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Non — technical summary

Empirical evidence both from within Australia and overseéasionstrates a direct pathway exists for the
introduction and establishment of aquatic animal pathogensdhrthe translocation of bait and/or berley
during the process of fishing. Viruses, bacteria, and sontezmans are hazards because they often remain
viable after freezing, while most metazoan parasites gly@resent a lower risk, though a risk remains for
all types of disease agents if live bait is used. Oratglespathogens have been introduced directly into the
environment as bait or berley, the probability that they wikdt aquatic organisms and become established
is determined by a number of factors including the preseiseitable hosts, the number of viable infective
stages, and environmental conditions at the fishing site.

This Risk Analysis (RA) examined the risks of diseas®duction associated with domestic translocation of
bait and berley products within Australia. Information o types of commodities used in commercial and
recreational fisheries is generally available, however Ideththe quantity of each commodity used is scarce
as this information is not captured by State fisheriesrtiepats. The list of species most widely used as
bait or berley included representatives from 17 familiesatifvater fishes, 16 families of freshwater fishes,
16 species of prawns, 13 species of crabs or nippers, 13sspefieshwater and saltwater crayfish/lobsters,
at least 32 species of molluscs (gastropods, bivalves;epithlopods), 23 families or species of annelids, 4
species of echinoderms and 1 ascidean. Hazard identifidatidhe disease agents reported from these
commodities identified at least 80 diseases of poterdiadarn, including 30 viruses, 8 bacterial diseases, 20
protozoan diseases and 21 metazoan diseases from fimtisteaeans and molluscs, as well as one fungal
disease from finfish. From the preliminary list of 80 patdrhazards, 44 disease agents were classified as
diseases of concern that required detailed risk assessThe 44 diseases of concern were placed into 35
different categories and detailed risk assessments weretakete The outcomes of the risk assessments
indicated 21 diseases for which the unmitigated risk elezb¢he ALOP (see summary table over page).
Two diseases were classified as high risk, namely ERN¥nfish and AVG of abalone. Three diseases
were classified as moderate risk, including EUS of finfeshd infection of molluscs witBonamiaand
Perkinsus Sixteen diseases were classified as low risk, incUMER of finfish, goldfish ulcer disease,
microsporidian infections of finfish and crustaceantgdtions of live finfish, molluscs and crustaceans with
introduced digeneans, nematodes and cestodes, infectiongedinlfish with introduced copepods and
Caligus epidemicysinfection of finfish and annelids with myxosporeansakinfections of freshwater
crayfish, GAV, SMV and WTD of prawns, infections of dareans wittHematodiniumspp. andsacculina
spp., infections of molluscs with Haplosporidians and indest of molluscs and annelids wiarteilia
sydneyi Options for mitigation of these risks to within the@P are presented.

Data gaps were identified for disease agents of piptkles, callianassids, bait crabs, cephalopod molluscs,
annelids, echinoderms, and ascideans, all of which are onlymased as bait. Activeéisease surveillance
should be implemented in a structured manner to fill in tha gaps identified in this RA. He importance

of active surveillance was highlighted when a detaileldl aBalysis was undertaken for a hypothetical
unknown virus from finfish. Indeedhére remains a risk of transfer of unknown disease agergn,in the
absence of their identification, and disease surveillantieei®nly way to minimize these risks whenever
significant quantities of bait are being translocated o geographical regions.
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RA Summary table. Commodities potentially harbouring digase agents that require additional risk

management. v'v'v' = high risk, v'v" = moderate risk, v'= low risk, X = within ALOP.

Commodity type Disease agent requiring risk managemen
FINFISH EHNV EUS VER GUD Microsporidians | Myxosporeans | Digeneans
cestodes

nematodes
copepods

Live finfish vV v v 4 v v v

Whole freshdead | vV 4 v v v v X

finfish

Frozen whole vV X v X X X X

finfish

Frozen fish fillets v X X X X X X

Frozen fish heads vV X X X X X

Frozen fish vV X X X X X X

guts/offal

CRUSTACEANS | Viruses GAvV SMV WTD Microsporidians | Hematodinium | Sacculina

of FW spp. spp.
crayfish

Live prawns X v v'* v X

Live crayfish/ v X v X v ? X

lobsters

Live crabs X X X X v

Whole fresh dead X v v v'* v X X

prawns

Whole fresh dead v X X X v ? X

crayfish / lobsters

Whole fresh dead X X X X v v X

crabs

Frozen whole X X X X X X X

prawns

Frozen whole X X X X X X X

crayfish / lobsters

Frozen whole X X X X X X X

crabs

Frozen prawn tails X X X X X X X

Frozen crayfish / X X X X X X X

lobster tails

Frozen prawn X X X X X X X

heads

Frozen crayfish / X X X X X X X

lobster heads

DIERING
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Commodity type Disease agent requiring risk managemen
MOLLUSCS AVG Perkinsus| Bonamia | Marteilia | Haplosporidians Digeneans
olseni spp. sydneyi
Live molluscs X vV X X v v
Live oysters X 4 V% v v v
Live abalone vV vV X X v v
Whole fresh dead X vV X X X X
molluscs
Whole fresh dead X vV v v X X
oysters
Whole fresh dead vV vV X X X X
abalone
Frozen whole X vV X X X X
molluscs
Frozen whole X vV X X X X
oysters
Frozen whole vV vV X X X X
abalone
Frozen mollusc X vV X X X X
meat
Frozen abalone vV vV X X X X
meat and viscera
ANNELIDS Marteilia Myxo-
sydneyi | sporeans
Live annelids 4 v
Fresh dead v v
annelids
Frozen annelids X X
Freeze dried X X
annelids
+ = introduced species, as well @aligus epidemicys* = freshwater prawndacrobrachiumspp.) only,

? = unknown, as marine crayfish/lobsters in Australia hatébeen actively surveyed fétematodinium
spp. at this time.
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1.0 Introduction

The committees responsible for aquatic animal heaithirwAustralia have long recognised the need to
assess the risks associated with translocation ofamaitberley within Australia. In 2003, the Primary
Industries Health Committee (PIHC) and Aquatic AnimahlteCommittee (AAHC) determined that:

1. A risk assessment would provide a basis for determinirege resources need to be allocated and where
regulation may be needed. In this regard jurisdictionsldvoeed to assess the feasibility of regulation
versus codes of practice.

2. A national approach is needed. Risk assessments sieou&kd as a basis for developing the approach.

Since then the issue has remained as a high prioritg isgh PIHC and AAHC (and now the Animal Health
Committee (AHC)).

The International Union for Conservation of NatutgGN) defines translocation aghe movement of living
organisms from one area with free release in andt@UN 1987). Translocation of aquatic organisms
can provide economic benefits, but can also cause many ecologibédms (Burrows 2004, Hannon 2008).
There is increasing evidence to suggest that transbocafiaquatic animals and their products as bait and
berley represents a significant threat for facilitatingoduction and/or range extensions of their disease
agents (Bauer 1991, Stewart 1991, Westman 1991, Ludwig and 18®&&) Englund and Eldredge 2001,
Corfield et al. 2007, Pernet 2008). In Australia, the magniaddeat threat is well evidenced by the fact
that the spread of significant disease agents such aslititesdchthyophthirius multifiliis Chilodonella
hexasticha Trichodina spp. andC. cyprini and helminthsGyrodactylus spp. andBothriocephalus
acheilognathiinto native fish populations has followed releases eamstocations of both exotic and native
fish (Ashburner 1976, Langdon 1988, 1989a, 1990, Rowland and Ingram 1991, Hurh@bay 1995b,
Dove et al. 1997, Dove 1998, 2000, Dove and Ernst 1998, Dove and FletcheD208Gand O’Donoghue
2005).

The national recreational and indigenous fishing survey (HandylLyle 2003) found that bait was used in
over 80% of the 19.7 million line fishing events estimatedateehoccurred in Australia in 2000-2001, with
recreational fishers using around 11.5 million baitfish (edidlg prawns, cephalopods and other molluscs) in
this time. With release or disposal of unused baitfisthe fishing destination being a common behaviour
(Litvak and Mandrak 1993, Ludwig and Leitch 1996, Lindgren 20069, duggests that the volume of bait
being translocated during recreational fishing in Austnaliaignificant. Furthermore, the quantity of bait
used in some commercial fisheries (e.g. longline fisheloéster trap fisheries) is even higher again. For
example, until recently over 10,000 tonnes and up to 20,000 tonnest afdrai used each year in the
Western Rock Lobster Fishery (Jones and Gibson 1997, Diggles 200l aAproportion of the bait used
in large commercial fisheries such as the Western Rocktérobsshery originates from overseas sources,
this Risk Analysis (RA) will not assess risks posedrtgrnational movements of aquatic animals and their
products, as these Import Risk Analyses (IRAs) are rdsponsibility of Biosecurity Australia (e.g.
Biosecurity Australia 2006, 2009). Instead, the current projgkt only assess risks associated with
domestic movements of bait and berley used in both commardalecreational fisheries. Risks associated
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with movements of ornamental species in the aquarium irydastt aquatic animal products used as feed in
the aquaculture industry are also outside the scope of itusEmt.

Movement of live animals has been the main focus for previodses that have examined the disease risks
associated with their translocation as bait (Bauer 198weBt 1991, Westman 1991). More recently,
however, the potential for spread of disease througlofusesh and frozen aquatic animal products as bait
has also been recognized by several Government auttloriies example, the emergence and spread of the
abalone ganglioneuritis disease in Victoria (Hooper e@07) has lead to bans on the use of abalone
viscera and other products as bait in adjacent <Atbdue to the likely (though as yet unquantified) risks of
translocating the pathogen via this route.

Once introduced, the spread of diseases in wild fish&iesually irreversible and can have significant
ongoing economic and ecological implications for not only commakend recreational fisheries and the
aquaculture industry, but also for biodiversity and conservatiometened native aquatic species (Dove et
al. 1997, Dove 1998, Dove and Fletcher 2000). The consequencesodiidtibn of diseases to new
geographic areas can be adverse, severe and far reachingpdiaally and temporally (Durand et al. 2000).

1.1 Examples of spread of disease agents in bait

The first step in this Risk Assessment (RA) will be¢giew previous examples of spread of disease agents
which have originated from, or been facilitated by, moseis of aquatic animal commodities used as bait or
berley. Although there are many reports linking movementsivfor berley to the emergence of diseases in
aquatic animals, it is likely that the incidence of lalated disease translocation is significantly under-
reported. This is because of the difficulty of proving the conme after the event, particularly in instances
where samples of bait for testing have long since disappeared.

1.1.1 Spread of disease agents in Finfish used as bait

Finfish are very popular bait species for both recoeatiand commercial fishing. They are used to bait
hooks and traps and are used live and dead in fisheries ngrgetih finfish and crustaceans. There are
many instances where diseases of finfish have beesidcated, or suspected to have been translocated, with
movements of live fish, dead fish or frozen fish prodémtdait. Some of these are reviewed below.

Viruses

Goodwin et al (2004) reviewed potential hazards assoacmtbd/iruses that may be present in cultured and
wild caught baitfish in the United States. They foumat the freshwater baitfish industry in the United States
shipped more than 10 billion fish per year, with morentB8% of all the baitfish sold being farm raised
(Goodwin et al. 2004). They considered that translocatiotiseobaitfish were likely to pose significant
risks for spread of the notifiable pathogens Spring Viraerhi€aop (SVCV) and Viral Haemorrhagic

! hitp://www.dpi.nsw.gov.auffisheries/recreational/infolaha-disease-closure

2 hitp://mww.dpi.nsw.gov.au/ _data/assets/pdf file/0015/200850/Fishisgrelaising-berley-as-bait.pdf
3 http://mww.dpiw.tas.gov.au/inter.nsf/Attachments/SCAN-6Z88 ?open

4 hitp://mww.pir.sa.gov.au/ data/assets/pdf file/0018/61452/abalons brochure jan08.pdf

DWH FRDB@oject No. 2009/072, Final Report July 2011 13

www.digsfish.com



Septicaemia (VHSV), as well as other less pathogenic agents as aquareoviruses like Golder Shiner
Virus (GSV) (Goodwin et al. 2004). They also concludedfibhtviruses may routinely survive in frozen

baitfish and thus may be disseminated to different whéels by anglers (Goodwin et al. 2004). While
Goodwin et al. (2004) did not provide any specific examples ofewienses were proven to be spread with
movements of baitfish, they highlighted risks that maniteseey soon after their paper was published in the
form of spread of VHSV throughout the Great Lakes regioh®finited States. The situation with VHSV,

as well as a number of other viruses that have beeadspiz movements of baitfish, are summarised below.

Viral Haemorrhagic Septicaemia Virus (VHSV)

In 2003, a novel sublineage of VHSV emerged in the Laurenti@atGrakes basin of the United States
causing fish kills in a wide range of freshwater fishdsg§ed et al. 2006, USDA 2006, Gagne” et al. 2007,
Groocock et al. 2007, Lumsden et al. 2007, Gustafson 2009, Kim asal 2810). The main species
affected included freshwater drumplodinotus grunniens muskellunggEsoxmasquinongy Gizzard shad
(Dorosoma cepedianumand Yellow perchRerca flavescengElsayed et al. 2006, Lumsden et al. 2007,
Gagne” et al. 2007). The disease may have originally beesduced into the lakes via natural fish
movements (Groocock et al. 2007), or release of ballagtrweom shipping (Wisconsin Aquaculture
Association 2007, Bain et al. 2010), but once introduced theasdiseontinued to spread via natural
movements of water and fishes. However, movement of the mitiissome inland lakes and reservoirs
isolated from the Great Lakes was also observed (Wiscakguaculture Association 2007, Gustafson
2009), and translocations of live baitfish were consideoeliet one of the highest risk activities which
contributed to such introductions (VHSV Expert Panel amatkiig Group 2010). Subsequent efforts at
limiting the spread of the disease in the region have mmgi¢ed controls on movements of not only live
baitfish, but all finfish commodities that could becomeattéd, as well as disinfection of boats and other
equipment (Michigan Department of Natural Resources 2B60Stafson 2009, Appendix 2).

Spring Viraemia of Carp Virus (SVCV)

Goodwin et al. (2004) raised questions regarding the safeétgraflocating live freshwater baitfish after the
discovery of spring Viraemia of carp virus (SVCV) in the ddiStates. In the spring of 2002, SVCV was
discovered in koi Qyprinus carpip grown by a major koi dealer in North Carolina who leer 200
commercial koi ponds in both North Carolina and Wiscori@oodwin 2002, Shivappa et al. 2008). At
about the same time, SVCV was reported causing magliti common carpQyprinus carpid in several
lakes and rivers in Wisconsin including the Mississippi R{#arcquenski et al. 2003). SVCV infects a
broad range of fish species (primarily cyprinids), hetheediscovery of the virus in the United States caused
state wildlife agencies to become concerned about the @dtehbaitfish to move the disease (Goodwin et
al. 2004). This was because the virus was found in sever@r Wwadies that were not naturally
interconnected (Marcquenski et al. 2003), suggesting intriaigcof the virus followed translocations of
fish. Furthermore, wild cyprinid baitfish, includingthead minnowsRimephales promeljscommon carp,
and native cyprinids were at the time being captured amdirgt@rstate from regions in Wisconsin that had
been definitively identified as SVC virus positive (Goodwinaét 2004). While there appear to be no
scientifically confirmed cases of translocation ofSXin the USA via baitfish, the virus causes a highly
contagious disease in cyprinids including yearling common carp ahdad minnows, which are both
popular live bait species in the USA. Restrictions on mové&ranvarious live bait species and prohibition
of use of carp as bait have been implemented in severas @f the USA in recognition of the risk that
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baitfish pose for spread of disease following the outbreak8i&V and SVCYV in that country (New York
State Department of Environmental Conservation 2009).

Epizootic Haematopoietic Necrosis Virus (EHNV)

In November and December 1984 a new iridovirus was discoveremgduriestigations of epizootics in
juvenile redfin perchRerca fluviatilig populations in an artificial impoundment (Lake Nillahaeptin
North East Victoria (Langdon et al. 1986). More outbreakshefdisease were subsequently observed in
Lakes Mokoan, Hume and Eildon (north east Victoria) and Btowg Reservoir (NSW) in the spring and
summer of 1986/87 (Langdon and Humpheries 1987), followed by furthetsep other areas of Victoria,
NSW, the ACT and South Australia over the next decade (\Wtitin et al. 1996, 1999). The virus was
named epizootic haematopoietic necrosis virus (EHNV)tduee epizootic nature of the disease in redfin
and the hepatic and renal haematopoietic necrosis #@sfound in diseased fish (Langdon and Humphrey
1987, Langdon 1989b). It was considered that the spread of the disasdeghly likely to have been
associated with movements of redfin per&er€a fluviatilig and possibly rainbow trouOficorhynchus
mykis3 around southern Australia through stocking for angling aeduse of juvenile redfin perch as bait
(Langdon and Humphrey 1987, Langdon 1989a, 1990, Lintermans et al. 1980nyion et al. 1996,
1999). Instances where EHNV has been detected in introghapedations of redfin perch in isolated water
bodies such as fish farm ponds, farm dams (Langdon and Hunp®8&), the Mount Bold Reservoir in
South Australia (Pierce et al. 1991), and in Lake BurleffiGin Canberra (Lintermans 2009), together with
its discontinuous distribution (Whittington et al. 2010), provideher evidence to suggest the virus has
been spread to new areas with movements of live or frezifim (Whittington et al. 2010).

EHNV has been shown experimentally to cause diseasevarad native Australian fish species including
Macquarie perchMacquaria australasicg mountain galaxiag3alaxias oliduy and silver perchRidyanus
bidyanu3, and Langdon (1989b) postulated that the declines in thesedpeeies were due in part to the
introduction of the virus in previously free water catchtaewith redfin used as bait and/or for illegal
restocking (Langdon 1989a, 1990).

Largemouth Bass virus (LMBV)

Largemouth Bass virus (LMBYV), also known as Santee-Coap®virus, is the only virus known to cause
lethal disease in wild largemouth basgiqropterus salmoidgsin the USA (Grizzle and Brunner 2003).
LMBYV is an iridovirus that was first isolated in 1991 imatally normal largemouth bass in Florida (Grizzle
et al. 2002), however the first fish kill attributed to LMB¥curred in the summer and autumn of 1995 when
at least 1,000 largemouth bass died in a reservoir in Southr@af@lumb et al. 1996, Grizzel et al. 2002).
Since then the virus has been detected in kills of largentzagh from several states in the south eastern
USA, and has spread as far north as New York S@teoCock et al. 2008) and as far west as Texas
(Southard et al. 2009).

There is epidemiological evidence that suggests that LMBY avrecent introduction into the USA (Grizzle
and Brunner 2003). Viruses very similar to largemouth bass wiere isolated from aquarium fish,
including cleaner fist.abroides dimidiatusind guppyPoecilia reticulata that were imported to the USA
from south east Asia (Hedrick & McDowell 1995; Mao etl®97, 1999a). Given the lack of host specificity
of most iridoviruses it is possible that largemouth basese first infected with LMBV by contact with
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ornamental fish (Mao et al. 1999a,b), which are oftereceautdoors in Florida in the region where LMBV
first emerged. Transmission also occurs via the otakr@/Noodland et al. 2002a), suggesting LMBYV can
be spread via natural predation and by using infectedaisihait. Because LMBV can be carried by
clinically healthy fish of several species of the sunfestmily (e.g. bluegillLepomis macrochirgsthat are
recognized as an effective live bait for largemouth bagsyirus was probably spread geographically by the
transport of water or fish in live wells of fishing bsaind/or by private or government stocking of fish
(Woodland et al. 2002b, Grizzle and Brunner 2003, Southard et al. 2009).

Pilchard herpesvirus (PHV)

In 1995 and 1998-99 two epizootics occurred throughout Australipolggmns of pilchardsSardinops
sagax neopilchardysdue to infection by a novel herpesvirus (Whittington etl8b7, Hyatt et al. 1997,
Gaughan et al. 2000). In both events, a mortality front comrdamezr Port Lincoln in South Australia and
spread bi-directionally both eastwards and westwards overl&0@d coastline throughout the range of the
Australian pilchard population (Fletcher et al. 1997, Gau@®@02, Murray et al. 2003, Whittington et al.
2008). Exposure of a naive population to herpesvirus carriign pilchards used as bait or aquaculture
feed is considered by many scientists and epidemiologigt® the cause of both these events (Hine and
MacDiarmid 1997, Gaughan 2002, Murray et al. 2003, Whittingtonl.eRGD8). In 1995 the same
herpesvirus was associated with mass mortalities lohgrds in New Zealand (Hine 1995, Smith et al.
1996b, Whittington et al. 1997, Fletcher et al. 1997). The herpsswis introduced into New Zealand in
1995 via infected frozen pilchards used by recreational and canaifishers as bait after a shipment of
infected pilchards was received from Bremer Bay, Westastralia (Hine 1995, Fletcher et al. 1997,
Crockford 2007, P.M Hine, personal communication). Indeeds @lso notable that during the 1995
mortality event in New Zealand, recreational and comiakfishers were observed collecting large numbers
of clinically diseased, moribund and dead pilchardsdterluse as bait (Smith et al. 1996b). The fact that
mortalities due to herpesvirus were not recorded irpfhards during the 1998-99 event is likely to be due
to the immediate implementation of a temporary ban on mentof frozen pilchards from Australia to
New Zealand during the entire course of the second event (Rih and B.K Diggles, personal
observation).

Bacteria

All fish have a “normal” bacterial flora that changesasonally (Bisset 1948) and which is moved with the
fish whenever the host is translocated. There are atsitdtive bacterial pathogens such as those in the
FlavobacteriumCytophagérl enacibaculumand Vibrio sp. groups that are considered to be ubiquitous in
aquatic environments (Austin and Austin 2007), but certain strafnwhich can cause disease and
mortalities in aquatic animals that are stressed, adjand/or exposed to adverse environmental conditions.
However there are also specific bacterial pathogens thatoareonsidered to be ubiquitous and which are
limited in their distribution (Toranzo et al. 2005). Th#dacan also be translocated with movements of
live, dead and frozen fish, potentially resulting in theeagrof undesirable infections to different fish
populations in new geographic areas. Some examples of tisdotations of specific bacterial pathogens
with baitfish are reviewed below.

Furunculosis (Aeromonas salmonicidgubspsalmonicidg

Ostland et al. (1987) demonstrated the transmission of furwisul@eromonas salmonicidaubsp
salmonicida to salmonids through the use of infected baitfish minndhsscle lesions (furuncles) caused
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by A. salmonicidass. salmonicidawere found in minnows (common shindd®tropis cornutuswhite
suckersCatostomus commersorgreek chubSemotilus atromaculatuand golden shinerSlotemogonus
crysoleucap purchased from a commercial baitfish supplier. The bhitivere then used to transmit the
infection horizontally to coho salmo®corhynchus kisut¢rand brook trout$alvelinus fontinaljsby co-
habitation of the salmon with the clinically diseased mirmowaquaria (Ostland et al. 1987).

Atypical Aeromonas salmonicida

Atypical Aeromonas salmonicidahe cause of goldfish ulcer disease, is thought to haeeeenfAustralia
with imported goldfish from Japan and the disease waisdetected at a goldfish farm in South Gippsland,
Victoria, in 1975 (Trust et al. 1980). Subsequently, infectioaise confirmed in wild populations of goldfish
and in goldfish on native fish farms, probably as a coresmpiof use of live goldfish as bait and of the
disposal of unwanted goldfish into waterways (Whittingtbal. 1987, Humphrey and Ashburner 1993). By
1992 the infection was identified in roach with ulcerafiegions from a water impoundment in Victoria
(Humphrey and Ashburner 1993) and in farmed silver pésalyénus bidyanusyith ulcerative dermatitis
(Whittington et al. 1995). Atlantic salm@8almo salar)vere shown to be extremely vulnerable to the strain
of bacterium from goldfish (Whittington and Cullis 1988) andéhsese of this, restrictions were implemented
on movements of goldfish to Tasmania to protect the develomhgosid industry (Humphrey and
Ashburner 1993). Genomic analysis revealed that isolates frodiisgpoland silver perch comprised a
homogenous group, suggesting transmissio.oBalmonicidaacross the species barrier from goldfish
(Whittington et al. 1995). Goldfish ulcer disease is now icened endemic in south-eastern Australia,
causing morbidity and mortality in several species of valdtured and ornamental fish.

Enteric redmouth (ERM)

Enteric redmouth disease (ERM) is caused by the bactefersinia ruckeri which was first described in
rainbow trout from the Hagerman Valley, Idaho, USA in the 198sker 1966). ERM was reported for
the first time in Europe in March 1981 in rainbow trout faroh the south west of France during outbreaks
of clinical disease in young trout with mortalitiesween 5 and 10% of the farm stock (Lésehl, 1983).

A likely source for the introduction of. ruckeriwas found several years later by Michehl. (1986), who
described a clinical case of ERM in fathead minnoRisnéphales promelaghat had been imported for
live-bait into France from the United States since 198Irot#®e data show that the European and North
American populations of. ruckeriare interrelated (Davies 1990), thus supporting the evideoceMichel

et al. (1986) which suggests that the organism was inteadudo Europe from North America by the
importation of infected baitfish.

Fungi

Several types of fungi are considered to be ubiquitous appstic saprobes which can overwhelm the
innate immune system and infect aquatic animals thainareed, stressed or immunocompromised by
exposure to suboptimal conditions, such as pollutants or depps in water temperature (Roberts 2001).
Examples include oomycete water moulds sucBamolegniaBranchiomycesindAchyla which are well
known opportunistic invaders of compromised fish and shellfisbwever there are a handful of specific
fungal pathogens of fish that are not considered to be ubrguih their distribution, such @gphanomyces
invadansandIchthyophonus hoferi It appears that at least one of these pathogens haspread & new
geographic areas through translocations of live fish, dnetpupopular baitfish species, as reviewed below.
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Epizootic Ulcerative Syndrome (EUS)

Systemic mycoses consistent with epizootic ulcerativersymel (EUS) caused by the fungdghanomyces
invadanswere first reported in Australia in the early 1970’'s & #arlier stages of a regional epizootic
(McKenzie and Hall 1976, Fraser et al. 1992, Arthur and So@lasi2002). Subsequent studies of this agent
throughout Australia and Asia suggest that the emergenE&J8frepresented a panzootic caused by the
spread of a single clone @. invadansthroughout the region (Lilley et al. 1997, Roberts 2001).
Aphanomyces invadans not tolerant of salt and can only be transmitte@céffely in brackish and
freshwaters, hence the spread of the disease agent througgioytparts of Australia and Asia has most
likely been through translocation of live fish (Callinanagt 1995, Lilley et al. 1997). MulletMugil
cephalu$ are highly susceptible to EUS (McKenzie and Hall 1976,dfretsal. 1992, Roberts 2001) and this
species is very popular for use as live and fresh dead baitvariety of estuarine fish and crab species in
Australia (Ross 1995). Indeed, translocations of EUS taffemullet, whiting Sillago ciliatd) and bream
(Acanthopagrus australjsused for bait into different river systems have bagserved in southern QLD and
northern NSW (Diggles, personal observation). In other paErt&ustralia where EUS has a restricted
distribution, such as in the Northern Territory, restitsi have been placed on translocation of live fish from
affected river basins and estuaries, to attempt to préweher spread of the disease (Humphrey and Pearce
2004).

Ulcerative dermal lesions in menhaddrdvoortia tyrannufin estuaries of Virginia and South Carolina
along the east coast of the USA were originally thougietalue to algal blooms and other disease agents,
but were subsequently confirmed to be due to infectionAbyinvadans(see Blazer et al. 2002).
Aphanomyces invadamss also been detected in freshwater and low salialitats in Florida, where it has
been associated with disease outbreaks in baitfish sucheahaden, mulletMugil cephalu¥ bluegill
(Lepomis macrochirys shad Alosa sapidissima pinfish (agodon rhomboidgs sportfish such as
largemouth bass, red dru®diaenops ocellatyisblack drum Pogonias cromisand many other fish species
(Sosa et al. 2007). Infections in exotic species intradlude Florida, such as snakehe&@thé&nnasp.), have
also been reported (Saylor et al. 2010). Menhaden dghly popular baitfish in the USA, and this species
appears to be particularly susceptible to EUS (Kiryu €2G)3). While natural movements of wild fish are
undoubtedly responsible for spread of the disease to many, argglers are known to translocate live
menhaden and other species such as mullet in live viellBlander, editor, Sportfishing Magazine, personal
communication), suggesting that movement of infected bait ahan probable mechanism facilitating
spread of EUS in the USA. The discoveryrofinvadansn lesions on bluegill from a farm pond in Georgia
and channel catfisketalurus punctatugrom a farm pond in Louisiana (Blazer et al. 2002), shias EUS
can be spread to new areas via fish translocation.

Oidtmann et al. (2002) showed how fish (rainbow trOuicorhynchus mykisgarp Cyprinus carpio eel
Anguilla anguillaand perchPerca fluviatilis )that had eaten cuticle of crayfisAstacus astacysnfected
with crayfish plague (caused by the funglighanomyces astgccould act as mechanical vectors for
transmission of the fungus to other crayfish via theirdaedViortalities of naive crayfish cohabited with fish
began from 30 days after the fish were forceAedstaciinfected cuticle (Oidtmann et al. 2002). The study
by Oidtmann et al. (2002) therefore suggested that baitfishthehee fed on crayfish which had died from
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crayfish plague can be sources of infection of otheyfistafor a period of up to 3 days after their meal,
through excretion of the fungus via their faeces.

Protozoa

Wild fish harbour a wide range of protozoan parasitestlagsk can be spread into new areas whenever live
fish are translocated. Some protozoa have resistanhg spore or multiplicative stages of their lifdeyc
that can survive harsh environments such as freezing imcagsn. Many protozoa have direct lifecycles,
and thus can be readily transferred to aquatic aning@llations in new geographic areas, particularly those
parasite species with low host specificity (Dove and O’Dono@lods).

Microsporidia

Microsporidia are obligate, intracellular parasiteat infect arthropods, fish, and mammals (Lom and
Dykova 1992). In fish, microsporidian infections can be widespireadrious tissues or concentrated into
cysts that are often grossly visible. The lifecyclaussially direct, but can include an intermediate host
(Vossbrinck et al. 1998). Host specificity varies, but loarlow with some microsporidian species affecting
a wide range of hosts (Lom and Dykova 1992). The infective stagespores which may be released from
skin, faeces and urine of live hosts (Lom et al. 2000)eleased after death and decomposition of the host.
Free spores are resistant to external conditions anceo@nn infective for many months, during which time
they may be ingested by predators or scavengers, whitgicnfecan also occur via thper-osroute through
predation on infected individuals (Lom and Dykova 1992). Theasmoridian parasiteeterosporissp. has
caused significant disease in populations of wild freshwigdb in North America, as well as reduced
marketability of affected fishes, and there is a strdrance this parasite has been spread by movements of
baitfish (Miller 2009). Heterosporissp. was first recognized in wild fish in the year 2000 waeglers
fishing the Eagle River chain of lakes in north certvgdconsin found yellow percliPerca flavescenswith
opaque, white fillets (Sutherland 2002). Since that tifme,seme parasite has also been found in several
other species of freshwater fishes from a variety oemladdies in Wisconsin, Minnesota, and Lake Ontario
(Sutherland 2002). These findings represented the first dotetheaises dfleterosporissp. in freshwater
fish in the Western Hemisphere, and the world’s firporeof the parasite occurring in wild fish. Until
2000, this genus of parasites had only been reported in Efmopeaquarium species such as angel fish,
bettas and cichlids, and from Asia in the Japanes&\ést@nsin Department of Natural Resources 2005).

Popular baitfish such as white suckers, golden shiners and fathieadws were readily infected with
Heterosporissp. in laboratory trials, and it was well known that éhkests were commonly translocated by
anglers (Miller 2009). Based on these findings, several epexdi baitfish continue to be monitored for
Heterosporissp. in Wisconsin as they are recognised as a potentiaesotideterosporissp. transmission
into uninfected waters through normal angling processeshwhiay result in the accidental or intentional
release of baitfish (Sutherland 2002, Wisconsin Departmésainfral Resources 2005).

Ciliophora

The ciliatelchthyophthirius multifiliisis the causative agent responsible for white spot diseaseshwater
fish (Matthews 2005). Ichthyophthirius multifiliswas introduced into Australia and has subsequently
established as a serious pathogen in native and introdute(Wisittington and Chong 2007). There is
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evidence that suggests the introduction of ichthyophthirimsiBasmania in 1933 was a result of use of
infected goldfish as bait (Parliament of Tasmania 1933).

The Lake Eacham rainbowfisiWélanotaenia eachamengisas reported to be abundant in Lake Eacham on
the Atherton Tableland, North Queensland, up until the early 498Blowever between 1984 and 1987
several species of fish were introduced into the lakduditg mouth almightly Glossamia aprio)) the
archer fish Toxotes chatareys bony bream Nematalosa erehi and the banded grunteArninataba
percoide$ (see Barlow et al. 1987). Several of these species ptagpdive bait species, and it is possible
the translocation of at least some was as a resulteobfubait or a misguided attempt to establish a food
chain in the lake that included bait. After the introdutof the other species, the Lake Eacham rainbowfish
disappeared from the lake (Barlow et al. 1987). While the neaison for the extirpation of the rainbowfish
was probably predation by the mouth almighty, and to a lessentexircher fish and the banded grunter,
Barlow et al. (1987) also suggested that diseases andtgmramy have also been introduced with the
translocated species. Lake Eacham is a volcanic dekemwith a catchment that is isolated from all other
water courses (Barlow et al. 1987), hehcenultifiliis is one parasite which, due to its almost ubiquitous
distribution, was likely to have been first introduced into lédee with the translocation of the other fish
species. Subsequent research identified Mhatachamensisvas indeed highly susceptible tomultifiliis
compared to other species of rainbowfish (Gleeson et al. 2p@i)ably due to the population of fish in
Lake Eacham being naive tomultifilis. Surveys of the parasites and other disease agent piresbat
current fish fauna of Lake Eacham would be requirezbtdirm whethed. multifilis and/or other significant
disease agents now occur there.

Metazoa

Wild fish harbour a wide range of metazoan parasiteshagktcan be spread into new areas whenever live
fish are translocated. Some metazoan parasites (digemestodes, acanthocephalans, myxosporeans) have
complicated multi-host lifecycles (Rohde 1984), which tend®dice, but not completely eliminate (Bauer
1991, Bartholomew and Reno 2002, Choudhry et al. 2006), the ligdliblosuccessful establishment of the
parasites in new areas. Other metazoan parasiteE(fzly ectoparasitic monogeneans and crustaceans)
have direct lifecycles, and these can be readily tremesfdo fish populations in new geographic areas,
particularly those species with low host specificity (Bal891, Kennedy 1993).

Myxosporea

The myxosporean parasitéyxobolus cerebralignfects cartilage of the skeletal system and is the taasa
agent of whirling disease in salmonids. First reporte@emmany in diseased rainbow tro@ncorhynchus
mykis$ and brook trout alvelinus fontinalis in the late 19 century, M. cerebralis has since been
documented in temperate freshwater ecosystems arousidoimiie world (Bartholomew and Reno 2002).
The parasite is likely to have originated from Europeawhrtrout Salmo truttg, which are resistant to
whirling disease and are known sub-clinical carrierdlofcerebralis In contrast, both wild and cultured
salmonids in North America have suffered significant diseautbreaks since the parasite was first
documented in the United States in Pennsylvania in 1956 (Bamibw and Reno 2002).Myxobolus
cerebralisis thought to have been transported to North Americthen1950s in either live brown trout
imported into hatcheries as broodstock, or in frozeuttproducts imported from Europe and introduced into
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local waterways as bait or fishfeed (Nickum 1999, Baoimgw and Reno 2002). Since the original
introduction,M. cerebralishas since spread through much of the United Statesgistocking of infected
fingerlings to uninfected waterways (Bartholomew and Reno 2@0@) angler activities (Budy et al. 2003,
Gates et al. 2008, 2009).

The lifecycle ofM. cerebralisrequires tubificid oligochaetes as an intermediate (Msrkiw and Wolf
1983, Wolf and Markiw 1984). Myxosporean infective stages lmarmisseminated via translocation of
oligochaete worms (Hallett et al. 2006), and in regions whtreerebralishas been introduced, sites with
highest angler activity tend to have the highest prevalesfab®e parasite (Budy et al. 2003). However, the
majority of trout anglers in many affected areas #ydighers (Gates et al. 2009) and do not use bait,
suggesting that use of oligochaetes and/or infected salmpooulticts as bait is unlikely to have contributed
to the range expansion M. cerebralisin the USA in any significant manner. Indeed, transfespores or
other infective stages of the parasite via soil or othetenah lodged in fishing boots, waders or other
angling equipment is a more likely source of unexpected spifedad parasite through angler activity (Gates
et al. 2008, 2009).

Monogeneans

Monogenean ectoparasites parasitise the gills and externasbddges of fish. They have direct lifecycles
and hence are readily transferred horizontally from fistiglo, however many species have high host
specificity, which tends to reduce the likelihood of thetaleishment in new areas (Bakke et al. 1992). In
Australia, the monogenear3actylogyrus anchoratugnd D. extensushave been found in introduced
populations of goldfish and carp (Dove and Ernst 1998). Givdnbiith D. anchoratusandD. extensus
have quite low host specificity, there is a very real ipdgg that these parasites could be spread to native
fishes (Dove and Ernst 1998), including via use of their oridginats as bait (Lintermans 2004).

The OIE listed monogeneddyrodactylus salarisalso has a broad host range. Peeler and Thrush (2004)
assessed the risks of introduction @frodactylus salarisfrom Europe into the United Kingdom and
concluded that viable parasites could enter local watdebatih the use of infected salmonid carcasses as
bait. However they also concluded that the overall risinwbduction would be negligible due to the
comparatively small volume of salmonid products that are us#us potential exposure pathway (Peeler
and Thrush 2004).

Digenea

Digeneans are endoparasitic helminths that live in theagyatsstinal tract of fishes and other vertebrates.
Their lifecycle requires a molluscan first intermedidost with plankton eating fishes as final hosts, or
second intermediate hosts in some lifecycles where fingtshaclude larger fishes, birds and mammals
(including humans). Centrocestus formosanus a digenetic trematode with a freshwater snail first
intermediate host, various species of fish as secondriatiate hosts, and piscivorous birds and mammals
as the final host (Mitchell et al. 2005). The worm encgstsnetacercaria in the gills of a wide range of
freshwater fishes, including goldfish, poeciliids and otlpecges used as bait in Australia (Dove 1998, Dove
2000, Evans and Lester 2001, Mitchell et al. 200B¢ntrocestus formosanbias been spread to many parts

of the world with the spread of snail intermediate hokisd definitive hosts and/or movements of

ornamental fishes (Evans and Lester 2001, Font 2003, Mitehall 2005). Once introduced into a new
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region there is a very real possibility that these passbuld be spread to different areas, including via use
of their fish intermediate hosts as bait (Lintermans 2004)

Cestodes

Cestodes are endoparasitic helminths that live in theagatestinal tract of fishes and other vertebrates.
Their lifecycle generally requires crustaceans (e.g. pas as the first intermediate host with plankton
eating fishes as final hosts, or second intermediate mostome lifecycles where final hosts include larger
fishes, sharks, birds or mammals (Rohde 1984, Noga 1996). Baroas are a common host for the Asian
fish tapewornBothriocephalus acheilognatha cestode with low host specificity that has beemdhiced to
many parts of the world from its original distribution Traiwan through movements of grass carp
(Ctenopharyngodon idelja other cyprinids and poecilids (Bauer 1991, Kennedy 1993, Font 2003).
AlthoughB. acheilognathhas a complex life cycle, its intermediate hosts armopslitan copepods, thus it
easily infects many plankton-eating fishes, including cggong catfish and eve@ambusia affinigsee
Bauer 1991). The Asian fish tapeworm has been reporteéteinntroduced European car@yprinus
carpio), the western carp gudgeddypseleotris klunzingeriand several other native fish species in eastern
Australia (Dove et al. 1997, Dove and Fletcher 2000). In the W®Aspread oB. acheilognathhas been
facilitated by the baitfish industry through movements ygrinid baitfish such as fathead minnows and
golden shiners (Heckmann et al. 1993, Choudhury et al. 2006). Indeelmkinn et al. (1993) found
minnows in four bait shops near Las Vegas were infectddBviacheilognathiwhile Pullen et al. (2009)
found the mean abundance Bf acheilognathiwas 50% greater at public fishing sites compared to other
areas in Kansas. In Australia, it is also possible ubatof carp as live or dead bait (Lintermans 2004) has
also helped contribute to the spreadBofacheilognathithat has been observed in Australia (Dove and
Fletcher 2000).

Crustaceans

Crustacean ectoparasites of fish have direct lifecyaesinvade the fins, gills, skin and other body cavities
(Kabata 1984). Some species of ectoparasitic crustacea@ddva host specificity and these species are
likely to be introduced to new fish populations throughmdtacations of infected fish. For example, the
copepodLernaea cyprinacegsyn. Lernaea eleganssee Nagasawa et al. 2008) a common parasite
(“anchor worm”) of the external surfaces of goldfish, bgbahfects European carp and even amphibians
(Tidd and Shields 1963). These parasites have also baah timinfect several species of Australian native
fishes (Rowland and Ingram 1991, Hassan 2008, Lymbery et al. 20t.&).likely that use of carp and
goldfish as live or dead bait in many areas of Australiatéemans 2004) has helped to contribute to the
spread ot. cyprinaceanto populations of native fishes.

1.1.2 Spread of disease agents in Crustaceans used as bait

Crustaceans are very popular baits for recreational fisfiiewagama Research 2002, 2007), and are also
used to a lesser extent in commercial fisheries. Threysed mainly to bait hooks used in fisheries targeting
finfish. Crustaceans harbour a wide range of viral, battéungal, protozoan and metazoan disease agents
(Bower et al. 1994). There are several instances whseas#s of crustaceans have been translocated, or
suspected to be translocated, with movements of crustafmaait. Some of these are reviewed below.
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Viruses

The Caribbean spiny lobstdPgnulirus argu¥ supports important fisheries throughout the Caribbeanisand
host to the first known pathogenic virus in a lobster, narRalyulirus argusvirus 1 (PaV1) (Shields and
Behringer 2004). The virus is particularly prevalent (and edases the highest mortality rates) in juvenile
lobsters less than 20 mm carapace length (Butler 2088). It appears likely that the commercial practice
of retention of juvenile lobsters inside lobster trapssagial attractants” (i.e. bait) to attract larger tebs

into the trap results in increased PaV1 transmissi@s rand movements of infected lobsters when these
traps are moved helps facilitate the spread of the dishemgghout the lobster population (Shields and
Behringer 2004).

Use of penaeid shrimp as bait presents a risk of inttimfuof viral diseases (Lightner et al. 1997,
Biosecurity Australia 2006, 2009). There is strong circunistiagvidence that penaeid prawns used as bait
introduced white spot syndrome virus (WSSV), an OIE ligiithogen, to the Gulf of Mexico and Texas in
the United States (Hasson et al. 2006). Frozen, uncookempsletapenaeopsisp. andParapenaeopsis
sp.) from China that were being sold as bait in Texag weamined for WSSV after the virus was isolated
from wild prawns from the coasts of Texas. The Chineseppaitns Parapenaeopsisp. only) were found

to contain viable WSSV that was used to successfulletirsigecific pathogen free white shrimpefiaeus
vannamei via intramuscular inoculation, with all of the experimegtahfected prawns exhibiting white
spot disease (WSD) and subsequently dying within 72 hourss@aet al. 2006). Howevd?, vannamei
exposed to the WSSV infected bait prawnspea-osexposure did not become diseased, which the authors
attributed to reduced viability of the virus due to repddteeze-thaw cycles (Hasson et al. 2006). Indeed,
freezing and thawing, as well as other normal processirgpguoes for commodity shrimp sold for human
consumption, may significantly reduce the risk of disedrmnsfer of Yellowhead Virus (YHV)
(Sritunyalucksana et al. 2010) , which only infects penaeittswvever McColl et al. (2004) found that both
WSSV and YHV remained stable and infective after se¥ezake/thaw cycles.

Flegel (2009) reviewed some of the risks of transfer @l yathogens with penaeid prawns. His review
found “no published reports in the peer-reviewed, scientific literatughafp disease outbreaks in wild or
cultivated shrimp that originated from shrimp packaged and processed for seléi However, Flegel
(2009) did not consider prawns packaged as bait, nor the potffgietls of viruses such as WSSV on non-
penaeid crustaceans, such as crabs, crayfish and lob$#3SV has a broad host range that includes all
decapod crustaceans (OIE 2010a). It is likely that crabgfish and lobsters will be more susceptible to
transfer of viral diseases such as WSSV from shrimp,usecthese three groups of scavengers tend to eat
entire shrimp bodies, including viscera, whereas shrimp tier@t only the appendages (Soto et al. 2001,
Sritunyalucksana et al. 2010). It is important to notg Biosecurity Australia (2009) documented the
detection of WSSV in Darwin in 2000 in mud craBsylla serrataand prawnsKenaeus monodgihat had
been fed frozen WSSV infected prawns that originated frodoriesia. The Indonesian prawns were
originally part of a larger shipment that was imporsetl sold as seafood (the box of frozen prawns was
labelled ‘Cocktail Prawns’ and ‘Product of Indonesia’), autignificant amount of the shipment had been
diverted to bait use, and some were used to feed mudcralvs aajuaculture facility and prawns at a
university in Darwin (Biosecurity Australia 2009). Both ifties were destocked and disinfected and a
subsequent national survey failed to detect WSSV in anlgeoB051 crustacean samples examined for the
virus, confirming Australias WSSV free status (Bioseguhtistralia 2009).
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Halder and Ahne (1988) demonstrated that freshwater crayjghdus astacyscould act as a mechanical
vector for infectious pancreatic necrosis virus (IPNWVhe virus could be isolated from crayfish which were
infected via injectionper-osor horizontally through the water (Halder and Ahne 1988), thougbr#ydish

did not become diseased. Rainbow trdDhgorhynchus mykisseexposed to effluent water from tanks
containing the IPNV infected crayfish became infecteddid their eggs (Halder and Ahne 1988). Infected
crayfish carried IPNV in their tissues and haemolymph umtoyear after their initial exposure to the virus
(Halder and Ahne 1988). Movements of infected crayfish asbaltl therefore expose fish in the receiving
waters to the IPN virus (Freeman et al. 2009).

Bacteria

All crustaceans have a “normal’ bacterial flora whighmioved whenever the host is translocated (Najiah et
al. 2010). There are also facultative bacterial pathogens asidfibrio sp. that are considered to be
ubiquitous in aquatic environments (Austin and Austin 2007), buticestiains of which can cause disease
and mortalities in aquatic animals that are stressgdred and/or exposed to adverse environmental
conditions. However there are also specific bacterial patisogfecrustaceans, suchAsrococcus viridans
(causative agent of gaffkemia disease in lobsters) teahat considered ubiquitous (Alderman 1996), and
which are limited in their distribution. The latter towlso be translocated with movements of live, dead
and frozen crustaceans, resulting in the spread of undedmédaions to new geographic areas (Alderman
1996). However, this literature review found it difficuib locate previous verified examples of
translocations of specific bacterial pathogens with ccestias used as bait.

Fungi

The oomycete fungu&phanomyces astacauses crayfish plague, a disease characterised byusgally
100%) mortality in many species of freshwater crayfisivado Europe, Asia and Australia, but has little or
no effect on American crayfish species (Unestam 1969, 1972).19#ayfish plague probably originated
from the United States, whefe astaciis naturally found on native North American crayfispecies such as
Pacifastacus leniusculysignal crayfish) an@rocambarus clarki(Louisiana swamp crayfish, in which the
fungus generally does not cause disease except in exceptionahstmoces (Alderman 1996). However,
once introduced into Europe with infected, sub-clingighal crayfishA. astaciwas found to be highly
pathogenic to native European freshwater crayfish and the fypngoseded to destroy populations of native
crayfish throughout Europe (Alderman 1996). In Europe, reoredtifishermen are often blamed for
spreading the disease by moving infected crayfish useditaBdm one water body to another (Westman
1991, Oidtmann et al. 2002). Large numbers of crayfish, dimaduexotic species, are also spread by anglers
throughout the USA to areas outside their natural distabutia “bait bucket transfer” (Di Stefano et al.
2009). This represents a direct pathway for introductioneatablishment into the receiving waters of not
only the crayfish hosts, but also their infectious agent&{€fano et al. 2009).

Protozoa

Wild crustaceans harbour a wide range of protozoan pa#Sipeague and Couch 1971, Bower et al. 1994,
Stentiford and Shields 2005) and these can be spread imoareas whenever live crustaceans are
translocated. Some protozoa have resistant restirrg sgponultiplicative stages of their lifecycle that can
survive harsh environments such as freezing or desiccatmn édnd Dykova 1992). Many protozoa have
direct lifecycles, and thus can be readily transferreaigtic animal populations in new geographic areas,
particularly those parasite species with low host spegifici
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In the USA, the microsporidian parasidsema nelsonwas found in the muscles of penaeid prawns
(mainly Penaeus duorarumthat were being sold in the bait shrimp fishery inrige (Woodburn et al.
1957). The prawns infected witlh. nelsoniwere known as “cotton shrimp” and were at times common i
retail outlets (e.g. infecting 18 of 138 juvenile prawns, gjvan prevalence of 13%), where they were
observed not to survive as well as normal shrimp (Woodbuwaih &857). Woodburn et al. (1957) noted that
trucks carrying live prawns to retailers for on sellingécreational fishers may travel upwards of 270 miles
(434 km) in a day, including translocations from the wesatst coast of Florida and interstate. Stentiford
and Shields (2005) noted that some commercial fishing pradsceh as “baiting” crab pots with infected
male crabsallinectes sapidysto attract premoult females for the softshell indysivas likely to spread
parasites of the gent#ematodiniunthroughout the crab population. In Australia, Horwitz (1990)udised

the need for controls over translocation of live freshwatyfish, including their use as bait, and suggested
introduction of disease into new areas was one the nskis involved. In, Australia, freshwater crayfish
can carry infections by the microsporidian genEnalohania(see Jones and Lawrence 2001, Moodie et al.
2003a) andv/airimorpha(see Moodie et al. 2003b). In Western Australia, it isiptesshatThelohaniasp.

has been spread through the use of yabbies as live b&ig anning system has been implemented in an
attempt to minimise the further spread of plaeasite (Western Australian Department of Fisheries 2002).

Metazoa

Wild and cultured crustaceans harbour a wide range of o@igzarasites (Bower et al. 1994, Jones and
Lawrence 2001) and these can be spread into new areas whiereegaistaceans are translocated (Pernet et
al. 2008). A few metazoan parasites of crustaceans, asidremnocephalan trematodes, have low host
specificity and direct lifecycles (Jones and Lester 1993),thms can readily establish populations in new
geographic areas once their hosts are translocated (Coweghabr{2009). Callianassids (saltwater yabbies
or ghost shrimp) are a popular bait in Australia, and Peshal. (2008) found that translocated live
callianassids may carry parasites such as bopyrid isofotifeer metazoan parasites found in crustaceans are
early developmental stages of helminths that have bistspfi elasmobranchs as final hosts. One example
of the latter is the larval cestodes, nematodes and messieefound by Woodland et al. (1957) in prawns
translocated in the live bait fishery in Florida, USA.

1.1.3 Spread of disease agents in Molluscs used as bait

Molluscs are very popular baits for recreational fishpayticularly cephalopods and bivalves, but also to a
lesser extent other molluscan groups such as gastropodslimglabalone (Kewagama Research 2002,
2007). They are used mainly to bait hooks used in fishenigsting finfish. Molluscs can be infected by a

wide variety of viral, bacterial, protozoan and metazdesease agents (Bower et al. 1994), and bivalve
molluscs in particular can also accumulate viral and battgisease agents of fish and even humans by
filtering these from the water during normal feeding (Elsi®97). While there are many instances of

mollusc diseases being translocated during movements of nsoflusaquaculture (Hine 1996b), there are

relatively few instances recorded in the published literawwhere diseases of molluscs have been
translocated, or suspected to have been translocatédmeitements of molluscs used for bait. Some of
these are reviewed below.
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Viruses

Molluscs are known to harbour several different types nfses that can cause disease. These include
oyster velar virus disease of Pacific oyst&@gagsostrea giggysee Elston 1980), herpes-like viral diseases
of cupped and flat oysters (Arzul et al. 2001, Hine et al. 1B8&Iman et al. 2005), enigmatic viral particles
visualised by electron microscopy in scallops, mussalsciims (Bower et al. 1994, Jones et al. 1996), and
the herpesvirus-like agents that cause abalone viral mprital€hina and Taiwan (Chang et al. 2005) and
ganglioneuritis in Australia (Hooper et al. 2007). Movemenhigfated molluscs as bait is likely to result in
the spread of undesirable viral infections to new geograpki@sSathough a literature review found it
difficult to find verified examples of the translocationvirial pathogens with molluscs used as bait.

Bacteria

All molluscs have a “normal” bacterial flora which is mowekenever the host is translocated. There are
also facultative bacterial pathogens suchVéwsio sp. that are considered to be ubiquitous in aquatic
environments (Austin and Austin 2007), but certain strains of wtachcause disease and mortalities in
aquatic animals that are stressed, injured and/or exposelyéose environmental conditions (Lester 1989).
However there are also specific bacterial pathogens oftisaslithat are not considered to be ubiquitous and
which are limited in their distribution. An example of a@fe bacterial pathogen of molluscs with a limited
distribution is the rickettsiales- likéenohaliotis californiensijghe causative agent responsible for withering
syndrome in various species of abalone in California (@&rdet al. 1995, Friedman et al. 2000, Moore et
al. 2000). This OIE listed disease agent (OIE 2010a, 2010b)ecastly been reported in Thailand,
probably introduced there after translocations of live @tmalfor aquaculture (Wetchateng et al. 2010).
Movement of infected molluscs as bait is also likely taltas the spread of undesirable bacterial infections
to new geographic areas, though a literature review foumifficult to find verified examples of the
translocation of specific bacterial pathogens with moBussed as bait.

Fungi

Molluscs are hosts to several species of fungi thatcaease significant disease. For example, the fungus
Ostracoblabe implexaauses shell disease in a variety of species of bivabheisos in many parts of the
world (Bower et al. 1994). Fungi appear particularly problesrfati abalone.Atkinsiella dubiawas found

on the mantle of abalortéaliotis sieboldiiin Japan (Nakamura and Hatai 1995), as atkssiella awabi
which caused disease id. sieboldii stocked into coastal areas in Japan (Kitancharoeal.e1994).
Haliphthoros milfordensiswas also isolated fromH. sieboldii (Hatai 1982), as wadHalioticida
noduliformanswhich was associated with white nodules on the mahtdeveral species of abalone in Japan
(Muraosa et al. 2009). In New Zealand, padaliptis iris) suffer from shell disease due to infection of the
inner shell by a fungus which can cause reduced growth aneaged mortality (Grindley et al. 1998,
Nollens et al. 2003). Movement of molluscs as bait is likelyesult in the spread of fungi, such as those
described above, to new geographic areas, though a liter&wiesv found it difficult to find verified
examples of the translocation of fungi with molluscs used ias ba

Protozoa

Molluscs are hosts to a variety of protozoan para#itas can cause significant disease. Indeed, besides
withering syndrome of abalone, all other OIE listed disegeata of molluscs are protozoan parasites of the
generaBonamia Marteilia and Perkinsus(OIE 2010a, 2010b). Other protozoan parasites of molluscs

5 http://mww.pir.sa.gov.au/ data/assets/pdf file/0018/61452/abalons brochure jan08.pdf
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includeMarteilioidesspp. (see Itoh 2002), apicomplexans (Hochberg 1983, Hine 2002) andpuajplans
(Diggles et al. 2002, Hine et al. 2002a, Hine et al. 20068plosporidium nelsonicause of MSX disease in
eastern oystersCfassostrea virginicpalong the east coast of the United States (Andrews 19&8),
probably translocated to that region from Japan througtorispof live seed oysters (Friedman 1996,
Burreson et al. 2000, Kamaishi and Yoshinaga 2002). Repbtf pelsonifrom Crassostrea gigain
France (Renault et al. 2000) provide further evidence this paresst been moved with translocation of
infected oysters, despite the fadt nelsoniis thought to have an indirect lifecycle that requires an
intermediate host (Ford et al. 2001). Parasites of thesdéarteilia also have an indirect lifecycle which
includes copepods (in the caseMdrteilia refringens see Audemard et al. 2002) or polychaete worms (in
the case oM. sydneyjisee Adlard and Nolan 2008, Cribb 2010). Unlike other haplospasidmicrocells of
the genusBonamiahave a direct lifecycle that mainly infects flat oystdB. ostreae B. exitiosa, B.
perspora see Carnegie et al. 2006), though cupped oysters caneaistetted B. roughleyj Bonamiasp.
see Cochennec-Laureau et al. 2003, Burreson et al. 2004). Midiseases of oysters are increasingly
being detected in new geographic areas (e.g. Abollo €0a8, Hill et al. 2010). Other protozoa such as
Perkinsussp. cause epizootic disease in a wide variety of mollusith, Perkinsus olsenhaving an
extremely wide host range (Goggin and Lester 1995, OIE 2010byertt@ of translocation of protozoan
diseases of molluscs in the past with movements of oy&teraquaculture (Hine 1996b) suggest that
translocations of molluscs as bait is also likely to tesuthe spread of protozoan disease agents to new
geographic areas. However, a literature review foundifitcudt to find verified examples of the
translocation of protozoan disease agents with mollusesasbait.

Metazoa

Molluscs can host a variety of metazoan symbionts, inclupiatgchaetes (mudworms), turbellarians, and
crustaceans (copepods, shrimp, crabs), and they caracilss intermediate hosts for helminth parasites
(digeneans, cestodes, nematodes) (Lester 1989, Bower et al. 198d,dxdd Cribb 2004). Cephalopod
molluscs can also harbour monogeneans as well as being commoneiiite hosts for a wide range of
helminth parasites that infect fish, birds and marinenmals (Hochberg 1983). Movement of molluscs as
bait is likely to result in the spread of symbionts andhgiégs to new geographic areas, though a literature
review found it difficult to find verified examples of theanslocation of metazoan endosymbionts with
molluscs used as bait.

1.1.4 Spread of disease agents in Amphibians used as bait

Amphibians are regularly used for bait in several o smmuntries (Picco and Collins 2008). Amphibians

can carry a range of disease agents, particularly virbaegeria and fungi, but also protozoan and metazoan
parasites (Daszak et al. 1999, 2000, 2003). There are sesteaicies recorded in the published literature

where diseases of amphibians have been translocated, mectds to have been translocated, with

movements of molluscs used for bait. Some of these arved below.

Viruses

Amphibians are susceptible to infection by ranavirusghinvthe family Iridoviridae (Whittington et al.
2010), and ranaviral infection of amphibians has recergboime listed by the OIE (OIE 2010a, 2010b).
Mass mortalities of amphibians from ranaviruses have b@rted on 5 continents (Gray et al. 2009), with
trade in amphibians is likely to be an important roorespread of these disease agents (Picco and Collins
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2008, Schloegel et al. 2009). Genetic analysis of straimsdoliruses from amphibians and fish in North
America strongly support the hypothesis that iridoviruses haaen tspread with the movement of
salamandersAmbystoma tigrinumasised as bait (Jancovich et al. 2005, Picco and Collins 208&)ut

2.5 million salamander larvae (waterdogs) were sold foritaite lower Colorado River region, USA alone
as far back as 1968, and during a 7 month long study of thetrind85% of bait shops sold at least one
iridovirus infected salamander (Picco and Collins 2008). Tdtenly found that all salamanders in the bait
trade were collected from the wild, and in general they wereed east to west and north to south, bringing
with them their multiple ranavirus strains (Picco and i@®lR008). Surveys found that 26-73% of anglers
used live salamanders as fishing bait, 26-67% of anglers relsakadanders bought as bait into fishing
waters, and 4% of bait shops released salamanders badkentvild after they were housed in shops with
infected animals (Picco and Collins 2008). Given the sdatki® problem, authorities in North America
have moved to reduce the risk of translocation of ranaesrwgith amphibians in the bait trade. For
example, in March 2008, the Ontario Ministry of NaturakBurces banned the commercial harvest and sale
of all bait frog species in that st§tand banning use of salamanders in Canada (CMNR 2009).

Bacteria

All amphibians have a “normal” bacterial flora which iswvad whenever the host is translocated. There are
also facultative bacterial pathogens suchAasomonas hydrophilthat are considered to be ubiquitous in
aquatic environments (Austin and Austin 2007), but certain strafnwhich can cause disease and
mortalities in aquatic animals that are stressed, adj@nd/or exposed to adverse environmental conditions.
As for viruses, bacterial disease agents could alscabsldcated with movements of live, dead and frozen
amphibians, potentially resulting in the spread of undegiraliéctions to new geographic areas. However,
a literature review found it difficult to find previous examptdsthe translocations of specific bacterial
pathogens with amphibians used as bait.

Fungi

Infection by the amphibian chytrid funguBatrachochytrium dendrobatidishas been clearly linked to
declines of frog populations in several countries (Dastzak €003, Retallick et al. 2004, Kilpatrick 2010).
Because of this, infection bf. dendrobatidisis considered to be a significant emerging disease of
amphibians (Daszak et al. 2003), and the disease has ydoerime listed by the OIE (OIE 2010a, 2010Db).
There is evidence th&. dendrobatidishas been spread thorough trade of amphibians (FisheGamer
2007, Schloegel et al. 2009). One of the likely avenues fospitsad in the USA has been use of
salamandersAmbystoma tigrinunand Necturus maculosiidor bait (Fisher and Garner 2007, Picco and
Collins 2008). Picco and Collins (2008) found a low numbesatdmandersA( tigrinun) in 33% of bait
shops surveyed in Arizona were infected wih dendrobatidis and, as for ranaviruses, a significant
proportion of anglers used the salamanders for bait, releasesed salamanders bought as bait into fishing
waters, and 4% of bait shops also released salamanderstzatke wild after they were housed in shops
with infected animals (Picco and Collins 2008).

Protozoa

Wild amphibians harbour a wide range of protozoan parasibefding ciliates, microsporidians,
apicomplexans, trypanosomes and haemogregarines (Levine andl9Yye Barta and Desser 1984,
Delvinquier and Freeland 1988, Delvinquier 1989, Lom and Dykova 1992, Papefiainson 1995) and

8 http://www.eco.on.ca/eng/index.php?page=275
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these can be spread into new areas whenever live amplabb@translocated. However, a literature review
found it difficult to find verified examples of the tradmsations of protozoan pathogens with amphibians
used as bait.

Metazoa

Wild amphibians harbour a range of metazoan parasitagubarly helminths (Johnston and Simpson 1942,
Barton 1994), but also leeches (Mann and Tyler 1963) and myxaspofeevine and Nye 1977). These
parasites can be spread into new areas whenever livelaamghare translocated. However, a literature
review found it difficult to find verified examples of trelocations of metazoan pathogens with amphibians
used as bait.

1.1.5 Spread of disease agents in Annelids used as bait

Annelids (Phylum Annelida) are very popular baits for reaveat fishing, particularly polychaetes (Class
Polychaeta) for marine species (Kewagama Research 2002), but oligochaetes (Class Clitella, subclass
Oligochaeta) are also popular baits in freshwater regibnsome parts of the world, leeches (Class Clitella,
subclass Hirudinea) are popular baits for freshwater figResinuto 1989). Annelids are used almost
entirely to bait hooks used in fisheries targeting finfigtnnelids have been widely translocated throughout
the world (Hendrix et al. 2008) and can be infected by a rahgeotozoan and metazoan parasites as well
as act as mechanical vectors for several bacterial, famgaviral agents (Vijayan et al. 2005a, Laoaroon et
al. 2005, Idowu et al. 2006, Hallett et al. 2006, Faisal ahdil&c2010). However, there are relatively few
instances recorded in the published literature where asne#ide been implicated with translocation of
disease agents when used as bait. Some of these aresc:bielow.

Viruses

Polychaete worms have been shown to be mechanical veoto¥8Hhite Spot Syndrome Virus (WSSV)
(Vijayan et al. 2005a), which is an OIE listed diseasédenfapod crustaceans (OIE 2009a, 2010hye L
polychaete worms of the geni&arphysa obtained from worm suppliers in India (who collected thesmfr
areas near prawn farms) were found to carry WSSV at jighalences (up to 75%), and tiger prawn
(Penaeus monodprbroodstock were able to be experimentally infected with W8$ feeding them the
infected polychaetes (Vijayan et al. 2005a). The widespusa of infected polychaetes as a conditioning
feed for broodstock prawns was probably an importantus/éy which WSSV was spread throughout the
aquaculture industry in India (Vijayan et al. 2005a).

Leeches have been shown to act as mechanical vectorgdbmHdemorrhagic Septicaemia virus (VHSV)
(Faisal and Schultz 2009), which is an OIE listed dise&§efish (OIE 2010a, 2010b). VHSV was isolated
from parasitic leeches by both PCR (prevalence 72.5%) @lhdutture (prevalence 62.6%), demonstrating
that the virus remained infective, and suggesting that ledanhdsperhaps other ectoparasites) could play a
significant role in transmission of VHSV as vectors/andeservoirs of infection (Faisal and Schulz 2009).
While leeches are popular baits for freshwater fishelarUSA (Pennuto 1989), this literature review found
it difficult to find verified examples of the translocatsoaf viral pathogens of aquatic animals with leeches,
or other annelids, used as bait.

DWH FRDB@oject No. 2009/072, Final Report July 2011 29

www.digsfish.com



Bacteria

All annelids have a “normal” bacterial flora (Idowu &t 2006) which is moved whenever the host is
translocated. There are also facultative bacterial patsogigch asvibrio sp. that are considered to be
ubiquitous in aquatic environments (Austin and Austin 2007), buticetiains of which can cause disease
and mortalities in aquatic animals that are stressgdred and/or exposed to adverse environmental
conditions. The bacterial flora of annelids could bedi@ated with movements of live, dead and frozen
annelids, possibly resulting in the spread of undesirabdetiohs to new geographic areas. However, this
literature review found it difficult to find previous vegfi examples of translocations of specific bacterial
pathogens with annelids used as bait.

