as been reported for some 

other viral pathogens of prawns (Couch and Courtney (1977).  Furthermore, any absence of evidence of 

impacts on populations of wild crustaceans in areas where WSSV has been introduced overseas is not 

evidence of likely absence of such impacts in Australia, as impacts of new diseases in wild populations of 

crustaceans are likely to go unnoticed in countries without proper baseline ecological data (Shields 2012) and 

effective fisheries management.  As effects of disease in wild populations vary greatly due to factors such as 
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environmental characteristics, host susceptibility and host densities (Burge et al. 2016), it is possible that 

impacts of disease introduction into Australia would be more severe due to our unique environment, isolated 

fauna and effective environmental and fisheries management arrangements that tend to keep host population 

levels relatively high.  Any adverse effects could result in ecological harm to aquatic environments, 

potentially resulting in significant cultural and socio-economic harm to regional communities in northern 

Australia and elsewhere in the country. 

As WSSV is a listed disease agent notifiable to the OIE and NACA, significant trade implications would 

follow its introduction into Australia.  Indeed, establishment of WSD in a region of northern Australia would 

necessitate intervention by government authorities and disruption to normal trade in crustacean commodies 

by commercial fisheries and crustacean gathering by recreational fishers if attempts were made to try to 

prevent movements of crustaceans to limit potential spread into uninfected areas.  If the disease spread to 

areas where bait prawns were commercially gathered, not only commercial fishers but recreational fisheries 

could also be disrupted due to loss of bait supplies.  Certainly, if the introduction of WSD is detected early 

enough, there is a chance that eradication can be achieved (Biosecurity Australia 2009), although eradication 

programs are expensive processes, especially if a subsequent declaration of freedom from the disease is 

required, as extensive surveys would need to be undertaken (East et al. 2004, 2005).   

Taking all of these factors into consideration, even though the environmental impacts of introduction of 

WSD are difficult to determine, impacts on domestic and international trade are both considered to be high, 

while the impact on the prawn aquaculture industry would be extreme, suggesting that the overall 

consequences of introduction and establishment of WSD into the environment of northern Australia via the 

identified risk pathways are likely to be High.  

5.3.8  Risk estimation 

The unrestricted risk associated with White Spot Disease is determined by combining the likelihood of 

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

estimation (Table 8, Figure A8 in Appendix 1).  The unrestricted risk estimate for White Spot Disease 

exceeds the ALOP for several pathways in several bioregions, suggesting that additional risk management is 

required for this disease agent.   
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Risk estimate for White Spot Disease (WSD). 

Likelihood of exposure:  High Consequences of establishment:  High 

Risk estimate Pathway Type 

Feature/          

IMCRA region 

AF+ BW BC BP DF FL FBD FBI FMA FMN ISS 

NT Offshore  

1 Timor Transition N M M M M M VL L H VL M 

Gulf of Carpentaria  

25 Northern I Province L M M M L L H L H VL L 

WA Offshore  

2 Timor Province N M M M L L L L H VL M 

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 I Transition L M M M L L H L H VL L 

27 Northwest I Province L H H H VL VL H L L N VL 

28 Central W I Transition L M M M VL VL H 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 I Province L H H H N N H N M N N 

41 Northeast I Transition L M M M VL VL H L M VL L 

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

for pathway types:  AF = Aquaculture feed+, BW = Ballast water, BC = Biofouling on commercial shipping, 

BP = Biofouling on pleasure and fishing boats, DF = Discarded/ghost fishing gear, FL = Flotsam/debris, 

FBD = Fishing bait - Domestic, FBI = Fishing bait - Imported, FMA = Fish/shellfish movements – 

Anthropogenic*, FMN = Fish/shellfish movements - Natural, ISS = Infrastructure stepping stones. 

+ 
Negligible for extruded pellets, but includes rotifer cysts and Artemia cysts 
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5.4 Infectious Myonecrosis (IMN) 

5.4.1  Aetiologic agent:  Infectious myonecrosis virus (IMNV), a totivirus closely related to Giardia lamblia 

virus (OIE 2016c). IMNV particles are unenveloped, icosahedral in shape and 40 nm in diameter, with a 

genome consisting of a single, double-stranded RNA molecule (Poulos 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 penaeid prawns (principally Penaeus vannamei) caused 

by infection with infectious myonecrosis virus (IMNV).  Outbreaks of IMN were first recognised in Brazil in 

2002 in cultured P. vannamei (see Lightner et al. 2004) and rapidly spread throughout that industry (Pinheiro 

et al. 2007).  Disease outbreaks occurred in juvenile and adult P. vannamei usually following stressful events 

such as capture by cast-net, feeding, or sudden changes in salinity or temperature (OIE 2016c).  The 

principal target tissues for IMNV are the striated muscles and other tissues of mesodermal origin.  Prawns in 

the acute phase of IMN disease presented focal to extensive white necrotic areas in skeletal muscles, 

especially in the distal abdominal segments and tail fan, which can become necrotic and reddened in some 

individuals (Lightner et al. 2004). Gross signs of IMN are not pathognomic, however, and may be 

superficially similar to those of muscle cramp syndrome as well as infection with Penaeus vannamei 

nodavirus (PvNV), causative agent of white tail disease (Senapin et al. 2011, OIE 2016c).  Histological 

examination of affected prawns reveals severe coagulative necrosis of striated muscles that may be 

accompanied by edema, haemocytic infiltration, and fibrosis (Lightner et al. 2004).  These pathological signs 

are not pathognomic for IMNV as they may be similar to those observed during infection with PvNV (Tang 

et al. 2007, OIE 2016c).  Severely affected prawns become moribund and “slow” cumulative mortalities of 

40-70% have been recorded (Lightner et al. 2004, OIE 2016c, Prasad et al. 2016).   

Disease outbreaks due to IMNV have been officially reported in farmed P. vannamei in Brazil since 2002 

(Lightner et al. 2004), sometimes in co-infections with WSSV (Feijó et al. 2013).  Only one strain of IMNV 

has been recorded to date, being recorded from both Brazil and Indonesia with 99.6% full genome sequence 

identity, suggesting the disease was directly translocated from Brazil to Indonesia (OIE 2016c).  The disease 

appeared in Indonesia around 2006 (Senapin et al. 2007, Saengchan et al. 2007, Stentiford et al. 2012) and 

has since spread throughout Java, Sumatra, Bangka, west Borneo, South Sulawesi, Bali Lombok and 

Sumbawa (OIE 2016c).  The disease was unofficially reported in China (Andrade et al. 2008), Sri Lanka and 

southern Thailand, however some of these may have been due to false reporting of muscle cramp syndrome 

(Senapin et al. 2011).  In some cases from Indonesia, IMN has been reported in co-infections with MrNV in 

cultured P. vannamei (see Senapin et al. 2013).  IMN can occur in all life stages of P. vannamei, and 

chronically infected carriers have also been reported (Lightner et al. 2004, Tang et al. 2005, OIE 2016c).  

Penaeus stylirostris and P. monodon have been experimentally infected by injection, however after 4 weeks 

no mortalities were observed in either species (Tang et al. 2005), suggesting they are refractory to infection.  

Gudkovs et al. (2015) also used injection to demonstrate IMNV passage in P. merguiensis and P. esculentus, 
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but again no mortalities were observed.  IMNV infections have not been reported in non-penaeid marine 

crustaceans or freshwater crustaceans. 

Horizontal transmission of IMNV via the water and by cannibalism has been demonstrated (Tang et al. 2005, 

Poulos et al. 2006, OIE 2016c), while vertical transmission from broodstock to progeny also occurs, though 

it is not known if the mode is transovarium or by contamination of the spawn eggs (OIE 2016c).  The 

incidence of IMN in cultured P. vannamei can be high in regions where the virus is enzootic (OIE 2016c). A 

a survey of 11 P. vannamei farms in Brazil found IMNV at 9 farms (site prevalence 81.8%) at a relatively 

low sample prevalence of 15% (76/505 tests positive, see Pinheiro et al. 2007). Besides mortalities of up to 

70%, food conversion ratios (FCR) of IMNV infected populations of cultured P. vannamei have been shown 

to increase from normal values of approximately 1.5 to around 4.0 or higher (OIE 2016c, Prasad et al. 2016).  

A study of P. vannamei found that the immune system of IMNV-infected prawns responds only at a late 

stage of the disease, when animal recovery is unlikely (Costa et al. 2009).  While scientific data are lacking, 

IMNV is apparently more difficult to inactivate with typical pond disinfection procedures than other prawn 

viruses like WSSV, yellow head virus (YHV), Taura syndrome virus (TSV) and infectious hypodermal and 

haematopoietic virus (IHHNV) (OIE 2016c).  Reservoir hosts are suspected, but none have been documented 

consistently (OIE 2016c), however wild southern brown shrimp Farfantepenaeus subtiltis from Brazil were 

shown to be experimentally susceptible to IMNV, with 10% of F. subtiltis fed diseased P. vannamei 

becoming infected (Gouveia et al. 2007, Coelho et al. 2009). 

5.4.5  Release assessment 

Despite biosecurity protocols requiring testing of 100% of shipments of frozen green prawns imported into 

Australia for certain diseases, there is no testing for IMNV, hence frozen green commodity prawns infected 

with IMNV can enter Australia and become available for retail purchase at supermarkets.  IMNV appears to 

naturally infect a narrow range of host species, mainly cultured Penaeus vannamei, but it can also infect 

southern brown shrimp Farfantepenaeus subtiltis (see Coelho et al. 2009).  Species such as Penaeus 

monodon, P. stylirostris, P. merguiensis and P. esculentus appear refractory to infection, but may act as 

carriers, and IMNV infections have not been reported in non-penaeid marine crustaceans or freshwater 

crustaceans.  The clinical signs of disease are not pathognomonic and asymptomatic carriers occur, hence 

infected prawns would be unlikely to be detected during post-harvest inspections.  Frozen whole uncooked 

product would be expected to contain significant amounts of virus, as it is known that IMNV can remain 

infectious following freezing at –70°C for several years (Tang et al. 2005, Andrade et al. 2008).  While 

survival and viability of this virus upon thawing from normal commercial freezing temperatures of -20°C is 

not documented, it would be reasonable to expect that a significant percentage of IMNV could survive at 

least one freeze-thaw cycle during commercial freezing, storage and transport of green prawn commodities 

to Australia.  IMNV is a systemic disease that affects mainly skeletal muscle, lymphoid organ (both tubules 

and spheroids), hindgut, and phagocytic cells of the hepatopancreas and heart (Tang et al. 2005).  Gill tissue 

from experimentally infected P. monodon also tested positive using in situ hybridisation (Tang et al. 2005).  

Tail muscle is the primary target tissue for IMNV, which may be why mortalities are reduced with IMNV 

infection compared to WSSV, TSV and YHV infections which attack vital organs and cause higher, more 

acute mortalities (Tang et al. 2005).  Hence removal of the head section alone (containing the 

hepatopancreas, lymphiod organs and gills) or processing to remove the shell would not result in a marked 

reduction in the viral load of infected prawns.  Heat stability of IMNV has not been reported, hence it is 



 

_________________________________________________________________________________________________________________________________________________________________________________ 

 

    
 

74

 
    

 
  www.digsfish.com 

unclear as to what extent cooking may reduce the viability of IMNV and therefore reduce the potential for 

release of the disease agent into Australia in cooked prawns.   

While the majority of green imported prawns sold for human consumption are probably used for their 

intended purpose, prawns are a popular bait (Kewagama Research 2002) and it is well known that some 

recreational fishers in Australia use imported prawns purchased from supermarkets as bait, because they are 

cheaper and percieved to be better quality (QLD Government 2006, Fishraider.com.au 2013, Department of 

Agriculture 2015, Fishing Victoria 2016, Biosecurity Queensland 2017).  There is evidence that the number 

of people using prawns sold for human consumption as bait is increasing (Kewagama Research 2007, Table 

12).  Indeed, in December 2016, surveys by Biosecurity Queensland field officers allegedly found 6 groups 

of fishers using imported green prawns purchased from local supermarkets as bait while fishing near WSD 

infected prawn farms on the Logan River (Diggles 2017), while online surveys found over 50% of fishers 

had used imported prawns as bait in the previous 12 months (Biosecurity Queensland 2017).   

Release of imported prawn products sold for human consumption and diverted to bait is one form of 

anthropogenic translocation of fish and shellfish.  The other identified potential introduction pathways for 

exotic diseases into northern Australia include release via aquaculture food, ballast water, biofouling of 

shipping, arrival on floatsam and debris/discarded fishing gear, through release of ornamental crustaceans, 

natural movements of wild fish and shellfish and infrastructure stepping stones.  Aquaculture feeds that are 

imported are mainly extruded pelleted feeds with fishmeal and other ingredients that are processed and 

cooked to over 90°C for several minutes during manufacture, which is sufficient to inactivate most 

microorganisms that are sensitive to heat (Torgersen and Hastein 1995, Tacon 2017).  Such temperatures are 

likely to inactivate IMNV in artificially formulated extruded pellets.  It is not known whether live Artemia, 

freeze dried Artemia cysts, live rotifers or rotifer resting eggs can be carriers of IMNV (OIE 2016c, Tacon 

2017).  There is evidence that IMNV is vertically transmitted (OIE 2016c), hence larval penaeids taken in 

with ballast water may be infected.  Juvenile or adult crustaceans can also be taken in with ballast water, and 

are prominent inhabitants of sea chests on commercial shipping (Coutts and Dodgshun 2007), so it is 

possible that IMNV can be introduced via infected hosts translocated in ballast water, or as biofouling on the 

hulls or sea chests of commercial shipping (Appendix 3), commercial fishing boats, recreational fishing 

boats and other pleasure craft.  It is also possible that IMNV infected penaeids could naturally colonise 

floating vectors such as artificial flotsam, discarded fishing gear and debris which can make landfall into 

northern Australia (Wilcox et al. 2013, Heersink et al. 2014, Appendix 4).  Live crustaceans for the 

ornamental industry should not represent a risk of release of IMNV as they are not permitted entry into 

Australia (https://www.legislation.gov.au/Series/F2006B01053), however there is evidence of illegal 

importation of live ornamental crustaceans (NSW Aquaculture Association 2017).  Penaeids infected with 

IMNV could also be imported as bait carried by foreign fishing vessels.  IMNV is not considered to be 

naturally present in northern Australian waters despite there being suitable conditions for establishment, 

hence the virus appears unlikely to be introduced by natural movements of fish or shellfish.  It appears 

unlikely that penaeids infected with IMNV would colonise hard structures, hence range extensions for IMNV 

infected hosts by the process of stepping stone colonisation across natural geographic boundaries appear 

unlikely.  Taking into account the likely propagule pressure experienced via the various introduction 

pathways, the likelihood estimations for the release of IMNV into suitable environments in Australian waters 

via the identified risk pathways are listed below for the various IMCRA Bioregions. 

https://www.legislation.gov.au/Series/F2006B01053
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Release assessment for Infectious Myonecrosis (IMN). 

 

Likelihood of release Pathway Type 

Feature/          

IMCRA region 

AF+ BW BC BP DF FL FBD FBI FMA FMN ISS 

NT Offshore  

1 Timor Transition N EL VL VL EL EL EL EL M EL EL 

Gulf of Carpentaria  

25 Northern I Province EL L L L EL EL M EL M EL EL 

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 I Transition EL L L VL EL EL M VL M EL EL 

27 Northwest I Province EL L L VL EL EL M VL VL N EL 

28 Central W I 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 I Province EL L L VL N N H N EL N N 

41 Northeast I Transition EL L L VL EL EL M EL L EL EL 

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

for pathway types:  AF = Aquaculture feed+, BW = Ballast water, BC = Biofouling on commercial shipping, 

BP = Biofouling on pleasure and fishing boats, DF = Discarded/ghost fishing gear, FL = Flotsam/debris, 

FBD = Fishing bait - Domestic, FBI = Fishing bait - Imported, FMA = Fish/shellfish movements – 

Anthropogenic*, FMN = Fish/shellfish movements - Natural, ISS = Infrastructure stepping stones. 

+ 
Negligible for extruded pellets, but includes rotifer cysts and Artemia cysts  

5.4.6  Exposure assessment 

While Penaeus vannamei does not occur in Australia, the fact that the southern brown shrimp 

Farfantepenaeus subtiltis has also been show to carry IMNV (Gouveia et al. 2007, Coelho et al. 2009) 

suggests that this virus can infect other penaeids through natural pathways such as per-os exposure.  This 

suggests that IMNV is capable of persisting in the environment, however the identity of other susceptible 
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reservoir hosts is presently unknown.  Being a relatively robust non-enveloped virus, it is thought that IMNV 

is persistent in the water for some time and may not be inactivated by passage through the bird digestive 

system and as such, it may be able to infect new hosts horizontally via the water, per-os or via mechanical 

vectors such as seagulls (Tang et al. 2005, OIE 2016c).  A large number of penaeid species naturally occur in 

Northern Australia, and while some of these (e.g. P. monodon) appear refractory to IMN disease, they may 

still be able to carry the virus (Tang et al. 2005).  Hence IMNV released through various pathways could 

come in contact with a susceptible host species in northern Australia.  If P. vannamei from a country where 

the disease is endemic were affected by an outbreak of clinical IMN and were emergency harvested, they 

may be heavily infected with IMNV but would escape detection at the border.  Given the existence of 

relevant pathways (such as via imported green prawns sold for human consumption that are redirected to bait 

or burley) potentially susceptible species of wild penaeids in Australia could be exposed to IMNV and could 

receive sufficient dose of the virus to become infected.  The virus could then be transferred to progeny via 

vertical transmission and could become established. 

Predation of bait or moribund crustaceans by fish may be an important factor modulating transmission and 

spread of IMNV in some index cases (Biosecurity Australia 2009).  However, other crustaceans (particularly 

crabs such as Scylla serrata, Charybdis spp. and Uca spp.) are important scavengers in inshore tropical areas 

in northern Australia which are highly likely to consume bait or burley, especially if IMNV infected material 

is placed in isolated water bodies with limited water exchange, such as drains and canals (Diggles 2017).  

There is no evidence that IMNV can infect crustaceans other than penaeids, however, hence IMNV is less 

likely to become established in wild populations compared to viruses like WSSV which have much wider 

host ranges.  There is, however, still a potential for establishment in cultured penaeids if activities such as 

industrial sabotage occurred (Jones 2012).  Given there is clear evidence that exotic viruses of penaeids can 

pass through Australian quarantine requirements (including testing), that pathways exist to allow exotic 

viruses to enter the Australian environment (Kewagama Research 2007, Diggles 2017), and that suitable 

hosts may occur in the wild, the risk of exposure and establishment is non-negligible, and the overall 

likelihood of exposure and establishment of IMN in suitable environments in northern Australia is 

considered to be Low.  

5.4.7  Consequence assessment 

In regions where IMN is enzootic in farmed Penaeus vannamei, production losses of between 40 to 70% 

have been reported resulting in economic losses of around $200 million USD per annum to a cumulative 

total of around $1 billion USD (Stentiford et al. 2012).  However, Penaeus vannamei is exotic to Australia, 

and our aquaculture industry relies mainly on black tiger prawns Penaeus monodon, which appear refractory 

to IMNV (Tang et al. 2005).  Because of this, the consequences of establishment of IMNV for the 

aquaculture industry in Australia would likely be very low in relation to lost production.  However, given 

that P. vannamei are not cultured in Australia, if introduced it is unlikely that IMNV would be detected early 

enough to prevent its establishment in the wild.  Because IMNV is a listed disease agent notifiable to the OIE 

and NACA, significant trade implications would follow its introduction into Australia.  Indeed, 

establishment of IMNV in a region of northern Australia may necessitate intervention by government 

authorities and disruption to normal trade in penaeid commodies by commercial fisheries and crustacean 

gathering by recreational fishers if attempts were made to try to prevent movements of crustaceans to limit 

potential spread into uninfected areas.  If the disease spread to areas where bait prawns were commercially 
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gathered, not only commercial fishers but recreational fisheries may also be disrupted due to loss of bait 

supplies.   

Adverse impacts at the population level have not been previously reported in wild crustaceans in areas where 

IMNV occurs or has been introduced (OIE 2016c).  However, because sub-clinical IMNV infections can 

revert to the disease state in susceptible species after periods of stress (OIE 2016c), this suggests that 

populations of crustaceans adversely affected by environmental stressors (e.g. adverse environmental 

conditions, or exposure to pollutants such as pesticides and herbicides) may experience reduced resilience or 

“silent mortalities” (Behringer 2012, Stentiford et al. 2012, Shields 2012) due to IMNV infection, as as been 

reported for some other viral pathogens of prawns (Couch and Courtney (1977).  Furthermore, any absence 

of evidence of impacts on populations of wild crustaceans in areas where IMNV has been introduced 

overseas is not evidence of likely absence of such impacts in Australia, as impacts of new diseases in wild 

populations of crustaceans are likely to go unnoticed in countries without proper baseline ecological data 

(Shields 2012) and effective fisheries management.  As effects of disease in wild populations vary greatly 

due to factors such as environmental characteristics, host susceptibility and host densities (Burge et al. 2016), 

it is possible that impacts of disease introduction into Australia would be more severe due to our unique 

environment, isolated fauna and effective environmental and fisheries management arrangements that tend to 

keep host population levels relatively high.  Any adverse effects could result in ecological harm to aquatic 

environments, potentially resulting in significant cultural and socio-economic harm to regional communities 

in northern Australia and elsewhere in the country.  Taking all of these factors into consideration, even 

though the impact on the prawn aquaculture industry would be negligible, the environmental impacts of 

introduction of IMN are difficult to determine, while impacts on domestic and international trade would be 

significant, suggesting that the overall consequences of introduction and establishment of IMN into the 

environment of northern Australia via the identified risk pathways are likely to be Low.  

5.4.8  Risk estimation 

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

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

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

does not exceed the ALOP for any pathways in any bioregion, suggesting that no additional risk management 

is required for this disease agent.   
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Risk estimate for Infectious Myonecrosis (IMN). 

Likelihood of exposure:  Low Consequences of establishment:  Low 

Risk estimate Pathway Type 

Feature/          

IMCRA region 

AF+ BW BC BP DF FL FBD FBI FMA FMN ISS 

NT Offshore  

1 Timor Transition N EL VL VL EL EL EL EL VL EL EL 

Gulf of Carpentaria  

25 Northern I Province EL VL VL VL EL EL VL EL VL 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 I Transition EL VL VL VL EL EL VL VL VL EL EL 

27 Northwest I Province EL VL VL VL EL EL VL VL VL N EL 

28 Central W I 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 I Province EL VL VL VL N N VL N EL N N 

41 Northeast I Transition EL VL VL VL EL EL VL EL VL EL EL 

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

for pathway types:  AF = Aquaculture feed+, BW = Ballast water, BC = Biofouling on commercial shipping, 

BP = Biofouling on pleasure and fishing boats, DF = Discarded/ghost fishing gear, FL = Flotsam/debris, 

FBD = Fishing bait - Domestic, FBI = Fishing bait - Imported, FMA = Fish/shellfish movements – 

Anthropogenic*, FMN = Fish/shellfish movements - Natural, ISS = Infrastructure stepping stones. 

+ 
Negligible for extruded pellets, but includes rotifer cysts and Artemia cysts 
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5.5 Taura Syndrome (TS) 

5.5.1  Aetiologic agent:   Taura Syndrome Virus (TSV), a non-enveloped, icosahedral virus containing a 

single-stranded positive-sense RNA genome (Bonami et al. 1997, Mari et al. 2002) classified as a member of 

the genus Aparavirus in 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 farms around the Taura River in Ecuador in 1991 

(Jiminez 1992) and subsequently spread quickly throughout prawn farming regions in Latin and North 

America through the regional and international transfer of live PL and broodstock Penaeus vannamei, and 

possibly also through movements of carriers such as birds and insects such as water boatmen (Lightner 1995, 

1996b, Brock et al. 1997, Hasson et al. 1995, 1999, VanPatten et al. 2004).  A few years later, the disease 

was introduced into Asia including mainland China and Taiwan (Tu et al. 1999, OIE 2003), and then 

throughout Indonesia (Wertheim et al. 2009), Thailand (Nielsen et al. 2005, Limsuwan and Chuchird 2007), 

and Korea (Do et al. 2006, 2007a, 2007b, Lightner et al. 2007) as well as Saudi Arabia (Wertheim et al. 

2009, Tang et al. 2012) with movements of infected P. vannamei broodstock and PLs (and possibly other 

crustaceans, see Kiatpathomchai et al. 2008).  Taura syndrome (TS) caused serious losses in revenue 

throughout Latin America in the 1990s.  It has been suggested that TSV caused direct losses (due to 

mortality) of up to US$ 1.3 billion in the first three years in Latin America (Lightner 2003), and over $3 

billion dollars overall since then (Stentiford et al. 2012). However, indirect losses due to loss of sales, 

increased seed cost and restrictions on regional trade were probably much higher (Brock et al. 1997). 

TSV has now been isolated on five continents, typically demonstrating a “quick fuse” epizootic pattern, in 

which the virus is detected shortly after being introduced into a new geographic area due to the almost 

immediate appearance of widespread disease in cultured prawns (Wertheim et al. 2009).  Some data suggest 

that TSV was introduced to Colombia and Brazil through contaminated broodstock from the Hawaiian 

Islands (Brock et al. 1997).  These broodstock were untested for TSV since at the time it was not yet known 

that Taura syndrome had a viral cause as its emergence was originally mistakenly associated with 

agrichemical use (Brock et al. 1997).  Even when diagnostic methods became available, and TSV was well 

known, the large volume of trade of commodities such as broodstock and PL to several areas in Asia resulted 

in the introduction of the virus, sometimes even in the presence of disease certification programmes (Neilsen 

et al. 2005, Limsuwan and Chuchird 2007).  The disease now occurs in many Asian countries including 

Taiwan, China, Thailand, Malaysia, Burma, Indonesia, as well as in the Middle East (Saudia Arabia). 

TSV mainly causes disease in penaeid prawns, particularly P. vannamei, though it can also infect other 

Western Hemisphere penaeid species (P. stylirostris, P. setiferus, and P. schmitti), sometimes resulting in 

disease and mortalities in PL or early juvenile stages, but usually in persistent asymptomatic infections 

(Brock et al. 1997, Overstreet et al. 1997).  Other Western Hemisphere penaeids (P. aztecus and P. 



 

_________________________________________________________________________________________________________________________________________________________________________________ 

 

    
 

80

 
    

 
  www.digsfish.com 

duorarum) and Eastern Hemisphere penaeids (P. chinensis, P. monodon, P. indicus, P. japonicus, P. 

merguiensis and Metapenaeus ensis) have also been infected with TSV either experimentally (Brock et al. 

1997, Overstreet et al. 1997, Biosecurity Australia 2009) or in “natural” disease outbreaks (Chang et al. 

2004, Limsuwan and Chuchird 2007, Tang et al. 2012).  A range of other crustaceans are also susceptible to 

infection by TSV, including palaemonid prawns (Palaemon styliferus, Macrobrachium lanchesteri, M. 

rosenbergii, see Neilsen et al. 2005, Chuchird and Limsuwan 2007, Kiatpathomchai et al. 2008), crabs 

(Scylla serrata, Sesarma mederi and Uca 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 of penaeid prawns (Brock 1997).  Post larval stages are 

usually the most severely affected, though larger juveniles and adults can also become clinically diseased 

(Lightner 1996b).  Infection by TSV can result in acute, transitional or chronic disease phases (Lightner et al. 

