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Executive Summary

This report was undertaken to update a previous Environmessalsament Report (Diggles 2011) and
assess potential changes to disease risks associatea pribposal to relocate several salmon farms in
the Marlborough Sounds, New Zealand to 9 new high water ftea. SA review of the disease status of
chinook salmon@ncorhynchus tshawytscha) in New Zealand since 2011 revealed few changes to the
hazards identified previously in Diggles (2011), identifying Z&dtious agents and 13 non-infectious
diseases of cultured salmon in New Zealand. An outhboéaksease in salmon cultured at Waihinau
Bay in early 2012 was originally thought to be solely relatesuboptimal environmental conditions at
that site (MPI 2013). However, subsequent testing has sd@eased fish at that location were also
infected with an emerging rickettsia-like agent (NZ-RL&)d the endemic opportunist bacterium
Tenacibaculum maritimum. These bacterial disease outbreaks at the low flow si&aihinau Bay
provide examples of the increased risk of disease emergefisie cultured at suboptimal sites.

The current risk assessment found that clinical indectiith Piscirickettsia-like bacteria in seacaged
chinook salmon was likely to pose an increased risk of disteassfer to wild fishes, unless additional
risk mitigation measures were implemented. Howeveltsd@ gemains recognised that an unquantifiable
risk remained that biosecurity leaks could allow exotgeases to be introduced, and/or new endemic
diseases could emerge in salmon aquaculture in Newrkeatasome time in the future. Because of
this, it was important that biosecurity risks were aged using worlds best practice, notably including
establishment of independent farm management areas separated|lipuffer zones (Diggles 2011).

The proposal to move several salmon farms from low flow sst@sore suitable sites with higher water
flow would improve the environmental conditions to which culturdothea are exposed. This would
reduce both the risk of outbreaks of non-infectious diseas®d mitigate significant risk factors for
emergence of infectious diseases like the NZ-RLO at subapsites. The current proposal would
therefore allow the salmon farming industry in the Marlbgio Sounds to improve its existing
biosecurity practices and move incrementally towards éstatd worldsbest practice biosecurity
management arrangementBhis is because the proposal would allow establishofdmato independent
farm management areas separated by a significant buffer zone.

The farms in the Tory Channel (Clay Point, Te Pangu,Ng&imahau and potential sites 42, 47, 82 and
156 at Tio Point) could be managed as one farm manageneen{Tory Channel Management Area).
The farms proposed for Pelorus Sound (Waitata, Richmond atedtial sites 34, 106, 122, 124 and
125) could be managed as a second farm management areaR@lorus Sound Management Area).
As the density of individual farms in each managemerat semains relatively low by world standards,
the number of farms within each management area is matj@a concern (especially if any additional
sites are used to initiate regular farm fallowing), providester quality remains optimal, on-farm
stocking densities remain optimal, and biosecurity praestare maintained.

Based on conclusions from this risk analysis, | encourageldlation of 6 sub optimal sites and
relocation of salmon farms to the proposed high flow locatito reduce risks of outbreaks of NZ-RLO
and other infectious and non-infectious diseases, and to alitablishment of large on-water buffer
zones that will allow independent management of the two éaeans.
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Objectives of this document

The Ministry for Primary Industries has been workinghwitie Marlborough District Council and New

Zealand King Salmon (NZKS) to implement the Best ManagérReactice Guidelines for Salmon

Farms in the Marlborough Sounds (Benthic Standards Wpridroup 2014). This includes the

potential relocation of some existing farms to more swet&iher water flow locations to ensure the
guidelines can be met.

Six existing salmon farm sites are proposed for relopatvith the aim of meeting the recently
developed best management practice guidelines as walthesving improved environmental, social
and economic outcomes for the Marlborough Sounds. A to@lpaftential relocation sites have been
identified for further Assessment of Environmental Affe@&F) (Figure 1). One component of the
AEE process is to provide a disease risk assessment mpoeiocating the existing farms to the 9
proposed farm relocation sites.

The objective of this document was therefore to reviewwgrtthte a previous disease risk assessment
(Diggles 2011) developed as an Environmental Assessment Repoittef NZKS EPA Board of
Enquiry in 2011 to include:

- Disease risk information for the 9 potential relocasias
- New industry biosecurity protocols
- Consultation with relevant New Zealand fish diseage#es.

This report presents the outcomes arising from this process.
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1.0 Introduction

The aquaculture industry is of national significance to Nmaland, providing jobs, wealth through
export income and food security for New Zealanders. Forlyndtty virtue of its geographic isolation,
New Zealand is in a unique position to further develop a sadtke salmon farming industry that is free
from many of the problems that have emerged in salmonrigreisewhere. The geographic isolation
of the country, world leading biosecurity arrangements$ the absence of native salmonids means that
New Zealand is free from many important diseaseslof@ads (and other aquatic animals) at this time
(Boustead 1989, Diggles et al. 2002). Furthermore, chinook salncorhynchus tshawytscha (also
known as quinnat or king salmon) were introduced into Nealabel by acclimiatization societies as
ova only between 1875 and 1907 (McDowall 1978, 1994), virtually elimingtegisk of introduction

of many diseases that have emerged in northern hemisptem@nsa recent years and spread with
salmonid farming (Costello 2006, Kibenge et al. 2009, Snow 2011he éxclusive use o00O.
tshawytscha by NZ King Salmon appears a wise choice as this spep@sass innately resistant to
many of the disease agents that have been problematainiors culture overseas (Boustead 1989,
Johnson and Albright 1992a, Rolland and Winton 2003, Gottesfeld 28G9). Because of these and
other reasons, NZ King Salmon has become a successful mprip in 2011 produced over 7500
tonnes of salmon per year (around 50% of the world productidhifospecies), from a seacage surface
area of around 5 hectares within the Marlborough Sounds.

However, there is no room for complacency when implementisgcaessful salmonid aquaculture
industry (Wilson et al. 2009). New diseases continue targam@ aquaculture (Murray and Peeler
2005, Asche et al. 2010, Thrush et al. 2011, Snow 2011) and the dymdrmésctious diseases are
often related to the density of host populations (Grendell Dobson 1995, Krkosek 2010).
Furthermore, even world leading biosecurity policy arrareggmare not perfect, as demonstrated by
biosecurity leaks that have resulted in the introductimh @stablishment of several aquatic pests and
diseases in New Zealand waters such as the sedwekdia pinnatifida in 1987 (see Stuart 2004),
swimming crabCharybdis japonica in 2000 (see Smith et al. 2003), the diat@idymosphenia
geminate in 2004 (see Kilroy et al. 2009) aBdnamia ostreae (see Lane et al. 2016). Because of this,
it is important to ensure that the salmon industry @awNZealand is well managed in order to firstly
avoid disease problems, and in a worse case scenarie #@ble to effectively manage any new
problems that may emerge (Munro et al. 2003, Murray anceP2e05, Gustafson et al. 2005, 2007,
Marine Harvest 2008, Kibenge et al. 2009, Mardones et al. 2009).

This environmental assessment report has been undettaissess the disease risks associated with a
proposal to relocate several salmon farm sites in thebbtaugh Sounds. This report will update a
previous report (Diggles 2011) and will start by briefly rexigy the diseases in seacage farming of
salmon in an international context, to identify the varidyigzes of significant diseases that have
occurred overseas, summarise their environmental impaceny¥, and identify the best practice
management measures currently used for their avoidance andl.cofito describe the existing
environment, the known diseases of salmon in New Zealand willebewed and their current
environmental impacts (if any) will be assessed. An assas of environmental effects that may result
from the proposed movement of the salmon farm sites will Heeundertaken. This assessment will
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include a qualitative risk analysis of the likelihood of aianges to the existing disease status of
chinook salmon, native fishes and other aquatic animals whkifMarlborough Sounds and assess the
consequences of disease spread (should it occur). Recoatroasdvill then be made to help ensure
that the outcomes from the proposed relocations, if theyhgada will be consistent with moving
towards current worlds best practice for seacage aqueedtirm management, in order to minimise
risks to the environment and industry development that maydsented by disease agents of salmon.

2.0 Review of Disease Agents in Global Salmon SegeaCulture

Seacage culture of salmon can be associated with ge raininfectious disease agents, including
microparasites such as viruses, bacteria and protozoazaaetanacroparasites such as monogeneans
and crustaceans, as well as several non-infectious d&sésent and Poppe 1998, Kent 2000). The
potential for diseases of seacage aquacultured salmorpéztithe marine environment has attracted
much scientific study. It is also a controversial &sgusome parts of the world, hence it is important
that decision making in this area is based on the bedabiascientific data. In this section the major
types of diseases in seacage farming of salmon in thratienal context are briefly reviewed. This
has been done firstly to identify the significant disedlsashave occurred overseas, to summarise their
environmental impacts (if any), and identify the best practisaagement measures currently used for
their avoidance and control.