Fungi

Annelids can host to several species of fungi (Idowu &0fl6). Movement of annelids as bait is likely to
result in the spread of fungi to new geographic areas, ththughiterature review did not find verified
examples of the translocation of fungi with annelids usedias ba

Protozoa

The detection of DNA of the protozoan parasiégrteilia refringensand Marteilia sydneyiin sediment
dwelling annelids (polychaetes) suggests that these wormsaatass either potential intermediate hosts
(Cribb 2010) or mechanical vectors (Audemard et al. 2002) faasjies of the genuMlarteilia. In
Australia, the common baitworiephtys australiensisnay act as a true intermediate hostNbrsydneyi
(Adlard and Nolan 2008). Spread of these parasites to new ghmgaseas through movement of annelids
used as bait is therefore theoretically possible, bstliterature review did not find verified examples of the
translocation oMarteilia, or other protozoans with annelids used as bait.

Metazoa

Hallett et al. (2006) surveyed several species of live frenvadigochaetes being sold as “tubifex” worms
in Munich, Germany for infections by myxosporeans. nfritosamples taken over a 1 year period, the water
associated with 5 samples contained actinospores dtntleeof purchase and spores were subsequently
released in the laboratory in 6 of 7 samples (85.7% prewglena all, 12 types of myxosporeans were
isolated from the infected oligochaetes (Hallett et al. 200Bheir results lead Hallett et al. (2006) to
conclude that the sale of worms hundreds of kilometery dnwan their point of origin was an effective
means for dissemination of myxozoan parasites.

This literature review did not find specific verified exales of movements of metazoan disease agents
through use of annelids as bait, however there is a éangeint of evidence that metazoan pests and invasive
species that could act as vectors or intermediate fmsthsease agents have been translocated through use
of annelids as bait. For example, seaweed is often gspacking material to cover live marine polychaete
worms used as bait in the United States. Studies loavel that the seaweed can be discarded into the water
at several points along the distribution chain or during theusedby an angler, resulting in the release of
organisms that may be present on the seaweed (Cohen26804). Crawford (2001) found 35 species of
invertebrates present in wormweess¢ophyllum nodosum scorpioiflassed as shipping material for the
transport of live marine baitworms in the Gulf of Mairfgpecies present included cra@si(cinus maengs
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9 species of gastropods, 10 species of amphipods, 2 spebiealoks, 2 species of isopods, three types of
insects, and nematodes, trematodes, nemerteans, polycolgtehaetes, copepods and mysids (Crawford
2001). In addition to the baitworms and seaweed used for packingathaehen et al. (2001) found 38
species of organisms in baitworm shipments arriving itif@€aia. Yarish et al. (2009) examined the
metazoan assemblages that occurred with marine potgchard and blood worms sold as bait from retail
shops along the east coast of the United States. Theyfigkkmtanslocation of 14 species of macro algae
and two species of harmful microalgae during their surie addition, 23 different taxa of invertebrate
animals were discovered in the samples, including five aroghgpecies, four gastropod species, four
species of bivalve molluscs, three species of annelm arachnid species, the larvae of two insect species,
and one species each of isopoda, copepoda and ostryeodh €t al. 2009). Higher summer temperatures
led to a higher diversity and abundance of the phytoplanktomespdentified, as well as greater abundance
of the invertebrate species. They noted that the bait waers commonly shipped to other parts of the US,
including the west coast, as well as to Europe (Yaisl. 2009). While these studies did not focus on the
potential for the translocated invasive species to int@diisrase, because the introduced species can act as
vectors or intermediate hosts for many types of disagsets, this demonstrates another pathway through
which disease can theoretically be translocated througbfiennelids as bait.
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2.0 Commodity Description

The next step in the RA is to identify the relevant comnesliised for bait and berley in Australia. Bait
and berley are defined for the purposes of this paper agkewdive, chilled or frozen animals or parts of
animals used by recreational anglers and commercial Sisbettract fish or crustaceans. Bait and berley in
Australia is derived from a number of sources (Ross 199%af@ma Research 2002, 2007), ranging from
invertebrates such as annelids, molluscs, crustaceans himbdsrms, to aquatic vertebrates such as
goldfish, carp and pilchards, to insects and even teaksartebrates such as chicken gut, cattle hide and
hocks, the latter which were used in the past as bait inmeoomal lobster fisheries (Caputi et al. 2001,
Ghisalberti et al. 2004, Diggles 2007). Use of offal in thest@ Australian rock lobster fishery was
banned in the 2001/2002 season (Ghisalberti et al. 2004), and basausfeoffal from terrestrial animals is
not common (Kewagama Research 2002, 2007), offal from teatestriebrates will not be considered here,
nor will insects or non-animal products that are used @®ibm berley, such as seaweed, bread and dough.
The scope of this RA will be limited to aquatic verteébrand invertebrate animals used as bait and berley.

Aquatic animals used for bait and berley can be obtainedt the fishing site during the process of fishing.
Alternatively, aquatic animal products can be purch&sed bait suppliers or over the internet as live (e.g.
live polychaete worms (Davies et al. 2008, 2010a)), preséreedé dried chilled, or frozen products
which may be translocated from interstate. Occasigniaie animals from the ornamental fish trade are
used as bait (Lintermans 2004). Figure 1 shows the vamouses of bait and berley used in Australia.

Bait and Aquaculture farn Wild capture
seafood Foodfish, baitfishor ornamenta for food, or
processors animal bait
Y
I | |
Live Frozen/ preserve( | Chilled A
animals carcases or parts| | carcases or Live or
parts fresh dead
| | animals
Y
I [ |
Chilled by Frozen b- Human
products products food
1 \
A Diverted to A Y
Use as bait Use as bait bait Use as bait Use as bait
l l \ \ |

Aquatic environment- freshwater, estuarine, marine

Figure 1. The potential sources of bait and berley thatould spread aquatic animal pathogens in Australia.

" www.aguabait.com.au
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Kewagama Research (2002) undertook a national telephone survegreational bait use during May-
August 2002 which targeted a stratified random sample of 8,00@te dwelling households across
Australia. The survey estimated that 1,602,618 households (24f.7&& population) did some kind of
recreational fishing in the previous 12 months. The vastrityaj@,479,043, or 86% of all fishers), used
some bait and/or berley during the previous 12 month period (Kewaa&aesearch 2002). Some details of
the bait used by these fishers are included in Table 1 f®ragama Research 2002).

Table 1. Recreational bait and berley use in Australiani 2002. Number of fishers using various baits.

Baittype | NSW/ACT| VIC QLD SA WA TAS NT Total / (%)
Prawns/shrimp| 575,540 211,753 442,321 62,625 220,306 18,285 20,889 1,551,721 (62.6%)
Cephalopods | 237,719| 214,513 288,177 96,601 179,079 32,174 30,593 1,087,856 (43.9%)
Crabs 43,170 | 23,660 21,700 9,817 10,909 5320  9p1 115,478 (4.]1%)
S.W. crayfish 0 4,166 0 1,756| 2,057 0 0 7,979 (0.3%)
[/lobsters
F.W.crayfish | 45982 | 112,290 46,694 1,558 0 703 d 207,236 (8.4%)
Abalone 5,646 1,334 3,174 0 1,166 2,592 0 13,912 (0.6%)
Other shellfish|  115,212| 307,173 121,009 153,768 16,591 16335 901 730,999 (29.5%)
Salmonids 5,124 4,000 0 0 0 0 0 9,125 (0.4%
Saltwater fish | 359,563 294,091 367,351 87,700 247,081 64,341 32,481 1,452,569 (58.6%)
Freshwater fish 7,128 | 12,108 11,720 0 1,300 0 ( 32,257 (1.3%6)
Sharks and ray$ 0 0 9,945 663 4,080 506 q 15,192 (0.6%)
Worms 270,184 | 107,140 234,931 48900 12,304 2,152 618 676,828 (27.3%)
Yabbies/nippers 90,394 | 42,593| 230,312 0 0 1,228 1,616 366,139 (14.8%)
Cunjevoi, 34,186 0 6,136 818 1,206 8,388 0 50,734 (2.19%)
urchins, other
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A follow-up survey conducted in 2006 suggested some temporal changas use patterns had occurred,
most notably increased use of cephalopods and decreaggdaisarabs, however the actual extent of the
changes could not be accurately determined from the surseynd&ewagama Research 2007). Indeed, in
recent times, the emergence and wider use of highly ietemft plastic lures may have slightly reduced the
proportion of recreational fishers using bait (B. K. Diggles;sonal observation), though no consistent or
significant increases (or decreases) in bait use bet@2@@hand 2006 were detected by Kewagama Research
(2007).

The following sections will examine the main species groupd @ bait in Australia and group them under
the major headings used in the national survey of recreatiaiatse, in order to remain consistent with
existing data and available statistics as much ashpessi

2.1  Finfish

Finfish are widely used as bait throughout Australia, wkieeg are used on hooks as live, fresh dead or cut
baits to attract a wide variety of predatory and scavengiagias of fish (Ross 1995). Finfish products are
also very popular as bait for traps and pots set for craeshwater crayfish, and saltwater crayfish
(lobsters). Recreational and commercial fishers will alggost any species they can catch at the fishing
location as live or fresh baitfish under some circumsgnmat at other times particular species of baitfish
are targeted (Ross 1995). Alternatively, frozen baitfistually saltwater species) are widely available at
commercial fishing co-operatives, processors and thdssainretail outlets (tackle shops, service stations,
supermarkets) throughout Australia. Availability of livefigh for bait at retail outlets in Australia is very
limited, unlike in some other countries such as the US@of®in et al. 2004), though it is known that
ornamental fishes are sometimes purchased for use as tveghwater and estuarine areas (Arthington and
Blihdorn 1995, Lintermans 2004).

2.1.1 Salmonids

Kewagama Research (2002) estimated that around 0.4% ohdesys in Australia, mainly in NSW/ACT
and Victoria, used salmonids (troOhcorhynchus mykisSalmo truttaor salmonSalmo salay for bait in
2002. The survey found one angler who used personally caught safisbrimt live bait, and another who
used trout off-cuts sold as bait at a commercial fishfaciity. Use of salmonid products as bait remained
virtually identical in 2006 (Kewagama Research 2007), wherad calculated that overall around 0.5% of
respondents from NSW/ACT, WA and Tasmania used salmonid praaibit, suggesting their use as bait
is very uncommon in Australia.

2.1.2 Saltwater finfish

Kewagama Research (2002) estimated that around 58.6% ohdesyis throughout all states used saltwater
finfish as bait or berley in 2002. Use of saltwater éinfias bait was highest in Tasmania (84.5% of
respondents), followed by WA (74.0% of respondents) and théBB% of respondents). The proportion

of respondents using saltwater finfish as bait remaimadasiin 2006, when 61% of respondents throughout
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all states used saltwater finfish as bait (Kewaganse&eh 2007). Usage rates remained reasonably stable
amongst the states with the top three highest users remaisngania (81.6% of respondents), followed by
WA (78.7% of respondents) and the NT (66.8% of respondents) (i€emaResearch 2007).

Some of the more popular species and groups of saltwafeshfused as bait in Australia in both
commercial and recreational fisheries include Arripida@s(falian salmon, tommy ruff), Atherinidae
(hardyheads, silversides, whitebait), Carangidae (trevajeek mackerels, horse mackerels), Clupeidae
(herrings, pilchards), Congoridae (Conger eels), Emmaéljate (Redbait,Emmelichthys nitidys
Engraulidae (anchovies, sprats), Gempylidae (barrcouta)ridéer (silver biddies), Hemirhamphidae
(garfish), Labridae (wrasse), Leiognathidae (ponyfishkesjhrinidae (emperors), Lutjanidae (snappers),
Monacanthidae (leatherjackets), Moridae (rock cods), Maglidmullet), Nemipteridae (whiptails),
Scombridae (bonitos, mackerels, tunas), taiPonfatomus saltatr)x Sillaginidae (whitings), Sparidae
(breams) and many others (Ross 1995).

2.1.3 Freshwater finfish

The use of live freshwater finfish as bait in Australialamd waters has declined in recent years because of
changes in legislation, as it is now illegal in someestar regions (NSW DPI 2010, Northern Territory
Government 2010), although it still may occur illegally. Kgama Research (2002) estimated that around
1.3% of respondents used freshwater finfish as bait or bier2§02. Use of freshwater finfish as bait was
highest in Victoria (2.7% of respondents), followed by QUIB% of respondents) and NSW/ACT (1% of
respondents). Freshwater finfish were not recorded as bsed)for bait in SA, Tasmania and the NT in
2002, suggesting their use in these regions is uncommon. Howek@d6n national usage had dropped to
0.7% of respondents, with 3.2% of respondents in the NT usasipviiater fish as bait, as did 1.7% in
Victoria and 0.6% in NSW/ACT, with none of the respondents froherostates saying they had used
freshwater fish in the previous 12 months (Kewagama Res2807).

Freshwater finfish are not generally sold as live ordrobait in retail outlets (except from ornamental
species sold from pet shops), which leaves fishers to caéch &t the fishing site. Some of the more
popular species and groups of native freshwater finfish usdideabait in Australia include Ambassidae
(perchlets), archerfishToxotessp.), bony breamNematalosaspp.), Eleotridae (gudgeons), Galaxiidae
(galaxids), Hemirhamphidae (garfish), Muglidae (mu)letdelanotaeniidae (rainbowfish), Retropinnidae
(smelts), and Teraponidae (grunters, including banded gr(Aeniataba percoidgsand spangled perch
(Leiopotherapon unicolgy (Ross 1995). There is also evidence that noxious andiamental fishes such
as Cichlidae (tilapias), European car@yprinus carpi9, goldfish Carassius auratys Poeciliidae
(gambusia and swordtails), oriental weatherloddisqurnus anguillicaudatysand redfin Perca fluviatili

are sometimes used as bait in freshwater and estuaraee (Ar¢hington and Blihdorn 1995, Lintermans et
al. 1990, Lintermans 2004). Ornamental fishes availableetarl sale in Australia are known to have high
prevalence of infection by a range of disease agents (Widtial. 2011). Anglers who use live bait are
prone to discard excess fish either into the waterwayent@y are fishing or into local dams and ponds to
provide bait for subsequent fishing trips (Lintermans 2004).
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2.2 Sharks and rays

Kewagama Research (2002) estimated that around 0.6% ohdesygs used products from sharks and rays
as bait or berley in 2002. Use of elasmobranchs as bahiglasst in QLD (1.5% of respondents), followed
by WA (1.2% of respondents) and Tasmania (0.7% of respondenaymdbranchs were not recorded as
being used for bait in NSW/ACT, Victoria and the NT, swgg their use in these regions is very
uncommon. In 2006, usage of elasmobranchs as bait droppe8Pbooverall, with respondents from only
the NT (1.4%) and QLD (1.1%) reporting their use (Kewag&esearch 2002), suggesting use of products
from elasmobranchs as bait or berley is very uncommomugtralia.

2.3 Crustaceans

Crustaceans are very popular baits throughout Australia éorousait hooks used to catch a wide variety of
finfish (Ross 1995). For targeting estuarine and saltwafesh, the most commonly used crustaceans are
smaller varieties of penaeid prawns (< 13 cm) that eghveniently fit onto hooks of appropriate size
(Kewagama Research 2002, 2007). Penaeid prawns are retaggtier fresh or frozen bait, or as seafood,
in thousands of retail outlets throughout Australia (Kewasgd&esearch 2007). Fresh (green unfrozen as
well as frozen) penaeid prawns are also available fromngercial fishing co-operatives and retail outlets
throughout the country. In general, smaller prawns airadd from bait suppliers, while larger prawns >10
cm are obtained from seafood suppliers (Kewagama ResearchZlllY), Live penaeid prawns are also
popular baits, particularly with recreational fishers, wjemerally catch them near their fishing sites using
scoop, bait or cast nets, or with baited traps (Broadletirst 2004). Small live crabs are collected around
sandy areas and/or rocky reefs and coral reefs angsadefor targeting a narrower range of finfish species
which commonly prey on small crabs (Ross 1995). Live saltwait@bies/nippers (Family Callianassidae)
are extremely popular as bait for a variety of estuaaime inshore finfish species targeted by recreational
fishers along the eastern seaboard (Skilleter et al. 200&ste products from saltwater crayfish (Palinurid
lobsters) processing are used by commercial and recrdafigimers as bait and berley in WA and other
southern states (Horvat 2010). In freshwater areas, pepeevns remain a popular bait with recreational
fishers, but other crustaceans such as live palaemonid shnenfreshwater crayfish are also used (Ross
1995).

2.3.1 Penaeid prawns and Palaemonid shrimp

Kewagama Research (2002) estimated that around 62.6% ohdesys throughout all states in the country
used prawns or shrimp as bait or berley in 2002. Use ofngrfalwrimp was highest in NSW (78.8% of
respondents), followed by QLD (67.9%), WA (66.8%), Victoria (46,9800 the NT (43.1%). In 2006, the
total number of respondents that used prawns/shrimp diofip&8.4%, but the usage rates remained
reasonably stable amongst the states (77% of respondents in fiBWWed by 75.1% of respondents in
QLD, and 69.9% of respondents in WA), with a drop in their ins¥ictoria (24.6%) and an increase in
Tasmania (41.3%) (Kewagama Research 2007).

Some of the more popular species of penaeid prawns udmltas Australia include greasyback prawns
(Metapenaeusbennettag school prawns Metapenaeus macledyi and juvenile bananaPénaeus
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merguiensisP. indicug, king (P. plebejusP. latisulcatu¥ and tiger prawnsH. esculentus, P. semisulcatus,
P. monodojy however all available species @lenaeus Metapenaeusand other genera such as
Metapenaeopsiand Parapenaeopsiare all likely to be retained and used by anglers aspbaded they
are an appropriate size for the fish species being &r¢Rioss 1995).

With regard to freshwater palaemonid shrimp, the gianhivager prawn lacrobrachium rosenbergiis a
popular bait in northern parts of Australia. However, @dlilable species dflacrobrachium Palaemonand
other genera such &detapenaeopsiandParapenaeopsisire likely to be retained and used by anglers as
bait provided they are an appropriate size for the fisbiepbeing targeted (Ross 1995).

2.3.2 Crabs

Kewagama Research (2002) estimated that around 4.7% of resftideughout all states in the country
used crabs as bait or berley in 2002. Use of crabs was higiiestmania (7% of respondents), followed by
NSW/ACT (5.9%), Victoria and SA (5.2%), then QLD and WA.306). Use of crabs as bait was
significantly less common in 2006 (2.1% of respondents), with usdge remaining highest in Tasmania
(4.5%) and Victoria (3%), but dropping in NSW/ACT (2.8%), @A3%), WA (1.8%), QLD and NT (0%)
(Kewagama Research 2007).

Some of the more popular species and groups of crabs usedt&ds Bastralia include rock crabs
(Leptograpsussp., Paragrapsusspp.), bait crabsPlagusia chabrusPlagusiasp.), ghost crabsOcypode
spp.) and soldier crab#(ctyris longicarpus M. platychelesspp.) (see Bennett 1987). The introduced
European green cra#&rcinus maenyss common in parts of Victoria, NSW, Tasmania, SA WA and is
probably also used as bait from time to time. Larger btabs Portunus pelagicysand mud crabsSgylla
serratg are occasionally used live by a very small number dfiajigt anglers targeting large predatory fish
in estuarine and inshore areas.

2.3.3 Saltwater yabbies/Nippers (Ghost shrimp, Bass Yabbidsamily Callianassidae)

Kewagama Research (2002) estimated that around 14.8% ohdesyts throughout all states in the country
except SA and WA used saltwater yabbies/nippers (Ghoshhas bait in 2002. Use of ghost shrimp as
bait was highest in QLD (35.3% of respondents), followed bWINSCT (12.4%), and Victoria (9.4%). Use
of ghost shrimp as bait was more popular in 2006 (18.21% of resgehdeith usage rates remaining
highest in QLD (38.3%), NSW/ACT (22.9%) and Victoria (8.9%g¢\Wagama Research 2007).

The main species of ghost shrimp used as bait in Auwstnadiude Callianassa(Trypeg australiensis
Biffarius arenosusandUpogebiaspp. (Bennett 1987, Ross 1995, Skilleter et al. 2005).

2.3.4 Crayfish (freshwater and saltwater)

Kewagama Research (2002) estimated that around 8.4% ohdesgs throughout all states except WA and
NT used freshwater crayfish as bait in 2002. Use of fresnveaayfish as bait predominantly occurred in
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Victoria (24.9% of respondents), followed by QLD (7.2%) and NS@WA(6.3%). Use of freshwater
crayfish as bait was more popular in 2006 (15.4% of respondevith usage rates remaining highest in
Victoria (35.2%), and NSW/ACT (14.8%), and rising to 9% # Bhile remaining stable in QLD (6.7%)
(Kewagama Research 2007). Around 7.6% of respondents in thecdiided using freshwater crayfish as
bait in 2006. No one in Tasmania reported using freshweagfish as bait in 2002 (Kewagama Research
2002), rising to 0.9% in 2006, while no one in WA recorded usieghfivater crayfish as bait in either 2002
or 2006 (Kewagama Research 2007), suggesting their use mssvieajt uncommon in WA and Tasmania.

The main species of freshwater crayfish used as beliides the yabbyCherax destructgr redclaw
crayfish C. quadricarinatuy marron C. tenuimanusC. cainii), though it is likely that a wide variety of
other members of the gen@herax Engaeusand Euastacusare regularly used (and translocated) as bait
when they are available (Ross 1995, Coughran and Leckie 2007hr@oweg al. 2009).

Very few (0.3% of respondents) used saltwater crayfishn{itad lobsters) products as bait or berley in
2002, with little change (0.4%) in 2006 (Kewagama Research 2002).20We fact that only respondents
from NSW/ACT (0.4%) and QLD (1.1%) were found to use satiéwcrayfish as bait or berley in 2002, but
not in 2006, whereas respondents from Victoria (0.92%), SA (0.98%h)\A (0.62%) recorded using
saltwater crayfish products in 2006, (Kewagama Resel@8, 2007) suggests their use for this purpose is
sporadic and uncommon in Australia. However, processingew@sm the rock lobster industry is
reportedly used by commercial fishers in Western Austesiberley (Horvat 2010).

The main species of saltwater crayfish used as laitlkeerley are probably the most readily available
species, which would include the southern rock lobslesus edwardsii eastern rock lobsteldgsus
(Sagmariasus verreaux), western rock lobsterPanulirus cygnusand otherPanulirus spp. in tropical
regions (Kailola et al 1993).

2.4 Molluscs

Bivalve molluscs are very popular baits throughout Australiau$e to bait hooks to catch a wide variety of
freshwater, estuarine and saltwater finfish (Ross 1993arge proportion of the live bivalves used as bait is
likely to be gathered by recreational fishers at or tieair fishing sites. Frozen bivalves are also soldedts

in many retail outlets around the country. Live squdtopus and cuttlefish are also popular baits,
particularly with recreational fishers, who generally bhateem near their fishing sites (Ross 1995). Frozen
squid and octopus are also used throughout the country, bethgssbhit or seafood in thousands of retail
outlets throughout Australia. Fresh and frozen molluseassie products (squid, cuttlefish, octopus, abalone,
scallops) originating from commercial fishing co-operagiaad processing plants throughout the country are
also used as both bait and berley.

2.4.1 Abalone (and other Gastropods)

Kewagama Research (2002) estimated that around 0.6% of resggoirdenery state except SA and NT
used abalone as bait in 2002. Use of abalone as bait predominatilyedcin Tasmania (3.4% of
respondents), followed by NSW/ACT (0.8%) and QLD (0.5%). The pojywlof using abalone as bait
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increased in 2006 (1% of respondents), with usage ratesniegiatable with the highest in Tasmania
(3.2%), followed by NSW/ACT (1.8%), and QLD (1.1%) (KewagaResearch 2007).

The abalone products used as bait and berley in Australl&kalseto be processing waste of those species
most commonly caught in commercial fisheries, namely blaeiigdone Idaliotis rubra), greenlip abalone
(H. laevigatd and Roes abalonéi(roei). Other gastropods are occasionally used as baitail goantities

by recreational fishers, including limpetgllanaspp.) (see Sharpe and Keough 1998).

2.4.2 Bivalves (Cockles, mussels, pipis, scallops, oysters)

Kewagama Research (2002) estimated that around 29.5% ohdesyts throughout all states in the country
used “other shellfish” (bivalve molluscs) as bait in 2002se ©Gf bivalve molluscs as bait was very popular
in SA (81.3% of respondents), followed by Victoria (68%), Tasm#&21.5%) and QLD (18.5%). The use
of bivalve molluscs as bait increased in 2006 (33% of respm)devith usage rates remaining stable with
the highest usage in SA (88.7%), followed by Victoria (55.19%)P @26.1%) and Tasmania (20.6%)
(Kewagama Research 2007).

The main species of bivalves used as bait in Australidilely to be pipis Plebidonax deltoidesalso
known as Goolwa cockles), which are widely used by recredtighers along the eastern and southern
coastlines (Ross 1995). They are commercially fished in MBUSA (Kailola et al. 1993) and are usually
available frozen at retail bait shops throughout the soupiats of the country (Davies et al. 2008), though
recent increasing demand for pipis as food has increagsxs and reduced their availability as bait in some
locations (Fergurson and Mayfield 2006). There is evidergesibme pipis may have been translocated
from the eastern states into SA for certain competiisi@ing events due to shortages of bait pipis in SA
(Sunfish 2008).

Venerid clams, or cockleKételysiaspp.,Anadaraspp.,Barbatia spp.) and razor shell®ifina bicolour
Pinna spp.,Isognomonspp.) are used as fresh (live) bait in many states (R@8S). Due to increased
demand for pipis as food, cockles are becoming more widelifable throughout the country as frozen
product, and are now available at most retail outletshwater mussels (Family Hyriidae) are used as bait
for a variety of freshwater fish and crustacean sgecidile marine musseldftilus edulig are popular
baits or saltwater fish species (Ross 1995). Sydney rock ®yStercostrea glomera}and Pacific oysters
(Crassostrea giggsare very occasionally used as bait by recreationalrfigfiRoss 1995). Processing waste
from scallops Amusiumspp., Pectenspp., Chalmysspp. Family Pectinidae) (and also, presumably, from
squid, octopus and cuttlefish processing as well) is sorestused in berley blocks (Horvat 2010)

2.4.3 Cephalopods

Kewagama Research (2002) estimated that around 43.9% of resgomdalitstates throughout Australia
used cephalopods (squid, octopus and cuttlefish) as H2M0P. Use of cephalopods as bait was very high
in the NT (81.6% of respondents), followed by WA (54%), SA (58] Victoria (47.5%). The use of
cephalopods as bait increased significantly in 2006 (54.7%esgondents), with usage rates remaining
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highest in the NT (87.2%), followed by a large increase in &a&am(72.3%), WA (64.7%), NSW/ACT
(60.9%, from 32.6% in 2002), and SA (59.7%) (Kewagama Research 2007).

The main species of cephalopods used as bait in Aastra likely to be various species of squid that are
available frozen at retail bait shops throughout the counfityese are likely to include arrow squid (also
known as Goulds squitllotodarus gouldi other Notodarusspp., Mitre squid L(oligo spp.), southern
calamari Gepioteuthis australjs northern calamariS. lessonianga Sepiaspp. and others (Kailola et al.
1993). Octopus species used as bait and berley are likelgltmle a range of species within the genus
Octopus including the southern octopu®.( australig, Maori octopus @. maoruny, pale octopusd.
pallidus), gloomy octopus@. tetricug, reef octopus@ctopus cyandaand others (see Bennett 1987, Kailola
et al. 1993, Norman and Reid 2000).

The main species of cuttlefisheSepiaspp.) used as bait and berley in Australia probably inctbhde
rosecone cuttlefishSepia rozellg giant cuttlefish $epia apamg and several others that are commonly
caught in commercial fisheries (Kailola et al. 1993, Scaatlal. 2008).

2.5 Amphibians

Amphibians are not commonly used as bait in Austral@some jurisdictions, it is illegal to use frogs as
bait, including in Queensland (EPA 2007), NSW (NSW DPI 2010, ictoria (Victoria DPI 2010).
However the protection of frogs is not specifically mentiomeckcreational fishing guides in some of these
jurisdictions, such as in Queensland (DEEDI 2010), and hergedssible that some frogs are used for bait
in freshwater areas of Queensland by anglers not famiiidn the regulations. In TasmahiaVestern
Australi&, South Australif and the Northern Territory (Northern Territory Governnm20it0), use of frogs
as bait does not appear to be specifically prohibitedpwdifn frogs may be protected under wildlife
protection acts (e.g. WA). Kewagama Research (2002, 2067hal specifically address the use of
amphibians as bait in their surveys, and indeed specifiealfjuded collection of amphibians from their
definition of recreational fishing (Kewagama Research (2002, 206¥wever it is possible that some
respondents to these surveys considered that amphibians edntdualed in the definition of “other aquatic
animals”. Respondents who used “other aquatic animaldjadsor burley in the previous 12 months
represented only 2.1% of respondents from 5 states (Tasm&W/ACT, QLD, SA and WA) in the 2002
survey, dropping to 0.5% of respondents in 2006 from Victoria (lRéwagama Research 2002, 2007).
This, together with the jurisdictional arrangements in Viatand QLD (which are supported by large fines
if infringing anglers are caught), suggests that use of angpisitzis bait in Australia either does not occur, or
else is extremely uncommon.

2.6 Annelids

Annelids are very popular baits throughout Australia for uséativ hooks to catch a wide variety of
freshwater, estuarine and saltwater finfish (Ross 1995 eBatial. 2008). A proportion of the annelids used

8 hitp://mww.ifs.tas.gov.aulifs/aboutus
® http://www.fish.wa.gov.au/sec/rec/index.php
10 hitp://mww. pir.sa.gov.aulfisheries/recreational_fishincpeational fishing guide
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as bait is likely to be gathered by recreational fistagror near their fishing sites, however collecting worms
for bait generally requires hard work and/or skill (Behii®87), which has lead to the development of a
significant retail market for baitworms (Davies et al. 200B)deed, Davies et al. (2008) found that around
73% of anglers in SA buy their worms from bait shops. Liveednoand preserved (including freeze dried)
annelids are widely available from retail bait suppliersughout the country or over the internet (Davies et
al. 2008, 2010&).

Both oligochaetes and polychaetes are used by recrdafishars as bait (Ross 1995). However,
Kewagama Research (2002, 2007) did not discriminate betthieemvo groups in their survey, hence only
overall data on use of annelids as bait is available. Kawa Research (2002) found that 27.3% of
respondents from all states had used annelids for bait préveous 12 months. Use of annelids as bait in
2002 was highest in NSW/ACT (37%), followed by QLD (36%), 2B.9%), and Victoria (23.7%), while
they were rarely used in WA (3.7%), Tasmania (3.6%) &edNT (1.3% of respondents) (Kewagama
Research 2002). The use of annelids as bait remained sim280&1(28.8% of respondents), with usage
rates highest in QLD (42.4% of respondents), followed by NSW/ARII6%), Victoria (27.4%) and SA
(23.3%). Usage of annelids remained low in Tasmania (7 \fPA)(3.8%) and the NT (1.6%) (Kewagama
Research 2007). Davies et al. (2008) examined the bait worntrinduSA and found that total production
with the industry ranged between 7 and 14 tonnes between 2000-2001 and 2007-2@0&, dniy 1.2
tonnes were likely to be sold through the bait shops thexged.

2.6.1 Oligochaetes

Oligochaetes such as earthworms are popular baitsdshvilater fishes in many parts of Australia (Ross
1995). A variety of oligochaetes are used as bait, liketjuding several genera and species within the
Families Acanthodrilidae, Lumbricidae, Octochaetidag lsiegascolecidae (Blakemore 199@),Data are
not available, however commercially available composting worsuch asEisenia foetida Lumbricus
rebellusandPerionyx excavatuare probably used more frequently than native varieti¢ésegsare readily
available in many retail outlets throughout Australia.

2.6.2 Polychaetes

Polychaetes are popular baits in estuarine and marine setiiicdughout most of Australia (Ross 1995). A
large number of different types of polychaetes are asdohit by both commercial and recreational fishers,
including members of the Family Eunicidae, Glyceridaauphidae and Nereididae (Kailola et al. 1993).
Diopatra dentatais a common tube worm which is sometimes used as baite viilrecent years,
aquaculture of the tube worbDiopatra aciculata(F. Onuphidae) has made this species widely avaitadile

as live worms and preserved/freeze dried wotmsSeveral species of beach worms (F. Onuphidae) are
widely used as bait along the east coast (Paxton 1979, Bennett, 188dyling the king worm
(Australonuphis tergs slimy beachworm A. paratere} stripey beachwormQnuphis taeniatp giant
beachworm Klirsutonuphis gygsand wiry beachworm (Hmariahirstug (see Paxton 1979, 1996). The
common bait wormAustralonereis ehlerkiis found throughout country and is widely used as baingny

11 \www.aguabait.com.au
12 hitp://australianmuseum.net.au/Australian-Earthworms
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species of estuarine fish (Grixti et al. 200Marphysa sanguinegF. Eunicidae) also known as the blood
worm, or Cribb Island blood worm, is widely used by angdosig the eastern seaboard and is a common
subject of the live worm trade (Kailola et al. 1993)ycera ovigeraF. Glyceridae) is a popular bloodworm
bait in South Australia (Davies et al. 2008). The NepalychaetesNephtys australiensiand Perinereis
nuntiaare found Australia wide (Ranier and Hutchings 1977). Sainleese Nereid species are known in
some areas as wrigger worms, and are widely used and taesl@long the east coast as a specialist bait
for certain estuarine species (DPIF 2004). Informal intevsiwith many experienced anglers suggest that
leeches (Hirudinea) are not used as bait in Australia.

2.7 Other

Kewagama Research (2002, 2007) recorded use of “other aguogtials” in their bait and berley surveys.
These may have includes barnacles (Crustacea), limpitdiu¢a), cunjevoi (Ascidacea: Pyuridae),
echinoderms, seaweeds, aquatic insects and others. In 2062, dquatic animals” were used by 2.1% of
respondents from 5 states, namely Tasmania (11%), NSW/AGQW], QLD (0.9%), SA and WA (0.4%)
(Kewagama Research (2002). In 2006, only 0.5% of respondents frostadaerecorded using “other
aquatic animals” as bait, namely 2.2% of respondents Yfiatoria (Kewagama Research 2007). These data
suggest that the use of the following groups of aquatic amiasabait in Australia is uncommon.

2.7.1 Echinoderms

The internal organs of echinoderms such as sea urchimgeasionally used by rock fishing enthusiasts as
berley to help target certain demersal fish specieditl@in and near rocky reefs along the southern half of
the Australian coastlifé@ The species harvested for bait and berley include @smurchins that occur on
rocky reefs, such as the spiny sea urc@iengrostephanus rodgerxipurple sea urchirHglicocidarisspp),

pink sea urchinHolopneustepycnotilug, hairy sea urchinTfipneustegyratilla), and others. Commercial
rock lobster fishers also may use sea urchins as bditsignificant quantities may be used at times. The
guantity of echinoderms used for bait and berley in theeational fishery is likely to be limited and the
majority (indeed, probably all of the volumes used), ardyliteebe collected and used at the fishing site.

2.7.2 Cunjevoi (Ascidians)

Ascidians such as cunjevdPyura stoloniferq are used as bait and berley by rock fishing enthusiasts
target certain demersal fish species that live nedgtyroeefs along the southern half of the Australian
coastline (Bennett 1987, Ross 1995). The quantity of cunjevoiisipedbably relatively small and the vast
majority of it is likely to be collected and used at fisking site.

Summary

The main groups and species of aquatic animals usedtasdierley in Australia are summarised in Table
2 (over page).

13 hitp://mww.nswfca.com.au/rokgrp03.html
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Table 2. Commodity List: The species most widely used dait and berley in Australia.

Scientific name

Common Name

States where used

FINFISH

Saltwater finfish

F. Arripidae Australian salmon, tommy NSW, Tas, Vic, SA, WA
ruff
F. Atherinidae Hardyheads, silversides, | All states
whitebait
F. Carangidae Trevallies, jack mackerel All states
F. Congridae Conger eels SA
F. Clupeidae Herring, sardines, pilchands All states
F. Emmelichthyidae Redbait Tas, SA
F. Engraulidae Anchovies, sprats All states
F. Gempylidae Barracouta, gemfish NSW, Vic, Tas
F. Gerridae Silver biddies All states
F. Hemirhamphidae Garfish All states
F. Labridae Wrasse NSW, Vic, Tas, SA
F. Leiognathidae Ponyfishes QLD, NSW, WA, NT
F. Lethrinidae Emperors QLD, NSW, WA, NT
F. Lutjanidae Snappers QLD, NSW, WA, NT
F. Monacanthidae Leatherjackets NSW, Vic, Tas, SA
F. Moridae Rock cods NSW, Vic, Tas, SA
F. Muglidae Mullet All states
F. Nemipteridae Whiptails QLD, WA, NT
F. Scombridae Bonitos, mackerels, tunas All states
F. Salmonidae Trout, salmon Tasmania, Vic
F. Sillaginidae Whitings All states
F. Sparidae Breams All states
Tailor Pomatomus saltatrix QLD, NSW, Vic, WA

Freshwater finfish

F. Ambassidae Perchlets QLD, NSW, Vic, SA, NT, WA
Carassius auratus Goldfish QLD, NSW/ACT, Vic, Tas, SA, WA
F. Cichlidae Tilapias QLD, Vic, WA

Cyprinus carpio European carp QLD, NSW/ACT, Vic, Tas, SA, W,
F. Eleotridae Gudgeons All states

F. Galaxiidae Galaxids NSW, Vic, SA, Tas, WA

F. Hemiramphidae Garfish All states

F. Melanotaeniidae Rainbowfish QLD, NSW, Vic, SA,,N\WA

Misgurnus anguillicaudatus

Oriental weatherloach

QLD, NSW/ACT, Vic

F. Muglidae Mullet All states
Nematalosapp. Bony bream QLD, NSW, Vic, SA, NT, WA
Perca fluviatilis Redfin NSW/ACT, Vic, SA, WA
F. Poeciliidae Gambusia and swordtailg All states
F. Retropinnidae Smelts QLD, NSW, Vic, SA, Tas
F. Salmonidae Trout, salmon NSW/ACT, Vic, Tas, SA W
F. Teraponidae Grunters QLD, NSW, SA, NT, WA
Toxotessp. Archerfish QLD, NT, WA
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Scientific name

Common Name

States where used

CRUSTACEANS

Prawns and shrimp

Macrobrachium rosenbergii Giant freshwater prawn QLD, NT, WA
Macrobrachiumspp. Other shrimp QLD, NSW, WA, NT
Metapenaeopsispp. Other prawns QLD, NT, WA
Metapenaeubennettae Greasyback prawns QLD, NSW, NT, WA
Metapenaeus macleayi School prawns QLD, NSW, Vic
Metapenaeuspp. Other prawns QLD, NSW, WA, NT
Palaemorspp. Other shrimp All states
Parapenaeopsispp. Other prawns QLD, NT, WA
Penaeus esculentus, P. Tiger prawns QLD, NT, WA
semisulcatus, P. monodon

Penaeus indicysP. merguiensis | Banana prawns QLD, NT, WA
Penaeus plebeju®. latisulcatus | King prawns Vic, SA

Penaeuspp. Other prawns All states

Crabs

Carcinus maenus

European green crab

NSW, Vic, Tas, WA

Leptograpsuspp.,Paragrapsus
spp.

Rock crabs

QLD, NSW, Vic, Tas, SA, WA

Mictyris longicarpus M.

Soldier crabs

QLD, NSW, Vic, Tas, NT, WA

platychelesspp.

Ocypodespp. Ghost crabs QLD, NSW, Vic, NT, WA
Plagusia chabrusPlagusiaspp. Bait crabs QLD, NSW, Vic, Tas, SA, WA
Portunus pelagicus Blue (sand) crab All states

Scylla serrata Mud crab QLD, NSW, WA, NT
Saltwater yabbies/nippers

Biffarius arenosus Yabby/nipper QLD, NSW, Vic
Callianassa(Tryped Yabby/nipper QLD, NSW, Vic
australiensis

Upogebiaspp. Yabby/nipper QLD, NSW, Vic
Freshwater crayfish

Cherax destructor Yabby QLD, NSW, Vic, SA, WA

Cherax quadricarinatus Redclaw crayfish QLD, NT, NSW
Cherax tenuimanuy<£. cainii Marron WA
Cheraxspp. Freshwater crayfish All states
Engaeusspp. Freshwater crayfish NSW, Vic, Tas
Euastacuspp. Freshwater crayfish All states
Saltwater crayfish/lobsters
Panulirus cygnus Western rock lobster WA
Panulirusspp. Tropical lobsters WA, NT, QLD
Jasus edwardsii Southern rock lobster WA, SA, Vic, Tas
Jasus(Sagmariasusverreauxi Eastern rock lobster Vic, NSW
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Scientific name

Common Name

States where used

MOLLUSCS

Gastropods

Cellanaspp.

Limpets

QLD, NSW, Vic, SA, WA, Tas

Haliotis laevigata

Greenlip abalone

WA, SA, Vic, Tas, NSW

Haliotis rubra

Blacklip abalone

WA, SA, Vic, Tas, NSW

Haliotis roei Roes abalone WA

Haliotis spp. Abalone All states

Bivalves

Amusiumspp.,Pectenspp., Scallops All states
Chlamysspp.

Crassostrea gigas Pacific oysters SA, Tas Vic, NSW
F. Hyriidae Freshwater mussels All states

Katelysiaspp.,Anadaraspp.,
Barbatiaspp.

Cockles

NSW, Vic, Tas, SA, WA

Mytilus edulis/M. Mussels NSW, Vic, Tas, SA, WA
galloprovincialis

Pinna bicolour, P. deltoides, Razor shells SA , WA
Isognomorspp.

Plebidonax deltoides Pipis SA, Vic, NSW, QLD, WA
Saccostrea glomerata Sydney rock oysters QLD, NSW
Saccostrea cuccullat&. echinata Tropical rock oysters QLD, NT, WA
Cephalopods

Loligo spp. Mitre squid All states

Notodarus gouldi Arrow squid (Goulds squid) All states

Notodarusspp. Other squid All states

Octopus australis Southern octopus NSW, Vic, SA, Tas
Octopus cyanea Reef octopus QLD, WA, NT

Octopus maorum

Maori octopus

NSW, Vic, SA, Tas

Octopus pallidus

Pale octopus

NSW, Vic, SA, Tas

Octopustetricus Gloomy octopus QLD, NSW, WA
Octopusspp Other octopuses All states

Sepia apama Giant cuttlefish All states

Sepia rozella Rosecone cuttlefish QLD, NSW

Sepiaspp Other cuttlefish All states

Sepioteuthis australis Southern calamari NSW, Vic, Tas, SA, WA
Sepioteuthis lessoniana Northern calamari QLD, NT, WA

ANNELIDS

Oligochaetes

F. Acanthodrilidae Earthworms QLD, NSW, Vic, Tas, SVA
Eisenia foetida Tiger worm All states

Lumbricus rebellus Red worm All states

F. Lumbricidae Earthworms All states

F. Megascolecidae Earthworms All states

F. Octochaetidae Earthworms QLD, NSW, SA, WA, NT
Perionyx excavatus Blue worm All states

DIERING
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Scientific name

Common Name

States where used

Polychaetes

Australonereis ehlersi Bait worm All states
Australonuphis parateres Slimy beachworm QLD, NSW, Vic, SA
Australonuphis teres King beachworm QLD, NSW, Vic
Diopatra dentata, D. aciculata Tube worm All states

F. Eunicidae All states

Glycera ovigera Blood worm NSW, Vic, SA, Tas

F. Glyceridae

NSW, Vic, SA, Tas

Marphysa sanguinea Cribb Island blood worm QLD, NSW
Nephtys australiensi®erinereis | Wriggler worms All states

nuntia

F. Nephtyidae All states

F. Nereididae All states
Hirsutonuphis gygis Giant beachworm QLD
Hirsutonuphis mariahirstua Wiry beachworm QLD, NSW, Vic
Onuphis taeniata Stripey beachworm QLD, NSW, Vic

ECHINODERMS

Centrostephanus rodgersii

Spiny sea urchin

NSW, Vic, SA, WA, Tas

Helicocidarisspp

Purple sea urchin

QLD, NSW, Vic, SA, WA, Tas

Holopneustepycnotilus

Pink sea urchin

NSW, Vic, SA, WA, Tas

Tripneustegratilla Hairy sea urchin WA, QLD, NSW
ASCIDEANS
Pyura stolonifera Cunjevoi QLD, NSW, Vic
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3.0 The methodology used for this Risk Analysis

3.1 Hazard Identification

After defining the commodities of concern (see Table 2), thestegtin the RA is to identify the potential

hazards present in those commaodities. This process, hdeatdication, begins with the compilation of a

list of disease agents known to be associated with the odities. The criteria for consideration during the
hazard identification process were as follows:

For each organism in the initial hazard list, thedeihg questions were considered:

1. Whether the commodity could potentially introduce the diseaent,

2. If the disease agent is "under official control”, byliging in State or National lists of reportable
diseases (Tables 3a, 3b), or

3. If the disease agent is restricted in its distributind/@ could conceivably cause a detrimental
impact to industry or the environment if infected commoditieseviranslocated into new areas.

For any disease agent, if the answers to any of thessigus was ‘yes’, it was classified as a potential

hazard (Figure 2). Each disease agent identified aseatj@d hazard was then critically evaluated. Any

disease agents considered likely to cause detrimental tsnpadustralia based on one or more of the

following criteria were classed as diseases of concernr@®zhat required detailed risk assessment. The
criteria used included whether:

* it would be expected to cause a distinct pathologicatefh an infected population; and/or

e it would be expected to cause economic harm (e.g. irenleasrtality, reduced growth rates,
decreased product quality, loss of market access, indreasts); and/or

» it would be expected to cause damage to the environmerratiemic species (defined as either
native species that occur naturally in Australia waterspecies that were introduced into Australia
and are now considered to be acclimatised).

The process used for decision making in relation to thartladentification process is summarised below in
Figure 2. Disease agents that are not considered liketpuse a distinct pathological effect in affected
populations, and/or economic harm, and/or damage to the environmeea considered to represent a
negligible risk, and were excluded from further assessment.
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Figure 2. Flow chart showing the decision making processsed to identify potential hazards in the
hazard identification step.

DWH FRDB@oject No. 2009/072, Final Report July 2011 48

www.digsfish.com



Table 3a. National list of reportable diseases of aquatanimals (ie. diseases under official control).

Australia’s National List of Listed in the Listed Exotic to
; i i OIE  Aquatic regionally Australia
B o a2l Animal Health |~ (OIE/NACA)
Code (2010) (2010)
FINFISH
1. Epizootic haematopoietic necrosis — EHN virus v v
2. Epizootic haematopoietic necrosis — European catfish dirus 4 4
European sheatfish virus
3. Infectious haematopoietic necrosis v v v
4. Spring viraemia of carp v v v
5. Viral haemorrhagic septicaemia v v v
6. Channel catfish virus disease v v
7. Viral encephalopathy and retinopathy v
8. Infectious pancreatic necrosis v
9. Infectious salmon anaemia v v v
10. Epizootic ulcerative syndroméphanomyces invadans v v
11. Bacterial kidney diseas®énibacterium salmoninarym v
12. Enteric septicaemia of catfisBdwardsiella ictalur) v
13. PiscirickettsiosisRiscirickettsia salmonjs v
14. Gyrodactylosis Gyrodactylus salaris v v v
15. Red sea bream iridoviral disease v v v
16. FurunculosisAeromonas salmonicidgubsp.salmonicida v
17. Aeromonas salmonicidaatypical strains
18. Whirling diseaseNlyxobolus cerebralls v
19. Enteric redmouth diseas¥drsinia ruckeri- Hagerman strain v
20. Koi herpesvirus disease v v v
21. Grouper iridoviral disease v v
MOLLUSCS
1. Infection withBonamia ostreae v v v
2. Infection withBonamiaspecies
3. Infection withBonamia exitiosa v v
4. Infection withMikrocytos mackini v
5. Infection withMarteilia refringens v v v
6. Infection withMarteilia sydneyi
7. Infection withMarteilioides chungmuensis v v
8. Infection withPerkinsus marinus v v v
9. Infection withPerkinsus olseni v v
10. Infection withXenohaliotis californiensis v v v
11. Akoya oyster disease v v
12. Iridoviroses v
13. Abalone viral mortality v v v
14. Abalone viral ganglioneuritis v v
CRUSTACEANS
1. Taura syndrome v v v
2. White spot disease v v v
3. Yellowhead disease — Yellowhead virus v v v
4. Gill-associated virus
5. Infectious hypodermal and haematopoietic necrosis v v
6. Crayfish plagug¢Aphanomyces astaci v v v
7. White tail disease v v
8. Infectious myonecrosis v v v
9. Monodonslow growth syndrome v v
10. Milky haemolymph diseases of spiny lobstearulirussp.) v v
AMPHIBIANS
1. Infection withBatrachochytrium dendrobatidis v v
2. Infection with ranavirus v v
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3.2 Risk assessment

Once the hazards were identified, a risk assessnmemtcarried out on each disease of concern. This RA
was based on a qualitative assessment of the risks invoittedranslocation of these commodities. The
gualitative RA method addresses risk in a standardisechen (Jones and Stephens 2006, OIE 2010a)
utilising a series of risk assessment processes, paeiedse assessment; exposure assessment; consequence
assessment; and risk estimation. More detail on €aphin the process is included below.

3.2.1 Release assessment

The likelihood that a hazard would be translocated tiighcommodity is determined through the release
assessment stage of the process. The ‘unrestricted conimsiazbinsidered here are live, fresh dead (green),
frozen (uncooked/green) or preserved/freeze dried fislstareans, molluscs, annelids and other aquatic
animals used as bait or burley. The most likely relpasleways for spread of disease from commodities
into the Australian aquatic environment were shown in Figure

Translocation of infected bait and berley potentiallesents a direct transmission pathway for the
introduction and establishment of new disease agents imgopsly disease free waterways (i.e. an
uninfected jurisdiction). In determining the likelihood of viable @&nfdctive disease agents being released
into an uninfected jurisdiction via bait and berley productAustralia, one key factor was considered:

1. Infected Bait:The bait, live or dead, or that portion of the animal Usedait and berley must be
infected with viable disease agent(s). Live or fresiddish and invertebrates with patent infections
may have extremely high titres of disease agents in tiesures. However, prevalence and intensity
of infection of disease agents in the bait and berleyvaayand also would be subject to processing
and environmental conditions which may or may not promote thevauiof potential pathogens.
These may include freezing (Archer 2004), thawing, preservatid long-term storage. While little
data are available on the survival of specific pathogewsaeral or muscle tissues, some data exists
on survival of pathogens under conditions of freezing, heating ancta®sn in various media.
Survival of viral and microbial pathogens in frozen tissisevell documented.

The ikelihood estimations made in this RA for the release assa# (Table 4) are qualitative assessments
based on information available in the scientific (and mthiterature, unpublished data, as well as the
professional judgment of the analyst.

The risk assessment for a particular hazard was corncliidae release assessment determined that the
likelihood of release of that hazard was negligible (OIE ap10

DWH FRDB@oject No. 2009/072, Final Report July 2011 52

www.digsfish.com



Table 4. Nomenclature for the qualitative likelihood esthations used in this RA.

Likelihood Definition
High The event would be very likely to occur
Moderate The event would occur with an even probability
Low The event would be unlikely to occur
Very Low The event would be very unlikely to occur
Extremely low The event would be extremely unlikely to occur
Negligible The event would almost certainly not occur

3.2.2 [Exposure assessment

The exposure assessment examines the likelihood of wildia@mahals in an uninfected jurisdiction being
exposed to the hazards via infected and released comesodiid determines the likelihood of the
establishment of the hazard. The release pathway will befdlse commodity as bait and/or berley and the
likelihood of exposure will depend on several factors relatnipe capacity of the disease agent to survive
in the environment in an infective form, the availability safsceptible hosts, the ease of infection of
susceptible hosts, and the likelihood of subsequent tranemisiinfection to others within a population. In
determining the likelihood of exposure of susceptible hoslissease agents being released from an infected
jurisdiction to an uninfected jurisdiction via translocatidnbait and berley products, the following key
factors were considered relevant:

1. Route of Infection (Oral/Contact)he bait containing viable disease agents must be ingested by a
susceptible host or otherwise come into contact with subtefish or invertebrate species.
Infection may occur via the digestive tract, through dicenitact with contaminated water via the
skin and gills.

2. Infective DoseThere must be sufficient quantities of viable diseasatage induce an infection
following ingestion or contact with the contaminated bait erldy via the skin and gills or
integument. There is relatively little data on minim infectious doses required for disease agents
of aquatic animals. In general, titres in muscle tissie&d to be lower whereas titres in visceral
organs and tissues tend to be higher.

Once a hazard is released into the environment, thehidagli of whether the disease agent would survive,
infect susceptible hosts, and become established withipaation was expressegualitativelyusing the
likelihood estimations in Table 4, based on information abiglén the scientific (and other) literature,
unpublished data, as well as the professional judgment ointlgsa The likelihoods for the release and

DWH FRDB@oject No. 2009/072, Final Report July 2011 53

www.digsfish.com



Likelihood of release

exposure assessmentgre combined using the matrix of ‘rules’ for combining desive likelihoods, as
shown in Table 5.

Table 5. Matrix of rules for combining descriptive likeihoods for the release and exposure

assessments.
Liklihood of exposure

High Moderate Low Very Low Extremely low | Negligible
High High Moderate Low Very Low Extremely low | Negligible
Moderate Low Low Very Low Extremely low | Negligible
Low Very Low Very Low Extremely low | Negligible
Very Low Extremely low| Extremely low | Negligible
Extremely low Negligible Negligible
Negligible Negligible

The risk assessment for a particular hazard was conmtifidiee exposure assessment determined that the
probability of establishment was negligible (OIE 2010a).

3.2.3 Consequence assessment

The consequence assessment estimates the likely magaittitke consequences of establishment and/or
spread of a hazard into a new area or catchment, and skiblpoeffects of the disease agent on aquatic
animals, the environment, industry and the economy. The quaditéérms used to describe the

consequences of establishment of an unwanted diseaseimdbis RA are defined in Table 6. These

descriptions are based on information available in othes R¥nes and Stephens 2006, Biosecurity
Australia 2009), the scientific literature, unpublished dat,well as the professional judgment of the
analyst.

For each hazard of concern, the consequence assesigtemmhined the likelihood of occurrence and the
associated impact for each of two main outbreak smenaEither:

1. The disease agent becomes established and spreads thrquhdations of susceptible species in
a new region of Australia. This scenaaesumes that if an agent were to establish in a local
population it would eventually spread to its natural geogcaphimits, or;

DWH FRDB@oject No. 2009/072, Final Report July 2011 54

www.digsfish.com



2. An index case occurs and infection may even spread tolgtrigaanimals, but the agent does not
persist in the environment.

Only the first scenario was considered to represenbledtment of the disease agent, because the second
scenario would go undetected.

Table 6. Definition of terms used to describe consequces of establishment of unwanted disease
agents.

Consequence Definition

Extreme Establishment of disease would cause substaol@gioal and economic harm at|a
regional or even national level, and/or cause seriougri@wersible harm to the
environment.

High Establishment of disease would have serious biologicakegoences (high
mortality or morbidity) and would not be amenable to aardr eradication. Such
diseases would significantly harm economic performanceegianal level and/or
cause serious environmental harm which is most likelyensble.

Moderate Establishment of disease would cause significawigital consequences
(significant mortality or morbidity) and may not be amlele to control or
eradication. Such diseases could harm economic perfoenadrecregional level on
an ongoing basis and/or may cause significant environmefgatsfwhich may or
may not be irreversible.

Low Establishment of disease would have moderate biologicakqoences and would
normally be amenable to control or eradication. Such skksemay harm economig
performance at a local level for some period and/or caage some environmentg
effects, which would not be serious or irreversible.

Very Low Establishment of disease would have mild biologicalsequences and would be
amenable to control or eradication. Such diseases maydwnomic performance
at a local level for a short period and/or may cause somer environmental
effects, which would not be serious or irreversible.

Negligible Establishment of disease would have no signifisemhogical consequences and
would require no management. The disease would not &fecomic performanct
at any level and would not cause any detectable environnesfeets.

%4

The risk assessment for a particular hazard was comtlfittee consequence assessment determined that the
consequences of introduction were negligible (OIE 2010a).
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Likelihood of establishment and spread

3.2.4 Risk estimation

Risk estimation is the final step involved with each assessand would be used to determine whether the
extent of the unrestricted risk presented by eaclasésagent to the aquatic animals, environment, industries
and community of Australia was sufficient to requirek rimanagement. ‘Unrestricted risk’” means the
estimated risk if the various bait and berley commoditiese to be translocated with no risk management
measures in place. Risk was assessed using the rislagsti matrix in Table 7 which uses a combination of
the qualitative answers given for the combined likelihoods ebhssl and exposure and the significance of
the consequences of establishment of a disease agent to provetimate of the risk involved, ranging
from ‘negligible’ through to ‘extreme’.

The appropriate level of protection (ALOP) adopted in thisiRéxpressed in qualitative terms. Australia’s
ALOP, which reflects community expectations through goventrpelicy, is expressed as providing a high
level of sanitary or phytosanitary protection whereby issleduced to aery low level, but not to zero. This
definition of ALOP, and its illustration by way of a rigktimation matrix is shown below in Table 7.

Table 7. Risk estimation matrix showing the ALOP utilizd for this RA (white squares = very low
risk). Any diseases which fall to the right of theALOP during the RA will require additional risk
management (red font).

' Negligible | Verylow | Lowrisk | Moderate | High risk Extreme
High risk risk risk risk
Moderate | Nedligible | Very low | Lowrisk | Moderate | High risk Extreme

risk risk risk risk
Low Negligible | Negligible | Verylow | Lowrisk | Moderate | High risk
risk risk risk risk
Negligible | Negligible | Negligible | Very low Low risk | Moderate
very low risk risk risk risk risk
Negligible | Negligible | Negligible | Negligible | Very low | Low risk
Ext. Low risk risk risk risk risk
Negligible Negligible | Negligible | Negligible | Negligible | Negligible | Very low
risk risk risk risk risk risk
Negligible Very Low Low Modate High Extreme

Consequences of establishment and spread

If either the likelihood of establishment and spread, or th@fgiance of the consequences of establishment
and spread were considered to be negligible, it was coadidiee unrestricted risk posed by the disease
agent was negligible (rising to very low for extreme conerges of establishment), and there would be no
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need to implement any additional risk management stegdeg(T7a. If the consequences of establishment
and spread were considered to be very low, even a high pigbabéestablishment and spread was tolerable
without the need for risk management. If the likelihood tdhld@shment and spread were considered to be
very low, even high consequences of establishment and spw&dtolerated without the need for risk
management, but extreme consequences of establishment sadl wpre considered to exceed the ALOP,
and risk management would be required (Table 7). Adterely, if the likelihood of establishment and
spread was high, even if the consequences of establistamdn$pread were considered to be low, this
scenario would exceeded the ALOP and require risk geanant (Table 7).

3.2.5 Risk mitigation

If the unrestricted risk estimation for any disease agedétermined to be unacceptable (that is above very
low), the threats posed by the commodity will be ranked (mgtdium, low) based on the likelihood the
commodity will pose a disease risk when translocated intoareas and catchments. The ranking process
will take into account not only the types of disease tsgearboured in the commodity, but also the volume
of the commodity used as well as the specific pathways of Tise ranking results for each commodity will
be organised based on overall risk (e.g. extreme, high, mederad and stratified by pathway (live bait,
fresh dead bait, frozen bait or freeze-dried/presereednwodities). For any diseases with risk estimation
rankings that exceed the ALOP, risk mitigation measunay be necessary to reduce the risk estimate back
to within the ALOP. The risk mitigation processes exet as part of this RA process will relate only to
option evaluation.

Option evaluation

The RA will identify the options available for managingyaisks that may exceed the ALOP. The options
could form the basis of a consultation process that engtajeshelders to evaluate the risks involved with
unrestricted movements of bait and berley to assess ophiahould be used to reduce any risks to an
acceptable level. Input from stakeholders should also be inthglthey may provide data on the nature of
alternative risk management measures which may be asachteve the required risk reduction. Where
there are equivalent risk management measures thatlweuisled to achieve the required risk reduction, the
option(s) least restrictive to trade should be employduk fihal risk management methods chosen (if any)
would understandably vary on a case-by-case basis, dependingida variety of commodity, industry and
region-related factors.
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4.0 The Risk Assessment

4.1 Hazard Identification

This section will compile a list of disease agents €ptidl hazards) associated with the bait and berley
commodities being used in Australia (see Table 2 for theflispecies considered). | have included in this
section the important disease agents reported from toesmodities throughout their national distribution.
Appendix 1 contains a more comprehensive list of the parasittslisease agents recorded from the bait
and berley commodities being used in Australia, while Taldentains the list of the most important disease
agents which will be considered during the hazard identificgirocess. Table 8 outlines the known host(s)
for each potential hazard, whether the hazard is iofext whether it is under official control in Australia
(i.e. whether it is listed in State or National lisfsreportable diseases of aquatic animals), whethsranhi
OIE or NACA listed disease, and an indication of whethisrconsidered likely to cause significant disease.

In addition to the list of the most important diseasentgy€lable 8), it is normal for healthy aquatic animals
to be naturally infected by a variety of protozoan ametazoan parasites and symbionts. Many of these
parasites and symbionts have restricted distributions thaekted to the distribution of their hosts, and/or
the biogeography of the regions in which they occur (e.g. Rouladl #9883, Byrnes 1986, Hayward 1997),
however most have high host specificity and/or are not knows &ssociated with disease. Because of this,
Table 9 lists the many parasites and symbionts that areexpeicted to cause significant disease or
pathological effects, and hence do not meet the criterigreegfor inclusion as hazards in the RA. Due to
space limitations, many specific parasites and symbigstsi@ mentioned in Tables 8 and 9, and instead
only higher taxonomic levels (e.g. Monogenea, Digenea, Cestodaatdian Copepoda, Ciliata,
Microsporea, Myxozoa and others) are included. The readeferred to specialist papers on parasites (e.qg.
Roubal et al. 1983, Byrnes 1986, Hayward 1997, Whittington et al. 20@1)@st/parasite checklists (e.g.
Beumer et al. 1982, Lester and Sewell 1989, Fletcher and WituottinP98, O’'Donoghue and Adlard
(2000)) for more specific information relating to parasgieaquatic animals not included in Tables 8 and 9.

A wide range of the normal microbial (viral/bacterial/fujdiora of aquatic animals are also considered to
be ubiquitous in the marine environment (Table 9). Many cfetlagients are not expected to cause disease
or even significant pathological effects, while a smalleminer (e.g.Saprolegniaspp., Vibrio spp.,
Flavobacteria) are common opportunistic pathogens which argaissowith disease only when the host is
compromised or stressed (Roberts 2001, Austin and Austin 2007audeof this, they are not included as
potential hazards in Table 8, especially as represeesatf these agents are known to already occur
throughout the country. However, pathogenic strains withemestricted distributions may still exist for
some of these microbial opportunists, and these are coegidethe RA where their existence is known.
Table 8 should, therefore, not be considered as a comigleté brganisms associated with aquatic animals
used as bait and berley. Instead, Table 8 represeistsah the important disease agents presently known
from the bait and berley commodities which are consideregaet to the hazard identification step of this
RA as they are likely to be associated with significdisease or pathological effects. Of course, there are
large knowledge gaps in relation to disease agents that adeettic animals in Australia (Appendix 1).
There remains a significant risk of transfer of aswdtnown disease agents, even in the absence of their
identification (Gaughan 2002). Because of this an exaofpés unknown disease agent is also included.
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4.2  Elimination of insignificant diseases

Hazard identification for the diseases reported fromettmsmmodities identified at least 80 diseases of
potential concern, including 30 viruses, 8 bacterial dise@8egrotozoan diseases and 21 metazoan diseases
from finfish, crustaceans and molluscs, as well as oneafudigease from finfish (Table 8). However, the
unrestricted risk presented by several of the significegarasms listed in Table 8 that could be translocated
with bait and berley commaodities is highly likely to be eitivthin the ALOP or negligible, meaning that
additional risk management measures are not requiredsdiniiei. Section 4.2 contains a brief discussion of
the reasons why some of these organisms have been ex@ladethe full risk assessment at this time.
However, it must be considered that knowledge regarding newglatging diseases always evolves
rapidly. It is also important to realise that thetss of some of the existing disease agents with resptuot
ALOP may change at some time in the future, especifllydustries based on movement of live finfish,
crustaceans or molluscs for bait become established, ahdlve in some other parts of the world (e.g.
USA). Because of this, it is likely that the hazasd, land this RA, will require regular updating to conside
new information on diseases of bait and berley commoditiéskeexzomes available, as well as whenever
there are significant changes to how bait is used in Auwstrali

4.2.1 Viruses

Finfish
Haematopoietic necrosis herpesvirus of goldfish (Cyprinid hrpesvirus-2 (CyHV-2))

Goldfish carry a wide range of disease agents (Diggles 200%@re are several areas of Australia where
populations of goldfish have become established in the anld their use as bait is thought to be one avenue
for their introduction and spread (Lintermans 2004). Of theyméal diseases carried by goldfish (Diggles
2005), herpesviruses are amongst the most important, inclbéipgsviral haematopoietic necrosis virus
(CyHV-2) (Jung and Miyazaki 1995). CyHV-2 has been recordeflstralia (Stephens et al. 2004) and it
is known to be widespread in commercial goldfish farms eargwhere most of the goldfish retailed in
Australia originate) at high prevalences (e.g. Goodwirl. €009). Hence there is a very high probability
that a high percentage of goldfish used as bait in Austinave been in contact with CyHV-2. However the
narrow host range of CyHV-2, which is known to only causeadisén goldfish, and does not cause clinical
disease in other cyprinids or non-cyprinids (Bergmann .e2@10). It is not known whether Australian
native fishes are susceptible to CyHV-2, however the nanastrange in cyprinids strongly suggests non-
cyprinids are refractory to infection, indicating thad presence in goldfish used as bait is probably
inconsequential in the Australian context, due to ayikatk of suitable hosts in the wild, hence CYHV-2
will not be considered further in this RA. However, these relationship between CyHV-2 and other
significant cyprinid herpesviruses (e.g. Koi Herpesvirus @) is worth noting (Waltzek et al. 2005).
Indeed, of more significant concern is that goldfish @s®m now known to be carriers of CyHV-3 (Koi
Herpesvirus), an OIE Listed disease, and that infecaeder goldfish can transmit the infection to naive
common carp (El-Matbouli and Soliman 2011). CyHV-3 is coneiletn exotic disease in Australia
(Tables 3a, 3b), and hence will not be considered here.
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Pilchard herpesvirus (PHV)

Disease caused by a novel herpesvirus caused mass mertilitie to 75% of the population of pilchards
(Sardinops sagax neopilchargusroughout the 6000 km range of the species in Australianateegesters in
1995 and again in 1998/99 (Gaughan et al. 2000; Whittington et al. 20@8}idn of the gill epithelium by
the herpesvirus resulted in severe inflammation, epithajipértrophy, and hyperplasia (Whittington et al.
1997). Affected fish died of asphyxiation around 3 to 4 dé#gs mnitial infection, as evidenced by blood gas
results that indicated hypoxaemia (low oxygen) and hypercaigga carbon dioxide) (Whittington et al.
1997). Observations of affected pilchards showed no unusualibets changes of fish in the school,
unless they were chased, at which time affected fishldMeave the school, begin swimming in an unco-
ordinated manner, and would die within a few minutes {tivigton et al. 1997; BK Diggles, personal
observations of underwater video). The massive extent opittleard kills resulted in significant, but
largely unquantified, ecological effects for birds, fisheasd other predators that usually consumed pilchards
(Gaughan et al. 2000). Exposure of a naive population taait &éierpesvirus carried by imported frozen
pilchards used as aquaculture feed is considered the ikedgtdause of both events (Hine and MacDiarmid
1997; Gaughan 2002; Murray et al. 2003; Whittington et al. 2008). \WHhil caused significant mortality,

it apparently had high host specificity for pilchards] ams recorded from diseased pilchards throughout the
full range of their distribution in Australia. Because a$ththere appears to be little chance that even the
current extensive use of pilchards as bait throughout thetrgocould extend the range of the disease agent
beyond its present distribution, and therefore PHV will natdresidered further in this RA.