1995, Lightner 1996a, 1996b, Hasson et al. 1999, Paulos et al. 2008).  Acute disease outbreaks often follow 

stressful events such as heavy rainfall (Lightner et al. 1995), and are characterised by affected prawns 

exhibiting soft shells, an empty gut, and expanded red chromatophores leading to a red colouration of the 

telson and pleopods.  Diseased animals die during moulting and cumulative mortality can often reach 80 to 

95% (Lightner et al. 1995, Lightner 1996a).  A chronic phase (or ‘recovery phase’) has also been described 

in prawns which survive the acute episode and which return to normal feeding and behaviour patterns. 

Chronically infected prawns show multifocal melanized cuticular lesions presenting similar to bacterial shell 

disease and still carry active TSV at this stage (Lightner et al. 1995).  A “transitional” phase occurs in 

survivors of epizootics as they recover from the acute phase and move into the chronic phase (Hasson et al. 

1999, OIE 2016d). 

Histopathology of acutely infected P. vannamei demonstrates multifocal areas of necrosis in the cuticular 

epithelium of the body surface, appendages, gills, hindgut, esophagus, stomach and sometimes antenna1 

gland (Lightner et al. 1995).  Frequently, the subcuticular connective tissue and adjacent striated muscle 

fibres are also affected.  Abundant cytoplasmic inclusions in focal lesions give the lesion a 'peppered' or 

'buckshot' appearance considered to be pathognomonic for TS.  The absence of hemocytic infiltration or 

other signs of a significant host inflammatory response distinguishes the acute phase of TS from the recovery 

or chronic phase of the disease (Lightner et al. 1995).  The enteric organs (endoderm-derived 

hepatopancreas, midgut and midgut caeca mucosal epithelia) and smooth, cardiac, striated muscle, and the 

ventral nerve cord, its branches and its ganglia typically show no histological signs of infection by TSV and 

are usually negative for TSV by ISH (OIE 2016d). 

Survivors of TSV infections may carry the virus for life (Brock et al. 1995, Lightner 1996a, 1996b, Lotz 

1997, Brock et al. 1997, Hasson et al. 1999).  In regions where the virus is enzootic in farmed stocks, the 

prevalence has been found to range from 0 to 100% (Stentiford et al. 2009). While TS epizootics may result 

in 80 to 95% cumulative losses in infected prawn ponds or tank-cultured populations, survivors of epizootics 

display survival rates of 60% or higher (Lightner 1996a, OIE 2016d).  Studies of chronically infected prawns 

have shown that ISH and quantitative RT-PCR are the most reliable methods for detecting TSV during late 

chronic phase infection (Poulos et al. 2008, OIE 2016d).   

TSV has been demonstrated to remain infectious for up to 48 hours in the faeces of sea gulls that have 

ingested infected prawn carcasses, which may implicate birds as being an important route of transmission of 
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the virus within affected farms or farming regions (Lightner 1999, Vanpatten et al. 2004).  TSV is generally 

considered as extremely resistant to freezing and thawing (Brock et al. 1995, Hasson et al. 1995), as well as 

other physical insults, probably due to the simple non-enveloped virions, which appear inherently more 

stable than the lipid-containing enveloped virions such as WSSV and YHV (Vanpatten et al. 2004). Survival 

of TSV in water extends for up to 48 hours, in prawn head tissues for at least 14 days, and in prawn tail 

tissues for at least 21 days at 27°C (Prior and Browdy 2002).  Oral transmission, particularly due to 

cannibalism, is a major route of infection, while infection by cohabitation (Kiatpathomchai et al. 2008) and 

horizontal transmission via contaminated water also occurs (Hasson et al. 1995, White et al. 2002, Prior et al. 

2003).  Prior et al. (2003) demonstrated that the infective dose required to transmit TSV was much smaller at 

higher water temperatures (27°C) compared to lower temperatures (20°C).  Vertical transmission is probable, 

but has not been experimentally confirmed (OIE 2016d).  An aquatic insect, the water boatman 

(Trichocorixa reticulate) feeding on prawn carcasses in ponds was demonstrated to serve as a mechanical 

vector (Brock 1997).  The crabs Scylla serrata, Sesarma mederi and Uca vocans were shown to be carriers 

of TSV which could infect P. vannamei by cohabitation (Kiatpathomchai et al. 2008). Overstreet et al. 

(2009) reported that the parasitic copepod Ergasilus manicatus from the gills of Gulf killifish (Fundulus 

grandis), the acorn barnacle Chelonibia patula (on the carapace of the blue crab, Callinectes sapidus), and 

gooseneck barnacle Octolasmis muelleri (on the gills of C. sapidus), could also act as true vectors for TSV, 

with viral replication occurring over at least 2 weeks in the absence of disease to the point of establishing 

what Overstreet et al. (2009) considered should be an infective dose. 

The initial outbreak and spread of TS throughout the Americas appeared to be through spread of a single 

strain of TSV, however over time there has been evidence of subsequent development of multiple genetic 

variants of TSV, these probably originating due to multiple introductions of the virus into new regions 

together with high rates of spontaneous mutation typical of single stranded RNA viruses (Erickson et al.  

2002, 2005, Côté et al. 2008, Wertheim et al. 2009, Tang et al. 2012, OIE 2016d).  High rates of spontaneous 

mutation may also explain the emergence of novel, highly pathogenic strains of TSV in Columbia 

(Aranguren et al. 2013) and potentially other areas where TSV is known to be endemic. 

5.5.5  Release assessment 

In regions where TSV is enzootic in farmed penaeids, the prevalence has been found to be highly variable, 

ranging from 0 to 100% (OIE 2016d, Stentiford et al. 2009, Biosecurity Australia 2009).  Limsuwan and 

Chuchird (2007) described TSV infections of P. monodon in Thailand, which resulted in clinical disease and 

significant mortalities, though in time farmers were able to control the infections and raise a significant 

proportion of the affected prawns to marketable size (Limsuwan and Churchid 2007).  As survivors of TSV 

outbreaks enter the transitional and chronic phase of the disease, the data presented by Limsuwan and 

Churchid (2007) suggests that not only are chronically TSV infected P. vannamei and P. stylirostris being 

marketed in some places of the world, that chronically infected P. monodon is being marketed as well.  

Recovering P. monodon that survived acute TS outbreaks and subsequently moulted appeared clinically 

normal (Limsuwan and Churchid 2007).  If prawns are harvested before they moult, they can possess shell 

lesions indistinguishable from lesions typical of bacterial shell disease (Lightner et al. 1995).  In both 

scenarios, it is likely that chronically infected prawns that have survived TSV epizootics would be difficult to 

detect during post-harvest inspections.  Under these circumstances, whole green (uncooked) cultured 

penaeids from areas where TSV occurs could contain large amounts of virus, not only in smaller prawns that 
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may have been emergency harvested after suffering clinical disease due to TSV, but also in larger prawns of 

traditional market size which may carry sub-clinical infections.   

Despite biosecurity protocols requiring testing of 100% of shipments of frozen green prawns imported into 

Australia, there is evidence that TSV-infected frozen green prawns transit through border quarantine in 

Australia on a regular basis (QLD Government 2006, Ueda et al. 2008), at least in part due to attempts by 

some importers to evade detection at the border by mislabelling high risk commodities and substituting 

known disease-free prawns for testing (Senate 2017).  There is evidence that between 40 and 50% of batches 

of imported green P. vannamei sampled at the retail counter in Queensland were TSV positive in 2006 (QLD 

Government 2006) with Ueda et al.(2008) finding even higher prevalences of 60 to 100% of P. vannamei 

sampled from retail outlets in Townsville and Coffs Harbour, respectively.  Even if testing at the border was 

100% effective (Biosecurity Australia 2009), surveillance consists of subsampling 5 prawns from each of 13 

boxes (n = 65 prawns) in each shipment for testing (Senate 2017).  Assuming 100% sensitivity for the 

diagnostic test and perfect random sampling, this surveillance design would provide 95% confidence of 

detecting TSV infected prawns only if they were present at prevalences greater than 5% in each shipment 

(Sergeant 2017).  Hence even with 100% compliance and 100% sampling effectiveness and assuming 

between 10,000 and 15,000 tonnes of raw prawns imported into Australia each year (FRDC 2017), <5% 

prevalence may equate to many hundreds of tonnes of TSV infected frozen green prawns entering Australia 

and becoming available for retail purchase at supermarkets.  It is also possible that TSV could be introduced 

into Australia with other commodities which are currently untested, including frozen soft shelled crabs 

(either those infected with TSV as carriers or via infection of barnacles on their gills or carapace), or in 

crustacean ectoparasites on the gills of whole frozen fish (Overstreet et al. 2009). 

Frozen whole uncooked imported prawns would be expected to contain significant amounts of TSV if 

prawns were harvested from affected aquaculture ponds (Ueda et al. 2008).  TSV is known to retain 

virulence when thawed after storage at -70°C for several years (Brock et al. 1995, Hasson et al. 1995, 

Overstreet et al. 2009).  The ability of the virus to survive freezing is probably due to the simple and highly 

stable non-enveloped virions (Vanpatten et al. 2004).  It would therefore be reasonable to expect that a 

significant percentage of TSV could survive and remain viable after at least one freeze-thaw cycle during 

commercial freezing, storage and transport of green prawn commodities to Australia.  TSV infects and has 

been shown to replicate principally in the cuticular epithelium (or hypodermis) of the exoskeleton, foregut, 

hindgut, gills and appendages, and often in the connective tissues, the haematopoietic tissues, the lymphoid 

organ and antennal gland (OIE 2016d).  Hence removal of the head section may not necessarily result in a 

marked reduction in the viral load of infected penaeids, and indeed the virus can still be detected in 

commodity tails using RT PCR (Ueda et al. 2008, Biosecurity Australia 2009).  The heat stability of TSV has 

not been reported (OIE 2016d), hence it is unclear as to what extent cooking may reduce the viability of TSV 

and reduce the potential for release of the disease agent into northern Australia.   

While the majority of green imported prawns sold for human consumption are probably used for their 

intended purpose, prawns are a popular bait (Kewagama Research 2002) and it is well known that some 

recreational fishers in Australia use imported prawns purchased from supermarkets as bait, because they are 

cheaper and percieved to be better quality (QLD Government 2006, Fishraider.com.au 2013, Department of 

Agriculture 2015, Fishing Victoria 2016, Biosecurty Queensland 2017).  There is evidence that the number 

of people using prawns sold for human consumption as bait is increasing (Kewagama Research 2007, Table 
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12).  Indeed, in December 2016, surveys by Biosecurity Queensland field officers allegedly found 6 groups 

of fishers using imported green prawns purchased from local supermarkets as bait while fishing near WSD 

infected prawn farms on the Logan River (Diggles 2017), while online surveys found over 50% of fishers 

had used imported prawns as bait in the previous 12 months (Biosecurity Queensland 2017).   

Release of imported crustacean products sold for human consumption and diverted to bait is one form of 

anthropogenic translocation of fish and shellfish.  The other identified potential introduction pathways for 

exotic diseases into northern Australia include release via aquaculture food, ballast water, biofouling of 

shipping, arrival on floatsam and debris/discarded fishing gear, through release of ornamental crustaceans, 

natural movements of wild fish and shellfish and infrastructure stepping stones.  Aquaculture feeds that are 

imported are mainly extruded pelleted feeds with fishmeal and other ingredients that are processed and 

cooked to over 90°C for several minutes during manufacture, which is sufficient to inactivate most 

microorganisms that are sensitive to heat (Torgersen and Hastein 1995).  Such temperatures are likely to 

inactivate TSV in artificially formulated extruded pellets (Tacon 2017).  It is known that aquatic insects such 

as water boatman (Trichocorixa reticulata), and filter feeders like acorn barnacles can act as a mechanical 

vectors of TSV (Brock 1997, Lightner 1996a, 1996b, Overstreet et al. 2009), which indicates that live feed 

organisms such as Artemia, live rotifers and rotifer resting eggs are also likely to be able to act as mechanical 

vectors for TSV, however it is less clear whether freeze dried Artemia cysts are potential vectors for TSV.  

There is strong suspicion that TSV is vertically transmitted (OIE 2016d), hence larval crustaceans taken in 

with ballast water may be infected.  Juvenile or adult crustaceans can also be taken in with ballast water, and 

are prominent inhabitants of sea chests on commercial shipping (Coutts and Dodgshun 2007), so it is 

possible that TSV can be introduced via infected hosts translocated in ballast water, or as biofouling on the 

hulls or sea chests of commercial shipping (Appendix 3), commercial fishing boats, recreational fishing 

boats and other pleasure craft.  It is also possible that TSV infected crustaceans could naturally colonise 

floating vectors such as artificial flotsam, discarded fishing gear and debris which can make landfall into 

northern Australia (Wilcox et al. 2013, Heersink et al. 2014, Appendix 4).  Live crustaceans for the 

ornamental industry should not represent a risk of release of TSV as they are not permitted entry into 

Australia (https://www.legislation.gov.au/Series/F2006B01053), however there is evidence of illegal 

importation of live ornamental crustaceans (NSW Aquaculture Association 2017).  Crustaceans infected with 

TSV could also be imported as bait carried by foreign fishing vessels.  TSV is not considered to be naturally 

present in northern Australian waters despite there being suitable conditions for establishment, hence the 

virus appears unlikely to be introduced by natural movements of fish or shellfish.  Because it is known that 

crustaceans infected with TSV can colonise hard structures it is possible that development of artificial 

offshore infrastructure such as oil rigs and natural gas installations and their associated moorings could allow 

range extensions for TSV infected hosts by the process of stepping stone colonisation across natural 

geographic boundaries (Bulleri and Airoldi 2005, Glasby et al. 2007, Adams et al. 2014).   

Taking into account the likely propagule pressure experienced via the various introduction pathways, the 

likelihood estimations for the release of TSV into suitable environments in Australian waters via the 

identified risk pathways are listed below for the various IMCRA Bioregions. 

https://www.legislation.gov.au/Series/F2006B01053
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Release assessment for Taura Syndrome (TS). 

 

Likelihood of release Pathway Type 

Feature/          

IMCRA region 

AF+ BW BC BP DF FL FBD FBI FMA FMN ISS 

NT Offshore  

1 Timor Transition N L L L L L EL VL M EL L 

Gulf of Carpentaria  

25 Northern I Province VL M M M VL VL M VL M EL VL 

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 I Transition VL L L L VL VL M VL M EL VL 

27 Northwest I Province VL M M M EL EL M VL VL N EL 

28 Central W I 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 I Province VL M M M N N H N EL N N 

41 Northeast I Transition VL L L L EL EL M VL L EL VL 

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

for pathway types:  AF = Aquaculture feed+, BW = Ballast water, BC = Biofouling on commercial shipping, 

BP = Biofouling on pleasure and fishing boats, DF = Discarded/ghost fishing gear, FL = Flotsam/debris, 

FBD = Fishing bait - Domestic, FBI = Fishing bait - Imported, FMA = Fish/shellfish movements – 

Anthropogenic*, FMN = Fish/shellfish movements - Natural, ISS = Infrastructure stepping stones. 

+ 
Negligible for extruded pellets, but includes rotifer cysts and Artemia cysts  

5.5.6  Exposure assessment 

TSV infects several host species that occur in northern Australia, causing disease in P. monodon, P. 

japonicus and Metapenaeus ensis, and establishing sub-clinical infections in mud crab Scylla serrata, Uca 

sp. and freshwater prawns Macrobrachium rosenbergii.  Common inshore scavenging species such as crabs 

(S. serrata, Uca sp., M. rosenbergii and others) are known carriers and can subsequently infect susceptible 
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species of prawns by cohabitation (Kiatpathomchai et al. 2008).  If cultured prawns infected with TSV were 

emergency harvested and were imported uncooked into Australia they may be heavily infected with TSV, 

while market sized prawns in the chronic phase may also harbour significant viral loads (Ueda et al. 2008).  

If susceptible species of wild penaeids in northern Australia received an infective dose of TSV and an index 

case occurred, the virus would be likely to persist in the population as the susceptible species of wild 

penaeids endemic to northern Australia (P. monodon, P. japonicus and M. ensis, S. serrata, Uca sp.) appear 

more resistant to TSV than P. vannamei (see Brock et al. 1997, Kiatpathomchai et al.2008), and hence would 

be unlikely to suffer epizootic mortalities unless they were exposed to significant stressors.  Whether the 

virus could be transferred to progeny and become established is less clear, given that vertical transmission 

has not been recorded for TSV (but it is suspected, OIE 2016d).  Given the numerous reports of TSV 

introductions around the world (Wertheim et al. 2009), together with the occurrence of the virus in wild 

populations of penaeids in several parts of the world in areas where TSV has been introduced into 

aquacultured prawn populations (Tang et al. 2012), this suggests that establishment of TSV in wild 

populations of crustaceans would be possible if it were introduced. 

Many of the commercially important species of decapod crustaceans endemic to northern Australia 

(particularly mud crabs (Scylla spp.) and penaeid prawns) are known to be susceptible to TSV, suggesting 

that TSV released through various pathways (e.g. imported green prawns sold for human consumption that 

are redirected to bait or burley) could come in contact with many known susceptible species.  TSV remains 

infective for at least 21 days in seawater at 27°C (Prior and Browdy 2002), hence water temperatures are 

suitable for establishment of TSV in northern Australia.  The simple non-enveloped virions of TSV are very 

resistant to inactivation by physical means (Prior and Browdy 2002, Vanpatten et al. 2004), and can remain 

infective in the environment in infected tissues for up to 21 days or more at ambient temperatures of 27°C 

(Prior and Browdy 2002).  Susceptible crustaceans can become infected with TSV via per-os exposure or 

horizontally via the water (Prior et al. 2003, OIE 2016d).  TSV has been demonstrated to remain infectious 

for up to 48 hours in the faeces of seagulls that have ingested infected prawn carcasses, which implicates 

birds as being a potentially important route for spreading the virus (Lightner 1999, Vanpatten et al. 2004).   

If the susceptible crustacean in an index case died, it is well known that cannibalism of dead and moribund 

crustaceans can be a potent source of TSV, thereby propagating infection (OIE 2016d).  In the wild predation 

of moribund crustaceans by fish may be an important factor modulating transmission and spread of TSV in 

some index cases (Biosecurity Australia 2009), however the fact that parasitic crustaceans on the gills of fish 

can also act as vectors for TSV (Overstreet et al. 2009) adds an additional exposure pathway for TSV that 

should not be overlooked.  Furthermore, TSV susceptible crustaceans (particularly crabs) are important 

scavengers in inshore tropical areas which would be equally likely to encounter TSV infected material, 

especially if TSV infected material is placed in isolated water bodies with limited water exchange, such as 

drains and canals (Diggles 2017).  Indeed, it is likely that crabs will be highly susceptible to transfer of 

viruses such as TSV from prawns used as bait, because they tend to eat entire prawn bodies, including 

viscera, whereas prawns tend to eat only the appendages (Soto et al. 2001, Sritunyalucksana et al. 2010, 

Diggles 2011).  The likelihood of establishment in cultured crustaceans is even higher, including the risk of 

industrial sabotage (Jones 2012). 

Given there is clear evidence that TSV can pass through Australian quarantine requirements (Ueda et al. 

2008), that pathways exist to allow exotic viruses to enter the Australian environment (Kewagama Research 
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2007, Diggles 2017), and that suitable hosts occur in the wild, the risk of exposure and establishment is non-

negligible, and the overall likelihood of exposure and establishment of TSV in suitable environments in 

northern Australia is considered to be High.  

5.5.7  Consequence assessment 

In regions where TSV is enzootic in farmed penaeids, the prevalence has been found to be highly variable, 

ranging from 0 to 100% (Stentiford et al. 2009, OIE 2016d).  In other areas of the world where TSV has been 

introduced, aquaculture industries based on prawns have suffered significant production and economic losses 

of around $200 million USD per annum (Stentiford et al. 2012).  The Australian prawn aquaculture industry 

is based mainly on farming P. monodon, which is not as susceptible to TSV as P. vannamei, however TSV 

can still cause disease in P. monodon, particularly if certain virulent strains were introduced (Chang et al. 

2004, Limsuwan and Chuchird 2007).  Although some adaptation to the disease agent may occur over time 

in Australia, high rates of spontaneous mutation may result in periodic emergence of novel, highly 

pathogenic strains of TSV (Aranguren et al. 2013), representing a significant ongoing obstacle to industry 

competitiveness and profitability.  There are no commercially available methods of control of TS (vaccines 

etc.), and changes to infrastructure and husbandry practices (filtration of water, lining of ponds, carrier 

exclusion fencing, minimal/zero water exchange production cycles, development of SPF or SPR prawns 

lines, see Lightner 2005, Moss et al. 2012) would impart significant additional costs to industry that would 

greatly reduce industry profitability to marginal levels under Australian economic conditions.  Any reduced 

profitability would discourage investment in prawn farming in Australia, posing a risk to Australia's future 

food security (Stentiford 2012, Stentiford et al. 2012).  The likely impacts of introduction of TSV on the 

prawn aquaculture industry in Australia are therefore considered to be High.   

Adverse impacts at the population level have not been previously reported in wild crustaceans in areas where 

TSV has been introduced (Brock 1997), and if present in wild populations, the virus is difficult to detect and 

appears to occur at low prevalences (Kiatpathomchai et al. 2008).  The range of susceptible host species is 

not as wide as for other important viruses such as WSSV, which would reduce potential impacts.  However, 

because stressors can exacerbate symptoms of TSV infections (Tumbaru et al. 2012), the presence of the 

virus may reduce the resilience of wild populations of crustaceans adversely affected by environmental 

stressors (e.g. adverse environmental conditions such as heavy rain (Lightner et al. 1995), or exposure to 

pollutants such as pesticides and herbicides, see Tumbaru et al. 2012), possibly resulting in reduced 

resilience or “silent mortalities” (Behringer 2012, Stentiford et al. 2012, Shields 2012), as as been reported 

for some other viral pathogens of prawns (Couch and Courtney (1977).  Furthermore, any absence of 

evidence of impacts on populations of wild crustaceans in areas where TSV has been introduced overseas is 

not evidence of likely absence of such impacts in Australia, as impacts of new diseases in wild populations 

of crustaceans are likely to go unnoticed in countries without proper baseline ecological data (Shields 2012) 

and effective fisheries management.  As effects of disease in wild populations vary greatly due to factors 

such as environmental characteristics, host susceptibility and host densities (Burge et al. 2016), it is possible 

that impacts of disease introduction into Australia would be more severe due to our unique environment, 

isolated fauna and effective environmental and fisheries management arrangements that tend to keep host 

population levels relatively high.  Any adverse effects could result in ecological harm to aquatic 

environments, potentially resulting in significant cultural and socio-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 and NACA, significant trade implications would 

follow its introduction into Australia.  Indeed, establishment of TSV in a region of northern Australia would 

necessitate intervention by government authorities and disruption to normal trade in crustacean commodies 

by commercial fisheries and crustacean gathering by recreational fishers if attempts were made to try to 

prevent movements of crustaceans to limit potential spread into uninfected areas.  If the disease spread to 

areas where bait prawns were commercially gathered, not only commercial fishers but recreational fisheries 

could also be disrupted due to loss of bait supplies.  Certainly, if the introduction of TSV is detected early 

enough, there is a chance that eradication can be achieved (Biosecurity Australia 2009), although eradication 

programs are expensive processes, especially if a subsequent declaration of freedom from the disease is 

required, as extensive surveys would need to be undertaken.   

Taking all of these factors into consideration, even though the environmental impacts of introduction of TSV 

are difficult to determine, impacts on domestic and international trade are both considered to be high, while 

the impact on the prawn aquaculture industry would also be high, suggesting that the overall consequences of 

introduction and establishment of TSV into the environment of northern Australia via the identified risk 

pathways are likely to be Moderate.  

5.5.8  Risk estimation 

The unrestricted risk associated with Taura Syndrome is determined by combining the likelihood of release 

and exposure (from Table 6) with the consequences of establishment (Table 7) to arrive at a risk estimation 

(Table 8, Figure A10 in Appendix 1).  The unrestricted risk estimate for Taura Syndrome exceeds the ALOP 

for several pathways in several bioregions, suggesting that additional risk management is required for this 

disease agent.   
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Risk estimate for Taura Syndrome (TS). 

Likelihood of exposure:  High Consequences of establishment:  Moderate 

Risk estimate Pathway Type 

Feature/          

IMCRA region 

AF+ BW BC BP DF FL FBD FBI FMA FMN ISS 

NT Offshore  

1 Timor Transition N L L L L L EL VL M EL L 

Gulf of Carpentaria  

25 Northern I Province VL M M M VL VL M VL M EL VL 

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 I Transition VL L L L VL VL M VL M EL VL 

27 Northwest I Province VL M M M EL EL M VL VL N EL 

28 Central W I 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 I Province VL M M M N N M N EL N N 

41 Northeast I Transition VL L L L EL EL M VL L EL VL 

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

for pathway types:  AF = Aquaculture feed+, BW = Ballast water, BC = Biofouling on commercial shipping, 

BP = Biofouling on pleasure and fishing boats, DF = Discarded/ghost fishing gear, FL = Flotsam/debris, 

FBD = Fishing bait - Domestic, FBI = Fishing bait - Imported, FMA = Fish/shellfish movements – 

Anthropogenic*, FMN = Fish/shellfish movements - Natural, ISS = Infrastructure stepping stones. 

+ 
Negligible for extruded pellets, but includes rotifer cysts and Artemia cysts  



 

_________________________________________________________________________________________________________________________________________________________________________________ 

 

    
 

89

 
    

 
  www.digsfish.com 

5.6 Yellowhead Disease (caused by YHV1) 

5.6.1  Aetiologic agent:  Yellow head virus (YHV), a positive sense ssRNA virus in the genus Okavirus in 

the family Roniviridae of the order Nidovirales (Cowley et al. 2000b,  Walker et al. 2005).   The Yellowhead 

complex comprises at least ten genotypes of Yellowhead-like viruses (YHLV), including the original 

genotype from Thailand (YHV1), the Gill Associated Virus (GAV)/Lymphoid Organ Virus (LOV) 

genotypes from Australia (YHV2), and other genotypes (YHV3-10) from Australia, China, Vietnam, 

Philippines, India, Malaysia, Indonesia and Mozambique (Cowley et al. 1999, Wijegoonwardane 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 agent to cause the OIE 

listed Yellowhead Disease (OIE 2016e, Thitamadee et al. 2016), but it has never been recorded in Australia 

and is considered exotic (Cowley et al. 2015).  Other genotypes within the yellowhead complex that are 

known to occur in Australia include YHV2 (Gill Associated Virus (GAV) and lymphoid organ virus (LOV)) 

which were first reported from cultured P. monodon on the east coast in the early 1990s (Spann et al. 1995, 

1997), YHV6 in P. monodon from Etty Bay in Queensland (IMCRA Region 40) since the early 2000s 

(Cowley et al. 2015) and YHV7, which was recorded in broodstock P. monodon from Joseph Bonaparte Gulf 

(IMCRA Bioregion 26) in 2012 and in some prawn farms (Mohr et al. 2015a, Cowley et al. 2015).  Several 

exotic genotypes (YHV1, YHV8, YHV10) are regularly detected in imported unprocessed green prawns sold 

for human consumption in Australia (McColl et al. 2004, Cowley et al. 2015). 