2.1 Viral diseases

Overview

Several viral diseases have caused problems in seacageuligre of salmonids in the northern
hemisphere, including Infectious Haematopoietic Necros#N)| birnaviruses including Infectious
Pancreatic Necrosis (IPN), Infectious Salmon Anaehda) Viral Haemorrhagic Septicaemia (VHS),
Salmon Pancreas Disease (SPD) and Sleeping DisdageMi&l Erythrocytic Necrosis, Erythrocytic
Inclusion Body Syndrome, and Salmonid Herpes Virus 2 Infegt{orcluding Oncorhynchus masou
virus) (see Kent and Poppe 1998, Dale et al. 2009). In the soutkenisphere, viral diseases in
cultured salmon have been caused by ISA (in Chile), oth#momyxoviruses such as Pilchard
orthomyxovirus (POMV) and other viruses including Tasmanian sattmeovirus (TSRV) (Zainathan
2012, DPIPWE 2015). Of these, the viral diseases which have dégsetbst significant problems in
seacaged salmonids are IPN and ISA (Murray et al. 20@)gh SPD and SD are emerging diseases of
seacage cultured Atlantic salmon and rainbow trout, réspBc due to an alphavirus (Graham et al.
2010). VHS was once known only from salmonids cultured in fresmwhut is now known to occur
naturally in wild marine and freshwater non-salmonid fish laasl also emerged and caused disease in
seawater farmed rainbow trout in Norway (Dale eR@09). Various strains of birnaviruses have been
described from at least 65 species of fish in 20 fam{MsAllister 1993), and also from bivalve
molluscs and crustaceans (Reno 1999). Isolates of IPNV-Ikaudiuses from returning chinook
salmon in New Zealand were identified as belonging to IPNYdgroup 5 (see Davies et al. 2010) and
appear non pathogenic to salmonids (Diggles et al. 2002, MeCalll 2010). VHSV has been recorded
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from at least 82 species of marine and freshwater figfu@ding chinook salmon) at water temperatures
of 18°C or less, but VHSV has not been recorded from thdawuhemisphere at this time (Diggles
and Landos 2010). ISA has been reported in Europe, Cad&dq,Faroe Islands and Chile, but not
New Zealand or Australia, and it appears that chinook walare resistant to ISAV (Rolland and
Winton 2003). New information from western Canada sugdkatsthere may be evidence of genetic
material similar to benign ISA-like variants in lesart2% (2 non negatives from 102 fish examined) of
healthy chinook salmon sampled from the wild (Kibenge €@6). Even so, there is debate about the
meaning of these “non-negative” results as the presence of I®& never been confirmed in the
Pacific North America region despite over 36,000 Pacific salfmriuding O.tshawytscha) being
sampled since July 2010 using cell culture methods and over 4Q@ghawytscha sampled using
molecular tests (Amos et al. 2014), suggesting the reduftdbenge et al. (2016) may be an artefact of
a decoupling of modern vs traditional diagnostic methods (Betrgé 2016). Chinook salmon are also
known to be susceptible to IHNV, and Viral Erythrocytiediosis (Kent and Poppe 1998), but these
disease agents have not been recorded from the southerplemiOf the remaining viruses infecting
salmon in the southern hemisphere, the Pilchard orthomyxovi@MVP has caused mortalities in
Atlantic salmon in Tasmania (where it is vectored by vgltthards), while Tasmanian salmonid
reovirus (TSRV) has occasionally been associated wittaiii@s of salmon exposed Riscirickettsia-

like bacteria or certain adverse environmental conditions (Z&n2012, DPIPWE 2015).

Environmental impacts

Viruses originating from cultured salmonids appear to havenminimpact on wild populations of
finfish. Wallace et al. (2008) found a significantly highenjptence of IPNV (0.32%) in wild marine
fish caught at a distance less than 5 km from aquacuites; than from wild marine fish caught at a
distance greater than 5 km from fish farms (0.03%). Tuggests that fish farms may act as a localized
source of “backspill” IPNV infection to local wild fishather than wild reservoirs of infection posing a
high risk to farmed fish (Wallace et al. 2008). However]ld¢a et al. (2008) also reported that IPNV
is endemic in wild marine fish, (particularly flatfisaj low prevalences (overall prevalence in 30627
fish was 0.15%), with maximum prevalence in flatfishingel2.5% in flounder Rlatichthys flesus),
while for roundfish maximum prevalence of IPNV was 1.1%aithe Pollachius virens). Indeed, it
appears that IPNV and IPNV-like aquabirnaviruses and otineses such as VHSV are naturally
widespread and persistent in the marine environment in maty @fathe world (Skall et al. 2005a,
2005b, Wallace et al. 2008, Davies et al. 2010). No clinical ©ij3N disease have been observed in
any of the wild fish sampled from Scotland, AustralidN@, however outbreaks of VHS due to various
different genotypes of VHSV have been recorded in willds in both freshwater and marine areas of
the northern hemisphere (Lumsden et al. 2007, Bain et al. 2008)e Dugbreaks of VHS in wild
fishes have not been associated with aquaculture adjvilig have been variously associated with
stressors due to spawning, pollution or other environmeatédrs (Elston and Myers 2009), including
introduction of virus into naive populations of fish via natuaanthropogenic movements of live
fishes or ballast water (Bain et al. 2010, Diggles and LaB@&6). Disease outbreaks of other viruses
such as IHNV have been associated with immunosuppressiamdtalmon due to reduced water
quality (Clifford et al. 2005). SPD and SD have beenntepdrom some wild species of flatfish which
act as reservoirs for the disease (Snow et al. 2010, Bruno 2014hebptesence of the virus has not
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been associated with disease or any detectable changmsuiation status of infected flatfish (Bruno et
al. 2014, Jones et al. 2015), nor has the SPD alphavirus tn@eth in wild salmonids (Snow 2011,
Jones et al. 2015). An orthomyxovirus that was first reported farmed Atlantic salmon in Tasmania
in 2006 was recently confirmed to be identical to pilchard orylxawirus (POMV) that was originally
identified from wild pilchards Sardinops sagax-neopilchardus) in South Australia in 1998 (SCAHH
2015). Outbreaks of disease due to POMV in cultured salraga occurred in Tasmania since 2012
and are associated with sub-clinically infected wiltth@rds schooling around salmon sea cages
(SCAHH 2015).

Given their apparent resistance to other orthomyxovirusesasul$A, it is not known whether chinook
salmon are susceptible to POMV, and at this time tisane evidence that POMV occurs in pilchards in
New Zealand. In 1995, widespread mortalities of pilchamficted by the first outbreak of pilchard
herpesvirus (PHV) were observed in New Zealand, aft&f Bislkease spread throughout populations of
pilchards in Australia (Whittington et al. 2008). It appedues herpesvirus was introduced into New
Zealand in 1995 via infected frozen pilchards used as badefsiafter a shipment of infected pilchards
was received from Bremer Bay, Western Australia (Hine 1888cher et al. 1997, Crockford 2007,
P.M Hine, personal communication). However in 1998-99 a secaondogp due to PHV in Australia
did not reach New Zealand, probably due to immediate imgi¢ation of a temporary ban on
movements of frozen pilchards from Australia to New Ze@lduring the entire course of the second
event (P.M. Hine and B.K Diggles, personal observatioakifiy these factors into consideration, it is
considered unlikely that POMV infected pilchards from #aiga would be able to naturally reach New
Zealand and precipitate a disease outbreak in cultatatbe without human intervention.

Best practice management

Because salmon farming is done in seacages in regions wheirfestvés occur, it is impossible to fully
control the presence of viral disease agents in the reanmgonment. There are no effective
treatments for viral diseases and prevention is the key édnmanagement. Screening of broodstock
for key viruses and vaccination of seedstock can be hidfdgtiee in controlling the spread of viral
diseases (Nylund et al. 2007, Munro et al. 2010). Maximisingrvegaiality and reducing or eliminating
exposure to pollutants such as pesticides can also asgisiximizing immune competence of cultured
fish, which can reduce the prevalence and severity of disdases (Clifford et al. 2005). Good
husbandry that includes prevention of fish escapes, fneqeenoval of sick or dead fish, optimising
fish nutrition, control of potential vectors, and impkmtation of effective on farm biosecurity controls
(e.g. disinfection) at critical areas such as personne} potnts are also useful preventative measures.
Biosecurity strategies that have also been used at astigdolanning level to minimize the risk of
outbreaks of viral diseases such as ISA have includedfusdependent farm management areas where
production from several farming sites can be co-ordinatedsynchronised using single year classes of
fish, and where integrated disease management prosedboa¢ include site fallowing can be
implemented if necessary (Munro et al. 2003, Chang &08l7, Marine Harvest 2008, Brooks 2009,
Jones et al. 2015). Separation of the farm management arbafdryzones of sufficient distance to
reduce the risk of horizontal disease transmission via mawsnéwater and wild fishes is also useful
to avoid and/or control outbreaks of viral disease (Scheal. 2007). When best practice disease
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management methods such as those mentioned above are uttikedfviral pathogen transmission
to wild fish populations are effectively mitigated (Joeesl. 2015).