Aquareoviruses in Atlantic salmon and redfin perch

In Australia, aquareoviruses have been isolated from reg@éich in Victoria, and Atlantic salmon in
Tasmania (Humphrey 1995a, 1995b, AQIS 1999a, 1999b). Both of pexsessare sometimes used as bait,
however, the discovery of the viruses in each species wakeial, and aquareoviruses are generally not
associated with disease (Roberts 2001). Because thesesvare unlikely to cause disease, they will not be
considered further in this RA.

Crustaceans

Viral diseases of freshwater crayfish

Reviews of the viral diseases of freshwater crayfishewenducted by Evans et al. (1998) and Edgerton et
al. (2002). The relationship between infection and diseasaimenobscure for the majority of crayfish
viruses (Edgerton et al. 2002). The parvovirus and reovirus obser@terax quadricarinatysas well as
the bacilliform viruses such a€herax quadricarinatusbacilliform virus (CgBV), Cherax destructor
bacilliform virus (CdBV), and other bacilliform viruses ebged in Cherax tenuimanusnd C. cainii
appeared to be low virulence and were not always associdtedisgase, or in the case of CdBV, the one
study reported was too limited to assess whether itedadssease (Edgerton et al. 2002). Because
transmission experiments have not been performed, heokt range of these viruses is unknown and it is
not known whether they pose a threat to the health of adrerand threatened native crayfish (Evans et al.
1999, Edgerton et al. 2002). Because they do not appear to bty dissociated with disease in their
natural hosts, the viruses mentioned above will not be considerdtd® RA. However, there are three
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viruses reported from cultured freshwater crayfish tharewassociated with disease in juveniles
(Giardiavirus-like virus ofCherax quadricarinatugCGV)), moribund adultsGherax destructosystemic
parvo-like virus (CdSPV)), or in both juveniles and adudtspérvovirus inC. quadricarinatus(CqPV)).
Because of their association with disease, it is plestiat if CGV, CgPV and /or CdSPV were translocated
they could represent a threat to the health of othefishafincluding rare and threatened native freshwater
crayfish, see Coughran and Leckie 2007, Coughran et al. 20@9¢0 other crustaceans. Because of this,
CGV, CgPV and CdSPV will be included in the RA as exasof the viral diseases potentially translocated
in freshwater crayfish used as bait.

Viral diseases of prawns

Prawns harbour a wide variety of disease agents, incluskwgral viruses that have been particularly
problematic in aquaculture (Biosecurity Australia 2009). Hmnethere are also several viruses of prawns
in Australia which have not been associated with cliniteéase, or which are readily controllable using
simple methods such asutine washing of eggs and nauplii in clean seawal@ese include BMNV-like
virus (Lightner 1996), ademocytic rod shaped virus (Owens 1993), and a lymphoid-p&eseirus (LPV)
(Owens et al. 1991). A non-occluded bacilliform virus in Aaign prawn species was reported by Lightner
(1996) as a BMNV-like virus. The term BMN-type virus is keggling as it gives the impression that this
virus was similar to BMNV that infectBenaeus japonicus Japan (Lightner 1996), and the term non-
occluded bacilliform virus is more correct. This virus Im&a$ been reported in the literature for over 20
years, suggesting that it is not associated with sigmfidiseaseand hence iwill not be considered in the
RA. Epizootic losses of hybriBenaeus esculentusP. monodonwere associated with the presence of a
haemocytic rod shaped virus (PHRV) in the gill tissues (@wEI03). However, a strain of Infectious
Hypodermal and Haematopoietic Necrosis Virus (IHHNV) wl® present, and it is not clear that PHRV
was responsible for disease, as the concurrent infeeitbnlHHNV may have lead to an expression of an
otherwise latent virus (Owens 1993). l#ck of reports on this virus in recent years suggests it ddes no
cause significant disease, and henaelitnot be considered in the RA. LPV was observed byeset al.
(1991) to occur in lymphoid organ, antennal gland, and nervkeafomoribund wild spawners ¢fenaeus
merguiensisbut was also observed in samples from apparently hdaltmgdP. monodonP. merguiensis
andP. esculentysas well ad. esculentug P. monodorhybrids (Owens et al. 1992). LPV appears closely
related to IHHNV (Owens et al. 1991, Lightner 1996), howeverNNMHs a much more pathogenic virus
and was most likely responsible for disease in the instarhere both were present together in the same
hosts (Owens et al. 1992). Given that there is no evidentd fha has ever directly caused significant
diseaseit will not be considered in the RA.

Viral diseases of crabs

A non-occluded baculovirus$S¢yllabaculovirus, SBV) was found in juvenile, sub adult and aduliarabs
(Scylla serrata from the Northern Territory (Anderson and Prior 1992). Thasvidid not cause clinical
disease, the infected crabs were apparently healthy adihdewell, and the distribution of infected
hepatopancreatic epithelial cells was focal. Owens €P@10) reported the presence of a similar virus in
broodstock and larvae &. serratafrom near Townsville, North Queensland. There has beesvidence to
date that SBV causes disease in mudcrabs or other @astaciven that there is no evidence that SBV has
ever caused significant diseageyill not be considered in the RA.
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Molluscs

Molluscs can harbour a range of viruses (Elston 1997). [gespithelial virosis associated with small
RNA viruses was first reported in bivalves in New Aaal, where they were associated with mortalities of
mussels, scallops and toheroa (Jones et al. 1996, Hine andyW&87). Histological lesions, similar to
those in New Zealand, were reported from scallélecien albafrom Port Phillip Bay, Victoria, and pearl
oysters Pinctada maximpin northern Western Australia, but the presence of viras mot confirmed
(AFFA 2002). There is some confusion over the identity and signifie of these small viruses. They have
been associated with digestive sloughing during outbreaks éliho(Jones et al. 1996, Hine and Wesney
1997) but sloughing of digestive cells also occurs in the absémlisease, and Koch's postulates have not
been fulfilled (Hine and Wesney 1997). The viral particles rbayirrelevant to digestive epithelial
degeneration, or they may alter the kinetics of degeneratidnrenewal, leading to disease (Hine and
Wesney 1997). Because it is not clear that these viruses saungficant disease at this time, they will not
be considered further in this RA.

Viral gametocytic hypertrophy caused by papova-like virusési(€t al. 2004) has been recorded in an ever
increasing assortment of bivalve hosts in an increasingper of areas around the world (Garcia et al. 2006,
Cheslett et al. 2009). These viruses cause massive hyperwbphgividual gametes and gametogenic
epithelium by replicating in the host cell nucleus. Hesponse to infection is usually negligible and the
infection is not known to cause disease or reduced fecuntityustralia the condition has been reported
from Pacific oystersGrassostrea giggs Sydney rock oystersSaccostrea glomera}a and pearl oysters
(Pinctada maximpin locations such as QLD, NSW, WA, SA and TasmahFA 2002, B. Diggles,
personal observations). Apparent increased prevalenceadfgametocytic hypertrophy in recent years
could be due to spread of the disease, increased sumgeillsf molluscs, increased recognisiton of the
disease bydiagnosticians, or a combination of these factors (@aetial. 2006). As these viruses do not
appear to have any detrimental effect on the host, and beteysalready appear to be widely distributed,
they will not be considered further in this RA.

Hine and Thorne (2000) found intranuclear virus-like partiole$ out of 71Pinna bicolor (including 65
spat) examined from Dampier archipelago in Western AtgstraEosinophillic inclusions occurred in the
nuclei of diverticular epithelial cells (Hine and Thorne 2000)he affected bivalves were apparently
healthy, and the virus particles were not associated watbasgle, and because of this, this virus will not be
considered further in this RA.

4.2.2 Bacteria

Crustaceans

Mycoplasmas have been recorded from penaeid prawns imaAaigBiosecurity Australia 2009), however
their presence in infected prawns is not usually assdcwite serious disease (Biosecurity Australia 2009),
and hence will not be considered further in this RA. Howeahere are some important bacterial diseases of
crustaceans, including some that are listed by the OtEN&ACA, that are associated with infection by
related rickettsial disease agents, hence these withlidered in more detail in the RA.

DWH FRDB@oject No. 2009/072, Final Report July 2011 68

www.digsfish.com



Vibrio mimicusis a bacterium that was implicated in mortalities @fierax quadricarinatusduring
significant mortality events in aquaculture ponds in SE QIod northern NSW (Eaves and Ketterer 1994).
However, the bacterium was considered to be part of theahtwamterial flora of the aquatic environment in
aquaculture ponds and appeared to be an opportunistic pathagemgcdisease only after crayfish were
stressed from overcrowding or poor water quality (Eaves atgeter 1994). Because of thi¥, mimicus
will not be considered further in this RA.

Molluscs

Procaryote rickettsia-like organisms (RLOs) and chlamyjk@erganisms (CLOs) are commonly observed
in the gills and digestive tract of wild and cultured mollusc#ustralia and worldwide (Hine and Thorne
2000, AFFA 2002). These agents are sometimes associatediseifise (especially when they occur in the
branchial epithelium of scallops), though they are alsonconfy present in apparently healthy molluscs
(Hine and Diggles 2002a). The taxonomy of RLOs and CLOs remaindy defined and in bivalves it is
not known whether bacteria infective to different hosts different species, or the same species with
different levels of pathogenicity in different hosts (AFEB02). These bacteria have been noted to infect
scallops, oysters, cockles, clams and mussels worldwieever in bivalves they have been noted to be
associated with disease only in scallops (Hine and Digg®2a, AFFA 2002). However, in univalves
Candidatus Xenohaliotis californiensidshe agent responsible for the OIE and NACA-listed disea
Withering Syndrome of abalone, is also a RLO (Gardener et al. Fo@siman et al. 2000). RLOs and
CLOs are common in many bivalve hosts in Australia, an@®Rhbave also been observed in Australian
abalone (Handlinger et al. 2006). Furthermore, whilealiforniensiss an important pathogen of abalone,
and has been spread via movements of infected abalone talg&sian countries (Wetchateng et al. 2010),
this pathogen is considered to be exotic to Australiacalge of these reasons, RLOs from molluscs will not
be considered further in this RA.

4.2.3 Fungi

None excluded

4.2.4 Protozoa

Finfish

Coccidia of finfish and crustaceangEimeria spp.,Goussiaspp.)

Coccidians are members of the Apicomplexa (Lom and Dykova 189&iety of species of finfish used as
bait in Australia are known to harbour coccidian infectians|luding Families Atherinidae, Carangidae,
Poeciliidae, Gerridae, Muglidae, Monocanthidae, Sillaigiaj Sparidae, Teraponidae and alswassius
auratus(see Lom et al. 1992, Lom and Dykova 1995, Molnar and Rohde 1988a, 198@&hjlistribution of
many of these parasites in their teleost definitive hostsather intermediate hosts (e.g. crustaceans) is
largely unknown, however they occur naturally in the intermghms of apparently healthy fish hosts at
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prevalences of up to 100% (Lom et al. 1992, Lom and Dykova 1995, MatdaRahde 1988a, 1988b).
Given that only a relatively small number of fish and osan species have been specifically examined for
coccidia in Australia, it is likely that many more s@s would be discovered if systematic investigations
were undertaken (Molnar and Rhode 1988a). Fish coccidia cam dsesase in instances where their hosts
are held at high densities in confinement and the life cyale be completed (Lom and Dykova 1992).
However, because it appears that these parasites do notriyagdetamental effects on their wild hosts in
Australia (either fish or crustaceans), and becauseainegdy appear to be widely distributed, they will not
be considered further in this RA.

Neoparamoebapp.

Some salmonid products are used as bait, and it is known thatdutalmonids in Tasmania are adversely
affected by amoebic gill disease (AGD), which is causgdhfection of the gills witiNeoparamoebapp.
Recently the aetiological agent of the disease has bestifiekt asNeoparamoeba peruran¥oung et al.
2007), a species which was also found in archived sammefrming that it has been the predominant
aetiological agent of AGD in Tasmania since epizooticsewest reported there. Recent studies have
confirmed thatN. peruransis a free-living amoeba that occurs naturally in the ngaenvironment around
seacages containing cultured salmonids not only in Tasmande(®Bt al. 2010), but in several salmonid
hosts in at least 6 different countries (Young et al. 2008hppears that these parasites are opportunistic
pathogens that cause disease only in cultured salmonidsuliunctd salmonids and their processing wastes
are not sold for bait or berley (Grant Pullen, DPIW&sihania, personal communication 8 April 2011),
although fresh and frozen salmon products are widely sold adiftodnd some of these products could be
diverted for use as bait. Furthermore, these agentsreeeliving and already appear to be widely
distributed, and because of these reasons, they will ragrisédered further in this RA.

Crustacea

Psorospermiunspp.

Psorospermiunspp. are unicellular organisms that parasitize fresfmatyfish. Members of the genus
have been found in 17 species of freshwater crayfishdwaé (Bangyeekhun et al. 2001). A species of
Psorospermiumhas been identified from freshwater crayfish in AuitrgHerbert 1987), however the
pathogenicity of this parasite to the crayfish host isatedr (Edgerton et al. 2002). Some workers have
reported a lack of haemocytic reaction to the organisdntaken this to imply little or no pathogenic effect
(Herbert, 1987), however other analysts have stated thairésence of higfPsorospermiuntioads could
increase susceptibility to other pathogens or disease-caapamys (Edgerton et al. 2002). Because it is not
clear that these parasites can cause disease, theytlké considered further in this RA.

Unidentified thraustochytrid of mud crabs

Kvingedal et al. (2006) described a new parasite that infetie eggs of captiv€cylla serrata The
parasite was discovered during a broodstock research pragichoaused 100% egg mortality (Kvingedal et
al. 2006). DNA analysis indicated that the parasite wadeactlto the thraustochytrids. The origin of the
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parasite was not determined. A variety of saprophytic nisgas, particularly fungi, are opportunistic
pathogens of eggs of crustaceans reared in captivitydimg mud crabs (Nakamura et al. 1995, Leano
2002), prawns (Lio-Pio and Sanvictores 1986), crabs (Sparrow 1®@8hwater crayfish (Herbert 1987)
and spiny lobsters (Shields et al. 2006, BK Diggles, patsuyservations). Infection of eggs by saprophytic
organisms is therefore common, and these organisms temdjicate from the natural environment where
they are usually associated with substrates such as seslifkenngedal et al. 2006). Because these
infections are caused by opportunistic pathogens, some of whiclve relatively easy to control through
chemotherapy or changes in husbandry practices (e.g. Hanseshkiatai 1993), saprobes of crustacean
eggs will not be considered further in this RA.

Molluscs

Steinhausia mytilovumis a microsporidian that has been reported frbtne mussels Mytilus
galloprovincialig in Cockburn Sound, WA, but not in other mussel growing aiBases and Creeper 2006).
Steinhausia-like microsporidians have also been recorded from Sydrokyaysters $accostrea glomera)a

in Moreton Bay, QLD (Anderson et al. 1995) abrhssostrea echinatiom the Northern Territory (Wolf
1977).Steinhausia mytilovuns a globally distributed microsporidian parasite whidiedts the oocytes of
blue mussel#ytilus edulisandM. galloprovincialis(See Comtet et al. 2004). Thesegsites can affect the
condition index of infected mussels (Rayyand Chintiroglou2003) and sometimes induce marked
haemocytic infiltration inside affected gonad folliclésg. Jones and Creeper 2006), but no conclusive
evidence has been reported regarding the viability of rifected oocytes, or mortality of the host, and
therefore the effect dteinhausia mytilovuron its host remains unclear (Comtet et al. 2002)eir known
distribution suggests th&teinhausidike parasites are already distributed in several spedienolluscs
throughout Australia. This, combined with the fact thas unclear whether these parasites can cause
disease, means they will not be considered further in #is R

4.2.5 Metazoa

Crustaceans

Crustaceans can harbour a wide variety of metazoan smgar{Bower et al. 1994, Shields et al. 2006),
including the nemertean egg predaf@rcinonemertespp, oligochaetes and polychaetes in the gills and on
the carapace, ostracods, copepods, temnocephalanshanduobellaria, as well as digeneans, cestodes and
several other groups listed in Table 9. These groups as#ynicee living commensals, symbionts or
parasites that are not known to cause disease, @hil@nonemertesre semi-parasitic egg predators which
do not affect the health of the host, but may reduce fecumditgry high intensity infections in confined
crustaceans, though the infections can be easily treabeéelds et al. 2006). Because of these reasons, they
will not be considered further in this RA

4.3 The diseases of concern to be considered in the RA

The remaining 44 diseases that have been recorded fromespedhe commaodity list (Table 2) are listed in
Table 10 as diseases of concern. Detailed risk assesswiiriie conducted on these disease agents. As
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mentioned previously, there are significant knowledge gaps inoref® disease agents that infect aquatic
animals in Australia (Appendix 1). Because of this, thereains a significant risk of transfer of as yet
unknown disease agents, even in the absence of their idemifi¢@aughan 2002), so an example of
translocation of a new, unknown virus in a finfish commoditglso included (Table 10) so that a scenario
relating to the assessment of risks posed by an unknowrseliagant can be explored.

Table 10. The list of diseases of concern to be corevied in the detailed risk assessment.

Agent or Expected
Disease strains Under OIE- to cause
Disease/Disease agent agentis confined official NACA | significant
infectious | to certain control listed disease
regions
FINFISH
Viruses
Aguatic birnavirus v ? 4 4
Epizootic Haematopoietic Necrosis Virus ¥ v v v v
(EHNV)
Viral Encephalopathy and Retinopathy v v v v v
(Nodavirus)
An new unknown virus of finfish v ? ?
Bacteria
Aeromonas salmonicid@typical) / v v v v
Goldfish ulcer disease
Lactococcus garvieae v v v v
Piscirickettsialike organism (PLBs) of v v v v
salmonids
Yersinia ruckeri v v v v
Fungi
Aphanomyces invadaggUS) v v v v v
Protozoans
Microsporeans v ? v
Systemic amoebiasis of goldfish v ? 4
Uronemasp, Scuticociliates v ? 4
Metazoans
Benedeniapp. v v v
Bothriocephalus acheilognathi v v v
Caligus epidemicusea lice v ? v
Camallanus cotti v ? v
Centrocestuspp. v ? v
Dactylogyrusspp. v ? v
Gyrodactylusspp. v ? v
Kudoaspp. and other myxozoa v ? v
Lernaea cyprinaceAlLernaeaspp. v ? v
Ligula intestinalis v ? v
CRUSTACEANS
Viruses
Cherax destructosystemic parvo-like virus v ? ?
(CdSPV)
Giardia-like virus (CGV) v ? ?
Gill Associated Virus (GAV) 4 4 v 4 4
Hepatopancreatic Parvovirus (HPV) v v v
Infectious Hypodermal and v v v v v
Haematopoietic Necrosis Virus (IHHNV
Monodon Baculovirus (MBV) v v v v
Mourilyan Virus (MoV) v v v
Spawner Isolated Mortality Virus (SMV v v v v
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Agent or Expected
Disease strains Under OIE- to cause
Disease/Disease agent agent is confined official NACA | significant
infectious | to certain control listed disease
regions
Macrobrachium rosenbergNodavirus v v v v v
(MrNV)
Bacteria
Rickettsia-like Organisms v ? v v v
Protozoans
Hematodiniunspp. v v v
Thelohaniaand other microsporidians v ? 4 4
Metazoans
Sacculinaspp. v v v v
MOLLUSCS
Viruses
Abalone Viral Ganglioneuritis (AVG) v v v v v
Protozoans
Bonamia roughleyi v v v v v
Bonamiaspp. v v v v v
Haplosporidosis 4 4 4 v
Marteilia sydney{QX disease) 4 4 4 v
Perkinsus olseniPerkinsusspp. 4 4 4 4 4
Unidentified microcells 4 4 v 14
Metazoans
Boccardiaspp. ? v v
Polydoraspp. ? 4
ANNELIDS
Protozoans
Marteilia sydneyi{QX disease) v v v v v
DWH FRDB@oject No. 2009/072, Final Report July 2011 73

www.digsfish.com




5.0 Detailed Risk Assessment

5.1 Infection of finfish and molluscs with Aquatic Birnavirus

5.1.1 Aetiologic agent Non-enveloped viruses with a double-stranded RNA genomghedfgenus
Aquabirnaviruswithin the Family Birnaviridae.

5.1.2 OIE List: No NACA List: No

5.1.3 Australias status: Tasmanian aquabirnavirus (TAB) is an aquatic birnadtiasn (IPNV Genogroup
5) that has been reported from cultured Atlantic salnmahvarious other species of marine fish in Tasmania
(Crane et al. 2000, Davies et al. 2010b). TAB is listedrapartable disease in Tasmania (Table 3b).

5.1.4 Epidemiology

Aquatic birnaviruses have been isolated from a large numbenarine and freshwater aquatic animals
(McAllister 1993), to the extent that these viruses are densd to be ubiquitous in aquatic environments
worldwide (Reno 1999). Various strains of birnavirus have lkdesaoribed from at least 65 species of fish in
20 families (McAllister 1993), and also from bivalve mollusosd crustaceans (Reno 1999). The type
species for the genuAquabirnavirusis Infectious Pancreatic Necrosis Virus (IPNV), whichuses
infectious pancreatic necrosis (IPN), a significant diseaf salmonids (Wolf et al. 1960)The genus
includes both virulent and avirulent viruses with the tenfettious pancreatic necrosis’ (IPN) virus being
reserved for those isolates that are pathogenic for spedies the Family Salmonidae (McColl et al.
2009. IPN disease is not known to exist in Australia (Her904), however in 1998 an aquatic birnavirus
was identified in farmed Atlantic salmosdimo salay, and wild rainbow trout@ncorhynchus mykigs
greenback floundelRhombosolea tapirinacod Pseudophycisp.), spiked dogfisitSqualus megalopsind
ling (Genypterus blacodgsn Macquarie Harbour in western Tasmania (Crane @08l0). The Tasmanian
aquabirnavirus (TAB) is related to an aquabirnavirus found anima fish in New Zealand (Tisdall and
Phipps 1987, Davies et al. 2010b). Both isolates appear to dwavyegathogenicity for salmonids (Crane et
al. 2000, Davies et al. 2010b), and both have never been asdogith mortalities in freshwater hatcheries
(McColl et al. 2009). However, a birnavirus was found toabsociated with a suspicious outbreak of
disease in juvenile turbot in New Zealand (Diggles eR@00) several years after the event (BK Diggles
unpublished), and it is possible that the Australasianimmisolates may be pathogenic in non-salmonid
hosts or even to salmonids under different environmental or ihdisbaonditions (such as juvenile fish in
hatcheries) (Davies et al. 2010Db).

In Japan aquatic birnaviruses cause some of the most anpaliseases of juvenile yellowtatbériola
quinqueradiaty, kingfish . lalandiaureovittatg and amberjackS. dumerilj (see Isshiki and Kusuda
1987, Isshiki et al. 2001, Nakajima et al. 1998, Muroga 2001). Tiggests that cultured kingfish in
Australia are also likely to be susceptible to aquatinaviruses (AQIS 1999b). Aquatic birnaviruses are
known to cause disease almost exclusively in juvenile Rdvga et al. 1993, Reno 1999), with yellowtalil
less than 10 grams being particularly susceptible in Japdm, moribund juveniles typically exhibiting
anaemic gills, haemorrhaging in the liver, severe asciied pancreatic necrosis (Nakajima et al. 1998).
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Infection is direct via horizontal exposure to viral paescin the water, or by vertical transmission from
infected gametes (McAllister 1999). Juvenile fish thatise infection can be lifelong carriers which shed
the virus via the urine, faeces and sexual products (Reno 199®ydmolarge juveniles and adults exposed
to the virus for the first time may be refractory méection or spontaneously recover (Novoa et al. 1993), but
may still become infected if they are stressed or comed by sub-optimal environmental conditions.
Water-born birnaviruses accumulated by bivalves, crustscand birds can remain viable when excreted
(Mortensen et al. 1992), and can be subsequently usadetd fish experimentally (Mortensen 1993),
although viral replication does not appear to occur in otheshbenhce the main method of translocation
remains live fish and eggs (Reno 1999).

5.1.5 Release assessment

The TAB continues to be isolated from marine fish orgular basis in Tasmania (Davies et al. 2010b).
While the TAB found in 2002 was detected during routine healtteslance of cultured seacaged salmon,
this isolate was not recovered from a pinhead fish agheasase with the original isolate in 1998 (Crane et
al. 2000). The isolate in 2002 was from healthy Atlantic salmlooywing no overt signs of diseagayies

et al. 2010h)Of the other species known to harbour the TAB, oalgbow trout Oncorhynchus mykiy$s
listed as being used as bait (Tables 2, 8). Howeverlybs/aan also harbour birnaviruses and are effective
carriers (Rivas et al. 1993, Reno 1999), and may act as veutdfor reservoirs of infection (Rivas et al.
1993, Kitamura et al. 2007). Kitamura et al. (2007) used PCRtévndee that aquatic birnavirus was
present in blue musseldytilus galloprovincialisat prevalences of between 80 and 100% during the summer
months, with these prevalences being 8 to 10 times highetthtbae found in susceptible finfish in the same
area at the same time of year. It is therefore plessilat bivalves (especially from Tasmania) also could
harbour aquatic birnaviruses, though it appears that theedgurveys have not been conducted to confirm
or rule out this possibility.

The highest titres of birnavirus in infected fish occutthe internal organs such as the pancreas, spleen,
kidney, liver and gastrointestinal tract, with low levptgsent in the fillet (Reno 1999). Aquabirnaviruses
are very persistent in the environment, with minimal lossfectivity after 10 weeks in filtered seawater at

4 and 10°C, and they are also very resistant to a braagerof disinfectants (Bovo et al. 2005).
Aquabirnaviruses are very tolerant of freezing, with Inoayal. (1990) finding no loss of infectivity of
IPNV after freezing for 56 days at -20°C, although eaekze/thaw cycle from that temperature slightly
reduces the quantity of viable virus (Mortenséal. 1998).

Currently it is unknown whether aquatic birnaviruses occuhénwaters of mainland Australia, however
there are no barriers to movement of wild fish from acfdsasmania where aquatic birnavirus is known to
occur in wild fish, and some fish species do move from thesess anto mainland waters (e.g. Stanley 1978).
It must also be recognized that aquatic birnavirus is ragtivated by passage through the bird digestive
system and as such, the disease agent can also be san@adly via mechanical vectors such as sea birds
(Reno 1999). Because of this, aquatic birnaviruses may etsw m the waters of mainland Australia and
indeed, they are considered likely to be present througheduthern Ocean (Davies et al. 2010b), though
the required surveys have not been conducted to confirmeoput this possibility. Besides salmonids and
bivalves, the literature suggests that flatfish (e.g. dp@en flounder in Australia) appear particularly
common carriers of aquatic birnaviruses, however no flatjisdties are regularly used as bait in Australia.
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Other groups known to be susceptible to infection by aqbatieviruses that are used as bait in Australia
include atherinids, carangids, clupeids, cyprinids (idiclg goldfish), redfin perch, and sparids (Herfort
2004), however birnavirus has not been recorded from amesé tgroups in Australia to date. Hence based
on the information presently available, there is a likeththat aquatic birnaviruses could be translocated
via bait only in salmonid products and bivalves. Cultured sailds and their processing wastes are not sold
for bait or berley (Grant Pullen, DPIWE Tasmania, persocoenmunication 8 April 2011), but they are
widely distributed as food fish and hence some product coutliveeted to use as bait or berley around the
country. Kewagama Research (2002, 2006) estimated thatS0#ed recreational fishers in NSW, Victoria
and ACT used salmonids products as bait, but between 30 and 3@%¥rextional fishers throughout all
states used bivalve molluscs as bait, their use being popstar in SA, followed by Victoria, QLD and
Tasmania. While there is evidence that some bivalveshaiag been translocated from the eastern states
into SA for certain competitive fishing events (Sunfish 20@8¥, unclear whether bivalves from Tasmania
are being moved to mainland Australia for the same purposs. kiftown, however, that processing waste
from scallops Amusiumspp.,Pectenspp., Family Pectinidae) is sometimes used in berlegkbl{Horvat
2010). Taking into account the quantities of salmonid predaatl bivalves used as bait or berley (Table 1),
as well as the prevalence and tissue trophism ofifeask agent (mainly in internal organs), the likelihood
estimations for the occurrence of aquatic birnavirus iretkesnmodities are listed below.

Release assessment for infection of finfish and molicswith Aquatic Birnavirus

Commodity Live Whole Frozen | Frozen | Frozen| Frozen Live Frozen
type finfish fresh whole fillets fish | guts/offal| bivalve | bivalve
dead finfish heads molluscs| molluscs
finfish
Likelihood of | Moderate| Moderate Moderate Low Low | Moderate] Moderate| Moderate
release

5.1.6 Exposure assessment

Marine teleosts and bivalves in Tasmania are alreadyslatof exposure to the local strain of aquatic
birnavirus. However, it is not known whether teleosts amdies in mainland Australia (both marine and
freshwater environments) are naturally exposed to thesesdiagents. Specific data on production and use
of bait and berley from Tasmania is not available (GRuiten, DPIWE Tasmania, personal communication
7 February 2011), however throughout Australia, fresh or frozeenor processed bait or berley products
are offered for sale via wholesale outlets such as coamh@ishing co-operatives, or packaged for resale at
retail outlets such as fishing tackle shops, servid®etaand supermarkets. Live bait in Australia is usually
only available for sale at specialist fishing tackle shbp&)g generally restricted to polychaetes and rarely,
some molluscs obtained in small quantities from local sugpli€infish for use as live bait are generally
unavailable at retail outlets (except ornamental spesoé from pet shops), and most live bait is collected
by recreational fishers at the fishing site. So the dimiof fish and bivalves translocated as live bait is
likely to be small. The majority of the volume of baianslocated throughout the country is frozen,
including frozen whole fish and processed fish products (eadsher guts), and frozen whole bivalve
molluscs. Fresh or frozen Atlantic salmon are alstelyisold as food fish throughout Australia, and these
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could be diverted to use as bait or berley in bothfmeser and marine environments around the country.
Because aquatic birnavirus is highly resistant to freeand a large percentage of virus is likely to remain
viable after thawing, this suggests that direct pathways & translocated bait from these retail outlets to
enter both freshwater and marine environments, potentigyseng wild fish and molluscs to viable aquatic
birnaviruses. Other significant pathways for exposure of disd molluscs to viable aquatic birnaviruses
would include disposal into natural waters of untregieacessing wastes from commercial processing
premises, and use of processing wastes in berley blocks.

Birnavirus infections have been reported from a wide rahgpecies of fish and bivalves, including species
groups that are known to occur in Australian waters. Mamegies of wild fish and molluscs in Australia are
therefore likely to be susceptible to infection by aqubitinaviruses in infected bait or berley, but infection
would occur only if sufficient quantities of virus (i.e1 afective dose) was introduced into an area where
susceptible hosts were present. Susceptible fish and Evedvebecome infected with aquatic birnavirus
via horizontal tansmission through the water (immersion) and alspdyyos exposure (Reno 1999)The
infectious dose of birnavirus by the immersion pathway saaording to the strain of virus used and the
species challenged (McAllister and Owens 1995), ranging frmre than 1DTCIDsymL for Arctic char
(McAllister et al. 2000), to as low as < IOCIDsymL for Atlantic salmon post smolts exposed to
pathogenic strains of IPNV (Urquhart et al. 2008). Tifeciious dose of birnavirus kper-osexposure to
infected feed also varies, with Mortensen (1993) reamia dose of 10TCIDsy/g of IPNV obtained from
scallops before successful transmission to brown troutobésned. However Wechsler et al. (1987)
reported successful transmission of IPNV  to striped lied brook trout infected with between 2 ¥ &@d

2 x 10 TCIDsy/g IPNV.

Clinically diseased fish infected with birnavirus can have wégh viral titres in their internal organs (10
10° TCIDsy/g,) as well as high viral shedding rates (Reno 1999, Somnaér 2004, Urquhart et al. 2008),
however no fish with clinical disease caused by birnavimfection have ever been recorded in Australia
(Crane et al. 2000, Davies et al. 2010b). The levels of bmrsin sub-clinically infected fish can still be
relatively high (16- 1 TCIDsy/g , see McAllister et al. 2000), but are usually lower aften around the
limits of detection using cell culture techniques (¢ 100° TCIDsy/g, Wechsler et al. 1987, Roberts 2001).
Even given that susceptible fish can be infected by impreet low infective doses (Urquhart et al. 2008),
the likelihood that an infectious dose can be transmitbezontally into a natural water body via use of bait
that was sub-clinically infected with aquatic birnaviagpears unlikely, unless unusually high volumes of
bait are used in one location. One specific end use whisreduld occur is use of bait as aquaculture feed,
however this end use is not within the scope of this RAveNkeless, fish may still become infected by the
per-osroute if they eat whole fish containing virus levels typmasubclinically infected fish (Wechsler et
al. 1987). Given that pathways may exist for translocatimhspread of birnavirus into the environment via
use of bait or berley, and acknowledging the broad range oéilde hosts, the risk of exposure and
establishment is non-negligible, and the likelihood of exposure stathlishment of aquatic birnavirus in
new fish and mollusc populations is considered thdve.

5.1.7 Consequence assessment

When fish become infected with aquatic birnavirus, maytai mainly restricted to larval and early juvenile
stages, and disease does not necessarily occur in fisigeindeed, many fish experimentally infected with
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aquatic birnavirus can naturally resolve the infection pralitiey are healthy and remain unstressed (Reno
1999). However, others fish remain carriers for life, askl spreading birnavirus to their progeny vertically
via infected gametes. Given that aquabirnavirus is @rpaesent in at least some parts of the Australian
environment, and these viruses are unlikely to cause diseaseeml¢ and adult fish in the wild, the main
consequences appear those related to possible increastdity of larval and early juvenile stages, which
although never documented in wild fishes, if it occurs ildchave some impact on wild fish at the
population level. These viruses may also increased cost ofghiadin finfish aquaculture hatcheries due
to use of infected wild caught broodstock. These virusesia longer listed by the OIE and hence their
presence is unlikely to have adverse impacts on nationalt@mational trade. Considering all of these
factors, establishment of the disease would have mildotterate biological consequences, which would be
amenable to control, and would not cause irreversible envaotaheffects. It is therefore estimated that
the consequences of introduction of birnavirus straimsdifferent parts of the Australian environment via
use of bait or berley would likely heow.

5.1.8 Risk estimation

The unrestricted risk associated with aquatic bimewvis determined by combining the likelihood of release
and exposure (from Table 5) with the consequences of a$taeint (Table 7). The unrestricted risk

estimate for aquatic birnavirus does not exceed the ALORMprof the commaodity types, suggesting that
additional risk management for this disease agent isegaired at this time.

Risk estimate for infection of finfish and molluscs wth Aquatic Birnavirus

Commodity Live | Whole | Frozen Frozen Frozen Frozen Live Frozen
type finfish | fresh whole fillets fish heads| guts/offal | bivalve | bivalve
dead finfish molluscs| molluscs
finfish
Combined Low Low Low Very low | Very low Low Low Low
likelihood of
release and
exposure
Consequences Low Low Low Low Low Low Low Low
of
establishment
Risk Very | Very | Very Low | Negligible| Negligible | Very Low | Very Very
estimation Low Low risk risk Low Low
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5.2 Infection of finfish with Epizootic Haematopoietic Necros Virus (EHNV)

5.2.1 Aetiologic agent EHNV, a virus with a double stranded DNA genome of timigRanavirus in the
Family Iridoviridae.

5.2.2 OIE List: Yes NACA List: Yes

5.2.3 Australias status: IHNV has beenreported in Victoria, NSW, ACT and SA (Whittington &
2010), and it is a reportable disease in all states exgude ACT (Table 3b)

5.2.4 Epidemiology

Epizootic haematopoietic necrosis virus (EHNV) is a menab¢he Ranavirus genus (Family Iridoviridae)
and has a known distribution confined to freshwater aneasouth eastern Australia, where it causes
mortalities in wild redfin perch Rerca fluviatilig and farmed rainbow troutOficorhynchus mykiys
(Langdonet al. 1986, 1988, Langdon and Humphrey 1987, Whittingitbal. 1996, 1999). Disease due to
natural EHNV infections are known from only two teleoséslfin perch and rainbow trout (Langdon et al.
1986, 1988, Langdon and Humphrey 1987), however, many other spédie§ish are susceptible
experimentally (Langdon 1989b, Whittington et al. 2010). Expermhdyzith exposures demonstrated that
the virus can also cause mortality in Macquarie pektacQuaria australasicg mosquito fish Gambusia
affinis), silver perch Bidyanus bidyanysand mountain galaxiagG@laxias olidu¥ while Murray cod
(Maccullochella pee)i and Atlantic salmonSalmo salay are also susceptible to infection by bath exposure,
but do not become diseased and may act as asymptomate<élrangdon 1989b). GoldfisiCérassius
auratug, European carpGyprinus carpiy and Barramundil@tes calcarifey are refractory to infection,
while another catadromous species, Australian dssquaria novemaculea}as susceptible to infection
only by intra peritoneal inoculation, and hence is probablyanwtural carrier of the virus (Langdon 1989b).

In Australia, the redfin perch is an introduced specigds highly susceptible to EHNV, and the virus is
considered endemic in redfin perch populations in many systems and impoundments in south eastern
Australia, although the distribution of the virus is discontinu@ittington et al. 1996, 2010). Clinical
disease in redfin perch is recognized by epizootic nityitaiften affecting a very large proportion of the
population (Langdon and Humphrey 1987). Natural epizooticsteieqivenile and adult redfin perch
occur mostly in summer, probably due to higher water teatpess that increase susceptibility of the host to
infection, as Whittington and Reddacliff (1995) found thafinegre susceptible to EHNV infection between
12 and 21°C, but are refractory to infection at water teatpees between 6—-10°C. In areas where EHNV is
endemic, only fingerling and juvenile fish tend to be clinicadlifected, whereas in newly infected
populations adults are also affected (Whittington et al. 204®urvey to find potential invertebrate hosts
for EHNV including shrimp, freshwater crayfisbaphniaand water beetles, was unsuccessful (Langdon
1989b). There is little published information available on Ueeeptibility of obligate marine species to
EHNV. Red sea breankP@grus auratusin Japan (conspecific to the Australian snapper) issusceptible

to EHNV by intra peritoneal challenge (Nakajima and Mat9@8), however, closely related viruses in the
family iridoviridae are known to infect the obligate marituebot Scophthalmus maximusn Europe
(Whittingtonet al. 1996).
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Clinically diseased fish exhibit necrotic changes in kiiney, liver and spleen, particularly necrosis of
haematopoietic tissues and other parenchymal tissues (@arsgti Humphrey 1987). Transmission of
EHNV between susceptible hosts within a population occuizdmally via the water probably through the
gills and skin, and also possibly via ingestion of viraitipkes (Langdon et al. 1988, Whittington and
Reddacliff 1995), however infection Iper-osingestion of tissues from infected fish has not beported.
Movement of infected trout fingerlings is probably the mostrmmom means of spread of EHNV within the
aquaculture industry (Whittington et al. 1996), while translooatf infected redfin perch is the most likely
mechanism of spread in redfin perch (Whittington et al. 12060).

5.2.5 Release assessment

EHNV continues to be isolated from redfin perch on gul@ basis in many river systems and
impoundments in south eastern Australia, as well asuaadfured rainbow trout (Whittington et al. 1996,
2010) Of the species known to be susceptible to EHNV, rgunch,rainbow trout and mosquito fish are
known to be used as bait (Tables 2, 8). EHNV is extremedistant to many physical and chemical
treatments. The virus is resistant to drying (remaimmhgctive after 113 days at 15°C), and showed no
decrease in titre over 3 months in water at 15°C (Langdon )989tan and remain infective in frozen fish
tissues for more than 2 years, though prolonged freezing fidt dhe onset of cytopathic effect in cell
culture (Langdon 1989b). Clinically diseased fish infectedh HNV can have very high viral titres in
their internal organs, particularly the spleen, liver and kidhengdon 1989b), but considering the tissue
tropism of the virus, it is unlikely to be present at higyels in the fillet.

Silver gulls Carus novaehollandigeand great cormorant®lialacrocorax carbpwere observed feeding on
EHNV affected juvenile redfin perch, and the gastroimestcontents of these birds were positive for
EHNV (Whittington et al. 1996). EHNV is not immediately e¢haated by passage through the bird
digestive system and as such, birds are potential mecharectdrs and may spread the virus by
regurgitation of ingested material within a few hours efifag, as well as mechanically on feathers, feet and
the bill, though it is unlikely that the virus can surviudl passage through the gut and remain infective in
the faeces (Whittington et al. 1996). Kewagama Research (280&jated that around 1.3% of fishers used
freshwater finfish as bait or berley in 2002, with their usehdsy in Victoria (2.7% of respondents),
followed by QLD (1.8% of respondents) and NSW/ACT (1% of respdsfierHowever in 2006, national
usage had dropped to 0.7% of respondents, with 3.2% of respondéme NT using freshwater fish as bait,
as did 1.7% in Victoria and 0.6% in NSW/ACT, with nondla# respondents from other states saying they
had used freshwater fish in the previous 12 months (Kewadtarearch 2007). This suggests that use of
freshwater finfish as bait is uncommon.

Freshwater finfish are not generally sold as live or dnobait or berley in retail outlets (except live
ornamental species sold from pet shops), and recrebtingkers usually collect them near the fishing site.
However, the majority of salmonid products used for bait orepenlill almost certainly originate from
aquaculture farms, as there are few self-sustaining pamdaof salmonids in Australia. Taking into
account the quantities of freshwater finfish and salmproducts used as bait or berley (Table 1), and also
the fact that clinically diseased fish that carry higtesitof EHNV have been recorded at high prevalences at
times in some parts of the country, the likelihood estimatimnsthe occurrence of EHNV in these
commodities are listed below.
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Release assessment for infection of finfish with EHN

Commodity Live Whole fresh Frozen Frozen | Frozen fish Frozen
type finfish dead finfish | whole finfish | fillets heads guts/offal
Likelihood of High High Moderate Very low Low Moderate
release

5.2.6 Exposure assessment

Freshwater teleosts in south east Australia in water $dba contain redfin perch are already at risk of
exposure to EHNV, but it is extremely unlikely that freslewvagnd marine teleosts in other parts of the
country are naturally exposed to this virus (Whittingtoale2010). Specific data on use of redfin perch and
rainbow trout as bait or berley is not available, howevisr khown that these species are not generally sold
as bait either fresh or frozen via wholesale outlet$ sas&c commercial fishing co-operatives, or at retail
outlets such as fishing tackle shops, service stationsugetrearkets. However, fresh or frozen rainbow
trout are widely sold as food fish throughout Australia, #fwede could be diverted to use as bait or berley in
both freshwater and marine environments around the counttguBe EHNV is highly resistant to freezing
for many months, a large percentage of any virus presecariier fish is likely to remain viable after
thawing. The scale of use of redfin perch and rainbowt ttas well as other potential carriers such as
mosquito fish) as live bait in Australia remains unknotaut, since they are not available commercially, the
guantities translocated are likely to be relatively lkmarhis suggests that direct pathways exist for
translocated infected products used by private fisheeater both freshwater and marine environments, thus
potentially exposing wild fish to viable EHNV.

Natural EHNV infections have only been reported from regirch and rainbow trout, however the full
extent of the range of fish species susceptible to EHN\Whboabeen determined. The virus can infect and
cause mortality in several species of native freshwaséred, including macquarie percMgcquaria
australasicd, silver perch Bidyanus bidyanysand mountain galaxiass@laxias oliduy Mosquito fish
(Gambusia affinis are also susceptible, while Murray cadalccullochella peel)i and Atlantic salmon
(Salmo salay can act as carriers (Langdon 1989b). However, infectiondvoccur only if sufficient
guantities of virus (i.e. an infective dose) were intietliinto an area where susceptible hosts were present.
Redfin perch are extremely susceptible to EHNV with arsion in as few as 0.08 TGl being a lethal
dose for 100% of fish (Whittington and Reddacliffe 1995). ddacie perch were also highly sensitive to
infection, with 100% mortality being recorded in fish espo to 18TCIDsymL by immersion (Langdon
1989b). It appears that mosquito fish are also very sus@pbibhfection, as Langdon (1989b) recorded
90% mortality in mosquito fish exposed by immersiol® TCIDsymL EHNV, and 100% mortality in
mosquito fish exposed to EHNV infected redfin perch byabitation. Whittington and Reddacliffe (1995)
found that rainbow trout in their experiments were not episitle to infection solely by immersion, but
Langdon (1988) successfully infected one out of four 3.5-4 cmriaingow trout via bath inoculation with
10°TCIDsy/mL at 22°C.
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Clinically diseased redfin perch infected with EHNV cavéaviral titres up to F§ TCIDsy/g in the spleen,
and 16 TCIDsy/g in the liver and head kidney (Langdon 1989b). Given that rpefich can be infected by
immersion at extremely low infective doses (Whittingtord &eddacliffe 1995), and several other fish
species can also become infected at relatively low doses pesnjmathe titres present in clinically diseased
fish, the likelihood that an infectious dose can be tratathhorizontally into a new water body via use of
clinically diseased bait or berley remains high, evemiy small quantities of bait or berley are translocated,
and possibly even if subclinically infected fish are usedvesthat pathways exist for translocation and
spread of EHNV into the environment via use of bait, and acladgiig that the virus can infect a range of
susceptible hosts, the risk of exposure and establishmeonisegligible, and the likelihood of exposure
and establishment of EHNV in new fish populations is consdle®o beModerate.

5.2.7 Consequence assessment

When fish become infected with EHNV in a new area, nlitytean occur in all size classes of fish, and
because of this the virus has the potential to causeis@ntifdamage to fish populations (Langdon 1989b,
Whittington 2010). The virus is also known to be pathogenic to sp@eies of threatened native fishes,
and while the full extent of its host range remains unknowrfatttehat mosquito fish are susceptible means
that vectors are readily available in many freshwater enwients around Australia where EHNV is
currently absent. EHNV is already present in somespdrthe Australian environment, where it is known
to cause annual disease outbreaks in wild populations déide fish species. The virus is listed by the
OIE and NACA and is a reportable disease in all Stateept the ACT (Table 3b). Hence spread of the
virus into new geographic areas is likely to adversely affele. Considering all of these factors,
establishment of the disease would have significant aousehiological consequences, which would not be
amenable to control, and could cause irreversible envirdaieffects as well as economic damage to
fisheries and aquaculture industries. It is thereforenaséid that the consequences of introduction of EHNV
into different parts of the Australian environment via usmifglcted bait or berley would likely bdigh.

5.2.8 Risk estimation

The unrestricted risk associated with EHNV is deteeth by combining the likelihood of entry and
exposure (from Table 5) with the consequences of establisi{franie 7). The unrestricted risk estimate for
EHNV exceeds the ALOP for all commodity types, suggestiag) additional risk management is required
for this disease agent.
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Risk estimate for infection of finfish with EHNV

Commodity type Live Whole Frozen Frozen Frozen Frozen
finfish fresh dead| whole fillets fish heads guts/offal
finfish finfish
Combined Moderate| Moderate Low Very Low Low Low
likelihood of release
and exposure
Consequences of High High High High High High
establishment
Risk estimation | High Risk | High Risk| Moderate | Low Risk | Moderate| Moderate
Risk Risk Risk
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5.3 Infection of finfish with Viral Encephalopathy and Retinopathy (Nodavirus)

5.3.1 Aetiologic agent Non-enveloped viruses with a genome containing two segroépissitive sense
single stranded RNA of the genus Betanodavirus in the FéNuillaviridae.

5.3.2 OIE List: No NACA List: Yes

5.3.3 Australias status: Betanodavirus infections have been reported in QLD, NBd¥mania, SA, WA
and the NT (Moody and Horwood 2008). These viruses are agppdiseases in all states excluding QLD
(Table 3b).

5.3.4 Epidemiology

Betanodaviruses are the causative agents for viral encpplfatoand retinopathy (VER), a serious disease
of larval and juvenile marine fish that occurs almostléwide (OIE 2010Db). Clinical signs of the disease
are most commonly observed in larvae and fry and aréoddeemage to the nervous tissue of the spinal cord,
brain and retina caused lheavy vacuolation and necrosis of the tissues of the cergrabus system
(Munday et al. 1992, 2002, Munday and Nakai 199%fected fish display abnormal behaviour, including
spiral swimming and rapid uncoordinated darting movement, midghs mortalities occurring over a short
period of time (Munday et al. 1992). Colour changes (lighteoirgdprkening of diseased fish), cessation of
feeding and increased susceptibility to cannibalism maytssabserved (Moodgnd Horwood 2008). The
onset of mortalities due to betanodavirus infection avellysobserved between 1 and 40 days post hatching
in larval fish, with mortalities commonly approaching 100%utjh susceptibility decreases as the age of
the fish increases (Moody and Horwood 2008). Fish that suegizotics as juveniles can harbour sub-
clinical infections as adults, and the virus appears twaresmitted vertically to their progeny via eggs or
sexual fluids (Munday et al. 2002). More than 37 specidsiofrom all continents (excluding Africa) are
known to be susceptible to nodaviruses (Moody and Horwood 2008) ancuthiser is bound to rise as
more species are cultured. Some species such as theagllisea brea8parus auratabecome infected, but
do not exhibit clinical signs of this disease, and hencexcaas asymptomatic carriers (Castric et al. 2001).

In Australia, disease caused by nodavirus has been repémed Australian bass Macquaria
novemaculeata barramundil(ates calcarife), barramundi codGromileptes altivelis goldspotted rockcod
(Epinephelus coioidgsflowery cod Epinephelus fuscoguttafuand striped trumpetet_étris lineatg from
marine aquaculture facilities in NSW, NT, QLD, SA andsihania, and from sleepy co®xyeleotris
lineolatug from a freshwater aquaculture facility in QL{®loody and Horwood 2008). Other species from
which nodavirus has been suspected (without disease) inckld&iked catfish Tandanus tandanyis
(Munday et al. 2002), while juvenile cultured kingfish from SAreweakly positive for Australian bass
nodavirus nucleic acid using nested PCR, but no virus was edliarcell culture (unpublished laboratory
reports provided to BK Diggles from AAHL). Silver trewalPseudocaranx dentgare highly susceptible
to nodavirus infection, however no studies appear to have been tmhdoicetermine whether nodavirus
occurs naturally in wild®. dentexn Australia. It therefore appears highly likely tinadny other species of
finfish in Australia are susceptible to nodavirus infection.
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5.3.5 Release assessment

Nodavirus continues to be isolated from cultured marigle fin Australia on a regular basis. Nodavirus
infections have been reported from finfish in all fad®cept Victoria and the ACT (Moody and Horwood
2008). While no phylogenetic information is available for Walases, all the other studied Australian
isolates have been identified as members of the RGNNV yms@oody and Horwood 2008). However,
the isolates form two distinct strains within this genetypne group of isolates from NSW and SA and a
second group of isolates from QLD, the NT and Tasmanian@land Horwood 2008). As the effect of the
different strains on native finfish species is unknown, oistre in place to minimise risk of escape of virus
from aquaculture facilities or via translocation of infecttock in restocking programs. Exclusion of the
virus from aquaculture premises, good hygiene and reduced stockinigeddmss contributed to decreasing
the incidence of nodavirus outbreaks in recent years (Moodyamwood 2008). It is likely that wild fish
are the main reservoir of infection, and hence use ofwrutaRT-PCR -negative broodstock has reduced
the occurrence of disease in cultured larvae (Moody and Hor2@@8).

The highest titres of nodavirus in both clinically diseaaed carrier fish occur in the tissues of the brain,
and retina, where the majority of active viral replicattmeurs, however the virus has also been detected in
other internal organs (Korsnes et al. 2009). Nodavirusrsigient in the environment, remaining infective
after 6 months in seawater and 3 months in freshwafés°at, but exhibiting complete loss of viability after

6 months in freshwater (Frerichs et al. 2000). These wrargealso reasonably resistant to a broad range of
disinfectants (Frerichs et al. 2000, Bovo et al. 2005). MNogais very tolerant of freezing, with Frerichs et
al. (2000) finding no loss of infectivity after freezing foyear at -20°C.

Nodavirus is likely to occur naturally in many species ofin@afish throughout Australian waters. Families
of fishes used as bait in Australia that are susceptibleféction by nodavirus include carangids, elotrids
and teraponids (Table 8). Taking into account the largatij@a of marine finfish used as bait or berley
(Table 1), and the prevalence of the disease agent, thédikelestimations for the occurrence of aquatic
birnavirus in these commodities are listed below.

Release assessment for infection of finfish with Nestirus

Commodity Live Whole fresh Frozen Frozen | Frozen fish Frozen
type finfish dead finfish | whole finfish | fillets heads guts/offal
Likelihood of High High High Low High Moderate
release

5.3.6 Exposure assessment

Marine teleosts in most parts of Australia are alreadsisk of exposure to local strains of nodavirus.
However it is not known whether significant differences in pathaggnor host specificity exist between
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the different nodavirus strains that are present in @éiffieparts of the country (Moody and Horwood 2008),
or even whether teleosts in freshwater environments aveatigtexposed to these disease agents. While
nodavirus infections were originally considered a diseaswasine fishes only, recently they have caused
serious disease in the culture of freshwater fishes sutila@a (Bigarr et al. 2009). Throughout Australia,
fresh or frozen whole or processed marine fish are offaeddle as bait via wholesale outlets such as
commercial fishing co-operatives, or packaged for resaletail outlets such as fishing tackle shops, service
stations and supermarkets. Species known to be particslasigeptible to nodavirus, such as cultured
barramundi, are widely sold as fresh or frozen foodtfisbughout Australia, and these could be diverted to
use as bait or berley in both freshwater and marine emagots around the country. In Australia, finfish for
use as live bait are not generally available for retéel @xcept ornamental species sold from pet shops). So
the quantity of baitfish translocated live is likely te dmall, although recreational anglers may still catch
their own live bait at the fishing location. The majoutfythe volume of bait translocated throughout the
country is frozen, including frozen whole fish and preeesfish products (e.g. heads or guts). Because
nodavirus is stable when frozen (Frerichs et al. 2000),g& laercentage of virus is likely to remain viable
after thawing. Direct pathways therefore exist for stacated bait or berley from these retail outlets terent
both freshwater and marine environments, potentially exposifd) fish to viable nodavirus. Other
pathways for exposure of wild fish to viable nodavirus incldégposal into natural waters of untreated
processing wastes from commercial processing premisesisaraf processing wastes in berley blocks.

Nodavirus infections have been reported from a wide rahd@eh species, including many species groups
that occur in Australian waters. These species areftine likely to be susceptible to infection by nodavirus
carried in infected bait, but infection would occur orilgufficient quantities of virus (i.e. an infective dpse
were introduced into an area where susceptible hostspresent. Susceptible fish can become infected
with nodavirus via horizontatansmission through the water with entry via the skimstine or nasal cavity,
as well as by vertical transmissighlunday and Nakai 1997) The infectious dose of nodavirus by the
immersion pathway will probably vary depending on the strhinros used and the species challenged, but
the literature shows the disease is consistently traadfat waterborne concentrations of ICIDsymL, a
level which caused 100% mortality in larval and juvenile bamramnwithin 4 days (Parameswaran et al.
2008), and up to 75% mortality in 0.31-0 g wolfish Anarhichas mingrlarvae (Sommer et al. 2004)t is
also notable that concentrations of 1.6 £ T€IDsyml were recorded by Nerland et al. (2007) in rearing
water where epizootics had been recorded in halippoglossus hippoglossularvae.

Clinically diseased fish infected with nodavirus camehhigh viral titres in internal organs (*10CIDsy/g,

see Bigarr et al. 2009), and while only larvae and eavigrjiles usually become clinically diseased, juvenile
fish are commonly used as live or frozen bait (B.K. Diggdessonal observations). The levels of nodavirus
in sub-clinically infected fish can also be relativlgh compared to the infectious dose* 100 TCIDsy/g,

see Castric et al. 2001) despite the absence of disease.us8esasceptible fish can be infected by
immersion at around 2@ CIDsymL, it is possible that an infectious dose couldra@gmitted horizontally
into the water in the vicinity of a bait that was clirigaor even sub-clinically infected with nodavirus. Fish
could also theoretically be exposed to an infectious d@stheper-osroute if they consumed enough bait
fish containing virus levels typical of clinically or subritially infected fish. Given that pathways exist for
translocation and spread of nodavirus into the environment giafusait or berley, and acknowledging the
broad range of susceptible hosts, the risk of exposuresaaiolishment is non-negligible, and the likelihood
of exposure and establishment of nodavirus in new fish popudasa@onsidered to Bdoderate.
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5.3.7 Consequence assessment

When fish become infected with nodavirus, mortality is maiegtricted to larval and early juvenile stages,
and disease does not necessarily occur in larger fiskwever, infection of larger fish can still occur without
disease. Infected fish can remain carriers for lifel @an transfer the virus to their progeny vertically via
infected gametes. These viruses are unlikely to causasdisin adult fish in the wild, hence the main
consequences appear those related to possible intneastlity of larval and early juvenile stages (which
could have impacts on wild fisheries at the populationl)ewas well as increased costs of production in
finfish aquaculture hatcheries due to use of infected eaught broodstock. Because at least two strains of
nodavirus are already present in the Australian environmerfyltlextent of any increases in mortality rates
that may occur due to translocation of the disease agentsit is difficult to assess. These viruses are no
longer listed by the OIE, but remain listed by NACA and ateSteportable disease lists, hence their spread
can still have adverse impacts on trade. Considering #flese factors, establishment of the disease would
most likely have mild to moderate biological consequenebsch may be amenable to control, and are not
likely to cause irreversible environmental effects. Ittherefore estimated that the consequences of
introduction of nodavirus strains into different partshaf Australian environment via use of infected bait or
berley would likely beé_ow.

5.3.8 Risk estimation

The unrestricted risk associated with nodavirus is deterd by combining the likelihood of entry and
exposure (from Table 5) with the consequences of establisi{franie 7). The unrestricted risk estimate for
nodavirus exceeds the ALOP for live, whole fresh dead, amdewfhozen finfish, and frozen fish heads,
suggesting that additional risk management is requiretiiodisease agent in these commaodities.

Risk estimate for infection of finfish with Nodavirus

Commodity type Live | Whole fresh Frozen Frozen Frozen Frozen
finfish dead finfish | whole finfish | fillets fish heads| guts/offal

Combined Moderate| Moderate Moderate Low Moderate Low
likelihood of release
and exposure

Consequences of Low Low Low Low Low Low
establishment

Risk estimation | Low risk Low risk Low risk Very low | Lowrisk | Very low
risk risk
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5.4 Emergence of a new previously unknown virus of finfish

5.4.1 Aetiologic agent A previously undescribed virus that infects finfish.

5.4.2 OIE List: No NACA List: No

5.4.3 Australias status:Unknown distribution and not listed as a reportable diseazey State (Table 3b).

5.4.4 Epidemiology

Despite an increasing amount of research on aquati@bhmalth in recent times, and the existence of a
broad base of knowledge accumulated over many years (ergveae by Humphrey 1995a, 1995b), there
is still a significant lack of knowledge and understanding ofdaleange of parasites and disease agents of
aquatic animals in Australia. For example, Dove and O’'Dbuneg2005) studied the trichodinid ciliate
ectoparasites of introduced and native freshwater fisfidsey found that 81% (17) of the 21 species of
Trichodinafound in 33 species of fish examined were undescribed, awausimple formula to estimate
that the biodiversity of these parasites in Australiashwater fish may approach 150 species, a number that
approached the total number of trichodinid species thecrided from all freshwater hosts at that time
(Dove and O’Donoghue 2005). Similarly, Bott et al. (2005) stutheddigenean fauna of bivalves on the
Great Barrier Reef, and compared their findings to the nuwblenown digenean species recorded at that
time from final hosts (fish and birds) that occur in tegion. They deduced that, at best, only around 10%
of the digenean fauna from the Great Barrier Reef was kn®gti €t al. 2005). These examples are
probably typical, and highlight the incompleteness of our knowlefigke parasites and disease agents of
Australias aquatic fauna. Because of this, it is vilyuakrtain that disease risks are present during
translocation of bait products, even in the absence of fdatitbn of known pathogens in the commodity
(Gaughan 2002).

Gaughan (2002) suggests that a RA should embrace case $iditdeesl to unidentified pathogens. To
accommodate this view, this RA will now examine the transimcaof a hypothetical, previously
undescribed, virus in finfish to examine whether risks pdsednidentified pathogens can be adequately
assessed by the RA process. For the sake of this exdtmshypothetical virus will be carried by redbait
(Emmelichthys nitidgsa species which is captured in an expanding midwater fistvéry off Tasmania at
depths of 100 to 500 meters (Neira et al. 2009), product from uwghicted in mainland Australia as feed for
southern bluefin tuna, and as bait in lobster fishené&sA and WA.

5.4.5 Release assessment

There is very little known about the parasites and nothing knownhef virology of the Family
Emmelichthyidae (bonnetmouths). Redbait resemble clupeigack mackerel in both appearance and
ecological niche (Welsford and Lyle 2003), and the parasite fatifa nitidus (a monogenean, several
digeneans, cestodes and anisakid nematodes, see Korotaeva §l@gents that these fish are plankton
feeders. Indeed, redbait consume mostly zooplankton, plyncamstaceans, and form an important part of
the diet of large predatory fish, seals and seabirds i@nlikaly to be a key species in the continental shelf
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pelagic ecosystem (Welsford and Lyle 2003). However, tlis tie very little about whethdE. nitidus
harbours any disease agents of concern that should bhderedsin a RA, particularly microparasites such as
viruses, bacteria or protozoa. Large differences insthe at first maturity in different locations near
Tasmania (Ewing and Lyle 2009) suggest that the redbait populatiprbenstructured, a finding that may
have important ramifications in relation to the extenthe disease risks posed by translocation of redbait.
For the sake of this exercise, it is assumed that itelalsidbour a pathogenic iridovirus that affects primarily
larvae and juveniles. It will also be assumed thatptievalence in the population is only moderate, but
many adult fish are sub-clinical carriers of the disedske other iridoviruses, the new virus mainly infects
internal organs and is stable in frozen tissue. Bsedarge quantities of redbait could be used as baitin
lobster fisheries, the likelihood estimations for the omnoe of the hypothetical new virus in these
commodities would be as follows.

Release assessment for a new previously unknown virogfinfish

Commodity Live Whole fresh Frozen Frozen | Frozen fish Frozen
type finfish dead finfish | whole finfish | fillets heads guts/offal
Likelihood of High High High Low Low High

release

5.4.6 Exposure assessment

If redbait populations have significant population structurteyiflg and Lyle 2009), it is very possible that
redbait and other teleosts in mainland Australia haveritot been exposed to the new virus, or not been
exposed to Tasmanian strains of the new virus. If$&dean the mainland have not been previously exposed
to the new virus, these naive populations may have a loestive dose and/or may be more likely to be
susceptible to disease compared to fishes from regions wiseveus is endemic. Use of infected redbait as
lobster bait as opposed to aquaculture feed will reducelidueces of disease transmission, because in the
rock lobster fishery the bait is spread very sparsely overyalarge area (2.5-5.4 kg of bait per day pef km
of ocean floor, see Jones and Gibson 1997). However, fish jpt{estisceptible to the new virus can enter
lobster pots and eat the infected redbait, and/or remair near pots in close vicinity of the infected retjbai
meaning that the chances of establishment of an index tadeation are not negligible. The chances of
establishment of the index case will depend on the volumeaitdfénslocated, as well as the way the bait is
processed and handled, and how used bait is disposedeaf. al ke new virus, like most other iridoviruses,
is stable when frozen, and hence a large percentageusfisilikely to remain viable after thawing. This
suggests that a direct pathway exists for viruses fronslteated redbait to enter the marine environment,
thus potentially exposing susceptible wild fish to viabigowirus. Other significant pathways for exposure
of marine (and even freshwater) fish to the new iridovirusldvanclude disposal into natural waters of
untreated processing wastes from commercial processingsgenand use of processing wastes in berley
blocks.
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Because the virus is new, the range of species likely tsubeeptible to infection would be unknown.
However, it would be safe to assume that redbait imlasad Australian waters would be susceptible, and
that that they may not have been previously exposed tmdragn strains of the virus. It may also be
possible for fishes with similar ecological niches in thew location, e.g. pilchardsS&rdinops
neopilchardu} to also be susceptible to the new virus. However, imiectiould occur only if sufficient
guantities of virus (i.e. an infective dose) were intietliinto an area where susceptible hosts were present.
Susceptible fish could become infected with the new viruserizontal tansmission through the water, but
the likelihood of this happening is not possible to determine withlowtnderstanding of thefectious dose
required, and the levels of virus present in clinicalsedsed and subclinically infected redbait. At thigesta
the RA would be significantly compromised by a lack of iinfation, unless data from other iridovirus
agents was substituted. If this was the case, and thehejjeat virus produced infections with viral
burdens and infective dose characteristics similartierotirulent iridoviruses (such as EHNV), given that
pathways exists for translocation and spread of the new miwshe environment inhabited by susceptible
hosts via use of bait, the risk of exposure and establighw@ild be non-negligible, though it would not be
possible to accurately estimate the likelihood of exposure stalishment. However, for the sake of this
exercise, given the end use as lobster bait, and basedomatibn on transmission of other iridoviruses so
as to obtain a measure of the combined likelihood of releabexposure (Table 5), it will be assumed that
the likelihood of exposure and establishment is consideredLiovbe

5.4.7 Consequence assessment

The consequences of establishment of a new virus, and whetldéronal risk management may be
required, would depend heavily on the range of susceptible hb&tspathogenicity of the virus to
susceptible hosts, the importance of fisheries that may #xi susceptible hosts, the ecological position of
susceptible hosts in marine ecosystems, and the consereiis of susceptible hosts. It is also not
possible to determine whether the virus would cause diseasehoan extent that it would be listed as a
notifiable disease, and thus potentially have adverseteften trade. All of this information cannot be
estimated without first knowing the virus exists and whicstfhiare susceptible. Hence it is the consequence
assessment stage of the RA that is most severely hapditdy the absence of identification of known
pathogens in the commaodity.