5.6.4  Epizootiology 

Yellowhead disease (YHD) was probably enzootic in Penaeus monodon farms in Taiwan, Indonesia, China, 

Malaysia and the Philippines in the late 1980s (Lightner 1996a), but the causative agent, yellowhead virus 

genotype 1 (YHV1) was first recognised in mass mortality events involving cultured P. monodon in Thailand 

in 1990 (Limsuwan 1991, Flegel 1997).  The term “yellowhead” refers to yellow discolouration of the 

cephalothorax and bleached appearance of YHD affected P. monodon (see Boonyaratpalin et al. 1993, 

Chantanachookin et al. 1993), which display erratic swimming near the surface at the pond edge.  YHD in P. 

monodon aquaculture ponds occurs up to 10 weeks after stocking when prawns are 5–15 grams in size 

(Limsuwan 1991 cited in Chantanachookin et al. 1993).  In severe outbreaks, cumulative mortalities often 

reach 100% within 3-5 days from the onset of the disease (Boonyaratpalin et al. 1993).  YHV1 replicates in 

the cytoplasm of infected tissues, mainly lymphoid organ, haemocytes and gill, but experimental infections 

of P. vannamei found the virus in nerve cord, heart, midgut, hepatopancreas, head soft tissues, abdominal 

muscle, and eyestalk (Lu et al. 1995).  In moribund prawns, the lymphoid organ displays extensive structural 

degeneration and cellular necrosis (Boonyaratpalin et al. 1993, Chantanachookin et al. 1993).   

YHD has been reported widely in Asia, while at least one incident of YHD has been reported in farmed 

penaeids from the USA (Lightner 1996a, Durand et al. 2000, Ma et al. 2009), and it is known the virus 

occurs in wild populations of P. stylirostris off the coast of Mexico (Castro-Longoria et al. 2008).  The 

YHV1 genotype from the original outbreaks in Thailand appears to be the most virulent of the Yellowhead-
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like viruses (Flegel 2009, OIE 2016e), however some recently discovered genotypes may rival YHV1 for 

virulence (Thitamadee et al. 2016).  Other less virulent genotypes have been reported from diseased and 

healthy P. monodon from other parts of Asia, Australia, and Africa (Cowley et al. 2004, Wijegoonwardane et 

al. 2009, Mohr et al. 2015a, Cowley et al. 2015).  These include YHV genotype 2 (YHV2) which is the 

primary cause of Gill Associated Virus (GAV) disease that has affected the prawn aquaculture industry in 

Australia since 1994 (Spann et al. 1995, 1997).  YHV2 is indistinguishable from YHV1 by TEM, infects a 

similar range of tissues, and causes similar pathology, however for YHV2 infections mortality is sometimes 

preceded by varying degrees of red colouration of the body and pink to yellow colouration of the gills, with 

no evidence of pale body colouration or yellowing of the cephalothorax (Spann et al. 1997).  Prior to the 

identification of GAV, a virus with similar morphology (LOV) was observed to be common in healthy P. 

monodon in Australia (Spann et al. 1995).  LOV infections are chronic and widespread in wild and farmed P. 

monodon on Australias east coast (prevalence up to 98%), with genetic analysis suggesting LOV is a less 

virulent variant of GAV (=YHV2, see Cowley et al. 2000a, Munro and Owens 2007). 

In addition to YHV1 and YHV2, four other unique YHV genotypes were identified in apparently healthy P. 

monodon collected across the Indo-Pacific region between 1997 and 2004.  The new genotypes were 

described based on both their gene sequences and geographic location as follows: YHV3 in Thailand and 

Vietnam, YHV4 in India, YHV5 in Malaysia, Thailand and the Philippines, and YHV6 in Mozambique 

(Cowley et al. 2015).  Investigations have found that YHV6 also occurs in P. monodon from Etty Bay in 

Queensland, where it has been present since the early 2000s (Cowley et al. 2015).  A new Yellowhead 

variant designated YHV7, was first recorded in broodstock P. monodon collected from Joseph Bonaparte 

Gulf, NT (IMCRA Bioregion 26) in 2012 (Mohr et al. 2015a).  It has since been detected in some prawn 

hatcheries and farms in northern Australia, including in mixed infections with YHV2 (Mohr et al. 2015a, 

Cowley et al. 2015).  Then in 2014, routine testing of unprocessed uncooked commodity prawn 

consignments from China for YHV1 detected some anomalous YHV genotypes that were distinct from any 

of the then known genotypes.  This newly detected 8th genotype, designated YHV8 (Moody et al. 2015), was 

detected in 4 of 5 suspect consignments of imported commodity prawns (Cowley et al. 2015).  Chinese 

scientists then published information on another unique YHV genotype from Penaeus chinensis and P. 

vannamei, this being referred to as YHV9 (Cowley et al. 2015).  In the remaining 1 of 5 suspect 

consignments of imported commodity prawns, another different YHV genotype was isolated, and 

subsequently designated YHV10 (Cowley et al. 2015). 

Yellowhead-like viruses (YHLV) appear to naturally infect only penaeids (Munro and Owens 2007).  

Penaeus monodon appears particularly susceptible to YHLV, but juveniles of western hemisphere species 

including P. stylirostris, P. aztecus, P. duorarum, P. setiferus and P. vannamei, are also susceptible to 

experimental infection with YHV (Lu et al. 1994, 1995, Lightner et al. 1998), even though post larvae appear 

refractory (Lightner et al. 1998).  “Natural” YHV infections have been reported from the Gulf of California 

in P. stylirostris at low prevalences of 1.3-6% (Castro-Longiora et al. 2008), however prevalences of other 

YHLV genotypes in wild populations can approach 100% (OIE 2016e).  Several prawn species farmed 

commercially in Australia, including P. esculentus, P. merguiensis and P. japonicus, are also likely to be 

susceptible to infection by YHLV (Spann et al. 2000).  However, some age/size and species-related 

differences have also been noted in their susceptibility to disease. For example, P. monodon, P. esculentus, 

P. merguiensis, and small P. japonicus displayed overt signs of disease and mortalities which reached 82 to 

100% within 23 d post-injection, however cumulative mortalities in P. esculentus and P. merguiensis were 
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significantly lower than for P. monodon of the same size class (Spann et al. 2000). Medium sized P. 

japonicus also developed overt signs of disease but cumulative mortalities were not significantly higher than 

uninfected controls, while adult P. japonicus did not display symptoms of disease and there were no 

significant mortalities up to 23 d post-injection (Spann et al. 2000).   

Flegel et al. (1997) found that small prawns (Palaemon styliferus and jelly prawns Acetes spp.) may carry 

YHV1.  Longyant et al. (2005) found that palaemonid prawns Macrobrachium sintangense, P. styliferus and 

P. serrifer were susceptible to YHD by experimental injection, but M. rosenbergii was refractory to infection 

by injection, and that there was no evidence of natural infection in any of these species.  Longyant et al. 

(2006) attempted to infect Metapenaeus affinis and M. brevicornis, and 16 species of crabs with YHV1 by 

injection and per-os exposure to infected tissues.  Both prawn species were susceptible to YHD by injection 

and one (M. affinis) became infected after per-os exposure, while none of the crabs became infected.  None 

of the species examined had natural YHV1 infections however WSSV and unknown viruses were found in 

three of the crab species (Longyant et al. 2006).  Ma et al. (2009) used real time PCR to find that 

daggerblade grass shrimp Palaemonetes pugio, Palaemonetes kadiakensis and blue crabs Callinectes sapidus 

did not harbour natural YHV1 infections, but when they were exposed to YHV by injection and per-os, 

YHV1 was detected in the tissues of P. pugio and P. kadiakensis, and in the hemolymph of C. sapidus.  

YHV1 replicated in P. pugio and caused disease in 8% of shrimp that were injected, but did not cause 

disease in P. pugio exposed via the per-os route (Ma et al. 2009).  In contrast, YHV1 failed to replicate in C. 

sapidus, although the virus could be detected for 3 days after injection or feeding (Ma et al. 2009).  The 

ability of YHLV to cause disease experimentally in a range of penaeids and palaemonids suggests these 

viruses represent a significant threat to cultured prawns in both marine and brackish waters (Ma et al. 2009).  

More recent studies in the Americas have found that prawns that are infected with TSV have enhanced 

resistance to YHV1, possibly due to viral interference (Aranguren et al. 2012). 

YHV1 remains viable outside the host in aerated seawater for up to 72 h and the agent can be inactivated by 

heating to 60 °C for 15 min (Flegel et al. 1995), or by exposure to 30 ppm chlorine (Flegel 1997).  While 

some viruses can remain infectious following passage through a bird gut, it has been shown that YHV 

virions do not (Vanpatten et al. 2004).  YHV1 infected tissues stored at –70°C (Lu et al. 1995) and –80°C 

(Direkbusarakom et al. 1998) can maintain infectivity, though there appears to be no specific studies 

investigating how long YHLVs remain viable in tissues stored at -18°C.  Ma et al. (2008) found that if real 

time PCR is to be used for diagnosis, samples of infected haemolymph can be stored for up to 5 days at 

either 4°C or 25°C without a significant reduction in RNA or the need for storage at -80°C. 

Contaminated pond water is the major method of infection with rapid horizontal transmission through the 

water from infected prawns and by cannibalism of weak or moribund prawns (Flegel et al. 1995, 1997, 

Lightner 1996a).  Transport water, intake water, nets and other equipment are likely sources of YHLV 

introduction, while in hatcheries vertical transmission (via contamination of the egg surface) has been 

recorded in GAV, with virus associated with fertilized eggs originating from either the male or female 

parents (Cowley et al. 2002).  Experimental studies have shown that disease can be reproduced by direct 

injection or ingestion of infected tissue or tissue extracts and by co-habitation of naïve shrimp with infected 

conspecifics or other crustacean vectors (Flegel et al. 1995, 1997, Lightner 1996a, Hamano et al. 2015).  

There is evidence that exposure to airborne arthropod vectors may also be a risk factor for infection with 

YHV1.  Thitamadee et al. (2016) detailed results of a study carried out in an area of Thailand with a history 
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of frequent YHD outbreaks where prevalence of disease was compared between normal uncovered prawn 

ponds and those that were covered with a tent of mosquito netting.  Outbreaks of YHD and WSSV were only 

observed in uncovered ponds, with YHV spreading throughout all of the uncoverd ponds, while all mosquito 

netted ponds remained uninfected by either disease, suggesting the disease was introduced into infected 

ponds by an airborne vector (Thitamadee et al. 2016).  The cost of covering each pond by a professional 

service was revealed as US $4000 per pond (Thitamadee et al. 2016).   

5.6.5  Release assessment 

In regions where YHV1 is enzootic in farmed penaeids, the prevalence has been found to be variable, 

ranging from 0 to 100% (Boonyaratpalin et al. 1993, Chantanachookin et al. 1993).  Prevalences in wild 

populations of crustaceans adjacent to areas where YHV1 is enzootic in cultured prawns can range from 0 to 

66% (Munro and Owens 2007, Castro-Longiora et al. 2008).  Though virus levels can be relatively low in 

clinically normal prawns, this may still represent sufficiently high levels of virus for them to act as effective 

vectors (Ma et al. 2009).  Survivors of YHD outbreaks can remain carriers, and even though some surviving 

prawns may show yellowing of the cephalothorax or reddening of the body and gills which could be detected 

during postharvest inspection (Biosecurity Australia 2009), many infected animals do not show these signs.  

Hence it is likely that chronically infected prawns that have survived YHV1 epizootics would be difficult to 

detect during post-harvest inspections.  Under these circumstances, whole green (uncooked) cultured 

penaeids from areas where YHV1 occurs could contain large amounts of virus, not only in smaller prawns 

that may have been emergency harvested after suffering clinical disease due to YHV, but also in larger 

prawns of traditional market size which may carry sub-clinical infections.   

Despite biosecurity protocols requiring testing of 100% of shipments of frozen green prawns imported into 

Australia, there is evidence that YHV1-infected frozen green prawns transit through border quarantine in 

Australia on a regular basis (McColl et al. 2004, Cowley et al. 2015), at least in part due to attempts by some 

importers to evade detection at the border by mislabelling high risk commodities and substituting known 

disease-free prawns for testing (Senate 2017).  Even if testing at the border was 100% effective (Biosecurity 

Australia 2009), surveillance consists of subsampling 5 prawns from each of 13 boxes (n = 65 prawns) in 

each shipment for testing (Senate 2017).  Assuming 100% sensitivity for the diagnostic test and perfect 

random sampling, this surveillance design would provide 95% confidence of detecting YHV1 infected 

prawns only if they were present at prevalences greater than 5% in each shipment (Sergeant 2017).  Hence 

even with 100% compliance and 100% sampling effectiveness, assuming between 10,000 and 15,000 tonnes 

of raw prawns imported into Australia each year (FRDC 2017), <5% prevalence may equate to many 

hundreds of tonnes or more of YHV1 infected green prawns entering Australia and becoming available for 

retail purchase at supermarkets.   

Frozen whole uncooked prawns would be expected to contain significant amounts of YHV1 if they were 

harvested from YHD affected aquaculture ponds, as YHV1 is known to retain virulence when thawed after 

storage at -70°C or lower (Lu et al. 1995, Direkbusarakom et al. 1998).  YHV1 also remains viable after 

storage at -18 to -20°C, but survival and viability upon thawing is reduced from that stored at -70°C (RM 

Overstreet, personal communication, Nov 2009).  It would be nevertheless expected (Durand et al. 2000, 

Biosecurity Australia 2009) that a significant percentage of YHV1 could survive and remain viable after at 

least one freeze-thaw cycle during commercial freezing, storage and transport of green prawn commodities 

to Australia (McColl et al. 2004).  Highest YHV1 virus concentrations occur in the cephalothorax 
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(Chantanachookin et al. 1993, Lightner 1996a), with gill and head tissues in P. vannamei containing 10 to 

800-fold higher titers of YHV than the other tissues (Lu et al. 1995).  Removal of the head section would 

therefore significantly reduce (but would not completely eliminate) the levels of YHV1 in imported prawns.  

The heat stability of YHV1 has been reported and inactivation occurs at 60°C after 15 minutes (Flegel et al. 

1995) and faster at higher temperatures (Sritunyalucksana et al. 2010), hence normal cooking would be 

expected to eliminate the potential for release of the disease agent into northern Australia. 

While the majority of green imported prawns sold for human consumption are probably used for their 

intended purpose, prawns are a popular bait (Kewagama Research 2002) and it is well known that some 

recreational fishers in Australia use imported prawns purchased from supermarkets as bait, because they are 

cheaper and percieved to be better quality (QLD Government 2006, Fishraider.com.au 2013, Department of 

Agriculture 2015, Fishing Victoria 2016, Biosecurity Queensland 2017). There is evidence that the number 

of people using prawns sold for human consumption as bait is increasing (Kewagama Research 2007, Table 

12).  Indeed, in December 2016, surveys by Biosecurity Queensland field officers allegedly found 6 groups 

of fishers using imported green prawns purchased from local supermarkets as bait while fishing near WSD 

infected prawn farms on the Logan River (Diggles 2017), while online surveys found over 50% of fishers 

had used imported prawns as bait in the previous 12 months (Biosecurity Queensland 2017). Release of 

imported crustacean products sold for human consumption and diverted to bait is one form of anthropogenic 

translocation of fish and shellfish.  The other potential introduction pathways for exotic diseases into 

northern Australia include release via aquaculture food, ballast water, biofouling of shipping, arrival on 

floatsam and debris/discarded fishing gear, through release of ornamental crustaceans, natural movements of 

wild fish and shellfish and infrastructure stepping stones.   

Aquaculture feeds that are imported are mainly extruded pelleted feeds with fishmeal and other ingredients 

that are processed and cooked to over 90°C for several minutes during manufacture, which is sufficient to 

inactivate most microorganisms that are sensitive to heat (Torgersen and Hastein 1995, Tacon 2017).  Such 

temperatures are likely to inactivate all YHV1 in artificially formulated extruded pellets (Sritunyalucksana et 

al. 2010).  It is suspected that insects or some other airborne vector can spread YHV1 (Thitamadee et al. 

2016), but it is unknown whether live feed organisms such as Artemia, freeze dried Artemia cysts, live 

rotifers and rotifer resting eggs are also likely to be able to act as mechanical vectors for YHV1.  YHV1 can 

be vertically transmitted (OIE 2016e), hence larval crustaceans taken in with ballast water may be infected.  

Juvenile or adult crustaceans can also be taken in with ballast water, and are prominent inhabitants of sea 

chests on commercial shipping (Coutts and Dodgshun 2007), so it is possible that YHV1 can be introduced 

via infected hosts translocated in ballast water, or as biofouling on the hulls or sea chests of commercial 

shipping (Appendix 3), commercial fishing boats, recreational fishing boats and other pleasure craft.  It is 

also possible that YHV1 infected crustaceans could naturally colonise floating vectors such as artificial 

flotsam, discarded fishing gear and debris which can make landfall into northern Australia (Wilcox et al. 

2013, Heersink et al. 2014, Appendix 4).  Live crustaceans for the ornamental industry should not represent a 

risk of release of YHV1 as they are not permitted entry into Australia 

(https://www.legislation.gov.au/Series/F2006B01053), however there is evidence of illegal importation of 

live ornamental crustaceans (NSW Aquaculture Association 2017).  Crustaceans infected with YHV1 could 

also be imported as bait carried by foreign fishing vessels.  YHV1 is not considered to be naturally present in 

northern Australian waters despite there being suitable conditions for establishment (Cowley et al. 2015), 

hence the virus appears unlikely to be introduced by natural movements of fish or shellfish.  It also appears 

https://www.legislation.gov.au/Series/F2006B01053
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unlikely that penaeids infected with YHV1 would colonise hard structures, hence range extensions for YHV1 

infected hosts by the process of stepping stone colonisation across natural geographic boundaries appear 

unlikely.  Taking into account the likely propagule pressure experienced via the various introduction 

pathways, the likelihood estimations for the release of YHV1 into suitable environments in Australian waters 

via the identified risk pathways are listed below for the various IMCRA Bioregions. 

Release assessment for Yellowhead Disease (caused by YHV1). 

 

Likelihood of release Pathway Type 

Feature/          

IMCRA region 

AF+ BW BC BP DF FL FBD FBI FMA FMN ISS 

NT Offshore  

1 Timor Transition N L L L VL VL EL VL M EL EL 

Gulf of Carpentaria  

25 Northern I Province EL L L L VL VL VL VL 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 I Transition EL L L L VL VL VL VL M EL EL 

27 Northwest I Province EL M M M EL EL VL VL VL N EL 

28 Central W I 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 I Province EL M M M N N VL N EL N N 

41 Northeast I Transition EL L L L EL EL EL VL L EL EL 

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

for pathway types:  AF = Aquaculture feed+, BW = Ballast water, BC = Biofouling on commercial shipping, 

BP = Biofouling on pleasure and fishing boats, DF = Discarded/ghost fishing gear, FL = Flotsam/debris, 

FBD = Fishing bait - Domestic, FBI = Fishing bait - Imported, FMA = Fish/shellfish movements – 

Anthropogenic*, FMN = Fish/shellfish movements - Natural, ISS = Infrastructure stepping stones. 

+ 
Negligible for extruded pellets, but includes rotifer cysts and Artemia cysts  
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5.6.6  Exposure assessment 

YHV1 infects several host species that occur in northern Australia, causing disease particularly in P. 

monodon, but also infecting P. japonicus, P. esculentus, P. merguiensis, Metapenaeus ensis and jelly prawns 

(Acetes spp.) and establishing sub-clinical infections in several species of palaemonid prawns.  Indeed, most 

of the commercially and ecologically important penaeids in northern Australia are likely to be susceptible to 

YHV1.  This suggests that YHV1 released through various pathways (e.g. imported green prawns sold for 

human consumption that are redirected to bait or burley) could come in contact with many known 

susceptible species.  If cultured prawns infected with YHV1 were emergency harvested and were imported 

uncooked into Australia they may be heavily infected with viable YHV1, while market sized prawns in the 

chronic phase may also harbour significant viral loads (McColl et al. 2004).  In both cases, however, YHV1 

viral loads would be significantly reduced if the heads were removed prior to importation (Biosecurity 

Australia 2009).  Viable YHV1 has been recovered from commodity prawns frozen at both -20 and -70°C 

after months to several years storage and used to successfully infect susceptible crustaceans (Lu et al. 1995, 

Direkbusarakom et al. 1998, Biosecurity Australia 2009, RM Overstreet, personal communication, Nov 

2009).   

Even subclinically infected prawns infected with YHV1 are able to transmit infection if their tissues are fed 

to other susceptible hosts (Ma et al. 2009).  Therefore, if susceptible species of wild penaeids in northern 

Australia were exposed via one of the identified pathways and received an infective dose of YHV1, an index 

case may occur and the virus would be likely to persist in the population as the susceptible species of wild 

penaeids endemic to northern Australia would be unlikely to suffer epizootic mortalities unless they were 

exposed to significant stressors.  As YHV1 can be vertically transmitted, the virus could then be transferred 

to progeny and become established in the environment.  Given the occurrence of the virus in wild 

populations of penaeids in several parts of the world in areas where YHV1 has been introduced into 

aquacultured prawn populations (Munro and Owens 2007, Castro-Longiora et al. 2008), this suggests that 

establishment of YHV1 in wild populations of crustaceans would be possible if it were introduced.  YHV1 

remains infective in the water for up to 3 days (Flegel et al. 1995), and susceptible species can become 

infected with YHV1 via per-os exposure through cannibalism and also by water-borne transmission through 

cohabitation (Flegel et al. 1995, 1997, Lightner 1996a, Hamano et al. 2015).  If the susceptible prawn in an 

index case died, it is well known that cannibalism of dead and moribund prawns can be a potent source of 

YHV1, thereby propagating infection (OIE 2016e).  In the wild predation of moribund prawns or prawns 

used as bait by fish may be an important factor modulating transmission and spread of YHV1 in some index 

cases (Biosecurity Australia 2009), and it is known that crabs are refractory to YHV1 infection (Longyant et 

al. 2006, Ma et al. 2009), hence the risk of exposure and establishment would be lower than for other prawn 

viruses that also infect crabs, such as WSSV and TSV.  In contrast, likelihood of establishment in cultured 

crustaceans would be high, particularly if risks such as industrial sabotage are considered (Jones 2012). 

Given there is clear evidence that YHV1 can pass through Australian quarantine requirements (McColl et al. 

2004), that pathways exist to allow exotic viruses to enter the Australian environment (Kewagama Research 

2007, Diggles 2017), and that suitable hosts occur in the wild, the risk of exposure and establishment is non-

negligible, and the overall likelihood of exposure and establishment of YHV1 in suitable environments in 

northern Australia is considered to be Moderate.  
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5.6.7  Consequence assessment 

In regions where YHV1 is enzootic in farmed penaeids, it has caused significant problems in the production 

of P. monodon with mortalities up to 100% recorded within 3 to 5 days of first observing clinical signs (OIE 

2016e).  In other areas of the world where YHV1 occurs, aquaculture industries based on prawns have 

suffered significant production and economic losses of around $500 million USD (Stentiford et al. 2012).  

The Australian prawn aquaculture industry is based mainly on farming P. monodon, which is highly 

susceptible to YHV1, and even though YHV2 is already present in Australia, YHV1 is around 1 million 

times more virulent than YHV2 based on LD50 data (OIE 2016e).  Furthermore, if YHV1 was introduced 

and became established in Australian prawn populations, although some adaptation to the disease agent may 

occur over time in Australia, new genotypes of YHV continue to emerge, some of which may rival YHV1 

for virulence (Thitamadee et al. 2016). Production in affected overseas countries where YHV1 was 

introduced eventually recovered in most instances, however much of the recovery was due to switching to 

the faster growing Penaeus vannamei (see Flegel 2006a, Stentiford et al. 2012), a species which is exotic to 

Australia and hence this recovery option is not available to the Australian prawn aquaculture industry.   

The establishment of YHV1 and other virulent genotypes of YHV in Australia would therefore represent a 

significant ongoing obstacle to competitiveness and profitability of the Australian prawn aquaculture 

industry.  There are no commercially available methods of control of YHV1 (vaccines etc.), although 

covering of production ponds with mosquito netting may provide protection (Thitamadee et al. 2016).  

However, the cost of covering a prawn pond by a professional service in Thailand was only US $4000 

(Thitamadee et al. 2016). Under Australian economic conditions, the required changes to infrastructure and 

husbandry practices (filtration of water, lining of ponds, carrier and vector exclusion, minimal/zero water 

exchange production cycles, development of SPF or SPR prawns lines, see Lightner 2005, Moss et al. 2012) 

would impart additional production costs that would greatly reduce industry profitability to marginal levels.  

The reduced profitability would discourage investment in prawn farming in Australia, posing a risk to 

Australia's future food security (Stentiford 2012, Stentiford et al. 2012).  The likely impacts of introduction 

of YHV1 on the prawn aquaculture industry in Australia are therefore considered to be extreme.   

Infections of wild prawns with YHV1 are generally sub-clinical, and this would most likely aid transmission 

and spread of the disease agent throughout local prawn populations via mechanisms such as vertical 

transmission (Cowley et al. 2002).  Adverse impacts on wild crustaceans at the population level have not 

been reported in areas where YHV1 has been introduced, and the range of susceptible host species is not as 

wide as for other important viruses such as WSSV, which would reduce potential impacts.  However, 

because stressors can exacerbate symptoms of YHV1 infections (OIE 2016e), the presence of the virus may 

reduce the resilience of wild populations of crustaceans adversely affected by environmental stressors (e.g. 

adverse environmental conditions such as heavy rain or exposure to pollutants such as pesticides and 

herbicides, possibly resulting in reduced resilience or “silent mortalities” (Behringer 2012, Stentiford et al. 

2012, Shields 2012), as as been reported for some other viral pathogens of prawns (Couch and Courtney 

(1977).  Furthermore, any absence of evidence of impacts on populations of wild crustaceans in areas where 

YHV1 has been introduced overseas is not evidence of likely absence of such impacts in Australia, as 

impacts of new diseases in wild populations of crustaceans are likely to go unnoticed in countries without 

proper baseline ecological data (Shields 2012) and effective fisheries management.  As effects of disease in 

wild populations vary greatly due to factors such as environmental characteristics, host susceptibility and 

host densities (Burge et al. 2016), it is possible that impacts of disease introduction into Australia would be 
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more severe due to our unique environment, isolated fauna and effective environmental and fisheries 

management arrangements that tend to keep host population levels relatively high.  Any adverse effects 

could result in ecological harm to aquatic environments, potentially resulting in significant cultural and 

socio-economic harm to regional communities in northern Australia and elsewhere in the country. 

As YHV1 is a listed disease agent notifiable to the OIE and NACA, significant trade implications would 

follow its introduction into Australia.  Indeed, establishment of YHV1 in a region of northern Australia 

would necessitate intervention by government authorities and disruption to normal trade in crustacean 

commodies by commercial fisheries and crustacean gathering by recreational fishers if attempts were made 

to try to prevent movements of crustaceans to limit potential spread into uninfected areas.  If the disease 

spread to areas where bait prawns were commercially gathered, not only commercial fishers but recreational 

fisheries could also be disrupted due to loss of bait supplies.  Certainly, if the introduction of YHV1 is 

detected early enough, there is a chance that eradication can be achieved (Biosecurity Australia 2009), 

although eradication programs are expensive processes, especially if a subsequent declaration of freedom 

from the disease is required, as extensive surveys would need to be undertaken.   