2.2 Bacterial diseases

Overview

All fish have a “normal” bacterial flora that changeasmally (Bisset 1948) and which is moved with
the fish whenever the host is translocated. There avdaadsltative bacterial pathogens such as those
in the FlavobacteriunyCytophaga/Tenacibaculum group (includingTenacibaculum maritimum) and
Vibrio sp. groups that are considered to be ubiquitous in aquatioeménts (Austin and Austin
2007), including in New Zealand (Diggles et al. 2002), but eegtains of which can cause disease
and mortalities in a wide range of aquatic animals déinatstressed, injured and/or exposed to adverse
environmental conditions. However there are also specifiebalcpathogens that are not considered
to be ubiquitous and which are limited in their distribut{@oranzo et al. 2005). The latter include
typical strains of Aeromonas salmonicida, which can cause Furunculosig. (salmonicida subsp
salmonicida), and atypical strains &f salmonicida which can cause other diseases such as goldfish
ulcer disease. Both typical and atypical straing.adalmonicida have been translocated to new areas
with movements of live, dead and frozen fish (Ostland et387, Whittington et al. 1987). Atypical
strains ofA.salmonicida, the cause of goldfish ulcer disease, occur in Austraié Atlantic salmon
(Salmo salar) in that country were shown to be extremely vulnerablentection (Whittington and
Cullis 1988), but fortunately typical strains 8f salmonicida have not been recorded from New
Zealand to date (Diggles et al. 2002, Mcintyre et al. 20H@wever, in the spring of 2011 wild
lampreys (KanakanaGeotria australis) were reported with haemorrhagic external lesionseiveral
river systems in Southland. Testing by MAF Biosecurity usimgecular probes confirmed that an
uncharacterized, unculturable atypical straio$almonicida was associated with the lesions but was
not acting as a primary pathogen (MAF Biosecurity 2011, Blares, personal communication 29 May
2016). The bacteriunyersinia ruckeri occurs in freshwater and is the causative agent ofienter
redmouth disease (ERM), which was first described inboav trout from the Hagerman Valley, in
Idaho, USA in the 1950s (Rucker 1966). ERM was reported fdirtgéime in Europe in the 1980's,
with the bacterium possibly being introduced through movésnaflive baitfish from the USA (Michel

et al.1986, Davies 1990). A different strain¥afruckeri occurs in New Zealand, where it occasionally
infects juvenile chinook salmon reared in freshwater caubiagnilder disease yersinosis (Diggles et
al. 2002). Bacterial Kidney Disease causedRbryibacterium salmoninarum causes chronic mortality in
seacage cultured chinook and coho salmon in British Colurkeiat @nd Poppe 1998RPiscirickettsia,
Francisella, and other rickettsia-like organisms (RLOs) have been @madtic in the culture of salmon
in several regions of the world (Corbeil et al. 2005, Colguhand Duodu 2011), including chinook
salmon in British Columbia (Kent and Poppe 1998), Atlaséibtnon in Australia (Corbeil et al. 2005,
Corbeil and Crane 2009), and most recently in chinook salmiewnZealand (MPI 2015). The onset
of piscirickettsial disease in salmonids usually occtter &ransfer of fish from freshwater to seawater
net pens and wild marine fish are likely candidateseasrvoirs forPiscirickettsia-like bacteria (PLB)
(Mauel and Miller 2002, Colquhoun and Duodu 2011).
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Environmental impacts

Bacteria originating from cultured salmonids generally hawg&mal impact on wild populations of
finfish or other aquatic animals. Optimisation of thariey environment and elimination of stressors
such as low oxygen or overstocking, and incorporation ofmmeutsh health management procedures
(see below) are usually sufficient to prevent most batterfections from reaching intensities that
could promote “backspill” infection of wild fish stocks.osequently, there is little evidence that most
types of bacteria harboured by cultured fish can causeallidisease in wild fish, however spread of
furunculosis from cultured salmonids in Norway into naiveysations of wild salmonids has been
observed (Johnsen and Jensen 1994), with potentially detaimenpacts on wild salmonids being
noted by those authors. On the other hand, it is widbkshed that wild fish act as reservoirs of
infection of aquacultured fish with many bacterial diseagents (Kent and Poppe 1998), and the vast
majority of detections of significant bacteria such Assalmonicida in wild fishes are from
asymptomatic carrier fish (Nomura et al. 1993).

Best practice management

Best practice management of bacterial diseases include afaifiye management methods used to
minimize spread of viral disease agents. As bacteigdade agents are usually opportunistic
pathogens, good husbandry that reduces/eliminates physicaingaofifish to avoid damage to skin
and fins, optimising fish nutrition, maximising water dtyalto maximize immune competence
(including maintaining dissolved oxygen levels above 6 mg/Lugied temperature and salinity
fluctuations and avoiding temperature extremes and exposurelutaptd (Ellard 2015)), and prompt
removal of moribund or dead fish can markedly reduce thejeiece and severity of bacterial diseases
(Kent and Poppe 1998). Many bacteria are susceptible toicdict treatment which is usually
administered in-feed (Kent and Poppe 1998), however resistanantimicrobials can develop, and
vaccination is being increasingly used to reduce or dditaitvacterial diseases in seacage growout of
salmonids and other marine fishes (Hastein et al. 2005).

2.3 Fungal diseases

Overview

Several types of fungi are considered to be ubiquitousrappstic saprobes which can overwhelm the
innate immune system and infect aquatic animals thainpred, stressed or immunocompromised by
exposure to suboptimal conditions, such as pollutants or dipjs in water temperature (Roberts
2001). Examples include oomycete water moulds suclSapsolegnia which are well known
opportunistic invaders of compromised salmonids or their egfyeshwater areas (Roberts 2001), and
Exophiala spp. which have caused disease in salmonids cultured in sedkage and Poppe 1998).
However there are also other fungus-like pathogens of salmomédsate not considered to be
ubiquitous in their distribution, such &shthyophonus hoferi which is a fungus-like protistan that has
caused disease in salmonids reared in seawater (Kérif@ppe 1998).Icthyophonus hoferi has low
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host specificity, infecting at least 70 species of {Bhbchenko and Karaseva 2002), including brown
trout, rainbow trout and Atlantic salmon in Tasmaniso¢8imbe 1980, Ellard 2015). The closely
related rosette agent is considered to be an obligatecellular parasite of chinook salmon that was
identified as Spaerothecum destruens by Arkush et al. (2003), and which has been placed with
Ichthyophonus in the Ichthyosporea within the clade Mesomycetozoa (8iral. 2005, Gozlan et al.
2009). The fungus-like rosette agent has never been recortfedsiouthern hemisphere.

Environmental impacts

There is no evidence that fungi harboured by cultured sals@aid cause increased disease in wild
fish. Optimisation of the rearing environment and reducticstreksors are usually sufficient to prevent
most fungal infections from progressing. On the other hamslwell established that wild fish can act
as reservoirs of infection of aquacultured fish with many fudgease agents (Kent and Poppe 1998),
and indeed]chtyophonus hoferi is well known to naturally cause disease, morbidity anch ewass
mortality in wild fishes (Zubchenko and Karaseva 2002), a$ agein cultured fishes fed hoferi
infected wild fishes (Slocombe 1980).

Best practice management

Best practice management of fungal diseases include manlyeomanagement methods used to
minimize spread of viral and bacterial disease agenis.many fungal disease agents are ubiquitous
opportunistic pathogens that usually secondarily invade damaégsues, good husbandry that
reduces/eliminates physical handling of fish to avoid dartagé&in and fins, optimising fish nutrition,
maximising water quality, including maintaining dissolvedygen levels above 6 mg/L, reducing
temperature and salinity fluctuations and avoiding temperagxtremes and exposure to pollutants to
maximize immune competence can reduce the prevalenceeardty of fungal diseases. Use of
formulated pellet diets and avoidance of natural feemg e useful methods of avoiding infection with
Ichthyophonus hoferi and Spaerothecum destruens, which may be transmitted orally through
consumption of infected fish (Slocombe 1980, Kent and Poppe 1998. of hydrogen peroxide or
iodophores can reduce water mould infections of eggs, hoviteagment of growout fish with other
fungicidal drugs is usually problematic due to the potentialrésidues that conflict with strict food
safety requirements (Kent and Poppe 1998).

2.4 Protozoal diseases

Overview

A variety of diseases caused by protozoan agents haverbeerded from salmonids cultured in
seacages, including infections by amoebae, microsporidiaggllates and ciliates (Kent and Poppe
1998). Cultured salmonids in many parts of the world are aelyeaffected by amoebic gill disease
(AGD), which is caused by infection of the gills with frdwing amoebae, predominantly
Neoparamoeba perurans (see Young et al. 2007, Young et al. 2008goparamoeba perurans has been
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recorded in chinook salmon in New Zealand in the absendisezdise (Young et al. 2008), and chinook
salmon appear relatively resistant to this disease agent @yuetdal. 2001). Microsporidians are
obligate, intracellular parasites that infect arthropdds, and mammals (Lom and Dykova 1992). In
fish, microsporidian infections can be widespread inousritissues or concentrated into cysts that are
often grossly visible. The lifecycle is usually dirdmiit can include an intermediate host (Vossbrinck et
al. 1998). The microsporididooma salmonae infects the gills and other vascularized tissues ¢d wi
and hatchery-reared salmonids in fresh water throughouP#u#ic Northwest (Kent et al. 1995).
Severe gill infections have been reported in culturedoav trout Oncorhynchus mykiss) and kokanee
salmon Q. nerka), while systemic infections by. salmonae have also been reported in cultured
chinook salmon. The susceptibility of various salmonid spgoieoma was investigated by Ramsay et
al. (2002), and chinook salmon was shown to be the most suseegésties. Although the gill is the
primary site of infection, parasites and associated lesoam occur elsewhere, including the heart,
spleen, kidney, and pseudobranchoma salmonae is considered to be a freshwater parasite, but
infections can persist after fish are transferresi@mwater (Kent and Poppe 1998). This parasite has not
been recorded in the southern hemisphere. The flagdithtegobodo, Hexamita and Cryptobia have
caused mortality in a range of species of seacageworals in the northern hemisphere (Kent and
Poppe 1998).Hexamita salmonis is normally a parasite of the intestinal tract of sainm freshwater,
but it persisted after transfer of fish to marine sitled caused severe disease and up to 50% mortalities
in seacage cultured chinook salmon in British Columbia {l&ed Poppe 1998)lchthyobodo necator

and Cryptobia salmositica are other flagellate parasites of freshwater fishes ¢ha persist on
salmonids after transfer into seawater, causing diseagenook salmon (Kent and Poppe 1998). The
ciliate Ichthyophthirius multifiliis is a ubiquitous parasite that is responsible for white dsaase in
freshwater fish (Matthews 2005)chthyophthirius multifiliis can infect salmonids during the freshwater
stages of the production cycle, but the parasite cannot coniiddifecycle in seawater. The only
ciliates that have been recognised to cause diseasadageel salmon af&ichodina spp., which can
occur on the skin and gills (Kent and Poppe 1998).