5.4.8 Risk estimation

The unrestricted risk associated with the hypothetinehown virus would be determined by combining the
likelihood of entry and exposure (from Table 5) with the comerges of establishment (Table 7).
However, because the unrestricted risk estimate rebasily on the assessment of the consequences of
establishment to determine whether additional risk managemeatuired, it will depend heavily on the
identity of the susceptible hosts and the pathogenicity of itus Yo those hosts. Unfortunately, this
information cannot be estimated without first knowing thas/exists, and which hosts are susceptible. This
scenario demonstrates that a scientific risk anali@isa hypothetical unknown virus is not possible,
however this process of undertaking a RA on an unknown new eirluable because it highlights the
type of information required to make such an assessmeagibpm In this case, the information needed
would be obtained through surveillance in the form ofestrg of statistically defined numbers of redbait
for viruses by cell culture and/or molecular techniquesrder to detect, isolate and study unknown viruses.
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If a virus was isolated, data on the levels of virusges subclinically infected and/or clinically diseased
redbait could be obtained, and further experiments may beabletermine the viruses identity, infectious
dose and pathogenicity to key fish species from the regamivieg the translocated bait. All of these data
could then be used to inform a RA process to help detetimenésk posed by translocation of the new virus
with the commaodity.

So this hypothetical scenario highlights the importancecb¥e, rather than passive, disease surveillance, an
activity that could be implemented in a structured mareittrer in the early stages of development of
fisheries for new species likely to be used as bait deypeor whenever significant quantities of bait or
berley are being translocated to a new geographical area.

Risk estimate for a new previously unknown virus of finfif

Commodity type Live Whole Frozen Frozen | Frozen fish| Frozen
finfish | fresh dead) whole fillets heads guts/offal
finfish finfish
Combined Low Low Low Very Low | Very Low Low
likelihood of release
and exposure
Consequences of | Unknown | Unknown | Unknown| Unknown Unknown  Unknown
establishment
Risk estimation Not Not Not Not Not Not
possible | possible | possible possible possible possible
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55 Infection of finfish with Aeromonas salmonicidéGoldfish ulcer disease, GUD)

5.5.1 Aetiologic agent Atypical strains oAeromonas salmonicigavhich are gram negative bacteria in the
Family Aeromonadaceae.

5.5.2 OIE List: No NACA List: No

5.5.3 Australias status:Aeromonas salmonicidéatypical variants) have been reported in QLD, NSW,
Victoria, SA and the ACT. They are reportable disesgnts in all states excluding the ACT (Table 3b).

5.5.4 Epidemiology

“Atypical” variants of theAeromonas salmonicid@acterium affect mainly non-salmonids and differ in
several characteristics froferomonas salmonicidasp.salmonicida a bacterium exotic to Australia that
causes furunculosis in salmonids. Infection with atypfcasalmonicidacauses ulcerative dermatitis, but
does not necessarily result in the acute mortality andcaeptia characteristic of typical furunculosis,
manifesting instead mainly as external lesions and uioergWiklund and Dalsgaard 1998). Three
biovariants of atypicaReromonas salmonicidhave been isolated in Australia, firs#ly salmonicidavar.
Nova which causes goldfish ulcer disease (GUD) in gold@sirgssius auratysand silver perchBidyanus
bidyanus (Trust et al. 1980, Humphrey and Ashburner 1993), a second vapamtgreenback flounder
(Rhombosolea tapirinawhich causes ulcer disease of flounder (Whittington eL$85), and a thirdA.
salmonicidavar. Acheron) from Atlantic salmorS&almo salay that causes marine aeromonad disease of
salmonids (MAS) (Carson and Gudkovs 2001). Goldfish ulceaskseas introduced into Australia in 1974
with goldfish broodstock imported from Japan into a consimegoldfish farm in Victoria (Trust et al. 1980,
Humphrey and Ashburner 1993). From there, the bacterium waasldcated within Victoria and into 4
other States by 1977 through sales of goldfish via the aquandumstry (Trust et al. 1980, Humphrey and
Ashburner 1993, Whittington et al. 1987, 1995). Spread of GUDiltavild was facilitated by release of
effluent water from affected goldfish farms, releagdive infected goldfish into waterways and use of
goldfish as bait (Whittington and Cullis 1988, Humphrey and Ast#ufi993). Outbreaks of GUD in
Australia have been reported in most parts of the Murra#iyy River system, where the spread of the
bacterium has been facilitated by movements of feral popofatf goldfish and cargprinus carpig, in
which the bacterium is enzootic (Humphrey and Ashburner, M®&tington et al. 1995).

In 1993 the second atypical salmonicidavariant was recovered from ulcerative dermal lesionskatey

of greenback flounder cultured in seawater in Tasmamhit{ington et al. 1995, Carson and Gudkovs
2001). Atlantic salmonSalmo salay and striped trumpetelL4tris lineatg have been infected by co-
habitation with the flounder variant (Herfort 2004). The baatisolated from the greenback flounder
differs genetically from isolates from goldfish and silvergh, and probably originated from the marine
environment (Whittington et al. 1995). Atlantic salmon culturedeacages in Tasmania have also been
infected by the third variantA( salmonicidavar. Acheron), causing MAS (Carson and Gudkovs 2001),
which has a clinical presentation similar in some respgetfurunculosis (Herfort 2004). Other species
susceptible to infection with atypic&l. salmonicidathat occur in Australia include redfin perchefca
fluviatilis), roach Rutilus rutilug and silver biddyGerres ovatus(Herfort 2004).
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5.5.5 Release assessment

Atypical variants ofA. salmonicideoccur in many freshwater rivers and lakes in south mastgstralia and

the Murray Darling system, as well as marine waters efrieaia, where the Acheron biovariant is currently
restricted to a relatively small salmon production arddere appears to be no published data to indicate
whether these bacteria occur in the marine waters of amminrhustralia, however there are no barriers to
migration of marine fish from Tasmania to mainland Austraia some species do migrate between these
two areas (Stanley 1978). The Nova biovariant is very patho@ensalmonids, but its effects on native
finfish species are mostly unknown. This has lead tat tontrols on movements of goldfish to reduce the
risk of translocation of the Nova biovariant from soutét ésustralia into Tasmania and WA.

Infected fish may carrA. salmonicidacovertly in sub-clinical infections at very low intensgithat are
extremely hard to detect, even with PCR (Carson and Gedk@@1). However, carriers Af salmonicida
usually revert to a diseased state during stressful evaemiisas such "stress tests" have been devised to
improve the chances of detecting carrier fish (Wiklund andsd2ard 1998). The highest numbers of
bacteria in clinically diseased fish occur in the skitsgiind muscle tissue affected by ulcers, though the
bacterium can also be isolated in other internal argarch as the kidney (Whittington and Cullis 1988,
Wiklund and Dalsgaard 1998). Though an obligate fish pathélgemacterium may be able to persist in the
environment for long periods in water and sediments, from 66 @Ayklund and Dalsgaard 1998) to 9
months (Hine and McDiamant 1997). Silver perch became edeat an aquaculture farm where clinical
GUD was recorded 7 years previously, however clinically nbgolafish and carp present in other parts of
the farm may have acted as carriers during the intermodg@Vhittington et al. 1995). These bacteria are
susceptible to a broad range of antibiotics and disinfiec{&ine and McDiamant 1997), though resistance
to some antibiotics has developed. Vaccines ag&indgalmonicidahave been successfully developed,
including against the Acheron biovariant. These bacim® very tolerant of freezing, though there may be
some loss of viability upon thawing (Hine and MacDiard®®7).

Atypical variants ofA. salmonicidaare known to occur naturally in a limited range of 8glecies in certain
regions of Australia. Families of fishes used as bditeoiey in Australia that are susceptible to infection by
A. salmonicidainclude goldfish, carp, redfin perch, and salmonids @&)l Taking into account the
relatively small quantities of these that are used dabéaierley (Table 1), and the prevalence of the disease
agent, the likelihood estimations for the occurrence of iedypvariants of A. salmonicidain these
commodities are listed below.

Release assessment for infection of finfish witheromonas salmoniciddatypical variants)

Commodity Live Whole fresh Frozen Frozen | Frozen fish Frozen
type finfish dead finfish | whole finfish | fillets heads guts/offal
Likelihood of High High Moderate Moderate Moderate Moderate
release
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5.5.6 Exposure assessment

Freshwater teleosts in the south east regions of Austnaialready at risk of exposure to endemic variants
of A. salmonicidacarried by feral populations of goldfish and carp. Sésmecies of marine fish are also
exposed to variants @. salmonicidan the Tasmanian marine environment. Throughout Austradigh for
frozen whole or processed marine fish are offered flar @& bait or berley via wholesale outlets such as
commercial fishing co-operatives, or packaged for resaletail outlets such as fishing tackle shops, service
stations and supermarkets. However none of the obligatmeriish species known to be infected by
atypicalA. salmonicidavariants in Tasmania are used as bait or berleyirsigmificant quantity. Similarly,
the quantities of translocated fish sold as live bdikely to be negligible, however recreational fishers may
still catch their own live bait at the fishing locatiand a small proportion of anglers may still persist in
unlawfully translocating live goldfish, redfin or carplaet or berley in freshwater regions (Whittington and
Cullis 1988, Humphrey and Ashburner 1993), while silver biddy are agolué bait in east coast estuaries
(B.K. Diggles, personal observations). Cultured salmoardbtheir processing wastes are not sold for bait
or berley (Grant Pullen, DPIWE Tasmania, personal conwation 8 April 2011), but fresh or frozen
Atlantic salmon are widely distributed as food fish and bBesmme product could be diverted to use as bait
or berley around the country. Because atypdcadalmonicidas stable when frozen, a large percentage of
virus is likely to remain viable after thawing, this suggdsiat direct pathways exist for fresh or frozen
salmon products used as bait or berley to enter both fadshand marine environments, thus potentially
exposing wild fish to viable atypic&l. salmonicida Other significant pathways for exposure of marine and
freshwater fish to atypical. salmonicidavould include disposal into natural waters of untregtedessing
wastes from commercial processing premises.

Many fish species in regions where this bacterium isenabotic are likely to be susceptible to infection by
A. salmonicidacarried in infected bait or berley, but infection wowolctur only if sufficient quantities of
bacteria (i.e. an infective dose) were introduced intoasea where susceptible hosts were present.
Whittington and Cullis (1988) used the Nova biovariant from goldfisfind the 10 day LD50 for Atlantic
salmon via IP injection was 7.4 x16fu, 3 x 1 cfu for brown trout, 3.7 x Fafu for brook trout and 6.4 x
10® cfu for rainbow trout. The infective dose for brown aaéhbow trout by immersion was 10 10°
cfu/ml., but this route was not successful for infectingatic salmon in their experiments, although they
reported horizontal transfer 8f salmonicideby co-habitation to 5/195 control fish placed in the same tanks
as infected fish (Whittington and Cullis 1988). In anothtadyg done around the same time, Carson and
Handlinger (1988) found the LD50 of 30-40 gram Atlantic salmonFbynjection ofA. salmonicidafrom
goldfish was 3 cfu, while a bath of 8 x*1€fu/ml was lethal to 80-90% of salmon (Carson and Handlinger
1988). These data confirm that some salmonids are extremstgptible t\. salmonicidanfection from
goldfish.

Clinically diseased fish infected with atypidal salmonicidacan have large numbers of bacteria in skin and
muscle lesions and internal organs. In contrast, tefefish may carrnA. salmonicidacovertly in sub-
clinical infections at very low intensities that artremely hard to detect (Carson and Gudkovs 2001). The
minimum dose required to infect local fish species withsalmonicidaby immersion have not been
published, however the results of Whittington and Cullis (1988) sudgesdisease can be transferred
horizontally by cohabitation of susceptible hosts with irdedish. It appears possible, therefore, that an
infectious dose could be transmitted horizontally kiawater in the immediate vicinity of bait or berley that
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was clinically infected with atypicah. salmonicidabut this would probably not occur if the bait or berley
was sub-clinically infected. Fish could also theoreljche exposed to an infectious dose via plee-os

route if they consumed a bait fish containing virus lewgscal of clinically infected fish. Clinically
infected fish are likely to be aquacultured only, andesstates have bans on use of aquacultured products as
bait (T. Hawkesford, personal communication). However,givat pathways still exist for translocation
and spread of atypic#l. salmonicidainto the environment via use of bait and berley, and acknowledging
that very susceptible hosts do exist, but they may regyesere to reasonably high concentrations of the
bacterium before they become infected by the immersiore,rolé risk of exposure and establishment is
non-negligible, and the likelihood of exposure and establishmentypical A. salmonicidain new fish
populations is considered to baderate.

5.5.7 Consequence assessment

When naive susceptible fish become infected with atygicashlmonicidadisease and mortality can occur
in fish of all age classes. Infected fish that si@¢he infection can remain carriers for life. Disezaused

by atypicalA. salmonicidas usually not a severe problem in wild fish and esthbient is unlikely to have
impacts on wild fisheries at the population level. Thennc@nsequences appear those related to possible
increased mortality as well as increased costsazfumtion in finfish aquaculture, where use of antibiotics o
production of effective vaccines would be required tosg@me significant losses. Because three variants of
the bacterium are already present in the Australian envirdnthenfull extent of any increases in mortality
rates that may occur due to translocation of the dissgesats via bait or berley is difficult to assess. sSehe
bacteria are not listed by the OIE, or NACA, but remairState reportable disease lists, hence their spread
can still have adverse impacts on trade. Considering #ilesk factors, establishment of the disease would
most likely have mild to moderate biological consequencesadoaculture, which may be amenable to
control, and are not likely to cause irreversible environaleeffects. It is therefore estimated that the
consequences of introduction of atypiéalsalmonicidainto different parts of the Australian environment
via use of infected bait or berley would likely baw.

5.5.8 Risk estimation

The unrestricted risk associated with atypical vasaof A. salmonicidais determined by combining the
likelihood of entry and exposure (from Table 5) with the cqueaces of establishment (Table 7). The
unrestricted risk estimate for atypical variant®\obalmonicideexceeds the ALOP for live finfish and whole
fresh dead finfish, suggesting that additional risk mamege is required for this disease agent in these
commodities.
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Risk estimate for infection of finfish with Aeromonas salmoniciddatypical variants)

Commodity type Live Whole Frozen Frozen Frozen fish| Frozen
finfish fresh whole fillets heads guts/offal
dead finfish
finfish
Combined Moderate | Moderate Low Low Low Low
likelihood of release
and exposure
Consequences of Low Low Low Low Low Low
establishment
Risk estimation Low Risk | Low Risk| Very Low | Very Low | Very Low | Very Low
Risk Risk Risk Risk
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5.6 Infection of salmonids withLactococcus garvieae

5.6.1 Aetiologic agent:Lactococcus garviegaea gram positive bacterium in the Family Streptocoeaa.

5.6.2 OIE List: No NACA List: No

5.6.3 Australias status: Reported in Tasmania and Victoria, and is a rejpdetin Tasmania (Table 3b).

5.6.4 Epidemiology

Lactococcus garvieaes an opportunistic pathogen of marine and freshwater figftdwicle (Eldar et al.
1999, Vendrell et al. 2006). This bacterium has a wide hogerahich includes both aquatic and terrestrial
vertebrates (including cattle and humans), and aquaticteivates (Eldar et al. 1996, Eldar et al. 1999,
Vendrell et al. 2006). It is a facultatively anaerobic, naiile non-spore forming, gram-positive ovoid
coccus, different variants of which occur in cultured fisdapan, Europe and Australia, with the Australian
variant being isolated from diseased rainbow trout irhfseger hatcheries in Tasmania and Victoria (Carson
et al. 1993). The emergence of the disease in fish farassixiated with poor water quality and or high
temperatures (Vendrell et al. 2008)actococcus garvieas prominently associated with mastitis in dairy
cows, however activities such as dairy farming in thehzaént are not necessarily related to outbreaks of
garvieaein fish farms, because isolates from cows and fistuswelly genetically distinct (Foschino et al.
2008). However, at least one case exists where a fish idudateéhe same biotype as a cow isolate,
suggesting that outbreaks of the same strains in botlstt@te@nimals and fish could be epidemiologically
related (Vela et al. 2000). Studies have shown a relathiglylevel of biochemical homogeneity among the
fish strains from different parts of the world, suggestimat different biotypes should not be established
since they would lack epidemiological and taxonomic value (\&elral. 2006).

In Tasmania, disease associated with garvieae infection was observed in sea run rainbow trout
(Oncorhynchus mykis®n at least two occasions in the 1980’s and 1990’s. Dispasades occurred soon
after sea transfer of covertly infected rainbow tifooin hatcheries with a known history of disease due to
garvieae but no transfer of disease to other species of marineweh recorded (J. Carson, Chief
Microbiologist, Fish Health Unit, DPIWE Tasmania, pelocommunication 2002). No other infections
with L. garvieaeappear to have been recorded in Australian fishes, howevapan enterococcal infection
caused by Lactococcus garvieaeis the major bacterial disease of cultured yellowtgfler{ola
quinqueradiaty (see Kusuda and Salati 1993, 1999). Outbreaks of enterocdisegise in cultured
yellowtail in Japan occur mainly in summer in seacageeries and are associated with poor water quality
and high stocking densities (Kusuda and Salati 1999). This sisggeat kingfish $eriola laland)
aquacultured in South Australia and other states maybalswsceptible to this bacterium if cultured at high
densities during the summer months. Tilapia Etatrobrachiumspp. are two other species that occur in
Australia and are known to be susceptible.tgarvieae(see Vendrell et al. 2006).
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5.6.5 Release assessment

Outbreaks of.. garvieaeon rainbow trout farms in Victoria and Tasmania sugtiestthe bacterium occurs
naturally in some freshwater environments in the south edise afountry. The bacterium is pathogenic for
rainbow trout held in aquaculture under stressful conditionst lingisi not been recorded from other native
finfish species in Australia, or Tilapia, nor from fnegater prawnsNMacrobrachiumspp.) which are another
known susceptible host (Vendrell et al. 2006). The outbreallssedse soon after sea transfer of rainbow
trout in Tasmania shows that fish exposed in the hatotesnycarryL. garvieaecovertly in sub-clinical
infections at low intensities. The highest numbers otdya in clinically diseased fish usually occur in the
kidney, but the septicaemic nature of the infection meaisnbst internal organs can be infected, including
the brain (Carson et al. 1993, Vendrell et al. 2006). Déseesurs in fish of all sizes (Vendrell et al. 2006).

Cultured rainbow trout and their processing wastes are iaywsold for bait or berley, and Kewagama
Research (2002, 2006) estimated that only 0.4-0.5% of recrddigiras in NSW, Victoria and ACT used
salmonid products as bait (Table 1). However, rainbow tnaitvadely distributed as food fish and hence
some of this product could be diverted to use as baitr@yb@round the country.

The bacterium has been isolated from water samplesgamg@robably persist in the environment for long
periods in both water and sediments. However introducticulpfclinically infected, asymptomatic carrier
fish is the most common route of spread of the disease,traiismission mainly horizontal through the
water between fish that co-habit the same ponds, or byofeco-oral routes (Vendrell et al. 2006). These
bacteria are very tolerant of freezing, remaining viabl&ozen fish for at least 6 months (Vendrell et al.
2006). These bacteria are susceptible to a broad range lmb#edi and disinfectants, though resistance to
some antibiotics has developed, while vaccines, probiatics phage therapy have all been successfully
utilised to control the disease (Vendrell et al. 2006).

Lactococcus garvieas known to occur naturally in some freshwater environmentseirsouth east of the
country, but to date is only known to cause disease in raittmo cultured under sub-optimal conditions
(Table 8). Taking into account the relatively small diti@s of these that are used as bait or berley (Table
1), but recognising that some of the product sold as food figld dx® diverted to use as bait or berley
around the country, the likelihood estimations for the occuoereof Lactococcus garvieaen these
commodities are listed below.

Release assessment for infection of salmonids withctococcus garvieae

Commodity Live Whole fresh Frozen Frozen | Frozen fish Frozen
type finfish dead finfish | whole finfish | fillets heads guts/offal
Likelihood of | Moderate Moderate Low Very Low Very Low Low
release
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5.6.6 Exposure assessment

Freshwater teleosts in the south east regions of Austsdialready at risk of exposure ltactococcus
garvieae but no outbreaks of disease have been recorded in anysptwées except cultured rainbow trout.
The quantities of rainbow trout sold as live bait is likidybe negligible, however recreational fishers may
still catch their own live bait at the fishing location, andmall proportion of anglers may use juvenile live
rainbow trout as bait in freshwater regions. Freshrazeih cultured rainbow trout are widely sold as food
fish throughout Australia, and some of this could be diveidadse as bait or berley in both freshwater and
marine environments around the country. Becdugmrvieaeis stable when frozen, a large percentage of
virus is likely to remain viable after thawing, this sugg#séd direct pathways exist for frozen rainbow trout
products used as bait or berley to enter both freshvaattimarine environments, thus potentially exposing
wild fish and crustaceans to viable garvieae Other significant pathways for exposure of fish and
crustaceans tb garvieaewould include disposal into natural waters of untrégieocessing wastes from
commercial processing premises.

Some fish species from regions in Australia where thissbaaot is not known to be enzootic (e.g. yellowtail
kingfish, Tilapia andMacrbrachiumspp.) are likely to be susceptible to infectionlbygarvieaecarried in
infected bait or berley, but infection would occur onhsiiffficient quantities of bacteria (i.e. an infective
dose) was introduced into an area where susceptible hastpresent. Eldar and Ghittino (1999) found the
L. garvieaeL D50 for rainbow trout via IP injection was 1.25 x*Ifu, suggesting the bacterium was very
pathogenic for trout exposed via this route. The LD50 for &laga IP injection with_. garvieaewas much
higher at 1.4 x 10cfu (Evans et al. 2009). Chang et al. (2002) found that isiareof rainbow trout in 1 x
10° cfu/ml was sufficient to kill 100% of fish in 1 week. @minimum doses required to infect susceptible
fish and crustacean species withgarvieaeby immersion do not appear to have been established.

Clinically diseased fish infected with garvieaecan have large numbers of bacteria in their interrgars.

In contrast, many infected fish may cary garvieae covertly in sub-clinical infections at very low
intensities (Vendrell et al. 2006). It appears possibleetbes, that an infectious dose could be transmitted
horizontally via the water in the immediate vicinity of bait berley that was clinically infected with
garvieae but this would probably not occur if the bait or berley wasduically infected. Fish could also
theoretically be exposed to an infectious dose vigodrensroute if they consumed a bait fish containing
bacterial levels typical of clinically infected fish.Clinically infected ranbow trout are likely to be
aquacultured only, and some states have bans on use of agegcphtoducts as bait (T. Hawkesford,
personal communication), but rainbow trout products remairaeifor bait and berley use if diverted
from product retailed for human consumption. Given thatvath exist for translocation and spread.of
garvieaeinto the environment via use of bait or berley, and acknowledbatgsusceptible hosts do exist in
Australia, but they may require exposure to reasonably loghentrations of the bacterium before they
become infected by the immersion route, the risk of expaseestablishment is non-negligible, and the
likelihood of exposure and establishment.ofjarvieaein new fish populations is considered tolLlmsv.

5.6.7 Consequence assessment

Lactococcus garvieais considered an opportunistic pathogen that rareyef, causes disease in healthy
unstressed fish. Disease outbreaks associated Lwidarvieaeare almost exclusively associated with
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cultured fish when they are injured or held at high dessitieder poor conditions. Avoidance of disease
outbreaks due to opportunistic bacteria such.agarvieaeis, therefore, based mainly on use of sound
husbandry practices, and as such is not simply relatebet@riesence or absence of the disease agent.
Disease caused Ry garvieaeis therefore unlikely to be a problem in wild fish andstaceans and its
presence is unlikely to have impacts on wild fisherieb@pbpulation level. The main consequences appear
those related to possible increased mortality as welh@eased costs of production in finfish aquaculture,
where use of antibiotics or production of effective waes would be required to prevent significant losses if
culture conditions are allowed to become sub-optimal. Bectnese bacteria is already present in the
Australian environment, the full extent of any increasesortatity rates that may occur due to translocation
of the disease agents via bait is difficult to assedsesd bacteria are not listed by the OIE, or NACA, and
remain on Tasmanias reportable disease list only, henaesgread is unlikely to have large impacts on
trade. Considering all of these factors, establishmethiteodisease would most likely have mild to moderate
biological consequences, which may be amenable to comtnol are not likely to cause irreversible
environmental effects. It is therefore estimated thatdonsequences of introduction Lof garvieaeinto
different parts of the Australian environment via use ofcitgfie bait or berley would likely deow.

5.6.8 Risk estimation

The unrestricted risk associated withctococcus garvieaes determined by combining the likelihood of
entry and exposure (from Table 5) with the consequencestaiflishment (Table 7). The unrestricted risk
estimate forLactococcus garvieadoes not exceed the ALOP for any of the commodity types, stigge
that additional risk management for this disease agewt required at this time.

Risk estimate for infection of salmonids withLactococcus garvieae

Commodity type Live Whole Frozen Frozen Frozen Frozen
finfish | fresh dead whole fillets fish heads| guts/offal
finfish finfish

Combined likelihood  Low Low Low Very Low | Very Low Low
of release and
exposure
Consequences of Low Low Low Low Low Low

establishment

Risk estimation Very low| Verylow | Verylow | Negligible | Negligible| Very low
risk risk risk risk risk risk
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5.7 Infection of salmonids withPiscirickettsialike bacteria (PLBS)

5.7.1 Aetiologic agent Piscirickettsialike gram negative obligate intracellular bacteriat #ne@ members
of the Class Gammaproteobacteria.

5.7.2 OIE List: No NACA List: No

5.7.3 Australias status:PLB infections have been reported from cultured Attaséilmon in Tasmania, and
this disease is reportable in Tasmania (Table 3b).

5.7.4 Epidemiology

In Tasmania, low level mortalities (<5%) in sea cageucett Atlantic salmon were associated with the
discovery of a rickettsia like organism (RLO) (Elliot 20@ti}h close affinities taPiscirickettsia salmonis
(see Corbeil et al. 2005, Corbeil and Crane 2009). The ohsktease usually occurs after transfer of fish
from freshwater to seawater net pens (Corbeil and G@@8). The source of the disease remains unknown,
but in other parts of the world it has been suggested tldhtnarine fish are likely candidates as reservoirs
for Piscirickettsialike bacteria (PLB) (Mauel and Miller 2002). Closely tethPLBs have caused disease
in white seabass Afractoscion nobilis in California (Chen et al. 2000a), groupeEpinephelus
melanostigmpain Taiwan (Chen et al. 2000b), and tilapia (Cichlidaedeweral countries including Taiwan,
USA and central America, though the disease agenitapiat may be more closely related Foancisella
than Piscirickettsia(see Colquhoun and Duodu 2011). Indeed, the emergeremsanfickettsialike and
Francisellalike gram negative obligate intracellular bacteria hag adverse effects on the profitability and
productivity of an increasing number of marine fish undtindustries worldwide (Mauel and Miller 2002,
Colguhoun and Duodu 2011).

Infections with PLBs result in systemic granulomataueations which affect internal organs, particularly
the spleen, kidney and liver, but skin, gills and virtually eveherobrgan can be damaged, including the
brain (Mauel and Miller 2002, Colguhoun and Duodu 2011). Mortaditg is variable, depending on the
identity of the affected host, the pathogen, and rearing womsli Coho salmonQncorhynchus kisutgh
appear to be particularly susceptibleRosalmoniswith heavy mortalities of over 90% being reported in
coho salmon cultured in seawater in Chile, while inidogr mortality in infected Atlantic salmon can be as
low as 0.06% (Mauel and Miller 2002).

Introduction of live, sub-clinically infected, asymptomatireer fish is the most common route of spread of
disease due to PLBs, with transmission mainly horizahtaligh the water between fish that are held in the
same water body at high densities (Mauel and Miller 2002,uBolgn and Duodu 2011). These bacteria are
somewhat susceptible to antibiotic therapy, but this doesamtitol the disease, while recombinant vaccines
are being developed to better control the disease (CarikiCrane 2009).
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5.7.5 Release assessment

Outbreaks of PLB in seacage cultured Atlantic salmomaamania suggest that PLBs occur naturally in
some areas of the marine environment in the south east@uh&y. However, there is no evidence to date
indicating whether PLBs occur in the marine waters of raaohlAustralia, although there are no barriers to
migration of marine fish from Tasmania to mainland watens, some species do migrate between these two
areas (Stanley 1978). In Australia, PLBs can be pathogersafimonids held in aquaculture, but they have
not been observed to cause disease in other native fapfesties. However, sciaenids such as white seabass
are known to be susceptible to PLB infection (Chen et al. 200®ad mulloway Argyrosomus
hololepidotu} is a sciaenid that is cultured in some areas of madnkustralia. Hence it is likely that
susceptible hosts for PLBs do occur in mainland Australid, some occurring under conditions known to
favour outbreaks of disease due to PLBs.

Given that PLBs are obligate intracellular disease agémey appear less likely to survive for long periods
in the marine environment than other heterotrophic bactefSA999b). Indeed, some isolates of PLBs
from marine fish are immediately inactivated in freshw@tannan and Fryer 1994, Chen et al. 2000a), but
may survive for up to 2 weeks in seawater, with higher titeezaining at 5°C compared to 15°C after 14
days (Lannan and Fryer 1994). Water temperature is inmpdida disease transmission, with bacterial
replication optimal between 15 and 18°C, becoming greatlydesfaabove 20°C and below 10°C, with
replication ceasing above 25°C (AQIS 1999b). The highest numbéeactdria in clinically diseased fish
usually occur in the spleen, kidney, and liver, but the septicaemture of the infection means that most
internal organs can be infected (Mauel and Miller 200R)sh of all ages are susceptible to the disease
(Corbeil and Crane 2009). Cultured salmonids and their ggoae wastes are not sold for bait or berley
(Grant Pullen, DPIWE Tasmania, personal communicatiofprd 2011), but fresh or frozen (but not live)
Atlantic salmon are widely distributed as food fish and bBesmme product could be diverted to use as bait
or berley around the country. However, a large proportionL&sPare inactivated by freezing (AQIS
1999b), with freezing reducing infectivity of the PLB from vehi#eabass by 100 fold (Chen et al. 2000a).

PLBs probably occur naturally in the marine environment offinffania, but to date they have only infected
cultured Atlantic salmon (Table 8). Taking into accotmetrelatively small quantities of these that are likely
to be used as bait or berley (Table 1), and the prevaldribe disease agent, the likelihood estimations for
the occurrence dPiscirickettsialike bacteria in these commodities are listed below.

Release assessment for infection of salmonids withBs

Commodity Whole fresh Frozen Frozen | Frozen fish Frozen
type dead finfish | whole finfish | fillets heads guts/offal
Likelihood of Moderate Very low Extremely Very low Very low
release low
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5.7.6 Exposure assessment

Several species of marine fish are likely to be exptsdtle PLB in the Tasmanian marine environment,
however the disease agent has only been recorded from cultilmetcAsalmon. Some marine fish species
in regions where PLBs are not enzootic are likely to beeqiile to infection by PLBs carried in infected
bait or berley, but infection would occur only if suffistequantities of bacteria (i.e. an infective dose) were
introduced into an area where susceptible hosts werenpres

Susceptible fish can become infected with PLBs via horitératasmission through the water with entry via
the skin, intestine and gills (Smith et al. 2004), but itas known whether vertical transmissioccurs
(Corbeil and Crane 2009)Smith et al. (1996a) found that the LD50 for coho salmon ieéeetith P.
salmonisvia IP injection was 1@ TCIDsy/g, and 16* TCIDsy/g for rainbow trout, and virulence of other
PLBs injected via the IP route was variable (c.*100° TCIDsy/fish) depending on the isolate used (House
et al. 1999). Bath immersion is the route of infectiorsthapplicable to assessing the risk of exposure via
use of bait and berley, and Birbeck et al. (2004) founditfettivity of a virulent (LD50 by IP injection <2

x 10’ rickettsial units) Scottish isolate Bf salmonisin Atlantic salmon via the bath immersion route was
much reduced, with a 1 hr bath challenge inTIDIDsy/mL causing only 10% mortality after 18 days, while
direct application of 2.5 x £0CID to the skin failed to induce any mortalities wit42 days. In contrast,
Smith et al. (2004) used coho salmon exposed 16 TOIDsyfish of P. salmonisto determine that contact
with skin (32% cumulative mortality) was most effectiverg portal, followed by intestine (16% mortality)
and gills (12% mortality).

Clinically diseased fish can have large numbers of PhBsternal organs, gills and skin, but infected fish
can also carry PLBs covertly in sub-clinical infectionsvaty low intensities (Arkush et al. 2006). The
minimum dose required to infect susceptible Australativa fish species with PLBs by immersion have not
been determined, however the disease can be transferredritalty by cohabitation of susceptible hosts
with infected fish (Mauel and Miller 2002). It may bespible, therefore, that an infectious dose could be
transmitted horizontally via the water in the immediateniy of bait or berley that was clinically infected
with PLBs, but this would probably not occur if the bait orldye was sub-clinically infected. Clinically
infected fish are likely to be aquacultured only, but cultww&dhonids and their processing wastes are not
sold for bait or berley (Grant Pullen, DPIWE Tasmapigsonal communication 8 April 2011). However,
fresh or frozen Atlantic salmon are widely distributedcesl fish and some product could be diverted to use
as bait or berley. Pathways therefore still existrfanslocation and spread of PLBs into the environment via
use of bait or berley, and susceptible hosts may existria plathe country where PLBs are not known to be
endemic, but susceptible hosts may require exposure to refstigh concentrations of the bacterium
before they become infected by the immersion route. Nwleds, the risk of exposure and establishment is
non-negligible, and the likelihood of exposure and establishmeRL8S in new fish populations is
considered to beow.

5.7.7 Consequence assessment

Disease outbreaks associated with PLBs are almokisaxaly associated with cultured fish when they are
held at high densities, therefore RLBs are unlikely to lmblpmatic in wild fish and their presence is
unlikely to have impacts on wild fisheries at the populatevel. The main consequences appear those
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related to possible increased mortality as welhaseased costs of production in finfish aquaculture, where
use of antibiotics or production of effective vaccinesuldobe required to prevent significant losses if
culture conditions are allowed to become sub-optimal. Bedhese bacteria are already present in some
parts of the Australian environment, the full extent of eugyeases in mortality rates that may occur due to
translocation of these disease agents via bait isuliffic assess. These bacteria are not listed by thedD|
NACA, and remain on Tasmanias reportable disease ligt bence their spread is unlikely to have much
impact on trade. Considering these factors, establishmethieafisease would most likely have mild to
moderate biological consequences, which may be amenatdeatrol, and are not likely to cause irreversible
environmental effects. It is therefore estimated thatdmsequences of introduction of PLBs into different
parts of the Australian environment via use of infected ldtdey would likely bé.ow.

5.7.8 Risk estimation

The unrestricted risk associated WRIscirickettsialike bacteria is determined by combining the likelihood
of entry and exposure (from Table 5) with the consequencestaiiliehment (Table 7). The unrestricted
risk estimate forPiscirickettsialike bacteria does not exceed the ALOP for any of the contyntypes,
suggesting that additional risk management for this dissgesat is not required at this time.

Risk estimate for infection of salmonids with PLBs

Commodity type Whole fresk Frozen Frozen fillets| Frozen fish Frozen
dead finfish | whole finfish heads guts/offal
Combined likelihood of Low Very low Extremely Very low Very low
release and exposure low
Consequences of Low Low Low Low Low
establishment
Risk estimation Very low Negligible Negligible Negligible Negligible
risk risk risk risk risk
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5.8 Infection of finfish with Yersinia ruckeri(Yersiniosis)

5.8.1 Aetiologic agent Yersinia ruckeria gram negative bacteriumthin the familyEnterobacteriaceae
5.8.2 OIE List: No NACA List: No

5.8.3 Australias status: Reported in Tasmania, Victoria and NSW, and isanptportable disease in any
state, although enteric redmouth disease caus&d hyckeri(Hagerman strain) is a reportable disease in all
states (Table 3b).

5.8.4 Epidemiology

The bacteriunersinia ruckericauses disease in cultured freshwater fishes worldwdaly salmonids,
but also eels, goldfish, carp and others (Tobback et al. 2@G0%pCand Wilson 2009). Infection with
ruckeri results in bacterial septicaemia and disease is cmstnonly detected due to exophthalmos and
blood spots in the eye. The severity of the disease endaept upon environmental conditions, being most
problematic at higher water temperatures and stocking esnsis well as the virulence of the variant of the
bacterium involved (Tobback et al. 2007). Acute infections iattwoth the 'Hagerman'’ strain are referred
to as enteric red mouth (ERM), however in Australia tteg#iman’ strain is considered exotic (Humphrey
et al. 1987), and a milder form of the disease that ocoufglantic salmon and rainbow trout is termed
yersiniosis (Carson and Wilson 2009). r&inbow trout infected witly. ruckerj the disease can affect fish
of all age classes. In larger fish the disease isnaty but acute disease outbreaks with cumulative losses
reaching 35% can occur in small fish up to fingerling sizpe@ally if they are reared in suboptimal
conditions at elevated temperatures or with poor watelitguy&arson and Wilson 2009). Survivors of
disease outbreaks can become asymptomatic carriersliddterium (Hunter et al. 1980).

The first signs of the disease observed in juvenile salmanil increased mortalities, followed by changes
in behaviour including swimming near the surface, moving séingi darkening and inappetence, followed
by development of a marked unilateral or bilateral exagdhtbs, often with patches of haemorrhagic
congestion on the iris of the eye (Carson and Wilson 2009airihow trout, subcutaneous haemorrhage in
the mouth and throat is strongly indicative of the diseaskehence the term enteric red mouth. In clinically
diseased fishy. ruckerimay occur in kidney, liver, spleen and the distal porticthefgastro-intestinal tract,

a site from which bacteria may be excreted to the veaiemn (Carson and Wilson 2009)ransmission of

Y. ruckeriis direct and horizontal with the primary source béamge numbers of bacteria shed in the faeces
of infected or carrier fishin clinically diseased fish, bacteria are detecteth@blood, while histologically,
salmon fry may contain overwhelming numbers of bacteria wWitsh concentrations detectable in
macrophages of kidney and liver sinusoids (Carson and \\A309).

5.8.5 Release assessment

Known hosts forYersinia ruckeriin Australia include cultured Atlantic salmon, with eéasolations from
rainbow, brown and brook trout (Carson and Wilson 2009), but ktfeevn susceptible species that occur in
Australia include redfin perch, eels, carp and goldftdbrfort 2004). In Australia, two biovariants of
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ruckeri are known to occur: serotype Olb, (biotype 1) and serotyp@a@itO1b, (biotype 2) (Carson and
Wilson 2009). Outbreaks of yersinosis in Australia have been reportedlmonids in Tasmania, Victoria
and NSW (Humphrey et al. 1987, Langdon 1988, Carson and Wilson, 28@®)given its ubiquitous

distribution worldwide, it is likely that the bacterium is entic in the Australian environment in other
regions as well.

Infected fish may carryr. ruckeriin sub-clinical infections at very low intensities, withrriers usually
reverting to a diseased state during stressful events (Hetraier1980). The highest numbers of bacteria in
clinically diseased fish usually occur in the internabams such as the kidney, liver, spleen and
gastrointestinal tract, while the bacterium is mainkgsent in the lower intestine of carrier fish (Hunteale
1980). The bacterium is able to persist in the environmeromgr periods in water (>4 months, see Hine
and McDiarmid 1997), sediments and biofilms (Tobback e2@0.7). Yersinia ruckeriis susceptible to a
broad range of antibiotics and disinfectants, though resistep some antibiotics has developed (Tobback et
al. 2007). Vaccines again¥. ruckeri have been successfully developed, and disease control using
probiotics has also been achieved (Tobback et al. 2007). Dheseria are tolerant of freezing and will
remain viable in frozen fish for at least 6 months (Aaderet al. 1994), though as for other bacteria, there
may be some loss of viability upon thawing.

Those fishes used as bait or berley in Australia thee feeen recorded as being infectedYoyruckeri
include goldfish, and salmonids (Table 8), while other baitispeknown to be susceptible to the bacterium
include carp and redfin perch. Live goldfish may be illggased as bait by some recreational fishers
(Lintermans 2004), while cultured salmonids and their praogssastes are not sold for bait or berley, but
fresh or frozen trout and Atlantic salmon are widebtrithuted as food fish and hence some of this product
could be diverted to use as bait or berley around thetrgounTaking these factors into account, the
likelihood estimations for the occurrenceYofruckeriin these commodities are listed below.

Release assessment for infection of finfish withiersinia ruckeri

Commodity Live Whole fresh Frozen Frozen | Frozen fish Frozen
type finfish dead finfish | whole finfish | fillets heads guts/offal
Likelihood of | Moderate Moderate Low Very Low Very Low Low

release

5.8.6 Exposure assessment

Freshwater teleosts in the south east regions of Aiastred already at risk of exposureXersinia ruckeri

but no outbreaks of disease have been recorded in any spideeshan cultured salmonids. No salmonids
are known to be sold as live bait, however recreationaérfis may still catch their own live bait at the
fishing location, and a small proportion of anglers may i fdainbow trout or goldfish as bait in
freshwater regions. Fresh or frozen cultured Atlaséitmon and rainbow trout sold as foodfish could also
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be diverted to use as bait in both freshwater and manweoaments around the country. Becalse
ruckeriis stable when frozen, a large percentage of bacterilikely to remain viable after thawing. This
shows that direct pathways exist for viaWeruckerito enter both freshwater and marine environments in
several products that could be used as bait or berldher Qkely pathways for exposure of marine and
freshwater fish tor. ruckeriwould include disposal into natural waters of untregietessing wastes from
commercial processing premises.

At least some species of fish in Australia (e.g. redérch, carp) are likely to be susceptible to infectipn b
Y. ruckericarried in infected bait or berley, but infection woolttur only if sufficient quantities of bacteria
(i.e. an infective dose) was introduced into an arbare susceptible hosts were present. Hunter et al.
(1980) observed that live carriers transmit¥educkerito clinically healthy fish via co-habitation when the
temperature was raised to 25°C, whereas unstresseat @iatr did not. The infectious dose for transmission
of Y. ruckerito rainbow trout by immersion is high, in the order of 100° CFU/mL at 16 to 23°C, which
caused between 0 and 30% mortality depending on the biovafidiné dacterium used (Tobback et al.
2009). The route of infection of fish exposed to high da$és ruckerivia bath immersion was mainly the
gills, followed by the skin and gut, with rapid spread andiptmce of infection of internal organs only
occurring in fish exposed to virulent strains (Tobback e2@D9). The bacterium was reisolated from the
internal organs of clinically normal fish at concetitnas of between f0- 1C0%cfu/g of tissue, and from
clinically diseased fish at 18 1Fcfu/g of tissue (Tobback et al. 2009).

Clinically diseased fish infected with. ruckerican have large numbers of bacteria in their interrgd s,
but many infected fish may car¥y ruckericovertly in sub-clinical infections at low intensitiedunter et al.
1980, Tobback et al. 2009). It appears theoretically possheegfore, that an infectious dose could be
transmitted horizontally via the water in the immediateniy of bait or berley that was clinically infected
with Y. ruckeri, but this would probably not occur if the bait or berley was-durically infected. Fish
could also theoretically be exposed to an infectious @@s¢heper-osroute if they consumed a bait fish
containing bacterial levels typical of clinically infedtdish. Clinically infected fish are likely to be
aquacultured only, and some States have bans on use of ageadqoittducts as bait, but salmonid products
remain available for bait or berley use if diverted frpraduct retailed for human consumption. Whether
any clinically infected salmonids are sold for humansconption is not known at this time. Given that
pathways exist for translocation and spreadYofruckeriinto the environment via use of bait, and
acknowledging that susceptible hosts do exist in Australiahlbytmay require exposure to reasonably high
concentrations of the bacterium before they become infdénteghe immersion gper-osroutes, the risk of
exposure and establishment is non-negligible, and the likelihoexpokure and establishmentYofruckeri

in new fish populations is considered to\tary low.

5.8.7 Consequence assessment

Yersinia ruckeris considered an opportunistic pathogen that rarely causeseligehealthy unstressed fish.
Disease outbreaks associated Witlruckeriare almost exclusively associated with cultured saldsowhen

they are injured or held at high densities under poor conditignmidance of disease outbreaks due to
opportunistic bacteria such &s ruckeriis, therefore, based mainly on encouragement of sound husbandry
practices, and as such is not necessarily related tsirtipde presence or absence of the disease agent.
ruckeriis highly unlikely to cause disease in wild fish and itsspnee is unlikely to have impacts on wild
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fisheries at the population level. The main consequeme=aathose related to possible increased mortality
as well as increased costs of production in salmonid aquesulvhere use of antibiotics or production of
effective vaccines would be required to prevent loskesiliure conditions are allowed to become sub-
optimal. Because these bacteria is already present iAustialian environment, the full extent of any
increases in mortality rates that may occur duedostocation of the disease agents via bait is difficult t
assess. These bacteria are not listed by the OIE, @ANAr on any State reportable disease list, hence
their spread is unlikely to have adverse impacts on tr@amsidering all of these factors, establishment of
the disease would most likely have mild biological conseqsemwehich are amenable to control, and are not
likely to cause irreversible environmental effects. Ittherefore estimated that the consequences of
introduction ofYersinia ruckerinto different parts of the Australian environment via usmfected bait or
berley would likely bé/ery low.

5.8.8 Risk estimation
The unrestricted risk associated witarsinia ruckeris determined by combining the likelihood of entry and
exposure (from Table 5) with the consequences of establisi{franie 7). The unrestricted risk estimate for

Yersinia ruckeridoes not exceed the ALOP for any of the commodity types, sugméisét additional risk
management for this disease agent is not requiredsétrtie.

Risk estimate for infection of finfish with Yersinia ruckeri

Commodity type Live Whole Frozen Frozen | Frozenfish| Frozen
finfish fresh dead| whole fillets heads guts/offal
finfish finfish
Combined Very Low | Very Low | Very Low| Extremely Extremely | Very Low
likelihood of release Low Low
and exposure
Consequences of | Very Low | Very Low | Very Low| VerylLow| Verylow| VeryLow
establishment
Risk estimation Negligible Negligible | Negligible | Negligible | Negligible | Negligible
risk risk risk risk risk risk
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5.9 Infection of finfish with Aphanomyces invadani&Epizootic Ulcerative Syndrome)

5.9.1 Aetiologic agent Aphanomyces invadarsn oomycete fungus from the Family Saprolegniaceae.
5.9.2 OIE List: Yes NACA List: Yes

5.9.3 Australias status:Reported in QLD, NSW, Victoria, SA, NT and WA andaiseportable disease in
all states excluding QLD and the ACT (Table 3b).

5.9.4 Epidemiology

Systemic mycoses consistent with epizootic ulcerativersymel (EUS) caused by the fungdghanomyces
invadanswere first reported in Australia in the early 1970’s Kénozie and Hall 1976, Fraser et al. 1992,
Arthur and Subasinghe 2002). The emergence of EUS throughoualisuand Asia represented a regional
panzootic caused by the spread of a single cloe ofvadanghroughout the region (Callinan et al. 1995,
Lilley and Roberts 1997, Lilley et al. 1997, Roberts 2001). Rhahdms have also been associated with
some EUS outbreaks, and secondary gram-negative bactesaably infect EUS lesions, howevé.
invadansis recognised as the primary disease agent (OIE 2010b). sH5td&nly problematic in Australasia
and the Indo-Pacific region (Fraser et al. 1992, Callirtaal.e1995, Lilley and Roberts 1997), however
similar ulcerative mycotic diseases were recorded froimagse fish along the east coast of the United
States for a number of years (Dykstra et al. 1989),Aaridvadanswas also eventually implicated in that
region (Vogelbein et al. 2001, Blazer et al. 2002, Saylot. &@040). Over 76 species of wild and cultured
fishes are known to be naturally affected, though someespaacluding carpQyprinus carpid, Nile tilapia
(Oreochromis niloticus and milkfish Chanos changsare considered to be resistant to infection (OIE
2010b). The disease is characterised by reddened ulcedativel lesions that become visible on the
surface of affected fish a few weeks after periods effpeainfall (Fraser et al. 1992, Kiryu et al. 2003).
The presence of the fungus causes an invasive necrotising disrmiki a prominent granulomatous host
response in affected muscle, and can result in epizoatitalities of up to 100% in affected fish populations
that occur in water less than 9 ppt salinity over a widepezature range (18 - 30°C) (Fraser et al. 1992,
Callinan et al. 1995, Lilley and Roberts 1997, Saylor e2@10). It is believed that only the zoospores are
capable of attaching to the damaged skin of fish and gatimg into hyphae (OIE 2010b). If the zoospores
cannot find the susceptible species or encounter unfavou@idéions, they can form secondary zoospores
which can encyst in the water or pond environment until conditfavour their activation. How the
Aphanomycepathogen or its spores survive after the outbreak is stillean as outbreaks usually occur
about the same time every year in endemic areas (OIE 20T6kgtment is only applicable to captive fish
and often has limited success because antifungal aggigo be toxic to the fish, or do not penetrate the
body deeply enough to reach the pathogen, which invades deep imughke tissue and internal organs
(Campbell et al. 2001, Saylor et al. 2010).

BecauseA. invadansis not tolerant of salt and can only be transmitteccéffely in brackish and
freshwaters, the spread of the disease agent throughout paasyof Australia and Asia has most likely
been through translocation of live fish (Callinan etl&805, Lilley et al. 1997), though natural movements of
wild fish during flood events could also explain some of thiead. There is no information to indicate that
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fish can be lifelong carriers &. invadans Most EUS infected fish die, and although some mileé\wen
moderately infected fish can recover, they are unlikelyet lifelong carriers (OIE 2010Db).

5.9.5 Release assessment

In Australia EUS is primarily a disease of estuarish,fiparticularly mullet Nlugil cephalug, yellowfin
bream Acanthopagrus australjsand whiting Sillago spp.), however, EUS has been reported from a wide
range of wild fishes (Pearce 1990, Humphrey and Pearce 20043lso cultured silver percBidyanus
bidyanu3 and Murray codNlaccullochella peel)i (NACA 2010). EUS has been recorded from Queensland,
NSW, the Northern Territory and Western Australia @destricted to areas of low salinity (0O - 9 %o).
Mullet are highly susceptible to EUS (McKenzie and Hall 1%@ser et al. 1992, Roberts 2001) and this
species is very popular for use as live and fresh deaddvadt Yariety of estuarine fish and crab species
throughout Australia (Ross 1995). Whitingillago ciliatg) and breamAcanthopagrus australjsare also
commonly used as bait and are sometimes translocatedifféent river systems in southern QLD and
northern NSW through movements of live fish by recreatiosakfis (Diggles, personal observation). The
families and species of fishes known to be susceptibl&® &hd used as bait in Australia (Table 8) include
F. Ambassidae, goldfish, F. Cichlidae, F. Eleotridge,Lutjanidae, F. Melanotaeniidae, F. Muglidae,
Nematalosaspp., F. Sillaginidae, F. Sparidae, F. TeraponidaeTaratesspp.

Estuarine and freshwater finfish are not generally solivasbait in retail outlets, but some (e.g. mullet,
goldfish, Nematalosaspp., F. Sillaginidae, F Teraponidae) are sometiméscoedl at the fishing site and
used as live bait by recreational fishers. Fresh dehdafis sometimes available locally from commercial
fishing co-operatives, while frozen baitfish (e.g. millare used in large quantities and are widely available
at thousands of retail outlets (tackle shops, servit®mesa supermarkets) throughout Australia (Kewagama
Research 2002, 2007, Table 1). Hyphadoinvadansthat penetrate the muscle of infected fish are well
protected from desiccation and chemical treatm@ésnpbell et al. 2001, Saylor et al. 2010) and like other
Aphanomycespp. are likely to survive in fresh chilled product for 2rmre weeks (Oidtmann et al. 2002).
Zoospores oA. invadanscan encyst and survive in the environment for at least 19 mtaysded salinity
does not exceed 4 ppt (Kiryu et al. 2003, OIE 2010b). Howevemiililely thatA. invadangs resistant to
freezing, as has been shown that hyphae and sporeslafea fangusAphanomyces astgaire inactivated

by freezing to -20°C for 72 hours (Oidtmann et al. 2002),iadeed, freezing at -5°C for 72 hours is also
effective for inactivating both spores and hyphadptfianomycespp. (Oidtmann et al. 2002). Taking this
information into account, together with the large quassitf susceptible fishes used as bait or berley, the
likelihood estimations for the occurrencefofinvadangn these commodities are listed below.

Release assessment for infection of finfish withphanomyces invadans

Commodity Live Whole fresh Frozen Frozen | Frozen fish Frozen
type finfish dead finfish | whole finfish | fillets heads guts/offal
Likelihood of High Moderate Extremely | Extremely| Extremely | Extremely
release low low low low
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5.9.6 Exposure assessment

Freshwater and estuarine teleosts in several regions dfabaisare already at risk of exposure Ao
invadans,but it is not known to what extent that freshwater aridagme teleosts in other parts of the
country are exposed #. invadansby natural movements of fish. Mullet and other baitfish kmaavbe
susceptible tAA. invadansare sold frozen throughout the country via retail outsetsh as fishing tackle
shops, service stations and supermarkets. However freezingpfe than 3 days is likely to deactivate both
hyphae and zoospores, virtually eliminating the risk ahdfer of infection via frozen bait. In contrast,
movements of live fish and fresh (chilled, unfrozen) proéhach areas whera. invadands known to occur
could transmit the disease agent to new regions, but fomfected bait was used in low salinity waters at
temperatures near the optima for the pathogen (18 — 30°C)u(l€iryal. 2003, 2005). Infection bA.
invadansis horizontal through the water via contact with infeetzoospores which cease to become
infective at salinities between 2 and 4 ppt (Blazer eR@02; Kiryu et al. 2003, 2005). Nevertheleas,
invadanshas a wide host range, and it is likely that susceptibés will occur in at least some areas where
the disease agent is currently not recorded. Howevectimfiewould occur only if sufficient quantities of
viable zoospores (i.e. an infective dose) were introdutiedain area where susceptible hosts were present.

Aphanomyces invadans extremely virulent to some hosts, with the LD50 (lethadedkilling 50% of
exposed fish) for menhaden via inoculation of zoosporestirgaoskin being 9.7 zoospores (Kiryu et al.
2003), however, in that study some fish receiving an esttnsingle zoospore developed infections that
resulted in death (Kiryu et al. 2003Aphanomyces invadamgas also pathogenic via the immersion route,
but a much higher dose was required, with fish exposed to @68pares/ml exhibiting 14% lesion
prevalence and 11% mortality (Kiryu et al. 2003). Mortaldayes increased, however, in fish which had
existing skin damage prior to exposure (handled by a net),those exposed to the same concentration of
zoospores experiencing significantly higher lesion prevalence)(&48omortality (64%) (Kiryu et al. 2003).

Unfrozen bait has a limited shelf life and is usually osipplied by local fisheries co-operatives and is
unlikely to be translocated long distances. Similarlpfish for use as live bait are generally not
commercially available in Australia, and the quantibégranslocated live fish are likely to be relatively
small. HoweverA. invadandgs a highly infectious, highly pathogenic, highly invasive primaayhogen in
susceptible fish species (Kiryu et al. 2003). Because sif e risk of exposure and establishment is non-
negligible, and the likelihood of exposure and establishmem, afivadansin new fish populations is
considered to b®loderate.

5.9.7 Consequence assessment

When fish become infected with invadansn a new area, mortality can occur in all size dagsf fish, and
therefore this disease has the potential to cause satiifitamage to fish populations. While the full extent
of its host range remains unknowh, invadansis known to cause mortality in a wide range of freshwater
and estuarine fishes, including commercially important fiseeind aquaculture species. EUS is listed by
the OIE and NACA and is a reportable disease in all Sextsspt QLD and the ACT (Table 3b). Hence the
spread of this pathogen can still have adverse impacts immaiadr international trade. Considering all of
these factors, establishment of the disease in new ara#d have significant biological consequences,
which may not be amenable to control, and could cause s@mtifenvironmental effects. It is therefore
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estimated that the consequences of introductiorA.ofinvadansinto different parts of the Australian
environment via use of infected bait would likelyMederate.

5.9.8 Risk estimation

The unrestricted risk associated wiphanomyces invadans determined by combining the likelihood of
entry and exposure (from Table 5) with the consequencestaiflishment (Table 7). The unrestricted risk
estimate forAphanomyces invadarexceeds the ALOP for live finfish and whole fresh finfisbggesting
that additional risk management is required for disgase agent in these commodities.

Risk estimate for infection of finfish with Aphanomyces invadans

Commodity type Live Whole Frozen Frozen Frozen Frozen
finfish | fresh dead| whole fillets fish heads| guts/offal
finfish finfish
Combined Moderate| Moderate | Extremely Extremely | Extremely| Extremely
likelihood of release low low low low

and exposure

Consequences of | Moderate| Moderate| Moderate Moderate  Modergte Moderate
establishment

Risk estimation | Moderate| Moderate | Negligible | Negligible | Negligible | Negligible
risk risk risk risk risk risk

DWH FRDB@oject No. 2009/072, Final Report July 2011 112

www.digsfish.com



5.10 Infection of finfish with Microsporidians

5.10.1 Aetiologic agent:Intracellular protozoan parasites of fishes from tres€Microsporea.

5.10.2 OIE List: No NACA List: No

5.10.3 Australias statusMicrosporeans have been reported from finfish in atesteand no microsporeans
from finfish are listed as reportable diseases in Alist(@able 3b).

5.10.4 Epidemiology

Microsporeans are obligate, intracellular parasiteg infect arthropods, fish, and mammals (Lom and
Dykova 1992). In fish, microsporidian infections can odowarious tissues, often in grossly visible cysts
(xenomas) in the gills, musculature or internal orgaise lifecycle is usually direct, with horizontal
transmission via ingestion of infective spores in the w@dent et al. 1995) after spore release from skin,
faeces and urine of live hosts or after decomposition of Hesis (Lom et al. 2000). An intermediate host
may be involved in the lifecycle of some microsporidian sggei/ossbrinck et al. 1998) and crustaceans
may act as vectors (Canning and Lom 1986). Host specifi@tyes, but can be low with some
microsporidian species infecting a wide range of hostsn(and Dykova 1992). Free spores are resistant to
external conditions and can remain infective for many momhinsng which time they may be ingested by
predators or scavengers, while infection can also occaughrpredation on infected individuals (Lom and
Dykova 1992). In some parts of the world, microsporidian jgaslsave caused serious disease and reduced
the marketability of product obtained from populations of wald cultured fish (Kent et al. 1995,
Sutherland 2002, Miller 2009). Affected fish can exhibit anomalweisaviour, become emaciated, and
develop grossly visible lesions and/or discolouration fefcééd organs (Lom and Dykova 2002).

5.10.5 Release assessment

In Australia, a range of finfish species used as laikaown to harbour microsporidian infections (Table 8),
including members of the Families Clupeidae, Eleotjd&ngraulidae, Gempylidae, Labridae, and
Monocanthidae, while a range of other hosts are alsoy litcelbe infected by microsporidians that are
currently unknown and/or undescribed. These host speciedbavifbound in a range of environments
throughout the country, however the extent of the distributidrthieo various species of microsporidian
parasites remains largely unknown. Due to the large nunabéishers who utilise marine and freshwater
finfish as bait (Table 1, Kewagama Research 2002, 2007e lotmes of fish species likely to be
susceptible to microsporidians are being used as baitrdrefley around the country. Most of this is likely
to be frozen whole baitfish, though use of lesser quantitidresh chilled baitfish, and small quantities of
live bait collected by recreational fishers, is alsolyike occur.

The lifecycle of most microsporidians that infectfis direct, with horizontal transmission via exposure to
infective spore stages by immersionpar-osroutes. The likelihood of release will depend on the alufity

infective stages to remain viable under the conditions of Lifeew hosts as bait or berley, and it appears
that microsporidian spores can remain viable in the nagmratonment for months to years. For example,
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spores ofLoma salmonaeemained viable when stored in freshwater or seawatCGifor up to 95 days
(Shaw et al. 2000), and spores@lugea stephaniemained viable after 17 months at 5°C (Amigo et al.
1996). In contrast,. salmonaespores were unable to infect salmon after being froze20&C for 24 hours
(Shaw et al. 2000). However, it appears that the viahbilitynicrosporidian spores after freezing varies
widely, depending on the species studied. Amigo et al. (1906318.6% of spores @. stephanremained
infective after being frozen at -19°C for 24 hours. Sinyilaspores ofNosemea apisrom honey bees
remained viable after 24 hours at -20°C, but spores fEmmoephalitozoonspp. that infect terrestrial
vertebrates became deactivated after identical treatthemind Fayer 2006). In contrast, Koudela et al.
(1999) found that spores Bihcephalitozoortuniculi survived freezing for 24 hours at -20°C and remained
infective.  Clearly, given the paucity of data availabter the freeze resistance of spores from
microsporidians that infect fishes in Australia, inist possible to make general conclusions as to whether
freezing is likely to deactivate spores of some orfalhese disease agents.

Taking into account the large quantities of finfish pradwsed as bait or berley (Table 1), and also the fact
that microsporidian infections have been recorded froamger of fishes used as bait throughout the country,
but usually at low prevalences, the likelihood estimations fier dccurrence of viable microsporidian
parasites in these commodities are listed below.

Release assessment for infection of finfish with migsporidians

Commodity Live Whole fresh Frozen Frozen | Frozen fish Frozen
type finfish dead finfish | whole finfish | fillets heads guts/offal
Likelihood of High Moderate Low Low Low Low

release

5.10.6 Exposure assessment

Teleosts throughout marine and freshwater environments inahasare likely to be already at risk of
natural exposure to infective stages of microsporididf#ewever, large quantities of fresh or frozen whole
or processed marine fish are offered for sale asdpditerley via wholesale outlets such as commercial
fishing co-operatives, or packaged for resale at retaléts such as fishing tackle shops, service stations and
supermarkets. Finfish infected with microsporidianemfshow grossly visible signs of disease such as
xenomas in the flesh, which would be identified and tegeduring normal quality control procedures used
for fresh or frozen food fish, largely eliminating th&thway of exposure via diversion of food fish for use as
bait or berley. However, even heavily infected fish wgitbss signs of disease would still be harvested and
considered acceptable for use as bait. This suggestsdettmhthways exist for translocated fish products
infected by microsporidians to enter both freshwaterraadne environments via their use as bait or berley,
thus potentially exposing potentially susceptible wihfio viable infective stages of novel microsporidians.
However, infection and establishment would occur only if sifficquantities of infective stages (i.e. an

DWH FRDB@oject No. 2009/072, Final Report July 2011 114

www.digsfish.com



infective dose) were introduced into an area where suilE=hbsts were present under conditions suitable
for transmission.

Most microsporidians are transmitted directly (Kenale 1995), but the minimum infective dose of viable
spores required for successful transmission has notdetermined for the majority of species, and will also
probably vary depending on the identity of the host and its menatatus (Shaw et al. 2001, Rodriguez-
Tovar et al. 2011). Infection can be achieved by co-haditavith infected fish, with ingestion of spores
occurring via theper-osroute (Shaw et al. 2001). After ingestion, the spores #mestomach, germinate in
response to the pH change and the sporoplasm penetratesheha¢mell of the gut wall (Kent and Speare
2005). This is followed by multiplication within the hostld®y merogony, which is then followed by
sporogony (Lom and Dykova 1992, Shaw et al. 2001, Kent and Speare 2@iuRz-Tovar et al. 2011).
When this sequence of infection is considered, it iardieat infection can be achieved after exposure to a
dose as small as a single viable spore, though the doseetetucause host mortality will depend on many
factors (Rodriguez-Tovar et al. 2011). One xenoma froighaly infected fish may contain thousands of
spores, while one heavily infected fish with many xenomasauatain literally millions of spores (Lom and
Dykova 1992).

Given that pathways exist for translocation and spreadatie microsporidians into the environment via
use of bait, and acknowledging that some microsporidiansnéeet & range of susceptible hosts (but others
may not), and the infective doses required for transomgsay be very small in comparison to the parasite
burden carried by a single infected fish, the risk of eyp® and establishment is non-negligible, and the
likelihood of exposure and establishment of microsporidiansein fish populations is considered to be
Moderate.

5.10.7 Consequence assessment

Fish of all size classes can become infected witlhasporidians. In susceptible species, disfigurement and
reduction of market value of affected fishes can resuiconomic losses, while heavy mortalities of wild
and cultured fish have been recorded in some parts ofvtinkel where microsporidian outbreaks have
occurred. This suggests that some microsporidians haveotkatial to cause significant damage to fish
populations and aquaculture, though there are examples ofsfuddeeatment of microsporidian infections
through use of vaccines and immunostimulants (RodriguezrTetval. 2011). While the full range of
microsporidian parasites and their susceptible hostsustrélia remain to be determined, microsporidians
have already been recorded from a wide range of teleosisth freshwater and marine environments. No
microsporidian diseases of teleosts are listed by tlheddINACA and none are reportable diseases in any
State (Table 3b). Hence the spread of these disease &gentkely to have adverse impacts on trade.
Considering all of these factors, establishment of mmodadians in new areas would have moderate
biological consequences, which may be amenable to coatmlcould cause some unwanted environmental
effects. It is therefore estimated that the conseageotintroduction of microsporidians into differenttgar

of the Australian environment via use of infected bait wdilkely be Low.
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5.10.8 Risk estimation

The unrestricted risk associated with microsporidigiaction is determined by combining the likelihood of

entry and exposure (from Table 5) with the consequencestaiflshment (Table 7). The unrestricted risk
estimate for microsporidians exceeds the ALOP for liméisih and whole fresh dead finfish, suggesting that
additional risk management is required for these dissgeats in these commodities.