Taking all of these factors into consideration, even though the environmental impacts of introduction of 

YHV1 are difficult to determine, impacts on domestic and international trade are both considered to be high, 

while the impact on the prawn aquaculture industry would be extreme, suggesting that the overall 

consequences of introduction and establishment of YHV1 into the environment of northern Australia via the 

identified risk pathways are likely to be High.  

5.6.8  Risk estimation 

The unrestricted risk associated with Yellowhead Disease caused by YHV1 is determined by combining the 

likelihood of release and exposure (from Table 6) with the consequences of establishment (Table 7) to arrive 

at a risk estimation (Table 8, Figure A11 in Appendix 1).  The unrestricted risk estimate for Yellowhead 

Disease caused by YHV1 exceeds the ALOP for several pathways in several bioregions, suggesting that 

additional risk management is required for this disease agent.   

 



 

_________________________________________________________________________________________________________________________________________________________________________________ 

 

    
 

98

 
    

 
  www.digsfish.com 

Risk estimate for Yellowhead Disease (caused by YHV1). 

Likelihood of exposure:  Moderate Consequences of establishment:  High 

Risk estimate Pathway Type 

Feature/          

IMCRA region 

AF+ BW BC BP DF FL FBD FBI FMA FMN ISS 

NT Offshore  

1 Timor Transition N M M M L L VL L H VL VL 

Gulf of Carpentaria  

25 Northern I Province VL M M M L L L L H VL VL 

WA Offshore  

2 Timor Province N M M M L L VL L H VL VL 

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 I Transition VL M M M L L L L H VL VL 

27 Northwest I Province VL H H H VL VL L L L N VL 

28 Central W I 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 I Province VL H H H N N L N VL N N 

41 Northeast I Transition VL M M M VL VL VL L M VL VL 

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

for pathway types:  AF = Aquaculture feed+, BW = Ballast water, BC = Biofouling on commercial shipping, 

BP = Biofouling on pleasure and fishing boats, DF = Discarded/ghost fishing gear, FL = Flotsam/debris, 

FBD = Fishing bait - Domestic, FBI = Fishing bait - Imported, FMA = Fish/shellfish movements – 

Anthropogenic*, FMN = Fish/shellfish movements - Natural, ISS = Infrastructure stepping stones. 

+ 
Negligible for extruded pellets, but includes rotifer cysts and Artemia cysts 
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5.7 Acute Hepatopancreatic Necrosis Disease (AHPND) 

5.7.1  Aetiologic agent:  Also known as early mortality syndrome (EMS), caused by infection with unique 

strains of Vibrio parahaemolyticus (VpAHPND), a gram negative gammaproteobacterium that contains a 

~70-kbp plasmid (pVA1) with genes that encode homologues of the Photorhabdus insect-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 able to transfer to other bacteria. 

5.7.3  Australias status:  Not recorded.  While Vibrio parahaemolyticus occurs in Australia, specific strains 

containing the ~70-kbp plasmid (pVA1) with genes that encode homologues of the Photorhabdus insect-

related (Pir) toxins, PirA and PirB have not been recorded, and are considered exotic.  However Penaeus 

monodon Mortality Syndrome (PmMS) caused by strains of Vibrio harveyi and Vibrio sp. with toxin 

producing genes caused mortalities of 70-100% due to hepatopancreatitis in prawn farms in Queensland. 

5.7.4  Epizootiology 

A new disease originally named Early Mortality Syndrome (EMS) was first reported in 2009 in prawns 

cultured in China (Flegel 2012).  The disease can occur as early as 10 days post-stocking, but usually appears 

within 20 to 30 days of stocking post-larvae of Penaeus chinensis, P. vannamei and P. monodon, and is 

characterised by high mortalities up to 100% within 1 to 4 days of noticing gross signs, which include 

lethargy, failure to feed, and a pale atrophied hepatopancreas (Lightner et al. 2012, Tran et al. 2013a, 2013b).  

Histologically, massive degeneration and sloughing of epithelial tubule cells of the hepatopancreas was 

evident in diseased prawns (Lightner et al. 2012, Flegel 2012).  The disease subsequently spread to Vietnam 

(2010), Malaysia (2011), Thailand (2012), Mexico (2013) and the Phillippines, with unconfirmed reports 

from Indonesia and India (Chamberlain 2013, Nunan et al. 2014, De La Pena et al. 2015).  A more 

descriptive term, called acute hepatopancreatic necrosis syndrome (AHPNS), was adopted in 2011 at a time 

where the cause remained undetermined (Lightner et al. 2012).  Once Tran et al. (2013a, 2013b) confirmed 

the bacterial aetiology of the disease, its name was finalised to Acute Hepatopancreatic Necrosis Disease 

(AHPND).  Unprecedented financial losses of up to $5 billion US per year (Chamberlain 2013) have been 

experienced by prawn farming industries worldwide since AHPND emerged, with Vietnam alone estimated 

as losing around $500 million USD of production annually (Tran 2013) and Thailand experiencing a 66% 

drop in production in 2014, representing a loss of 400,000 tonnes (Thitamadee et al. 2016).  

Field and laboratory challenge studies determined that the disease is caused by particular pathogenic strains 

of the bacterium Vibrio parahaemolyticus, and that the distinctive pathology in the hepatopancreas was due 

to production of an extracellular toxin (Tran et al. 2013a, 2013b).  Vibrio parahaemolyticus is a gram 

negative bacterium common in estuaries worldwide that is usually associated with gastroenteritis in humans 

who eat raw oysters or other undercooked seafoods (Su and Liu 2007, Chonsin et al. 2016).  Virtually all 

strains of V. parahaemolyticus pathogenic to humans possess genes encoding for tdh (thermostable direct 

hemolysin) or trh (TDH- related hemolysin) enzymes (Su and Liu 2007, Chonsin et al. 2016, Hernandez-

Diaz et al. 2015). Isolates of V. parahaemolyticus that cause AHPND (VpAHPND) do not possess tdh or trh 

genes, but instead possess a large (~70-kbp) plasmid (pVA1) with genes that encode homologues of the 
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Photorhabdus insect-related (Pir) toxins, PirA and PirB (Lee et al. 2015).  Comparisons of the virulence of 

human pathogenic strains of V. parahaemolyticus vs environmental strains of V. parahaemolyticus and 

VpAHPND, found the latter was acting as a primary pathogen, causing 100% mortality of exposed prawns 

within 24 hours, compared to 0 and 30% mortality within 96 hours for prawns exposed to environmental and 

human pathogenic strains, respectively (Choi et al. 2016).  Virulence depends on the strain of VpAHPND, 

bacterial density, infection route, exposure time, host species, age and environmental conditions experienced 

by exposed prawns (Soto-Rodrigues et al. 2015).  Removal (silencing) of the pVA1 gene makes VpAHPND 

avirulent, as it no longer produces the toxin and hence no longer causes the massive destruction of the 

hepatopancreatic tubules that is the primary histopathological characteristic of the disease (Lee et al. 2015).  

Detailed studies suggest that pathogenesis is due mainly to exposure to the PirB toxin, as exposure to the 

PirA toxin only causes minor damage to the hepatopancreas tubules (Lee et al. 2015, Lai et al. 2015).  

AHPND is transmitted horizontally via the water, by cohabitation or via the oral route through cannibalism 

or exposure to bacteria in sediments and biofilms (Tran et al. 2013, Soto-Rodrigues et al. 2015).  

Intramuscular injection of the VpAHPND bacterium at a 1x103 CFU per prawn can result in mortality, 

however this route of infection does not produce the typical AHPND pathology (Joshi et al. 2014, Hong et al. 

2016).  In contrast, natural routes of infection such as per-os exposure or bath challenges with bacterial 

densities above 1x105 CFU per ml expose the digestive tract to the pathogen and result in mortalities 

displaying the typical clinical and pathological signs of hepatopancreatic destruction (Tran et al. 2013, Soto-

Rodrigues et al. 2015, Hong et al. 2016).  It is worth noting that bacterial densities of >1x105 CFU per ml are 

commonly experienced by prawns in intensive production ponds, and that expression of disease (and 

presumably the toxin) does not occur if VpAHPND densities are maintained below 1x104 CFU per ml (Soto-

Rodrigues et al. 2015). This suggests that quorum sensing might occur in VpAHPND (Chamberlain 2013), 

however in other V. parahaemolyticus strains quorum sensing may be suppressed by virulence factors 

(Gode-Potratz and McCarter 2011).  The plasmid pVA1 also carries a cluster of genes related to conjugative 

transfer, meaning this plasmid is potentially transferable to other bacteria.  Indeed, a strain of Vibrio harveyi 

from an outbreak of AHPND in Vietnam was found to also contain the same plasmid and virulence genes 

(Kondo et al. 2015).  The pVA1 plasmid also carries a gene for a post-segregational killing (psk) system that 

ensures that the plasmid is inherited during bacterial replication.  The pVA1 plasmid will therefore be passed 

on to subsequent generations of VpAHPND allowing them to produce PirA and PirB toxins (Lee et al. 2015).  

After exposure to the toxins, the acute phase of AHPND involves a massive progressive degeneration of the 

hepatopancreas tubules from medial to dorsal, with significant rounding and sloughing of all types of 

epithelial cells into the tubule lumen, collecting ducts and posterior stomach in the absence of bacterial cells 

(Lightner et al. 2012, Tran et al.2013, Nunan et al. 2014, Soto-Rodriguez et al. 2015).  The terminal stage is 

characterised by intra-tubular haemocytic inflammation and secondary bacterial infections that occur around 

the necrotic and sloughed hepatopancreatic tubule cells (Lightner et al. 2012).  Water sources with low 

salinity (<20 ppt) seem to reduce the incidence of the disease, while overfeeding, overstocking, poor seed 

water and feed quality, algal blooms or crashes are risk factors that may lead to AHPND in areas where these 

specific bacterial strains are present (Chamberlain 2013).  In areas where VpAHPND occurs, feeding live 

polychaete worms to broodstock to increase nauplii production is thought to present a significantly increased 

biosecurity risk and a possible source of infection (NACA 2014, Thitamadee et al. 2016). 

Vibrio spp. are ubiquitous in the marine environment, and regions where AHPND is enzootic in farmed 

prawns VpAHPND is widespread and persistent throughout the rearing environment in sediments, on 
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biofilms and associated with invertebrates (Su and Liu 2007, Chamberlain 2013).  Survival of non-host 

associated VpAHPND bacteria in the environment is probably similar to other strains of V. parahaemolyticus 

found in seafood, which can survive as free particles up to 9 days in filtered estuarine water and 18 days in 

filtered seawater (Karunasagar et al. 1987).  There is evidence that VpAHPND virulence is much reduced if 

the bacteria are grown on solid media, or eliminated if subjected to freeze-thaw cycles (Tran 2013, Tran et al. 

2013a, 2013b).  Experimental studies found that AHPND could not be transmitted via frozen infected prawns 

(Tran 2013, Tran et al. 2013a), possibly due to inactivation by freezing, which has been recorded for other 

strains of V. parahaemolyticus with inactivation time depending on bacterial load and freezing temperature 

(Matches et al. 1971, Muntada-Garriga et al. 1995).  Freezing may make VpAHPND avirulent (Tran 2013, 

Tran et al. 2013a) by disrupting pVA1 gene activity, but if the bacterium remains viable these genes may be 

retained and later passed onto subsequent generations of VpAHPND.  Various strains of V. 

parahaemolyticus are also inactivated by heating above 50°C for 10 minutes (Andrews et al. 2000) or 100°C 

for 1 minute (Vanderzant and Nickelson 1972).  While some VpAHPND isolates were sensitive to 

antibiotics in the period of 2010-12, once the bacterial aetiology of the disease became known, wide scale 

uncontrolled use of antibiotics in many Asian production regions caused rapid development of multiple 

antibiotic resistant strains (Tran 2013, Lai et al. 2015, Han et al. 2015, Li et al. 2016).  

5.7.5  Release assessment 

In regions where AHPND is enzootic in farmed penaeids, the prevalence of the disease has approached 

100% in affected farming areas (Tran et al.2013a, 2013b, Thitamadee et al. 2016).  Prevalences in wild 

crustaceans adjacent to areas where AHPND occurs in cultured prawns have not been reported, however it is 

known that VpAHPND persists throughout the rearing environment in sediments, on biofilms and associated 

with invertebrates (Chamberlain 2013, Boonyawiwat et al. 2016, Thitamadee et al. 2016).  While movements 

of live prawns as broodstock and post-larvae are the most likely methods of spreading AHPND to new areas 

(Tran et al. 2013a), movement of polychaetes or other living or chilled aquatic animals destined for feeding 

broodstock prawns also represents a high risk of spreading AHPND (Thitamadee et al. 2016).  Survivors of 

prawn ponds that have experienced AHPND outbreaks are likely to be harvested and enter the commodity 

prawn market.  Under these circumstances, whole green (uncooked) cultured penaeids from areas where 

AHPND occurs could contain large amounts of VpAHPND, not only in smaller prawns that have been 

emergency harvested after suffering AHPND, but also larger prawns of traditional market size. However, 

give the bacterium infects mainly the digestive tract of affected prawns, de-headed and deveined prawns 

would pose a significantly lower risk of transmission than unprocessed prawns (Tran et al. 2013a). 

Despite biosecurity protocols requiring testing of 100% of shipments of frozen green prawns imported into 

Australia for certain diseases, there is no testing for VpAHPND.  It appears that freezing at normal domestic 

and industrial temperatures of -18°C disrupts VpAHPND to levels where it apparently no longer virulent 

(Tran 2013, Tran et al. 2013a), but if the bacterium remains viable the pVA1 plasmid may be retained and 

later passed onto subsequent generations of VpAHPND.  Experiments with other strains of V. 

parahaemolyticus have found the time required to inactivate the bacteria depends on initial bacterial load and 

freezing temperature.  Matches et al. (1971) found a relatively rapid initial log reduction in viable V. 

parahaemolyticus, with 2-6 log reductions within the first 2 to 3 weeks at -18°C.  Similarly, Vanderzant and 

Nickelson (1972) found a large decrease in viability over the first 2 days storage at -18°C, however viable V. 

parahaemolyticus remained after 8 days, while Muntada-Garriga et al. (1995) found that commodities 

contaminated with 105 CFU per gram V. parahaemolyticus needed to be frozen at least 14 weeks at -18°C 
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before all bacteria were inactivated.  Therefore if transit time was less than this, it is possible that viable 

VpAHPND could enter Australia with frozen imported uncooked prawns.  The heat stability of VpAHPND 

has not been reported, however other strains of V. parahaemolyticus are inactivated within 10 minutes at 

50°C (Andrews et al. 2000) or 1 minute at 100°C (Vanderzant and Nickelson 1972), hence normal cooking 

would be expected to eliminate the potential for release of the disease agent into northern Australia. 

While the majority of green imported prawns sold for human consumption are probably used for their 

intended purpose, prawns are a popular bait (Kewagama Research 2002) and it is well known that some 

recreational fishers in Australia use imported prawns purchased from supermarkets as bait, because they are 

cheaper and percieved to be better quality (QLD Government 2006, Fishraider.com.au 2013, Department of 

Agriculture 2015, Fishing Victoria 2016, Biosecurity Queensland 2017). There is evidence that the number 

of people using prawns sold for human consumption as bait is increasing (Kewagama Research 2007, Table 

12).  In December 2016, surveys by Biosecurity Queensland field officers allegedly found 6 groups of fishers 

using imported green prawns purchased from local supermarkets as bait while fishing near WSD infected 

prawn farms on the Logan River (Diggles 2017), while online surveys found over 50% of fishers had used 

imported prawns as bait in the previous 12 months (Biosecurity Queensland 2017).  Other potential 

introduction pathways for exotic diseases into northern Australia include release via aquaculture food, ballast 

water, biofouling of shipping, arrival on floatsam and debris/discarded fishing gear, through release of 

ornamental crustaceans, natural movements of wild fish and shellfish and infrastructure stepping stones.   

Aquaculture feeds that are imported are mainly extruded pelleted feeds with fishmeal and other ingredients 

that are processed and cooked to over 90°C for several minutes during manufacture, which is sufficient to 

inactivate most microorganisms that are sensitive to heat (Torgersen and Hastein 1995, Tacon 2017).  Such 

temperatures are likely to inactivate all VpAHPND in artificially formulated extruded pellets (Andrews et al. 

2000).  It is very likely that live feed organisms such as Artemia, freeze dried Artemia cysts, live rotifers and 

rotifer resting eggs exposed to water containing VpAHPND are able to act as mechanical vectors for the 

bacterium (Thitamadee et al. 2016).  Larval crustaceans taken in with ballast water may also be infected 

(Thitamadee et al. 2016), as could juvenile or adult crustaceans taken in with ballast water or inhabiting sea 

chests on commercial shipping (Coutts and Dodgshun 2007), so it is possible that VpAHPND can be 

introduced via infected hosts translocated in ballast water, or as biofouling on the hulls or sea chests of 

commercial shipping (Appendix 3), commercial fishing boats, recreational fishing boats and other pleasure 

craft.  It is also possible that VpAHPND infected penaeids could naturally colonise floating vectors such as 

artificial flotsam, discarded fishing gear and debris which can make landfall into northern Australia (Wilcox 

et al. 2013, Heersink et al. 2014, Appendix 4).  Crustaceans infected with VpAHPND could also be imported 

as bait carried by foreign fishing vessels, and while live crustaceans for the ornamental industry are not 

permitted entry into Australia (https://www.legislation.gov.au/Series/F2006B01053), there is evidence of 

illegal importation of live ornamental crustaceans (NSW Aquaculture Association 2017).  AHPND is not 

considered to be naturally present in northern Australian waters despite there being suitable conditions for 

establishment, hence the disease appears unlikely to be introduced by natural movements of fish or shellfish.  

Range extension for VpAHPND infected hosts by the process of stepping stone colonisation across natural 

geographic boundaries may also be possible (Bulleri and Airoldi 2005, Glasby et al. 2007, Adams et al. 

2014).  Taking into account the likely propagule pressure experienced via the various introduction pathways, 

the likelihood estimations for the release of VpAHPND into suitable environments in Australian waters via 

the identified risk pathways are listed below for the various IMCRA Bioregions. 

https://www.legislation.gov.au/Series/F2006B01053
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Release assessment for Acute Hepatopancreatic Necrosis Disease (AHPND). 
 

Likelihood of release Pathway Type 

Feature/          

IMCRA region 

AF+ BW BC BP DF FL FBD FBI FMA FMN ISS 

NT Offshore  

1 Timor Transition N L L L VL VL N EL M EL EL 

Gulf of Carpentaria  

25 Northern I Province EL M M M VL VL EL EL 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 I Transition EL M M M VL VL EL EL M EL EL 

27 Northwest I Province EL H H H EL EL EL EL VL N EL 

28 Central W I 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 I Province EL H H H N N EL N EL N N 

41 Northeast I Transition EL M M M EL EL EL N L EL EL 

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

for pathway types:  AF = Aquaculture feed+, BW = Ballast water, BC = Biofouling on commercial shipping, 

BP = Biofouling on pleasure and fishing boats, DF = Discarded/ghost fishing gear, FL = Flotsam/debris, 

FBD = Fishing bait - Domestic, FBI = Fishing bait - Imported, FMA = Fish/shellfish movements – 

Anthropogenic*, FMN = Fish/shellfish movements - Natural, ISS = Infrastructure stepping stones. 

+ 
Negligible for extruded pellets, but includes rotifer cysts and Artemia cysts 

5.7.6  Exposure assessment 

VpAHPND is known to cause disease in Penaeus monodon, but is likely to have low host specificity and 

most of the commercially and ecologically important penaeids in northern Australia are likely to be 

susceptible to infection.  This suggests that VpAHPND released through various pathways (e.g. ballast 

water, hosts carried in biofouling on shipping) could come in contact with many known susceptible species.  

If cultured prawns infected with VpAHPND were emergency harvested, frozen and imported uncooked into 
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Australia, they may harbour high concentrations of VpAHPND.  However, the bacterium is likely to be 

inactivated by freezing depending on bacterial load, freezing temperature and duration (Matches et al. 1971, 

Muntada-Garriga et al. 1995), but if any bacteria remained viable after thawing the pVA1 plasmid may be 

retained and later passed onto subsequent generations of VpAHPND.  In any case, VpAHPND titres would 

be further reduced if headless and de-veined prawns were imported, such that it would appear less likely that 

the disease could be transmitted via frozen infected prawns (Tran 2013, Tran et al. 2013a).  

However, the bacterium could be transported via ballast water (Thitamadee et al. 2016), or with infected 

crustaceans in biofouling or sea chests of shipping.  If susceptible species of wild penaeids in northern 

Australia were exposed via one of the identified pathways, because infection occurs horizontally via 

immersion or per-os, an index case may occur and the bacteria could persist in the population as the 

susceptible species would be unlikely to suffer epizootic mortalities unless they were exposed to significant 

stressors. Given the bacterium is likely to be able to persist free in the water or associated with biofilms for 

several weeks (Karunasagar et al. 1987), it would appear possible that it could become established in the 

environment (Thitamadee et al. 2016), and/or in wild populations of crustaceans or invertebrates such as 

oysters near port facilities.  It is also possible that the virulence plasmid (pVA1) and/or genes for 

antimicrobial resistance could be introduced into the environment via several pathways, then transferred to 

endemic species of Vibrio via acquisition of mobile genetic elements, driving emergence of locally virulent 

bacterial strains (Hazen et al. 2010, Kondo et al. 2015).  Given that various pathways exist to allow 

VpAHPND to enter the Australian environment, and that suitable hosts occur in the wild, the risk of 

exposure and establishment is non-negligible, and the overall likelihood of exposure and establishment of 

VpAHPND in suitable environments in northern Australia is considered to be Moderate.  

5.7.7  Consequence assessment 

In regions where AHPND is enzootic in farmed penaeids, it has caused mortalities up to 100% within the 

first 10 to 30 days of stocking ponds, resulting in unprecedented drops in production of cultured prawns 

(Thitamadee et al. 2016), financial losses of up to $5 billion US per year and high socio-economic impacts 

(Tran et al. 2013a, Chamberlain 2013).  The Australian prawn aquaculture industry is based mainly on 

farming P. monodon, which is highly susceptible to AHPND, hence if VpAHPND was introduced and 

became established in Australia, massive reductions in production would be expected (Thitamadee et al. 

2016).  There are no commercially available methods of control of AHPND (vaccines etc.), and antibiotic 

therapy would not be possible due to legislative requirements, the widespread presence of multiple antibiotic 

resistant strains, and continued threat of antimicrobial use and its detrimental flow on effects to the 

environment and human health through antimicrobial resistance (Tran 2013, Lai et al. 2015, Han et al. 2015, 

Li et al. 2016).  Under Australian economic conditions, the required changes to infrastructure and husbandry 

practices (filtration of water, lining of ponds, carrier and vector exclusion, minimal/zero water exchange 

production cycles, development of SPF or SPR prawns lines, see Lightner 2005, Moss et al. 2012) would 

impart additional production costs that would greatly reduce industry profitability to marginal levels.  The 

reduced profitability would discourage investment in prawn farming in Australia, posing a risk to Australia's 

future food security (Stentiford 2012, Stentiford et al. 2012).  The likely impacts of introduction of AHPND 

on the prawn aquaculture industry in Australia are therefore considered to be extreme.   

Infections of wild crustaceans with AHPND are sub-clinical, and this would aid spread of the disease agent 

throughout the local environment.  Adverse impacts on populations of wild crustaceans would not be 

expected unless they were exposed to environmental stressors such as eutrophication that increased bacterial 
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loads to threshold levels above 1x104 CFU per ml of VpAHPND; i.e. levels which may trigger expression of 

the pVA1 genes and production of the PirA and PirB toxins (Soto-Rodrigues et al. 2015, Lee et al. 2015).  It 

is considered unlikely that environmental conditions in northern Australia could degrade to such a level that 

AHPND could occur in wild populations of crustaceans, but it is possible that oysters and other filter feeding 

molluscs and invertebrates could concentrate the bacterium to high levels (Su and Liu 2007, Chonsin et al. 

2015, Hernandez-Diaz et al. 2015).  Since the VpAHPND strains identified to date do not have genes 

encoding for tdh (thermostable direct hemolysin) or trh (TDH- related hemolysin) enzymes, it is unlikely 

that introduction of VpAHPND would have any direct negative effects on human health, however it could 

transfer genes for antimicrobial resistance to local bacterial strains, thus posing increased human health risk. 

As AHPND is a listed disease agent notifiable to NACA, significant trade implications may follow its 

introduction.  Indeed, establishment of AHPND in a region of northern Australia may require intervention by 

government authorities and disruption to normal trade in crustacean commodies by commercial fisheries and 

crustacean gathering by recreational fishers if attempts were made to try to prevent movements of 

crustaceans to limit potential spread into uninfected areas.  If the disease spread to areas where bait prawns 

were commercially gathered, not only commercial fishers but recreational fisheries could also be disrupted 

due to loss of bait supplies.  Once AHPND is detected, unless it was in an enclosed system there would be no 

chance of eradication.  Taking all of these factors into consideration, even though the environmental and 

human health impacts of introduction of AHPND would be very low, impacts on domestic and international 

trade are both considered to be high, while the impact on the prawn aquaculture industry would be extreme, 

suggesting that the overall consequences of introduction and establishment of AHPND into the environment 

of northern Australia via the identified risk pathways are likely to be High.  

5.7.8  Risk estimation 

The unrestricted risk associated with Acute Hepatopancreatic Necrosis Disease (AHPND) is determined by 

combining the likelihood of release and exposure (from Table 6) with the consequences of establishment 

(Table 7) to arrive at a risk estimation (Table 8, Figure A12 in Appendix 1).  The unrestricted risk estimate 

for Acute Hepatopancreatic Necrosis Disease exceeds the ALOP for several pathways in several bioregions, 

suggesting that additional risk management is required for this disease agent.   
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Risk estimate for Acute Hepatopancreatic Necrosis Disease (AHPND). 

Likelihood of exposure:  Moderate Consequences of establishment:  High 

Risk estimate Pathway Type 

Feature/          

IMCRA region 

AF+ BW BC BP DF FL FBD FBI FMA FMN ISS 

NT Offshore  

1 Timor Transition N M M M L L N VL M VL VL 

Gulf of Carpentaria  

25 Northern I Province VL M M M L L VL VL M VL VL 

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 I Transition VL M M M L L VL VL M VL VL 

27 Northwest I Province VL H H H VL VL VL VL L N VL 

28 Central W I 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 I Province VL H H H N N VL N VL N N 

41 Northeast I Transition VL M M M VL VL VL N M VL VL 

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

for pathway types:  AF = Aquaculture feed+, BW = Ballast water, BC = Biofouling on commercial shipping, 

BP = Biofouling on pleasure and fishing boats, DF = Discarded/ghost fishing gear, FL = Flotsam/debris, 

FBD = Fishing bait - Domestic, FBI = Fishing bait - Imported, FMA = Fish/shellfish movements – 

Anthropogenic*, FMN = Fish/shellfish movements - Natural, ISS = Infrastructure stepping stones. 