Environmental impacts

There is no evidence that protozoans harboured by cultatewsids can cause increased disease in
wild fish. Amoebae responsible for AGD are ubiquitond &ee living in the environment (Bridle et al.
2010) and only proliferate on the gills and cause diseaséninultured under certain situations (Kent et
al. 1988). Although common in wild salmdn, salmonae is not usually considered a severe pathogen
in wild salmon (Kent et al. 1998, Kent 2000). In contraslk] fish are recognized as reservoirs of
infection of many parasitic protozoans, including flagefaand ciliates that only become problematic
in aquacultured fish held at high densities.

Best practice management

Best practice management of protozoan diseases include shahg management methods used to
minimize spread of viral, bacterial and fungal diseasetagg@ood husbandry that reduces/eliminates
physical handling of fish to avoid damage to skin and fpsimising fish nutrition, maximising water
quality, including maintaining dissolved oxygen levels above 8. prgducing temperature and salinity
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fluctuations and avoiding temperature extremes and exposure tdaptdl to maximize immune
competence can reduce the prevalence of protozoan diseBsg#feration of protozoan parasites is
encouraged by high stocking densities (Crosbie et al. 2080¢etuse of moderate stocking densities is
recommended. Protozoan infections can be reduced by ba#acgged fish in freshwater, hydrogen
peroxide or formalin baths, though this is a laboriousgsse that increases production costs.

2.5 Metazoan diseases

Overview

Salmonids in seacages can be infected by a wide range ofometalisease agents, including
myxosporeans, copepods, monogeneans, digeneans, cestodesnatutiese (Kent and Poppe 1998,
Kent 2000). Some metazoan parasites have complicatedhuositilifecycles (Rohde 1984), while
others (particularly ectoparasitic monogeneans and crustadeaves direct lifecycles which can be
readily completed when fish are confined at high densitiegacages. Several species of myxosporean
parasites have been recorded in seacage cultured salmooidding Kudoa thyrsites, Chloromyxum
truttae, Myxobolus spp. andParvicapsula sp. (see Kent and Poppe 1998). The lifecycle of many
myxosporeans requires invertebrate intermediate hostskiiMand Wolf 1983, Wolf and Markiw
1984), though it appears that some myxosporeans can be ttadsdiectly (Diamant 1997, Swearer
and Robertsan1999, Yasuda 2002). Species suctKashyrsites which causes muscle liquefaction,
appear ubiquitous (Moran and Kent 1999, Moran et al. 1999a, WHighs2903). WhileKudoa spp.
have been recorded from New Zealand fishes (Hine et al. 2B0@)yrsites has not been officially
recorded (Hine et al. 2000), though known hosts (barracdimasites atun) are present in New
Zealand and indeed juvenile atun have been observed in seacages with cultured salmdig@les,
personal observations). Attempts to tran&fethyrsites infection by feeding spores to Atlantic salmon
failed to transmit infection, however Atlantic salmon heidseacages in marine waters whére
thyrsites was enzootic became infected within 2 weeks (Metah. 1999b). This suggests that fish in
seacages may become infected indirectly through contéttinfective stages (actinospores) released
by intermediate hosts, directly by eating presporogoniestagcreted by other infected fishes (or via
cannibalism), or even by obtaining presporogonic stages via trimosferred by blood feeding vectors
such as copepods or leeches (Moran et al. 1999b).

Crustacean ectoparasites of fish invade the fins, gkls,and other body cavities (Kabata 1984). Their
lifecycles are direct with fish being infected by mkeonic copepodid larval stages that hatch from eggs
deposited by adult copepods (Kabata 1984). Several typesisthceans have been recorded from
salmonids cultured in seacages. These include membirs faimilies Caligidae (Sealice), Ergasilidae,
Penellidae, isopods and branchiurans (Kent and Poppe 199R) saMhonids and other marine fish are
the usual reservoirs for crustacean parasites that afitared salmonids (Brooks 2009, Gottesfeld et
al. 2009, Penston et al. 2011, Molinet et al. 2011). Of theusgooups of crustacean ectoparasites,
sealice infections are responsible for the majority oblems in seacage culture of salmonids in the
Northern hemisphere and Chile (Krkosek et al. 2005, Costello 2008, Todd 2007, Molinet et al.
2011), while deaths due to consumption of free living isopodseagaged fish has been recorded in
salmon culture in New Zealand (Boustead 1989).
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Monogeneans are ectoparasitic helminths with direct lifesythat are occasionally seen in cultured
salmonids in the northern hemisphere, but are seldom probtefidatit and Poppe 1998). Digeneans,
cestodes and nematodes are endoparasitic helminths that the gastrointestinal tract of fishes and
other vertebrates. The digenean lifecycle requires a mafiuist intermediate host with plankton
eating fishes as final hosts, or second intermediate osisme lifecycles where final hosts include
larger fishes, birds and mammals. The cestode lifegeterally requires crustaceans (e.g. copepods)
as the first intermediate host with plankton eating figse$inal hosts, or second intermediate hosts in
some lifecycles where final hosts include larger fislségrks, birds or mammals (Rohde 1984, Noga
2010). The lifecycle of nematodes requires crustaceagsd@epods) as the first intermediate host
with plankton eating fishes as final hosts, or secondrmdiate hosts in some lifecycles where final
hosts include larger fishes, birds or mammals (Rohde 198dimo8ids in seacages worldwide can be
infected by several species of digeneans, cestodes andodemdtthe fish consume natural prey items
such as molluscan or crustacean intermediate hosts @m®htPoppe 1998), but these helminth
infections naturally occur in wild fishes and seldoneviér, cause disease.

Environmental impacts

The environmental impacts of the majority of metazoan diseagents of cultured salmonids are
negligible, however there is evidence in some regions of thelwdnkre intensive salmon farming
occurs in seacages and salmonids are native fishes thatratarally in the wild, that farmed salmon
can act as reservoirs of sea lice (maibfpeophtheirus salmonis, but also other species including
Caligus elongatus) which can result in increased “spillback” infectiormafd salmonids that must swim
past seacage sites during their migrations (Krkosek 8085, Costello 2006, 2009, Todd 2007, Jones
et al. 2015). The additional infection pressure exerted byosafarms can increase sea lice burdens on
wild fish, potentially resulting in increased morltydior even mortality in juveniles leaving salmon
rivers or early river entry in adult fish returning to rveo spawn (Krkosek et al. 2005, Wells et al.
2007, Todd 2007, Costello 2009). Experimental treatment of wildosatmremove sealidecreased
salmon survival by odds ratios of 1.14 — 1.17 in Irish and Noamegiudies, respectively, although
meta-analyses by other authors conclude sealice treatmgrisve wild salmon survival even more
(Jones et al. 2015)The ongoing scientific debate regarding the quantitative effesta lice infection
on wild salmonids emphasises the challenges associatiedattempting to quantify the incremental
impact of these parasites within wild fish populationsaalyeexperiencing >95% natural mortality
(Jones et al. 2015).

Best practice management

Best practice management of metazoan diseases include ahaimy management methods used to
minimize spread of viral, bacterial, fungal and protozoaseale agents. Good husbandry that
optimises fish nutrition, and ensuring the best possiblemguality will maximize immune competence

and potentially reduce the prevalence of some metazisgaseé agents. Proliferation of metazoan
parasites is encouraged by high stocking densities, hencefusederate stocking densities is

indicated. Biosecurity strategies that have also beet aisan industry planning level to minimize the
risk of sealice outbreaks include use of independent farnagament areas where production from
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several farming sites can be co-ordinated and syncleichngsd where integrated disease management
procedures that can include site fallowing can be imphedeif necessary (Chang et al. 2007, Brooks
2009). Separation of the farm management areas by buffer zosaffickent distance to reduce the
risk of horizontal disease transmission via water movemientdso useful to avoid and/or control
outbreaks of disease caused by sealice (Brooks 2009). Seakcbden controlled in salmon cultured
in the northern hemisphere through oral administration wgglsuch as emamectin benzoate (SLICE)
and, more recently, by exposure to warm freshwater baifsere are no drugs commercially available
to control myxosporean infections, however regular refe of nets may help remove a range of
invertebrates that are potential intermediate hostmjmosporeans such &s thyrsites. Most helminth
infections can be reduced by oral treatment with amtinélcs, while many types of ectoparasitic
metazoans can also be managed by bathing seacagedffisbhwater, formalin or hydrogen peroxide
baths, though this is a laborious process that incrgasdaction costs.