Risk estimate for infection of finfish with microsporidians

Commodity type Live Whole Frozen Frozen Frozen Frozen
finfish fresh dead| whole fillets fish heads guts/offal
finfish finfish
Combined likelihood Moderate| Moderate Low Low Low Low
of release and
exposure
Consequences of Low Low Low Low Low Low
establishment
Risk estimation | Low Risk | Low Risk | Very Low | Very Low | Very Low | Very Low
Risk Risk Risk Risk
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5.11 Systemic amoebic infections of goldfish

5.11.1 Aetiologic agent Amoebae-like protozoa that infect goldfish and otheisimf

5.11.2 OIE List: No NACA List: No

5.11.3 Australias status: Systemic amoebiasis has been reported in goldfish@bBy NSW and Victoria
and is not a reportable disease in any State (Table 3b).

5.11.4 Epidemiology

Systemic granulomatous infections caused by enigmatic protbawe been reported from goldfish
(Carassius auratysin many countries (Voelker et a. 1977, Dykova et al. 1996)udimgy Australia
(Langdon 1988). Various species of amoebae have been implicatdaling Naegleria spp. and
Acanthamoebapp. (see Wilson et al. 199%Jannella platypodieandRosculus ithacug§See Dykova et al.
1996, 1998), and members of the Family Hartmannellidae (sexké&f et al. 1977). Some earlier
descriptions classified the agents involved &gerinocystidiurike” (see Kovacs-Gayer et al. 1986,
Langdon 1988, Lansberg and Paperna 1992). One of the granulomateasediin Australian goldfish is
due to infection b¥Endolimax nanaan amoeba with affiliations to the Entamoebidae (Pye2i#8). The
prevalence oE. nanaincreases with increasing water temperatures, althgughulomas may be present
year round (Pyecroft 2008). Experimental infections suggestréremission withe. nanais direct and that
infection can occur via IP injection as well as the ooate (Pyecroft 2008). The main target organ is the
kidney, though the spleen and other internal organs imguthe brain may also be involved in more
advanced infections (Landsberg and Paperna 1992, Dykova2804). Prevalence can approach 100% and
morbidity and mortality rates of affected fish cantigh in rearing systems where fish are held at high
densities. Free living amoebae are commonly detected in agisarexample DeJonckheere (1979) found
100% of aquaria maintained between 28 and 37°C had high leeisogbae, mainly the gendéXaegleria
and Acanthamoeba It is likely, therefore, that amoebic infections goldfish are due to opportunistic
invasion of stressed hosts by free living amoebae (Dykoak 2001).

5.11.5 Release assessment

In Australia, as for diseases of other species ofroemtal fishes (Wickins et al. 2011), amoebic infections
can occur at high prevalences in goldfish in retail stotteis known that goldfish are sometimes used as live
bait by recreational fishers in freshwater areas (Whttiimgand Cullis 1988, Humphrey and Ashburner
1993, Lintermans 2004), though the quantity used is likely tesrb&l. This suggests there is a direct
pathway for release of amoebae from goldfish into the enwieoh via their use as bait. There is little
information published in relation to host specificity oéd living amoebae capable of colonising fish,
although their ability to do so is probably related to environateonditions that determine the number of
amoebae present in the water, the route of entry asawelie immune status of the host. There is little
information available on their resistance to physical ahemical treatments or freezing. Taking into
account this information and the relatively small quaetitof goldfish used as bait, as well as the high
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prevalence of the disease agent, the likelihood estimatianghé& occurrence of amoebae in these
commodities are listed below.

Release assessment for systemic amoebic infections otiish

Commodity type Live Whole fresh
goldfish | dead goldfish

Likelihood of release High Moderate

5.11.6 Exposure assessment

Freshwater teleosts in several regions of Australia wieees populations of goldfish have established are
already at risk of exposure to amoebae carried by goldfishfreshwater teleosts throughout the country
are also highly likely to be naturally exposed to free livingpabae in the environment. It is not known
whether other species of freshwater teleosts are siuseepd amoebic infections, but granulomatous
amoebic infections of internal organs are uncommon iveéteshwater fishes, suggesting that the disease
is mainly problematic only in goldfish held at high densitiddovements of live goldfish via their use as
bait could transmit the disease agents to new regionsheulisease is already likely to be widespread
throughout the ornamental goldfish industry and these feskad throughout the country. Natural infection
by free living amoebae in wild fish is possible (Taylor 19740t amoebic infections in wild fish are
extremely uncommon and directly related to poor water gualitvater contamination (Taylor 1977).

Use of goldfish as live bait in Australia is illegal, boay still occur on a small scale, and the quantities of
translocated live fish are likely to be relatively sindlhe amoebic infections in goldfish are due to invasion
of compromised fish by opportunistic free living amoebae #rat also likely to be widespread in the
environment. These disease agents are likely to be ubiqatmi®ecome problematic only in situations
where water quality becomes degraded. Because of thiadtigonal risks of exposure and establishment
of amoebae from goldfish used as bait appéegligible, the combined likelihood of release and exposure
are therefore negligible, and no further analysis isirequ
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5.12 Infection of finfish with scuticociliates (includingUronemaspp.)

5.12.1 Aetiologic agent Scuticociliates (Protozoa: Ciliophora) that infeofish.
5.12.2 OIE List: No NACA List: No

5.12.3 Australias status:Scuticociliate infections have been reported in QLE,a®d Tasmania and this
disease is not a reportable disease in any State Jlable

5.12.4 Epidemiology

Systemic infections by scuticociliates are problemati¢hen aquaculture of a wide variety of species of
marine fishes in many parts of the world (Alvarez—Pedlitet al. 2004, Kim et al. 2004, Smith et al. 2009),
including Australia (Munday et al. 1997). Under certainurinstances, these free living ciliates can infect
the gills, skin, muscle and internal organs (including lireein) and can be highly histophagous, rapidly
destroying infected tissues and causing epizootic meetalitSeveral genera and species of scuticociliates
have been implicated in systemic infections of farmeld iilsrecent years, with the majority of important
pathogens placed within the family Philasteridae (Gad @040). The main pathogens includeamensis
avidus (syn. Philasteroides dicentrarchisee Parama et al. 2006) which occurs in juvenile seahorses
(Rossteuscher et al. 2008), seab&¥sentrachus labraxand turbot $cophthalmus maximus Europe,
olive flounder Paralichthys olivaceysin Korea (Jung et al. 2007), and kingfiSe(iola laland) and groper
(Polyprion oxygeneigdingerlings in New Zealand (Smith et al. 2008yonema marinumn many species
worldwide, including groper in New Zealand (Smith et 2009), andU. nigricans in many species
worldwide, including southern bluefin tunéhynnus maccoyin Australia (Munday et al. 1997).

Free living scuticociliates feed mainly on bacteria, brg opportunistically histophagous (Crosbie and
Munday 1999). Juvenile marine finfish in aquaculture systeppear to be particularly susceptible to
scuticociliate infection during early growout, a stage nehigsh are held at high densities in tanks that
usually contain nutrient enriched water containing high rermiof bacteria. The enrichment of the rearing
environment is probably due to the high availability of fisadf@uring processes such as feeding of live
foods and weaning onto formulated pellet diets. Indeedteiti@nsities in rearing tanks can reach 10
ciliates/L (Smith et al. 2009) or more, which are levetshrenough to facilitate horizontal infection of fish
by ciliates that switch to a histophagous mode of natrifung et al. 2007, Song et al. 2009). Besides
environmental variables, the immune status of the host idikddp to be important (Munday et al. 1997).
Control of the disease can be difficult and depends on ireglueutrient loads in rearing tanks,
chemotherapeutic control of ciliate numbers and boosting immparfermance of the fish (Munday et al.
1997, Crosbie and Munday 1999). The increasing frequency oftsegfalisease caused by scuticociliates
in recent years may be due to increased activityultuing marine finfish globally, though reductions in
inshore water quality (e.g. organic enrichment) mayg alscount for some of the observed changes, given
that this would favour the ciliates and potentially immeumpress juvenile fish, facilitating infection by
opportunistic pathogens.
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5.12.5 Release assessment

Scuticociliate infections have been observed in aquacdltsoeithern bluefin tuna in South Australia
(Munday et al. 1997), barramundiates calcarifey and barramundi codCaromileptes altivelisin QLD
(B.K. Diggles and M. Landos, personal observations) angdestrtrumpeter in Tasmania. These ciliates
occur naturally in the environment and can infect a wide rafdish species that occur in marine waters
around the country. The prevalence and intensity efrabscuticociliate infections in wild fish in Australia
are unknown, but are likely to be very low, especially in ganson to those of diseased cultured fish.
Different species or strains of scuticociliates neyst in different parts of the country, although their
distribution is not known at this time. Scuticociliates naggur in fish used as live bait by recreational
fishers, though because live finfish are not commercaligilable as bait (except ornamental species sold
from pet shops), the quantity of live bait that is traredied is likely to be relatively low. The majority of the
volume of bait and berley translocated throughout the cpusitfrozen, including frozen whole fish and
processed fish products (e.g. heads or guts). Cryopag®erof scuticociliates is possible by freezing them
in specialized cryopreservation media, but conventional ifrgewithout cryopreservatives deactivates
ciliates by cell rupture due to ice formation (Andersoale2009). There is little information published in
relation to host specificity of scuticociliates capablecolonising fish, although their ability to do so is
probably related to environmental conditions that determineuh®er of ciliates present in the water, the
route of entry as well as the immune status of the host.

Taking into account that juvenile aquacultured marinedighgenerally not permitted to be used as live bait
or fresh unfrozen bait or berley in most/all jurisdiog in Australia, and the likely low prevalence of the
disease agent in wild fish, the likelihood estimations tlee occurrence of scuticociliates in these
commodities are listed below.

Release assessment for infection of finfish with stcociliates

Commodity Live Whole fresh Frozen Frozen | Frozen fish Frozen
type finfish dead finfish | whole finfish fillets heads guts/offal
Likelihood of Low Low Negligible | Negligible| Negligible Negligible
release

5.12.6 Exposure assessment

Marine and freshwater teleosts throughout Australia lieady at risk of natural exposure to free living
scuticociliates in the environment. They are facultativegtes of compromised fish and scuticociliate
disease is problematic only in circumstances where lamg#ers of juvenile fish are held at high densities
in nutrient enriched water typical of aguaculture reagngironments. Movements of live and whole fresh
dead fishes via their use as bait could theoretically in#rthese disease agents to new regions, but the
agents are already likely to be free living and widespteaolighout the country. Also, infection and
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establishment would occur only if sufficient quantities obtit&ociliates (i.e. an infective dose) were
introduced into an area where susceptible hosts werenpres

The quantities of scuticociliates required to sucecdlgstransmit infection horizontally via the immersion
route have been determined for some host/parasite combmatimmg et al. (2007) found tHdiamiensis
avidussuccessfully invaded olive juvenile floundenean length: 14.9 cm; mean weight: 26.8 g) after bath
exposure to 2 x Foiliates/ml ,resulting in 85% mortality after 8 to 10 days. Higher d¢ges 1d and 2 x

10’ ciliates/ml) caused 100% mortality (Jung et al. 2007). Saingl. (2009) found that juvenile olive
flounder exposed by bath immersion to several straind. aividushad mortalities ranging between 60 to
100% when subjected to 3-4 x *16iliates/ml in fish ranging between 8 and 40 g. Fistedred by
immersion had maniyl. avidusin gills, fins, skin muscle, brain and intestine accompanyeddzrosis and
haemorrhages, fish exposeddmnema marinunby both IP injection and bath immersion showed less than
30% mortality, with no ciliate invasion in the skin, giis brain (Song et al. 2009).

Scuticociliates are free living opportunistic pathogens that lizely to be widespread in the natural
environment. Infections of wild fishes with scuticocilgtare uncommon, due to the lack of eutrophic
conditions in the wild, and if infections occur in wild fidiey are likely to be very low intensity. High
intensity infections that could promote horizontal traission of disease via use of bait and berley are only
observed in juvenile aquacultured fishes held at high densit@sgraded water quality. The ciliates do not
tolerate freezing, and live and fresh dead juvenile aquaedlfishes are generally not permitted to be used
as bait or berley in most/all jurisdictions in Australi@ecause they are not commercially available, the
guantities of these commodities that are translocatedh&refore likely to be negligible. Because of this,
the additional risks of exposure and establishment of sciliétes into new fish populations appear to be
Negligible, the combined likelihood of release and exposure are theregtigible, and no further analysis
is required at this time. However, this risk assessmenild need to be revised if industries based on
distribution of juvenile finfish grown in aquaculture facilgispecifically for live bait markets are permitted
to be developed in the future.
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5.13 Infection of finfish with monogeneans

5.13.1 Aetiologic agent Infections withBenedeniaspp, Gyrodactylusspp, Dactylogyrusspp. and other
monogenean ectoparasites (Phylum Platyhelminthes, Subclass Maxjogfemarine and freshwater fishes.

5.13.2 OIE List: Yes Gyrodactylus salarignly) NACA List: Yes Gyrodactylus salarisnly)

5.13.3 Australias statusMonogeneans have been reported from freshwater and rfiafigie in all States,
and infection byGyrodactylus salarigs a reportable disease in all States (Table 3b).

5.13.4 Epidemiology

Monogeneans are parasitic flatworms which have been recboedh wide range of marine and freshwater
fish species throughout Australia. Though a number efisp ofGyrodactylushave been recorded from
Australia (Dove and Ernst 1998, Ernst et al. 20@yrodactylus salarishas not been recorded from
Australian salmonids (Herfort 2004), and this speciesmaillbe considered further in this risk assessment.
Monogeneans have direct lifecycles with horizontal transomssf infective oncomiracidium larvae that
hatch from eggs deposited by adult worms living on the eataurfaces, gills, mouth and nares of teleosts
and elasmobranchs (Kearn 1986). The combination of the singldéifeogcle with direct transmission of
infective stages, together with the high fecundity of adultnreormeans that hyperinfections can quickly
result when infected fish are held in confinement, oftesulting in morbidity and mortalities due to
osmoregulatory dysfunction, anaemia, and secondaryrizaatéection (Thoney and Hargis 1991).

The majority of monogeneans have high host specificity (Whttin et al. 2000), and many are site specific
within particular microhabitats on one host (Ernst and \Miitbn 2001). These highly specialized
characteristics tend to greatly reduce the risk of feansf these parasites to new hosts when they are
translocated into new regions. However, host specifindy not be strict between closely related species of
hosts, which may be able to share limited numbers @&fsgas when held at close quarters in confinement
(Ernst and Whittington 2001). There are also a few speof monogeneans that have very low host
specificity and infect a broad range of unrelated hastst{ington and Horton 1996, Blazek et al. 2008).

5.13.5 Release assessment

Infections of monogeneans are common on wild fish throughoutraias and while prevalences of
infection may be high in some circumstances, the iitten$ natural monogenean infections in wild fish
tend to be very low, especially in comparison to thoseisd¢aded cultured fish. Different species of
monogeneans exist on various hosts in different parts of thergdeny. Byrnes 1986, Hayward 1997),
although the identity and distribution of many species of monegmsnés not known at this time.
Monogeneans are, therefore, highly likely to occur on telecstd as bait. The majority of the volume of
bait and berley translocated throughout the countrsoizeh, including frozen whole fish and processed fish
products (e.g. heads or guts). However, freezing quickigtidedes adult monogeneans (Jones and Gibson
1997), while their eggs are also sensitive to desiccatiors{(et al. 2005, Chen et al. 2010) and for marine
species, low salinity water typically encountered ish foroducts held on ice also inactivates eggs (Ernst et
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al. 2005, Chen et al. 2010). It is not known whether monogenean reggssistant to freezing, but this is
considered highly unlikely due to ice formation inside tHis @# the oncomiracidium. Monogeneans do not
survive for any length of time upon the death of their (B8t Diggles, personal observations), hence the
presence of viable monogeneans on fresh dead finfish is vékglynthough monogenean eggs may be able
to survive low temperatures typical of those used to asere¢he shelf life of chilled fish (c. 4°C) for short
periods. The main route for translocation of viable juleeand adult monogeneans therefore appears to be
via live finfish. Live baits are mainly used by recreaél fishers, though because live finfish are not
commercially available as bait, they are usually caugtiteatishing site and the quantity of live bait that is
translocated is likely to be relatively low. Becau$éhts, and taking into account the high prevalence of
these disease agents, the likelihood estimations for therencarof viable monogeneans eggs or worms in
these commodities are listed below.

Release assessment for infection of finfish with mogeneans

Commodity Live Whole fresh Frozen Frozen | Frozen fish Frozen
type finfish dead finfish | whole finfish fillets heads guts/offal
Likelihood of High Very low Negligible | Negligiblg Negligible Negligible
release

5.13.6 Exposure assessment

Marine and freshwater teleosts throughout Australia aeadyrat risk of exposure to monogenean parasites.
They are natural parasites of wild fishes and cause dismayg in circumstances where their hosts are
confined in captivity at the high densities typical of agltace and ornamental rearing environments.
Movements of live and whole fresh dead fishes via their useitasobdd theoretically transmit these disease
agents to new regions, but the agents mostly have very higlspeficity and are unlikely to spread to a
wide range of hosts. Infection and establishment would cmalyrif live monogenean parasites or viable
eggs were introduced into an area where susceptible Wwests present. However, monogeneans are
hermaphroditic and infections can become established if sideepbsts are exposed even to only one
viable larvae from one egg (BK Diggles, personal observatidwesce the translocation of some types of
fish products with viable monogeneans worms or eggs remamgeof introduction and infection of fish in
new geographic areas.

Because live baitfish are not commercially available épk@rnamental species sold from pet shops), fish
used for live bait are usually caught by recreational feslar or near the fishing location, hence the
guantities of these commaodities that are translocatedaagg distances are likely to be low. Only small
guantities of fresh unfrozen fish are generally avadldidm commercial fishing co-operatives for local use
as bait, and the vast majority of bait and berley thatisslocated throughout the country is frozen whole or
processed marine fish, in which monogeneans will be unviable. etwwmonogenean infections can
become established even if susceptible hosts are exposedytoreniviable larvae from one egg (BK
Diggles, personal observations), hence the translocatifishoproducts with viable monogenean worms or
eggs remains a potential route of introduction and infeaifdiish in new geographic areas, even if small
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volumes of fish are translocated. Because of this, ddé&i@nal risk of exposure and establishment is non-
negligible, and the likelihood of exposure and establishmentasfogeneans in new fish populations is
considered to beow.

5.13.7 Consequence assessment

Wild fish of all size classes can become infectetth wionogeneans, however infections of wild fish do not
usually kill them or reduce the market value of affectstids. However, some monogeneans have the
potential to cause significant damage to confined fish in@duuse and aquaria, and while there are many
examples of successful treatment of monogeneans, them#éeatloes add significantly to production costs
of affected aquaculture industries (Ernst et al. 2002). &\thé full range of monogenean parasites and their
susceptible hosts in Australia remain to be determinedgetparasites have already been recorded from a
wide range of teleosts in both freshwater and marine envenisn Besides the exot8. salaris no
monogenean disease agents are listed by the OIE or NACA@mare reportable diseases in any State
(Table 3b). Hence the spread of these disease agents kelyrtb have adverse impacts on trade.
Considering all of these factors, establishment of monogenearew areas would have mild to moderate
biological consequences, which would be amenable to copntmodl could cause some unwanted
environmental effects. It is therefore estimated thattmsequences of introduction of monogeneans into
different parts of the Australian environment via use ofcitgfie bait would likely bé&ow.

5.13.8 Risk estimation

The unrestricted risk associated with monogeneans isndatet by combining the likelihood of entry and
exposure (from Table 5) with the consequences of establisi{franie 7). The unrestricted risk estimate for
monogeneans does not exceed the ALOP for any of the commaulity, tyuggesting that additional risk
management for these disease agents is not requited aine.

Risk estimate for infection of finfish with monogeneans

Commodity type Live Whole Frozen Frozen Frozen Frozen
finfish | fresh dead| whole fillets fish heads| guts/offal
finfish finfish
Combined Low Very low | Negligible| Negligible| Negligible Negligible

likelihood of release
and exposure

Consequences of | Low Low Low Low Low Low
establishment

Risk estimation Very | Negligible | Negligible | Negligible | Negligible | Negligible
low risk risk risk risk risk risk
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5.14 Infection of finfish and molluscs with digeneans

5.14.1 Aetiologic agent Digenean trematodes (Phylum Platyhelminthes, Subclass Rigéneluding
Centrocestus formosanuhat utilise freshwater molluscs as the firstimtediate host and fish as the second
intermediate hosts.

5.14.2 OIE List: No NACA List: No

5.14.3 Australias status:Centrocestus formosanuss been reported in QLD (Evans and Lester 2001,
Dove 2000). These disease agents are not reportable itcaeyable 3b).

5.14.4 Epidemiology

Digenean trematodes are endoparasitic helminths which hawaémrded from a wide range of marine and
freshwater fish species throughout Australia. Their itliieecycle requires a molluscan first intermediate
host with plankton eating fishes as final hosts, or secatrednnediate hosts in some lifecycles where final
hosts include larger fishes, birds and mammals. Under gmmosimstances, the multi host lifecycles of these
parasites reduce the risk of their translocation, becaadslitional hosts need to occur in the receiving
environment in order to complete the life cycle. Howeverasiwe digenean parasites have low host
specificity, because low host specificity is a prerequisdr invasiveness (Bauer 1991)Centrocestus
formosanuss a digenetic trematode with a freshwater snail iintgrmediate host, various species of fish as
second intermediate hosts, and piscivorous birds and maraméte final host (Mitchell et al. 2005). The
worm encysts as metacercaria in the gills of a widgeaf freshwater fishes, including species used as bait
in Australia such as goldfish, European carp, atherinidg;jag, mullet, poecilids and cichlids (Scholz and
Salgado-Maldonado 2000, Evans and Lester 2001, Mitchell 20@5). Centrocestus formosanasginates
from Taiwan, but has been spread worldwide with the movenoéstsail intermediate hosts, bird definitive
hosts and/or ornamental fishes (Scholz and Salgado-Mald@@{fy Evans and Lester 2001, Font 2003,
Mitchell et al. 2005). This species has been detected mvalgnce of 100% in poeciliids sampled from
ornamental finfish wholesalers in Australia (Evand &ester 2001), and also at high prevalences in wild
populations of poeciliids (Dove 1998, Dove 2000). This parasitetisaltiy non host specific for fish second
intermediate hosts, but is more specific for the fingtimediate host, which is usually the sihddlanoides
tuberculata(see Vogelbein and Overstreet 1988, Scholz and Salgado-Md@aaA0, Mitchell et al. 2005).
Melanoides tuberculataa member of the family Thiaridae, has been confirmeldeasy introduced into
tropical Australia, and there are number of specigsati’e Thiarid snails in Australia which could abstt

as intermediate hosts for this parasite, which uses Wwatis (herons and egrets) and mammals (including
mice, rats, cats, rabbits and even humans) as thénbea(Mitchell et al. 2005).

Another notable trematode in freshwater fishes in Austhiali€linostomum complanatuna digenetic
trematode with fish second intermediate hosts and bial finosts. This worm encysts as large yellow
metacercaria in the fillet muscle of the fish, reducingirt marketability (Matthews and Cribb 1998) and
potentially causing zoonotic disease if a human consumescmatted infected fish (Aohagi et al. 1992). In
Australia,Clinostomunspp. have been recorded from several teleosts used aaddading members of the
Families Ambassidae, Eleotridae, Melanotaeniidae Tandponidae (Appendix 1).
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5.14.5 Release assessment

Digeneans have been recorded from a wide range of madrfeeshwater fish species throughout Australia,
however it is likely that only a fraction of the totalmiber of native species that exist in this country have
been identified to date (Bott et al. 2005). Differentctgxe of digeneans exist on various hosts in different
parts of the country (e.g. Bray and Cribb 1998), and the tgleatid distribution of many species of
digeneans is not known at this time. Digeneans are, therbfghdy likely to occur in teleosts and molluscs
used as bait. For introduced species sucb. dsrmosanuswhich has likely been introduced via ornamental
finfish (Evans and Lester 2001), the parasite has beemdestan populations of poecilids that have
established in the wild (Dove 2000). It is likely, therefdhatC. formosanusvould be present in poeciliids
and perhaps other species of freshwater fishes usedtas barley. Freshwater finfish are not generally
sold as live or frozen bait in retail outlets (excepitaonental species sold from pet shops), and the majority
of the volume of bait and berley translocated throughoutoh@try is frozen, including frozen whole fish
and processed fish products (e.g. heads or guts). Howmezing quickly deactivates adult digeneans as
well as metacercariae (Jones and Gibson 1997), disruptingebgclé. Digeneans do not survive for very
long after the death of their host at normal environmeatapératures (BK Diggles, personal observations),
hence the presence of viable digeneans in fresh dead finfishlikely, though their viability may be
extended for short periods by the low temperatures typical eéthsed to increase the shelf life of chilled
fish (c. 4°C). The main route for translocation of viatdliigeneans through use of bait and berley therefore
appears to be via live finfish or their molluscan firsermediate hosts. Live baits are mainly used by
recreational fishers, though because live finfish are aointercially available as bait, the quantity of live
bait that is translocated long distances is likely téolae Similarly, live molluscs are generally not available
commercially, but are widely available frozen. Becausthief and taking into account the high prevalence
of these disease agents, the likelihood estimations forotoerrence of viable digeneans in these
commodities are listed below.

Release assessment for infection of finfish and molleswith digeneans

Commodity Live Whole fresh Frozen Frozen | Frozen fish Frozen
type finfish dead finfish | whole finfish fillets heads guts/offal
and and molluscs| and molluscs
molluscs
Likelihood of High Very low Negligible | Negligiblg Negligible Negligible
release

5.14.6 Exposure assessment

Marine and freshwater teleosts throughout Australia meady at risk of exposure to digenean parasites.
They are natural parasites of wild fishes and only cerdpecies of digeneans cause disease, usually in
circumstances where they are introduced into new hostgh@flitet al. 2005). Movements of live and
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whole fresh dead fishes and molluscs via their use asdudit theoretically transmit these disease agents to
new regions, but even digeneans with low host specificity ssiCh Bormosanugan be specific for at least
one of the hosts in their lifecycle, reducing their chanéesxposure and establishment. Indeed, infection
and establishment via movements of infected fish or mollusedd occur only if live digeneans or their
infective stages were introduced into an area wheiatleptible intermediate and final hosts were present.

When assessing the risk of establishment in parasites withl@otife cycles, the movements of other hosts
need to be considered. FHorformosanusits spread to many parts of the world has beenecelaore to the
spread of snail intermediate hosts (eMglanoides tubercula)a as it is most host specific for the first
intermediate host (Scholz and Salgado-Maldonado 2000, Mitchell. 2005) than it is for the second
intermediate or final hosts. However, sidetuberculatahas been introduced into the Northern Territory
and possibly other parts of northern Australia, and ottadive Thiarid snails may also act as suitable
intermediate host<;. formosanugs more likely to be able to establish in at leastesoegions of Australia
via translocation of second intermediate hosts in bait arldyb@r even through migrations of its bird and
mammalian definitive hosts.

Because live baitfish are not commercially available (exrem ornamental species sold from pet shops),
fishes used for live bait are usually caught by recreatitstadrs at or near the fishing location, hence the
guantities of these commodities that are translocated diistgnces are likely to be low. Only small
guantities of fresh unfrozen fish are generally avadldidm commercial fishing co-operatives for local use
as bait, and the vast majority of bait and berley thatisslocated throughout the country is frozen whole or
processed marine fish, in which digeneans will be unvidblaust also be recognized that movements of
piscivorous bird definitive hosts may be a faster, mdiect¥e and uncontrolled method of translocation of
digenean parasites in regions where other hosts have alreanyirttroduced and/or are already endemic.
Because of this, the additional risk of exposure and establglohdigeneans via use of bait is reduced, but
remains non-negligible, and the likelihood of exposure and estalklghai digeneans in new fish or
mollusc populations is considered tollmv.

5.14.7 Consequence assessment

Wild fish of all size classes can become infectedh wiggeneans, and establishment of some species, such as
C. formosanugan have negative impacts on the health of individual fisttfaid populations. Indeed.
formosanuss of considerable veterinary importance as a thoeaative fish populations due to its ability to
establish heavy infections (up to 6000 metacercariae per ifish)wide range of fishes from different
families (Scholz and Salgado-Maldonado 2000), which in Auatgalbbably could include several species
of threatened native fishes. The potential threat toalmunealth through consumption of undercooked fish
containing metacercariae @. formosanusshould also not be underestimated (Scholz and Salgado-
Maldonado 2000). Establishment of other species, su€h asmplanatumcould also reduce the market
value of affected fishes through location of grosslyblésmetacercariae in the fillet. However, only a very
few digeneans have the potential to cause damage to cofiihed aquaculture and aquaria, and for these
species disruption of the lifecycle in the rearing systemelmoval of the molluscan first intermediate host is
usually an effective method of control which does not necéssafd significantly to production costs of
affected aquaculture industries (Mitchell et al. 2005). Norgiga disease agents are listed by the OIE or
NACA and none are reportable diseases in any State (FbjpleHence the spread of these disease agents is
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unlikely to have adverse impacts on trade. Considering #llesk factors, establishment of the majority of
native digeneans in new areas would have mild or no bielbgansequences, however spread of invasive
introduced species such & formosanuswould likely incur moderate or even significant biological
consequences, which would not be amenable to controiléhfish populations, and would cause some

unwanted environmental effects.

It is therefore estimdtatithe consequences of introduction of native

digeneans into different parts of the Australian environmentise of infected bait would likely h®w, but
for Centrocestus formosanuse consequences wouldMederate.

5.14.8 Risk estimation

The unrestricted risk associated with digeneans isrrdeted by combining the likelihood of entry and
exposure (from Table 5) with the consequences of establisi{franie 7). The unrestricted risk estimate for
digeneans does not exceed the ALOP for any of the commodéy,tggcept foCentrocestus formosanus

which presents a low risk from movements of live freshwiatéish and molluscs, suggesting that additional
risk management is required for this disease agehese commodities.

Risk estimate for infection of finfish and molluscs wth digeneans

Commodity type Live Whole Frozen Frozen Frozen Frozen
finfish | fresh dead] whole fillets fish heads| guts/offal
and finfish and | finfish and
molluscs| molluscs | molluscs
Combined Low Very Low | Negligible| Negligible| Negligible Negligible
likelihood of release
and exposure
Consequences of| Moderate| Moderate | Moderatg  Moderate  Moderate  Moderate
establishment
Risk estimation | Low risk | Negligible | Negligible | Negligible | Negligible | Negligible
risk risk risk risk risk
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5.15 Infection of finfish and crustaceans with nematodes anzkstodes

5.15.1 Aetiologic agent Cestode and nematode helminths that utilise copepotiiagitst intermediate
host, and fish as second intermediate hosts, incluligriocephalus acheilognathiigula intestinalisand
Camallanus cotti

5.15.2 OIE List: No NACA List: No

5.15.3 Australias status:Reported in QLD, NSW, ACT, Victoria and WA, and theliseases are not
reportable in any State (Table 3b).

5.15.4 Epidemiology

Nematodes and cestodes are endoparasitic helminths that thes gastrointestinal tract of fishes and other
vertebrates. Their lifecycle generally requires crustageas the first intermediate host with plankton eating
fishes as final hosts, or second intermediate hosts ie dteaycles where final hosts include larger fishes,
sharks, birds or mammals (Rohde 1984, Noga 1996). Under masnstences, the multi host lifecycles of
these parasites reduce the risk of their translocati@ause additional hosts need to occur in the receiving
environment in order to complete the life cycle. Howeveasne nematode and cestode parasites have low
host specificity, because low host specificity is a preqdssig for invasiveness (Bauer 1991). In Australia,
the introduced European carCyprinus carpip are a common host for the Asian fish tapeworm
Bothriocephalus acheilognatha cestode with low host specificity that has beendnited to many parts of
the world from its original distribution in Taiwan througtovements of cyprinid and poeciliid fishes (Bauer
1991, Kennedy 1993, Font 2003). Althoughacheilognathhas a complex life cycle, its intermediate hosts
are cosmopolitan copepods which are an important fooctedor plankton-eating juvenile fishes (Bauer
1991). In eastern Australa. acheilognathihas been reported in wild populations of the Europeap, c
Gambusiaspp. and several native fish species, particularly dbtlypseleotrisspp.) (Dove et al. 1997,
Dove and Fletcher 2000), as well as in poeciliids at ornthish wholesalers (Evans and Lester 2001). In
Western Australia, another invasive cesthipila intestinalishas been reported in wild populations of both
native and introduced fishes, with prevalence of infectignificantly higher in native fishes (Lymbery et al.
2010). Ligula intestinalisalso requires ubiquitous copepods as the first interteet@st, and has low host
specificity for the second intermediate host (planktivorfigises), with its final host being piscivorous birds
(Hassan 2008). Native fishes (including threatened speciesasughlaxiids) infected bl. intestinalis
plerocercoids have grossly distended abdomens, markedly redoced mass and are weak and slow
moving, making them easy targets for predators (Chapiran2006, Lymbery et al. 2010).

The Asian nematod€amallanus cottis another non host specific endoparasitic helminth thaspieesad
from southeast Asia to many parts of the world with théetia ornamental fishes (see Levsen and Berland
2002, Levsen and Jakobsen 2002). Examination of guppies impaomelddarea showed 14.4% prevalence
(Kim et al. 2002a), whileC. cotti has been detected at a prevalence of 48% in poeciaitpled from
ornamental finfish wholesalers in Australia (Evangl drester 2001). Camallanus cotticaused 30%
mortalities following its introduction into an ornamentish farm in Korea, where it infected 71% of the
cultured fishes (Kim et al. 2002bfamallanus cottinormally uses planktonic copepods as intermediate
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hosts, but if they are not present, it can infect diredigh-to-fish (Levsen and Jakobsen 2002). After
guppies were introduced into Hawaii for mosquito conttolcottiswitched hosts into 5 native fish species,
including an eleotrid Eleotris sandwicensjs(see Font and Tate 1994, Font 1998), and members of the
Family Elotrididae are used as bait or berley in AlistraLangdon (1988) reported. cottias being present
and causing disease in captive populations of poeciliidsohddate it remains unclear whether this parasite
has become established in wild populations of poeciliidshar dreshwater fishes in Australia.

5.15.5 Release assessment

Nematodes and cestodes occur in a wide range of marine esftuvéiter fish and crustacean species
throughout Australia. Different species of cestodesramdatodes exist in various hosts in different parts of
the country, and the identity and distribution of many speasiemt known at this time. Nematodes and
cestodes are, therefore, highly likely to occur in teleostsargiaceans used as bait. Native and introduced
species of freshwater finfish in several regions of Austrate also known to be hosts for introduced
invasive nematode and cestode parasites, particiBargcheilognathil. intestinalisandC. cotti Fishes
used as bait or berley that are known to be infectethége disease agents include goldfish, European carp,
elotrids, poeciliids, cichlids, retropinnids and galaxif@iable 8), while other native fishes are also likely to
be susceptible. 1t is likely, therefore, that these ineaparasites would be present in several species of
freshwater fishes used as bait or berley.

Freshwater finfish are not generally sold as live bait€pkornamental species sold from pet shops, though
this is not intended for use as bait), or as frozen baétal outlets. The largest quantity of bait and berley
translocated throughout the country is frozen, includingein whole and processed fish and crustacean
products. However, prolonged freezing at -20°C for more #2ahours kills all larval and adult stages of
cestodes and nematodes (Jones and Gibson 1997). Nematodes ate$ aistoot survive for very long
after the death of their host at normal environmental teriyesa(B.K. Diggles, personal observations),
hence the presence of viable nematodes and cestodes in fradimfigia is unlikely, though their viability
may be extended for short periods by the low temperaturestaisecrease the shelf life of chilled fish (c.
4°C). The main route for translocation of viable cedogled nematodes through use of bait and berley
therefore appears to be via live finfish or their crustadest intermediate hosts. Live baits are mainly used
by recreational fishers, though because live finfish areomimercially available as bait, the quantity of live
bait that is translocated long distances is likely tddve Similarly, live crustaceans are generally not
available commercially, but 11% of recreational fisherstt#teir own prawns (Kewagama Research 2007),
and large guantities of crustaceans are widely availatweri. Because of this, and taking into account the
high prevalence of these disease agents, the likelihood estimédr the occurrence of viable cestodes and
nematodes in these commodities are listed below.
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Release assessment for infection of finfish and cragteans with nematodes and cestodes

Commodity Live Whole fresh Frozen Frozen | Frozen fish Frozen
type finfish and | dead finfish | whole finfish fillets heads guts/offal
crustaceans and and

crustaceans| crustaceans

Likelihood of High Very low Negligible | Negligiblg Negligible Negligible
release

5.15.6 Exposure assessment

Marine and freshwater teleosts throughout Australia aeady at risk of exposure to nematode and cestode
parasites. They are natural parasites of wild fishes andcertigin species of nematodes and cestodes cause
disease, usually in circumstances where they are intrddote new hosts. Movements of live and whole
fresh dead fishes and crustaceans via their use as biditlvearetically transmit these disease agents to new
regions, especially for invasive nematodes and cestodedomithost specificity such a8. acheilognathi

and L. intestinaliswith ubiquitous copepod first intermediate hosts. Imné@cand establishment d.
acheilognathiand L. intestinalisvia movements of infected fish or crustaceans woutniroonly if live
nematodes or cestodes or their infective stages were ing@dto an area where the copepod intermediate
host and bird final hosts were present. HoweverCfocott, copepod intermediate hosts are not necessary
and it can transmit directly from fish to fish (Lemsgnd Jakobsen 2002).

When assessing the risk of establishment in parasites witpl@otife cycles, the movements of other hosts
need to be considered. FBr acheilognathil. intestinalis their copepod first intermediate hosts are
ubiquitous, and because of this these parasites have bead spmany parts of the world via movements of
fishes or natural movements of their avian final hos#éd as mentioned previously. cotti does not
necessarily require use of copepod intermediate hosssiéoessful transmission, although the fitness of the
parasite is increased if the intermediate host is usedsépeand Jakobsen 2002). This suggestsBhat
acheilognathi L. intestinalisandC. cotti are likely to be able to establish in some regions ofrAlistvia
translocation of their fish second intermediate hostsaiih and berley, or even with translocation of some
crustaceans used as bait, as well as through migratiotiseir bird definitive hosts in the case Bf
acheilognathiandL. intestinalis

Because live baitfish and crustaceans are generally not eanafty available as bait (and luse of live bait in
freshwater areas is prohibited in some jurisdictionshe and crustaceans used for live bait are usually
caught by recreational fishers at or near the fishing locatience the quantities of these commodities that
are translocated long distances are likely to be low. y @nmiall quantities of fresh unfrozen fish are
generally available from commercial fishing co-operativeddoal use as bait, and the vast majority of bait
and berley that is translocated throughout the countfyoren whole or processed marine fish, in which
nematodes and cestodes will be unviable. It must also be reedghat movements of piscivorous bird
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definitive hosts may be a faster, more effective and urmted method of translocation of some nematode
and cestode parasites in regions where other hosts haagyalreen introduced and/or are already endemic.
Because of this, the additional risk of exposure and ediat#ist of nematodes and cestodes via use of bait
or burley is reduced, but remains non-negligible, and theiHi®ll of exposure and establishment of
nematodes and cestodes in new fish populations via translosationsidered to bleow.

5.15.7 Consequence assessment

All size classes of fish can become infected with ried®and cestode parasites, but planktivorous juvenile
fish are particularly susceptible to infection. Estdisient of some species, suchBisacheilognathiL.
intestinalisand C. cotti can have negative impacts on the health of individual fishtaeir populations,
including populations of threatened native species (Dot @997, Dove and Fletcher 2000, Chapman et
al. 2006, Lymbery et al. 2010). Establishment of species asithintestinaliswhich have large, grossly
visible plerocercoids, can also reduce the market \@fladfected fishes through location of grossly visible
metacercariae in the fillet. However, only a very few aimmdes and cestodes have the potential to cause
damage to confined fish in aquaculture and aquaria, and ®e gpecies disruption of the lifecycle in the
rearing system by removal of the crustacean first irédiate host is a potential method of control. No
nematode or cestode disease agents are listed by the QUG and none are reportable diseases in any
State (Table 3b). Hence the spread of these disease &gentkely to have adverse impacts on trade.
Considering all of these factors, establishment of thenihapf native nematodes and cestodes in new areas
would have mild or no biological consequences, however gmemvasive introduced species suchBas
acheilognathi L. intestinalisand C. cotti would likely incur moderate or even significant biological
consequences, which would not be amenable to controiléhfish populations, and would cause some
unwanted environmental effects. It is therefore estimtitatithe consequences of introduction of native
nematodes and cestodes into different parts of the Austmfiginonment via use of infected bait would
likely be Low, but for Bothriocephalus acheilognathlLigula intestinalis and Camallanus cotti the
consequences would bModerate.

5.15.8 Risk estimation

The unrestricted risk associated with nematodes astddes is determined by combining the likelihood of
entry and exposure (from Table 5) with the consequencestaiflshment (Table 7). The unrestricted risk
estimate for native nematodes and cestodes does not ekeeddl ®P for any of the commodity types,
except for introduced species suchBaghriocephalus acheilognathLigula intestinalisand Camallanus
cotti, which present a low risk from movements of live freshwéitéish, suggesting that additional risk
management is required for these disease agents ircthresaodities.
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Risk estimate for infection of finfish and crustaceans #h nematodes and cestodes

www.digsfish.com

Commodity type Live Whole Frozen Frozen Frozen Frozen
finfish and | fresh dead| whole fillets fish heads| guts/offal
crustaceans finfish and | finfish and

crustaceans crustaceans

Combined Low Very Low | Negligible | Negligible| Negligible Negligible
likelihood of

release and

exposure
Consequences of Moderate Moderate| Moderate  Moderate  Modenate Moderate
establishment
Risk estimation | Low risk | Negligible | Negligible | Negligible | Negligible | Negligible

risk risk risk risk risk
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5.16 Infection of finfish with copepods

5.16.1 Aetiologic agent Ectoparasitic copepods (Family Caligidae, Familynaeidae) that infect fishes,
includingCaligus epidemicubother sea lice, arlcernaea cyprinaceéalernaeaspp.

5.16.2 OIE List: No NACA List: No

5.16.3 Australias status:Copepod infections have been reported from finfish irSédtes, and sea lice
infections are reportable in Tasmania (Table 3b).

5.16.4 Epidemiology

Parasitic copepods live on the body surfaces, gills atdeirmusculature of marine and freshwater fishes.
Their lifecycles are direct with fish being infectey planktonic copepodid larval stages that hatch frggse
deposited by adult copepods (Kabata 1984, Hemaprasanth 2814]). In Australia, feral goldfish and
European carp are common hostslfernaea cyprinacegsee Langdon 1988, Rowland and Ingram 1991), a
species that has been spread to many areas throughoutrttiewitto movements of goldfish (Bauer 1991,
Kennedy 1993). Lernaea cyprinaceas a member of the Family Lernaeidae (anchor wormgroup of
copepods highly adapted to a parasitic lifestyle in wiidtlt parasites develop an attachment organ that
lodges deep in the musculature of the fillet of a wide randgesloés, causing considerable damage to the
muscle and internal organs, significant morbidity and ewertalities (Bond 2004). In eastern Austrdlia
cyprinaceahas been reported in wild populations of goldfish and feaa carp, redfin perch, and also
several native fish species including Murray cddagcullochella peel), golden perch Macquaria
ambigug, silver perchBidyanus bidyanys Australian smeltRetropinna semojiand the endangered trout
cod (Maccullochella macquariengigAshburner 1978, Langdon 1988, Rowland and Ingham 1991, Bond
2004). The endangered Australian graylifRyofotroctes maraeraand vulnerable mountain galaxias
(Galaxias olidu¥ were also infected bly. cyprinacea(see Hall 1983, Bond 2004). In Western Austrdlia,
cyprinaceawas recorded from four native fish speci€al@xias occidentalisEdelia vittata Bostockia
porosg and Tandanus bostockiand three introduced fish species (goldfiS§ambusia holbrookiand
Phalloceros caudimaculatysit two localities in the Canning River, in the soutlstwaf Western Australia
(Hassan 2008, Hassan et al. 2008, Lymbery et al. 2010). The dikeice of introduction of the parasite
was via introduced cyprinids, particularly goldfish anddpaan carp (Hassan et al. 2008).

A large number of marine fishes harbour copepod ectopesdsim the Family Caligidae (sea lice). These
copepods encounter their host as copepodids then attduh hodt fish via the specialized chalimus larvae
(Kabata 1984), which is sedentary until such time as thepoopmoults to the pre adult and adult stages,
which are mobile and can be found attached to gills, skiins (MacKenzie et al. 1998). High numbers of
chalimus larvae can cause pathological changes at thethmagat sites (Roubal 1994, MacKenzie et al.
1998), while high numbers of pre adult and adult caligids (pdatly members of the genera
Lepeophthiriusand Caligug have been responsible for disease and significantafities in the culture of
salmonids in several overseas countries (Pike and Wadisiv@@9). In cases where cultured fish become
heavily infected, they become stressed, and death commonlyspadtimately due to osmoregulatory
failure or secondary bacterial infection (MacKenzie e 888, Pike and Wadsworth 1999).
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5.16.5 Release assessment

Parasitic copepods occur on a wide range of marine arfuMags fishes throughout Australia. Different
species of copepods exist on various hosts in differetg pathe country, and the identity and distribution
of many species is not known at this time. Caligids Hzeen reported from a very wide range of host
species, some of which are used as bait or berley (Appendbutl)n most circumstances the species
involved have not been associated with disease. Howevespmuges,Caligus epidemicyshas caused
mortality in wild fishes (Hewitt 1971), and it infectsbeoad range of hosts in Australia, including several
species of breanA¢anthopagruspp.), at least 4 species of mullet, and perchhatsb@ssis marianygsee
Hewitt 1971, Byrnes 1987, Roubal 1994, Hallett and Roubal 1995) all chveine sometimes used as bait
(Table 8). Other species used as bait or berley whiclsuseeptible taC. epidemicudnclude tilapia
(Oreochromis mossambicuand theraponids (Lin et al. 1996)ernaea cyprinace&as also been recorded
from a wide range of freshwater fishes that are used &samhdfor berley, includingarassius auratys
Cyprinus carpigPerca fluviatilisand members of the Families Poeciliidae, Retropinni@eeponidae, and
Galaxiidae (Ashburner 1978, Langdon 1988, Rowland and Ingham 1991, BondH2334n et al. 2008),
while several other groups of freshwater fishes are iisly ko be susceptible to infection.

Copepods are, therefore, highly likely to occur in freskwahd marine teleosts used as bait. Finfish are not
generally sold as live bait in retail outlets, but theysaid fresh and the largest quantity of bait and berley
translocated throughout the country is frozen, includingein whole and processed fish products. However,
freezing quickly deactivates copepods and their infectizges (Jones and Gibson 1997). Some copepods
can survive on their host for short periods of time afsedeath, provided the host is kept in the water, but in
all other circumstances death of copepods occurs soenthéir hosts are removed from the water (BK
Diggles, personal observations), hence the presence of eidpods in fresh dead finfish is unlikely. The
main route for translocation of viable copepods througlotibait and berley therefore appears to be via live
finfish. Live baits are mainly used by recreationahdis, though because live finfish are not commercially
available (except ornamental species sold from pet shvapsh are not intended for use as bait), the
quantity of live bait that is translocated long distansdskely to be low. Because of this, and taking into
account the high prevalence of these disease agents, tifebkieestimations for the occurrence of viable
copepods in these commaodities are listed below.

Release assessment for infection of finfish with copeds

Commodity Live Whole fresh Frozen Frozen | Frozen fish Frozen
type finfish dead finfish | whole finfish fillets heads guts/offal
Likelihood of High Very low Negligible | Negligiblg Negligible Negligible
release
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5.16.6 Exposure assessment

Marine and freshwater teleosts throughout Australia Bieady at risk of exposure to copepod parasites.
They naturally infect wild fishes and only certain gpscof copepods cause disease, usually in
circumstances where environmental conditions are favourablethfir multiplication on the host.
Movements of live and whole fresh dead fishes via their useitasobdd theoretically transmit these disease
agents to new regions, especially for copepods sutkrasea cyprinacean freshwater fishes ar@daligus
epidemicusin estuarine and marine fishes. However, infection amablkshment would occur only if
sufficient quantities of infective copepodid stages @reinfective dose) were introduced into an area where
susceptible hosts were present. However, copepod infecaorisecome established if susceptible hosts are
exposed even to only one viable copepodid larvae originating toenegg (B.K. Diggles, personal
observations), although several factors can influencetiafiy. For example, the infectivity of copepodids
of C. epidemicudncreased with increasing copepodid density and varicul tvé age of the copepodid,
peaking after 3 or 4 days post hatching at 26 or 19°C, regplgctihen declining over time (Hallett and
Roubal 1995). Further, some hosts appeared refractory to anfeathile other individuals of the same host
species were extremely susceptible to infection, resulilag overdispersed distribution typical of that seen
in many parasite/host relationships (Hallett and Roubal 1985 ny case, the translocation of fish products
with viable copepods remains a potential route of introdn@nd infection of fish in new geographic areas.

Because live baitfish are not commercially available épkornamental species sold from pet shops, which
are not intended for use as bait), fishes used for liveabaitisually caught by recreational fishers at or near
the fishing location, hence the quantities of these commotlitz¢sare translocated long distances are likely
to be low. Only small quantities of fresh unfrozen f&sb generally available from commercial fishing co-
operatives for local use as bait, and the vast mgjofibait and berley that is translocated throughout the
country is frozen whole or processed marine fish, irctvisiopepods will be unviable. Because of this, the
additional risk of exposure and establishment of copepods viafusait is reduced, but remains non-
negligible, and the likelihood of exposure and establishment pépoms in new fish populations via
translocation is considered to bew.

5.16.7 Consequence assessment

All size classes of fish can become infected withepaul parasites, and establishment of some species with
low host specificity, suchernaea cyprinacean freshwater fishes ar@aligus epidemicus estuarine and
marine fishes, can have negative impacts on the healtidiofdnal fish and their populations in the wild
(Hall 1983, Bond 2004, Hassan et al. 2008). Indeed, Bond (2004) demtedshfection with.. cyprinacea
resulted in high mortality rates and reduced swimminiitain Galaxias olidusand some native galaxiids
are classed as threatened or endangered, as are stlveramaller fish species. There is evidence that the
pathological effects df. cyprinaceainfections are greater on smaller fish because tiaghahent organ of
the parasite penetrates deeply into the body, often causmgge to internal organs in smaller fish (Hassan
et al. 2008). Likewise. epidemicusas caused mortalities of wild fishes (Hewitt 1971) anelmerging as

an important disease agent in aquaculture of severagsties. For example, a single yellowfin bream held
in experimental seacages harboured over 8D0@pidemicugsee Roubal 1994). Similarly, a single a
surgeonfish in the Philippines was recorded to have beectedfédy 5000C. epidemicugsee Ho et al.
2004), while in Taiwan, heavy infections By epidemicusesulted in mass mortalities of cultured fish (Lin
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et al. 1996). Establishment of species suchessaea cyprinaceavhich produce grossly visible lesions on
infected fish, can also reduce the market value etct#tl fishes through the damage they inflict on the.fille
Both Lernaea cyprinaceand Caligus epidemicustave the potential to cause damage to confined fish in
aquaculture and aquaria, and control of copepod parasitede problematic and results in significant
increases in costs of production. No copepod parasidsted by the OIE or NACA, but sea lice occur on

the reportable disease list for Tasmania (Table 3b).

Henecepread of these disease agents could have

adverse impacts on trade at a regional level. Consideling thiese factors, establishment of the majority
of copepods in new areas would have mild or no biologicatequences, however spreaokpidemicus

and introduced species suchlasnaea cyprinaceaould incur moderate biological consequences, which
would not be amenable to control in wild fish populaticar®] would cause some unwanted environmental

effects.

It is therefore estimated that the conseapsent introduction of the majority of copepods into

different parts of the Australian environment via use of iefkdiait would likely bé.ow, but forLernaea
cyprinaceain freshwater fishes ar@aligus epidemicyshe consequences would Mederate.

5.16.8 Risk estimation

The unrestricted risk associated with copepods israeted by combining the likelihood of entry and
exposure (from Table 5) with the consequences of establisi{franie 7). The unrestricted risk estimate for
copepods does not exceed the ALOP, exceptdanaea cyprinaceandCaligus epidemicysvhich present

a low risk from movements of live finfish, suggesting thatitmhal risk management is required for these
disease agents in these commodities.

Risk estimate for infection of finfish with copepods

ate

Commodity type Live Whole Frozen Frozen Frozen Frozen
finfish | fresh dead] whole fillets fish heads| guts/offal
finfish finfish
Combined Low Very Low | Negligible| Negligible| Negligible Negligible
likelihood of release
and exposure
Consequences of| Moderate| Moderate | Moderatg  Moderate  Moderate  Moder
establishment
Risk estimation | Low risk | Negligible | Negligible | Negligible | Negligible | Negligible
risk risk risk risk risk
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5.17 Infection of finfish and annelids with myxosporeans

5.17.1 Aetiologic agent Myxosporean parasites (Class Myxosporea) of the gioa®a and other
myxozoan parasites of finfish.

5.17.2 OIE List: No NACA List: No

5.17.3 Australias status:Myxosporean infections have been reported from finfishali States, and
Whirling disease caused Myxobolus cerebraliss a reportable disease in all States (Table 3b).

5.17.4 Epidemiology

Myxosporeans are economically important histozoic amelozoic endoparasites which have adversely
affected the culture of freshwater and marine fishesdwadle (Alvarez-Pellitero and Sitja-Bobadilla 1993,
Moran et al. 1999a). The higher taxonomy of the group has be&mwsial in the past but the link
between myxosporeans and cnidarians within basal metazagohabeen confirmed (Smothers et al. 1994,
Holland et al. 2010), and it appears that myxosporeankigié/ specialised parasitic cnidarians. Further,
discovery that most myxosporeans have multihost lifecyelegch utilise invertebrates (particularly
oligochaetes) as intermediate hosts (Markiw and Wolf 1983, Afudf Markiw 1984, Kent et al. 1994),
revolutionised understanding of the epidemiology of the diseases plagasites cause in wild and cultured
fishes (Kent et al. 2001). For exampkadoa thyrsiteds a histozoic myxosporean parasite that infects a
wide range of marine fish (Lom and Dykova 1992). The presend€. dfyrsitesspores in the fillet
musculature of infected fish is associated with 'milkgsii’ and post-mortem myoliquefaction of the
musculature due to excretion of histolytic enzymes (Langdon 1®iHdilaireet al. 1997). This parasite
occurs naturally in the flesh of several wild fishedustralia, and also infects cultured fishes rearecca s
cages, including mahi mahCéryphaena hippurgsand Atlantic salmonSalmo salay (see Langdon 1991a,
Moran and Kent 1999, Moran et al. 1999a, Kent 2000). Mamsr shyxosporean species exist in Australia
that can cause economically significant disease (Gressgl 2003) or marketing problems (Lester 1982) in
wild and cultured fishes in both freshwater and marinerenmients.

While there is evidence for direct fish to fish transmiss@mnsome marine myxosporeans (Diamant 1997,
Swearer and Robertsoh999, Yasuda 2002), the lifecycles of the vast majority afmeanyxosporeans are
unknown (Kent et al. 2001), and some freshwater myxosporeacis,asMyxobolus cerebralisrequire
myxospores excreted by fish to be eaten by oligochaetemsvbefore the actinospores released by the
oligochaete can infect new fish hosts (Markiw and Wolf 1988lfAhd Markiw 1984). Attempts to transfer
K. thyrsitesinfection via feeding spores to Atlantic salmon faitedtransmit infection, however Atlantic
salmon held in seacages in marine waters wKeityrsiteswas enzootic became infected within 2 weeks
(Moranet al. 1999b). This suggests that fish in seacages may becomtethiadirectly through contact
with infective stages (actinospores) released byrredrate hosts, directly by eating presporogonic stages
excreted in other infected fishes (or via cannibalissn)even by obtaining presporogonic stages via blood
transferred by blood feeding vectors such as copepodseatree (Moran et al. 1999b).

5.17.5 Release assessment
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Myxosporeans occur on a wide range of marine and freshfigltes throughout Australia (Heiniger et al.
2011), including many species commonly used as bait or berleye(@pp 1). Some species appear
ubiquitous, includingK. thyrsiteswhich has been recorded worldwide (Moran et al. 1999a, Whipps
2003). In AustraliaK. thyrsiteshas been recorded from many species used as bait, nglpdichards
(Sardinops sagax neopilchargu§orevalence 67%), southern anchoBngraulis australiy (prevalence
12%), scaly mackeréBardinella lemur (prevalence 9% ), blue spraSptatelloides robustyirevalence
3%, and culture®almo salar(see Langdon et al. 1992, Munday et al. 1998, O'Donoghue and R0@0)L
Other species which infect sedentary hosts may have higstiicted geographic distributions, although the
identity and distribution of many species is not known attifme. Some myxosporeans that occur in highly
mobile fishes may still have restricted distributionshpps depending on the distributions of intermediate
hosts. For examplé)nicapsula seriolaavhich infects kingfish $eriola laland) in SE QLD and northern
NSW (Lester 1982) and possibly in WA (Stevens and Savage,20d€5 not occur in the cooler waters of
South Australia (Hutson et al. 1997) or New Zealand, even thadgh kingfish can move across the
Tasman Sea (Diggles 2002). Myxosporean infective stagesalsanbe spread via translocation of
invertebrate intermediate hosts, such as oligochaete wdmngers and Bartholomew 2003, Hallett et al.
2006), and annelids are used as bait in all parts of thergd'able 1) (Davies et al. 2008, 2010a).

Live baitfish are not commercially available (except ornatalespecies sold from pet shops, which are not
intended for use as bait), but they are sold fresh and tgestaquantity of bait and berley translocated
throughout the country is frozen finfish. Live worms lyjghaetes and oligochaetes) are widely retailed
throughout the country in specialist tackle shops, andethas originate from commercial farms which
supply live and freeze dried polychaetes to retailersratdhe country. Live fishes and annelids used as
bait are likely to be effective routes of translocatasnviable myxosporeans, but the majority of bait and
berley used throughout the country is frozen. Even so, spytean spores can tolerate freezing. For
example, spores dflyxobolus cerebralisan tolerate freezing to -20 °C for a week (Arsan armthBeomew
2008), to 3 months (El-Matbouli and Hoffmann 1991), while Langdon €1992) reported spore extrusion
in K. thyrsitesspores from snap frozen fish. Myxosporean spores sodiktly to survive in their host for
considerable periods of time after its death, espeaallgwer temperatures such as when fish are put on ice.
Taking into account the high prevalence of these disagesats, the likelihood estimations for the occurrence
of viable myxosporeans in these commodities are listed below.

Release assessment for infection of finfish and anrddiwith myxosporeans

Commodity Live Whole fresh Frozen Freeze | Frozen fish Frozen
type finfish dead finfish | whole finfish dried fillets/heads| guts/offal
and and annelids| and annelids| annelids
annelids
Likelihood of High Moderate Low Low Low Low
release
14 http://www.aquabait.com.au/
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5.17.6 Exposure assessment

Marine and freshwater teleosts throughout Australia aready at risk of exposure to myxosporean
parasites. They are natural parasites of wild fishesoahdcertain species of myxosporeans cause disease,
usually in circumstances where transmission rates areaiged when their hosts are confined at high
densities. Infection of fish is initiated by penetratwf the epithelium of the skin or gills by sporoplasms
released by actinospores that contact the fish (Keadt £994), or in myxosporeans with direct lifecycles, by
horizontal transmission via exposure of susceptible fiskiepao trophozoites and/or sporogenic stages
excreted by infected fish through the urine or faedéssifda et al. 2002) or via thger-os route via
coprophagia or necrophagia (Padros et al. 2001). Movemernt® ofvhole fresh dead or even frozen fishes
and annelids via their use as bait could theoreticallystrit these disease agents to new regions, however
infection and establishment of myxosporeans in new hestshovements of infected fish or annelids would
occur only if viable infective stages were introduced imoasea where susceptible fishes and suitable
intermediate host were present. However for some spetmyxosporeans, intermediate hosts may not be
necessary and they may be directly transmissibledma#ly from fish to fish.

Live baitfish are not commercially available (except ornatalespecies sold from pet shops, which are not
intended for use as bait), so fishes used for live baiisuwelly caught by recreational fishers at or near the
fishing location, hence the quantities of these commoditi@sare translocated long distances are likely to
be low. However, live annelids are commercially availablearedranslocated widely from a small number
of commercial suppliers. Only small quantities of frasfrozen fish are available from commercial fishing
co-operatives for local use as bait, and the vast majfrbait and berley that is translocated throughbet t
country is frozen whole or processed marine fish, in whiyxosporean infective stages can survive for at
least short periods of time. Other potential routes xposure include movements by vectors such as
piscivorous predators, as spores of some species of myrasgocan survive passage through the guts of
birds and fishes and remain infective (El-Matbouli and hhafin 1991). Transfer of spores or other
infective stages via soil or other material lodged in fighboots, waders or other angling equipment is
another likely source of spread of myxosporean pargé&iates et al. 2008, 2009). Nevertheless, the risk of
exposure and establishment of myxosporeans via use of baliealey remains non-negligible, and the
likelihood of exposure and establishment of myxosporeans infiséwpopulations via translocation is
considered to b®loderate.

5.17.7 Consequence assessment

All size classes of fish can become infected withxozpan parasites, and establishment of some
myxosporeans can cause serious disease and mortalitiélsl and cultured fish, particularly those species
that infect vital organs or neurological tissues (Markivd &Volf 1983, Diamant 1997, Yasuda et al. 2002,
Grossel et al. 2003). Other myxosporean species tieat ithe muscle of the fillet may not lead directly to
death of their hosts, but can cause severe problems witmdhesting of infected products due to post
mortem myoliquefaction (mushy flesh, eludoa spp.) or myodegeneration of the infected musculature
during slow cooking (e.gUnicapsula seriolag (Lester 1982, Langdon 1991a, Moran et al. 1999a). No
myxosporean parasites are listed by the OIE or NA@#J only the exotidVl. cerebralisis listed as a
reportable disease in all States (Table 3b). Hence thadspfethese disease agents is unlikely to have
adverse impacts on trade. Many myxosporean disease agentdready widely disseminated in the
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Australian environment, however, since the myxosporean faudaugifalian fish and invertebrates is so

poorly known, there is a high chance that previously undescmiexosporean pathogens remain to be
discovered. Considering all of these factors, establishafighe myxosporean parasites in new areas would
depend on the parasite species translocated, but pathogemyolajuefactive species could have moderate
biological consequences, which would not be amenable tootentaquaculture, but they would appear

unlikely to cause noticeable environmental effects. It isefbee estimated that the consequences of
introduction of myxosporeans into different parts loé tAustralian environment via use of infected bait
would likely beLow.

5.17.8 Risk estimation

The unrestricted risk associated with myxosporésuaetermined by combining the likelihood of entry and
exposure (from Table 5) with the consequences of establisi{franie 7). The unrestricted risk estimate for
myxosporeans exceeds the ALOP and presents a low risknfimrements of live finfish and annelids, and
also fresh whole dead finfish and annelids, suggesting dlaitianal risk management is required for these
disease agents in these commodities.

Risk estimate for infection of finfish and annelids wih myxosporeans

Commodity type Live Whole Frozen Freeze | Frozen fish| Frozen
finfish | freshdead whole dried fillets/heads| guts/offal
and finfish and| finfish and| annelids
annelids | annelids | annelids

Combined Moderate| Moderate Low Low Low Low
likelihood of
release and
exposure

Consequences off Low Low Low Low Low Low

establishment

Risk estimation | Lowrisk | Lowrisk | Verylow | Verylow | Verylow | Verylow

risk risk risk risk
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5.18 Viral infections of freshwater crayfishes

5.18.1 Aetiologic agent Cherax destructosystemic parvo-like virus (CdSPV) , a parvovirus fr@mn
guadricarinatus(CgPV) andCheraxgiardia-like virus (CGV).

5.18.2 OIE List: No NACA List: No

5.18.3 Australias statusCdSPV reported in SA, and CGV reported in north QUhese diseases are not
reportable in any State (Table 3b).

5.18.4 Epidemiology

Freshwater crayfish in Australia are known hosts to a rahglisease agents, including several viruses
(Evans et al. 1998, Edgerton et al. 2002). The relationsiipebe infection and disease remains obscure
for the majority of crayfish viruses, as many have beemd to occur in otherwise apparently healthy
animals (Edgerton et al. 2002), suggesting disease may be tat#eein aquaculture situations by proper
husbandry. However, three viruses have been reported asdoeiated with disease in cultured crayfish,
namely a Giardiavirus-like virus dherax quadricarinatu§CGV), which was reported to be associated
with disease in captive juvenile redclaw crayfi€h quadricarinatuy in north Queensland (Edgerton et al.
1994, Edgerton 1996 herax destructorsystemic parvo-like virus (CdSPV), which was observea in
moribund adult yabbyQ. destructoy in a farm in South Australia (Edgerton 1996, Edgerton. ét987), and

a parvovirus inC. quadricarinatus(CqPV) which was associated with a significant mastadvent at an
aquaculture farm in north Queensland (Bowater et al. 2002).