+ 
Negligible for extruded pellets, but includes rotifer cysts and Artemia cysts 
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5.8 Necrotizing Hepatopancreatitis (NHP) 

5.8.1  Aetiologic agent:  Necrotizing Hepatopancreatitis (NHP) is caused by Candidatus Hepatobacter 

penaei, a pleomorphic, gram-negative, intracytoplasmic species of α-proteobacteria within the order 

Rickettsiales (see 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 disease of prawns caused by a gram-negative, 

pleomorphic, intracellular alphaproteobacterium classified within the order Rickettsiales (Frelier et al. 1992, 

Lightner et al. 1992, Loy et al. 1996, Gollas-Galvan et al. 2013).  NHP was first reported in Texas the USA 

in 1985 (Frelier et al. 1992, Lightner et al. 1992), where it caused mortalities ranging from 20 to 95% in 

prawn populations not treated with antibiotics (Lightner et al. 1992, Lightner 1996b).  The NHP bacterium 

(NHPB) is considered one of the most important bacterial diseases encountered in prawn culture in the 

Western Hemisphere (Nunan et al. 2008).  Economic losses due to NHP have occurred in several geographic 

areas ranging from the USA, Mexico, Central America and South America (Lightner and Redman 1994, del 

Rio-Rodriguez et al. 2006, Morales-Covarrubias et al. 2011), while the disease agent has also been 

translocated to Thailand, Indonesia (Briggs 2006) and Vietnam2. 

The NHPB infects the hepatopancreas of all size classes of penaeid prawns from postlarvae to adults, and has 

been recorded in populations of both farmed and wild prawns (OIE 2016f).  The bacterium is capable of 

infecting all hepatopancreatic cell types including embryonic (E), resorptive (R), fibrillar (F) and blister-like 

(B) cells (Vincent and Lotz 2005).  Outbreaks of disease have been reported mainly in cultured Penaeus 

vannamei (see Krol et al. 1991), and P. stylirostris (see Lightner and Redman 1994, OIE 2016f), but P. 

aztecus P. setiferus and P. californiensis can also experience mortalities (see Frelier et al. 1994, Lightner 

1996a).  Whether Australian penaeid prawns are susceptible to NHPB infection is unknown, although 

Biosecurity Australia (2009) considered that this was likely to be the case, given the known multispecies 

host-range of NHPB.  Heavily infected prawns exhibit a degenerated hepatopancreas, blackened gills, 

softening of the shell, chromatophore expansion causing pleopod edge darkening, an increase in other 

bacterial infections and epicommensal fouling (Frelier et al. 1992, Lightner and Redman 1994, Vincent et al. 

2004).   

Vincent et al. (2004) experimentally infected P. vannamei by per-os exposure using a 50 mg ration of 

hepatopancreas tissue from a NHPB infected P. vannamei, and reported a pre-patent infection period lasting 

approximately 15 days post-exposure, followed by a period of acute disease and mortality from 16 to 35 days 

post-exposure. Between 35 and 60 days a transition period to chronic disease occurred, with occasional 

mortalities up to 51 days post-infection, but after 60 days post-exposure surviving animals showed no sign of 

                                                   
2 http://library.enaca.org/Health/FieldGuide/pdf/Necrotising%20hepatopancreatitis.pdf  
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infection.  This lead Vincent et al. (2004) to conclude that a carrier state does not exist in NHPB infections, 

and that all infected animals either recover and become PCR negative after 60 days, or die.  However, more 

recent studies using more sensitive qPCR testing methods have shown that at least some members of P. 

vannamei populations that survive NHPB infections and/or epizootics may carry the bacterium for life in 

carrier states (Aranguren et al. 2010), and could potentially pass it on to other populations by horizontal 

transmission (OIE 2016f).  Broodstock prawns with NHPB infections had a significant reduction in 

reproductive output in relation to egg and nauplii counts as well as a reduction in PL-10 survival after stress 

test (Aranguren et al. 2006).  In acute and transition phase disease, pathognomonic lesions are typically 

present in histological sections of the hepatopancreas, while in the initial and chronic phases of the disease, 

there are no pathognomonic lesions, and molecular and antibody-based methods for NHPB detection are 

necessary for diagnosis (OIE 2016f).   

It takes up to 6 days after infection before the NHPB can be detected in the R, F and B cells of the 

hepatopancreas using histology (Vincent and Lotz 2005).   Infection spreads from the proximal to distal 

hepatopancreas tubules, with the distal E-cells first observed harboring NHPB at 19 d post-exposure in lethal 

infections (Vincent and Lotz 2005).  Over the course of an experimental infection of P. vannamei by per-os 

exposure to a 50 mg ration of NHP infected hepatopancreas tissue, real time PCR detected the NHPB at 

between 103 to 107 copies/ mg in the hepatopancreas and between 101 to 105 copies/ mg of faeces, with lethal 

infections containing 106 to 107 copies/mg in the hepatopancreas and 103 to 106 copies/mg of faeces (Vincent 

and Lotz 2005). 

In areas where the NHPB is enzootic in farmed prawns, prevalence can range between 2 and 100% (Frelier et 

al. 1992, Frelier et al. 1993), tending to be less than the prevalence of VpAHPND in areas where both 

pathogens occur (Enriquez-Espinoza et al. 2016).  In contrast, mean prevalences of NHPB in wild prawns 

ranging between 5.6-17% have been recorded for P. duorarum and P. aztecus sampled near prawn farming 

areas in Mexico (Aguirre-Guzman et al. 2010, OIE 2016f).  The NHPB can be transmitted to live prawns by 

per-os exposure to fresh (Vincent et al. 2004) or frozen (Crabtree et al. 2006, Gracia-Valenzuela et al. 2011) 

NHPB infected tissue.  NHPB can remain infectious in chilled (4°C) prawns for up to 2 days (D. Lightner 

pers comm., cited in Biosecurity Australia 2009) but does not survive in prawn carcasses held at ambient 

temperature for 2 months (Frelier et al. 1993).  Previously it was thought that NHPB did not survive 

conventional freezing at -20°C (Biosecurity Australia 2009) and that specialized flash freezing techniques to 

–80°C were required to maintain infectivity (Crabtree et al. 2006).  However, more recent studies suggest 

that the NHPB can survive freezing at -20°C for up to 14 months if a conventional cryoprotectant is used 

(Gracia-Valenzuela et al. 2011).  Indeed the OIE now state that NHPB-infected tissues frozen at –20°C –

70°C and –80°C may remain infectious after repeated cycles of freeze–thawing (OIE 2016f), while Gollas-

Galvan et al. (2013) suggested that under appropriate storage conditions the NHPB may remain viable for up 

to 3 years at -80°C.    

Natural transmission of NHPB is thought to occur per-os, by cannibalism (Frelier et al. 1994, Vincent et al. 

2004), although cohabitation and dissemination of NHPB via the water column and host faeces may also 

play a role (Frelier et al. 1994, Vincent and Lotz 2005, Aranguren et al. 2010).  Waterborne NHPB would be 

expected to survive for a short period as a free-living bacterium (Biosecurity Australia 2009), however as the 

NHPB is probably an obligate intracellular bacterium, this suggests that vectors would be required to 

maintain the disease agent in the environment when prawns are absent.  As the NHPB has been detected in 
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zooplankton and benthic algae, these may act as vectors and its detection in prawn eggs suggests that vertical 

transmission may also be possible (Gollas-Galvan et al. 2013).  Infection of epicommensal ciliates in the 

water column may also form part of this bacterium’s life cycle (Vincent and Lotz 2007).  Outbreaks of NHP 

are often preceded by prolonged periods of high water temperature (approximately 30°C) and salinity (up to 

40 ppt) (Frelier et al. 1992, Frelier et al. 1993, Lightner and Redman 1994), however this may be due to host 

stress as while the disease agent can be transmitted between 10 ppt and 40 ppt, it is most readily transmitted 

between 20 and 30 ppt (Vincent and Lotz 2007).  Treatment with oxytetracycline-medicated feeds has been 

demonstrated to be efficacious with early diagnosis critical to successful control (Lightner 1996a).  

5.8.5  Release assessment 

In regions where NHP occurs in farmed penaeids, prevalence of the NHPB can range between 2 and 100% 

(Frelier et al. 1992, Frelier et al. 1993, Enriquez-Espinoza et al. 2016), while prevalences in wild penaeids 

adjacent to areas where the NHPB occurs in cultured prawns of between 5.6-17%  have been recorded 

(Aguirre-Guzman et al. 2010, OIE 2016f).  It is likely that the bacterium persists in the rearing environment 

associated with penaeid hosts and potentially other invertebrate vectors such as ciliates and zooplankton 

(Vincent and Lotz 2007, Gollas-Galvan et al. 2013).  Survivors in prawn ponds that have experienced NHP 

outbreaks are likely to remain infected (Aranguren et al. 2010), be harvested and enter the commodity prawn 

market.  Under these circumstances, whole green (uncooked) cultured penaeids from areas where NHP 

occurs could contain large amounts of the NHPB, not only in smaller prawns that have been emergency 

harvested after suffering NHP, but also larger prawns of traditional market size.  However, given the 

bacterium infects only the hepatopancreas and digestive system of affected prawns, de-headed and deveined 

prawns would pose a significantly lower risk of transmission compared to unprocessed prawns. 

Despite biosecurity protocols requiring testing of 100% of shipments of frozen green prawns imported into 

Australia for certain diseases, there is no testing for the NHPB.  Previously it was thought that NHPB did not 

survive conventional freezing at -20°C (Biosecurity Australia 2009), however, more recent studies suggest 

that the NHPB can survive freezing at -20°C for up to 14 months if conventional cryoprotectants are used 

(Gracia-Valenzuela et al. 2011).  Indeed, the OIE now states that NHPB-infected tissues frozen at –20°C, –

70°C and –80°C may remain infectious after repeated cycles of freeze–thawing (OIE 2016f).  Therefore, it 

appears possible that viable NHPB could enter Australia with frozen imported uncooked prawns.  The heat 

stability of the NHPB has not been reported, however other bacteria and most microorganisms are 

inactivated by heat (Torgersen and Hastein 1995), hence normal cooking would be expected to eliminate the 

potential for release of the disease agent into northern Australia. 

While the majority of green imported prawns sold for human consumption are probably used for their 

intended purpose, prawns are a popular bait (Kewagama Research 2002) and it is well known that some 

recreational fishers in Australia use imported prawns purchased from supermarkets as bait, because they are 

cheaper and percieved to be better quality (QLD Government 2006, Fishraider.com.au 2013, Department of 

Agriculture 2015, Fishing Victoria 2016, Biosecurity Queensland 2017). There is evidence that the number 

of people using prawns sold for human consumption as bait is increasing (Kewagama Research 2007, Table 

12).  Indeed, in December 2016, surveys by Biosecurity Queensland field officers allegedly found 6 groups 

of fishers using imported green prawns purchased from local supermarkets as bait while fishing near WSD 

infected prawn farms on the Logan River (Diggles 2017), while online surveys found over 50% of 
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recreational fishers had used imported prawns as bait in the previous 12 months (Biosecurity Queensland 

2017).  Other potential introduction pathways for exotic diseases into northern Australia include release via 

aquaculture food, ballast water, biofouling of shipping, arrival on floatsam and debris/discarded fishing gear, 

through release of ornamental crustaceans, natural movements of wild fish and shellfish and infrastructure 

stepping stones.   

Aquaculture feeds that are imported are mainly extruded pelleted feeds with fishmeal and other ingredients 

that are processed and cooked to over 90°C for several minutes during manufacture, which is sufficient to 

inactivate most microorganisms that are sensitive to heat (Torgersen and Hastein 1995, Tacon 2017).  Such 

temperatures are likely to inactivate any NHPB in artificially formulated extruded pellets.  Given that the 

NHPB can be detected in invertebrate vectors such as ciliates and zooplankton (Vincent and Lotz 2007, 

Gollas-Galvan et al. 2013), it is also very likely that live feed organisms such as Artemia, freeze dried 

Artemia cysts, live rotifers and rotifer resting eggs exposed to water containing NHPB are able to act as 

mechanical vectors for the bacterium.  Because the NHPB infects all life stages of penaeids (OIE 2016f), 

larval crustaceans taken in with ballast water may also be infected, as could juvenile or adult crustaceans 

taken in with ballast water or inhabiting sea chests on commercial shipping (Coutts and Dodgshun 2007), so 

it is possible that the NHPB can be introduced via infected hosts translocated in ballast water, or as 

biofouling on the hulls or sea chests of commercial shipping (Appendix 3), commercial fishing boats, 

recreational fishing boats and other pleasure craft.  

It is also possible that NHPB infected penaeids could naturally colonise floating vectors such as artificial 

flotsam, discarded fishing gear and debris which can make landfall into northern Australia (Wilcox et al. 

2013, Heersink et al. 2014, Appendix 4).  Live crustaceans for the ornamental industry should  not represent 

a risk of release of the NHPB as they are not permitted entry into Australia 

(https://www.legislation.gov.au/Series/F2006B01053), however there is evidence of illegal importation of 

live ornamental crustaceans (NSW Aquaculture Association 2017).  Crustaceans infected with the NHPB 

could also be imported as bait carried by foreign fishing vessels.  The NHPB is not considered to be naturally 

present in northern Australian waters despite there being suitable conditions for establishment, hence the 

disease appears unlikely to be introduced by natural movements of fish or shellfish.  Range extension for 

NHPB infected hosts by the process of stepping stone colonisation across natural geographic boundaries may 

also be possible (Bulleri and Airoldi 2005, Glasby et al. 2007, Adams et al. 2014).  Taking into account the 

likely propagule pressure experienced via the various introduction pathways, the likelihood estimations for 

the release of the NHPB into suitable environments in Australian waters via the identified risk pathways are 

listed below for the various IMCRA Bioregions. 

 

https://www.legislation.gov.au/Series/F2006B01053
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Release assessment for Necrotizing Hepatopancreatitis (NHP). 

 

Likelihood of release Pathway Type 

Feature/          

IMCRA region 

AF+ BW BC BP DF FL FBD FBI FMA FMN ISS 

NT Offshore  

1 Timor Transition N L L L EL EL N VL M EL EL 

Gulf of Carpentaria  

25 Northern I Province EL M M M EL EL EL VL 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 I Transition EL L L L EL EL EL VL M EL EL 

27 Northwest I Province EL M M M EL EL EL VL VL N EL 

28 Central W I 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 I Province EL M M M N N EL N EL N N 

41 Northeast I Transition EL L L L EL EL EL N M EL EL 

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

for pathway types:  AF = Aquaculture feed+, BW = Ballast water, BC = Biofouling on commercial shipping, 

BP = Biofouling on pleasure and fishing boats, DF = Discarded/ghost fishing gear, FL = Flotsam/debris, 

FBD = Fishing bait - Domestic, FBI = Fishing bait - Imported, FMA = Fish/shellfish movements – 

Anthropogenic, FMN = Fish/shellfish movements - Natural, ISS = Infrastructure stepping stones. 
+ 

Negligible for extruded pellets, but includes rotifer cysts and Artemia cysts 

5.8.6  Exposure assessment 

Outbreaks of NHP have been reported in cultured Penaeus vannamei and P. stylirostris (see Lightner and 

Redman 1994, OIE 2016f), but other penaeids are also susceptible to infection (Frelier et al. 1994, Lightner 

1996a), including species of penaeids in northern Australia (Biosecurity Australia 2009).  This suggests that 

NHPB released through various pathways (e.g. ballast water, hosts carried in biofouling on shipping) could 

come in contact with susceptible species.  If cultured prawns with NHP were emergency harvested, frozen 
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and imported uncooked into Australia, they may harbour high bacterial loads, and the bacterium can survive 

several freeze thaw cycles (OIE 2016f).  However, NHPB titres would be greatly reduced if headless and de-

veined prawns were imported, making it unlikely that the disease could be successfully transmitted via 

frozen infected prawns processed in this manner. The bacterium could, however, be transported to Australia 

in live infected hosts via ballast water or with infected crustaceans 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 Australia were exposed via one of the identified pathways, 

an index case may occur and the bacteria could persist in the population, as wild penaeids would be unlikely 

to suffer epizootic mortalities unless they were exposed to significant stressors. The bacterium can persist 

free in the water only for a short time, but since NHPB has been detected in zooplankton (Gollas-Galvan et 

al. 2013) and epicommensal ciliates (Vincent and Lotz 2007), these may act as reservoirs and vectors which 

could increase the chances of establishment in wild populations of crustaceans (Aguirre-Guzman et al. 2010, 

OIE 2016f).  Given that various pathways exist to allow the NHPB to enter the Australian environment, and 

that suitable hosts are likely to occur in the wild, the risk of exposure and establishment is non-negligible.  

However, because it is an obligate intracellular bacterium, the likelihood of the NHPB surviving in the 

environment is lower than for other bacteria such as VpAHPND, hence the overall likelihood of exposure 

and establishment of the NHPB in suitable environments in northern Australia is considered to be Low.  

5.8.7  Consequence assessment 

In regions where NHP occurs in farmed penaeids, it has caused mortalities between 20 to 95% (Lightner et 

al. 1992, Lightner 1996b).  The Australian prawn aquaculture industry is based mainly on farming P. 

monodon, which is thought to be susceptible to the NHPB (Biosecurity Australia 2009), hence establishment 

of the NHPB in Australia would represent a significant ongoing obstacle to competitiveness and profitability 

of the Australian prawn aquaculture industry.  NHP disease can be controlled with antibiotics (Lightner 

1996a), but their use imparts significant additional costs to production as well as detrimental flow on effects 

to the environment and human health by encouraging development of antibiotic resistant bacterial strains 

(Gollas-Galvan et al. 2013).  Because of these reasons, antibiotic therapy would not be a realistic ongoing 

option in Australia.  Under Australian economic conditions, any required changes to infrastructure and 

husbandry practices (filtration of water, lining of ponds, carrier and vector exclusion, minimal/zero water 

exchange production cycles, development of SPF or SPR prawns lines, see Lightner 2005, Moss et al. 2012) 

would impart additional production costs that would greatly reduce industry profitability to marginal levels.  

The reduced profitability would discourage investment in prawn farming in Australia, posing a risk to 

Australia's future food security (Stentiford 2012, Stentiford et al. 2012).  The likely impacts of introduction 

of the NHPB on the prawn aquaculture industry in Australia are therefore considered to be high.   

Infections of wild crustaceans with the NHPB are sub-clinical, and adverse impacts on populations of wild 

crustaceans have not been recorded overseas in areas where the NHPB has become endemic, however, 

populations that survive NHPB infections may carry the bacterium for life (Aranguren et al. 2010), and could 

pass it on to other populations by horizontal transmission (OIE 2016f).  Broodstock prawns with NHPB 

infections also exhibited significant reductions in reproductive output and survival of post larvae after stress 

tests (Aranguren et al. 2006), suggesting that the presence of the NHPB in prawn populations could reduce 

population resilience, especially in populations of wild crustaceans adversely affected by environmental 

stressors, possibly resulting in “silent mortalities” (Behringer 2012, Stentiford et al. 2012, Shields 2012).  
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Furthermore, any absence of evidence of impacts on populations of wild crustaceans in areas where NHPB 

has been introduced overseas is not evidence of likely absence of such impacts in Australia, as impacts of 

new diseases in wild populations of crustaceans are likely to go unnoticed in countries without proper 

baseline ecological data (Shields 2012) and effective fisheries management.  As effects of disease in wild 

populations vary greatly due to factors such as environmental characteristics, host susceptibility and host 

densities (Burge et al. 2016), it is possible that impacts of disease introduction into Australia would be more 

severe due to our unique environment, isolated fauna and effective environmental and fisheries management 

arrangements that tend to keep host population levels relatively high.  Any adverse effects could result in 

ecological harm to aquatic environments, potentially resulting in significant cultural and socio-economic 

harm to regional communities in northern Australia and elsewhere in the country. 

As NHP is a listed disease notifiable to the OIE and NACA, significant trade implications would follow its 

introduction into Australia.  Indeed, establishment of the NHPB in a region of northern Australia would 

necessitate intervention by government authorities and disruption to normal trade in crustacean commodies 

by commercial fisheries and crustacean gathering by recreational fishers if attempts were made to try to 

prevent movements of crustaceans to limit potential spread into uninfected areas.  If the disease spread to 

areas where bait prawns were commercially gathered, not only commercial fishers but recreational fisheries 

could be disrupted due to loss of bait supplies.  Certainly, if the introduction of the NHPB is detected early 

enough, there is a chance that eradication can be achieved (Biosecurity Australia 2009), although eradication 

programs are expensive, especially if a subsequent declaration of freedom from the disease is required, as 

extensive surveys would need to be undertaken.  Taking all of these factors into consideration, even though 

the environmental impacts of introduction of the NHPB are difficult to determine, impacts on domestic and 

international trade are both considered to be high, while the impact on the prawn aquaculture industry would 

also be high, suggesting that the overall consequences of introduction and establishment of the NHPB into 

the environment of northern Australia via the identified risk pathways are likely to be Moderate.  

5.8.8  Risk estimation 

The unrestricted risk associated with Necrotizing Hepatopancreatitis (NHP) is determined by combining the 

likelihood of release and exposure (from Table 6) with the consequences of establishment (Table 7) to arrive 

at a risk estimation (Table 8, Figure A13 in Appendix 1).  The unrestricted risk estimate for NHP exceeds the 

ALOP for several pathways in several bioregions, suggesting that additional risk management is required for 

this disease agent.   
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Risk estimate for Necrotizing Hepatopancreatitis (NHP). 

Likelihood of exposure:  Low Consequences of establishment:  Moderate 

Risk estimate Pathway Type 

Feature/          

IMCRA region 

AF+ BW BC BP DF FL FBD FBI FMA FMN ISS 

NT Offshore  

1 Timor Transition N VL VL VL EL EL N VL L EL EL 

Gulf of Carpentaria  

25 Northern I Province EL L L L EL EL EL VL L EL 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 I Transition EL VL VL VL EL EL EL VL L EL EL 

27 Northwest I Province EL L L L EL EL EL VL VL N EL 

28 Central W I 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 I Province EL L L L N N EL N EL N N 

41 Northeast I Transition EL VL VL VL EL EL EL N L EL EL 

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

for pathway types:  AF = Aquaculture feed+, BW = Ballast water, BC = Biofouling on commercial shipping, 

BP = Biofouling on pleasure and fishing boats, DF = Discarded/ghost fishing gear, FL = Flotsam/debris, 

FBD = Fishing bait - Domestic, FBI = Fishing bait - Imported, FMA = Fish/shellfish movements – 

Anthropogenic*, FMN = Fish/shellfish movements - Natural, ISS = Infrastructure stepping stones. 

+ 
Negligible for extruded pellets, but includes rotifer cysts and Artemia cysts 
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5.9 Infection with Enterocytozoon hepatopenaei (EHP) 

5.9.1  Aetiologic agent:  Also known as hepatopancreatic microsporidosis, this disease is caused by infection 

with Enterocytozoon hepatopenai (EHP), a microsporidian parasite classified within the family 

Enterocytozoonidae (Tourtip et al. 2009).  

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

Zoonotic: Unlikely, however potential susceptibility of humans to infection by Microsporidia across the 

phylum appears to be significant (Stentiford et al. 2016). 

5.9.3  Australias status:  Not recorded.  Considered exotic.  Morphologically similar microsporidians have 

been reported to cause mortalities in Kuruma prawns (Penaeus japonicus) in Queensland (Hudson et al. 

2001), however the taxonomic affinities of that microsporidian have not been determined. 

5.9.4  Epizootiology 

Microsporidians are obligate intracellular parasites known to infect a wide variety of eukaryotic hosts, 

including arthropods, fish, and mammals (Lom and Dykova 1992).  The microsporidian parasite 

Enterocytozoon hepatopenai (EHP) was first observed in Penaeus monodon in Thailand in 2003 

(Chayaburakul et al. 2004, Tourtip et al. 2009, ENACA 2015).  The parasite infects and replicates mainly 

within the cytoplasm of epithelial cells of the hepatopancreas and midgut of post larval or juvenile prawns, 

causing growth retardation, poor food conversion ratios, highly variable sizes of individual prawns at 

harvest, and disease in mixed infections with other pathogens, resulting in significant economic losses in 

cultured prawns in Asia (Santhoshkumar et al. 2016, Tang et al. 2016).  In recent years reports of EHP have 

spread through many countries in Asia farming Penaeus vannamei, including Thailand, China, Vietnam, 

Malaysia, Indonesia and India, as well as in P. stylirostris farmed in Brunei and P. merguiensis in India 

(Sritunyalucksana et al. 2014, Tang et al. 2015, 2016, Biju et al. 2016, Otta et al. 2016, Rajendran et al. 2016, 

Han et al. 2016, Kesavan et al. 2016, Aranguren et al. 2017).  Molecular phylogenetic analysis places 

Enterocytozoon hepatopenaei within the family Enterocytozoonidae, most closely related to Enterospora 

nucleophila which infects the intestinal epithelium causing stunted growth of the teleost Sparus aurata in 

Spain (Palenzuela et al. 2014), Enterospora canceri which infects the hepatopancreas of the European edible 

crab (Cancer pagurus) in the UK (Stentiford et al. 2007) and Enterocytozoon bieneusi which infects the 

intestinal epithelium causing diarrhoea and disease not only in humans, but also pigs and a range of other 

mammals and birds (Snowden 2004, Mathis et al. 2005).  The close relationship between this group of 

invertebrate parasites and the mammalian pathogen E. bieneusi within the family Enterocytozoonidae raises 

interesting questions about their evolutionary relationships and the potential role of invertebrates as a source 

of zoonotic infections (Snowden 2004, Stentiford et al. 2011, Stentiford et al. 2016).  

Enterocytozoon hepatopenaei was originally detected in the hepatopancreas of cultured P. monodon and was 

associated with slow growth syndromes of mixed aetiology (Tourtip et al. 2009), however increasingly 

intensive farming of Penaeus vannamei in Asia has led to host-switching of EHP to P. vannamei, with 

accompanying high prevalence and high-intensity infections being observed, often in mixed infections with 
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VpAHPND as part of early mortality syndrome (Stentiford et al. 2016).  Indeed, recent experimental data 

suggests that infection with EHP is a significant risk factor for the development of both AHPND and septic 

hepatopancreatic necrosis (SHPN) (Aranguren et al. 2017), while field data in India suggests that co-

infection with EHP and other pathogens may result in synergistic effects resulting in mass mortalities and 

complete crop losses (Kesavan et al. 2016).  The presence of EHP in poorly performing prawns is often (but 

not always) associated with white coloured faeces composed almost completely of massive quantities of 

microsporidian spores in faecal casts which also contain sloughed hepatopancreas tubules (Tang et al. 2016, 

Rajendran et al. 2016, but see Tangprasittipap et al. 2013).  In prawns naturally infected with EHP, 

pathological changes are mainly detected in the hepatopancreas and midgut, however the parasite can be 

detected in many other organs using PCR, including the heart, haemolymph, gills and to a lesser extent the 

muscle of the abdomen and tail (Santhoshkumar et al. 2016).  In severe infections, 75% or more of 

hepatopancreas tubules may be affected (Salachan et al. 2017), resulting in loss of digestive capability and 

cessation of growth.  Studies of the efficiacy of the drug Fumagillin-B found that it was ineffective for 

reducing or eliminating EHP infections (Tang et al. 2016).  

The life-cycles of many microsporidians affecting crustaceans are indirect (Breed and Olson 1977, Flegel et 

al. 1992, Herbert 1988, Edgerton et al. 2002), however experiments have shown that EHP stages in infected 

hepatopancreas or voided through the faeces are infective to other prawns via the per-os route and by co-

habitation without the need for intermediate hosts or other vectors, while in production ponds, EHP is readily 

transmitted horizontally among prawns through cannibalism or cohabitation (Tang et al. 2016, Salachan et al. 