3.0 Description of the existing environment -DiseasAgents in
New Zealand Salmon

A comprehensive review of the literature relating to theadies and parasites of salmOndorhynchus
tshawytscha, O. nerka) in New Zealand was conducted, including key referesces as Boustead
(1982, 1989), Anderson (1995, 1996, 1998), Hine et al. (2000), Diggles 20@2)( Mcintyre et al.
(2010) and the references cited therein. Informationalssobtained by searching multiple electronic
databases including Cambridge Scientific Abstracts, Scife®pus and Web of Knowledge with
keywords salmon and New Zealand. Unpublished data relatiiget infectious and non-infectious
diseases of chinook salmon encountered by NZ King Salmonnagians was also included. A list of
the known diseases and parasites of wild and cultured salndewrZealand is contained in Table 1.
The list contains 22 infectious disease agents of wildaatdred salmon, including 1 virus (aquatic
birnavirus), 5 bacterial diseases, 1 fungal disease, 3 petalisease agents and 12 metazoan disease
agents (Table 1). The list also contains 12 non-infectimessles that have been reported mainly from
cultured salmon (Table 1).

! hitp://www.steinsvik.no/en/products/e/seaculture/fishithéhermolicer
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Table 1. List of the known infectious and non-infectias diseases and parasites recorded from

wild and cultured salmon ©Oncorhynchusspp.) in New Zealand.

Disease Under | Occurs in May cause May cause
official | cultured significant disease | significant disease
control | salmonin NZ | in wild marine fish | in seacaged fish

INFECTIOUS AGENTS

VIRUSES

Aquatic Birnavirus (IPNV Genogroup 5) Yes No No Yes

BACTERIA

Flexibacter spp./Tenacibaculum spp. No Yes No Yes

Bacterial gill disease No Yes No No

Piscirickettsia-like bacteria (NZ-RLO) Yes Yes No Yes

Vibrio spp. No Yes No Yes

Yersinia ruckeri (Yersinosis) No Yes No No

FUNGI

Saprolegnia spp. No Yes No No

PROTOZOA

Chilodonella sp. No Yes No No

Ichthyophthirius multifiliis No Yes No No

Neoparamoeba perurans/ Cochliopodida sp. No Yes No No

METAZOA

Digenea

Derogenes varicus No No No No

Lecithocladium seriolellae No No No No

Parahemiurus sp. No No No No

Tubovesicula angusticauda No No No No

Cestoda

Hepatoxylin trichiuri No No No No

Phyllobothrium sp. No No No No

Nematoda

Heduris spinigera No No No No

Hysterothylacium sp. No Yes No No

Crustacea

Caligus spp. No Yes No Yes

Cirolana sp. No Yes No No

Paeonodes nemaformis No No No No

Myxozoa

Myxobolus cerebralis Yes Yes No No

NON-INFECTIOUS AGENTS

Algal blooms No Yes Yes Yes

Cardiomyopathy No Yes No No

Gas Bubble Disease No Yes No No

Gastric Dilation and Air Sacculitis (GDAS) No Yes No Yes

Isopod invasion No Yes No Yes

Jellyfish strike No Yes No Yes

Neoplasia No Yes No No

Nephrocalcinosis No Yes No No

Pinhead syndrome, Runting No Yes No No

Seal predation No Yes No No

Skin lesions/sunburn No Yes No No

Spinal deformity No Yes No No
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4.0 Assessment of Environmental Effects

After defining the known diseases of salmon in New Zealand (Tgbthe next step in the assessment
of environmental effects is to identify those diseasesrémaesent potential hazards to the environment.
For the remainder of this risk assessment, the commaoeiityg lzonsidered will be chinook salmad. (
tshawytscha) reared in sea cages in the Marlborough Sounds.

4.1 Hazard ldentification

To determine which diseases are likely to represent razardhe environment, the criteria for
consideration during the hazard identification process agffellows:

For each disease agent in the initial list, the follovgjngstions were considered:

1. Is the disease agent infectious ?, and;
2. Whether chinook salmon cultured in seacages could potemi@ihfected by the disease agent.

For any disease agent, if the answers to both questiand 2 was ‘yes’, it was classified as a potential
hazard (Figure 1). For all potential hazards, anyo$¢ considered likely to cause detrimental impacts
to the environment based on one or more of the following critegi@ classed as diseases of concern
that required detailed risk assessment. The crivsea included whether:

If the disease agent is "under official control”, by issimg in New Zealand’s national list of
reportable diseases of aquatic animals (Table 2); and/or

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

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

* it would be expected to cause damage to the environmentr amtlemic species (defined as
either native species that occur naturally in New Zedamdhters, or species that were
introduced into New Zealand and are now considered sxtlenatised).

The process used for decision making in relation to tharbadentification process is summarised in

Figure 1. Non-infectious diseases and infectious diseastsaat are not considered likely to cause a
distinct pathological effect in affected populations, andfoonomic harm, and/or damage to the

environment were considered to represent a negligible rigkyware excluded from further assessment.
The reasons why these other infectious disease agerdsexduded from detailed risk assessment are
elaborated upon in more detail in the following section.
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Figure 2. Flow chart showing the decision making processed to identify diseases of concern in
the hazard identification step.
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Table 2. New Zealand’s national list of reportable diseses of finfish (ie. diseases under official
control).

New Zealand’s National List of Listed in the Exotic to New Found in
Reportable Diseases of Finfish (as of Aug 2016 O!E Aquatic | Zealand salmon in
Animal Health New Zealand

Code (2016)

1. Bacterial kidney diseas&énibacterium salmoninarum) v
2. Enteric redmouth diseas¥etsinia ruckeri — Hagerman strain v
3. Epizootic haematopoietic necrosis — EHN virus v v
4. Epizootic ulcerative syndroméghanomyces invadans) v v
5. FurunculosisAeromonas salmonicida subspsalmonicida) v
6. Gyrodactylosis Gyrodactylus salaris) v v
7. Infectious haematopoietic necrosis — IHN virus v v
8. Infectious pancreatic necrosis (exotic strains) — IRNsvi v
9. Infectious salmon anaemia — ISA virus v v
10. Koi herpesvirus disease — KHV v v
11. Oncorhynchus masou virus v v
12. Red sea bream iridoviral disease v v
13. Spring viraemia of carp — SVC virus v v
14. Viral haemorrhagic septicaemia — VHS virus v v
15. Whirling diseaseNlyxaobolus cerebralis) v

* A birnavirus within IPNV Genogroup 5 has been found in rehgrgea run salmon in New Zealand
(Davies et al. 2010).

4.2  Elimination of insignificant diseases

4.2.1 Non-infectious diseases

As a general rule, all of the non-infectious diseases ohaaldo not pose a threat to the natural
environment, as by definition they are non-infectious and canroatEmitted to other marine fishes or
other aquatic animals. However, one exception to this raligasd blooms, which represent a risk to not
only cultured salmon, but also other aquatic animals and ither venvironment (Chang et al. 1990,
2001). Increased risk of algal blooms can sometimes belliokicreased nutrient loads from seacage
aquaculture in regions where flushing of nutrients is insefiic(Buschmann et al. 2006, San-Diego et
al. 2008), however a range of other environmental conditiondsaresually required before conditions
are suitable for algal blooms to occur (Diggles et al. 20@)aluation of the potential environmental
effects in relation to nutrient loading due to the psggbplanning changes are outside the scope of this
document, and are covered elsewhere in the planning docursects s in the NIWA report on
Modelled water column effects on potential salmon farmcegion sites in Pelorus Sound). The
reasons why some other infectious disease agents were ekdtode detailed risk assessment are
elaborated upon below.

4.2.2 Bacteria

Bacterial gill disease, coldwater disease includinglexibacter spp./Tenacibaculumspp.
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Flavobacteria including members of the genEtexibacter, Tenacibaculum, Flavobacterium, and
Cytophaga are ubiquitous in aquatic environments (Austin and Austin 2B0Ikkinen et al. 2010), but
some strains are facultative pathogens that can caussealifea example, columnaris, bacterial gill
disease, fin rot, gill rot) and mortalities in frestteraand marine fish that are stressed, injured and/or
exposed to adverse environmental conditions (Mitchell and R&fije¥). Freshwater genera include
Flavobacterium columnare (agent of columnaris diseasdj, psychrophilum (agent of cold water
disease) and-. branchiophilium (agent of bacterial gill disease), while the marine egentals
Tenacibaculum (formerly Flexibacter) maritimus (see Diggles et al. 2002). The freshwater
flavobacteria found on salmon in New Zealand (Boustead 1889 ding F. psychrophilum which has
been isolated from trout (B. Jones, personal communication, &9 2d16), do not grow at marine
salinities and hence they do not affect marine fish. ti@nother handJenacibaculum maritimus can
cause disease in marine fish, but the bacterium is alrebmyitous in the New Zealand marine
environment and has been previously identified from several spewksling snapper Ragrus
auratus) and blue codRarapercis colias) (Diggles et al. 2002, B.K. Diggles, personal obs.) as agll
more recently in cultured salmon (MPI 2015). Good husbandry methath as conservative stocking
densities, avoidance of temperature extremes, avoiding daméigh during handling, maintenance of
high water quality and prompt removal of dead fish from tankscageés can significantly limit the
proliferation of these bacteria in cultured fish (Boust&889, Diggles et al. 2002, Pulkkinen et al.
2010). Tenacibaculum maritimus occurs naturally on wild fish and other aquatic animalhe absence
of disease, and have also been found in large numbgedhydish, which may act as vectors fdr
maritimus infections of seacage cultured salmon if the salmon aragled by contact with jellyfish
tentacles (Ferguson et al. 2010). Because these disease agealready ubiquitous in the marine
environment and only cause disease in cultured fish heldessil conditions at high densities, these
bacteria are unlikely to pose a threat to wild fishestber aguatic animals in the Marlborough Sounds,
and thus they do not need to be considered further.