CGV was first observed i€. quadricarinatuscollected in a survey of crayfish collected from aquaculture
farms in northern Queensland, Australia (Edgerton et al. 19PH virus was subsequently associated with
morbidity and mortalities in experimental juven@e quadricarinatugpopulations (Edgerton et al. 1994), but
does not appear to cause disease in &lujuadricarinatugsee Edgerton et al. 2002). Edgerton and Owens
(1997) showed tha. quadricarinatuss first susceptible to infection by CGV immediately afteoulting

into juvenile stage 3 (the first feeding stage), with prexadeof CGV increasing to 58% at 3 weeks post
stage 3, and 86% at 6 weeks post stage 3. CGV is prolvabmittedper-os possibly within faecal
strings attached to detrital particles, or associatéu phytoplankton or zooplankton (Edgerton et al. 2002).
CdSPV was detected in a moribu@d destructorcollected from a pond bank (Edgerton 1996, Edgerton et
al. 1997). This crayfish exhibited extensive necrosis irgte hepatopancreas and muscle, however the
involvement of CdSPV in these lesions was unclear asvgdl the only tissue in which the cytopathic
lesions were common (Edgerton et al. 2002), though the virus le@sssociated with necrotic muscle.
CgPV was detected in diseased juvenile crayfish duringpaoaic that resulted in 96% mortality in 2 farm
ponds over a period of 2 months, after which the disease dorpacknile and adult crayfish in other ponds,
resulting in an eventual 50% loss in total farm production (Bavetal. 2002). Diseased juvenile crayfish
were lethargic, disoriented and anorexic, and hadséefils, and the disease was reproduced experimentally
by inoculating healthy crayfish with a cell free extrgcepared from diseased crayfish, confirming the
pathogenicity of CgPV (Bowater et al. 2002). Large numbkevga inclusions were observed in tissues of
endodermal, ectodermal and mesodermal origin of CgPV edextyfish (Bowater et al. 2002).
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5.18.5 Release assessment

CGV is very common in farmed redclaw in northern Queens(&xderton et al. 1996). CdSPV has been
observed in only on€. destructorfrom a farm in southeastern South Australia (Edgerton 18agerton et

al. 1997), but since no other studies have been done; the distrilaud prevalence of CASPV remains
unknown (Edgerton et al. 2002). It appears that CqPV has bperteg only from one farm in north
Queensland (Bowater et al. 2002). In all cases the omfiesch virus are unclear.

Freshwater crayfish are used by around 8% of recreattmugérs (Table 1). Freshwater crayfish are not
generally sold as live or frozen bait in retail outlets,cltgenerally leaves fishers to catch them themselves,
though a small number of crayfish farms do sell live cultwregfish for bait. Because they are relatively
hardy baits that are easy to transport, it is pasdinl freshwater crayfish to be translocated largéeadces

by private recreational fishers. So, even though the quanftiyayfish that is translocated live is likely to
be low, use of live crayfish as bait would be highly §ki translocate these viruses. There appears to be no
information available for any of these viruses in relatiortheir resistance to freezing or physical and
chemical treatments, or whether they may be translodatedectors such as birds. However, for the
purposes of this analysis it will be assumed that virfrees freshwater crayfish are similar to other viruses
of aquatic animals which can remain viable after freezmg may experience reduced viability upon
thawing.

Taking into account the quantities and types of freshwaigg/fish products used as bait or berley (Table 1),
and the high prevalence of some of these disease agentscelifedid estimations for the occurrence of
viruses in these commodities are listed below.

Release assessment for viral infections of freshwateragfishes

Commodity Live Whole fresh Frozen Frozen Frozen
type crayfish | dead crayfish whole crayfish crayfish
crayfish tails heads
Likelihood of High High Low Very low Low
release

5.18.6 Exposure assessment

Freshwater crayfish in some regions of Australia amadl at risk of exposure to viruses that may occur in
wild populations. The quantities of freshwater crdyfsold as live bait is likely to be relatively small,
however private recreational anglers may still catch their at the fishing location, and since these animals
are hardy and transport well, a small proportion of asgiey translocate live freshwater crayfish to use as
bait in different rivers and lakes in freshwater regigkiso, fresh or frozen freshwater crayfish are widely
distributed as food fish and hence some of this product taultiverted to use as bait or berley around the
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country. Assuming that freshwater crayfish virusesisarfreezing, some virus is likely to remain viable
after thawing, this suggests that direct pathways exisvifases carried in live, fresh dead and frozen
freshwater crayfish products used as bait or berley tor dregshwater environments, thus potentially
exposing wild crayfish to these viruses.

Nothing is known about the transmission, potential host rangeability of CASPV. CGV is probably
transmitted per-os possibly within faecal strings attached to detriparticles, or associated with
phytoplankton or zooplankton, though the infective dose requireaiesmission is unknown, as is its host
range (Edgerton et al. 2002). CqPV appears to be transimitemntally given its role in the epizootic and
experimental infection work reported by Bowater et(2002). Injection of 0.1 ml of cell free filtrate from
infected crayfish into healthy crayfish was sufficiémtcause mortalities starting on day 17 post injection
and continuing to day 73, at which time the cumulativetatity of virus injected crayfish was 100%
(Bowater 2002), however the minimum infective dose requiredrémsmission was not determined, nor
were trials done to determine if the virus could be trattethby other routes such as immersiomper-os
The host range of CgPV is also unknown. Without this inétion, it is difficult to determine whether an
infective dose could be transmitted via the waterusceptible hosts in the immediate vicinity of bait or
berley that was clinically or subclinically infected wi@qPV. These viruses all were recorded from
aquacultured freshwater crayfish only, and some Stateshlaangeon use of aquacultured products as bait (T.
Hawkesford, personal communication). However, given thatyggthstill exist for translocation and spread
of crayfish viruses into the environment via use of privately calgiht and the fact that freshwater crayfish
are commonly used as live bait, the risk of exposure and s$taeint is non-negligible, and the likelihood
of exposure and establishment of crayfish viruses in nayfish populations is considered tolbmwv.

5.18.7 Consequence assessment

Because of their association with disease, it is passitat if CgPV, and also CGV and /or CdSPV were
translocated, they could represent a threat to thehhefadither crayfish (including rare and threatened pativ
freshwater crayfish, see Coughran and Leckie 2007, Cougdtrah 2009) or even other crustaceans.
However without information on the host range of each viruss, Wery difficult to determine the likely
consequences if they were to be translocated. Howgverlear that CqPV at least, poses a seriousithre
to aquaculture o€. quadricarinatugsee Bowater et al. 2002). No viruses of freshwater istagfe listed

by the OIE or NACA, and none of them are listed as artaple diseases in any State (Table 3b). Hence the
spread of these disease agents is unlikely to have advgraetsnon trade at this time. Given the paucity of
surveillance of diseases of wild freshwater crayfighisidifficult to assess whether wild populations
(including rare and threatened native freshwater crayéishalready threatened by disease agents such as
viruses. However the emergence of CqPV in the one farm in nardler@land confirms that the viral
diseases of Australian freshwater crayfish are so pdorbwn, there is a high chance that previously
undescribed viral pathogens remain to be discovered. Cdngi@dl of these factors, the consequences of
establishment of these viruses in new areas would depetia: atentity of the virus that was translocated
and that of the host infected, but infection of rare andatiened native crayfish with a novel virus that
would not be amenable to control in wild populationalddhave significant biological and environmental
consequences. Similarly, introduction of a virus suclCgBV into new geographical areas could pose a
significant threat to crayfish farming in those regions.is therefore estimated that the consequences of
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introduction of crayfish viruses into different partstbé& Australian environment via use of infected bait
would likely beModerate.

5.18.8 Risk estimation

The unrestricted risk associated with freshwateyfisia viruses is determined by combining the likelihood
of entry and exposure (from Table 5) with the consequencestaiiliehment (Table 7). The unrestricted
risk estimate for crayfish viruses exceeds the ALORiverfreshwater crayfish and whole dead freshwater
crayfish, suggesting that additional risk management l@sd disease agents is required for these
commodities.

Risk estimate for viral infections of freshwater crayfshes

Commodity type Live Whole fresh | Frozen whole Frozen Frozen
crayfish dead crayfish crayfish crayfish tails | crayfish heads
Combined likelihood Low Low Very Low Very low Very Low
of release and
exposure
Consequences of | Moderate Moderate Moderate Moderate Moderatg
establishment
Risk estimation Low risk Low risk Very low risk | Very lowrisk | Very low risk
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5.19 Infection of prawns with Gill Associated Virus (GAV)

5.19.1 Aetiologic agent Gill Associated Virus (GAV), a positive sense ssRNAIS in the genu®kavirus
in the family Roniviridae of the order Nidovirales.

5.19.2 OIE List: Yes NACA List: Yes

5.19.3 Australias status:Reported in QLD, NSW, NT and WA, and is a reportalifease in all States
except the ACT (Table 3b).

5.19.4 Epidemiology

Gill Associated Virus (GAV) and lymphoid organ virus (LOWave been reported from diseased and
healthyPenaeus monodainom Australia (Cowley et al. 1999, 2004, Wijegoonwardane et al. 20B6)h
viruses are members of the Yellowhead disease viral comptéch includes yellowhead virus (YHV),
which causes yellowhead disease (YHD) whickemzootic inP. monodonfarms in Taiwan, Indonesia,
China, Malaysia and the Philippin@smsuwan 1991l ightner 1996 Flegel 1997), however GAV and LOV
are genetically distinct from YHV (Cowley et al. 2004). ‘elhead-like viruses (YHLV) appear to
naturally infect only penaeids (Munro and Owens 2007).V®As been the primary cause of a yellowhead-
like disease and associated mortalities that havetedfebe prawn aquaculture industry in Australia since
1994 (Spanret al 1995, 1997a). The virus is indistinguishable from YHV by TEMedts a similar range
of tissues, and causes similar pathology, however for GA&tiions mortality is sometimes preceded by
varying degrees of red colouration of the body and pink towetolouration of the gills, with no evidence
of pale body colouration or yellowing of the cephalothorax AVGffected prawns (Spanet al 1997a).
Prior to the identification of GAV, a virus with similanorphology (LOV) was observed to be common in
healthy P. monodonin Australia (Spanret al. 1995). LOV causes the formation of distinct foci of
hypertrophic cells (spheroids) in the lymphoid organ whidtemmtise remains structurally intact (Spagtn

al. 1995). LOV infections are chronic and widespread in wild farmed®. monodoron Australias east
coast, suggesting the virus is a variant of GAV (Cowtegl.€2000, Munro and Owens 2007) which does not
cause disease in uncompromigednonodon

Several prawn species farmed commercially in Australieluding P. esculentysP. merguiensisand P.
japonicus are susceptible to experimental GAV infection (Spann. &0%0). However, some age/size and
species-related differences have also been noted instisgeptibility to disease. For exampte,monodon

P. esculentusP. merguiensisand smalP. japonicusdisplayed overt signs of disease and mortalities which
reached 82 to 100% within 23 d post-injection, however cumulatiwmeaiities in P. esculentusand P.
merguiensiswere significantly lower than foP. monodonof the same size class (Spann et al. 2000).
Medium sizedP. japonicusalso developed overt signs of disease but cumulative niiegalvere not
significantly higher than uninfected controls, while aduljaponicusdid not display symptoms of disease
and there were no significant mortalities up to 23 d pgstiion (Spann et al. 2000). The ability of GAV to
cause disease experimentally in a wide range of penaedissome palaemonids suggests these viruses
represent a considerable threat to a range of speciesdtuwfed prawns. Contaminated water is the major
method of natural infection with horizontal transmissibrough the water from infected prawns and by
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cannibalism of weak or moribund prawns (Flegel et al. 1995,,19§ftner 1996a Transport water, intake
water, nets and other equipment are likely sources ofs vintroduction, while in hatcheries vertical
transmission (via contamination of the egg surface) has tee®rded in GAV, with virus associated with
eggs originating from either of the male or female par@sviey et al. 2002).

5.19.5 Release assessment

GAV and LOV infect several prawn species used as balil¢Th), namelyP. monodonP. esculentusP.
merguiensisand other penaeids. The distribution of these viruses apm@sarnsted to the northern regions
of Australia, with GAV being reported in aquaculturedvpra in QLD, NSW, NT and WA, but absent in
South Australia (Roberts et al. 2010). The virus is enzaotigild prawns along the eastern seaboard at
prevalences as high as 95% (Munro and Owens 2007, Oanh et al. 20d Ipay also be found in wild
prawns in other parts of the country, especially adjaimeptawn farming areas. Large quantities of prawns
are used as bait throughout Australia (Kewagama Res@af®, 2007). Live prawns are generally not
available commercially, but 11% of recreational fisherstt#teir own prawns (Kewagama Research 2007),
and some of these could be translocated live. Howevemadi@ity of the volume of prawns distributed as
bait and berley throughout the country is frozen whole psafgnostlyMetapenaeuspp.), while fresh and
frozen prawns Renaeusspp.) are also widely distributed for human consumption, aednd 8% of
recreational fishers divert these to use as bait or béfleyagama Research 2007). GAV infected tissues
stored at —70°C can maintain infectivity (Spann et al. 2G00ugh there appears to be no information on
how long GAV can remain viable in tissues stored at -18t@vould be nevertheless expected (Durand et
al. 2000, Biosecurity Australia 2009) that a large percer@b @AV could survive and remain viable after at
least one freeze-thaw cycle during freezing, storage ramdgort within Australia. YHLV remain viable
outside the host in aerated seawater for up to 72 h (Féegel 1995). While some prawn viruses remain
infectious following passage through a bird gut, YHLV vidaio not (Vanpatten et al. 2004). Live or fresh,
whole, green (uncooked) penaeid and palaemonid prawns fromeneas GAV occurs in wild and/or
cultured prawns could therefore contain viable GAV. Fnordole uncooked prawns would also be
expected to contain viable GAV, especially if prawnsentakken from affected aquaculture ponds. Highest
GAV concentrations occur in the cephalothorax, with Lialet(1995) finding gill and head soft tissues
contained 10 to 800-fold higher titers of YHLV than the ottiesues and organs tested. Removal of the
head section would therefore significantly reduce (but dvoot completely eliminate) the levels of GAV in
translocated prawns. Taking into account the quantfiggawn products used as bait or berley (Table 1),
and the high prevalence of the disease agent, the likelihtiathBens for the occurrence of GAV in these
commodities are listed below.

Release assessment for infection of prawns with GAV

Commodity Live Whole fresh Frozen Frozen Frozen
type prawns | dead prawns whole prawn prawn
prawns tails heads
Likelihood of High High Low Very Low Low
release
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5.19.6 Exposure assessment

Prawns throughout northern Australia are already at fiskkposure to GAV. However, translocation of
GAV infected prawns from areas where GAV is enzootictii@r use as bait could transport the virus to
new regions. Infection and establishment of GAV in new hesisld occur only if viable viral particles
were introduced into an area where susceptible prawnspresent under suitable environmental conditions
for transmission. The virus has a wide host range, avetaepenaeids that form the basis of important
recreational and commercial fisheries in southern Auatfaelg.Melicertus latisulcatusP. plejebu¥ may be
susceptible to infection with GAV if they were to come amiact with the virus. YHLV remain infective in
the water for up to 3 days (Flegel et al. 1995), and susceptibstaceans can become infected with YHLV
via per-osexposure through cannibalism and also by water-bornsriasion through cohabitation (Flegel
et al. 1995, 1997, Lightner 1996). Although it is known that YHLV leartransmitted horizontally by co-
habitation, the minimum infective dose for transmissio Al via immersion does not seem to have been
quantified. Large viral copy numbers occur in haemolympprafvns clinically infected with YHV (5 x 10
/ul =5 x 1d%ml, see Ma et al. 2008) and GAV (1 x’18g, see Oanh et al. 2011). Virulent strains of YHV
were successfully transmitted via ther-osroute by feeding prawns with a dose of 5 X idal copies/g
(Sritunyalucksana et al. 2010), and GAV was transmatedi caused nearly 100% mortality when a similar
dose was injected (Oanh et al. 2011), suggesting threat ofianfes lower via theper-osroute as YHV is
supposed to be around®mes more virulent than GAV (Walker and Mohan 2009). Male(2009)
demonstrated that palaemonid prawns were also susceptilfld\Mdoy per-osexposure to prawn muscle
with around 4 x 1bviral copies/g, and they could act as reservoirs @fciidn for at least 36 days. These
data suggest that GAV may be transmissible bypéreosroute and cause disease, but probably only if
susceptible hosts consume clinically diseased prawnser\Wmperature is likely to play an important role
in transmission of the disease, with little informatsorailable on transmission rates of GAV at lower water
temperatures typical of southern States.

Wild prawns such aB. monodoroften carry sub-clinical GAV infections amwabuld be unlikely to suffer
mortalities unless they were exposed to significargssbors (Munro and Owens 2007). Once infected,
surviving prawnsmay transmit the infection vertically, which would funthenhance the likelihood of
establishment of new GAV infections in the environment. Ifgtsceptible crustacean in the index case
died, it is well known that dead and moribund crustaceam®ea source of GAV transmission, especially
given the high viral titres in clinically diseases prawmsyever predation of moribund crustaceans by non
susceptible species such as fish and crabs may be anamgdactor modulating transmission and spread of
GAV in some index cases. Taking these various factors datsideration, the risk of exposure and
establishment of GAV via use of bait and berley remainsnegtigible, and the likelihood of exposure and
establishment of GAV in new prawn populations via translonas considered to deow.

5.19.7 Consequence assessment

GAV naturally infects wild populations of prawns throughoutimern Australia at high prevalences, with no
known detrimental impacts on wild prawn fisheries at tmeet(Biosecurity Australia 2009). Therefore it
appears that establishment of the virus in new regions vinawd little if any effect on the viability of prawn
populations or the fisheries that rely on them. However, &a/recognized pathogen of cultured prawns,
and hence its introduction into new areas would likely tsagmificant consequences for prawn aquaculture
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industries in the affected region. Although some adaptédidBAV may occur over time, the presence of
the virus would remain a significant obstacle to industrypeatitiveness and profitability. YHLV are listed
by the OIE or NACA, and GAV is listed as a reportatileease in all States except the ACT (under review
in the NT) (Table 3b). Hence the spread of GAV to nevasiie likely to adversely impact on trade.
Considering all of these factors, establishment of GAYeaw areas would have significant consequences for
prawn aquaculture, that would not be amenable to controlt luauld appear unlikely to cause noticeable
environmental effects. It is therefore estimated thatconsequences of introduction of GAV into different
parts of the Australian environment via use of infected bautidviikely beModerate.

5.19.8 Risk estimation

The unrestricted risk associated with GAV is deteediby combining the likelihood of entry and exposure
(from Table 5) with the consequences of establishment €Tbl The unrestricted risk estimate for GAV
exceeds the ALOP for live prawns and whole fresh dead graaumggesting that additional risk management
for this disease agent is required in these commaodities.

Risk estimate for infection of prawns with GAV

Commodity type Live Whole fresh | Frozen whole Frozen Frozen prawn
prawns dead prawns prawns prawn tails heads
Combined likelihood Low Low Very Low Very Low Very Low
of release and
exposure
Consequences of | Moderate Moderate Moderate Moderate Moderatg

establishment

Risk estimation Low risk Low risk Very low risk | Verylow | Very low risk
risk
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5.20 Infection of crustaceans with Hepatopancreatic ParvovirudHPV)

5.20.1 Aetiologic agent Hepatopancreatic parvoviruses (HPV) are single-strandedemarioped DNA
viruses classified within the family Parvoviridae in the gedessovirus (Bonami et al. 1995a). There are
various strains, including’enaeus merguiensidensovirus PmerdNV), Penaeus monododensovirus
(PmorDNV), Parvo-like virus ofPenaeus japonicu@P-PJ), andPenaeus chinensisarvovirus (HPhin)
(see LaFauce et al. 2007a, Tang et al. 2008).

5.20.2 OIE List: No NACA List: No

5.20.3 Australias status:Reported in prawns, crabs and crayfish from QLD (Gwenal. 2010). This
disease is not reportable in any State (Table 3b).

5.20.4 Epidemiology

Hepatopancreatic parvoviruses have a cosmopolitan geograptribufion (Tang et al. 2008) and their
known host range encompasses postlarvae and juveniles afsattda wild and farmed penaeid prawn
species worldwide, includindp. stylirostris P. vannamei P. monodon P. merguiensisP. indicus P.
semisulcatusas well as the freshwater prawfiacrobrachium rosenbergi(see Anderson et al. 1990,
Gangnonngiw et al. 2009), blue swimmer cRdrtunus pelagicusind mud cralScylla serrata(see La
Fauce et al. 2007a, 2007b). Similar viruses have also leeended from other crab speciédafi and
Bonami 1988) Strains isolated from penaeid prawns have been shows #ble to infect crayfish and
cricketsAcheta domesticusnder certain conditions, but virus replication did not occur suggeatishort
term carrier state was achieved (LaFauce and Owens 2007, 2088xtopancreatic parvoviruses are often
found in healthy crustaceans and they are generally not reedgas causing severe disease (Lightner and
Redman 1985). However, HPV infection and in particular, meltipfections with HPV and other
pathogenic agents such as monodon baculovirus (MBV), has bedateorstatistically with stunted growth
in P. monodor(see Flegel et al. 1999, 2004).

HPV was initially reported from Asia (Chong and Loh 1984, Lightet al. 1985), and Australia (Paynter et
al. 1985, Roubal et al. 1989a, Spann et al. 1997b). There is evithenddPV has been spread to many
parts of the world via the movement of live animals (Coletral. 1987, Turnbull et al. 1994, Manjanaik et
al. 2005). Gene sequencing has identified three main gadugBV, from Korea, Thailand, and Australia
with a mean of 17% gene sequence divergdiiamg et al. 2008). New data suggest that HPV is an
emerging disease and that different strains of HP\aaseciated with different species and/or geographical
areas (LaFauce et al. 2007a, Tang et al. 2008).

5.20.5 Release assessment

HPV is known to naturally infect a wide range of crustaseartluding several species used as bait or berley
in Australia (Table 8), includingMacrobrachium rosenbergiiMacrobrachium spp., P. monodon P.
esculentusP. merguiensisPenaeusspp.,Portunus pelagicusScylla serrata andCherax quadricarinatus.
HPV infections are often asymptomatic and often occunigit prevalence. Large quantities of crustaceans
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are used as bait throughout Australia (Kewagama ResearchZllD), Live prawns, crabs or freshwater
crayfish are generally not commercially available feoduantities translocated by the approximately 11% of
recreational fishers who catch their own live crustacealhikely to be low. The majority of the volume of
crustaceans distributed as bait and berley throughoebth@ry is frozen whole prawndlétapenaeuspp.),
while fresh and frozen prawnBénaeusspp.), crabs and freshwater crayfish are also widetyilaised for
human consumption, and some of this is known to be diverteset@s bait or berley (Kewagama Research
2007). Infected fresh, whole, green (uncooked) crustaceanscaen whole uncooked crustaceans would
also be expected to contain viable virus, as it is knownhiggatopancreatic parvoviruses survive freezing (-
80°C) and remain infective in subsequent experimentalstiCatap et al. 2003). While survival and
viability of these viruses upon thawing from normal commertegzing temperatures of -18°C does not
appear to be documented, it would be reasonable to ettech large percentage of these viruses could
survive and remain viable after at least one freeze-ttymhe during commercial freezing, storage and
transport within Australia.

HPV occurs in cells of the hepatopancreatic tubule epithetlararely in cells of the anterior midgut or
caecum epithelia (Lightner and Redman 1985). Hence remové#heothead section containing the
hepatopancreas could result in a marked reduction in thele@d of infected prawnsTaking into account
the quantities of crustacean products used as bait or b&dbie(1), and the high prevalence of the disease
agent, the likelihood estimations for the occurrence of HP¥ese commodities are listed below.

Release assessment for infection of prawns and cralvgh HPV

Commodity Live Whole fresh Frozen Frozen Frozen
type crustaceans dead whole prawn prawn
crustaceans| crustaceans tails heads
Likelihood of High High Low Very Low Low
release

5.20.6 Exposure assessment

Prawns throughout northern Australia are already at figgkxposure to HPV. However, translocation of
HPV infected prawns from areas where HPV is enzootic viaulse as bait could transport the virus to new
regions. Infection and establishment of HPV in new hosisldvoccur only if viable viral particles were
introduced into an area where susceptible prawns wesemgrander suitable environmental conditions for
transmission. The virus has a wide host range, and mantacgass that form the basis of important
recreational and commercial fisheries in southern Auatrédig. Melicertus latisulcatus P. plejebus
southern populations &fortunus pelagicysmay be susceptible to infection with HPV if they wereame

in contact with the virus. Susceptible crustaceans canreesdected with HPV viger-osexposure, while
horizontal tansmission of HPV due to co-habitation is considered uwliket possible (Paynter et al. 1985,
Flegel et al. 1995).Catap et al. (2003) successfully transmitted HPV to osalP. monodorby feeding
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them once witl2 grams of infected frozen PL, whiledase of 10virions orally andby injection were both
sufficient to Kill redclaw crayfish in experimental clemiges (LaFauce and Owens 20073usceptible
species of crustaceans feeding on clinically diseased praworabs used as bait or berley may therefore
receive sufficient dose of the virus to become infectedielver it is not known if HPV can be transmitted
via theper-osroute if subclinically affected crustaceans were ug#dV may not be inactivated by passage
through the bird digestive system and as such, spread viaameal vectors such as seagulls is possible
(Biosecurity Australia 2009).The single-stranded, non-enveloped virion structure and-Dé&s&ed genome
confers HPV a much greater resilience compared to sénee Ilipid-containing enveloped viruses such as
WSSV and YHV (Biosecurity Australia 2009). Water tempamts likely to play an important role in
transmission of the disease, with little informationikmde on transmission rates of HPV at lower water
temperatures typical of southern States.

Wild crustaceans commonly carry sub-clinical HPV infectiarsd araunlikely to suffer mortalities unless
they were exposed to significant stressoit.a clinically diseased crustacean was used as bditttaan
susceptible crustacean in the index case became infectedieahdt is possible that dead and moribund
crustaceans could be a source of HPV, however predationoobund crustaceans by non susceptible
species such as fish may be an important factor madigfansmission and spread of HPV in some index
cases. Taking these various factors into consideratien;igk of exposure and establishment of HPV via
use of bait and berley remains non-negligible, and the likelilmb@Xposure and establishment of HPV in
new prawn populations via translocation is considered tmie

5.20.7 Consequence assessment

HPV naturally infects wild populations of crustaceamsnany areas of northern Australia, with no known
detrimental impacts on wild crustacean fisheries (Bio#gcu#ustralia 2009), and it appears that the
presence of HPV in healthy wild crustaceans is a nooc@lrrence in regions where this virus is endemic.
Therefore, establishment of the virus in new regions is uplitkehave any detectable effect on the viability
of crustacean populations or the fisheries that relyh@mt HPV has been associated with disease in
cultured prawns, and hence its introduction into new areaddwikely have some consequences for prawn
aquaculture industries in the affected region. HPV irdectoncurrent with stress tends to predispose
cultured crustaceans to infection with other (perhaps monéent) pathogenic agents (Biosecurity Australia
2009), hence over time dual infection with other pathogenic sigeay occur and result in mortality and
stunting (Flegel et al. 1999). Although HPV is not likelycause a severe epidemic in larger cultured
prawns, it may still cause economic loss (Flegel et al. )1@®8h would have a detrimental effect on the
profitability and hence viability of the prawn aquaculture itidus Australia. HPV is not listed by the OIE
or NACA, nor is it listed as a reportable disease in @tafe (Table 3b). Hence the spread of HPV to new
areas is not likely to adversely impact trade. Consideail of these factors, establishment of HPV in new
areas would have mild to moderate consequences for pguaculture, that would probably be amenable to
control, but it would appear unlikely to cause noticeable envieomah effects. It is therefore estimated that
the consequences of introduction of HPV into different paftshe Australian environment via use of
infected bait would likely beow.
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5.20.8 Risk estimation

The unrestricted risk associated with movements of acaans infected with HPV is determined by
combining the likelihood of entry and exposure (from Table S5hliie consequences of establishment
(Table 7). The unrestricted risk estimate for HPV doesexceed the ALOP for any of the commodity
types, suggesting that additional risk management ieeqatred for this disease agent at this time.

Risk estimate for infection of prawns and crabs with HF/

Commodity type Live Whole fresh | Frozen whole Frozen Frozen prawn
crustaceans dead crustaceans | prawn tails heads
crustaceans
Combined likelihood Low Low Low Very Low Low
of release and
exposure
Consequences of Low Low Low Low Low
establishment
Risk estimation Very low | Verylowrisk | Verylowrisk | Verylow | Very low risk
risk risk
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5.21 Infectious Hypodermal and Haematopoietic Necrosis of pravenIHHNV)

5.21.1 Aetiologic agent Infectious Hypodermal and Haematopoietic Necrosisis/{iHHNV) is single-
stranded, non-enveloped DNA virus classifiedP&saeus stylirostris densovird®stDNV) in the genus
BrevidensovirugFauquet et al. 2008)ithin the family Parvoviridae (Bonami et al. 1990).

5.21.2 OIE List: Yes NACA List: Yes

5.21.3 Australias status:Reported in QLD and the NT, and is a reportable des@aall States (Table 3b).

5.21.4 Epidemiology

The disease Infectious Hypodermal and Haematopoietic Bisonas first detected in 1981 in juvenie
stylirostris imported into Hawaii from Costa Rica and Ecuador (tngh et al. 1983a, 1983b). The most
pathogenic strains of the virus appear to have originated Asien (Lightner 1999, Tang et al. 2003) and
were spread throughout the Americas via movements of livengras broodstock and PL (Lightner 1996,
Tang et al. 2003). IHHNV is now found at prevalences of 28 44—-100% in wild South Americdh
vannameiand L. stylirostris respectively (Unzueta—Bustamante et al. 1998, Morales—Qinasr et al.
1999, Nunan et al. 2000). IHHNV is considered to be endemigl@nP. monodorin South-East Asia and
Australia with reported prevalence as high as 94%, althduge wsually is no associated disease in this
species (Flegel et al. 2004rabsetsve et al. 20D4However, when assessing prevalences generated using
PCR-based surveys for IHHNV iR. monodonthe fact that certain virus-related sequences aegriied
into the genome dP. monodonn parts of Australasia and Africa must be considered atehtinto account
(Tang and Lightner 2006, Tang et al. 2007, Rai et al. 2009b).

There are at least three strains of IHHNV (OIE 2010m)e Philippines strain, which appears to have been
the original source of infection of the Americas, is considdo be the most virulent, being associated with
mortality in farmed_. stylirostrisand runt deformity syndrome in farm@d vannameandP. monodor(see
Primavera and Quinitio 2000). The South East Asian stmachindian Ocean strain found in Madagascar
and Australia are considered to be less virulent ta@eds (Tang et al. 200Krabsetsve et al. 2004)
Australia appears to have both the latter strains in@dtpopulations dP. monodor(Biosecurity Australia
2008, 2009). IHHNV infection in Australasia has been reparieabt only P. monodonbut a range of
cultured prawns including. japonicusandP. vanname{see Bell and Lightner 1984, Lightner et al. 1997),
as well as PL and juvenil®acrobrachium rosenbergi{see Hsieh et al. 2006). Experimentally infected
species include a wide range of other penaeids, includegespsuch aB. semisulcatuandP. japonicus
that are both endemic to Australia and used as baitT@b(Brock and Lightner 1990, Lightner 1996).
However,P. merguiensisippears to be refractory to infection (Brock and Lightr@90, Lightner 1996). To
date, IHHNV has not been reported in other crustaceaupg such as crabs or lobsters.

IHHNV is mainly a disease d®. stylirostris which does not occur in Australia, but the virus occadinal
results in chronic runt deformity syndrome h monodon(Primavera and Quinitio 2000). However,
whether disease occurs depends on the stain of the virus idvalve infection with the strains of IHHNV
in P. monodonin Australia is not necessarily associated with desgisabsetsve et al. 2004 IHHNV

DWH FRDB@oject No. 2009/072, Final Report July 2011 154

www.digsfish.com



infection can occur by horizontal transmission throughinigestion of dead infected prawns or by contact
with water containing infected animals (Lotz 1997). \Gattitransmission occurs through the presence of
IHHNV in the ovaries of infecte®. vannamefemales (Motte et al. 2003). Thus, both horizontal andoagrti
transmission may increase IHHNV prevalence in botd ewld cultured prawns.

5.21.5 Release assessment

IHHNV is known to naturally infect a wide range of crustaxrgancluding several species used as bait or
berley in Australia (Table 8), such &enaeus monodorPenaeus esculentusind Metapenaeusspp.
IHHNV infections are often asymptomatic and can occuigit prevalences. Large quantities of prawns are
used as bait throughout Australia (Kewagama Research 2002, 2Q0v9. prawns are generally not
available commercially, but 11% of recreational fisherstt#teir own prawns (Kewagama Research 2007),
and some of these could be translocated live. Howetermajority of the volume of prawns distributed as
bait and berley throughout the country is frozen whole prgMesapenaeuspp.), while fresh and frozen
prawns Penaeusspp.) are also widely distributed for human consumption,aaodnd 8% of recreational
fishers divert these to use as bait or berley (KewagamaalReh 2007). Both live and fresh, whole, green
(uncooked) prawns would be expected to contain viable virus.

Frozen whole uncooked prawns would also be expected torsntalar amounts of virus to fresh product,
as it is known that IHHNV is able to survive frozen storageveen —20°C and —80°C and remain infectious
for over five years (OIE 2010b), while the Australian straiftHHfiINV was found to remain infective after
15 years of frozen storage (Biosecurity Australia 2009). NMHan also survive several freeze—thaw cycles
with minimal loss of virulence (OIE 2010b). Therefore it is higikely that a large percentage of these
viruses could survive and remain viable after at least oneefitd@aw cycle during commercial freezing,
storage and transport within Australia. IHHNV replesain the cytoplasm of cells of ectodermal (epidermis,
gills, fore and hind gut, antennal gland and neurons) and mesalderigin (haematopoietic tissue,
haemocytes, striated muscle, heart, lymphoid organ @maective tissues), however infection of the midgut
epithelium is rare (Lightner et al. 1983b). Because of tleisijoval of the head section alone would not
necessarily result in a marked reduction in the vwatllof infected prawns, however removal of head and
shell would markedly reduce viral loads andadheand shell wastes would be expected to contain high
concentrations of virus (Biosecurity Australia 2009). Takinp account the quantities of crustacean
products used as bait or berley (Table 1), and the prevalemtice disease agent, the likelihood estimations
for the occurrence of IHHNV in these commodities aredigtelow.

Release assessment for infection of prawns with IHHN

Commodity Live Whole fresh Frozen Frozen Frozen
type Prawns | dead prawns whole prawn prawn
prawns tails heads
Likelihood of High High Moderate Moderate¢ ~ Moderatg
release
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5.21.6 Exposure assessment

Prawns throughout northern Australia are already at figkmosure to IHHNV. However, translocation of
IHHNV infected prawns from areas where IHHNV is enzoeia their use as bait could transport the virus
to new regions. Infection and establishment of IHHNVnew hosts would occur only if viable viral
particles were introduced into an area where susceptiblens were present under suitable environmental
conditions for transmission. The virus has a wide host rdmgenly infects prawns and does not appear to
infect other crustaceans. Nevertheless, prawn spdusidrm the basis of important recreational and
commercial fisheries in southern Australia (églicertus latisulcatusP. plejebuy may be susceptible to
infection with IHHNYV if they were to come in contacttivihe virus.

Susceptible wild crustaceans can become infected withNNA via horizontal routes such gser-os
exposure, as well as horizontally via the watercbyhabitation (Lightner et al. 1983a, 1983b, Lotz 1997).
Penaeus monodas reported to require prolonged exposure to IHHNV beforctidn occurs, nevertheless
the high stocking densities used in intensive aquaculture previtiEble conditions for transmission of
IHHNV (Browdy et al. 1993).Susceptible species of prawns feeding on clinically diseaisagins used as
bait or berley may receive sufficient dose of the virubdoome infected,dwever it appears unlikely the
IHHNV could be transmitted via thger-osroute if subclinically affected crustaceans were usétHNV

has also been shown to maintain infectivity following passhgrigh the gastrointestinal tract of seagulls
and chickens that have been fed infected prawns (Vanmtedn2004), therefore indicating this agent can
be spread via birds and probably other mechanical vectbike HPV, the simple, single-stranded, non-
enveloped virion structure and DNA-based genome confers IHHMUc greater environmental resilience
compared to some other lipid-containing enveloped virusesasig¥iSSV and YHV (Biosecurity Australia
2009).

Water temperature is likely to play an important roléramsmission of the disease, with little information
available on transmission rates of IHHNV at lower watmgeratures typical of southern States. The
replication rate of IHHNV at high water temperaturesignificantly reduced ifP. vannameheld at 32°C
compared to prawns held at 24°C. Prawns held at 32°C haoxapately 16 lower viral load than prawns
held at 24°C (Montgomery Brock et al. 2007). Wild prawns comniyn carry sub-clinical IHHNV
infections, and aremnlikely to suffer mortalities unless they were exposedignificant stressors.If a
clinically diseased prawn was used as bait or berleytldusceptible prawn in the index case became
infected and died, it is possible that dead and morilpragins could be a source of IHHNV, however
predation of moribund prawns by non susceptible speciesasufibh and crabs may be an important factor
modulating transmission and spread of IHHNV in some indesex Taking these various factors into
consideration, the risk of exposure and establishment IdNNA via use of bait and berley remains non-
negligible, and the likelihood of exposure and establishmernHBNYV in new prawn populations via
translocation is considered to bew.

5.21.7 Consequence assessment

Although IHHNV is present in populations of will monodonn Australia and other parts of the world,
there is no evidence yet available of it having a discermigi@ct onP. monodonn the wild. It appears that
the presence of IHHNV in apparently healthy wildmonodoris a normal occurrence in regions where this
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virus is endemic (Flegel et al. 200drabsetsve et al. 2008Yithyachumnarnkul et al. 2006). Only in areas
where the highly susceptiblB. stylirostris occurs in the wild have adverse consequences of IHHNV
introduction into populations of wild prawns been observeduding a transient 50% reduction in landings
of P. stylirostrisin the Gulf of California prawn fishery after introductiohlHHNV (Morales-Covarrubias

et al. 1999), though various other factors may have alsoilmaiad to the decline. IHHNV has certainly
been associated with disease in cultured prawns, and iemtteoduction into new areas would likely have
some consequences for prawn aquaculture industries in ticeedffegion. Although IHHNV is not likely

to cause a severe epizootic in larger cultured prawmsayt still cause economic loss which would have a
detrimental effect on the profitability and hence viability loé forawn aquaculture industry in Australia.
IHHNV is listed by the OIE and NACA, and it is liste a reportable disease in all States (Table 3b).
Hence the spread of IHHNV to new areas is likely to adlxerisgpact trade. Considering all of these
factors, establishment of IHHNV in new areas would haviel o moderate consequences for prawn
aquaculture, that would probably be amenable to controlt ubuld appear unlikely to cause noticeable
environmental effects in Australia. It is therefore eated that the consequences of introduction of IHHNV
into different parts of the Australian environment via usmifgicted bait would likely beow.

5.21.8 Risk estimation

The unrestricted risk associated with transfer of NHvia infected prawns is determined by combining the
likelihood of entry and exposure (from Table 5) with the cqueaces of establishment (Table 7). The
unrestricted risk estimate for IHHNV does not exceed th®Rlfor any of the commodity types, suggesting
that additional risk management for this disease dagewt required at this time.

Risk estimate for infection of prawns with IHHNV

Commodity type Live Whole fresh | Frozen whole Frozen Frozen prawn
Prawns dead prawns prawns prawn tails heads
Combined likelihood Low Low Low Very Low Low
of release and
exposure
Consequences of Low Low Low Low Low

establishment

Risk estimation Very low | Verylowrisk | Verylowrisk | Verylow | Very low risk
risk risk
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5.22 Infection of prawns with Monodon Baculovirus (MBV)

5.22.1 Aetiologic agent Penaeus monodobaculovirus (MBV). MBVis an occluded double-stranded
DNA enteric baculovirus that is tentatively classifiesl @ species in the genducleopolyhedrovirus
Plebejusbaculovirus andBennettaebaculovirus (Spann and Lester 1996) and several other similesesir
exist, which are considered to be strains of MBV dmay will be considered together with MBV.

5.22.2 OIE List: No NACA List: No

5.22.3 Australias status: Reported in QLD, NSW, WA and SA, and is a reportaldease in WA and the
NT (Table 3b).

5.22.4 Epidemiology

MBYV was first discovered during an epizootic of laborat@ared, adulP. monodonmported from Taiwan
into Mexico and maintained in quarantine (Lightner and Red&®81, Lightner et al. 1983c). Subsequently
MBV was reported from numerous other regions, includindaysa (Anderson et al. 1987), Indonesia
(Nash et al. 1988), and Australia (Lester et al. 1987, Doukyaetsal. 1988, Spann and Lester 1996, 1997),
and over time it was shown to be widely distributed in cultyredvns in China, Philippines, Thailand, Sri
Lanka, Singapore, India, Israel, Japan, Kuwait, Omaly, lkenya, Gambia and South Africa. MBV has
also been introduced into Tahiti, Hawaii, Brazil, Edora Mexico, Puerto Rico and in some parts of the USA
with movements of cultured prawns. Various strains olihes infect a variety of penaeid hosts, including
not only P. monodonbut alsoP. merguiensis, P. semisulcatus, P. kerathurus, P. vannameaiciHemrtus, P.
penicillatus, P. plebejusMetapenaeus ensidM. monoceros M. elegans M. bennettaeand Melicertus
latisulcatus(Lightner et al. 1987, Lightner 1996, Spann and Lester 1996, Maminaetral. 2004, Roberts et
al. 2010), and als®lacrobrachium rosenbergin Thailand (Gangnonngiw et al. 2010).

Affected prawns display lethargy, anorexia, darkened cdiowraand heavy surface fouling. Acute MBV
causes disintegration of the hepatopancreatic tubules and reithetlia and consequently, dysfunction of
these organs often followed by secondary bacterialtiofes (Flegel 2006). MBV has been linked with high
mortalities (over 90%) in late postlarvae and juvenile cutym@wns in many countries, and is considered
by some observers to be partially responsible for theps®laf the prawn culture industry in Taiwan in the
late 1980s (Lin 1989). Usually late juvenile and adultmonodorare more resistant to MBV than larval,
postlarval, and early juvenile stages prawns (Brock aghther 1990). Although good culture practices may
enhance survival of MBV infected stocks (Fegan et al. 1%3dgel 1997), growth, crop value and
performance may be significantly reduced (Flegel et2@04, Flegel 2006) and MBV may predispose
infected prawns to infections by other pathogens, witresponding higher mortality rates.

MBYV infections are characterised by the presence of pr@mbisingle or, more often, multiple spherical
intranuclear occlusion bodies in hypertrophied epithelidl ad the hepatopancreas and midgut, or free
within lysed cell debris in the faeces (Lightner and Red&&81, Flegel 2006). MBYV produces a spherical
occlusion body in which virions are embedded in a crystalliogepr matrix (Lightner and Redman 1981).
Crowding or environmental stress may increase the presak@nd intensity of MBV (Lightner et al. 1983c,
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Fegan et al. 1991, Lightner 1996, Flegel 1997). Transmission of dipears to be exclusively by the oral
route in which cannibalism and faecal-oral contaminationtlaeeprincipal mechanisms (Lightner et al.
1983c, Paynter et al. 1992, Lightner 1996, Spann and Lester 1996).

PCR based surveys showed that prevalence of MBV inRvilchonodorin the Philippines was 18-20% in
the dry season and 6 to 9% in the wet season in male aadef@rawns, respectively (De La Pena et al.
2008). In cultured®. monodorihe prevalence of MBV can be much higher, for exampl® @617 % in the
Philippines (see Natividad and Lightner 1992)he high prevalence observed in cultured prawns can be
attributed to culture conditions such as crowding stresscandibalism that enhances stress-induced MBV
infection De La Pena et al. 2008)in all samples that were tested bg La Pena et al. (2008positive
results were obtained only after the nested PCR stejis stiggests a low viral load in the samples and
consequently, wild populations Bf monodorin the Philippines can be considered as asymptoroatiters
responsible for vertical and horizontal transmission ofvings in the hatchery phagPe La Pena et al.
2008). MBV-like viruses are only known to infect prawns.

5.22.5 Release assessment

MBYV is known to naturally infect a wide range of prawns,udahg several species used as bait or berley in
Australia (Table 8), includin@enaeus monodoR. esculentusP. semisulcatys?. merguiensisMelicertus
latisulcatus Penaeusspp. and Metapenaeusspp.. Infections of wild prawns are usually asymptomatic
(Spann and Lester 1996) and can occur at high prevalenceex&ample, over 90% oMetapenaeus
bennettaewere infected by MBV in Moreton Bay (Spann and Ledi@97), while a MBV-like virus was
found in 60% of wildM. latisulcatusin SA (Roberts et al. 2010). Some species of prawnsbmagfractory

to some strains of MBV. For example, monodorwas reportedly refractory to experimental infectiathw
the Bennettae baculovirus strain of MBV, whie esculentusP. plebejusandM. macleayicaught in the
same trawls as the heavily infectétl bennettag were apparently not infected when examined using
histopathology (Spann and Lester 1997).

Large quantities of prawns are used as bait throughoutakas(Kewagama Research 2002, 2007). Live
prawns are generally not available commercially, but 11%eafertional fishers catch their own prawns
(Kewagama Research 2007), and some of these could be teaedltiee. However, the majority of the
volume of prawns distributed as bait and berley throughout cthentry is frozen whole prawns
(Metapenaeuspp.), while fresh and frozen prawrefaeusspp.) are also widely distributed for human
consumption, and around 8% of recreational fishers divert tteesese as bait or berley (Kewagama
Research 2007). Both live and fresh, whole, green (uncopkaahs would be expected to contain viable
virus.

Frozen whole uncooked product would also be expected tainomable virus, especially if affected prawns
were taken from affected aquaculture ponds, and MBV is kriometain virulence when thawed after
storage at -70°C for extended periods (Paynter et al. 19%Mn et al. 1993, Spann and Lester 1996,
Manisseri et al. 1999). The ability of the virus to surdneezing may be due to the fact that MBV virions
encapsulated in crystalline occlusion bodies are well gestdcom inactivation by a range of chemical and
physical insults (Spann et al. 1993, Manisseri et al. 1999hile survival and viability of MBV upon
thawing from normal commercial freezing temperatures18fC is not documented in the literature, it
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would be reasonable to expect that a large percentatpes# viruses could remain viable after at least one
freeze-thaw cycle during commercial freezing, stomgetransport within Australia.

MBV infects the hepatopancreas and midgut almost exclusivelyngdn and Lightner 1988)Hence
removal of the head section containing the hepatopancreas rezuilt in a marked reduction in the viral
load of infected prawnsTaking into account the quantities of prawn products usdzha®r berley (Table
1), and the high prevalence of the disease agent, the likelilstiothgons for the occurrence of MBV in
these commodities are listed below.

Release assessment for infection of prawns with MBV

Commodity Live Whole fresh Frozen Frozen Frozen
type Prawns | dead prawns whole prawn prawn
prawns tails heads
Likelihood of High High Moderate Very low| Moderatg
release

5.22.6 Exposure assessment

Prawns in many areas of Australia are already atofigposure to MBV. However, translocation of MBV
infected prawns from areas where these viruses are enzutiheir use as bait or berley could transport
MBV to new regions. Infection and establishment of MBWhew hosts would occur only if viable viral
particles were introduced into an area where susceptiblens were present under suitable environmental
conditions for transmission. The virus has a wide host rdngeonly infects prawns and does not infect
other crustaceans. The protection afforded to MBV by tgstalline occlusion body results in the virus
being very resistant to inactivation by chemical and phiysmeans (Spann et al. 1993), meaning that it
could remain infective in the environment for an extendedod. Susceptible crustaceans can become
infected with MBV viaper-osexposure through cannibalism and faecal-oral contamindtightfier et al.
1983c, Paynter et al. 1992, Lightner 1996, Spann and Lester 1998r t&mperature is likely to play an
important role in transmission of the disease, \ittke information available on transmission rates of WIB

at lower water temperatures typical of southern States.

The identity of all species of prawns susceptible to MBWot fully known, though some species appear
refractory to infection by some strains of MBV (Spamd Lester 1996). Neverthelessseseptible species

of prawns feeding on clinically diseased prawns used asob&érley may receive sufficient dose of the
virus to become infectedotvever it appears unlikely the MBV can be transmitted viap#reosroute if
sub-clinically affected crustaceans were used as haainBand Lester 1996). If susceptible species of wild
penaeids in Australiaeceived an infective dose of MBV from a clinically disehpeawn used as bair
berley and an index case occurred, the virus would be likely tsighedn the population of susceptible
penaeids, as infected prawns would be unlikely to sdff&rase and/or mortalities unless they were exposed
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to significant stressors. Nevertheless, predadioimfected prawns by non susceptible species such as fish
and crabs may be an important factor modulating tressom and spread of MBV in some index cases.
Whether the virus could be transferred to progeny and becstaelished is less clear, given that vertical
transmission has not been recorded for MBV. Howeventimeerous reports of MBV introductions around
the world (ightner 1996)suggests that there would be reasonable chances of estabtishmewere
introduced. Taking these various factors into consideration, theaisgkposure and establishment of MBV
via use of bait and berley remains non-negligible, and thehdai of exposure and establishment of MBV
in new prawn populations via translocation is considere@ taty.

5.22.7 Consequence assessment

Several strains of MBV are already known to be presettiarAustralian environment. Although MBYV is
present in populations of wild penaeids in many parts ofwbed, there is no evidence of it having a
discernible impact in the wild. It appears that the presef MBV in apparently healthy wild prawns is a
normal occurrence in regions where this virus is endeMiBY has been associated with limited disease in
cultured prawns, but it is relatively easy to prevent tidacin hatcheries by taking steps to eliminate faecal
contamination of spawned eggs and larvae by washing naug@ggs with formalin, iodophores and clean
sea water (Chen et al. 1990). Equipment can also beiedlgctiisinfected using chlorine (Spann et al.
1993) and iodophores (Manissiri et al. 1999). Thus using sihygene practices, MBV can be controlled
and the consequences of establishment in farmed prawndheaefore be largely mitigated with minimal
detrimental effect on the profitability and hence viabilifytlre prawn aquaculture industry. MBV is not
listed by the OIE and NACA, but is listed as a reportaldease in the NT and WA (Table 3b). Hence the
spread of MBV to new areas is likely to have minimal inbpam trade. Considering all of these factors,
establishment of MBV in new areas would have mild consempsefor prawn aquaculture, that would be
amenable to control, and it would appear unlikely to causeecadtie environmental effects. It is therefore
estimated that the consequences of introduction of MBY different parts of the Australian environment
via use of infected bait would likely béery low.

5.22.8 Risk estimation

The unrestricted risk associated with MBV is detemedi by combining the likelihood of entry and exposure
(from Table 5) with the consequences of establishment (T/gbl&he unrestricted risk estimate for MBV
does not exceed the ALOP for any of the commodity types, siiggélsat additional risk management for
this disease agent is not required at this time.
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Risk estimate for infection of prawns with MBV

Commodity type Live Whole fresh | Frozen whole Frozen Frozen prawn
Prawns dead prawns prawns prawn tails heads
Combined likelihood Low Low Low Very low Low
of release and
exposure
Consequences of | Very low Very low Very low Very low Very low
establishment
Risk estimation Negligible| Negligible risk | Negligible riski  Negligible| Negligible risk
risk risk
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5.23 Infection of prawns with Mourilyan virus (MoV)

5.23.1 Aetiologic agent Mourilyan virus (MoV) is an enveloped, spherical to ovoid-B® nm diameter)
viral particle with a RNA genome that is genetically retbto the Uukuniemi virus and other phleboviruses
of theBunyaviridae(see Cowley et al. 2005).

5.23.2 OIE List: No NACA List: No

5.23.3 Australias status: MOV infections have been reported from QLD, and tlégase is not reportable
in any State (Table 3b).

5.23.4 Epidemiology

Mourilyan virus (MoV) was originally described frofh monodorfrom eastern Australia during studies of
GAV (Cowley et al. 2005), but has since been recorded uh avid cultured®. monodonP. japonicusand

P. merguiensisrom Australia, Fiji, Malaysia, Thailand and Vietnd®IE 2007a). IrP. monodonMoV can
exist as a chronic or acute infection and affects éssi ectodermal and mesodermal origin, with formation
of lymphoid organ spheroids (Cowley et al. 2005). MoV oftetucein mixed infections with GAV .
monodonalong Australias east coast, and although MoV is not highlyogahic in cultured®. monodon
(see Oanh et al. 2011), there is some evidence associaiMgth mortalities in culturedP. japonicugsee
Sellars et al. 2006, Cowley et al. 2009). It is thought teatical transmission of these viruses By
monodonbroodstock captured from these areas is the likely mechamigmetpating their high prevalences
in the wild and inP. monodorfarmed along eastern Australia (Cowley et al. 200®wley et al. (2005)
found the prevalence of MoV iRP. monodonbroodstock captured from the east coast of Cape York
Peninsula, north Queensland and farmed and domestistieiks generated from these broodstock to be
(98%) (60 of 61 prawns tested positive). In contrastyeys ofP. monodortaken from Weipa on the west
coast of Cape York Peninsula found MoV was detected atloer levels and a maximum of only 15%
prevalence using qPCR (see Cowley et al. 2009). Furtheram®rane of nine mantle samples from pearl
oysters collected at Weipa was also qPCR-positive for Mio¥ significance of the low prevalence of very
low-level MoV infection in wild P. monodonfrom the area is not clear as it is possible that MoV was
detected in the absence of an infection having establiSimdey et al. 2009).

Minor nucleotide sequence variations (< 5%) occur betweel Molates from Australia, Malaysia and
Thailand, indicating that strain variants exist in divetgeopulations ofP. monodon(OIE 2007a). No
significant sequence variation has been detected betwees igplates infecting eastern Australin
monodonand P. japonicus or amongP. monodonsampled from various locations in north and eastern
Australia and in Fiji, suggesting a single genetic lineage tmigfsts in these prawn populations (OIE
2007a). A study of captive breeding Bf japonicus demonstrated that broodstock reared from egg to
maturity in controlled environment tanks had significantighkr survival rates than sibling broodstock
sourced from farm ponds (Sellars et al. 2006). The low |emes@ of MoV in the tank-reared stocks was
associated with high mean survival (£S.E.) (75.81+7.12%nv€rsely, the high prevalence of MoV in the
pond-reared stocks was associated with low mean surviv@9(#11.42%). The results indicated tliat
japonicusbroodstock reared in controlled environment systemsemsse dt risk from MoV, due to lower
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infection rates or a greater capacity to toleratectisa, compared to prawns sourced from farm ponds
(Sellars et al. 2006). Rajendran et al. (2006) experimentelhsmitted MoV to healthy juvenil®.
japonicususingan inoculum prepared from diseadge@dmonodorby snap freezing tissues on dry ice after
collection and storing at —80°C until required. Horizontahsmission via injection has been shown and
infection is also likely via ingestion of infected tisswvhilst vertical transmission has not been repofiat,
cannot be excluded (OIE 2007a). MoV has only been recordedgdrawns and not other crustaceans.

5.23.5 Release assessment

MoV is known to naturally infect wildP. monodonn Queensland in asymptomatic infections that can occur
at prevalences near 100% in some regions (Cowley et al. 2088)virus has also been recorded in cultured
P. monodon,and P. japonicus(see Sellars et al. 2006) and was also detectd®l imerguiensisut a
productive infection state was not suspected (OIE 2007axgelLquantities of prawns are used as bait
throughout Australia (Kewagama Research 2002, 2007). Live praawe generally not available
commercially, but 11% of recreational fishers catch them prawns (Kewagama Research 2007), and some
of these could be translocated live. However, the ntgjofithe volume of prawns distributed as bait and
berley throughout the country is frozen whole prawns (ma#gyapenaeuspp.), while fresh and frozen
prawns Penaeusspp.) are also widely distributed for human consumption,aaodnd 8% of recreational
fishers divert these to use as bait or berley (Kewagaesedch 2007). Infected fresh, green (uncooked)
prawns would still be expected to contain viable viaisgd frozen whole uncooked product would also
contain viable virus if infected prawns were taken from agliare ponds, as it is known that MoV survives
freezing (-80°C) and remained infective in experimentalstiiRajendran et al. 2006). While survival and
viability of MoV upon thawing from normal commercial freezimgnperatures of -18°C is not documented,
it would be reasonable to expect that a large percemfagesse viruses could survive and remain viable
after at least one freeze-thaw cycle during commeh@aking, storage and transport within Australia.

During disease outbreaks in cultured prawns along Austrebias coastMoV was widely distributed
throughout cephalothoracic tissues of mesodermal and ectalderigin. Heavily infected tissues included
lymphoid organ spheroids and tubules, gill and cuticular epitmeliparticularly in the foregut and
cephalothorax, organ connective tissues and glial, neuebsacrand giant cells in the segmental nerve
ganglia (Cowley et al. 2005)Hence removal of the head section containing the lymphoichpgglds, and
foregut could result in a marked reduction in the vicad of infected prawnsTaking into account the
guantities of prawns used as bait or berley (Table 1),th@chigh prevalence of the disease agent, the
likelihood estimations for the occurrence of MoV in thesemodities are listed below.

Release assessment for infection of prawns with MoV

Commodity Live Whole fresh Frozen Frozen Frozen
type Prawns | dead prawns whole prawn prawn
prawns tails heads
Likelihood of High High Moderate Very low| Moderatg
release
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5.23.6 Exposure assessment

Prawns in QLD are already at risk of exposure to Mo\bwever, translocation of MoV infected prawns
from areas where MoV is enzootic via their use as baitdcwahsport the virus to new regions. Infection
and establishment of MoV in new hosts would occur onlyablé viral particles were introduced into an
area where susceptible prawns were present under suitablenemaital conditions for transmission. Little
is known about the natural host range and transmission of bldMp date it has only infected prawns and
does not appear to infect other crustaceans. Susceptldl@raivns are probably able to become infected
with MoV via per-os exposure (OIE 2007a), however to date this has not beerta@pmxperimentally.
Viral loads in healthy. monodorinfected with MoV were high, ranging from 2 x°10 2 x 16 RNA copies
Ing (Oanh et al. 2011). While injection of prawns with izeth GAV/MoV inoculum containing 3 x £0
RNA copies /ng MoV resulted in an increase in MoV vieald to 2.5 x 1BRNA copies /ng after 9 days, the
death of the experimental prawns was related to ineseasviral loads of GAV, and not MoV (Oanh et al.
2011).

It is possible, therefore, thRt monodonP. japonicusP. merguiensisind other prawn species that form the
basis of important recreational and commercial fishanesther regions of Australia besides QLD (e.g.
Melicertus latisulcatusP. plejebuy may be susceptible to infection with MoV if they werecmme in
contact with the virus. Infectdd. monodorcan tolerate a high level of MoV infection without becoming
diseased (Oanh et al. 2011). However, water temperatlikely to play an important role in transmission
of the disease, with little information available omtission rates of MoV at lower water temperatures
typical of southern States, and predation of moribund prdoynson susceptible species such as fish and
crabs may be an important factor modulating transmissioinspread of MoV in some index cases. Taking
these various factors into consideration, the risk gbsure and establishment of MoV via use of bait and
berley remains non-negligible, and the likelihood of exposure atadblisbiment of MoV in new prawn
populations via translocation is considered th.de .

5.23.7 Consequence assessment

MoV is already known to be present in the Australian envirohroBrthe QLD coast. Although MoV is
present in populations of wild. monodonthere is no evidence of it having a discernible impattenwild.
Healthy P. monodorinfected with MoV can carry very high viral loads (Oanlale2011), hence it appears
that the presence of MoV in both wild and cultuRednonodorns not associated with disease, and that other
viruses such as GAV are more significant in instancesende has been associated with reduced survival
in P. japonicuscultured under certain conditions (Sellars et al. 2006). MoNot listed by the OIE and
NACA, and is also not listed as a reportable diseasayirStates (Table 3b). Hence the spread of MoV to
new areas is not likely to impact trade. Considering alhee factors, establishment of MoV in new areas
would have mild consequences for prawn aquaculture, thaldvpsobably be amenable to control, and it
would appear unlikely to cause noticeable environmental effedtsis therefore estimated that the
consequences of introduction of MoV into different partshef Australian environment via use of infected
bait would likely bevery low.
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5.23.8 Risk estimation

The unrestricted risk associated with MoV is determineddybining the likelihood of entry and exposure
(from Table 5) with the consequences of establishment €Tgbl The unrestricted risk estimate for MoV
does/does not exceed the ALOP for any of the commodity typggesting that additional risk management
for this disease agent is not required at this time.

Risk estimate for infection of prawns with MoV

Commodity type Live Whole fresh | Frozen whole Frozen Frozen prawn
Prawns dead prawns prawns prawn tails heads
Combined likelihood Low Low Low Very low Low
of release and
exposure
Consequences of | Very low Very low Very low Very low Very low

establishment

Risk estimation Negligible| Negligible risk | Negligible riski  Negligible| Negligible risk
risk risk

DWH FRDB@oject No. 2009/072, Final Report July 2011 16€

www.digsfish.com



5.24 Infection of prawns and crayfish with Spawner Isolated Mrtality Virus (SMV)

5.24.1 Aetiologic agent Spawner Isolated Mortality Virus (SMV) is a parvo-likiNA virus with
icosahedral virions 20 to 25 nm in diameter (Owens @i98i8).

5.24.2 OIE List: No NACA List: No

5.24.3 Australias status: SMV infections have been reported from QLD, and disgase is reportable only
in South Australia (Table 3b).

5.24.4 Epidemiology

In 1993, an epizootic occurred in captiPenaeus monodospawners at a research facility in northern
Queensland, Australia. The spawners exhibited lethdegiyire to feed, redness of the carapace and
pleopods, and an increased mortality rate (Fraser armh$1996). Inoculation of healtRy monodorwith

cell free extracts of infected tissue filtered to Od% produced mortalities approaching 100%. Infected
prawns began to show signs of disease (becoming a darkloenl)doy Day 6, produced red faeces by Day
10 and the first mortalities were observed by Day 13. fRedes were a feature of this disease which had
not been previously reported (Fraser and Owens 1996). tijatdsns discovered a parvo-like virus with
icosahedral virions 20 to 25 nm in diameter inside affecé#id,cand the new virus was called spawner
isolated mortality virus (Owens et al. 1998).

Histopathology demonstrated pathological changes in the subcutigitleliem and underlying muscle,
haematopoietic tissue, lymphoid organ, hepatopancreaguandl here were extensive areas of haemocytic
infiltration and melanisation of the subcuticular epithelwith haemocytic replacement and necrosis of the
underlying muscle. In advanced cases there were also ls@®e a@f necrosis in the hepatopancreas with
pyknotic cells sloughing into the lumen (Fraser and Owens 1996)

In situ hybridisation ofP. monodordemonstrated that SMV mainly infected the gastroimtaktract (Owens

et al. 1998). Target organs included the hepatopancredguinand to a lesser extent, the hindgut caecae.
In heavy infections, the virus would break through the lanpropria of the gut and become systemic,
localising in the lymphoid organ, gonads and heart, and tigrgnegress of the virus through the gut, voided
with the faeces (Owens et al. 1998). The disease couici@mitted to healthy prawns by intra-muscular
injection of filtrates from infected prawns, or by feedingected prawn tissue (Fraser and Owens 1996).
Deaths began to occur within 14 days for prawns injectiéd filtrates and 30 days post infection in the
prawns exposeper-osvia feed (Fraser and Owens 1996).

When the first outbreaks of mid-crop mortality syndrome (MGME&curred in Australian prawn farms in
1994, SMV was present (Owens et al. 1998). Further investiggtond that MCMS was associated with
mixed infections, with GAV being mainly involved, together@MV. Subsequent investigations focused
on determining the origins of SMV within the industry (Owenale2003). Previous observations suggested
that SMV was vertically transmitted through hatcheri€svens et al. (2003) surveyed 999monodorand

P. merguiensisspawners from hatcheries and found 77 of the 909 examined (8.41&@ pesitive for
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SMV. However, there was significant variation in the plewee (0- 24%) over the years and between
seasons and speci@@wens et al. 2003)Survival in hatchery tanks of PLs from SMV-positive spawner
was lower than those from SMV-negative spawners, suppottiaghypothesis that SMV is vertically
transmitted from spawners to postlarvae in hatchendscauses reduced survival of progeny (Owens et al.
2003). In later stages of growout in hatchery pools, nursery @wd-@it ponds, however, progeny from
SMV-positive spawners sometimes had better survival thases controls (Owens et al. 2003). SMV has
only been recorded from prawns and freshwater crayfismaindther crustaceans.

5.24.5 Release assessment

SMV is known to infect a number of hosts in Australialuding several species used as bait or berley, not
only P. monodonand P. merguiensis but alsoP. esculentusP. japonicusand Metapenaeus ensi&ee
Owens et al. 1998). Owens and McElnae (2000) also demodstrate freshwater crayfishCherax
guadricarinatug displaying reduced tolerance of stress and reduaadlgmvere suffering from mixed SMV
and other viral infections. Infections of SMV in wilduggt broodstock occurred at prevalences of 24% in
P. monodorand 4% inP. merguiensigOwens et al. 2003).Large quantities of prawns are used as bait
throughout Australia (Kewagama Research 2002, 2007). Live praawe generally not available
commercially, but 11% of recreational fishers catch them prawns (Kewagama Research 2007), and some
of these could be translocated live. However, the ntgjofithe volume of prawns distributed as bait and
berley throughout the country is frozen whole prawns (ma#gyapenaeuspp.), while fresh and frozen
prawns Penaeusspp.) are also widely distributed for human consumption,aaodnd 8% of recreational
fishers divert these to use as bait or berley (KewagamaaRss 2007). Infected fresh, whole, green
(uncooked) prawns would still be expected to contain vialoles. Frozen whole prawns would also be
expected to contain viable virus, as it is known that SMViges freezing (-20°C) and remained infective in
subsequent experimental trials (Owens et al. 1998). therefore likely that a high percentage of these
viruses could survive and remain viable after at least oneehitd@aw cycle during commercial freezing,
storage and transport within Australia.

SMV infects mainly the gastrointestinal tract of praw@swens et al. 1998),eimce removal of the head
section containing the hepatopancreas, gills, lymphoid orgjach,foregut would most likely result in a
marked reduction in the viral load of infected prawrsaking into account the prevalence of the disease
agent and the quantities of prawns used as bait or berldte(Ty the likelihood estimations for the
occurrence of SMV in these commodities are listed below.