2017).  Even so, Salachan et al. (2017) noted that exposure to purified EHP spores failed to induce infections 

by bath exposure, when added to prawn feed or when administered by reverse gavage.  This could suggest 

that some examples of direct transmission via per-os routes in EHP may be due to exposure to and/or 

consumption of presporogenic stages, rather than through direct exposure to the spores themselves (Langdon 

and Thorne 1992).  Hence, it still remains possible that an alternate life cycle involving intermediate or 

transport hosts susceptible to infection by spores also takes place for EHP, as it does for many other 

microsporidians (Langdon and Thorne 1992).   

In tissue sections from EHP infected prawns that are stained with hematoxylin and eosin, hepatopancreas 

tubule epithelial cells show the presence of numerous cytoplasmic, basophilic inclusions (microsporidian 

sporocysts) containing clusters of elliptical to somewhat ovoid spores of 1.1 x 0.6-0.7 µm in dimension, with 

free spores released from lysed cells sometimes being seen in the tubule lumens (Tourtip et al. 2009).  As the 

spores of microsporidians are resistant and can persist in the environment for long periods (Amigo et al. 

1996, Li et al. 2003), their presence in high stocking density prawn ponds under conditions where hosts are 

readily available, increases the risk of emergence of virulent strains as there are no selection pressures 

against increased virulence (Tang et al. 2016).  Furthermore, EHP spores and presporogenic stages can be 

accumulated by numerous potential vectors including polychaetes and live feed organisms including bivalves 

(Sritunyalucksana et al. 2014).  For example, Han et al. (2016) detected E. hepatopenaei in 4 out of 9 

samples of frozen Artemia biomass.  It is thought that the presence of EHP in production ponds utilising SPF 

post-larvae indicates that EHP infections occur after the ponds were stocked, suggesting disease transmission 

from resistant spores or unknown reservoir species that may act as vectors (Tangprasittipap et al. 2013).  

Because some microsporidian infections of crustaceans have multihost lifecycles that include insect or 

copepod intermediate hosts that act as spore activating vectors (Langdon and Thorne 1992, Edgerton et al. 

2002), it is possible that an alternative life cycle may also occur in the case of EHP.  Indeed, the life cycles of 
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microsporidians that infect crustaceans are so poorly understood, the possibility remains that life cycles may 

differ greatly even between closely related species (Edgerton et al. 2002).   

In Australia, infections by microsporidians other than EHP have been recorded throughout the country in a 

wide variety of crustacean species (O’Donoghue and Adlard 2000), including penaeid prawns, (Penaeus 

monodon, Penaeus esculentus, Penaeus semisulcatus, Penaeus merguiensis, Melicertus latisulcatus, Penaeus 

spp.), freshwater prawns (Macrobrachium spp.), freshwater crayfish (Cherax destructor, Cherax 

quadricarinatus, Cherax tenuimanus, C. cainii, Cherax spp.), crabs (Portunus pelagicus) and lobsters 

(Panulirus cygnus, Panulirus spp.).  Several species of endemic microsporidians have been identified, 

including Vavraia parastacida (see Langdon 1991, Langdon and Thorne 1992), Thelohania spp. (see Herbert 

1988, Shields 1992, Jones and Lawrence 2001), Thelohania montirivulorum (see Moody et al. 2003a), T. 

parastaci (see Jones and Lawrence 2001, Moody et al. 2003c), Vairimorpha cheracis (see Moody et al. 

2003b) and others.  Prevalence of infection of wild prawns can be quite low, with Ameson spp. occurring in 

0.1% of prawns from northern Australia (Owens and Glazebrook 1988) and at similarly low prevalences in 

P. pelagicus in Moreton Bay (Shields and Wood 1993), while prevalence of microsporidosis in crayfish can 

be higher, with Herbert (1988) finding Thelohania spp. at a prevalence of 7.8% in C. quadricarinatus.  These 

parasites appear to occur in a range of environments throughout the country, however the extent of the 

distributions of the various species of microsporidian parasites of crustaceans remains largely unknown.  The 

identity of a microsporidian infecting the hepatopancreas causing mortalities in 7 day old post larvae of 

Penaeus japonicus in a hatchery in Queensland in 1997 was not determined at the time (Hudson et al. 2001).  

However, given the parasite of P. japonicus was associated with significant mortalities, while E. 

hepatopenaei infections alone tend not to cause mortality in infected prawns (Santhoshkumar et al. 2016, 

Tang et al. 2016, Aranguren et al. 2017), it appears unlikely to be E. hepatopenaei and the identity of the 

parasite of P. japonicus remains to be elucidated.  

5.9.5  Release assessment 

In regions where EHP occurs in farmed penaeids, prevalence of E. hepatopenaei in hatcheries and 

production ponds can exceed 60% (Biju et al. 2016, Kesavan et al. 2016).  Contamination of PL supplies and 

poor biosecurity have lead to rapid spread of EHP prior to development and widespread use of effective 

diagnostic methods (Sritunyalucksana et al. 2014, Tang et al. 2015, Jaroenlak et al. 2016), and there is now 

evidence the disease agent is widespread throughout all major prawn producing countries in Asia 

(Sritunyalucksana et al. 2014, Thitamadee et al. 2016, Tang et al. 2016).  Prevalence of the disease agent in 

wild penaeids adjacent to areas where EHP occurs in cultured prawns has apparently not been published.  

However, it is likely that the disease agent can persist in the rearing environment associated with penaeid 

hosts and potentially other invertebrate vectors such as copepods, polychaetes and filter feeding bivalves 

(Tangprasittipap et al. 2013, Sritunyalucksana et al. 2014, Otta et al. 2016).  Survivors of prawn ponds that 

have experienced EHP outbreaks are likely to remain infected, survive and be harvested, however severely 

growth retarded prawns would be too small to enter the commodity prawn market.  Nevertherless, lightly 

infected prawns may reach marketable size and under these circumstances, whole green (uncooked) cultured 

penaeids from areas where EHP occurs could contain significant quantities of E. hepatopenaei.  Given the 

disease agent infects mainly the hepatopancreas and digestive system of affected prawns, de-headed and 

deveined prawns would pose a significantly lower risk of transmission than unprocessed prawns, however 

some risk would remain due to infection of the muscle of the abdomen and tail (Santhoshkumar et al. 2016).  
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Despite biosecurity protocols requiring testing of 100% of shipments of frozen green prawns imported into 

Australia for certain diseases, there is no testing for EHP.  The likelihood of release would therefore depend 

on the ability of infective stages to remain viable during transport and storage to Australia.  It is known that 

microsporidian spores can remain viable in the natural environment for months to years.  For example, 

spores of Loma salmonae remained viable when stored in freshwater or seawater at 4°C for up to 95 days 

(Shaw et al. 2000), and spores of Glugea stephani remained viable after 17 months at 5°C (Amigo et al. 

1996).  However, the tolerance of EHP to freezing has not been published, and a review of the literature 

finds that the viability of microsporidian spores after freezing varies widely, depending on the species 

studied and freezing methods.  For example, Amigo et al. (1996) found 3.6% of spores of G. stephani (a fish 

parasite) remained infective after being frozen at -19°C for 24 hours, while Overstreet and Whatley (1975) 

found that spores of Ameson michaelis from blue crabs survived 67 days freezing at -22°C.  Infectivity of 

Nosema apis spores in bees held at -20°C for 24 hours was not significantly different from that of fresh 

spores (Bailey 1972), while spores of 31 microsporidian species in water held in liquid nitrogen for 2–25 

years remained infective for insect hosts (Maddox and Solter 1996).  However, in contrast, Li and Fayer 

(2006) found the spores of 3 species of Encephalitozoon were 100% inactivated by storing them in buffered 

culture medium at -20°C for between 2 hours (E. cuniculi), and 24 hours (E. intestinalis and E. hellem).  So 

sensitivity to freezing for microsporidian spores is not universal, hence it remains to be seen whether EHP 

spores will survive freezing.  

The sensitivity to heat for EHP is also not known.  However it is known that other microsporidian spores are 

inactivated by heat, for example Li and Fayer (2006) found the spores of 3 species of Encephalitozoon were 

100% inactivated by 100°C for 1 minute (E. cuciculi), 100°C for 5 minutes (E. intestinalis) or 100°C for 10 

minutes (E. hellem).  Given these data and the fact that the majority of microorganisms are inactivated by 

heat (Torgersen and Hastein 1995), it appears highly likely that spores of EHP would be inactivated by 

cooking or boiling prawn products, eliminating the potential for release of the disease agent into northern 

Australia. 

While the majority of green imported prawns sold for human consumption are probably used for their 

intended purpose, prawns are a popular bait (Kewagama Research 2002) and it is well known that some 

recreational fishers in Australia use imported prawns purchased from supermarkets as bait, because they are 

cheaper and percieved to be better quality (QLD Government 2006, Fishraider.com.au 2013, Department of 

Agriculture 2015, Fishing Victoria 2016, Biosecurity Queensland 2017).  There is evidence that the number 

of people using prawns sold for human consumption as bait is increasing (Kewagama Research 2007, Table 

12).  Indeed, in December 2016, surveys by Biosecurity Queensland field officers allegedly found 6 groups 

of fishers using imported green prawns purchased from local supermarkets as bait while fishing near WSD 

infected prawn farms on the Logan River (Diggles 2017), while online surveys found over 50% of 

recreational fishers had used imported prawns as bait in the previous 12 months (Biosecurity Queensland 

2017). Release of imported crustacean products sold for human consumption and diverted to bait is one form 

of anthropogenic translocation of fish and shellfish.  The other potential introduction pathways for exotic 

diseases into northern Australia include release via aquaculture food, ballast water, biofouling of shipping, 

arrival on floatsam and debris/discarded fishing gear, through release of ornamental crustaceans, natural 

movements of wild fish and shellfish and infrastructure stepping stones.   
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Aquaculture feeds that are imported are mainly extruded pelleted feeds with fishmeal and other ingredients 

that are processed and cooked to over 90°C for several minutes during manufacture, which is sufficient to 

inactivate most microorganisms that are sensitive to heat (Torgersen and Hastein 1995, Tacon 2017).  Such 

temperatures are likely to inactivate any EHP in artificially formulated extruded pellets.  Given that EHP can 

be detected in vectors such as Artemia and polychaetes (Tangprasittipap et al. 2013, Sritunyalucksana et al. 

2014, Han et al. 2016, Otta et al. 2016), it is very likely that live feed organisms exposed to water containing 

EHP are able to act as mechanical vectors for this disease agent.  Because the EHP infects post larval and 

juvenile penaeids, if infected individuals were taken in with ballast water, they could be translocated into 

new areas, as could juvenile or adult penaeids inhabiting sea chests on commercial shipping (Coutts and 

Dodgshun 2007).  So it appears possible that the EHP can be introduced via infected hosts translocated in 

ballast water, or as biofouling on the hulls or sea chests of commercial shipping (Appendix 3), commercial 

fishing boats, recreational fishing boats and other pleasure craft.  Indeed, the microsporidian Hepatospora 

eriocheir, another member of the Enterocytozoonidae infecting the hepatopancreas the Chinese mitten crab 

(Eriocheir sinensis), was first described in China in 2007 (Wang and Chen 2007), where it causes significant 

disease in cultured E. sinensis (see Ding et al. 2016).  However, the same parasite was also found at 

prevalences of around 70% in introduced populations of E. sinensis sampled from the Thames River in the 

UK (Stentiford et al. 2011).  It is thought that E. sinensis was introduced into Western Europe in the early 

20th century, most likely via a ballast water introduction, with the microsporidian most likely being 

introduced at the same time (Stentiford et al. 2011).  These data suggest that it is possible for 

microsporidians such as Enterocytozoon hepatopenaei to be translocated via ballast water.   

It is also possible that EHP infected penaeids could naturally colonise floating vectors such as artificial 

flotsam, discarded fishing gear and debris which can make landfall into northern Australia (Wilcox et al. 

2013, Heersink et al. 2014, Appendix 4).  Live crustaceans for the ornamental industry should  not represent 

a risk of release of the EHP as they are not permitted entry into Australia 

(https://www.legislation.gov.au/Series/F2006B01053), however there is evidence of illegal importation of 

live ornamental crustaceans (NSW Aquaculture Association 2017).  Crustaceans infected with the EHP 

could also be imported as bait carried by foreign fishing vessels.  Enterocytozoon hepatopenaei is not 

considered to be naturally present in northern Australian waters, although a range of similar microsporidians 

occur in the region (Hudson et al. 2001), so it appears unlikely that the disease agent could be introduced by 

natural movements of fish or shellfish.  However, range extension for EHP infected hosts by the process of 

stepping stone colonisation across natural geographic boundaries may also be possible (Bulleri and Airoldi 

2005, Glasby et al. 2007, Adams et al. 2014).  Taking into account the likely propagule pressure experienced 

via the various introduction pathways, the likelihood estimations for the release of the NHPB into suitable 

environments in Australian waters via the identified risk pathways are listed below for the various IMCRA 

Bioregions. 

 

https://www.legislation.gov.au/Series/F2006B01053


 

_________________________________________________________________________________________________________________________________________________________________________________ 

 

    
 

120

 
    

 
  www.digsfish.com 

Release assessment for infection with Enterocytozoon hepatopenaei (EHP). 

 

Likelihood of release Pathway Type 

Feature/          

IMCRA region 

AF+ BW BC BP DF FL FBD FBI FMA FMN ISS 

NT Offshore  

1 Timor Transition N L L L VL VL N EL M EL EL 

Gulf of Carpentaria  

25 Northern I Province EL M M M VL VL EL EL 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 I Transition EL M M M VL VL EL EL M EL EL 

27 Northwest I Province EL H H H EL EL EL EL VL N EL 

28 Central W I 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 I Province EL H H H N N EL N EL N N 

41 Northeast I Transition EL M M M EL EL EL N L EL EL 

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

for pathway types:  AF = Aquaculture feed+, BW = Ballast water, BC = Biofouling on commercial shipping, 

BP = Biofouling on pleasure and fishing boats, DF = Discarded/ghost fishing gear, FL = Flotsam/debris, 

FBD = Fishing bait - Domestic, FBI = Fishing bait - Imported, FMA = Fish/shellfish movements – 

Anthropogenic, FMN = Fish/shellfish movements - Natural, ISS = Infrastructure stepping stones. 

+ 
Negligible for extruded pellets, but includes rotifer cysts and Artemia cysts 

5.9.6  Exposure assessment 

Enterocytozoon hepatopenaei is known to cause disease in Penaeus monodon, and EHP spores and 

presporogenic stages can be accumulated by numerous potential vectors including polychaetes and bivalves 

(Sritunyalucksana et al. 2014).  Because of this, it is possible that EHP parasites released through various 

pathways could come in contact with several susceptible host species that occur in northern Australia.  



 

_________________________________________________________________________________________________________________________________________________________________________________ 

 

    
 

121

 
    

 
  www.digsfish.com 

Furthermore, the spores of microsporidians are resistant and can persist in the environment for long periods, 

potentially extending the period of infectivity.  If cultured prawns infected with EHP were frozen and 

imported uncooked into Australia, they may harbour high numbers of EHP, however it is unknown if the 

disease agent is inactivated by freezing.  Furthermore, EHP infects mainly the hepatopancreas, hence parasite 

numbers would be reduced if headless and de-veined prawns were imported, such that it would appear 

unlikely that the disease could be transmitted via frozen infected prawns.  

EHP could, however be transported via ballast water (Stentiford et al. 2011), or with infected crustaceans in 

biofouling or sea chests of shipping.  If susceptible species of wild penaeids in northern Australia were 

exposed to viable infective stages via one of the identified pathways, infection may occur horizontally via 

cohabitation or per-os if sufficient quantities of infective stages (i.e. an infective dose) were introduced into 

an area where susceptible hosts were present under conditions suitable for transmission.  The minimum 

infective dose required for successful transmission has not been determined for EHP, and this also probably 

will vary depending on the identity of the host and its immune status.  However, when the natural course of 

infection is considered, it is clear that infection can be theoretically achieved after exposure to a dose as low 

as a single viable spore or presporogenic stage, though the dose required to cause clinical signs or disease 

will depend on many factors.  If an index case occurred, the disease agent would likely persist in the 

population as the susceptible species would be unlikely to suffer epizootic mortalities.  Lightly infected 

crustaceans may contain thousands of spores and presporogenic stages, while heavily infected crustaceans 

may contain millions of spores and presporogenic stages (Lom and Dykova 1992).  Given the spores of E. 

hepatopenaei can persist free in the water for several weeks, it is possible that EHP could become 

established in the environment, and/or in wild populations of crustaceans or invertebrate vectors such as 

polychaetes.  Given that various pathways exist to allow EHP to enter the Australian environment andcontact 

suitable hosts, the risk of exposure and establishment is non-negligible, and the likelihood of exposure and 

establishment of EHP in suitable environments in northern Australia is considered to be Moderate.  

5.9.7  Consequence assessment 

In regions where EHP is enzootic in farmed penaeids, it has caused significant economic losses due to 

growth retardation and poor food conversion ratios in affected prawns (Santhoshkumar et al. 2016, Tang et 

al. 2016).  Field data from India also suggests that synergistic effects from co-infection with EHP and other 

pathogens may result in mass mortalities (Kesavan et al. 2016).  The Australian prawn aquaculture industry 

mainly farms P. monodon, which appears less susceptible to EHP compared to P. vannamei.  Nevertheless, 

there are no commercially available methods of control of EHP (vaccines etc.), and drug therapy would not 

be a realistic option due to legislative requirements, and lack of efficacy (Tang et al. 2016).  Under 

Australian economic conditions, the required changes to infrastructure and husbandry practices (filtration of 

water, lining of ponds, carrier and vector exclusion, minimal/zero water exchange production cycles, 

development of SPF or SPR prawns lines, see Lightner 2005, Moss et al. 2012) would impart additional 

production costs that would greatly reduce industry profitability to marginal levels.  The reduced profitability 

would discourage investment in prawn farming in Australia, posing a risk to Australia's future food security 

(Stentiford 2012, Stentiford et al. 2012).  The likely impacts of introduction of EHP on the prawn 

aquaculture industry in Australia are therefore considered to be high.   

Infections of wild crustaceans with EHP have not been described to date, however the disease agent is likely 

to occur in populations of wild crustaceans in the environment adjacent to prawn farms.  The significance of 
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microsporidian infections as drivers of mortality in wild crustaceans has not been assessed (Palenzuela et al. 

2014), however it is suspected that populations of wild crustaceans adversely affected by environmental 

stressors (e.g. adverse environmental conditions, or exposure to pollutants such as pesticides and herbicides) 

may experience reduced resilience due to infection with EHP.  As effects of disease in wild populations vary 

greatly due to factors such as environmental characteristics, host susceptibility and host densities (Burge et 

al. 2016), it is possible that impacts of disease introduction into Australia would be more severe due to our 

unique environment, isolated fauna and effective environmental and fisheries management arrangements that 

tend to keep host population levels relatively high.  Any adverse effects could result in ecological harm to 

aquatic environments, potentially resulting in significant cultural and socio-economic harm to regional 

communities in northern Australia and elsewhere in the country.  There is no evidence to date that EHP 

presents any risk to human health, however humans are susceptible to infection by Microsporidia, E. 

hepatopenaei is closely related to the human pathogen E. bieneusi, and the potential for host switching 

between invertebrates and humans may not be negligible (Snowden 2004, Stentiford et al. 2016).  

As EHP is a listed disease agent notifiable to NACA, significant trade implications may follow its 

introduction.  Establishment of EHP in a region of northern Australia may require intervention by 

government authorities and disruption to normal trade in crustacean commodies by commercial fisheries and 

crustacean gathering by recreational fishers if attempts were made to limit potential spread into uninfected 

areas.  If the disease spread to areas where bait prawns were commercially gathered, not only commercial 

fishers but recreational fisheries could also be disrupted due to loss of bait supplies.  Once EHP is detected, 

unless it was in an enclosed system there would be no chance of eradication.  Taking all of these factors into 

consideration, the environmental and human health impacts of introduction of EHP are not entirely clear, 

while impacts on domestic and international trade are both considered to be high, as would be the impact on 

the prawn aquaculture industry.  The overall consequences of introduction and establishment of EHP into the 

environment of northern Australia via the identified risk pathways are therefore likely to be Moderate.  

5.9.8  Risk estimation 

The unrestricted risk associated with infection with Enterocytozoon hepatopenaei (EHP) is determined by 

combining the likelihood of release and exposure (from Table 6) with the consequences of establishment 

(Table 7) to arrive at a risk estimation (Table 8, Figure A14 in Appendix 1).  The unrestricted risk estimate 

for EHP exceeds the ALOP for several pathways in several bioregions, suggesting that additional risk 

management is required for this disease agent.   
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Risk estimate for infection with Enterocytozoon hepatopenaei (EHP). 

Likelihood of exposure:  Moderate Consequences of establishment:  Moderate 

Risk estimate Pathway Type 

Feature/          

IMCRA region 

AF+ BW BC BP DF FL FBD FBI FMA FMN ISS 

NT Offshore  

1 Timor Transition N L L L VL VL N EL L EL EL 

Gulf of Carpentaria  

25 Northern I Province EL L L L VL VL 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 I Transition EL L L L VL VL EL EL L EL EL 

27 Northwest I Province EL M M M EL EL EL EL VL N EL 

28 Central W I 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 I Province EL M M M N N EL N EL N N 

41 Northeast I Transition EL L L L EL EL EL N L EL EL 

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

for pathway types:  AF = Aquaculture feed+, BW = Ballast water, BC = Biofouling on commercial shipping, 

BP = Biofouling on pleasure and fishing boats, DF = Discarded/ghost fishing gear, FL = Flotsam/debris, 

FBD = Fishing bait - Domestic, FBI = Fishing bait - Imported, FMA = Fish/shellfish movements – 

Anthropogenic*, FMN = Fish/shellfish movements - Natural, ISS = Infrastructure stepping stones. 

+ 
Negligible for extruded pellets, but includes rotifer cysts and Artemia cysts 
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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 Virus (AVNV) (also known as 

Acute Viral Necrobiotic Virus), a variant of Ostreid Herpesvirus 1 (OsHV-1), which is a double stranded 

DNA virus classified in the genus Ostreavirus 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 Pacific oysters (Crassostrea 

gigas) in NSW and Tasmania have experienced mass mortalities due to infection by microvariant strains of 

Ostreid Herpesvirus 1 (OsHV-1 µVar) (Evans et al. 2016b, Whittington et al. 2016), however the strain of 

OsHV-1 that cause Acute Viral Nervous Necrosis in scallops have not been recorded from Australia.  

5.10.4  Epizootiology 

Herpes-like viruses were first recorded in bivalve molluscs in 1972 when adult American oysters 

Crassostrea virginica suffering high mortality (52%) on the east coast of the USA were infected with a 

herpes-like virus (Farley et al. 1972).  In 1991, sporadic outbreaks of disease in Pacific oysters Crassostrea 

gigas due to herpes-like viruses were reported in France (Nicolas et al. 1992) and New Zealand (Hine et al. 

1992).  Subsequently a virus isolate collected during a mortality event in French C. gigas larvae in 1995 was 

characterised as a Herpesvirus and named Ostreid herpesvirus 1 (OsHV-1) (Davison 2005).  This virus was 

later reclassified in the order Herpesvirales as the first member of the genus Ostreavirus within the family 

Malacoherpesviridae (Davison 2009).  In recent decades OsHV-1 and its various genetic variants have been 

shown to cause “summer mortality” events in cultured Pacific oysters (Crassostrea gigas) around the world 

(Renault et al. 2001, Arzul et al. 2001a,b,c, Renault and Novoa 2004, Friedman et al. 2005, Burge et al. 

2006, Batista et al. 2007, Sauvage et al. 2009, Meyers et al. 2009, EFSA 2010, Segarra et al. 2010, Garcia et 

al. 2011, Renault 2011, Martenot et al. 2011, Keeling et al. 2014, Whittington et al. 2016).   

Since the mid 1990’s, a new and serious disease emerged in China causing acute mortalities of farmed 

Chinese scallops Chlamys farreri during the summer months when water temperatures rose above a 

threshold of 23-25°C (Xiao et al. 2005 Bai et al. 2015, Arzul et al. 2017).  Unlike mortalities in larvae and 

spat of C. gigas infected with OsHV-1, the disease of C. farreri only occured in adult scallops 2 or more 

years old, resulting in epizootic mortalities of over 90% within 5-8 days of first onset of disease (Ren et al. 

2013, Bai et al. 2015).  Diseased scallops exhibited clinical signs including slow reactions, weak shell 

closing reflex, mucous accumulation in the mantle cavity, shrunken or dislodged mantle, gill erosion, 

adductor muscle ulceration, and an enlarged digestive gland (Tang et al. 2010, Ren et al. 2013).  Since 1997 

the disease reoccured each summer and was eventually found to be due to a virus that was called Acute Viral 

Necrosis Virus (AVNV) (Song et al. 2001, Liu et al. 2002), or Acute Viral Necrobiotic Virus (e.g. Tang et al. 

2010).  The enveloped virus particle was 130-170 nm in diameter with large numbers of virus particles found 

near the basement membrane of cells in the digestive gland, kidney, mantle, intestine and gills of scallops 

dying of the disease (Liu et al. 2002).  The occurrence of epizootic disease during the summer months, the 

morphology of the virus as well as the associated pathological changes, including evidence of intranuclear 

inclusion bodies and nuclei with marginated chromatin, suggested that AVNV may be related to OsHV-1 

(Ren et al. 2013).  Subsequent genetic characterisation of AVNV isolates from C. farreri found the DNA 
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sequence of AVNV was 97% identical to that of a reference strain of ostreid herpesvirus 1 (OsHV-1). The 

genomic organization was similar, consisting of two unique regions (170.4 kb and 3.4 kb, respectively), each 

flanked by two inverted repeats (7.6 kb and 10.2 kb, respectively), with a third unique region (1.5 kb) 

situated between the two internal repeats, suggesting that AVNV was a variant of OsHV-1 (Ren et al. 2013).   

The emergence of AVNV is significant because another variant of OsHV-1 emerged in cultured C. gigas in 

France in 2007 and 2008 causing greatly increased mortalities (Martenot et al. 2011, Renault 2011). This 

microvariant (OsHV-1 µVar) strain was defined on the basis of a deletion of 13 bp in a microsatellite zone of 

the open reading frame 4 (ORF 4) of the genome (Segarra et al. 2010, EFSA 2010, Martenot et al. 2011, OIE 

2016g).  Samples collected in China in 2002 also presented the main deletion typical of the OsHV-1 µVar as 

well as all other polymorphisms reported for the µVar strain from France, except for two substitutions in 

ORF 4 and 100% homology with the OsHV-1 reference strain in ORF 43 (Segarra et al. 2010).  The µVar 

strain was subsequently reported in several European countries (EFSA 2010) including mixed infections of 

both OsHV-1 and OsHV-1 µVar in Italy (Dundon et al. 2011).  Strains of OsHV-1 virtually identical to the 

µVar strain subsequently spread to cause mass mortalities of C. gigas in several other countries (Martenot et 

al. 2015, Arzul et al.2017), including New Zealand (Johnston et al. 2011, Muellner et al. 2011, Keeling et al. 

2014) and Australia (Frances et al. 2011, Evans et al. 2016b, Whittington et al. 2016).  Recent 

phylogeographic analyses suggest that not only OsHV-1, but the other variants of OsHV-1 that were 

originally described from France, probably originated from East Asia where the highest range of genotypes 

for these viruses are found in several bivalve species (Bai et al. 2015, Mineur et al. 2015).  Indeed, the 

variant that emerged in New Zealand in 2010 was genetically grouped with strains present in Japan at that 

time, suggesting spread via international shipping (Renault et al. 2012, Bai et al. 2015). 