Vibrio spp.

Bacteria of the genusibrio are ubiquitous in marine environments (Egidus 1987, Austin antinAus
2007), and several species within the genus are facultativegeais that can cause disease and
mortalities in marine fish that are stressed, injuaed/or exposed to adverse environmental conditions
(Austin and Austin 2007). At least two speciesVidrio have been recorded from salmon in New
Zealand, includingvibrio anguillarum andV. ordalii (see Boustead 1989, Diggles et al. 2002), but
Vibrio spp. including V. parahaemolyticus recently isolated from snapper (B. Jones, personal
communication, 29 May 2016) are ubiquitous and can infect damigjedanywhere in the New
Zealand marine environment (Diggles et al. 2002). Good husbandhodsesuch as conservative
stocking densities, avoidance of damage to fish during magpdhaintenance of high water quality and
prompt removal of dead fish from tanks and cages can sigrlficmit the proliferation of these
bacteria in cultured fish (Boustead 1989, Diggles et al. 2BEause these disease agents are already
ubiquitous in the marine environment and only cause diseas#étuned fish that are damaged or held in
suboptimal conditions, these bacteria are unlikely to posesattto wild fishes or other aquatic animals
in the Marlborough Sounds, and thus they do not need to s&leoed further.
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Yersinia ruckeri(Yersinosis)

The bacteriumersinia ruckeri is a member of the familinterobacteriaceae, and has a worldwide
distribution (Carson and Wilson 2009). This bacterium has bssnociated with disease in cultured
freshwater fishes, mainly salmonids, but also eels, goldéalp and others (Tobback et al. 2007,
Carson and Wilson 2009). In New ZealaNdyuckeri has been isolated in salmon from freshwater
hatcheries on the east coast of the South Island (Anders@n1894, Anderson 1995, Diggles et al.
2002), but given its ubiquitous distribution worldwide, it is likéhat the bacterium is enzootic in the
New Zealand environment (Diggles et al. 2002), though it hashmdy detected at salmonid hatcheries
(Anderson et al. 1994). Infection with ruckeri results in bacterial septicaemia and disease is most
commonly detected due to exophthalmos and blood spots inyehéAaderson et al. 1994). The
severity of the disease is dependant upon the virulence ofatient of the bacterium involved and
environmental conditions, being most problematic at higher wataperatures and high stocking
densities (Tobback et al. 2007). Acute infections in trout Wit 'Hagerman’ strain are referred to as
enteric red mouth (ERM), however in New Zealand the 'Hage’ strain is considered exotic (Carson
and Wilson 2009), and a milder form of the disease thairsde salmon is termed yersiniosis.

Yersinia ruckeri is considered an opportunistic pathogen that rarely calisegse in healthy unstressed
fish. Disease outbreaks associated withruckeri in cultured salmon occur almost exclusively in
freshwater hatcheries when they are injured or held indegisities under poor conditions (Anderson et
al. 1994, Anderson 1997, Carson and Wilson 2009), though smolteysivexposed to the bacterium
in freshwater may become diseased if they become sire$tse transfer to saltwater (Sparboe et al.
1986). The risk of outbreaks of marine yersinosis in cultwadon is greatly reduced through
maximising water quality during the freshwater hatchergsphand vaccination prior to seawater
transfer (Ellard 2015). The survival of the bacterium msatdy reduced in seawater (Thorsen et al.
1992), and adhesion of the bacterium to fish is inhibitedgitenisalinities, preventing entry (Altinok
2004), hence the disease does not affect obligate maring éibbgck et al. 2007). Because of ts,
ruckeri is unlikely to pose a threat to wild fishes or othenai animals in the Marlborough Sounds,
and thus this disease agent does not need to be considéned fur

4.2.3 Fungi

Saprolegniaspp.

Water moulds (Class Oomycetes) of the gesamolegnia (Family Saprolegniales) are ubiquitous in
freshwater environments worldwide (Noga 2010faprolegnia spp. are common opportunistic
saprophytes which are associated with disease in freshavdyewhen the host fish is compromised or
stressed (Roberts 2001). These fungi can infect all epexi freshwater finfish in New Zealand,
including salmon, trout, eels, and native species,disaw their eggs (Hine and Boustead 1974). Good
husbandry methods such as avoidance of damage to eggs aurfislp handling, maintenance of high
water quality and avoidance of extremes in water teatpes can significantly limit the proliferation of
these fungi in cultured fish (Noga 2010). However, these fungiaddolerate salt and they cannot
survive in seawater (Noga 2010). Because of this, freshwaields and fungi are unlikely to pose a
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threat to wild fishes or other aquatic animals in therlkbrough Sounds, and thus they do not need to
be considered further.

4.2.4 Protozoa

Chilodonellaspp. and Ichthyophthirius multifiliis

Ciliate protozoans of the gene@hilodondla and Ichthyophthirius multifiliis infect a wide range of
species of freshwater fishes worldwide, including both veildl captive freshwater fishes in New
Zealand (Diggles et al. 2002). These parasites can séémion in New Zealand (Boustead 1989), and
because their direct lifecycle includes multiplication byabynfission Chilodonella spp.) or within the
benthic encysted tomont staderfultifiliis), heavy infections can quickly lead to epizootics whsim

are held at high densities and are left untreated. Howthese protozoa do not tolerate salt (Selosse
and Rowland 1990, Roberts 2001) and they cannot survive in seawBéeause of this, they are
unlikely to pose a threat to wild fishes or other aquatitnals in the Marlborough Sounds, and thus
they do not need to be considered further.

4.2.5 Metazoa

Digeneans

Digenean trematodes are endoparasitic helminths which hare reeorded from a wide range of
marine and freshwater fish species throughout New Ze#ltdind et al. 2000). Their indirect lifecycle
requires a molluscan first intermediate host with plankeating fishes as final hosts, or second
intermediate hosts in some lifecycles where final hostsde larger fishes, birds and mammals. Under
most circumstances, the multi host lifecycles of themseasites reduce the risk of their translocation,
because additional hosts need to occur in the receiving envirommeander to complete the life cycle.
Four species of digeneans have been recorded from wild saitaw Zealand (Table 1). All of these
are parasites of endemic marine fishes (Hine et al. 2000hvilaree low host specificity and switched
hosts to the introduced salmon during the oceanic stagesinlifdw/cle (Margolis and Boyce 1990).
Infected salmon become infected with these parasitesgihroansumption of intermediate hosts or
natural exposure to infective stages in natural food itenasddlis and Boyce 1990). Because cultured
salmon are fed artificial feeds, they are not regulaxfyosed to infective stages of digenean parasites
via the diet, and hence they do not tend to pick up large nsmbéhese parasites during their time in
seacages, though they can occasionally become infected by preyivaguoal prey items which may
stray into the seacages. Because of these reasonsyé¢henligely to pose a threat to wild fishes or
other aquatic animals in the Marlborough Sounds, hence ttiesase agents do not need to be
considered further.

Nematodes and Cestodes
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Nematodes and cestodes are endoparasitic helminths than lilie gastrointestinal tract of a wide
variety of fishes in New Zealand (Hine et al. 2000). Tlikcycle generally requires crustaceans as the
first intermediate host with plankton eating fishes aalfhosts, or second intermediate hosts in some
lifecycles where final hosts include larger fishes, shiabkds or mammals (Rohde 1984, Noga 2010).
Under most circumstances, the multi host lifecyclesthwse parasites reduce the risk of their
translocation, because additional hosts need to occur indbing environment in order to complete
the life cycle. Two species of cestodes and two spetieematodes have been recorded from wild
salmon in New Zealand (Table 1). All of these are passif endemic marine fishes (Hine et al. 2000)
which have low host specificity and switched hosts to ttrednced salmon during the oceanic stages
of their lifecycle (Margolis and Boyce 1990). The salmon becmfected with these parasites through
consumption of intermediate hosts or natural exposure tatividestages in natural food items
(Boustead 1989, Margolis and Boyce 1990). Because cultured salmédaartificial feeds, they are
not regularly exposed to infective stages of helmintlagtes via the diet, and hence they do not tend to
pick up large numbers of these parasites during their timseacages, though they can occasionally
become infected by preying on natural prey items which may istiayhe seacages. Because of these
reasons, they are unlikely to pose a threat to wiltefisor other aquatic animals in the Marlborough
Sounds, and hence these disease agents do not need to beedhgitieer.