Release assessment for infection of prawns with SMV

Commodity Live Whole fresh Frozen Frozen Frozen
type Prawns | dead prawns whole prawn prawn
prawns tails heads
Likelihood of High High Low Very low Low
release
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5.24.6 Exposure assessment

Prawns and crayfish throughout northern Australia areadyret risk of exposure to SMV. However,
translocation of SMV infected prawns from areas where S8&hzootic via their use as bait could transport
the virus to new regions. Infection and establishment of SMiveiv hosts would occur only if viable viral
particles were introduced into an area where susceptiblens were present under suitable environmental
conditions for transmission. The virus has a host rangeirtblaides 4 species of prawns as well as a
freshwater crayfish. Other prawn species that formbés&s of important recreational and commercial
fisheries in southern Australia (e.Nlelicertus latisulcatusP. plejebuy as well as rare or threatened
freshwater crayfish may be susceptible to infection @MV if they were to come in contact with the virus.

Transmission of SMV via feeding on infected tissue h&s lbecorded (Fraser and Owens 1996) with deaths
beginning to occur within 30 days in prawns expogedosvia feed, hence susceptible wild crustaceans
may become infected with SMV via horizontal routes susbea-osexposure, as well as horizontally via the
water. Susceptible species of prawns and freshwater chafdeding on clinically diseased prawns used as
bait or berley may receive sufficient dose of the virusdcome infected,dwever it is not known whether
SMV could be transmitted via thger-osroute if subclinically affected crustaceans were usebaitsor
berley. It is possible, therefore, tHat monodonP. merguiensisP. japonicusand Metapenaeuspp. that
form the basis of important recreational and commefisia¢ries in other regions of Australia besides QLD
(e.g. Melicertus latisulcatus P. plejebuy as well as other species of freshwater crayfishlughcg
threatened species), may be susceptible to infectiona if they were to come in contact with the virus

If susceptible species of wild prawns or crayfish intfalga received an infective dose of SMV and an index
case occurred, the virus would be likely to persishengopulation of susceptible crustaceans, as they would
be unlikely to suffer mortalities unless they were expdeesignificant stressors. The virus would then be
likely to be transferred to progeny via vertical transimaissind could become established. Howevertew
temperature is likely to play an important rolerarsmission of the disease, with little informationikixe

on transmission rates of SMV at lower water tempeeattypical of southern States. Predation of SMV
infected crustaceans by non susceptible species sudhas@l crabs may be an important factor modulating
transmission and spread of SMV in some index cases.nd &kése various factors into consideration, the
risk of exposure and establishment of SMV via use of bait sty remains non-negligible, and the
likelihood of exposure and establishment of SMV in populationza@ivns and crayfish via translocation is
considered to beow.

5.24.7 Consequence assessment

SMV is already present in populations of wild prawns ineseegions of Australia, and there is no evidence
of a discernible impact in the wild. It appears thatpresence of SMV in healthy wild penaeids is a normal
occurrence in regions where this virus is endemic (Oweabk £998). However, SMV has been associated
with poor performance and reduced survival in culttRechonodor(see Fraser and Owens 1996, Owens et
al. 2008), as well as mortalities of 60 to 100% in culturedHwater crayfish (Owens and McElnae 2000),
hence its introduction into new areas would likely have sooresequences for prawn aquaculture and
possibly significant adverse consequences for freshwatgfistr aquaculture in the affected region. SMV
has potential to have a detrimental effect on the prdiiyabind hence viability of the prawn and freshwater
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crayfish aquaculture industries in Australia, as welpatentially negative ramifications for conservation of
threatened crayfish species. SMV is not listed byale and NACA, but it is listed as a reportable disease
in SA (Table 3b). Hence the spread of SMV to new areaddcionpact trade to a limited extent.
Considering all of these factors, establishment of SM¥Wew areas would have mild (prawns) to moderate
(freshwater crayfish) consequences for prawn aquacuthateywould probably be amenable to control, but it
would appear unlikely to cause noticeable environmental effegsawn populations, and uncertain effects
on wild populations of freshwater crayfish. It is therefestimated that the consequences of introduction of
SMV into different parts of the Australian environment wge of infected bait would likely ddoderate.

5.24.8 Risk estimation

The unrestricted risk associated with SMV is detaediby combining the likelihood of entry and exposure
(from Table 5) with the consequences of establishment €Tbl The unrestricted risk estimate for SMV
exceeds the ALOP for live prawns and whole fresh dead graaumggesting that additional risk management
for this disease agent is required for these commodities.

Risk estimate for infection of prawns with SMV

Commodity type Live Whole fresh | Frozen whole Frozen Frozen prawn
Prawns dead prawns prawns prawn tails heads
Combined likelihood Low Low Very low Very low Very low
of release and
exposure
Consequences of | Moderate Moderate Moderate Moderate Moderatg

establishment

Risk estimation Low risk Low risk Very lowrisk | Verylow | Very low risk
risk
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5.25 White Tail Disease of freshwater giant prawns

5.25.1 Aetiologic agent Macrobrachium rosenberghlodavirus (MrNV), a non-enveloped double stranded
RNA virus and its associated satellite extra small iX8V), a single stranded RNA virus (Bonami et al.
2005).

5.25.2 OIE List: Yes NACA List: Yes

5.25.3 Australias status: MrNV infections have been reported from QLD, and thiedse is reportable in
QLD, NSW and Victoria (Table 3b).

5.25.4 Epidemiology

Macrobrachium rosenbergimodavirus rNV) and its associated extra small virus (XSV) causgentlil
disease (WTD) in freshwater giant prawssicrobrachium rosenbergi(see Bonami and Widada 2003,
Bonami et al. 2005). The disease was first recognisedturedlpost larvae d¥l. rosenbergiin Taiwan in
1992 which were affected by an epizootic disease charseieby white opaque areas in the abdominal
muscle (Tung et al. 1999). Then in 1999 a similar diseaserepasted inM. rosenbergiireared in
Guadeloupe, French West Indies (Arcier et al. 1999), followe@tbga (Qian et al. 2003), India (Vijayan et
al. 2003, 2005b, Sahul Hameed et al. 2004), Thailand (Yoganandhla2@®6) and in wild caught adut.
rosenbergiiin Australia (Owens et al. 2009).

The disease occurs mainly in postlarddl rosenbergii with adults usually not being affected (Sahul
Hameed et al. 2004, Ravi et al. 2010), however subclinicakéctedl adult freshwater prawns can transmit
the virus to their progeny (Sudhakaran et al. 2007). In postelait@ clinical signs of WTD include
lethargy, anorexia and opaqueness of the abdominal mgsglgy rise to the name white tail disease. The
opaqueness gradually extends on both sides and leads dsis@srd degeneration of telson and uropods, in
severe cases, followed by heavy mortalities within 2-3 degshing 99 to 100% within 10 days (Vijayan et
al. 2005b). Unlike idiopathic muscle necrosis, areas of necnatiscle in WTD affected post larvil.
rosenbergiiexhibit basophilic cytoplasmic inclusion bodies (Arcienketl1999, Tung et al. 1999) associated
with the presence dfirNV and XSV, but subclinically infected adults may not (Osvehal. 2009).

Transmission of these viruses occurs horizontally throughwtiter, as well as viper-os exposure and
vertically (Sudahakaran et al. 2007, Owens et al. 2009)randfér of the disease was documented to have
occurred with the movement of infected postlamvalrosenbergiifrom Guadeloupe to Puerto Rico (OIE
2005). Indeed, the rapid emergence of the disease in regi@israf, Bangladesh and India inhabited by
the western form oM. rosenbergiialso suggests that it was introduced into these ar&as. Australian
isolate appears to be slightly different, and being detectewild caught broodstock, this suggests the
disease may be endemic to this country in the eastermdiM. rosenbergii(see Owens et al. 2009). Given
that the Australian isolate of MrNV is genetically mokisely related to a Chinese isolate, this may suggest
the disease may have been introduced into Austrasiaraé time in the past by human activities (Owens et
al. 2009).

DWH FRDB@oject No. 2009/072, Final Report July 2011 171

www.digsfish.com



5.25.5 Release assessment

MrNV is known to naturally infect wildvl. rosenbergii(Table 8) in north QLD in asymptomatic infections
(Owens et al. 2009). The virus is only known to naturally ink&crosenbergii although prawns, aquatic
insects andArtemiamay act as carriers of the disease agent (Sudhakaen2906, 2007, 2008). Large
guantities of prawns are used as bait throughout Austteiavagama Research 2002, 2007), but these are
almost entirely penaeids and Mt rosenbergii Live prawns are generally not available commercially, but
11% of recreational fishers catch their own prawns (Kewmag&esearch 2007), and it is known tNat
rosenbergiiis a popular live bait used by recreational fishers in tméhem parts of Australia (Ross 1995).
SinceM. rosenbergiis a relatively hardy species (Ross 1995), it may baydaanslocated live by fishers at
least short distances. Infected fresh, whole, gresro@ked) freshwater prawns would also still be expected
to contain viable virus, but there appears to be very lthieblished data available examining whether
MrNV and XSV can survive freezing and thawing and remé&ble after transport within Australia.

MrNV and XSV occur in the gills, head muscle, stomaaotgstine, heart, haemolymph, pleopods, ovaries
and tail muscle of experimentally injected adult freatew prawns (Sauhl Hameed et al. 2004). Because of
this, removal of the head section alone would not necessarilyt iesuimarked reduction in the viral load of
infected freshwater prawnslaking into account the relatively small quantitiesre§hwater prawns used as
bait or berley, as well as the fact that the disegsatamay be reasonably prevalent in wild populations of
freshwater prawns in at least some parts of the co(@imens et al. 2009), the likelihood estimations for the
occurrence of MrNV and XSV in these commodities are liseddw.

Release assessment for white tail disease of giant frester prawns

Commodity Live Whole fresh Frozen Frozen Frozen
type freshwater dead whole freshwater| freshwater
prawns freshwater | freshwater prawn prawn
prawns prawns tails heads
Likelihood of High Moderate Low Low Low
release

5.25.6 Exposure assessment

Freshwater prawns throughout at least some parts of noustnalia are already at risk of exposure to
MrNV and XSV. However, translocation of infected pravitom areas where MrNV and XSV are enzootic
via their use as bait could transport the virus to new regidmfection and establishment of these viruses in
new hosts would occur only if viable viral particles wer&aduced into an area where susceptible
freshwater prawns were present under suitable environmentalionaddr transmission. The virus appears
to cause disease only in freshwater prawns and theré&fenesks of other crustaceans becoming diseased
appears negligible, however penaeids and other crustaceainsectd have been identified as carriers.
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Both post larval, juvenile and adbt. rosenbergiican become infected with MrNV and XSV via horizontal
routes such ager-osexposure, as well as horizontally via the water and edistiCSudahakaran et al. 2007,
Owens et al. 2009). réshwater prawns feeding on clinically diseabkedosenbergiiused as bait or berley
have been shown to receive sufficient dose of the vitaskescome infected (Owens et al. 2009), and while
these viruses do not generally cause disease in Bdulosenbergii(unless they are stressed and/or in
confinement, see Owens et al. 2009), infected prawnskag to survive and pass on the disease to their
progeny via vertical transmissiorsydahakaran et al. 2007)Since the minimum dose required for
successful transmission of these viruses is not yet knovis,difficult to determine whethdirNV and
XSV could be transmitted via thger-os route if subclinically affected crustaceans were usedait.
However the viruses appear highly virulent kr rosenbergii especially post larval stages, and it is very
possible that the minimum infective dose is relatively.|lolhese viruses have also been detected in carriers
such as aquatic insects atidemia have been shown to be infective when fed to post lavabsenbergii
(see Sudhakaran et al. 2007), therefore indicating thebespread via carriers or mechanical vectofge
transmission and spread of these viruses in wild populatiods rosenbergiiafter an index case occurs will
also likely be modulated by predation of moribund prawnadiysusceptible species such as fish and crabs.
Taking these various factors into consideration, theaiséxposure and establishment of MrNV and XSV
via use of bait and berley remains non-negligible, and thighidad of exposure and establishment of MrNV
and XSV in new prawn populations via translocation is ctansd to bé.ow.

5.25.7 Consequence assessment

Strains of MrNV and XSV are already known to be pregetite Australian environment. Although MrNV
and XSV are present in populations of wild rosenbergiin many parts of the world, there is no evidence
to date of it having a discernible impact in wild popiglas. However, the fact that the virus can infect adult
freshwater prawns without causing disease, but can causemaaalities in their progeny, suggests that
adverse effects for wild populations Mf rosenbergiicannot be ruled out at this time. MrNV and XSV has
been associated with major disease outbreaks in cultteglofater prawns, and hence its introduction into
new areas would likely have major consequences fohvra®r prawn aquaculture in the affected region.
White tail disease is listed by the OIE and NACA, and listed as a reportable disease in QLD, NSW and
Victoria (Table 3b). Hence the spread of MrNV and XSWewv areas is likely to adversely impact trade.
Considering all of these factors, establishment of MrNM &SV in new areas would have serious
consequences for freshwater prawn aquaculture, and ials@ygause noticeable environmental effects. It is
therefore estimated that the consequences of introductiddrNV and XSV into different parts of the
Australian environment via use of infected bait would like#yModerate.

5.25.8 Risk estimation

The unrestricted risk associated with WTD is detaadiby combining the likelihood of entry and exposure
(from Table 5) with the consequences of establishment (T/Abld he unrestricted risk estimate for WTD
exceeds the ALOP for live freshwater prawns and wholehfoesad freshwater prawns, suggesting that
additional risk management is required for these dissgeets in these commodities.
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Risk estimate for white tail disease of giant freshwateprawns

Commodity type Live Whole fresh | Frozen whole Frozen Frozen
freshwater dead freshwater | freshwater| freshwater
prawns freshwater prawns prawn tails | prawn heads
prawns
Combined likelihood Low Low Very low Very low Very low
of release and
exposure
Consequences of | Moderate Moderate Moderate Moderate Moderatg
establishment
Risk estimation Low risk Low risk Very lowrisk | Verylow | Very low risk
risk
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5.26 Infection of crustaceans with rickettsia-like organisra (RLOS)

5.26.1 Aetiologic agent Rickettsia —like and chlamydia-like organisms that inéeastaceans.
5.26.2 OIE List: Yes NACA List: Yes

5.26.3 Australias status: Rickettsia —like and chlamydia-like organisms have beeorteghin all States,
and milky haemolymph disease of spiny lobsters is a rdgerthsease in QLD, NSW, Tasmania and SA
(Table 3b).

5.26.4 Epidemiology

Rickettsia —like organisms (RLOs) are intracellular prglites that have been reported from a range of
crustaceans (Brock et al. 1986, Brock and Lightner 1990, Botval. €994, 1996, Krol et al. 1991),
including several species known to be used as bait in Awastralihey are often present in healthy
crustaceans and in mixed infections with viruses and atents in diseased prawns (Anderson et al. 1987),
suggesting they are not usually primary pathogens. Becausis,ahbst RLO infections are not considered
significant, however occasionally there are reports abserdisease outbreaks associated with RLOs in
cultured crustaceans including freshwater crayfish (TarCamehs 2000), lobsters (OIE 2007b, Nunan et al.
2010) and penaeid prawns (Nunan et al. 2003a, 2003b). In Madaige$888 a RLO was associated with
severe mortalities of farmedenaeus monodoim grow-out ponds (Nunan et al. 2003a). In experimental
trials the RLO involved was able to infdet vannamebnly if it was injected, with infection unable to be
achieved by the oral route (Nunan et al. 2003b). The faitureansfer infection via the oral route is
significant as it suggests that this agent may only causeask in grow out ponds when hosts are
compromised or stressed, or else it could suggest {hartagite or other aquatic species may be required to
complete the infection process (Nunan et al. 2003b).

In contrast, a “milky haemolymph disease” of spiny lolss{@anulirusspp.) (MHD-SL) emerged recently
in Vietnam (OIE 2007b, Hung and Tuan 2009, Nunan et al. 2010). eftodogical agent involved with the
mortalities was a novel RLO which occurred in large nusiye haemolymph and muscle, causing large
scale mortalities and losses of production (OIE 2007b, Lightheal. 2008). Onset of the disease was
reportedly very rapid. Affected lobsters became inactiveé eeased feeding. Within another 3-5 days
affected lobsters were observed with milky haemolymph ussaellen abdominal pleura of the exoskeleton
(visible on ventral side). Mortality occurred soon afierical signs become apparent (Lightner et al. 2008).
Mortalities of up to 30% have been attributed to the dis€hsan and Hung 2009). Haemolymph drawn
with a syringe from affected lobsters will not clot amaeges from slightly cloudy or turbid to milky white.
Dissection of affected lobsters shows the presence of rmdkyured haemolymph in the haemocoel and
tissue spaces and white hypertrophied connective tissyeeci@dy serosa and capsules) of all major organs
and tissues (Lightner et al. 2008).

Infection with the RLOCoxiella cheraxiand other RLOs were responsible for mortalities ituced Cherax
guadricarinatusin north Queensland (Tan and Owens 2000, Edgerton et al. 20dBcaador (Romero et
al. 2000). Very similar diseases, with similar grasd histopathological lesions, have also been reported in
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farmedPenaeus monodaand in captive European shore cr@arcinus maenggsee Lightner et al. 2008,
2009). Sequence information generated from 16 S rDNA aegblifom the RLB from infecte@. maenas
P. monodorandPanilurusspp. show that the RLOs in each of these diseases ala& sbut not necessarily
closely related (Nunan et al. 2003a, 2003b, Eddy et al. 20@¥ariNet al. 2010).

5.26.5 Release assessment

At this time MHD-SL has only been recorded from spiny teks in Vietham. Hence it will not be
considered further here. However, other RLOs have beenedgdootn a variety of crustaceans in Australia
(Edgerton and Prior 1999, Biosecurity Australia 2009), includiregisg which are used as bait or berley,
such as penaeids afd quadricarinatus Large quantities of crustaceans, mainly prawns, are aséeait
throughout Australia (Kewagama Research 2002, 2007). Live praawe generally not available
commercially, but 11% of recreational fishers catch them prawns (Kewagama Research 2007), some of
which are likely to be used live and thus could be toagéd short distances by fishers. Infected fresh,
whole, green (uncooked) freshwater prawns would alsobstibxpected to contain viable RLOs, and these
bacteria also survive freezing. For example, RLORandalussp. survived freezing at -10°C and -15°C for
at least 10 days (Bower et al. 1994, 1996), and a RLO assbaiath disease if?. monodonsurvived
freezing at -70°C and remained infective by injection, but/i@oper-osexposure (Nunan et al. 2003b). Itis
likely, therefore, that RLOs will be able to survive e and thawing and remain viable after transport
within Australia. Rickettsia like organisms can occur sgstemic infections of a wide range of organs
including haemocytes (Romero et al. 2000) and tail mu&atghtner et al. 2008), hence removal of the
cephalothorax of prawns or lobsters may not necessaslytrin a marked reduction in the levels of these
infective agents

Taking into account the relatively large quantities mfstaceans used as bait or berley, as well as the fact
that these agents may be reasonably prevalent in wildgd@md of crustaceans in some parts of the country
the likelihood estimations for the occurrence of RLOs is¢lmommodities are listed below.

Release assessment for infection of crustaceans WRhOs

Commodity Live Whole fresh Frozen Frozen Frozen
type crustaceans dead whole crustacean crustacean
crustaceans| crustaceans tails heads
Likelihood of High Moderate Low Low Low
release

5.26.6 Exposure assessment

Crustaceans throughout Australia are already at risk of expds® RLOs that occur naturally in the
Australian environment. Translocation of infected crustaceantining RLOs via their use as bait could
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transport these agents into new regions, but infection a@ablisement in new hosts would occur only if
viable RLOs were introduced into an area where susceptisks were present under suitable environmental
conditions for transmission. RLOs are thought to be mnétexd horizontally by co-habitation or tiper-os
routes (Lightner et al. 2008). Translocation of live crustacqase a high risk of introduction and
establishment of RLOs (Romero et al. 2000), but most traatsidccrustaceans that are used as bait in
Australia are frozen, and it appears that although dRht@s can survive freezing , their infectivity upon
thawing may be reduced. For example, Nunan et al. (2008b)l that upon thawing the a RLO stored at -
70°C, it remained infective only by injection, but not per-osexposure, which would significantly reduce
the risk of disease transmission in the natural environment

Wild crustaceangeeding on clinically diseased crustaceans used as bériey would likely have a high
chance of becoming infected by RLOs. HowevenshRLOs appears to cause disease only in crustaceans
reared in confinement, and given that some states doenwiitpsale of aquacultured products as bait, this
would significantly reduce the likelihood of crustaceansviheanfected with RLOs being used as bait.
Since the minimum dose required for successful trangmisgithese disease agents is not usually known, it
is difficult to determine whetheRLOs could be transmitted via tiper-osroute if subclinically affected
crustaceans were used as bait. In any case, these digeas®lo not generally cause disease unless their
hosts are stressed and/or held in confinement at high denditestransmission and spread of these disease
agents in populations of wild crustaceans after an indeg oasurs will also likely be modulated by
predation of moribund crustaceans by non susceptible species disth akaking these various factors into
consideration, the risk of exposure and establishment of Rh@sustaceans via use of bait and berley
remains non-negligible, and the likelihood of exposure and estatdigs of RLOs in new crustacean
populations via translocation is considered th.te .

5.26.7 Consequence assessment

Several types of RLOs that infect crustaceans aradirienown to be present in the Australian environment,
and there is not evidence to date that these agents havdismgynible impact in wild populations.
However, some RLOs have become problematic in the aquacokuwarious types of crustaceans, and
hence their introduction into new areas can have some consegquir crustacean aquaculture in the
affected region. However, these disease agents arwellagasy to control in aquaculture situations via
better husbandry practices and use of antibiotics (Lighthexl. 2008). Only MHD-SL is listed as a
reportable disease by the OIE and NACA (as well asliD,QNSW and Victoria (Table 3b)), however
MHD-SL is exotic to Australia, and the spread of endemi©®to new areas is unlikely to impact trade.
Considering all of these factors, establishment of RLGs iew areas would have mild consequences for
crustacean aquaculture that would be amenable to coatrdlthey are unlikely to cause any noticeable
environmental effects. It is therefore estimated thatdmsequences of introduction of RLOs into different
parts of the Australian environment via use of infected bautidviikely beVery low.
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5.26.8 Risk estimation

The unrestricted risk associated with crustacean RisQletermined by combining the likelihood of entry
and exposure (from Table 5) with the consequences of e$taeint (Table 7).
estimate for crustacean RLOs does not exceed the ALO&njoof the commodity types, suggesting that

additional risk management for these disease agentsiisquited at this time.

Risk estimate for infection of crustaceans with RLOs

The unrestricted risk

Commodity type Live Whole fresh | Frozen whole Frozen Frozen
crustaceans dead crustaceans | crustacean| crustacean
crustaceans tails heads
Combined likelihood Low Low Very low Very low Very low
of release and
exposure
Consequences of | Very low Very low Very low Very low Very low
establishment
Risk estimation Negligible| Negligible risk | Negligible riski  Negligible| Negligible risk
risk risk
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5.27 Infection of crustaceans wittHematodiniumspp.

5.27.1 Aetiologic agent Hematodinium australisand other parasitic dinoflagellates of the genus
Hematodinium(Family Syndiniceae).

5.27.2 OIE List: No NACA List: No

5.27.3 Australias status: Hematodinium australibas been reported from crabs in Moreton Bay and the
Great Barrier Reef QLDHudson and Shields 1994¥hile Hematodiniurdike agents have been reported
from crustaceans in Western Australia. The diseas& ieeportable in any State (Table 3b).

5.27.4 Epidemiology

Dinoflagellates in the genudematodiniumare parasites of wild marine decapod crustaceans, yarlyc
crabs and lobsters (Stentiford and Shields 2005), howeaaantly they have also begun to be problematic
in cultured crustaceans such as mud ci&bgdla serrata(see Li et al. 2008) and even palaemonid prawns
(Xu et al. 2010). The gendgematodiniumwas first described by Chatton and Poisson (1931), who found
Hematodiniunpereziin the haemolymph dfarcinus maenaandLiocarcinus depuratom France. Several
studies have since described majgmatodiniumspp. epizootics that have damaged fisheries for a wide
range of species of decapod crustaceans in many courSteEgiford and Shields 2005). Several crab
species in Australia are infected wifematodinium australjsncludingPortunus pelagicuysScylla serrata
andTrapezia areolatéShields 1992, Hudson and Shields 1994, Hudson and Adlard 1994, 1898gver,

to date prevalences bBf. australisin the wild in Australia have been low, and there has b indication of
significant disease at a population level at this time &arity Australia 2009) Hematodiniumsp. have
been recorded from broad range of decapod crustacean hosts, suggesting that thesieepare host
generalists (Stentiford and Shields 2005). Indeed, amphipagisast as alternate or reservoir hosts for
Hematodiniunm(Hudson and Shields 1994, Shields 1994).

Hematodinium australiszvas differentiated from the type specids pereziChatton and Poisson 1931 on the
basis of size of the vegetative stage (trophont), the pres#irounded plasmodial stages and the southern
hemisphere location dfl. australis (see Hudson and Adlard 1994). Molecular studies by Hudson and
Adlard (1996) later supported the separatiorl ohustralisfrom other known forms dflematodinium The
highly pathogenicHematodiniumsp. parasites fronNephrops norvegicugsee Field et al. 1992) and
Chionoecetes bairdsee Meyers et al. 1987) are likely to be new species, huthere is comparative work
with the type species, it will remain difficult to pthem within the genus (Stentiford and Shields 2005).

Crabs and lobsters affected Hgmatodiniumsp. undergo dramatic pathological alterations to theirngrga
tissues and haemolymph and eventually die (Meyers et al. 198d, dtial. 1992, Stentiford and Shields
2005). Infections iMN. norvegicusare associated with moribund lobsters displaying an ataiatull orange
colouration, with ‘'watery' muscles, low haemolymph pressurenaifig/-white body fluids (Field et al.
1992). Other species exhibit similar signs of opaque disatioarof the carapace, milky white body fluids
and haemolymph that does not clot, and a “chalky” or “coolegyiearance of the flesh, with the external
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signs of infection accompanied by several physiological and biocakudigruptions to the muscles and
other organs which substantially alter the metabolism ettefl hosts (Stentiford and Shields 2005).

The lifecycle consists of at least 3 phases (Stedtémod Shields 2005): a multinucleate plasmodial stage, a
vegetative phase (trophont, produced via merogony) and an asegtductive phase (sporont produced
via sporogony). In the Syndinida, sporogony leads to the formafi@dissimilar forms of biflagellate
dinospores (‘swarmers’) that arise from different paiefections and ensure dispersal and new infection.
Virtually all of the Syndinida are parasitic in the haemae@élinvertebrate hosts. They occur primarily as
plasmodial forms that divide and grow until they undergo sporogmmyoduce a motile spore stage. The
plasmodial stage has no chloroplasts and obtains nutvionsmotrophy during the trophic phase, where
lipid and polysaccharide inclusions suggest active feeditfteagxpense of the host. Sporogenesis is simple
with multiplication of the nuclei, plasmodial and cytoplasmic glams occurring to produce sporocysts,
from which the biflagellate zoospores are produced andalibé Mortality rate of infected crabs is often
100% (Meyers et al. 1996) and death of the host usually followsilapon (Stentiford and Shields 2005).
No resting cyst stages of the life cycle have been tepoo date, though their presence cannot be ruled out
at this time (Stentiford and Shields 2005).

In Callinectes sapidusff Florida, USA,Hematodiniumsp. infections reached a peak prevalence of 30 %
(Newman and Johnson 1975). Messick (1994) subsequenpityted an epizootic diematodiniumthat
affected 70 to 100% of the juveniBallinectes sapidum the seaside bays of Maryland and Virginia in 1991
and 1992. In Francélematodinium pereznfections are associated with winter crab moresjtwith peak
prevalences in velvet crdidecora puberobserved to be as high as 87 %, resulting in a catastrophic 96%
decline in the local fishery (Wilhelm and Boulo 1988/ilhelm and Mialhe 1996). Infections of
commercially fished populations of tanner and snow craliserBering Sea and southeast Alaskan waters
with Hematodiniunsp. were reported with peak prevalences approaching 100e3e(Met al. 1990, 1996,
Eaton et al. 1991 Evidence from the snow cralClfionoecetes opiljofishery in Newfoundland, Canada,
shows the prevalence éfematodiniumsp. has increased steadily from 0.037% to 4.25% over a 10 year
period (Pestal et al. 2003), affecting over 9% of males and @5Bémales in an epizootic occurring in
Conception Bay in 2000 (Shields et al. 2005). PrevalenkEmiatodiniunsp. in wildNephrops norvegicus
was up to 70% (Field et al. 1992). Outbreaks of disease ddematodiniumsp. in wild populations of
crustaceans tend to occur in areas with entrained waeses such as lagoons, embayments or fjords with
shallow sills (Meyers et al. 1987, 1990, Eaton et al. 1991, leiell. 1992, Wilhelm and Miahle 1996,
Messick 1994). Clearly, given suitable conditions, at leastesvariants oHematodiniumsp. represent a
significant threat to wild populations of decapod crustazean

5.27.5 Release assessment

Several crustaceans that occur along the east coaststfalla which can be used as bait and/or berley are
known to harbour infections dflematodinium australjsincluding Scylla serrataand Portunus pelagicus
(see Shields 1992, Hudson and Adlard 1994ematodiniurdike agents have also been reported from P.
pelagicus in Western Austraffa Large quantities of crustaceans are used as baitgtwati Australia
(Kewagama Research 2002, 2007), but these are mainly pemaeids, andH. australis has not been

15 http://asvp.inov8design.info/wp-content/uploads/2010/07/de-2008-26.pdf
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recorded from penaeids in Australia to date. The qiiesbf crabs used as bait in Australia is likely to be
relatively small (used by around 2.1% of fishers, Kewag&weaearch 2007), and the prevalences$i.of
australisin crab populations is very low, up to 4%Rn pelagicusand 1.5% ofS. serratain Moreton Bay
(Hudson and Shields 1994, Hudson and Lester 1994). Infectbd cam, however, harbour very high
intensityHematodiniuminfections, for example 1 x 1®lematodiniurrcells/ml in the haemolymph (Hudson
and Shields 1994). Also, fresh or frozen crabs are widislyibuted as food fish and hence some product
could be diverted to use as bait or berley around the gountr

Frozen crustaceans would not be expected to contablevidematodiniumsp. parasites as freezing
inactivates most types of vegetative stages of protozoasites of similar size, due to disruption of their
cell walls (Jones and Gibson 1997). HoweWw&matodiniunspp. are algae, and since cyst stages of many
algal species are highly resistant to freezing, it isipbsthat if a resting cyst stage occurs in the lifexytl
Hematodiniumspp, this could also be resistant to freezing (Redmnet al. 2005). Taking into account the
relatively small quantities of crabs used as bait orelpeds well as the low prevalence of these agents in
wild populations of crustaceans in some parts of the couheyikelihood estimations for the occurrence of
Hematodiniunspp. in these commodities are listed below.

Release assessment for infection of crustaceans wilematodiniumspp.

Commodity Live Whole fresh Frozen Frozen Frozen
type crustaceans dead whole crustacean crustacean
crustaceans| crustaceans tails heads
Likelihood of | Moderate Moderate Extremely] Extremely| Extremely
release Low Low Low

5.27.6 Exposure assessment

Crustaceans throughout Australia are already at risk afsexp toH. australisthat occurs naturally in the
Australian environment. Translocation of infected cruestas containingd. australisvia their use as bait
could nevertheless transport this disease agent intoeggens, but infection and establishment in new hosts
would occur only if viableH. australiswas introduced into an area where susceptible hoses pvesent
under suitable environmental conditions for transmissidmoculation experiments have shown that all
stages of theHdematodiniumlifecycle, including filamentous trophonts, vegetative amdakkirophonts,
microspores and macrospores, are capable of establishinghfeetions (Meyers et al. 1987, Eaton et al.
1991, Hudson and Shields 1994). Meyers et al. (1996) found potevitdance for sexual transmission of
Hematodiniumn Chionoecetes bairdvith parasites present in the seminal fluids of thedefsrens in a
few males, but the importance of this potential routentéction needs further work. Infection by co
habitation through horizontal transmission of dinosp@g®ssible (Stentiford and Shields 2005, Frischer et
al. 2006), as is infectiomia theper-osroute through cannibalism. Walker et al. (2009) demonstiraied
blue crabsallinectes sapidysecame infected after eating a small portion of heanigcted conspecifics,
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with 50% mortality occurring after 4 days, however Hudson 8heblds (1994) did not obseryper-os
transmission irP. pelagicusor S. serratawhen they were fed tissue fraf pelagicughat was infected with

H. australis It appears likely that some of the experimental conditfertgs water temperature) available to
Hudson and Shields (1994) was unfavourable for natural tramemiskthe parasite at the time of their
experiments, especially given that infection was trattethwhen the same hosts were injected with 0.1 ml
of haemolymph containing 0.2 - 1 x ®1Blematodiniumcells/ml, with the LD50 by inoculation being
approximately 1 x T0Hematodiniuncells (Hudson and Shields 1994).

Based on the information available from overseas studied, ardlbs and lobsterfgeding on clinically
diseased crustaceans used as bait or berley would likedyahaignificant chance of becoming infected by
Hematodiniunmspp. via theer-osroute, or even by horizontal transmissiémnigcher et al. 2006)Since the
minimum dose required for successful transmissiddeshatodiniunrspp. is not well known, it is difficult to
determine whethdhe disease could be transmitted viafilee-osroute if subclinically affected crustaceans
were used as bait. In any caBlematodiniunsp. infections are highly pathogenic, with sub-clinical akse
naturally progressing to clinical disease with most itgfeéarabs dying within 4 to 40 days, depending on
factors such as water temperatures (Stentiford anddSH2€lO5 Frischer et al. 2008/Valker et al. 2009).
Because susceptible crustaceans such as crabs andsl@rstgredominantly scavengeifse transmission
and spread of these disease agents in populations ofcmitaceans has been observed, particularly in
entrained water masses such as lagoons, embaymentsdsr jgzh shallow sillsflows (Stentiford and
Shields 2005). This suggests thEmatodiniumspp. could be transmitted and become established after a
index case occurs, although these events would likely be lateduto a certain extent by predation of
moribund crustaceans by non susceptible species such as figltking these various factors into
consideration, the risk of exposure and establishmehteafiatodiniumspp.in crustacean populations via
use of bait and berley remains non-negligible, and the likelihoo@xpbsure and establishment of
Hematodiniunspp.in new crustacean populations via translocation is considereeLow.

5.27.7 Consequence assessment

A species oHematodiniurmis already known to be present in the Australian environaielotv prevalence,
and there is no evidence to date that it has any disceimpkct on wild populations. However, in other
regions of the worlddematodiniunspp. infections have had significant detrimental impactBsheries and
populations of crabs and lobsters (Wilhelm and Boulo 198#elm and Mialhe 1996) More recently,
Hematodiniumspp. have become problematic in the aquaculture of varypes of crustaceans, and hence
their introduction into new areas may result in significamdrtalities and ongoing financial losses to
aquaculturists (Li et al. 2008, Xu et al. 2010), especiallfhase are no methods of control available,
although some individual crabs appear refractory to infectiten{rd and Shields 2005)}Hematodinium
spp. is not listed as a reportable disease by the ONAGA, and is also not listed as reportable in any State
(Table 3b), so at this time, the spreadHaimatodiniumspp. to new areas is unlikely to adversely impact
trade. Considering all of these factors, establishmefieshatodiniumspp. into new areas would have
significant consequences for aquaculture of susceptible ceasts (particularly crabs and lobsters)
potentially causing disease that would not be readily ablento control, and its introduction into new
regions could also cause significant biological consequemcksrevironmental effects, as well as potentially
significant adverse economic effects to crustacean fishelies.therefore estimated that the consequences
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of introduction ofHematodiniumspp. into different parts of the Australian environmentusa of infected
bait would likely beModerate.

5.27.8 Risk estimation

The unrestricted risk associated wikmatodiniunmspp. is determined by combining the likelihood of entry
and exposure (from Table 5) with the consequences of a$taeint (Table 7). The unrestricted risk
estimate forHematodiniumspp. exceeds the ALOP for live crustaceans and whole diesth crustaceans,
suggesting that additional risk management for this dissgesat is required in these commodities.

Risk estimate for infection of crustaceans wittHematodiniumspp.

Commodity type Live Whole fresh | Frozen whole Frozen Frozen
crustaceans dead crustaceans | crustacean| crustacean
crustaceans tails heads
Combined likelihood Low Low Very low Very low Very low
of release and
exposure
Consequences of | Moderate Moderate Moderate Moderate Moderatg
establishment
Risk estimation Low Risk Low Risk Negligible risk| Negligible | Negligible risk
risk
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5.28 Infection of crustaceans with Microsporidians

5.28.1 Aetiologic agent Thelohaniaspp., and other parasites of the Phylum Microsporeairtfedt
crustaceans.

5.28.2 OIE List: No NACA List: No

5.28.3 Australias status: Microsporidian infections have been reported from eesins in all States, and
microsporidosis of crustaceans is reportable in WAI@ 8b).

5.28.4 Epidemiology

Microsporidians are obligate intracellular parasikeewn to infect a wide variety of eukaryotic hosts,
including arthropods, fish, and mammals (Lom and Dykova 198Bgrosporidians are common parasites
of crustaceans, with a large number of genera beingteghbfmom crustacean hosts, includihgmasoma
Ameson Enterocytozoon Enterospora Flabelliforma Glugoides Indosporus Nadelspora Nosema
Ordospora Pleistophora Thelohania VVavraia, Tuzetiaand others. Microsporidosis generally occurs at low
prevalence in wild crustaceans all over the world, and el they are reported in cultured crustaceans
as well (Anderson et al. 1989, Flegel et al. 1992, Hudson 2001, Vidal-Martinez et al. 2002, Tourtip et
al. 2009). Crustaceans infected by microsporidians oftea bpaque musculature and are unmarketable,
and the condition has been associated with significantsgiseasome instances (Flegel et al. 1992, Lightner
1996, Hudson et al. 2001). The life-cycles of many microdjams affecting crustaceans may be indirect
(Breed and Olson 1977, Flegel et al. 1992, Herbert 1988, Edgertdn 2802), which means that the
chances of transmission of the disease in some crustpopalations may be reduced as it may depend on
the presence of intermediate hosts (such as copepodecis)nsHowever there may be some exceptions to
this (Langdon and Thorne 1992, Hudson et al. 2001), and these examgiect transmission viper-0s
routes may be due to consumption of presporogenic stagegddm and Thorne 1992). Because the life
cycles of microsporidians that infect crustaceans angosrly understood, the possibility remains that life
cycles may differ even between closely related spé€Eiggerton et al. 2002).

5.28.5 Release assessment

In Australia, microsporidian infections have been rdedrthroughout the country in a wide variety of
crustacean species used as bait or berley (O'Donoghue andd A080), including penaeid prawns,
(Penaeus monodonPenaeus esculentusPenaeus semisulcatusPenaeus merguiensisMelicertus
latisulcatus Penaeusspp.), freshwater prawnsMécrobrachium spp.), freshwater crayfishCherax
destructor Cherax quadricarinatus, Cherax tenuiman@s cainii, Cheraxspp.), crabsHortunus pelagicys
and lobstersRanulirus cygnusPanulirus spp.) (Table 8). Several species of microsporidians baea
identified in Australia, including/avraia parastacida(see Langdon 1991b, Langdon and Thorne 1992),
Thelohaniaspp. (see Herbert 1988, Shields 1992, Jones and Lawrence 2A8Ibhania montirivulorum
(see Moody et al. 2003a), parastaci(see Jones and Lawrence 2001, Moody et al. 2002@)imorpha
cheracis(see Moody et al. 2003b) and others. Prevalence of infectiiicoprawns can be quite low, with
Amesonspp. occurring in 0.1% of prawns from northern Australia (n&nd Glazebrook 1988) and at
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similarly low prevalences i®. pelagicusn Moreton Bay (Shields and Wood 1993) , while prevalence of
microsporidosis in crayfish can be higher, with Herl§@@88) findingThelohaniaspp. at a prevalence of
7.8% inC. quadricarinatus These parasites appear to occur in a range of environtheotgyhout the
country, however the extent of the distributions of the vargpecies of microsporidian parasites of
crustaceans remains largely unknown.

Large quantities of crustaceans, mainly prawns, are asdait throughout Australia (Kewagama Research
2002, 2007). Live prawns are generally not available commercialtly11% of recreational fishers catch
their own prawns (Kewagama Research 2007), some of whidikelseto be used live and thus could be
translocated short distances by fishers. In some crastsdeeavily infected with microsporidians, the
animals do not feed, suggesting that they would beilesly to enter traps, but their locomotion may also be
impaired by the infection, suggesting that they would be nikety to be collected by fishers using
equipment such as dipnets (Moodie et al 2003b). Infected fubsite, green (uncooked) crustaceans would
also still be expected to contain viable microsporidiawen crayfish or prawns with heads removed, as
microsporidians commonly infect the tail muscle. Alseslr or frozen crayfish are widely distributed as
food fish and hence some product could be diverted to use tasr bmrley around the country, however
since heavy microsporidian infections are grossly visibkected crustaceans would be removed from sale
via normal quality control processes. The likelihood of relegi depend on the ability of infective stages
to remain viable under the conditions of use of their hostdaass or berley, and it appears that
microsporidian spores can remain viable in the natemaironment for months to years. For example,
spores ofLoma salmonaeemained viable when stored in freshwater or seawa#tCGifor up to 95 days
(Shaw et al. 2000), and spores@lugea stephaniemained viable after 17 months at 5°C (Amigo et al.
1996). The viability of microsporidian spores after freezimgegawidely, depending on the species studied.
Amigo et al. (1996) found 3.6% of spores@f stephani( a fish parasite) remained infective after being
frozen at -19°C for 24 hours, while Overstreet and Whatley (1835)d that some spores aimeson
michaelisfrom a crab survived 67 days freezing at -22°C. Taking intowat the large quantities of
crustacean products used as bait or berley (Table 1), sodhed fact that microsporidian infections have
been recorded from a wide range of crustaceans used aBrbagHout the country, though mostly at low
prevalences, the likelihood estimations for the occurrenceiatflev microsporidian parasites in these
commodities are listed below.

Release assessment for infection of crustaceans witicrosporidians

Commodity Live Whole fresh Frozen Frozen Frozen
type crustaceans dead whole crustacean crustacean
crustaceans| crustaceans tails heads
Likelihood of High High Moderate Moderate¢ ~ Moderatg
release
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5.28.6 Exposure assessment

Crustaceans throughout marine and freshwater environments iralsusire likely to be already at risk of
natural exposure to infective stages of microsporididf#iewever, large quantities of fresh or frozen whole
or processed crustaceans are offered for sale asrbbériey via wholesale outlets such as commercial
fishing co-operatives, or packaged for resale at retaléts such as fishing tackle shops, service stations and
supermarkets. Crustaceans heavily infected with microspasidiéen show grossly visible signs of disease
such as white discolouration of the flesh, which would be ifilgohtand rejected during normal quality
control procedures used for fresh or frozen food fish, lgrgéminating the pathway of exposure via
diversion of food fish for use as bait or berley. Howesehclinical infections cannot be detected visually,
and even heavily infected crustaceans with gross sigdsease would still be harvested and considered
acceptable for use as bait. This suggests that direct gathexist for translocated crustacean products
infected by microsporidians to enter both freshwater madine environments, thus potentially exposing
potentially susceptible wild crustaceans to viable infectstages of novel microsporidians. However,
infection and establishment would occur only if sufficienautities of infective stages (i.e. an infective
dose) were introduced into an area where susceptible hests present under conditions suitable for
transmission.

Some microsporidians of crustaceans are transmittedtlgifLangdon and Thorne 1992), but the minimum
infective dose of infective stages required for sucoédsinsmission has not been determined for the
majority of species, and this also probably will vagpending on the identity of the host and its immune
status. Infection can be achieved by pex-osroute for at least some crustacean microsporidians if
susceptible crustaceans ingest presporogenic stages, thougtibilgg may vary between hosts (Langdon
and Thorne 1992). When the natural course of infection isidmyesl, it is clear that infection can be
theoretically achieved after exposure to a dose as smsall single viable spore or presporogenic stage,
though the dose required to cause host mortality will depanahany factors. Lightly infected crustaceans
may contain thousands of spores and presporogenic stages,onbilbeavily infected crustacean may
contain literally millions of spores and presporogenigestgLom and Dykova 1992).

Given that pathways exist for translocation and spreadatie microsporidians into the environment via
use of bait, and acknowledging that some microsporidiansnéeet & range of susceptible hosts (but others
may not), and the infective doses required for transomgsay be very small in comparison to the parasite
burden carried by a single infected crustacean, the rigskgiisure and establishment is non-negligible, and
the likelihood of exposure and establishment of microsposdianew crustacean populations is considered
to beModerate.

5.28.7 Consequence assessment

Crustaceans of all size classes can become infectdd mitrosporidians. In susceptible species,
disfigurement and reduction of market value of affectedtaceans can result in economic losses, while
mortalities of wild and cultured crustaceans have beeorded in Australia and other parts of the world
where microsporidian outbreaks have occurred. This sugfestsome microsporidians have the potential
to cause damage to wild crustacean populations (includiagra threatened native freshwater crayfish, see
Coughran and Leckie 2007, Coughran et al. 2009) as well as aquedwrustaceans. While the full range
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of microsporidian parasites and their susceptible hostsistr&lia remain to be determined, microsporidians
have already been recorded from a wide range of crustaiceboth freshwater and marine environments,
and translocations of microsporidians via movementsvef drustaceans have already been documented
(Langdon 1991b, Jones and Lawrence 2001). No microsporidian diseasestateans are listed by the
OIE or NACA, but microsporidosis is a reportable diseas@/A (Table 3b). Hence the spread of these
disease agents could have minor adverse effects on t@aesidering all of these factors, establishment of
microsporidians in new areas would likely have moderateoiicdl consequences, which may not be
amenable to control in wild or cultured populations, aodld also cause some unwanted environmental
effects. It is estimated that the consequences afdattion of microsporidians into crustacean populations
in different parts of the Australian environment via usif&cted bait would likely beow.

5.28.8 Risk estimation

The unrestricted risk associated with microsporidigaations of crustaceans is determined by combining
the likelihood of entry and exposure (from Table 5) with thesequnences of establishment (Table 7). The
unrestricted risk estimate for microsporidians excebdsALOP for live crustaceans and whole fresh dead
crustaceans, suggesting that additional risk managememqisred for these disease agents in these
commodities.

Risk estimate for infection of crustaceans with microspridians

Commodity type Live Whole fresh | Frozen whole Frozen Frozen
crustaceans dead crustaceans | crustacean| crustacean
crustaceans tails heads
Combined likelihood Moderate Moderate Low Low Low
of release and
exposure
Consequences of Low Low Low Low Low
establishment
Risk estimation Low risk Low risk Very lowrisk | Verylow | Very low risk
risk
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5.29 Infection of crabs withSacculinaspp. and other rhizocephalan barnacles

5.29.1 Aetiologic agent Sacculina graniferaand other parasitic barnacles in the Family Saccaleid
5.29.2 OIE List: No NACA List: No

5.29.3 Australias status:Sacculinid infections have been reported from crabs iBtalles, and infection
with Sacculinaspp. was reportable in SA under the Fisheries Act (Table 3b)

5.29.4 Epidemiology

Rhizocephalan barnacles of the gerf@éaaculina LoxothylacusndHeterosaccusind several others (Family
Sacculinidae) are parasitic castrators of several spetirabs in various parts of the world (Boschma 1955,
Murphy and Goggin 2000, Walker 2001, Glenner et al. 2008). In Austfdieculina graniferahas a
marked effect on the gonad development, growth and behavidsrimstPortunus pelagicugsee Phillips
and Cannon 1978, Bishop and Cannon 1979, Weng 1987). The barnactehnthatnale and female crabs
mainly as juveniles, buP. pelagicuswere susceptible to infection by the parasite at a&s/age (Weng
1987, Shields and Wood 1993). Infectedpelagicusare frequently castrated by the parasite, but in some
cases, castration was incomplete and the reproductivetipbtdrthe infected host was not zero (Shields and
Wood 1993). Although male crabs were completely castr&eelfls 1992), infected female crabs were
capable of mating and, in a few cases, infected feomales produced egg clutches with reduced numbers of
viable eggs (Shields and Wood 1993).

Sacculina graniferanodifies the behaviour of its host, inducing migration &écted male and female crabs
to the spawning areas usually frequented only by berriedaated female crabs (Bishop and Cannon 1979).
This is thought to increase the chance of infectiotnath adult female crabs as well as crab recruits by
retaining larvalS. graniferain the same water masses as those of l&vaklagicugPhillips and Cannon
1978, Bishop and Cannon 1979). Rhizocephalan barnacles are eleingiiparasites and infection of the
host is horizontal and direct via planktonic naupliar stabas éxit the externa and moult into the larval
settlement stage (cypris larvae). Details of theouwsrimodes of infection vary between parasite species,
however a generalized lifecycle involves female nauplii moultitg female cypris larvae that settle on the
host and either penetrate the host or carapace directiyt(@genid species), or penetrate after moulting into
other infective instars such as kentrogon and vermigon sfbiges 1990, Walker 2001). Once inside the
host, the female infective stage circulates in the haenpdilyand begins to develop the characteristic “root”
system inside host organs (Hoeg 1990). In time a virgierexterupts out of the crabs abdomen, and male
cypris larvae settle on the externa and moult to the trichaggiar to enable fertilization (Hoeg 1990,
Walker 2001).

The moult condition ofP. pelagicusis significantly affected by the presence $f granifera with
development of the externae of the parasite inhibiting moudiciyity (Weng 1987, Shields and Wood
1993, Sumpton et al. 1994). Since moulting and mating are telyrianked inP. pelagicugFemales mate
with males immediately after moulting), the presenc8.ajraniferain females therefore results in eventual
reproductive failure once stored sperm supply is exhausteddShied Wood 1993, Sumpton et al. 1994).
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Prevalence o6. graniferain Moreton Bay varied with season, ranging from over 40%adésnand 20% of
females in spring and early summer, to less than 5% anoh G8ales and females, respectively, in winter
(Shields and Woods 1993). Parasite externae were alsocoraston in late spring/ early summer, with
internae prevalence peaking in June (Shields and Woods 19¥3(lies that examine for the presence of
externae only tend to underestimate the prevalence of thsitpasuch as Weng (1987) who recor&d
graniferaprevalences of only 6% in Moreton Bay and 1.2% in the &fulfarpentaria.

5.29.5 Release assessment

In Australia, infections by rhizocephalan parasitegehaeen recorded in several species of crabs including
P. pelagicusin QLD (Phillips and Cannon 1978, Bishop and Cannon 1979, Weng 1987, Shields 1992,
Shields and Wood 1993), ar@harybdisspp. in QLD, NT and WA (Walker and Lester 1998). These
parasites appear to occur in a range of environments throutitewbuntry, however the extent of the
distributions of the various species of rhizocephalan ftasasf crustaceans remains largely unknown.

Large quantities of crustaceans are used as bait througbstralia (Kewagama Research 2002, 2007), but
these are mainly penaeid prawns, and rhizocephalasifgsiafect crabs. The quantities of crabs used as
bait in Australia is likely to be relatively small (usled around 2.1% of fishers, Kewagama Research 2007),
however prevalence of infection of wild crabs can be high,aaghing or exceeding 30% in some locations
and at certain times of year (Shields and Wood 1993)., Alssh or frozen crabs are widely distributed as
food fish and hence some product could be diverted to use aw Ieitley around the country. Fresh dead
crabs are also likely to contain some viable infective stageertain times of year, though the length of time
these parasites remain alive in dead crabs does not apgearetbeen published. Frozen crabs would not
be expected to contain viable rhizocephalan parasiteseagirfg inactivates most types of metazoan
parasites due to disruption of their cell walls (Jones abdo@ 1997). Taking into account the relatively
small quantities of crabs used as bait or berley, isawehe sometimes high prevalence of these agents in
wild populations of crabs in some parts of the country,litetihood estimations for the occurrence of
rhizocephalan parasites in these commodities are btiedv.

Release assessment for infection of crabs wi8acculinaspp. and other rhizocephalan barnacles

Commodity Live crabs| Whole fresh Frozen
type dead crabs | whole crabs
Likelihood of High Very low Negligible

release

5.29.6 Exposure assessment

Crabs throughout many parts of Australia are already latofiexposure to rhizocephalan parasites that
occur naturally in the Australian environment. Translocatbrinfected crabs containing rhizocephalan
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parasites via their use as bait or berley could neverthibassport these disease agents into new regions, but
infection and establishment in new hosts would occur onliabile infective stagewere introduced into an
area where susceptible hosts were present under suitable erantahroonditions for transmission.
Infection by cohabitation through horizontal transmissiblaval cyprid infective stagds possible, as this

is how the disease is transmitted naturally in the witdection and establishment of rhizocephalan parasites
in new hosts requires the presence of both male and feoypled infective stages in sufficient
concentrations in the water over a long period of timeffem to encounter and infect a new host and allow
fertilization of the virgin externa by male cyprids. Témcentrations of larvae and time scales required for
successful transmission are not fully known, and wouldylikaty significantly depending on environmental
conditions. However, if an index case occurred, the chaneesgtadflishment of the parasite within the host
population would be greatly increased, although these evenis be modulated to a certain extent by
predation of infected crustaceans by non susceptible speciess fish. Taking these various factors into
consideration, the risk of exposure and establishment of #phatan parasites new crab populations via
use of bait and berley remains non-negligible, and the likelihoo@xpbsure and establishment of
rhizocephalan parasites in new crab populations vialt@atson is considered to h®w.

5.29.7 Consequence assessment

Various species of rhizocephalan parasites are alreadynkimole present in the Australian environment in
some populations of crabs, often at reasonably high prevalemicthney appear absent in others, such as the
P. pelagicudishery in SA (M. Deveney, personal communication). Thegwee ofSacculina graniferan

P. pelagicusn Moreton Bay is likely to have a significant impacttba recruitment available to the fishery
(Shields and Wood 2003), and infected crabs may also be cousiegesemarketable due to the presence of
the visible externa. On the other hand, infections duehizncephalan parasites are unlikely to be
problematic in the aquaculture of crabs provided broodstodkesrdérom the infection, although it would be
detrimental to soft shell crab production based on captuweldfcrabs, as the parasite prevents moulting.
Rhizocephalan parasites are not listed as reportal#asgis by the OIE or NACA, however, infection by
Sacculinaspp. is reportable in SA (Table 3b), so at this time, fineasl of rhizocephalan parasites to new
areas is unlikely to adversely impact trade. Considelihgf these factors, establishment of rhizocephalan
parasites into new areas could have significant consegsidor wild crab fisheries, but limited adverse
consequences for aquaculture, and its introduction into egiwns could also cause significant biological
consequences and environmental effects, as well as pdiesigadificant adverse economic effects to crab
fisheries. It is therefore estimated that the congmmpee of introduction of rhizocephalan parasites into
different parts of the Australian environment via use ofcirgfie bait would likely béloderate.

5.29.8 Risk estimation

The unrestricted risk associated with rhizocephalaagi&s is determined by combining the likelihood of
entry and exposure (from Table 5) with the consequencestaiflishment (Table 7). The unrestricted risk
estimate for rhizocephalan parasites exceeds the Al®Pfar live crabs, suggesting that additional risk
management for these disease agents is required $er¢cbenmodities.
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Risk estimate for infection of crabs withSacculinaspp. and other rhizocephalan barnacles

www.digsfish.com

Commodity type Live crabg Whole fresh dead craps Frozerevenabs
Combined likelihood Low Very low Negligible
of release and
exposure
Consequences of | Moderate Moderate Moderate
establishment
Risk estimation Low risk Very low risk Negligible risk
DWH FRDB@oject No. 2009/072, Final Report July 2011

191



5.30 Viral Ganglioneuritis of Abalone (AVG)

5.30.1 Aetiologic agent Abalone herpes-like virus (AbHV-1) that is the second menabehe genus
Haliotivirus (Family Malacoherpesviridae), which infects abalbfaiotis laevigataandHaliotis rubra (see
Savin et al. 2010).

5.30.2 OIE List: Yes NACA List: Yes

5.30.3 Australias status: AVG infections have been reported from Victoria andrmania, and the disease
is reportable in all States except the ACT (Table 3b).

5.30.4 Epidemiology

In December 2005 a disease outbreak in greenlip abaiai®tfs laevigatg, blacklip abaloneH. rubra)

and hybrid abaloneHaliotis laevigatax H. rubra) due to a novel herpes-like virus occurred in three abalone
aquaculture facilities, two landbased farms in westewgtovia and one sea based farm in central Victoria
(Victoria DPI 2006, Hooper et al. 2007, Hills 2007, Corbeibet2010). The virus was associated with
inflammation and necrosis of neural ganglia and the ganglidisewas associated with sudden high levels
of mortalities up to 90% within 14 days of onset (Hoopet.e2@07). All sizes of abalone were affected and
exhibited signs including swollen mouths and prolapse oféatela, and loss of righting reflex (Hooper et
al. 2007). Electron microscope and genetic studies confirmeddidease agent causing abalone
ganglioneuritis (AVG) was a neurotrophic herpes-like virus (@aal. 2008, Corbeil et al. 2010, Savin et al.
2010) closely related to herpes-like viruses responsiblentwtalities in abalone in Taiwan (Chang et al.
2005, Corbeil et al. 2010, Savin et al. 2010). The sea basedrfakfasternport Bay central Victoria had
received stock from one of the landbased farms, noted indreas¢ality rates due to AVG, and voluntarily
destocked and decontaminated the facility (Hills 2007, Hopeal. 2007). However a™4farm in
Westernport Bay, located 640 meters away from théaBn, became infected in late April 2006 and was
depopulated and decontaminated by early May 2006 (Victd?ia2D06, Hills 2007). Both landbased farms
pumped seawater into the facility, through their tahletback out into the ocean via settling ponds. The
landbased farms did not immediately destock and in eady RDO6, diseased abalone with AVG were
detected in wild populations of abalone on reefs adjatemne of the affected facilities at Port Fairy
(Victoria DPI1 2006). Since then AVG has spread from thistpeasterly and westerly along the Victorian
coast, at up to 5 - 10 km/month (Hills 2007), significantly intipgc wild abalone populations and
substantially reducing commercial catches and recruitmehe wild fishery (Mayfield et al. 2011).

In mid 2008, wild caught abalone sampled from a commercial pinogetxcility in Tasmania that was
recording low levels of mortality were positive for AbHVbY PCR at a prevalence of 39% (Crane et al.
2009, Corbeil et al. 2010). Further research found that geask agent occurs naturally at very low
prevalences (3 out of 1625 abalone = 0.18% prevalence) in suékiimiections of wild populations of
abalone in Tasmania (Corbeil et al. 2010). The virusdetected again at another abalone processing plant
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in Tasmania in 2009, followed by more recent outbreaks\b An processing facilities in December 2010
and a landbased abalone aquaculture facility in Bicherfaemanias east coast in January 2011

5.30.5 Release assessment

It appears that AbHV-1 is endemic in wild abalone populatiois&asmanian waters at very low prevalences
and another strain of the virus also occurs in the coast&ls of western Victoria at moderate prevalences
(Crane et al. 2009, Corbeil et al. 2010, MJ Crane, personal coication). The disease agent is only
known to infect abalone at this time, and it has not beparted from any other regions of Australia.
Abalone processing waste (abalone guts) were sold commeraiallysed as bait and berley by less than
1% of recreational fishers in Australia in 2006, mainly asihania, NSW and QLD (Kewagama Research
2007). However, since the outbreak of AVG in Victoria, uselbzflone processing waste as bait and berley
has been halted in all states (e.g. Victoria DPI 20H)wever, live, fresh and frozen abalone are widely
distributed as seafood and hence some abalone products colieydldyidiverted to use as bait or berley
around the country.

Crane et al. (2009) froze the viral inocula at -20°C, -80i€ia liquid nitrogen (-196°C) for periods of up to
21 months to examine the stability of the virus in storageeiridata suggested that AbHV-1 is quite stable
at -20°C and can remain viable after freezing with mihilmss of infectivity after 6 months, with reduced
infectivity (but still mortality) after 21 months. Thereasvminimal loss of infectivity after 21 months at -
80°C and -196°C (Crane et al. 2009). AbHV-1 is naturally tré&tednhorizontally via the water or by
mucus trails (Crane et al. 2009) and infection of suscepdibétone causes pathological changes in the
neural ganglia, mainly those in the cerebral and buccabnggbut also in nerve bundles and pleuropedal
ganglia within the foot muscle (Hooper et al. 2007). Becafiskis, removal of the viscera from abalone
would not necessarily result in a marked reduction in thé Mgal of clinically diseased abalan& aking

into account the small quantities of abalone used as bhé#rtwy, as well as the fact that the disease agent
may be reasonably prevalent in wild populations of abalonéidtoria, the likelihood estimations for the
occurrence of AbHV-1 in these commodities are listed below.

Release assessment for AVG

Commodity type Live Whole fresh Frozen Frozen Frozen
abalone | dead abalone  whole abalone abalone
abalone meat viscera

Likelihood of release High High Moderate Moderate = Moderate

18 hitp://www.dpiw.tas.gov.au/inter.nsf/WebPages/SCAN-75F423?open
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5.30.6 Exposure assessment

Abalone in Tasmania and parts of Victoria are alreadyiskt of exposure to AbHV-1. However,
translocation of infected abalone from areas where AbHY/dnzootic via their use as bait could transport
the virus to new regions. Infection and establishmenthisf virus in new hosts would occur only if
sufficient viable viral particles were introduced intoaea where susceptible abalone were present under
suitable environmental conditions for transmission. The \d@pears to cause disease only in abalone, and
therefore the risks of other molluscs becoming diseased @ploeg however there is little information
available regarding the host range of AbHV-1 and it is not knatvthis time whether other gastropod
molluscs are susceptible to infection or act as carriers

Abalone of all sizes can become infected with AbHV-1 lomtizlly via the water. Crane et al. (2009) used
viral homogenates from clinically diseased abalone in a @iwgeries to find the LD50 by injection into the
pedal muscle, and found the LD50 to be*3Dof the stock solution, suggesting that AbHV-1 is highly
virulent for abalone. When AbHV-1 was added to the wated, B increased to around 1@f the stock
solution and after a 3 to 8 day prepatent period, death odcover a period of 7 to 16 days (Crane et al.
2009). AbHV-1 was also transmissable horizontally by co-hadmtavith infected abalone with 100%
mortality observed within 8 days (McColl et al. 2007, Cranal. 2009). Abalone in areas where infected
abalone products were being used as bait or burley could beedxpwmsviral particleshowever the
concentration of viral particles required to initiatensmission horizontally via the water is much higher
(around a hundred fold dilution of stock solutions made froecteld abalone) than the very small quantities
of virus needed for transmission via inoculation (Crane e2@09). However if portions of clinically
diseased abalone (perhaps a subclinically diseased indivédheal from a processing plant and sold live into
a restaurant where the infection progressed to clinisabde and the abalone in the tank died and were not
fit for human consumption) were diverted for use asdyditerley, and were used in areas frequented by wild
abalone, a large amount of virus could be introduced etavater. It is not known whether exposure to low
concentrations of viral particles predisposes abalone to sidatlinfection, but if infected bait or berley
were used in a small body of water (e.g. a rock pool), etrat@ns of virus may be sufficient for an index
case to occur. Given the population structure of these mollaadsthe precedents in the wild fishery in
Victoria), transmission and further spread from the index wesuld be possible, and the disease could
become established in the population, most likely in subclipigafected abalone. Taking these various
factors into consideration, the risk of exposure and esimbént of AbHV-1 via use of bait and berley
remains non-negligible, and the likelihood of exposure and estatdig of AbHV-1 in new abalone
populations via translocation is considered td/loelerate.

5.30.7 Consequence assessment

Although AbHV-1 is already present in populations of wilthlane in some regions of Australia, other
regions appear free of infection at this time. Thereviglence that AbHV-1 can cause major disease
outbreaks and significant impacts on populations of both anlil cultured abalone. AGV is listed by the
OIE and NACA, and it is also listed as a reportableasg in all States except the ACT (Table 3b). Hence
the spread of AbHV-1 to new areas is likely to adverselyaich trade. Considering all of these factors,
establishment of AbHV-1 in new areas would have serious biolagpcsequences for abalone aquaculture
and cause significant economic harm together with irreversibl@ommental effects for wild abalone
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fisheries. It is therefore estimated that the congempeeof introduction of AbHV-1 into different parts of
the Australian environment via use of infected bait woldelyi beHigh.

5.30.8 Risk estimation

The unrestricted risk associated with AVG is deteediby combining the likelihood of entry and exposure
(from Table 5) with the consequences of establishment €Tbl The unrestricted risk estimate for AVG
exceeds the ALOP for all commodity types, suggesting additional risk management for this disease
agent is required in these commodities.

Risk estimate for infection AVG

Commodity type Live abalone Whole fresh Frozen whole Frozen abalone
dead abalone abalone meat
Combined likelihood  Moderate Moderate Low Low
of release and
exposure
Consequences of High High High High
establishment
Risk estimation High risk High risk Moderate risk Moderate risk
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5.31 Infection of oysters withBonamiaspp., and/or unidentified microcells

5.31.1 Aetiologic agent Haplosporidian microcells of the genB®namia including B. roughley;j B.
exitiosg and unidentifiedonamiaspecies and/or other unidentified microcells.

5.31.2 OIE List: Yes NACA List: Yes

5.31.3 Australias status:Bonamia and/or microcell infections have been reported in NSW¢fova,
Tasmania, SA and WA, and the disease is reportablé$tedés (Table 3b).

5.31.4 Epidemiology

Microcell parasites of the genB®namiaare currently classified within the haplosporidia (Hinale2009),
and several species within the genus occur in many regiaosid the world in wild and cultured oysters.
Bonamiamicrocells are very small (2-3 microns in diameten) arfect oyster haemocytes, epithelial cells
and connective tissues. The first described speciBsmdmia namelyB. ostreaecaused epizootic disease
in populations oOstrea edulisn France in 1979 (Pichot et al. 1980). Further researcbaited that the
parasite was probably introduced into France and Spaingiioyportation ofO. edulisseed from the USA,
where undescribed microcell diseases had affected nddiveyister Ostrea conchaphilapopulations as
early as the 1960’s (Elston et al. 1986, Cigarria and Elston 19&)ween 1986 and 1992 mortalities of
over 90% of dredge oyster®4gtrea chilensiswere recorded in a wild fishery in Foveaux Strait inMNe
Zealand (Dinamani et al. 1987, Doonan et al. 1994, Crardiedd. 2005). The deaths were found to be due
to a new parasitdBonamia exitiosgHine et al. 2001, Berthe and Hine 2004). There is evident¢hiba
parasite was present@ chilensisas far back as at least the 1960's (Hine 1996a, Cranfiald2005). The
increasing frequency and severity of epizootics in fisisery in recent years (another epizootic occurred
between 1999 and 2004, see Cranfield et al. 2005) are posddibdreo environmental stressors such as
modification of benthic substrate by dredges, which may hasreased the susceptibility of oysters to
bonamiosis (Cranfield et al. 2005). In light of the m@®ent detection donamia exitiosandB. exitiosa

like microcells in a wide variety of locations around tarld, including flat oysters in Spain (Abollo et al.
2008), Chile (Lohrmann et al. 2009), Tunisia (Hill et al. 201@) @ornwall, England (OIE 2011), as well as
moribundCrassostrea ariakensia North Carolina (Burreson et al. 2004, Bishop et al. 2006)pbssibility

of translocation of the parasite to and/or from NZ and Ailiat(through routes such as oyster hull fouling
on shipping and ballast water, see Howard 1994, Bishop et al. 200®) dee discounted.