Unlike herpesviruses from vertebrate hosts, there is evidence that herpesviruses in bivalve molluscs may be 

less host specific, as OsHV-1 was detected in a range of bivalve species, including cupped oysters C. gigas, 

C. virginica, C. ariakensis and C. sikamea, flat oysters (O. edulis) as well as clams (R. philippinarum), 

mussels (Mytilus galloprovincialis) and scallops (Pecten maximus) (see Arzul et al. 2001a,b,c, Burge 2010, 

EFSA 2010, Burge et al. 2011, Bai et al. 2015). The OsHV-1 µVar has been mainly isolated from C. gigas, 

but has also been detected in Crassostrea angulata, mussels (Mytilus edulis and Mytilus galloprovincialis) 

and clams (Donax trunculus) (see Martenot et al. 2015).  The AVNV variant causing disease in Chlamys 

farreri in China was not detected in any other bivalve species (Bai et al. 2015).  However, a new variant of 

the virus, termed OsHV-1-SB with 97.3% similarity to AVNV and 95.2% genome similarity to the OsHV-1 

reference strain, was first detected in populations of cultured ark shells (Scapharca broughtonii) in China 

that had experienced disease outbreaks in 2012 once water temperatures exceeded 18°C (Bai et al. 2016, 

2017).  Since 2012 this variant of AVNV has subsequently been detected in not only Scapharca broughtonii, 

but several other species of bivalves, including scallops Chlamys farreri, Platinopecten yessoensis, clams 

Ruditapes philippinarum and Meretrix meretrix, and oysters Crassostrea hongkongensis (Bai et al. 2015). 

Members of the family Herpesviridae can persist in their host in asymptomatic latent infections, with virus 

expression and active replication being associated with exposure of carrier hosts to stressful conditions (Eide 

et al. 2011).  Indeed OsHV-1 is detectable in asymptomatic juvenile (Dundon et al. 2011) and adult oysters 

(Arzul et al. 2002) at very low levels that may represent a true latent carrier state, suggesting that apparently 

healthy bivalves can play a role as reservoirs for OsHV-1 transmission.  There is evidence that OsHV-1 can 

be transmitted both horizontally through the water and vertically between generations.  Herpesviral diseases 

of bivalves can be transmitted between conspecifics and other species of bivalves by cohabitation (Hine et al. 
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1998, Arzul et al. 2001a,b, Schikorski et al. 2011a,b).  The route of infection is horizontal via the water as 

viral particles are detectable in water surrounding infected bivalves (Vigneron et al. 2004, OIE 2016g).  

Sauvage et al. (2009) used real time PCR to detect OsHV-1 at concentrations of 1-2 x 103 viral DNA 

copies/L in seawater around juvenile C. gigas held in a raceway during a summer mortality outbreak, 

however other studies have indicated that during the stage of active viral replication in mass mortality events 

in larval rearing tanks, viral concentrations may reach around 5 x 108 viral DNA copies /L (Vigneron et al. 

2004, Renault 2011).  In this respect given its close relationship to OsHV-1 and its role in similar mass 

mortality events, it can be assumed that the transmission of AVNV will be similar to that shown for OsHV-1. 

Schikorski et al. (2011a) transmitted OsHV-1 µVar via cohabitation between uninfected juvenile (5 gram) C. 

gigas, and juveniles that had been experimentally infected with OsHV-1 µVar.  The virus was detectable in 

naïve oysters after as little as 6 hours cohabitation with infected oysters, and mortalities of naïve oysters 

cohabited with infected oysters increased gradually from Days 1 to 8, reaching a maximum at 50 % at Day 

10, significantly lower than the 90% mortalities recorded in oysters infected by intramuscular injection 

(Schikorsky et al. 2011a).  Six hours after addition of oysters infected with OsHV-1 µVar, the amount of 

viral DNA in seawater increased to 1 x 102 viral DNA copies/µL (1 x 108 viral DNA copies/L) and remained 

stable up to 48 hours, then dropped at 54 hours once the intramuscularly injected oysters were removed, 

before increasing again by 72 hours as the infection took hold in the naïve oysters, reaching a maximum of 1 

x 109 viral DNA copies/L after 102 hours (Schikorsky et al. 2011a).  Degremont (2011) found that juvenile 

oysters had undetectable herpesvirus infections upon deployment into a field situation where OsHV-1 was 

known to be endemic.  By 7 days post deployment, infection levels in oysters known to be susceptible to 

OsHV-1 increased quickly to 1-4 x 107
 viral DNA copies per mg of oyster tissue, but in OsHV-1 resistant 

oysters the infection intensity reached only around 104
 viral DNA copies per mg of tissue), and subsequently 

declined to below 102 viral DNA copies per mg of tissue by day 17 post deployment (Degremont 2011). 

Vertical transmission or pseudo-vertical transmission of OsHV-1 is known to occur (Arzul et al. 2002) and 

was demonstrated by the persistence of the virus in 3 successive generations of C. gigas (Barbosa-Solomieu 

et al. 2005).  Viral DNA was detected by classical PCR in 2-day-old larvae, indicating that, even if true 

vertical transmission does not occur, infection of progeny takes place at very early stages post fertilization 

(Barbosa-Solomieu et al. 2005).  On the other hand, Barbosa-Solomieu et al. (2005) noted that the detection 

of viral DNA in parental oysters did not systematically correspond to a productive infection or result in a 

successful transmission to the progeny - infected parents did not always produce infected larvae, and failure 

to detect OsHV-1 amongst parents did not always correspond to production of non-infected larvae.   

5.10.5  Release assessment 

Malacoherpesviruses do not survive free in seawater outside the host for long periods of time.  For example, 

Hick et al. (2016) found that OsHV-1 µVar remained infectious in seawater for only 2 days at 20°C, but in 

contrast the virus remained viable in wet or dry, non-living oyster tissues for at least 7 days at 20°C.  These 

data suggest that AVNV would be unlikely to survive free in ballast water for longer than 2 days, however 

the virus would certainly be able to survive within infected host bivalve species that may be taken in with 

ballast water and translocated to new areas.  Surveys have shown that in areas where AVNV and its genetic 

variants are endemic, the virus occurs at prevalences between 6 and 100% in bivalves sampled at markets 

(Bai et al. 2015), suggesting that these viruses may be widespread throughout inshore waters in China.  
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Malacoherpesviruses can tolerate freezing, for example OsHV-1 remained viable after freezing at -20°C for 

at least 2 days and remained infective (Schikorsky et al. 2011b).  Vigneron et al. (2004) found no loss of 

ability to detect OsHV-1 within 48 hours when viral DNA was frozen at –20°C in buffered distilled water.  

However, successive freeze/thaw cycles cause reduced viral DNA detection by PCR (Vigneron et al. 2004), 

suggesting that OsHV-1 DNA is damaged by freeze/thawing.  These data suggest that if frozen scallops or 

other bivalve products were imported into Australia, that they may contain viable AVNV or OsHV-1 

variants.  The proportion of imported mollusc products sold for human consumption in Australia that are 

used as bait or burley is not precisely known, however molluscs are a popular bait in Australia (Kewagama 

Research 2002, Diggles 2011, Department of Agriculture 2015) and recreational fishers from QLD report 

using scallops for bait (Kewagama Research 2002).  The same survey found that recreational anglers from 

several states used shellfish sold as seafood for bait, including 1.76% of fishers in QLD and 24.59% of 

fishers in WA (Kewagama Research 2002).  These data suggest that this pathway exists and that viable 

AVNV could enter Australian waters through diversion of imported mollusc products as bait or burley.  

Aquaculture feeds that are imported are mainly extruded pelleted feeds with fishmeal and other ingredients 

that are processed and cooked to over 90°C for several minutes during manufacture, which is sufficient to 

inactivate most microorganisms that are sensitive to heat (Torgersen and Hastein 1995, Tacon 2017).  Given 

that herpesviruses are sensitive to heat (Plummer and Lewis 1965), with aquatic herpesviruses inactivated in 

1-5 minutes at temperatures above 50°C (Kasai et al. 2005, Hick et al. 2016), temperatures experienced in 

extruders are likely to inactivate any AVNV present in artificially formulated extruded pellets.  Given that 

malacoherpesviruses can be detected in water and plankton and may be spread by aquatic mechanical vectors 

(Whittington et al. 2015, 2016, Evans et al. 2016b), it is very likely that live feed organisms exposed to water 

containing AVNV are able to act as mechanical vectors for this disease agent.  Because AVNV infects larval 

molluscs, if infected individuals were taken in with ballast water, they could be translocated into new areas, 

as could juvenile or adult molluscs inhabiting sea chests on commercial shipping (Coutts and Dodgshun 

2007).  So it appears possible that AVNV could be introduced via infected hosts translocated in ballast water, 

or as biofouling (Howard 1994) on the hulls or sea chests of commercial shipping (Appendix 3), commercial 

fishing boats, recreational fishing boats and other pleasure craft.  Indeed, the OsHV-1 µVar that emerged in 

New Zealand in 2010 was genetically grouped with strains present in Japan at that time, suggesting spread 

via international shipping (Renault et al. 2012, Martenot et al. 2015, Bai et al. 2015).  

Since AVNV is known to occur only in China at this time, it appears less likely that infected molluscs could 

naturally colonise floating vectors such as artificial flotsam, discarded fishing gear and debris which can 

make landfall into northern Australia (Wilcox et al. 2013, Heersink et al. 2014, Appendix 4).  Molluscs 

infected with AVNV could, however, be imported as bait carried by foreign fishing vessels.  AVNV is not 

considered to be naturally present in northern Australian waters, although other strains of OsHV-1 are 

present in Southern Australia, so it appears unlikely that the disease agent could be introduced by natural 

movements of fish or shellfish.  Range extension for AVNV infected hosts by the process of stepping stone 

colonisation across natural geographic boundaries also appears unlikely at this time.  Taking into account the 

likely propagule pressure experienced via the various introduction pathways, the likelihood estimations for 

the release of AVNV into suitable environments in Australian waters via the identified risk pathways are 

listed below for the various IMCRA Bioregions. 
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Release assessment for Acute Viral Necrosis Virus of scallops (AVNV). 

Likelihood of release Pathway Type 

Feature/          
IMCRA region 

AF+ BW BC BP DF FL FBD FBI FMA FMN ISS 

NT Offshore  

1 Timor Transition N M M M EL EL N VL L EL EL 

Gulf of Carpentaria  

25 Northern I Province EL H H H EL EL VL VL VL 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 I Transition EL M M M EL EL EL VL EL EL EL 

27 Northwest I Province EL H H H EL EL VL VL EL EL EL 

28 Central W I 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 I Province EL H H H N N L EL EL N N 

41 Northeast I Transition EL M M M EL EL VL VL VL EL EL 

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

for pathway types:  AF = Aquaculture feed+, BW = Ballast water, BC = Biofouling on commercial shipping, 

BP = Biofouling on pleasure and fishing boats, DF = Discarded/ghost fishing gear, FL = Flotsam/debris, 

FBD = Fishing bait - Domestic, FBI = Fishing bait - Imported, FMA = Fish/shellfish movements – 

Anthropogenic, FMN = Fish/shellfish movements - Natural, ISS = Infrastructure stepping stones. 
+ 

Negligible for extruded pellets, but includes rotifer cysts and Artemia cysts 

5.10.6  Exposure assessment 

While AVNV occurs in Chinese scallops (Chlamys farreri), the recently emerged variant OsHV-1-SB has 

been recorded in a wide range of bivalves in China, including Chlamys farreri, ark shells (Scapharca 

broughtonii), Platinopecten yessoensis, clams Ruditapes philippinarum and Meretrix meretrix, and oysters 

Crassostrea hongkongensis (Bai et al. 2015).  Because of its low host specificity, genetic variants of AVNV 

may be able to infect several species of bivalves that occur in northern Australia.  However, it is also known 

that some species of bivalves are not susceptible to AVNV infection, including bay scallop (Argopecten 
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irradians, see Bai et al. 2015) and potentially other species that occur in North Queensland including black 

lip pearl oyster (Pinctada margaritifera, see Tan et al. 2015).  This suggests that AVNV released through 

various pathways could come in contact with susceptible species, but that the range of susceptible hosts may 

be relatively narrow. The environmental conditions in northern Australia would appear suitable for 

establishment of AVNV, which requires temperatures above 23-25°C to cause disease.  If mollusc products 

infected with AVNV were frozen and imported uncooked into Australia, they may harbour high viral titres 

and the disease agent would be unlikely to be inactivated by freezing (Schikorsky et al. 2011b).  Given that 

molluscs are a popular fishing bait in Australia (Kewagama Research 2002, Diggles 2011, Department of 

Agriculture 2015) and it is known that some recreational fishers use molluscs purchased as seafood for bait 

(Kewagama Research 2002), if infected imported molluscs were diverted for use as bait or burley, viable 

AVNV could enter Australian waters.  AVNV could also be transported via infected molluscs in ballast 

water, biofouling or sea chests of shipping.  If susceptible molluscs in northern Australia were exposed to 

viable infective stages via one of the identified pathways, infection may occur if an infective dose was 

introduced into an area where susceptible hosts were present under conditions suitable for transmission.  The 

minimum infective dose required for transmission of OsHV-1 (and AVNV) variants horizontally via the 

water is not known, though 1 x 108 viral DNA copies/L seawater was successfully used in the cohabitation 

experiments of Schikorsky et al. (2011a) approximating an infective dose of 2.5 x 107 viral DNA copies per 

oyster under the experimental conditions used, while a dose of 1.5 x 107 viral DNA copies per oyster was 

used to successfully transmit OsHV-1 µVar via intramuscular injection (Schikorski et al. 2011a, 2011b).   

Sauvage et al. (2009) found the viral load in moribund C. gigas juveniles was around 1 x 108 viral DNA 

copies per mg of oyster tissue.  In a 5 gram (5 x 103 mg) juvenile oyster, this equates to 5 x 1011 viral DNA 

copies per moribund oyster, which means that one moribund oyster theoretically contains sufficient virus to 

kill upwards of 20,000 other oysters (Schikorski et al. 2011a, 2011b), assuming the viral particles remain 

viable long enough to be transferred to the water after the death of the host.  This massive viral replication 

explains why malacoherpesviruses can cause acute mass mortalities when susceptible bivalves are held at 

high density (Renault 2011).  This suggests that if diseased molluscs were emergency harvested, frozen, then 

imported and subsequently used as bait, they would pose a significant risk of infection of nearby molluscs.  

In contrast, the viral load carried by subclinically infected molluscs in ballast water or as biofouling on ships 

would not be so high, however the potential for massive viral replication under stressful conditions would 

ensure they remained a threat to any nearby susceptible mollusc species if environmental conditions became 

stressful.  If an index case occurred, the disease agent would likely persist in the population as the 

susceptible species of molluscs in northern Australia may not suffer epizootic mortalities and could pass the 

virus onto subsequent generations via vertical transmission.  There is evidence that other OsHV-1 variants 

have been spread around the world via shipping and become established in wild and cultured populations of 

molluscs in new locations such as New Zealand and Australia.  Given that various pathways exist to allow 

AVNV and its variants to enter the Australian environment, and that suitable hosts are likely to occur in the 

wild, the risk of exposure and establishment is non-negligible, and the overall likelihood of exposure and 

establishment of AVNV in suitable environments in northern Australia is considered to be Moderate.  

5.10.7  Consequence assessment 

In regions where AVNV is enzootic in farmed molluscs, it has caused sudden epizootic mortalities exceeding 

90% in scallops and clams, often in animals that are near market size (Song et al. 2001, Liu et al. 2002, Xiao 

et al. 2005, Bai et al. 2015, Arzul et al. 2017).  The emergence of the disease has been devastating to the 
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mollusc farming industries in China, resulting in significant economic losses and a reduction of around 60% 

of industry production (Bai et al. 2015, Guo and Ford 2016).  The emergence of AVNV in China has been 

linked to warming water temperatures together with increased intensity of farming (Guo and Ford 2016). In 

contrast, commercial culture and sea ranching of scallops is in its infancy in Australia, but establishment of 

such a major pathogen as AVNV would represent a significant obstacle to future investment in such 

industries.  Reluctance to invest in mollusc aquaculture in northern Australia could pose a risk to Australia's 

future food security, hence the likely impacts of introduction of AVNV on potential mollusc aquaculture 

industries in Australia are therefore considered to be extreme.   

Mass mortalities of wild scallop stocks due to outbreaks of various diseases have been reported (Gulka et al. 

1983, Kristmundsson et al. 2015, Guo and Ford 2016).  Because diseases can cause collapse of wild scallop 

populations, there are several important wild fisheries for scallop and other molluscs in northern Australia 

which could be adversely affected if a new exotic pathogen like AVNV was introduced.  Any adverse effects 

could result in ecological harm to aquatic environments, potentially resulting in significant cultural and 

socio-economic harm to regional communities in northern Australia and elsewhere in the country.  As 

OsHV-1 microvariants are listed by the OIE (OIE 2016g) and NACA, significant trade implications would 

follow its introduction.  Establishment of AVNV in a region of northern Australia may require intervention 

by government authorities and disruption to normal trade in mollusc commodies by commercial fisheries and 

mollusc gathering by recreational fishers to limit potential spread into uninfected areas.  Once AVNV was 

detected, unless it was in an enclosed system there would be no chance of eradication.  Taking all of these 

factors into consideration, the environmental impacts of introduction of AVNV are likely to be high, as are 

the impacts on domestic and international trade, while impact on mollusc farming industries could be 

extreme, suggesting that the overall consequences of introduction and establishment of AVNV into the 

environment of northern Australia via the identified risk pathways are likely to be High.  

5.10.8  Risk estimation 

The unrestricted risk associated with infection with Acute Viral Necrosis Virus of scallops (AVNV) is 

determined by combining the likelihood of release and exposure (from Table 6) with the consequences of 

establishment (Table 7) to arrive at a risk estimation (Table 8, Figure A15 in Appendix 1).  The unrestricted 

risk estimate for AVNV exceeds the ALOP for several pathways in several bioregions, suggesting that 

additional risk management is required for this disease agent.   
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Risk estimate for Acute Viral Necrosis Virus of scallops (AVNV). 

Likelihood of exposure:  Moderate Consequences of establishment:  High 

Risk estimate Pathway Type 

Feature/          

IMCRA region 

AF+ BW BC BP DF FL FBD FBI FMA FMN ISS 

NT Offshore  

1 Timor Transition N H H H VL VL N L M VL VL 

Gulf of Carpentaria  

25 Northern I Province VL H H H VL VL L L L VL VL 

WA Offshore  

2 Timor Province N L H H VL VL VL L M N VL 

3 NW Transition N L M M VL VL VL VL M N VL 

4 NW Province N L M M N N VL VL L N VL 

5 Central W Transition N L M M N N VL VL VL N VL 

WA Onshore  

26 Northwest I Transition VL H H H VL VL VL L VL VL VL 

27 Northwest I Province VL H H H VL VL L L VL VL VL 

28 Central W I Transition VL H H H 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 I Province VL H H H N N M VL VL N N 

41 Northeast I Transition VL H H H VL VL L L L VL VL 

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

for pathway types:  AF = Aquaculture feed+, BW = Ballast water, BC = Biofouling on commercial shipping, 

BP = Biofouling on pleasure and fishing boats, DF = Discarded/ghost fishing gear, FL = Flotsam/debris, 

FBD = Fishing bait - Domestic, FBI = Fishing bait - Imported, FMA = Fish/shellfish movements – 

Anthropogenic*, FMN = Fish/shellfish movements - Natural, ISS = Infrastructure stepping stones. 

+ 
Negligible for extruded pellets, but includes rotifer cysts and Artemia cysts 



 

_________________________________________________________________________________________________________________________________________________________________________________ 

 

    
 

132

 
    

 
  www.digsfish.com 

6.0 Risk Mitigation 

6.1. Risk Evaluation 

In Sections 4 and 5, detailed qualitative risk assessments were undertaken on each of the pests and diseases 

of concern to arrive at an overall relative likelihood of introduction, establishment and spread for each of the 

17 relevant IMCRA Provincial Bioregions identified by the Department of Agriculture and Water Resources.  

The outcomes of these risk assessments indicated 5 pests and 9 diseases for which the unmitigated risk 

exceeded the ALOP for at least one pathway within at least one bioregion (Table 9).   

For the 5 pest species assessed in Section 4, the risk assessment found a high likelihood of introduction. 

establishment and spread of Asian green mussel Perna viridis, and Black striped false mussel Mytilopsis 

sallei, a moderate risk of introduction of the Brown mussel Perna perna and Harris’ mud crab 

Rhithropanopeus harrisii, and a low risk of introduction of the Asian bag mussel Arcuatula senhousia.   

The risk of establishment of P. viridis was considered to be high across the entire coastline of northern 

Australia (including river catchments) (Appendix 1, Figure A1), with high risk pathways of introduction 

identified as ballast water, biofouling of commercial and recreational shipping, biofouling of flotsam and 

discarded fishing gear, anthropogenic movements of P. viridis into the EEZ (including use as fishing bait 

imported by foreign fishing vessels), and via stepping stone introductions on offshore infrastructure.  In 

contrast, risk of introduction of P. viridis via natural processes was considered to be low, while risk of 

introduction via domestic bait translocation was considered negligible (Tables 9, 10). 

The risk of establishment of M. sallei was also considered to be high across the entire coastline of northern 

Australia (including river catchments) (Appendix 1, Figure A2), with high risk pathways of introduction 

identified as ballast water and biofouling of commercial and recreational shipping.  Moderate risk pathways 

included biofouling of flotsam and discarded fishing gear, anthropogenic movements of M. sallei into the 

EEZ (including use as fishing bait imported by foreign fishing vessels), and stepping stone introductions on 

offshore infrastructure.  In contrast, risk of introduction of M. sallei via natural processes was considered to 

be low, while risk of introduction via domestic bait translocation was considered negligible (Tables 9, 10). 

The risk of establishment of P. perna was considered to be moderate across the entire coastline of northern 

Australia (excluding river catchments) (Appendix 1, Figure A3), with moderate risk of introduction 

identified via ballast water, biofouling of commercial and recreational shipping, anthropogenic movements 

of P. perna into the EEZ (including use as fishing bait imported by foreign fishing vessels), and via stepping 

stone introductions on offshore infrastructure.  In contrast, risk of introduction of P. perna via biofouling of 

flotsam and discarded fishing gear or natural processes was considered to be low, while risk of introduction 

via domestic bait translocation was considered negligible (Tables 9, 10). 

The risk of establishment of A. senhousia was considered to be low across the entire coastline of northern 

Australia (including river catchments) (Appendix 1, Figure A4), with low risk of introduction identified via 

ballast water.  In contrast, risk of introduction of A. senhousia via biofouling of commercial and recreational 

shipping, biofouling of flotsam and discarded fishing gear, anthropogenic movements of A. senhousia into 

and within the EEZ (including use as fishing bait imported by foreign fishing vessels and domestic bait 
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translocation), stepping stone introductions on offshore infrastructure, or via natural processes were either 

below the ALOP or negligible (Tables 9, 10). 

The risk of establishment of R. harrisii was considered to be moderate across the entire coastline of northern 

Australia (including river catchments) (Appendix 1, Figure A5), with moderate risk of introduction identified 

via ballast water, biofouling of commercial and recreational shipping, and anthropogenic movements of R. 

harrisii into the EEZ.  Furthermore, the risk of introduction via stepping stone introductions on offshore 

infrastructure was considered to be low.  In contrast, risk of introduction of R. harrisii via biofouling of 

flotsam and discarded fishing gear, use as fishing bait imported by foreign fishing vessels, domestic bait 

translocation or natural processes were either below the ALOP or negligible (Tables 9, 10). 

For the 10 disease agents assessed in Section 5, the risk assessment found a high likelihood of introduction 

establishment and spread of megalocytiviruses of finfish, Acute Viral Necrosis Virus of Scallops (AVNV), 

White spot Syndrome Virus (WSSV) of crustaceans, Yellowhead Disease caused by YHV1 virus in prawns, 

and Acute Hepatopancreatic Necrosis Disease  (AHPND) of prawns.  The risk assessment found a moderate 

likelihood of introduction establishment and spread of Edwardsiella ictaluri of finfish, Taura Syndrome 

Virus (TSV) of prawns and crabs, and Enterocytozoon hepatopenaei (EHP) infections of prawns.  The risk of 

introduction establishment and spread of Necrotizing Hepatopancreatitis (NHP) of prawns was found to be 

low, while the risk of introduction establishment and spread of Infectious Myonecrosis (IMN) was very low 

and did not exceed the ALOP.  The analysis also found that any release pathway that facilitated entry of live 

decapod crustaceans (e.g. biofouling in sea chests on commercial shipping, illegal importation of ornamental 

crustaceans) also represented a significant risk of introducing several diseases, particularly WSSV, but also 

TS, YHV1, AHPND and EHP.  

The risk of establishment of megalocytiviruses of finfish was considered to be high along the east coast of 

QLD (Bioregion 40) and moderate across the remaining coastline of northern Australia (including river 

catchments) (Appendix 1, Figure A6), with high risk pathways of introduction being via anthropogenic 

movements of megalocytiviruses through introduction of ornamental fishes into the environment.  A 

moderate risk of introduction was identified for domestic bait translocation (use of ornamental fishes as bait), 

and a low risk of introduction was identified for ballast water, biofouling of commercial and recreational 

shipping, live aquaculture feeds (e.g. Artemia or rotifers) and use of fishing bait imported by foreign fishing 

vessels.  In contrast, risk of introduction of megalocytiviruses via biofouling of flotsam and discarded fishing 

gear, natural processes and via stepping stone introductions on offshore infrastructure were identified as 

either below the ALOP or negligible (Tables 9, 11). 

The risk of establishment of entreric septicaemia of catfish (Edwardsiella ictaluri) was considered to be 

moderate on the east coast of QLD (Bioregions 40 and 41, including their river catchments) and bioregion 28 

in WA, and low across the remaining coastline of northern Australia (including river catchments) (Appendix 

1, Figure A7), with moderate risk pathways of introduction being via anthropogenic movements of E. 

ictaluri by introduction of ornamental fishes into the environment, domestic bait translocation (use of 

ornamental fishes as bait), and via natural processes (fish movements).  In contrast, risk of introduction of E. 

ictaluri via aquaculture feed, ballast water, biofouling of commercial and recreational shipping, biofouling of 

flotsam and discarded fishing gear, use of fishing bait imported by foreign fishing vessels, or via stepping 

stone introductions on offshore infrastructure were identified as either below the ALOP or negligible (Tables 

9, 11).   
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The risk of establishment of White Spot Disease (WSD) of crustaceans was considered to be high across the 

entire coastline of northern Australia (including river catchments) (Appendix 1, Figure A8), with high risk 

pathways of introduction identified as domestic bait translocation (e.g. use of imported green prawns as bait 

or burley), ballast water, biofouling of commercial and recreational shipping, and via anthropogenic 

movements of crustaceans into the EEZ.  A moderate risk of introduction was identified for biofouling of 

flotsam and discarded fishing gear and stepping stone introductions on offshore infrastructure, and a low risk 

of introduction was identified for live aquaculture feeds (e.g. Artemia or rotifers) and use of fishing bait 

imported by foreign fishing vessels.  In contrast, risk of introduction of WSD via natural processes was 

identified as either below the ALOP or negligible (Tables 9, 11). 