Crustaceans

Parasitic crustaceans, mainly isopods and copepods,ofivéhe body surfaces, gills and in the
musculature of a wide variety of marine and freshwater gighiéne et al. 2000). Their lifecycles are
direct with fish being infected by planktonic copepodidsal stages that hatch from eggs deposited by
adult copepods (Kabata 1984). In New Zealand, three spefopegstaceans have been recorded from
salmon. One of these Faenodes nemaformis, a copepod that usually infects brown trout in freshwater,
but there is also a single record of it infecting chinook salinom Queenstown, also in freshwater
(Boustead 1989). A species of isop@irolana spp., was found in the mouth of returning sea run
chinook salmon (Boustead 1982). Other free living isopods @anetemes be ingested by salmon in
seacages, survive being swallowed and damage the stomachtammwl organs, causing death
(Boustead 1989)Paenodes nemaformis is a parasite of freshwater fishes only (Hewitt 1978), and does
not occur on salmon in seacagé&drolana sp. appear to be an example of opportunistic host switching
in wild fishes, and salmon in seacages do not tend toypickese parasites (Boustead 1989). Because
of these reasons, these two parasites do not need tosieered further.

The third species of crustacean parasite that has Ibsenved on salmon in New ZealandGaligus
longicaudatus, an ectoparasitic copepod that was found in small beusn in sockeye salmon
(Oncorhynchus nerka) reared in seacages in New Zealand (Boustead 1989), eVhileok salmon in
nearby seacages were not affected (Boustead 1989). Meuoibigrs genu<Caligus are known as
“sealice”, and there are several specie€aligus that occur on marine fish in New Zealand waters
(Hewitt 1963, Jones 1988, Hine et al. 2000). One species, n&ablyus elongatus, is a host
generalist which has been problematic in salmonid aquacultihe inorthern hemisphere, and could
threaten a wide range of hosts in sea cage culture (Todd 2807has been found on at least 60 host
species (Jones 1988), though some of these may be misidéonoaf Caligus chiastos (see Hayward
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et al. 2009). Caligus elongatus has been found in the South Island of NZ in the HeathcstigaEy,
Christchurch on floundgRhombosolea spp. (Jones 1988, Hine et al. 2000). Another species, n@mnely
epidemicus, is found on fishes in the North Island. It is anothest generalist that has been associated
with disease outbreaks on wild and cultured fishes in valaations (Hewitt 1971, Ho et al. 2004).
Because of these reasons, Caligid copepods will be subjectietailed risk assessment.

4.3 The diseases of concern requiring detailed risk assesent

After excluding the non-infectious diseases and the insignfficéectious diseases listed in Table 1 for
the reasons outlined above, the diseases of salmon in Ndendehat will require detailed risk

assessment are listed below in Table 3.

Table 3. List of the diseases of concern that will bgubjected to detailed risk assessment.

Disease Under | Occurs in | May cause May cause
official | cultured significant significant disease
control | salmonin | disease in wild in seacage cultured
NZ marine fish fish in NZ
VIRUSES
Aquatic Birnavirus Yes No No Yes
BACTERIA
Piscirickettsia-like bacteria (NZ-RLO) Yes Yes No Yes
PROTOZOA
Amoebic gill diseas@\eoparamoeba No Yes No No
perurans/ Cochliopodida sp.)
METAZOA
Crustacea
Sea lice Caligus spp.) No Yes No Yes
Myxozoa
Whirling DiseaseNlyxobolus cerebralis) Yes Yes No No
I )llé"ESFlglwl 26
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5.0 Detailed Risk Assessment

5.1 Infection with Aquatic Birnavirus

5.1.1 Aetiologic agent Non-enveloped viruses with a double-stranded RNA genontkeofenus
Aquabirnavirus within the Family Birnaviridae.

5.1.2 OIE List: No Reportable disease in New ZealandYes

5.1.3 New Zealand’s status:An aquatic birnavirus strain (IPNV Genogroup 5) has begorted from
returning chinook salmon in the South Island and cultured tunb@/ellington Harbour (Tisdall and
Phipps 1987, B.K. Diggles, unpublished data, Davies et al. 2010).

5.1.4 Epidemiology

Aquatic birnaviruses have been isolated from a large nuofbmarine and freshwater aquatic animals
(McAllister 1993), to the extent that these viruses are idered to be ubiquitous in aquatic
environments worldwide (Reno 1999). Various strains of birnavrave been described from at least
65 species of fish in 20 families (McAllister 1993), andoai®om bivalve molluscs and crustaceans
(Reno 1999). The type species for the gedggabirnavirus is Infectious Pancreatic Necrosis Virus
(IPNV), which causes infectious pancreatic necrosisl)JR significant disease of salmonids (Wolf et
al. 1960). The genus includes both virulent and avirulent viruses wightérm ‘infectious pancreatic
necrosis’ (IPN) virus being reserved for those isolatesatepathogenic for species within the Family
Salmonidae (McColl et al. 20D9IPN disease has not been formally recorded in Newadidahowever
an aquatic birnavirus was isolated from apparently heakhyrsn chinook salmorQO( tshawytscha)
returning up the Rakaia River (Tisdall and Phipps 1987), anHakataramea River (Anderson 1998),
but this virus has never been associated with diseasesia tiskes. More recently, a birnavirus was
found to be associated with a suspicious outbreak of balctesease in juvenile turboCglistium
nudipinnis) in New Zealand (Diggles et al. 2000), with the virus beswated from surviving fish
several years after the epizootic (B.K. Diggles unpublistad, davies et al. 2010, who incorrectly
identified the host aBsetta maxima). New Zealand virus isolates were identified as belonging Ny
Genogroup 5 (see Davies et al. 2010) and appear non pathogenic aaidsl(@®iggles et al. 2002,
McColl et al. 2010). However, it is possible that memloéithis genogroup may be pathogenic in non-
salmonid hosts (such as flatfish, which are common carofethe virus (Wallace et al. 2008)) or even
to salmonids under different environmental or husbandry conditsunsh (as small juvenile fish in
hatcheries) (Davies et al. 2010y he isolate from turbot showed a high level of sequenceitygl¢av-
99%) to birnavirus isolates from wild marine fish in Tasrmasuggesting that th&ustralian and New
Zealand isolates originate from the same source, prédymeéld marine species inhabiting the
Southern Ocean. The isolate from returning chinook salmonalgasvery similar to thdirnavirus
isolates from wild marine fish in Tasmar{24-98% identity) (Crane et al. 2000, Davies et al. 2010).
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In Japan aquatic birnaviruses cause some of the most imipditaases of juvenile yellowtalbgiola
quinqueradiata), kingfish & lalandi aureovittata) and amberjackS dumerili) (see Isshiki and Kusuda
1987, Isshiki et al. 2001, Nakajima et al. 1998, Muroga 2001). Thigests that cultured kingfish in
New Zealand may also be susceptible to aquatic birnavirusgsatic birnaviruses are known to cause
disease almost exclusively in juvenile fish (Novoa ef883, Reno 1999), with yellowtail less than 10
grams being particularly susceptible in Japan, with morigumdniles typically exhibiting anaemic
gills, haemorrhaging in the liver, severe ascites, andrpatic necrosis (Nakajima et al. 1998). Water-
born birnaviruses accumulated by bivalves, crustaceadsbmds can remain viable when excreted
(Mortensen et al. 1992), and can be subsequently used tofiafeekperimentally (Mortensen 1993),
although viral replication does not appear to occur in other hbstsce the main method of
translocation remains live fish and eggs (Reno 1999).

5.1.5 Release assessment

Birnaviruses are isolated only rarely from marine fistlNew Zealand, however wild marine fish must
be considered a reservoir of infection. A comprehensive gufveild marine fish for aguabirnavirus
has not been undertaken in New Zealand, though surveys wdattds of cultured and returning
chinook salmon over many years have shown the virus to be rare (BmdE285, 1996, 1998,
Mcintyre et al. 2010). Nevertheless, aquatic birnaviruseskaown to occur in the marine waters
adjacent to the South Island of New Zealand at low prevederand indeed they are considered likely
to be present throughout the Southern Ocean (Davies2814)), though the required surveys have not
been conducted to determine the range of host species olepavaf infection.

Infection is direct via horizontal exposure to viral paeticin the water, or by vertical transmission from
infected gametes (McAllister 1993). Juvenile fish thatiserinfection can be lifelong carriers which
shed the virus via the urine, faeces and sexual products (Reno i®88yer large juveniles and adults
exposed to the virus for the first time may be refractor infection or can spontaneously recover
(Novoa et al. 1993). Agquabirnaviruses are very persistent iretkigonment, with minimal loss of
infectivity after 10 weeks in filtered seawater atnél 40°C, and they are also very resistant to a broad
range of disinfectants (Bovo et al. 2005). Aquatic birnavisusot inactivated by passage through the
bird digestive system and as such, the disease agentsocdmeadpread naturally via mechanical vectors
such as sea birds (Reno 1999).