There may be two or more speciesBdnamiain Australian waters. The first species discovered was
originally described aMikrocytos roughleyby Farley et al. (1988) and had been associated with “winter
mortality” in Sydney rock oystersSaccostrea glomera)aas far back as the 1920's (Roughley 1926).
However there are fundamental differences between thasiparand the ultrastructure of the only other
member of the genuddikrocytos mackini(the cause of Denman Island diseasé€iassostrea giga
Canada, see Farley et al. 1988, Bower et al. 1997). Subsetuias using DNA technology indicated that
M. roughleyiis in fact another species Bbnamia namelyBonamia roughley{Cochennec-Laureau et al.
2003). Bonamia roughleyis particularly interesting as unlike othBonamiaspecies, it appears to cause
disease in winter, not summer, but genetically it appearsally identical toB. exitiosa(see Hill et al.
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2010). AnotherBonamiawas associated with mortalities of flat oyst@strea angasin south eastern
Australia in early 1991 (Hine 1996a). Population®©ofingasin NSW, Tasmania and WA are also infected
with this Bonamiasp. (see Hine 1996a, Heasman et al. 2003, Jones and Creeper @b@e8,eC al. 2009),
which is morphologically indistinguishable froB. exitiosa as well as being very closely related on a
molecular basis (see Corbeil et al. 2006, Hill et al. 20@®ugh it exhibits slight differences in tissue
trophism and other aspects of infection (Corbeil e2@09). These differences could be related to the host,
however, rather than the parasite, due to the fact thgtatesite could have been introduced when large
numbers of live NZ dredge oysters were moved from New HAdala Australia in the early 1900’s to
replenish stocks d@. angasiwhich suffered from massive mortalities in the late 1808ia¢ 1996a). The
fact that Roughley (1926) recorded mortalitiesSinglomeratan NSW in the 1920’s, which was after the
introduction of the flat oysters from NZ into NSW watesuggests winter mortality could well be a case of
new non-equilibrium host-parasite relationship caused bgdattion ofB. exitiosafrom New Zealand.
Indeed, it is possible th&. roughleyiandBonamiasp. in Australia are both actuaBy exitiosa(see Hill et

al. 2010). Bonamialike microcell parasites were also visualise€iiassostrea gigam SA (Diggles 2003),
but the identity of this parasite remains to be resolv@tkarly, further epidemiological and ultrastructural
study and multi-gene analysis will be needed to clarify tternelationships between the variddisnamia
spp. in Australian waters (Lohrmann et al. 2009, Hilllee@10).

5.31.5 Release assessment

Bonamiasis has been detected in association with overtlityoiriaexperimental stocks dDstrea angasin
Victoria, and in farmedD. angasiin WA, and with little or no mortality in Tasmani&lyA, and NSW
(Corbeil et al. 2009) Bonamialike parasites were also reporteddngigasin SA with no mortality (Diggles
2003). Winter mortality due t®. roughleyioccurs on an irregular basis in NSW both spatially and
temporally from Port Stephens to the NSW/Victoria boi@etlard and Lester 1995)Using histology, the
mean prevalence of low intensiBonamiasp. infections in healthy wild flat oyste@ angasiat 5 sites in
southern NSW was 26% (range 12.8%-44.1%) (Heasman et al. 2003)ehdvistology is about half as
sensitive for detectingdonamiainfections compared to molecular diagnostic techniquegg(Bs et al.
2003), and the actual prevalenceBaamiasp. in wild populations of flat oysters in NSW thereforay be
closer to 50%. Overall prevalence oBanamialike microcell in a histological survey of healt®y gigas
from SA was 16%, ranging from 3.3% up to 66.4% at differees giDiggles 2003), whilBonamiasp. in
healthy Tasmania®. angasis usually encountered in histological surveys at prevalenic#8% or les¥.

A Bonamia roughleylike parasite observed in pearl oysters in WA is probablpuahéate stages of the
haplosporidiarMinchinia occulta(see Bearham et al. 2009).

Bonamiaspp. are only known to infect oysters. Molluscs are wideBd as bait throughout Australia, with
“other shellfish” (not including abalone) being used by an @eedd 33-38% of recreational anglers in all
states except the NT (Kewagama Research 2002, 2007), with higgeeseing in SA (84-88% of anglers)
and Victoria (55-65%) of anglers (Kewagama Research 2002, 26lfyever, the majority of the molluscs
commercially available are likely to be other bivalvesisas live or frozen pipisP(ebidonaxspp.) and
venerid clamsKatelysiaspp.,Anadaraspp.). Live oysters are occasionally collected afisfeng site and
used as bait and/or berley by recreational fishers (BglBs, personal observations), but the quantities

7 hitp:/mww.fish.wa.gov.au/docs/pub/EHSlideofQuarter/200603.php?0408
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translocated by recreational fishers is likely to beeswerly small. However, live, fresh and frozen cultured
flat and rock oysters are widely distributed as seafood ancesamoe oyster products could be diverted to
use as bait or berley around the country.

Bonamiaspp. do not survive freezing, but can survive in dead oyfstieeg least 24 hours after the death of
the host, and in the water column for at least 4 days wammopriate conditions (B.K. Diggles and P.M.
Hine, personal observations, Diggles and Hine 2002). Takingartount the small quantities of oysters
used as bait or berley, as well as the fact Baatamiaspp. are reasonably prevalent in wild populations of
oysters in some areas of the country, the likelihood estingfor the occurrence &onamiaspp. in these
commodities are listed below.

Release assessment for infection of oysters wBonamiaspp., and/or unidentified microcells

Commodity type Live Whole fresh Frozen Frozen Oyster
oysters | dead oysters whole oyster shells
oysters meat
Likelihood of release High Moderate Negligible  NegligibleNegligible

5.31.6 Exposure assessment

Oysters in several regions of Australia are alreadisktaf exposure t@onamia however, translocation of
infected oysters from areas whddenamiais enzootic via their use as bait or berley could trangper
parasite to new regions. Infection and establishmeBbo&miain new hosts would occur only if sufficient
viable infective particles were introduced into an areargvBasceptible oysters were present under suitable
environmental conditions for transmissio®onamiacauses disease only in flat and cupped oysters, and
therefore the risks of other molluscs becoming diseasedrsplpga Unlike other haplosporidians, the life
cycle of Bonamia exitiosdike parasiteds direct and horizontal. Spores have been detected ynood
BonamiaspeciesB. persporafrom North Carolina, USA (Carnegie et al. 2006), andlirother Bonamia
species spores have not been observed and the microcetiws ko act as the infective stage, with the
disease being transmitted by cohabitation (Diggles and Hine Bd@2 et al. 2002b) or inoculation. Around
40% of microcell infective particles survive 48 hours in seawat 18°C and 50% survive at least 4 days in
seawater at 4°C (Diggles and Hine 2002). Exposure e 10 B. exitiosavia the water causes mortalities
of 25 to 40% ofO. chilensiswithin 18 weeks, while the 18-week LD50 fBr exitiosawas experimentally
determined to be approximately 2 x°Ificrocells per oyster (Diggles and Hine 2002). This is #ligh
higher than Hervio et al. (1995) found fBonamia ostreaén Ostrea eduligLD50 8 x 1¢ microcells per
oyster). Heavily infecte®. chilensiswith terminalBonamiainfections contain on average around 5 & 10
microcells (Diggles and Hine 2002, Cranfield et al. 20050 turs large difference between the infective
dose and parasite burdens in moribund oysters suggests theptetéea serious risk to any uninfected
oysters that may occur nearby.
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Bivalves are efficient filter feeders and thereforeas® efficient particle collectors, and can collgobres
and infective stages of not only bivalve disease agentb¢Band Ford 1992, Ford et al. 2009), but also
viruses and bacteria. Because of this, oysters are parlycslisceptible to infection by protozoan infective
stages delivered via the water, and this is one of the reagoyn movements of infected oysters are highly
likely to result in exposure and establishment of oyster pathogemsw areas. If infected live oysters or
even fresh dead oysters stored at low temperatures (eige)dior short periods of time were diverted for
use as bait or berley, and were used in areas frequieytedd oysters, a large number of infective particles
could be introduced into the water. It is not known whethgosure to low concentrations of infective
particles (< 18/oyster) predisposes oysters to subclinical infection, fanfécted bait or berley were used,
particularly in a small body of water (e.g. a rock pool), emtiations of infective stages may be sufficient
for an index case to occur. If the index case became diseemesmission and further spread from the index
case would be possible because bivalves are sucleeffmarticle collectors, and these disease agent can be
highly pathogenic under suitable conditions. Because of these seasmslocate@onamiais very likely

to become established in new oyster populations, as hasibeemstrated several times in other parts of the
world (e.g. Howard 1994, Bishop et al. 2006). Taking thesewsaifactors into consideration, the risk of
exposure and establishmentB#fnamiavia use of bait and berley remains non-negligible, and kk&hood

of exposure and establishmentBifnamiain new oyster populations via translocation is considevduet
Moderate.

5.31.7 Consequence assessment

Although Bonamiais already present in populations of wild and cultured oystersome regions of
Australia, it is possible that other regions remain temfection at this time. Also, it is currently unate
whether there are 2 or more speciesBoinamiain Australia at this time, and the likely impacts of
introduction and spread of new species or strainBarfamiainto areas where other strains are already
endemic are unclear. There is certainly evidence Blomiamiacan cause major disease outbreaks and
significant impacts on populations of both wild and culturesteng. Bonamiosis is listed by the OIE and
NACA, and it is also listed as a reportable diseas#dl iStates (Table 3b). Hence the spreaBafamiato

new areas is likely to adversely impact trade. Considedingf these factors, establishmentBafnamiain

new areas would have significant biological consequencesyfber aquaculture and could cause significant
economic harm together with significant environmental efféots ecosystems (where oysters act as
ecosystem engineers providing habitat and important bentagipeoupling services) and wild oyster
fisheries that would be irreversible. It is theref@simated that the consequences of introduction of
Bonamia into different parts of the Australian environment via wfeinfected bait would likely be
Moderate.

5.31.8 Risk estimation

The unrestricted risk associated wBbnamiaspp. is determined by combining the likelihood of entry and
exposure (from Table 5) with the consequences of establisi{franie 7). The unrestricted risk estimate for

Bonamiaspp. exceeds the ALOP for live oysters and whole freald dgsters, suggesting that additional

risk management is required for this disease agehese commodities.
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Risk estimate for infection of oysters withBonamiaspp., and/or unidentified microcells

Commodity type Live Whole Frozen Frozen Oyster shells
oysters fresh dead whole oyster meat
oysters oysters

Combined likelihood Moderate Low Negligible| Negligible Negligible

of release and

exposure
Consequences of | Moderate Moderate Moderate Moderate Moderate
establishment
Risk estimation Moderate | Low risk Negligible | Negligible | Negligible
risk risk risk risk
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5.32 Infection of molluscs with Haplosporidians

5.32.1 Aetiologic agent Infection of molluscs by members of the geniiaplosporidium Minchinia,
Urosporidiumand other parasites (excludiBgnamiaspp.) within the Phylum Haplosporidia.

5.32.2 OIE List: No NACA List: No

5.32.3 Australias status:Haplosporidosisof molluscs has been reported in WA, and the disease is
reportable in all States except QLD and NSW (Table 3b).

5.32.4 Epidemiology

The Phylum Haplosporidia is composed of histozoic andbzor parasites that infect a wide variety of
freshwater and marine invertebrates worldwide. Infectioomofluscs by haplosporidian parasites has
resulted in economically and ecologically significant masstatitbes in many parts of the world. For
example, in the USA, the haplosporidian paradiselosporidium nelsontauses MSX disease which has
resulted in massive epizootics of eastern oystérasSostrea virginicaalong the east coast of the United
States (Andrews 1968, 1996, Haskin and Ford 1982, Burreson et al. 208B3) parasite was probably
translocated to that region from Japan through importv@fsked oysters (Friedman 1996, Burreson et al.
2000, Kamaishi and Yoshinaga 2002). Reportsl.ofielsonifrom Crassostrea gigas France (Renault et
al. 2000) provide further evidence this parasite has been movetravislocation of infected oysters, despite
the factH. nelsoniis thought to have an indirect lifecycle that requaesntermediate host (Barber and Ford
1992, Ford et al. 2001).

In New Zealand, a new haplospridian parasite emerged in edltibalone Haliotis iris) resulting in
mortalities of up to 90% in affected raceways (Diggleale2002, Hine et al. 2002a). The New Zealand
abalone parasite (NZAP) contained rickettsiales-like prakasyin its cytoplasm (Hine et al. 2002) and
molecular and ultrastructural analysis suggests tfialistat the base of the Phylum Haplosporidia (Reece et
al. 2004, Hine et al. 2009). The inability to transmit infechorizontally (Diggles et al. 2002) suggests that
an intermediate host is required for completion of teeyicle of the NZAP. The lack of subsequent reports
of the NZAP in other abalone culture facilities or wild alo@, even after national abalone disease surveys
may suggest that it is either extremely rare, and/orabalone may not be a normal host of the NZAP (B.K.
Diggles and P.M. Hine, personal observations).

In Australia, haplosporidians of the genbsplosporidiumand Minchinia have been associated with
sporadic but heavy mortalities in wild rock oystesa¢costrea cuccullajaand hatchery reared pearl oysters
(Pinctada maximpin Western Australia (Hine and Thorne 1998, 2000, 2002, Jonesraepet 2006). The
parasite in pearl oysters was identifiedHaplosporidium hineand is considered to represent a serious risk
to the pearl industry (Bearham et al. 2008b, 2009). Theifmhashe rock oysters has been associated with
mortalities of up to 80% and was identifiedBichinia occulta(see Bearham et al. 2007, 2008a, 2008c).
Mixed infections ofM. occultaandH. hineihave also been recordedAnmaxima(see Bearham et al. 2009).
The uninucleate and multinucleate vegetative stagd8. aiccultain S. cuccullataoccur in the connective
tissues of the gills, mantle and around digestive diveda&uinultinucleate plasmodia with up to 25 nuclei

DWH FRDB@oject No. 2009/072, Final Report July 2011 201

www.digsfish.com



occurred connective tissue adjacent to the digestive trade sporulation was confined to the connective
tissues around, but not within, the digestive tubules (Hine aodh& 2002, Bearham et al. 2008c). Infected
oysters were in poor condition due to the absence of gorsacb te/erlying the digestive tissue (Hine and
Thorne 2002).

5.32.5 Release assessment

Haplosporidosis has been detectedSn cuccullata but not S. glomerata near Exmouth in WA at
prevalences up to 28% at Varanus Island using histology (Hineleordd 2002). Few oysters were lightly
infected, with the disease appearing progressive and (fdita¢ and Thorne 2002). However, histology
appears to be only half as sensitive as detecting infectibi. occultacompared to molecular diagnostic
techniques (see Bearham et al. 2008a), suggesting the prevafetine parasite in wild populations 8f
cuccullatamay exceed 50% at times, though at other times it is ectdéle in oysters from the same
locations where heavy mortalities occurred in the pasarfizen et al. 2008c). Of the various species of
molluscs used as bait in Australia, to date, haplosporidieave only been recorded in rock oysters.
However, disease surveillance of mollusc populations in Alistis mainly passive, and many outbreaks of
disease in wild populations of molluscs go unobserved opaortesl (Cranfield et al. 2005). The emergence
of haplosporidian diseases in species suc8.asiccullataandP. maximaand occurrence donamialike
parasites (which could also be uninucleate stages of hapttiapersuch a#. occulta see Bearham et al.
2007, 2008a, 2008b, 2009) in species sudb.aggasin SA (Diggles 2003) and molluscs in other regions of
Australia demonstrate that the full range of haplosparigiéections that are present in the various species
of molluscs used as bait remains to be determined.

Molluscs are widely used as bait throughout Australia, #ather shellfish” (not including abalone) being
used by an average of 33-38% of recreational anglers itasbsexcept the NT (Kewagama Research 2002,
2007), with highest use being in SA (84-88% of anglers) and \ac{®%-65%) of anglers (Kewagama
Research 2002, 2007). Only 11-13% of recreational fishers in WA ‘tatber shellfish” for bait
(Kewagama Research 2002, 2007). The majority of the mollusceeamally available are likely to be
other bivalves such as live or frozen piplepidonaxspp.) and venerid clam&dtelysia spp.,Anadara
spp.), from which haplosporidians have not been detectedhte. Live rock oysters are occasionally
collected at the fishing site and used as bait and/orybbslerecreational fishers (B. Diggles, personal
observations), but the quantities translocated by recreatisiadrs is likely to be extremely small.
However, live, fresh and frozen cultured rock oystersvdoely distributed as seafood and hence some
oyster products could be diverted to use as bait or beweyd the country. There is currently no culture of
S. cuccullatan WA from the regions where haplosporidians are knowrttoiro

Vegetative stages of haplosporidian parasites are untixayrvive freezing, however the tolerance of spore

stages to freezing appears to be unknown. It is likelyvibgetative stages can survive in dead oysters for
some unknown period of time that would be extended as stmaperature decreased. Taking into account

the small quantities of oysters used as bait or bedsywvell as the fact that haplosporidian parasites are
sporadically prevalent in wild populations of oysters in s@reas of the country, the likelihood estimations

for the occurrence of haplosporidian parasites in thesenodities are listed below.
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Release assessment for infection of molluscs with Hagporidians

Commodity type Live Whole fresh Frozen Frozen Mollusc
molluscs dead whole mollusc shells
molluscs molluscs meat
Likelihood of release Moderate Very low Negligible  NegligibldNegligible

5.32.6 Exposure assessment

Oysters in the northwest region of Australia are alreasidyisk of exposure to haplosporidians, however,
translocation of infected oysters from areas wiitaplosporidiumandMinchinia are enzootic via their use

as bait or berley could transport these parasites toregwns. Infection and establishment of these
parasites in new hosts would occur only if sufficient \@ainifective particles were introduced into areas
where susceptible intermediate hosts and oyster final hasts present under suitable environmental
conditions for transmissionMinchinia occultais only known to infect. cuccullataat this time, however as
haplosporidians appear to require an intermediate hosortplete their lifecycle (Haskin and Andrews
1988, Ford et al. 2001, Diggles et al. 2002), in absence of knowledipe adentity of the intermediate
host(s) it is not possible at this time to determine wdredther invertebrates may be susceptible to disease.
The fact thatS. cuccullatabut notS. glomeratavere infected (Hine and Thorne 2002) suggests that these
parasites may have high host specificity, which may redneechances of exposure and establishment.
However Hine and Thorne (2002) pointed out t8atglomeratawas sampled only from areas wh&e
cuccullatawere uninfected, hence it remains possible $haflomeratas also susceptible td. occulta

The inability to transmit haplosporidians directly dphabitation or injection of spores suggests they have an
indirect lifecycle requiring an alternate host. Theliest vegetative stages dEfplosporidium nelsonare
found in the epithelia of the gills and palps, suggesting tti&tinfective stage is waterborne and can be
easily spread (Haskin and Andrews 1988). Neither the ixgestage nor the mode of transmission has ever
been identified (Powell et al. 1999, Sunila et al. 2000), althdaughknown that the infective stage fbi.
nelsonican pass through a 150 um filter , but not a 1 pm fittdovired by UV irradiation (Ford et al. 2001).

At certain times of the year in areas where haplosposdaae endemic, large numbers of spores occur in the
water column and these can be concentrated within thetig@asict of filter feeding bivalves, and therefore
bivalve movements can transfer spores to new areas (Bamtdrord 1992). Because an intermediate host
is presumably needed in order to complete the lifecyclapfosporidians, the exposure pathway required
for transmission remains unknown, as does important iftom such as the minimum infective dose
required for an index case to occur. However, if an indee cecurred, these disease agents are highly
pathogenic and it would be likely that the infected bivaleelk become diseased, after which transmission
and further spread from the index case would be possibleauBe of this, the current restricted distribution
of these parasites may be due to the fact that tiemmediate hosts may also be restricted in distribution.
However, the fact that other species of Haplosporidiang. (¢aplosporidium nelsofi have been
translocated and established infections in new regiomedffRan 1996, Burreson et al. 2000, Renault et al.
2000), suggests that some of the intermediate hosts maydespngead and/or ubiquitous (e.g. planktonic
copepods), or that these parasites may have lower hasfigpefor the intermediate host. Taking these
various factors into consideration, the risk of exposuck establishment of haplosporidians via use of bait
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and berley remains non-negligible, and the likelihood of expasodeestablishment of haplosporidians in
new oyster populations via translocation is considered tmive

5.32.7 Consequence assessment

Although haplosporidian parasites are already presepopulations of wild molluscs in some regions of
Australia, other regions appear free of infection at thig.tinThere is evidence that haplosporidians can
cause major disease outbreaks and significant impactsputegions of both wild and cultured molluscs in
Australia and overseas. Haplosporidosis is no longer ligtedebOIE and NACA, but these disease agents
remain listed as a reportable disease in all Statepteled and NSW (Table 3b). Hence the spread of
haplosporidian parasites to new areas is likely to adyemsgact trade. Considering all of these factors,
establishment of haplosporidians in new areas would pdtgrit@ve significant biological consequences
and could cause significant economic harm for mollusc aquaeuibdustries, together with potentially
significant and irreversible environmental effects for esteays (where oysters act as ecosystem engineers
providing habitat and important bentho-pelagic coupling sesyiand wild mollusc fisheries. It is therefore
estimated that the consequences of introduction of hapldggms into different parts of the Australian
environment via use of infected bait would likelyMederate.

5.32.8 Risk estimation

The unrestricted risk associated with haplosporidiadstisrmined by combining the likelihood of entry and
exposure (from Table 5) with the consequences of establisi{franie 7). The unrestricted risk estimate for
haplosporidians exceeds the ALOP for live molluscs, suggeastigdditional risk management is requires
for these disease agents in these commaodities.

Risk estimate for infection of molluscs with haplosporidans

Commodity type Live Whole Frozen Frozen Mollusc
molluscs | fresh dead whole mollusc shells
molluscs molluscs meat
Combined likelihood Low Very low Negligible | Negligible Negligible
of release and
exposure
Consequences of | Moderate Moderate Moderate Moderate Moderate
establishment
Risk estimation Low risk Very low | Negligible | Negligible | Negligible
risk risk risk risk
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5.33 Infection of oysters and annelids witiMarteilia sydneyi(QX disease)

5.33.1 Aetiologic agent Marteilia sydneyj a parasite (Phylum Paramyxea) that infects oySacsostrea
glomerata and some polychaete annelids, includifephtys australiensisndPerinereis nuntia

5.33.2 OIE List: No NACA List: No

5.33.3 Australias statusMarteilia sydneyiinfections have been reported in QLD, NSW and WA, ded t
disease is reportable in all States except QLD and thie (A&&ble 3b).

5.33.4 Epidemiology

Members of the Phylum Paramyxea are parasites of marusetebrates that are characterised by the
formation of spores via internal cleavage of sporangihinviplasmodia (Desportes and Perkins 1990).
Paramyxean parasites of the gehlssteilia have caused significant disease and economic impacts @n oyst
culture in several regions of the world (Berthe et al. 20044rteilia refringensdevastated the flat oyster
(Ostrea eduliy industry in France beginning in the late 1970’s (Grizedletl974, Grizel 1985), and this
parasite also infects other bivalves including mussels (Bolstd Figueras 1995, Longshaw et al. 2001),
and razor clams (Lopez Flores et al. 20080arteilia sydneyiis responsible for QX disease that has caused
massive losses (up to 98% mortality) in wild and cultured Sydoek oysterSaccostrea glomeratalong

the east coast of Australia from Great Sandy StraiQLD to the NSW/Victoria border since the early
1970’s (Wolf 1972, Perkins and Wolf 1976, Lester 1989, Roubal £988b, Adlard and Ernst 1995).

QX disease is due to massive infection of the digestivedglath M. sydneyiKleeman et al 2002a, 2002b).
Oysters appear to be exposed to the infective stage foaatiprt period, usually after heavy rainfall in the
summer months, and under suitable conditions for disease denglbpyster deaths increase in late
summer and autumn (Lester 1989, Roubal et al. 1989b, Wesche 1BB&)parasite remains present in
healthy oyster populations at low prevalences in most essugkdlard and Nolan 2008), and in estuaries
where QX disease occurs, outbreaks do not occur every yahrefEl. 2006). This is probably because the
onset of QX disease is related to immunosuppression of gigeters and Raftos 2003, Butt and Raftos
2007), due to reduced salinity (Butt et al. 2006, Green andeB&010) and as yet unidentified water born
contaminants carried in runoff (Butt and Raftos 2007). @gghat carry low levels ®fl. sydneyinfections
can shed the parasite and make a full recovery (Rouball&84b).

The lifecycle ofMarteilia spp. is indirect (Roubal et al. 1989b) and requires at tezestalternate host.
Marteilia refringensin France has a lifecycle that includes the planktorpepodParacartia granj females

of which can become infected through contact with sgtaiges (see Audemard et al. 2001, 2002, 2004).
Marteilia sydneyialso has an indirect lifecycle which appears to includechalgte worms of the Family
Nephtyidae as one alternate host (see Adlard and Nolan 288y 2010). The polychaetidephtys
australiensisharboured developmental stagedvbfsydneyigrows to 85 mm and is described as being more
common in muddy rather than sandy sediments (Rainer and Hutdl9idgs The increased virulenceMdf
sydneyiin degraded estuaries compared to historical times imenefore be due to a combination of
increased immunosuppression of the host due to declinirgy waality together with increased abundance
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of polychaete intermediate hosts that are favored by sathtien, eutrophication and other anthropogenic
changes derived from catchment development (B.K. Diggles, @drsioservations, Green et al. 2011).

5.33.5 Release assessment

Marteilia sydneyihas been detected in association with mortality id and cultureds. glomeratan QLD
and NSW, as well as at low prevalence in the absenceseask in WA (Hine and Thorne 2000). The
parasite is also known to infect polychaetes within theillyadephtyidae, and many other species of filter
feeding invertebrates in estuaries are likely to temgdgraccumulatéviarteilia spores in their digestive tract
(see Audemard et al. 2002), and hence could act as medheaticas.

Molluscs are widely used as bait throughout Australia, #ather shellfish” (not including abalone) being
used by an average of 33-38% of recreational anglers itasbsexcept the NT (Kewagama Research 2002,
2007), with highest use being in SA (84-88% of anglers) and Vac(66-65%) of anglers (Kewagama
Research 2002, 2007). However, the majority of the molluscs canatheavailable are likely to be other
bivalves such as live or frozen pipiBl¢bidonaxspp.) and venerid clam&dtelysiaspp.,Anadaraspp.)
which are unlikely to harbouv. sydneyi(though the required epidemiological surveys needed to rule this
out have not been done). Live oysters are occasionallyctaglat the fishing site and used as bait and/or
berley by recreational fishers (B.K. Diggles, personal mfadiens), but the quantities translocated by
recreational fishers is likely to be extremely smallowever, live, fresh and frozen oysters are widely
distributed as seafood and hence some oyster products codidklted to use as bait or berley around the
country. Marine annelids (or “worms”, mainly polychagtase widely used as bait by recreational fishers in
every state except the NT (Kewagama Research 2007), wgtiedti use occurring in QLD (40-42% of
anglers), NSW (32-38% of anglers) and Victoria (27-33% of asig(&rewagama Research 2002, 2007). A
reasonably large proportion of these annelids are sold livegltha larger proportion is likely to be frozen or
freeze dried (B.K. Diggles, personal observations).

Spores ofM. sydneyisurvive freezing, with 20% survival after 7 days and 5.8%paofes viable after 220
days at -20°C (Wesche et al. 1999). Spores can survive imatiee for up to 35 days at 15 °C and 34 ppt
salinity (Wesche et al. 1999), but do not survive passage thitweggut of fish or birds (Wesche et al.
1999). It is not known whether spores or infective staged. afydneyican survive freeze drying. Taking
into account the small quantities of oysters and the lqugatities of polychaetes used as bait or berley, as
well as the fact tha¥arteilia sydneyis highly prevalent in wild populations of oysters in sormeaarof the
country, the likelihood estimations for the occurrenc®lofydneyin these commodities are listed below.

Release assessment for infection of oysters and anneldsh Marteilia sydneyi

Commodity type Live Whole Frozen Live Fresh Frozen Freeze
oysters fresh dead whole annelids dead annelids dried
oysters oysters annelids annelids
Likelihood of High Moderate Low High Moderate Low Low
release
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5.33.6 Exposure assessment

Oysters in the eastern and northwestern regions of Aimstne already at risk of exposureNb sydneyi
however, translocation of infected oysters or annelids fioeas wher@l. sydneyiis enzootic via their use
as bait or berley could transport these parasites toregwns. Infection and establishment of these
parasites in new hosts would occur only if sufficient \@ainifective particles were introduced into areas
where susceptible intermediate hosts and oyster final hasts present under suitable environmental
conditions for transmission. At this timdarteilia sydneyiis only known to infectS. glomerataand
polychaetes of the Family Nephtyidae (see Adlard and rN@a08), however these polychaetes are
ubiquitous in the Australian environment (Rainer and Hutchings 19&aninyg that the indirect lifecycle of
M. sydneyimay not be a barrier to its wider dissemination througliaments of oysters. Polychaetes are
known natural hosts for other species of paramyxeans, siRlwamyxoides nephtys Nephtys caecésee
Larsson and Koie 2005), and therefore it is possible that ¢turrently undescribed) paramyxeans may also
parasitize polychaete annelids in Australia.

The earliest vegetative stageshf sydneyiare found in the epithelia of the gills and palps, suggestaug
the infective stage is waterborne and can be easily sféseman et al. 2002a). Neither the infective stage
nor the mode of transmission have been identified to Dateever at certain times of year in areas whére
sydneyiis endemic, large numbers of infective stages and sportest occur in the water column and
sediments (Roubal et al. 1989b) and these can be concenwitited the digestive tract of filter feeding
bivalves, which are efficient particle collectors, adlvae many other species of filter feeding invertebrates
(see Audemard et al. 2002), which could act as mechar@ctrs Thus movements of polychaete alternate
hosts as well as other invertebrate mechanical vectold tanslocate infective stagesMf sydneyto new
locations which may contain susceptible oyster hosts.

Because the lifecycle ofl. sydneyihas not yet been completed experimentally, the exacsexppathway
required for transmission remains unknown. Hence impoméotmation, such as the minimum infective
dose required for an index case to occur, is not availal@ysters that carry low levels bf. sydneyi
infections can shed the parasite and make a full recovenb@R® et al. 1989b), hence ambient environmental
conditions as well as the immune status of the host will bdthence whether the disease agent would
establish once an index case occurred. In any case, thataesteicted distribution of these parasites does
not seem to be due to restricted distribution of thdylik@ermediate hosts (Family Nephtyidae), as these
annelids are ubiquitous in the Australian environment, beiogermommon in muddy rather than sandy
sediments (Rainer and Hutchings 1977). Taking these variciosganto consideration, the risk of exposure
and establishment d¥l. sydneyivia use of bait and berley remains non-negligible, and thehdad of
exposure and establishment Mf sydneyiin new oyster populations via translocation is considévelnle
Low.

5.33.7 Consequence assessment

Although M. sydneyiis already present in populations of wild molluscs in soaggons of Australia, other
regions appear free of infection at this time. The ingeliate hosts foM. sydneyiare widespread and
therefore the indirect lifecycle may not restrict dispeotahe parasite. There is evidence thatsydneyi
can cause major disease outbreaks and significant impagtspulations of both wild and cultured molluscs
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in Australia. Marteilia sydneyiis no longer listed by the OIE and NACA, but these diseasesagamain
listed as a reportable disease in all States except &id the ACT (Table 3b). Hence the spread/of
sydneyito new areas is likely to adversely impact trade. {densqg all of these factors, establishmeniof
sydneyiin new areas would potentially have significant biologicalsequences and could cause significant
economic harm for mollusc aquaculture industries, together potentially significant and irreversible
environmental effects for ecosystems (where oysters si@casystem engineers providing habitat and
important bentho-pelagic coupling services) and wild molfistweries. It is therefore estimated that the
consequences of introduction BE. sydneyiinto different parts of the Australian environment via ofe
infected bait would likely b&loderate.

5.33.8 Risk estimation

The unrestricted risk associated with sydneyiis determined by combining the likelihood of entry and
exposure (from Table 5) with the consequences of establisi{franie 7). The unrestricted risk estimate for
M. sydneyexceeds the ALOP for live oysters and annelids, and vitesh oysters and annelids, suggesting
that additional risk management is required for disgase agent in these commodities.

Risk estimate for infection of oysters and annelids witiMarteilia sydneyi

Commodity type Live Whole Frozen Live Fresh Frozen Freeze
oysters | freshdead, whole annelids dead annelids dried
oysters oysters annelids annelids
Combined Low Low Very low Low Low Very low| Very low
likelihood of
release and
exposure

Consequences of Moderate | Moderatey Moderate Moderat@loderate| Moderate| Moderate
establishment

Risk estimation | Low risk Lowrisk | Verylow | Lowrisk | Low risk | Very low | Very low
risk risk risk
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5.34 Infection of molluscs withPerkinsus olseni

5.34.1 Aetiologic agent Perkinsus olserand other parasitic protozoa within the Family Perkansid

5.34.2 OIE List: Yes NACA List: Yes

5.34.3 Australias statusPerkinsusolseniinfections have been reported from all states excepindaia,
and the disease is reportable in all States except the(Fable 3b).

5.34.4 Epidemiology

Members of the genuBerkinsuswithin the Family Perkinsidae are closely relateditmflagellates (Reece

et al. 1997) and these obligate protistan parasites are kimoimfect a wide range of marine molluscs in
many regions of the world (Villalba et al. 2004). The Ilfgcle of Perkinsusspp. involves vegetative
proliferation within the host by trophozoites that undesgccessive bipartitioning. Other stages that have
been observed include hypnospores, zoosporangia and zoogperdatter which are probably natural
dispersal and infective stages (Goggin et al. 1989). Whentisssies infected byerkinsusspp. are
incubated in fluid thioglycollate medium (FTM), the trophozoiegdarge and develop a thick cell wall,
becoming easy to visualise after staining with lugols iodirey (F966). When these enlarged hypnospore
stages are transferred into seawater, they form zoogparand production of hundreds to thousands of
zoospores occurs within the original cell wall (Villalegal. 2004). The biflagellated zoospores 3-5 pm in
size leave the zoosporangium through discharge tubes amdlemtwvater to reinfect new hosts via the gills,
palps and digestive tract (Villalba et al. 2004). Infectiorsw$ceptible molluscs can occur horizontally
through the water by cohabitation via contact with zoospdn@strophozoites and hypnospores have also
been shown experimentally to cause infection (Goggin et al. 188€)the disease can be transmitted via
vectors such as ectoparasitic snails (White et al. 1987).

The first described species BérkinsuswasPerkinsus marinyghe agent responsible for “Dermo disease”
that was associated with significant mortality eventsyster Crassostrea virginicppopulations along the
eastern and southern coast of the United States sintzdél#940’s (Ray 1996, Andrews 1996). Distribution
of P. marinusin oysters in these regions and also in Mexico isatdegidepending on environmental factors,
with persistence of the parasite being favoured by higlerwaemperatures (>20°C) and high salinity (>15
ppt) (Chu and Greene 1989). The sec®mdkinsusspecies described wdrkinsus olsepniwhich was
originally identified from blacklip abalondaliotis rubranear Port Lincoln in Spencer Gulf, SA (Lester and
Davis 1981). P. olseniwas subsequently associated with severe mortalitiggdenlip abalondlaliotis
laevigataaround 140 km away in the western side of Gulf St Vinceest@r 1986, O’Donoghue et al. 1991,
Goggin and Lester 1995) in SA, and more recently the samsitganas been associated with significant
mortality events in abalone along the central and soutloerst of NSW (Lester and Hayward 2005). The
presence oP. olseniin infected abalone of all sizes was characterizedhkypresence of macroscopic
necrotic nodules (0.5-8.0 mm in diameter) in the adductor nusecid mantle (O’'Donoghue et al. 1991),
and the disease process is facilitated by high wateratywes >20°C (Lester 1986, Lester and Hayward
2005). Perkinsudlike parasites have also been reported from 30 out of 84espetc molluscs examined
from the Great Barrier Reef (Goggin and Lester 1987), frearlpoystersPinctada maximerom Torres
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Strait (Norton et al. 1993) as well as several speciesotiiscs from WA (Hine and Thorne 2000). To date
thePerkinsus-like parasites from Australian molluscs have all beeniitkshiasP. olseni(see Murrell et al.
2002, Lester and Hayward 2009)erkinsus olsertias also been recorded in many other regions worldwide,
including in cocklesAustrovenus stutchbupyin the North Island of New Zealand, where its distribuison
probably limited by temperature (Hine and Diggles 2002grkinsus olsenias also been associated with
mass mortalities of the Manila clafapes philippinarumn South Korea and has been detected in clams
from Japan, China , Vietnam, Europe and Uraguay (Villatka. 2004, Park et al. 2005). Four other species
of Perkinsusare currently recognised, including, includifgqugwadi P. chesapeakiP. andrewsiand P.
mediterraneusall of which are parasites of molluscs (Villalba let2804).

5.34.5 Release assessment

In AustraliaPerkinsusspp. have been detected in two areas of SA from abBlotaevigata, H. rubraH.
cyclobates H. scalaris cocklesBarbatia pistachia Katelysia rhytiphora razor shellsPinna bicolor and
scallopsChlamys bifronsin NSW fromH. rubra, H. laevigataandH. roei , in QLD from pearl oysters
Pinctada maximand 23 families of bivalves from the Great Barrier Reel/ictoria fromO. angasi and
from north west WA inPinctada albina rock oystersS. glomerataand S. cuccullata hammer shells
(Malleus meridianug and razor shellddognomon isognomeRinna bicolourandP. deltoide} (Lester and
Davis 1981, Goggin and Lester 1987, 1995, Norton et al. 1993, Hine anmieT2@00, Lester and Hayward
2005). Greenlip abalonéd( laevigatg appear to be particularly susceptibleRoolseniinfection, while
blacklip abaloneH. rubra) appear to be relatively resistant to infection (O’'Don@géual. 1991, Lester and
Hayward 2005).

Perkinsus olseninfects many species of molluscs used as bait in Aisstgzrticularly abalone and venerid
clams (or cocklesAnadara spp., Katelysia spp.), but this parasite has not yet been reported ffipm
(Plebidonaxspp.). However, disease surveillance of mollusc populatiosustralia is mainly passive,
hence the full range of mollusc species that can cRemnkinsusinfections remains to be determined.
Molluscs are widely used as bait throughout Australia, #ather shellfish” (not including abalone) being
used by an average of 33-38% of recreational anglers itasbsexcept the NT (Kewagama Research 2002,
2007), with highest use being in SA (84-88% of anglers) and Vac(66-65% of anglers) (Kewagama
Research 2002, 2007). The majority of the molluscs commeraizdijable are likely to be bivalves such as
live or frozen pipis Plebidonaxspp.) and venerid clam&dtelysiaspp.,Anadaraspp.). Live pipis and
venerid clams are commonly collected at the fishing siteused as bait and/or berley by recreational
fishers in many parts of the country (B. Diggles, persobaévations), and the quantities of these shellfish
that are translocated small distances (< 100 km) byatenal fishers is likely to be significant. Fresh and
frozen pipis and venerid clams are also widely distribagedeafood and bait, hence some of these could
also be diverted to use as bait or berley around the gountr

Vegetative stages d@?. olseniare extremely resistant and can survive in dead hogt¥Caand 0°C for at
least 24 hours with high (22-27%) survival, while they also surfveezing (-60°C) in both dried abalone
tissue (19% survival after 28 days) and in abalone tissuedsiorseawater (37% survival after 197 days)
(Goggin et al. 1990). Zoospores can survive in seawatemaetatures of 20-25°C for up to 28 days (Chu
and Greene 1989). It is likely that vegetative stages cafveun dead molluscs at normal environmental
temperatures (15-25°C) for the 2-4 days it takes for hyyres to form and complete zoosporogenesis (Chu
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and Greene 1989), as shown by natural transmissi®erfnsusspp. after the death of its host (Villalba et
al. 2004). Taking into account the large quantities ofepigite molluscs used as bait or berley, as well as
the fact thatP. olseniis sporadically prevalent in wild populations of molkisa several areas of the
country, the likelihood estimations for the occurrencB.ablseniin these commodities are listed below.

Release assessment for infection of molluscs wierkinsus olseni

Commodity type Live Whole fresh Frozen whole Frozen Mollusc
molluscs dead molluscs molluscs mollusc meat shells
Combined likelihood of High High Moderate Moderate Negligible
release and exposure

5.34.6 Exposure assessment

Molluscs in several regions of Australia are alreadysktof exposure t®. olsenj however, translocation of
infected molluscs from areas whd?eolseniis enzootic via their use as bait or berley could parighese
parasites to new regions. Infection and establishmeritesketparasites in new hosts would occur only if
sufficient viable infective particles were introduced inteas where susceptible hosts were present under
suitable environmental conditions for transmission. A time P. olseniis known to infect a wide variety

of molluscs (Goggin et al. 1989), and it is known that al $ifages of the parasite are potentially infective,
however as foP. marinus it is not known which stage is most effective or whahés principal stage for
transmitting the disease in the natural environment (Villabal. 2004). ViableP. marinuscells are
released from live infected oysters through diapedesisnaa@ces (Bushek et al. 2002), but host death does
not prevent transmission since hypnospore formation woldev durther transmission either through the
hypnospores themselves, or by their development into zoogp@rgiving rise to infective zoospores
(Villalba et al. 2004). Under natural circumstances, sugdepinolluscs need to be in close proximity to
diseased molluscs for horizontal transmission to occusjlpggsiue to the fact that a relatively high numbers
of infective stages (zoospores, and/or trophozoites amyfmnospores) are required to initiate infection
(around 1 x 1infective stages/oyster f@&. marinus see Andrews 1996). However, each zoosporangia can
liberate up to 2000 zoospores (Andrews 1996), and thus dead red@arspotentially liberate large numbers
of infective stages, which can then be concentratedmwiiti@ digestive tract of filter feeding bivalves as well
as many other species of filter feeding invertebrates wdoelfd act as mechanical vector$he infective
stages oPerkinsusspp. survive passage through the gut of scavenger teleoste(Ha®4) and the origin of
the parasite does not affect its ability to infect molldsas different localities (Goggin et al. 1989).

Environmental conditions as well as host immune status will ptgportant roles in transmission and
establishment oP. olseniin an index case. Water temperatures above 20°C appear raglieed to
increase the chances of infection, and transmissionatasppear to occur in water of low salinity (<10 ppt).
Further, molluscs that carry low levels Bérkinsusspp. infection can shed the parasite during the winter
months and possibly eliminate the infection (Goggin anddrek®95). Taking these various factors into

DWH FRDB@oject No. 2009/072, Final Report July 2011 211

www.digsfish.com



consideration, the risk of exposure and establishmeR aisenivia use of bait and berley remains non-
negligible, and the likelihood of exposure and establishme. alseniin new mollusc populations via
translocation is considered to Hegh.

5.34.7 Consequence assessment

Although P. olseniis already present in populations of wild molluscs in esamgions of Australia, the
distribution of this parasite is often sporadic at smalt=les, and several regions may remain free from
infection at this time, including Tasmania where, like South Island of NZ, water temperatures may be too
cold for P. olseniat this time. There is evidence tlratolsenican cause significant disease outbreaks as well
as causing sub-lethal disease (reduction of fecundity,tgr@md condition) which has significant impacts at
the population level in both wild and cultured mollus&erkinsus olsernis listed by the OIE and NACA as

a reportable disease, and remains listed as a rejgodeease in all States except the ACT (Table 3b).
Hence the spread &. olsenito new areas is likely to adversely impact trade. Corisglall of these
factors, establishment &f. olseniin new areas would potentially have significant biological equnences
and could cause significant economic harm for mollusc aquaeuibdustries, together with potentially
significant and irreversible environmental effects forsgstems and wild mollusc fisheries. It is therefore
estimated that the consequences of introductionPofolseni into different parts of the Australian
environment via use of infected bait would likelyMederate.

5.34.8 Risk estimation

The unrestricted risk associated wirbrkinsus olsens determined by combining the likelihood of entry and
exposure (from Table 5) with the consequences of establisi{franie 7). The unrestricted risk estimate for
Perkinsus olserexceeds the ALOP for live molluscs, whole fresh dead mallaad whole frozen molluscs
and mollusc meat, suggesting that additional risk manegefor this disease agent is required for these
commodities.

Risk estimate for infection of molluscs withPerkinsus olseni

Commodity type Live molluscs Whole fresh Frozen whole Frozen Mollusc
dead molluscs molluscs mollusc meat shells
Combined likelihood High High Moderate Moderate Negligible
of release and
exposure
Consequences of Moderate Moderate Moderate Moderate Moderate

establishment

Risk estimation Moderate Risk| Moderate Risk  Moderate Rigk  Moderate Ridegligible
risk
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5.35 Infection of molluscs with spionid mudworms

5.35.1 Aetiologic agent Spionid polychaetes (including the genBaxcardiaandPolydorg that infect the
shells of molluscs.

5.35.2 OIE List: No NACA List: No

5.35.3 Australias status:Mudworm infections have been reported from all States,canin species of
these agents are reportable in SA (Table 3b).

5.35.4 Epidemiology

Spionid polychaetes are predominantly free living organisms dha found in soft muddy estuarine
sediments worldwide, however several species are commomdyiaesl with molluscs, using the shells of
bivalve molluscs and abalone as settlement substrates (Read/\28lké; 2011) as they feed on suspended
or resuspended particles or plankton (Dauer et al. 1981). Mpsinids infesting molluscs are
ectocommensal, the planktonic larvae settling on the outdr bbelever some larvae can settle inside the
mantle cavity and/or on the edge of the shell lip, with tteeving worm establishing a cover of mucus and
debris while enlarging a burrow on the inner surface of the ghlek in the extrapallial space, accumulating
sediment and detritus inside their burrow as the mollusc caiversh nacre, resulting in shell blistering
(thus the name “mudworm”) (Read 2010). At least 37 speciggiofids have been recorded in Australia to
date, with at least 12 speciesRilydoraand 10 species @ipolydoraoccurring on the east coast alone (see
Walker 2009, 2011). The main species that are usually repirtee problematic in mollusc aquaculture
include Polydora websteriP. haswelliand P. hoplurg Boccardiaknoxi andB. chilensi3 (see Nell 2001,
Lleonart et al. 2003a, 2003b). Low intensity infections are inmagwand usually confined to the shell,
however some species may cause unsightly mud blisters ghétleand abscesses in the adductor muscle if
the blister contacts the tissue (Whitelegge 1890). It isbt®tthat many of the early museum specimens
originally identified asP. websterifrom Australian oysters were, upon re-examination, othenepsuch as
various Dipolydora spp., while some specimens identified Rs polybranchiaby Haswell (1885) and
Whitelegge (1890) frons. glomeratawere re-identified aBoccardia polybranchiandP. wellingtonensis
(see Walker 2009, 2011).

Prevalence and intensity of mudworm infestation varysictamably with local water quality and growing
height of sedentary species such as oysters. Light rmodwdection rarely causes mortalities and infected
oysters can usually be marketed, however mud blisters miayfere with shucking and reduce the
commercial value of oysters to be served on the half-d%ell 2001). Prevalence and intensity of infection
increases in the vicinity of muddy substrates (Whitelegge 18&d)infections can be reduced by off bottom
bivalve culture techniques (at least 0.5 m above the mud swips)rareferably at heights that dry out the
mollusc for at minimum 2 hours in each tidal cycle (Ne€i01).

While trans-Tasman exports of live oysters from New Zehlsere commonplace during the late nineteenth
century, there is no evidence that mudworms were pratiierm New Zealand at that time (Read 2010).
The earliest reports of mudworm in New Zealand only diate the early 1970s and only from northern
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New Zealand, whereas a century earlier at least orihesk pest worms had become widespread along
eastern Australian coasts (Nell 2001, Ogburn et al. 2007, Read). This suggests that “mudworm
disease” of wild and cultured sub tidal oysters on Aussadast coast from around 1870 onwards (Roughley
1939) may not have been due to introduction of exotic mudwdrom New Zealand (as hypothesized by
some authors, see Ogburn et al. 2007). Instead, prolifedtiative mudworm species may have occurred
due to increased eutrophication and organic enrichmeAustralian estuaries, a process that began to be
noticeable after floods from 1870 onwards due to catchmentingeand development (McCulloch et al.
2003). Mudworms are very abundant in muddy tidal flats comp@redean sandy ones, as mudworm
settlement is stimulated by high microbial counteissed with muddy sediments (Sebesvari et al. 2006).
This suggests that organic enrichment/eutrophication anchsetiition (the first anthropogenic changes that
tend to occur in estuaries following on from any extensive dpreat in the catchment, see Paterson et al.
2003) will promote increased abundance of mudworms (Nell 2001¢ffdct, Haswell (1885) noted this by
stating ‘some local circumstances, such as muddiness of the water produceddagimgrtraffic, tend to
decrease the vital powers of the oysters and thus favour the inroads phrtstes. The subsequent
disappearance of sub tidal oyster beds throughout mutte aast coast (Ogburn et al. 2007) is more likely
due to spatfall failure (spat set does not occur on dirtiaces covered in sediment trapped by the algae
generated by organic enrichment), as well as QX disaaseent years (B.K. Diggles, unpublished data).

Mortalities of S. glomeratareported in Moreton Bay after floods in the mid 1890’s wetebated to
“mudworm disease” (Brisbane Courier 1898), however todayewlehvy mudworm infections reduce the
growth rate of cupped oysters, they are seldom fatal (R640, B.K. Diggles, personal observations),
although hyperinfections d?. hopluraandB. knoxiin confined rearing systems have caused mortalities of
up to 50% in cultured abalone (Lleonart et al. 2003a, 2003b). Intheedorrelation with flooding suggests

it is possible that the mortalities in Moreton Baytire mid and late 1890’s (Brisbane Courier 1898,
Lergessner 2006) were actually the first epizootics due tali@@ase. Oyster farmers and scientists in the
late 1800’s had a rudimentary ability to diagnose oyster gati® and they would have been far more likely
to blame the very visible mudworm for any oyster deathiberghan an invisible protozoan (Read 2010).
However, Whitelegge (1890) described mudworm hyperinfectiossibitidal oysters resulting in mortality,
which is similar to that described by Lleonart et (@003a, 2003b), hence it remains plausible that the
mudworm epizootics of the late"l@nd early 28 centuries were indicators of structural changes to tha bio
of the affected estuaries due to increasing sedimens loaaght down after floods. Given the existence of
many species of endemic spionid polychaetes (Walker 2011)easedl sedimentation and organic
enrichment in estuaries resulting in proliferation of endguoigchaetes (in the form of both mudworms and
the polychaete intermediate hostdvbfsydney) appears a more parsimonious explanation for the emergence
of both mudworm and QX disease, with QX becoming more pramisiece the 1970s due to further
declines in water quality causing more frequent immunosepjare of the oysters (Peters and Raftos 2003).

5.35.5 Release assessment

Several species of spionid mudworms appear to be widespheatyhout Australia, and indeed many
species of concern to mollusc farmers have cosmopolisarnbditions (Walker 2009, 2011), although some
endemic species may have restricted distributions, suBhla®xj which may prefer cooler waters as it has
been recorded in Australia only from sottfestern Australia and Tasmania (Walker 2011). Theseng/o
require specialist knowledge to accurately identify themd, thus the exact distribution of the various species of
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spionid mudworms in Australia remains to be determinédgusoth morphological and molecular techniques
(Walker 2011).

Spionid mudworms can infect virtually any molluscs that occur meaidy substrates, which means they
can infect several species of molluscs used as bait itvaias particularly abalone and rock oysters, but not
species that are generally found completely buried ingtlenents (e.g. venerid clams (or cockksadara
spp.,Katelysiaspp.) and pipisRlebidonaxspp.)). Molluscs are widely used as bait throughout Australia,
with “other shellfish” (not including abalone) being used byaaerage of 33-38% of recreational anglers in
all states except the NT (Kewagama Research 2002, 2007 higlitbst use being in SA (84-88% of anglers)
and Victoria (55-65% of anglers) (Kewagama Research 2002, 200hg majority of the molluscs
commercially available are likely to be bivalves suchinasor frozen pipis Plebidonaxspp.) and venerid
clams Katelysiaspp.,Anadaraspp.), but these are unlikely to be infected with mudwedoetause they live
under sediments. The main route of translocation wauea to be movements of live oysters or mussels
collected by recreational fishers at or near the fiskiteg Large quantities of oysters are widely distributed
as seafood and are sold live, chilled or frozen. Howeabese are unlikely to have heavy mudworm
infections as affected oysters are not marketable anasaedly removed from sale (Nell 2001). Hence only
lightly infected oysters would be translocated via #egfcod route, and some of these could also be diverted
to use as bait or berley around the country.

Larval mudworms do not survive drying in air for as lite 2 to 4 hours (Lleonart 2003a), while adult
mudworms also cannot survive drying for more than 4 or S a@ay of the water (Nell 2001). Hence

removal of the oysters from the water during processinglirgyaand delivery to market greatly reduces the
viability of any mudworms that are present. Taking atoount the relatively small quantities of susceptible
molluscs used as bait or berley, as well as the factsthahid mudworm infections are highly prevalent in

wild populations of molluscs in several areas of the egutite likelihood estimations for the occurrence of
spionid mudworms in these commodities are listed below.

Release assessment for infection of molluscs withispid mudworms

Commodity type Live Whole fresh | Frozen whole| Mollusc shells
molluscs | dead molluscs  molluscs

Likelihood of Moderate Low Negligible Moderate
release

5.35.6 Exposure assessment

Molluscs in all parts of Australia are already at risk exposure to spionid mudworms, however,
translocation of infected molluscs from areas wherewifit species of mudworms are enzootic via their use
as bait or berley could transport these agents to newnsegidnfection and establishment of spionid
mudworms in new hosts would occur only if viable mudwormshalls discarded into the water at the
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fishing site survived and reproduced via sexual or asexual regroa. Asexual reproduction occurs via
either architomy (regeneration of fragments of the body intoindwiduals) or paratomy (division of the
parent body into two halves with reconstitution of the misdiatyes by regeneration) (Walker 2011).
Sexual reproduction in spionids does not appear to involve copuatemthough populations have male
and female individuals. Sperm is released from the mahlermspermatophores that float freely from the
tube and these are picked up by the palps of the female, whiehtls¢osperm in seminal receptacles to be
used as required for egg fertilization (Walker 2011). Feetll eggs are deposited in capsules within the tube
of the female, which is able to reproduce at an agenabi®hs, producing up to 4 broods of eggs a year with
up to 2200 eggs per brood. The eggs hatch into planktonic kandlarval settlement is stimulated by high
counts of some types of microbial flora associatedh wadiments (Sebesvari et al. 2006). Settlement of
larvae is also highly seasonal (Handley 2000, Lleonatt 2083a, 2003b)

Under natural circumstances, susceptible molluscs do not méedint close proximity to mudworm infected
molluscs for horizontal transmission to occur, as under ideaironmental conditions favourable to the
mudworm, a single larvae is sufficient to initiate colonaatof the host mollusc (Whitelegge 1890). As
these worms are ectocommensals, the immune system of thésHdly to play little or no role in
modulation of the infection process, hence the main faaotraling infection intensity (and therefore
whether disease occurs at all), will be environmental camditi Proliferation of spionid mudworms will be
encouraged in Australian estuaries wherever increasetedition and organic enrichment occurs. Taking
these various factors into consideration, the risk of expoand establishment of spionid mudworms via use
of bait and berley remains non-negligible, and the likelihooé@xgosure and establishment of spionid
mudworms in new mollusc populations via translocation is densd to benoderate

5.35.7 Consequence assessment

Spionid mudworms are already present in most or all regibAsistralia, however the distribution of some
species may be restricted to certain areas atithés tThere is evidence that spionid mudworms have been
associated with disease outbreaks in cultured abalone redriggh alensities in enclosed systems, however
they are not considered primary pathogens in wild and cultaysters, and rather are opportunistic
commensals of oysters reared under suboptimal conditions. &pimigiworms are not listed by the OIE or
NACA as a reportable disease, but some species of spirusn listed as a reportable disease in SA
(Table 3b). However, control of these agents in culturelusts is relatively straightforward, and they do
not cause disease or mortality unless their numbersase due to environmental conditions of organic
enrichment and sedimentation that favour the polychadteir presence does, however, cause marketability
issues for cultured molluscs, and the potential for ecantw®ss due to this must be considered. Considering
all of these factors, establishment of spionid mudwarmmew areas would potentially have mild biological
consequences and could cause minor and short term economenmdbr mollusc aquaculture industries,
together with largely insignificant environmental effects dopsystems and wild mollusc fisheries. It is
therefore estimated that the consequences of introductispionid mudworms into different parts of the
Australian environment via use of infected bait would likedywery low.
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5.35.8 Risk estimation

The unrestricted risk associated with spionid mudworfections is determined by combining the likelihood
of entry and exposure (from Table 5) with the consequencestaiiliehment (Table 7). The unrestricted
risk estimate for spionid mudworm infections does not excdeedALOP for any of the commaodity types,
suggesting that additional risk management for these agamis$ iequired at this time.

Risk estimate for infection of molluscs with spionid mdworms

Commodity type Live molluscs Whole fresh deadFrozen whole | Mollusc shells
molluscs molluscs
Combined likelihood Low Low Negligible Low
of release and
exposure
Consequences of Very low Very low Very low Very Low
establishment
Risk estimation Negligible risk Negligible risk Neghte risk | Negligible risk
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6.0 Risk Mitigation

6.1. Risk Evaluation

In Section 5, the 44 diseases of concern were placed intdiffésent categories and a detailed risk
assessment was undertaken on each one. The outcomes skthesassment indicated 21 diseases for
which the unmitigated risk exceeded the ALOP (Table 110 @liseases were classified as high risk of
spread via translocation of bait and berley, namely EHNYinfiEh and AVG of abalone. Three diseases
were classified as moderate risk, including EUS of finfeshd infection of molluscs witBonamiaand
Perkinsus Sixteen diseases were classified as low risk, ineMER of finfish, goldfish ulcer disease,
microsporidian infections of finfish and crustaceantgdtions of live finfish, molluscs and crustaceans with
introduced species of digeneans, nematodes and cestodespn® of live finfish with introduced copepods
andCaligus epidemicygnfection of finfish and annelids with myxosporeans, hMingections of freshwater
crayfish, GAV, SMV and WTD of prawns, infections of dareans wittHematodiniumspp. andsacculina
spp., infections of molluscs with Haplosporidians, anédtibns of molluscs and anneids wittarteilia
sydneyi (Tables 11, 12)

Live finfish, crustaceans, molluscs and annelids were bythHarcommodities with the highest risk of
introduction and establishment of disease agents via tcamisin. Fresh dead (chilled) commodities were
also generally high risk commodities, however, the risks pbgdflUS and many protozoan and metazoan
disease agents was significantly lowered or made negligplthe process of freezing or freeze drying
(Table 12). Freezing did not reduce the risk of establishmiesbme viruses however, particularly for
EHNV and AVG, andPerkinsus olseris highly resistant to freezing and this parasite waaddo represent

a particularly high risk of establishment in all typegrahslocated mollusc commodities (excluding mollusc
shells). Some options for reducing these risks to witierALOP are listed in section 6.2.

Of course, knowledge regarding new and emerging diseases awalyss rapidly. It is also important to
realise that the status of some of the existing disegesawith respect to the ALOP may change at any
time in the future, especially if industries based on movemetive finfish, crustaceans, molluscs or
amphibians for bait become established, as they have inatereparts of the world (e.g. in the USA, see
Goodwin et al. 2004, Pernet et al. 2008, Picco and Collins 200&r MDO09). Because of thishe hazard
list, and this RA, will require regular updating to considew information on diseases of bait and berley
commodities as it becomes available, as well as whenever dhersignificant changes to either Australias
aquatic animal disease status or how bait is used in Aastrdlhere remain several large data gaps in
relation to disease agents that infect aquatic animalustralia, particularly for species such gipis,
cockles, bait crabs, callianassids, cephalopod mollase®lids, echinoderms, and ascideans, all of which
are commonly used as bait or ber(@&ppendix 1). Surveillance should be undertaken to begin to fill these
data gaps.Importantly, it must be realised that there remaingifecant risk of transfer of as yet unknown
disease agents, even in the absence of their identifiq@eunghan 2002), and that active surveillance may
be the only way to minimise the risk of transfer of theskenown disease agents.
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Table 12. Commodities potentially harbouring disease agén that require additional risk
management. v'v'v' = high risk, v'v" = moderate risk, v'= low risk, X = within ALOP.

Commodity type Disease agent requiring risk managemen
FINFISH EHNV EUS VER GUD Microsporidians | Myxosporeans | Digeneans
cestodes

nematodes
copepods

Live finfish v vV v v v v v

Whole freshdead | vV vV v v v v X

finfish

Frozen whole vV X v X X X X

finfish

Frozen fish fillets v X X X X X X

Frozen fish heads vV X X X X X

Frozen fish vV X X X X X X

guts/offal

CRUSTACEANS | Viruses GAV SMV WTD Microsporidians | Hematodinium | Sacculina

of FW spp. spp.
crayfish

Live prawns X v v'* v X X

Live crayfish/ v X v X v ? X

lobsters

Live crabs X X X X v

Whole fresh dead X v v v'* v X X

prawns

Whole fresh dead v X X X v X X

crayfish / lobsters

Whole fresh dead X X X X v v X

crabs

Frozen whole X X X X X X X

prawns

Frozen whole X X X X X X X

crayfish / lobsters

Frozen whole X X X X X X X

crabs

Frozen prawn tails X X X X X X X

Frozen crayfish / X X X X X X X

lobster tails

Frozen prawn X X X X X X X

heads

Frozen crayfish / X X X X X X X

lobster heads

DIERING
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Commodity type Disease agent requiring risk managemen
MOLLUSCS AVG Perkinsus| Bonamia | Marteilia Haplosporidians Digeneans
olseni spp. sydneyi

Live molluscs X vV X X v v
Live oysters X 4 V% v v v
Live abalone vV vV X X v v
Whole fresh dead X vV X X X X
molluscs
Whole fresh dead X vV v v X X
oysters
Whole fresh dead vV vV X X X X
abalone
Frozen whole X vV X X X X
molluscs
Frozen whole X vV X X X X
oysters
Frozen whole vV vV X X X X
abalone
Frozen mollusc X vV X X X X
meat
Frozen abalone vV vV X X X X
meat and viscera
ANNELIDS Marteilia Myxo-

sydneyi | sporeans
Live annelids 4 v
Fresh dead v v
annelids
Frozen annelids X X
Freeze dried X X
annelids

+ = Introduced species, as well@aligus epidemicys® = freshwater prawndvacrobrachiumspp.) only,
? = unknown, as marine crayfish/lobsters in Australia motebeen actively surveyed fétematodinium
spp. at this time.
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6.2 Options for Risk Mitigation

There are many options available for mitigating the oisttisease translocation posed by those commaodities
that exceed the ALOP. Some of these include:

1. Controls on use of particular high risk commodities as baijt éxtend nationally and strengthen
existing bans on use of abalone products as bait to reueicsk of spread of AVG).

2. Controls on use of aquacultured commodities as bait, anaigqpudsory disease surveillance/ testing
of aquacultured products used as bait (such as live polgs)aet

3. Controls on translocation of live bait (which would redtleerisk of spread of all disease agents of
concern for finfish, crustaceans, molluscs and annelids)

4. Compulsory freezing/freeze drying of all bait commoditieisicw would reduce the risk of spread of
all diseases to within the ALOP, except for EHNV and VEBRinfish, and AVG andPerkinsus
olseniin molluscs (Table 12). Methods of inactivation of thefgeio pathogens could also be
investigated and implemented, if necessary and practical.

5. Increased active surveillance of bait commodities, partigulhose where data gaps were identified
(e.g. pipis, cockles, bait crabs, callianassids, cepbdlamolluscs, annelids, echinoderms, and
ascideans). Bease surveillance should also be undertaken in the eaggssof development of
fisheries for new species likely to be used as bait/oanehenever significant quantities of bait are
being translocated to a new geographical region.

6. Educating fishers of the risks involved with transfer skedse via translocation of bait. Examples of
education and extension could include, posters (AppendixeZ}eel in tackle shops, pet shops
fishing co-ops, or boat ramps, educational pamphlets distriutBdishing or boating licenses or
at tackle shows, and even signage at retail points effsakeafood, encouraging consumers not to
use at risk types of seafood as bait or berley.

These and other options for risk mitigation should be @xaarin more detail and prioritised, preferably by a
national working group including representatives from alltestaand territories (with stakeholder

involvement wherever necessary), in order to develop the mostpaate and effective options for risk

mitigation during the risk management and risk commumingihases of this risk analysis process.
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Appendix 2. Example of educational posters employed by Michigan Departré of Natural Resources as
a form of risk mitigation to help control spread of VHS virusin the great lakes region of the USA.

Keep Our
Waters
Great!

’ V: -
Don't Dump Your Bait
Fish diseases like
Viral Hemorrhagic Septicermia (VHS)

can be transterred in your bait bucket!
It’s the law: & -

- Dispose of unused bait . .

- Empty livewells and bilg'gsﬂa‘? ﬁﬁ%st%mp

- Don’t transfer live fish to waterbodies other than
where they were caught

Help prevent disease transfer
- Disinfect livewells and bilges with a bleach solution
(1/2 cup bleach to 5 gallons of water)
- Allow equipment to dry thoroughly before using in a
different body of water

For More Information Go To:
http:// www.michigan.gov/vhs
Great Lakes, Great Times, Great Outdoors
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