The risk of establishment of Infectious Myonecrosis (IMN) of prawns was considered to be either below the 

ALOP or negligible across the entire coastline of northern Australia (including river catchments) (Appendix 

1, Figure A9, Tables 9, 11). 

The risk of establishment of Taura Syndrome (TS) of crustaceans was considered to be moderate across the 

entire coastline of northern Australia (including river catchments) (Appendix 1, Figure A10), with moderate 

risk pathways of introduction identified as domestic bait translocation (e.g. use of imported green prawns as 

bait or burley), ballast water, biofouling of commercial and recreational shipping, and via anthropogenic 

movements of crustaceans into the EEZ.  A low risk of introduction was identified for biofouling of flotsam 

and discarded fishing gear and stepping stone introductions on offshore infrastructure.  In contrast, risk of 

introduction of TS via aquaculture feeds, natural processes or use of fishing bait imported by foreign fishing 

vessels was identified as either below the ALOP or negligible (Tables 9, 11).  

The risk of establishment of Yellowhead Disease (caused by YHV1) of prawns was considered to be high 

across the entire coastline of northern Australia (including river catchments) (Appendix 1, Figure A11), with 

high risk pathways identified as ballast water, biofouling of commercial and recreational shipping and via 

anthropogenic movements of crustaceans into the EEZ.  A low risk of introduction was identified for 

biofouling of flotsam and discarded fishing gear, domestic bait translocation (e.g. use of imported green 

prawns as bait or burley) and use of fishing bait imported by foreign fishing vessels.  In contrast, risk of 

introduction of YHV1 via aquaculture feeds, natural processes or stepping stone introductions on offshore 

infrastructure were identified as either below the ALOP or negligible (Tables 9, 11).  

The risk of establishment of Acute Hepatopancreatic Necrosis Disease (AHPND) of prawns was considered 

to be high in bioregions 27 (WA) and 40 (QLD) (excluding river catchments) where concentrations of major 

commercial shipping ports and routes occur (Appendix 1, Figure A12, Appendix 2, Appendix 3).  The risk of 

establishment of AHPND for the remainder of northern Australia was considered to be moderate (Appendix 

1, Figure A12).  High risk pathways of introduction of AHPND were identified as ballast water, and 

biofouling of commercial and recreational shipping.  A moderate risk of introduction was identified for 

anthropogenic movements of crustaceans into the EEZ, while low risks of introduction were identified for 

biofouling of flotsam and discarded fishing gear.  In contrast, risk of introduction of AHPND via aquaculture 

feeds, domestic bait translocation (e.g. use of imported green prawns as bait or burley), use of fishing bait 

imported by foreign fishing vessels, stepping stone introductions on offshore infrastructure and via natural 

processes were identified as either below the ALOP or negligible (Tables 9, 11).  

The risk of establishment of Necrotizing Hepatopancreatitis (NHP) of prawns was considered to be low 
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across the entire coastline of northern Australia (excluding river catchments) (Appendix 1, Figure A13), with 

low risk pathways of introduction identified as ballast water, biofouling of commercial and recreational 

shipping, and via anthropogenic movements of crustaceans into the EEZ.  In contrast, risk of introduction of 

NHP via aquaculture feeds, biofouling of flotsam and discarded fishing gear, domestic bait translocation 

(e.g. use of imported green prawns as bait or burley), use of fishing bait imported by foreign fishing vessels,  

natural processes or stepping stone introductions on offshore infrastructure were identified as either below 

the ALOP or negligible (Tables 9, 11).   

The risk of establishment of Enterocytozoon hepatopenaei (EHP) in prawns was considered to be moderate 

in bioregions 27 (WA) and 40 (QLD) (excluding river catchments) where concentrations of major 

commercial shipping ports and routes occur (Appendix 1, Figure A14, Appendix 2, Appendix 3).  The risk of 

establishment of EHP for the remainder of northern Australia (excluding river catchments) was considered to 

be low (Appendix 1, Figure A14).  Moderate risk pathways of introduction were identified as ballast water 

and biofouling of commercial and recreational shipping.  A low risk of introduction was identified for 

anthropogenic movements of crustaceans into the EEZ.  In contrast, risk of introduction of EHP via 

aquaculture feeds, biofouling of flotsam and discarded fishing gear, domestic bait translocation (e.g. use of 

imported green prawns as bait or burley), use of fishing bait imported by foreign fishing vessels, stepping 

stone introductions on offshore infrastructure or via natural processes were identified as either below the 

ALOP or negligible (Tables 9, 11). 

And finally, the risk of establishment of Acute Viral Necrosis Virus (AVNV) of scallops was considered to 

be high across the entire coastline of northern Australia (excluding river catchments) (Appendix 1, Figure 

A15), with high risk pathways of introduction identified as ballast water and biofouling of commercial and 

recreational shipping.  A moderate risk of introduction was identified for domestic bait translocation (e.g. use 

of imported molluscs as bait or burley) and via anthropogenic movements of molluscs into the EEZ, while a 

low risk of introduction was identified for use of fishing bait imported by foreign fishing vessels.   In 

contrast, risks of introduction of AVNV via aquaculture feeds, biofouling of flotsam and discarded fishing 

gear, stepping stone introductions on offshore infrastructure or natural 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 mitigating the risk of introduction or translocation of pests and 

diseases posed by those pathways that exceed the ALOP in one or more bioregions.  The ability of 

biosecurity authorities to implement additional risk mitigation methods will depend on capability and 

financial constraints as well as multiple logistical and regulatory constraints, some of which may be unique 

to each pathway.  Selection of appropriate risk mitigation options to reduce risks to within the ALOP is 

outside the scope of this risk analysis and indeed that process should be undertaken in full consultation with 

affected stakeholders.  Here, discussion of each option will be restricted to a brief appraisal and, in some 

cases, discussion of the strengths and weaknesses of each option for reducing risks to within the ALOP.   

Pathway 1. Aquaculture Feed 

Most aquaculture feeds imported into Australia are extruded pelleted feeds which are cooked to over 90°C 

for several minutes during manufacture, which is sufficient to inactivate most pathogens (Tacon 2017) 

including all of the diseases of concern examined here.  Hence there appears to be no need for risk mitigation 
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for extruded aquaculture feeds.  However, viable aquaculture feeds such as Artemia cysts or rotifer cysts can 

act as vectors for several diseases of concern (WSD, TS, YHV1, AHPND), of which WSD exceeded the 

ALOP, hence testing of these commodities or sourcing them from regions known to be free of diseases of 

concern may be required to reduce the risk of their introduction, establishment and spread via this pathway.  

Pathway 2.  Ballast Water 

The likelihood estimates used in this analysis for ballast water assumed use of routine ballast water exchange 

to Australian Ballast Water Management Requirements (DAWR 2016).  However, AQIS has estimated that 

between 150 and 200 million tonnes of ballast water are discharged within Australia’s EEZ each year (Evans 

et al. 2016a).  Risk of ballast water introduction is directly related to the frequency of ballast unloading 

events (Hayes and Hewitt 1998).  Due to the high volume of trade, together with forecasts that the number of 

ship arrivals into Australia are likely to nearly double by 2025 (DIRD 2014), this means that despite the 

Australian Ballast Water Management Requirements, the risks of introduction and establishment of pests and 

diseases via this pathway are non negligible, ranging from high risk in the cases of P. viridis, M. sallei, 

WSD, YHV1, AHPND, and AVNV, moderate risk in the cases of P. perna, R. harrisii, TS and E. 

hepatopenaei, and low risk in the case of A. senhousia, megalocytiviruses and NHP.  Indeed, mid-ocean 

exchange does not eliminate macroinvertebrates, suggesting that current ballast water management 

regulations are ineffective for this taxonomic group (Briski et al. 2012).  Hence incursion risk from ballast 

water is likely to increase with increasing frequency of vessel arrivals (DAWR 2015a), unless additional risk 

mitigation is undertaken.  Detailed assessment of the various methods of reducing risk of incursions via 

ballast water is beyond the scope of this document, however additional risk management in the form of 

treatment of discharged ballast water by heat, filtration or other means (UV/ozone, electricity) may be useful 

or necessary to reduce risks to within the ALOP.  In the meantime, increased levels of active surveillance at 

major ports including surveys for disease agents of concern as well as pest species (Campbell et al. 2007) 

would enhance the chances of detecting ballast water incursions at an early stage when establishment may 

not yet be permanent and eradication may still be an option (Neil et al. 2005, DAWR 2015a).    

Pathway 3.  Biofouling on commercial shipping 

Many of the issues with biofouling of commercial shipping are similar to those detailed above for ballast 

water, except that the risks posed through introduction of pests and diseases via biofouling are currently 

unmitigated, such that many stakeholders and professionals consider that biofouling poses a greater threat to 

Australia’s biosecurity than does ballast water (Hewitt et al. 2011a, b, DAWR 2015a).  Of the 35 known or 

potential pest species identified by Neil et al. (2005) as capable of surviving in tropical Australia, 30 are 

considered biofouling species (Cribb et al. 2009).  Indeed, the risk of introduction of diseases by the 

biofouling pathway is also significant given the wide range of taxonomic groups recorded in biofouling of 

commercial shipping (Coutts and Dodgshun 2007, Hewitt et al. 2011a, b).  The current RA found that the 

risks of introduction and establishment of pests and diseases via this pathway ranged from high risk in the 

cases of P. viridis, M. sallei, WSD, YHV1, AHPND, and AVNV, moderate risk in the cases of P. perna, R. 

harrisii, TS and E. hepatopenaei, and low risk in the case of megalocytiviruses and NHP.  It is known that 

fewer than 1% of arriving vessels are inspected for biofouling, and one in four of vessels that are inspected 

have high priority pest species present in biofouling (Senate Committee 2015). Hence there is a little in the 

way of risk mitigation for this pathway at present.  These risks could be reduced if there were requirements 
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for commercial vessels to implement effective biofouling management plans, however there are currently no 

such legislative requirements in Australia at this time (DAWR 2015a).  Until such time as regulatory options 

for managing biofouling are implemented and enforced, increased levels of active surveillance at major ports 

is needed, including increased frequency of vessel inspections to detect pest species (Campbell et al. 2007), 

together with surveys of translocated hosts for disease agents of concern (DAWR 2017).  Effective active 

surveillance enhances the chances of detecting biofouling incursions at an early stage when establishment 

may not be permanent and eradication may still be an option (Neil et al. 2005, DAWR 2015a).    

Pathway 4.  Biofouling on pleasure and fishing boats 

The issues and solutions surrounding mitgation of the risks of introduction of pests and diseases via 

biofouling on pleasure and fishing boats are identical to those discussed above for commercial shipping.  

However regulation of biofouling on pleasure and fishing boats may be even more problematic than for 

commercial shipping, given the larger number of smaller vessels arriving 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 recognised as a potential pathway for introduction and 

establishment of several marine pests (P. viridis, M. sallei, and P. perna) and 4 diseases of crustaceans 

(WSD, TS YHV1 and AHPND).  Around 1000 ghost nets are recorded in the Gulf of Carpentaria alone each 

year during beach cleanups, with modelling based on satellite tracking suggesting most originate from illegal 

fishing vessels operating in areas north west of Cape York in the Arafura Sea (Wilcox et al. 2013).  Illegal, 

unreported and unregulated (IUU) fishing in and near the Australian Fishing Zone (AFZ) by Indonesian 

fishing boats may be a continuation of historical trade in marine products stretching back several hundred 

years (Neil et al.2005).  These data suggest significant propagule pressure may be exerted by abandoned 

fishing gear with the risk of colonisation by unwanted organisms depending on the port of origin of the 

fishing vessels and the length of time the gear is in the water prior to landfall.  To reduce this propagule 

pressure, increased enforcement of illegal fishing would be required.  Regulations that require or encourage 

gear return (such as buyback schemes) may also reduce discarding of fishing gear.  For example, Wilcox et 

al. (2013) cited a gear buyback program in South Korea that helped recover around 20% of the estimated 

23,900 tons of fishing gear abandoned each year in that country.  Increased satellite surveillance would also 

increase the chances of detecting discarded fishing gear at an earlier stage (Wilcox et al. 2013), improving 

chances of interception on the water by border patrols and thus allowing the opportunity for proper disposal.  

Such interventions would reduce propagule pressure via this pathway by reducing the frequency of landfall.  

Increased levels of active surveillance during beach cleanups would also help to detect pest species (Cribb et 

al. 2009), together with surveys of translocated hosts for diseases of concern (DAWR 2017).  Effective 

active surveillance enhances the chances of detecting pest or disease incursions at an early stage when 

establishment may not be permanent and eradication may still be an option (Neil et al. 2005, DAWR 2015a).    

Pathway 6.  Flotsam/debris 

The issues and solutions surrounding mitgation of the risks of introduction of pests and diseases via flotsam 

and floating debris are similar to those discussed above for discarded/ghost fishing gear.  Marine debris is 

becoming an increasing problem not only in Australia, but worldwide (Evans et al. 2016a), however due to 
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the smaller sizes of flotsam and marine debris, combating the issue is even more problematic than for 

discarded/ghost fishing gear.  Increased levels of active surveillance during beach cleanups are needed to 

detect pest species (Cribb et al. 2009), together with surveys of translocated hosts for disease agents of 

concern (DAWR 2017).  Effective active surveillance along these lines would enhance the chances of 

detecting pest or disease incursions at an early stage when establishment may not be permanent and 

eradication may still be an option (Neil et al. 2005, DAWR 2015a).    

Pathway 7.  Fishing bait – Domestic 

Fish, prawns and molluscs are popular baits for recreational fishing (Diggles 2011).  It is well known that 

some recreational fishers divert seafood intended for human consumption into the bait and burley pathway, 

while some ornamental fishes are also occasionally used as bait (Diggles 2011, Department of Agriculture 

2015).  The outcomes from this risk analysis suggest the activity of using ornamental fishes for bait 

represents a moderate risk of introduction and establishment of Megalocytiviruses and Edwardsiella ictaluri, 

use of imported molluscs as bait represents a moderate risk of introducing AVNV, while use of imported 

prawns as bait or burley represents a high risk of introduction of WSD, a moderate risk of introduction of TS, 

and a low risk of introduction of YHV1.  Surveys published in 2002 found the main reasons anglers diverted 

prawns intended for human consumption into the bait and burley pathway were either for reasons of 

perceived freshness (42%), convenience (36% of respondents), price (14% of respondents), or unintentional 

change (7-12% of respondents intended to eat the prawns but didn’t for various reasons hence diverted the 

products to bait or burley rather than dispose of them via municipal waste, see Kewagama Research 2002).  

There is evidence that the proportion of fishers using seafood purchased prawns as bait was increasing 

throughout the early 2000’s.  Overall country-wide seafood prawn bait use was 6% in 2001/02 (Kewagama 

Research 2002) rising to 7.9% in 2006, a 33% increase (Kewagama Research 2007, Table 12) with 

convenience being the main reason cited in 2006 for purchasing seafood for bait (47% of respondents), then 

freshness (34%) and price (15%).  However, by weight the proportion of imported prawns used as bait 

increased to 11% of the estimated 59.6 tonnes of “sold as seafood prawns” in the 2006 survey, compared to 

4% of the estimated 50.5 tonnes of seafood prawns reported in the 2001/02 survey (Kewagama Research 

2007).  In gross terms of weight of imported prawns being placed in the water (a direct measure of risk), this 

equates to 0.11 x 59.6 = 6556 kg of imported prawns used as bait in 2006 vs 2020 kg of imported prawns 

used as bait in 2001/02, an increase of 324% in 5 years (Table 12).  If trends of seafood bait use continued to 

increase after 2009, depending on the prevalence of diseases such as WSSV in imported prawns, risk of 

introduction and establishment of those diseases via this pathway would also increase (Table 12).  

Today from perusal of public fishing forums it is clear that some recreational fishers in Australia consider 

use of imported prawns purchased from supermarkets as bait as routine, because they are cheaper and 

perceived to be better quality (QLD Government 2006, Fishraider.com.au 2013, Department of Agriculture 

2015, Fishing Victoria 2016).  Indeed, recent surveys conducted by Biosecurity QLD suggest that the 

proportion of recreational anglers using supermarket purchased imported prawns as bait may now exceed 

50% (Biosecurity QLD 2017). Given the increased volumes of green prawns imported in 2014-16 (12,000 – 

16,000 tonnes) compared to 2006 (7,700 tonnes) (FRDC 2017) leading to increased availability of imported 

prawns at supermarkets over the past decade, and apparent routine use of imported prawns by some members 

of the recreational fishing community, the quantities of imported prawns being used as bait may be more 

than an order of magnitude higher (up to 3500% higher) than in 2006 (Table 12).  
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This, together with a large increase in prevalence of diseases such as WSSV in imported prawns due to 

biosecurity breakdowns at the international border (Future Fisheres Veterinary Services 2017, Senate 2017), 

represents a significantly increased risk of introduction of exotic diseases via this pathway (Oidtmann and 

Stentiford 2011, Table 12) compared to the situation in 2006 upon which the current risk analysis for 

imported prawn products was based (Biosecurity Australia 2009).  

Education of anglers has been considered to be one way of mitigating the risk of introduction of diseases 

such as WSSV via the bait and burley pathway.  However, it is difficult to engage all recreational fishers in 

educational campaigns and there is evidence that compliance will decline over time unless the educational 

message is followed up with strong enforcement.  Given that it is inevitable that if green imported prawns are 

made available for retail sale as seafood that some will be diverted into the bait and burley pathway, other 

risk mitigation methods will be required to reduce the risk of introduction of diseases such as WSSV to 

within the ALOP consistent with the phytosanitary risk reduction methods employed by Australia for other 

non seafood products (e.g. see Commonwealth of Australia 2004a, b).  Certainly the current risk reduction 

methods used for imported green prawns such as freezing and processing to removing the head, shell and 

alimentary canal decrease the risks of introduction of some diseases (YHV1, AHPND, NHP, Enterocytozoon 

hepatopenaei), but some of these processes may actually increase the risk of establishment of other diseases 

infecting prawn muscle such as WSSV, TSV or IMN, given that removal of the shell may allow potential 

hosts (e.g. prawns, shrimps, crabs) to eat a larger ration of muscle tissue if they encountered an imported 

prawn used as bait or burley.  Recent data from Europe suggest that a ration of as little as 50 mg of muscle 

tissue of supermarket prawns is sufficent to establish WSSV infection in susceptible hosts (Bateman et al. 

2012), hence it could be that removing the shell may allow that host to eat more of the prawn that it 

otherwise would, potentially increasing the overall dose of virions via the per os route (Oidtmann and 

Stentiford 2011, Bateman et al. 2012).  Indeed, in the case of WSSV in imported prawns, replacement of 

uncooked frozen prawn products with cooked products may be the only way to reduce risks to within the 

ALOP consistent with the phytosanitary risk reduction methods employed by Australia for other non seafood 

products imported for human consumption (Commonwealth of Australia 2004a, b).  Phytosanitary conditions 

allowing entry of only cooked prawns (processed or whole unprocessed) would not only reduce the risk of 

introduction and establishment of WSSV to within Australia’s ALOP (as evidenced by Commonwealth of 

Australia 2004a, b), it would also be consistent with domestic biosecurity arrangements currently 

implemented for crustacean products originating from SE QLD under the current WSD incursion (DAF QLD 

2017).  Allowing entry of only cooked prawns would also reduce the risk of introduction and establishment 

of new and emerging diseases (Thitamee et al. 2016, Li et al. 2016, Bateman and Stentiford 2017) for which, 

in the absence of identification and suitable diagnostic tools, there may be high risks of introduction 

(Gaughan 2002), without any currently available means of testing at-risk commodities at the border.  

Costwise the cooking option would also be “least cost” as it would reduce processing costs pre-border (in the 

case of unprocessed prawns), and reduce testing costs post-border, potentially reducing retail costs to 

consumers for imported prawn commodities.  Pre-border cooking of imported prawns would also 

significantly reduce the real risks of post-border industrial sabotage (Jones 2012). 

Similarly, efforts to mitigate risk of introduction and establishment of Megalocytiviruses and Edwardsiella 

ictaluri posed by release of ornamental fishes or using ornamental fishes for bait could include increased 

education of fish hobbyists and recreational anglers.  However, it is difficult to engage all fish hobbyists and 

recreational fishers in educational campaigns and there is evidence that compliance will decline over time 
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unless the educational message is followed up with strong enforcement (Corfield et al. 2008). Other 

alternative risk mitigation methods could include more stringent disease testing of imported fish at the border 

for the diseases of concern.  Indeed , health certification is now required proving batch negative testing from 

megalocytiviruses prior to export of susceptible ornamental fish hosts into Australia (Rimmer et al. 2015, 

DAWR 2015b), which if implemented correctly should keep the prevalence of the disease in imported fish 

below 5% (DAWR 2015b).  However, even though populations of fish may test free of megalocytiviruses 

prior to export or at the border, the stress of transport and translocation can result in expression of disease in 

carriers, increasing viral load and increasing spread of infection either during quarantine or post-quarantine 

during mixing with other susceptible host fishes within the wholesale and/or retail supply chain (Becker et al. 

2014).  It has been shown that ornamental fish routinely exit quarantine in Australia with megalocytiviruses, 

and given the large volumes of fish imported, even at <5% prevalence propagule pressure is likely to remain 

significant because of spread of infection post-quarantine during mixing of infected fish with other 

susceptible hosts in the retail supply chain.    

Another risk mitigation method that is worth strong consideration is removal of high risk hosts from the list 

of species permitted entry into Australia as ornamental fishes and increasing reliance on domestically bred 

fishes for supply into the ornamental finfish industry.  This method was successfully used in New Zealand to 

reduce the risk of entry of unwanted diseases carried by cyprinids (Biosecurity New Zealand 2005).  Even 

so, this would not preclude the need for increased surveillance of Australian bred fishes, due to legacy 

problems arising from the previous history of biosecurity lapses at the international border (e.g. detection of 

megalocytiviruses in ornamental fish farms in Australia, see Mohr et al. 2015b, Rimmer et al. 2015). 

Pathway 8.  Fishing bait – Imported 

Use of marine pest species or other hosts (molluscs, crustaceans) that may be infected with diseases of 

concern as fishing bait imported by foreign fishing vessels was one pathway identified as presenting a high 

risk of introduction and establishment of P. viridis, a moderate risk of introduction and establishment of M. 

sallei and P. perna, and a low risk of introduction of diseases such as megalocytiviruses, WSD and AVNV.  

Illegal, unreported and unregulated (IUU) fishing in the Australian Fishing Zone (AFZ) by Indonesian 

fishing boats may be a continuation of historical trade in marine products stretching back several hundred 

years (Neil et al. 2005).  However in modern times improvements in fishing boats and navigational 

equipment have allowed greater access and increased effort to be applied by IUU and Indonesian fishers in 

northern Australia (Neil et al. 2005).  To reduce this propagule pressure, increased enforcement of illegal 

fishing would be required through increased resourcing of border patrols and/or increased satellite 

surveillance to increase the chances of detecting illegal fishing at an earlier stage, improving chances of 

interception on the water by border patrols and thus allowing the opportunity for proper disposal of risky 

vectors such as molluscs or crustaceans used as bait (or burley).   

Pathway 9.  Fish/shellfish movements – Anthropogenic 

There is a long history of anthropogenic movement of fish and shellfish in Northern Australian waters.  

Indonesian fishers have fished the reefs and shoals and coast of northern and north-western Australia for at 

least the last 250 years, while Macassan fishermen regularly made voyages from Macassar in South Sulawesi 

to north Australia to search for marine products including trepang (sea cucumbers), trochus, turtle shell, 
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timber, bees wax, pearls, shark fin and kingfisher feathers (Neil et al. 2005). Indigenous and new Australians 

are also likely to move fish and shellfish products in and out of the Australian EEZ, particularly in places 

like the tip of Cape York and Torres Strait (Neil et al. 2005).  To reduce this propagule pressure, increased 

enforcement of illegal fishing together with increased levels of active surveillance (Cribb et al. 2009) would 

be required, together with surveys of translocated hosts for diseases of concern.  Effective active surveillance 

would enhance the chances of detecting pest or disease incursions at an early stage when establishment may 

not yet be permanent and eradication may still be an option (Neil et al. 2005, DAWR 2015a).  Release of 

ornamental fishes and crustaceans into the wild is another high risk pathway that requires stringent 

monitoring at the international border and within the ornamental industry to prevent disease establishment 

and spread (Corfield et al. 2008).  Recent evidence of illegal importation of live ornamental crustaceans 

(NSW Aquaculture Association 2017) is also a significant concern.  Such animals would be subject to 

minimal or no sanitary or quarantine measures prior to entry into the country, thus representing an extreme 

risk of introduction of exotic diseases into Australia via this route through distribution into the ornamental 

industry of the imported animals themselves, or their progeny.  To reduce this risk, increased surveillance 

and enforcement of illegal imports would be required, together 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 hosts, especially considering there are no significant 

physical barriers preventing the southward dispersal of fishes and shellfish into and across the Timor, 

Arafura and Coral Seas.  However, the relatively small shift in latitude results in marked reductions in cloud 

cover and annual rainfall, as well as increased average wind strengths, insulation, evaporation and cyclone 

generation (due to the coriolis effect) (Neil et al. 2005).  These different conditions, together with the large 

tidal ranges experienced in the southern Timor Sea, help explain why many of the marine taxa endemic to 

the humid equatorial region have not spread into Australian waters (Neil et al. 2005).  Again, increased 

active surveillance (Cribb et al. 2009) is required to establish baselines (Campbell et al. 2007) and detect and 

record range shifts and/or incursions, preferably in conjunction with range extension databases such as 

Summerson et al. (2007) and Project Redmap (Range Extension Database and Mapping Project - 

http://www.redmap.org.au/ ).  

Pathway 11.  Infrastructure stepping stones 

The issues and solutions surrounding mitgation of the risks of introduction of pests and diseases via stepping 

stone introduction on offshore infrastructure are similar to those detailed above for biofouling on commercial 

shipping, pleasure craft and fishing boats.  Compulsory regular active surveillance (Campbell et al. 2007) 

and management of biofouling on offshore infrastructure to detect and eliminate pest species, together with 

surveys of translocated hosts for disease agents of concern (DAWR 2017) are required to reduce the risks of 

stepping stone introductions for several marine pests (P. viridis, M. sallei, P. perna and R. harrisii) as well as 

white spot disease of crustaceans.  Effective risk assessment (Woodside 2016) underpinned by active 

surveillance would enhance the chances of detecting biofouling incursions on offshore infrastructure at early 

stages in order to prevent establishment and facilitate effective eradication (Neil et al. 2005, DAWR 2015a).   

http://www.redmap.org.au/
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Appendix 1.  Area risk maps for aquatic pests and diseases of concern based on IMCRA bioregions. 

Figure A1. 

 
 

 
Figure A2. 

 

 
 
Figure A3. 
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Figure A4. 

 
 
 
 
Figure A5. 

 
 
 
 
Figure A6. 
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Figure A7. 

 
 
 
 
Figure A8. 

 
 
 
 
Figure A9. 
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Figure A10. 

 
 
 
 
Figure A11. 

 
 
 
 
Figure A12. 
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Figure A13. 

 
 
 
 
Figure A14. 

 
 
 
 
Figure A15. 
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Appendix 4.  Frequency of drifting debris landfall in northern Australia (Heersink et al. 2014). 

 

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