The release of birnavirus into the environment from seacsajatn requires the following pathway to
occur. A chinook salmon that has become naturally and subdimnitiected with birnavirus through
contact with seawater is selected for use as broddstd@able aquabirnavirus must persist in the sexual
fluids and survive surface treatments of the eggs (gdropen peroxide and/or iodophor treatment),
then subsequently persist in the larvae after fertileggs hatch. Larval and juvenile salmon reared in
freshwater must then survive without being detected duringneostirveillance of clinically healthy
fishes for viruses, without outbreaks of clinical disedserduse every disease outbreak is routinely
investigated), and survive the stress of saltwater adstimaas smolts. Only after all of these
conditions are met, would viable aquabirnavirus be presenttured salmon and potentially be able to
be released into the environment. Taking into accountxtreneely low prevalence of the disease
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agent in returning salmon, and the fact that the vagirityaof broodstock chinook salmon used by NZ

King Salmon are held over in freshwater for their entiredj the likelihood estimations for the release
of salmon infected by aquatic birnavirus into seacagekdrMarlborough Sounds is considered to be
Extremely Low.

5.1.6 Exposure assessment

Marine teleosts and invertebrates in New Zealand are alagatgk of exposure to the local strain of
aquatic birnavirus, which probably occurs in turbGt Gudipinnis) and other species of wild fishes,
which act as a reservoir of infection for returning saino be exposed to the virus. Several species of
wild fish and molluscs in New Zealand are therefore yikel be susceptible to infection by aquatic
birnaviruses carried by infected salmon in seacages, buttianfewould occur only if sufficient
guantities of virus (i.e. an infective dose) was introduceo an area where susceptible hosts were
present. Susceptible fish and bivalves can become idfedth aquatic birnavirus via horizontal
transmission through the water (immersion) and alspebys exposure (Reno 1999) The infectious
dose of birnavirus by the immersion pathway varies accotditige strain of virus used and the species
challenged (McAllister and Owens 1995), ranging from more tt@nTCIDs/mL for arctic char
(McAllister et al. 2000), to as low as < CIDsy/mL for Atlantic salmon post smolts exposed to
pathogenic strains of IPNV (Urquhart et al. 2008). THectious dose of birnavirus bger-os
exposure to infected feed also varies, with Mortensen (1@9@8jring a dose of O CIDsy/g of IPNV
obtained from scallops before successful transmissioroterbirout was obtained. However Wechsler
et al. (1987) reported successful transmission of IPNgttiped bass fed brook trout infected with
between 2 x 10and 2 x 18 TCIDsg/g IPNV.

Clinically diseased fish infected with birnavirus can hagey high viral titres in their internal organs
(10" - 10 TCIDsyg,) as well as high viral shedding rates (Reno 1999, Somnadr 2004, Urquhart et
al. 2008), however no fish with clinical disease causeblifmavirus infection have ever been formally
recorded in New Zealand (Diggles et al. 2002, Davies €0dl0). The levels of birnavirus in sub-
clinically infected fish can still be relatively high 1010 TCIDs/g , see McAllister et al. 2000), but
are usually lower and often around the limits of detectionguskll culture techniques (c. 10 10°
TCIDsy/g, Wechsler et al. 1987, Roberts 2001). Even given thaetilsle fish can be infected by
immersion at low infective doses (Urquhart et al. 2008) likeihood that an infectious dose can be
transmitted horizontally into a natural water body vs&spread from seacaged salmon that are sub-
clinically infected with aquatic birnavirus appears urliikbowever the likelihood would increase if the
salmon became clinically diseased. Indeed, prevalencéPN¥ was increased slightly above
background levels (from 0.15% prevalence to 0.58% prevalence)dtisties within 5 km of salmon
farms in Scotland that contained fish clinically diseasgh IPN (Wallace et al. 2008). However, the
birnavirus isolates recorded to date in New Zealand arpathbgenic to salmon (Diggles et al. 2002,
P.M. Hine, personal communication) hence the risk of sedcsainon becoming diseased appears
extremely low. Nevertheless, given that there is a dpettway for virus particles shed by seacaged
salmon to enter the marine environment and infect wildefisthat may be attracted to seacages
(Dempster et al. 2009, Uglem et al. 2009), and acknowledging the o&rsgsceptible hosts may be
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broad, the risk of exposure and establishment is non-negligiblethanlikelihood of exposure and
establishment of aquatic birnavirus in wild fish and mollosgulations is considered to Wery Low.

5.1.7 Consequence assessment

When fish become infected with aquatic birnavirus, mibytéd mainly restricted to larval and early
juvenile stages, and disease does not necessarily oceugen fish. Indeed, many fish experimentally
infected with aquatic birnavirus can naturally resolveitifiection provided they are healthy and remain
unstressed (Reno 1999). However, others fish remain cdoielife, and risk spreading birnavirus to
their progeny vertically via infected gametes. Given thyaghirnavirus is already present in some parts
of New Zealand's environment, and these viruses only teadaar at subclinical levels in juvenile and
adult fish in the wild (Anderson 1995, 1996, 1998, Wallace et al. 20@8tyre et al. 2010), the
consequences of localized slight increases in prevaleibénaviruses in wild fish within 5 km of
affected salmon farms (Wallace et al. 2008) appear delatEnly to possible increased mortality of
larval and early juvenile stages, which although never dentad in wild fishes, if it occurs it could
have some impact on wild fish at the population level. @&hgsises may also increase costs of
production in marine finfish aquaculture hatcheries dues® of infected wild caught broodstock.
These viruses are no longer listed by the OIE and hence thegnpesis unlikely to have adverse
impacts on national or international trade, but aquabirases remain reportable in New Zealand.
Considering all of these factors, establishment of the sks&a cultured salmon would have mild
biological consequences, which would be amenable to ¢oaind would not cause any noticeable
environmental effects. It is therefore estimated thatctiiesequences of introduction of birnavirus
strains into New Zealand’s environment via salmon in sgges in the Marlborough Sounds would
likely beVery Low.

5.1.8 Risk estimation

The unrestricted risk associated with aquatic birnsvis determined by combining the likelihood of
release and exposure (from Table 5) with the consequencestaiflishment (Tables 6, 7). The
unrestricted risk estimate for aquatic birnavirus doeseroeed the ALOP, suggesting that additional
risk management for this disease agent is not required.

Risk estimate for infection with Aquatic Birnavirus

Commodity type Sea caged salmon
Combined likelihood of release and exposure Extremely Low
Consequences of establishment and spread Very Low
Risk estimation Negligible Risk
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5.2 Infection with Piscirickettsialike bacteria (NZ-RLO)

5.2.1 Aetiologic agent Gram negative, obligate interacellular gamma proteebacof the genus
Piscirickettsia within the Family Piscirickettsiaceae.

5.2.2 OIE List: No Reportable disease in New ZealandYes

5.2.3 New Zealand’s status: A rickettsia-like bacterium closely related Roscirickettsia (the NZ-
RLO) has been isolated from chinook salmon cultured in the &alerus Sound and Queen Charlotte
Sound (MPI 2015, 2016).

5.2.4 Epidemiology

Members of the genuBiscirickettsia are obligate intracellular bacterial disease agentshwtécise
rickettsial septicaemias in fishesRiscirickettsia salmonis was the first member of the group to be
described following its involvement in outbreaks of pisciricketisi disease in coho salmon
(Oncorhynchus kisutch) cultured in seawater net pens in Chile in the late 1980Gge(Fet al. 1990,
1992). Mortalities of up to 90% (more usually 20-30%) were recbideaffected farms eventually
resulting in a shift to farming moréiscirickettsia-resistant species such as Atlantic salmon (Mauel and
Miller 2002, Fryer and Hedrick 2003). Since thersalmonis has been isolated from several species of
salmonids throughout the northern hemisphere including Atlss@lmon Slmo salar), chinook
salmon Q. tshawytscha), rainbow trout Q. mykiss), Pink salmon @. gorbuscha), cherry salmon@.
masou) as well as white sea bagitgctoscion noblis) and European seabad3identrarchus labrax),
whilst closely relatedP. salmonis-like bacteria have also been isolated from groujpingphelus
melanostigma) and tilapia Qreochromis sp., Tilapia sp.,Sarotherodon sp.), amongst others (Mauel and
Miller 2002, DAFF 2013). In the southern hemisphere, besifiestions of salmonids in Chile, R
salmonis-like organism (Tas-RLO) was reported from Atlantiovsah in Tasmania (Corbeil et al. 2005,
Corbeil and Crane 2009), and most recently a similar onga(i¥&Z-RLO) has been identified from
chinook salmon cultured in the Marlborough Sounds since 20P2 20I15).

The onset of piscirickettsiosis in cultured salmon usualipws the transfer of fish from freshwater
hatcheries to marine sites where they are exposed batterium via marine reservoir hosts or vectors
such as ectoparasites (Kent and Poppe 1998). Horizomalrtission of the disease by cohabitation
occurs readily in saltwater via the skin, gills or itites (Corbeil and Crane 2009), however, there is
evidence that the disease can also occur in brackish wateven in freshwater where horizontal
transmission is limited by reduced survival of the diseagent, but the disease may nevertheless be
vertically transmitted to juveniles from infected adfith returning from the sea (Kent and Poppe
1998). Vertical transmission has been demonstrated undeimegptal conditions an®. salmonis has
been detected in milt, eggs and coelomic fluid from ifeédiroodstock (DAFF 2013). Larenas et al.
(2003) estimated that 10% of eggs and fry originating from @nmore infected broodstock were
infected withP. salmonis. Piscirickettsia salmonis can adhere to the surface of eggs, can occur within
the yolk of unfertilised eggs, and is capable of penetrdtiegovum (Larenas et al. 2003). This has
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implications for the biosecurity of hatcheries, becausathface disinfection of fertilised eggs may not
inactivate allP. salmonis bacteria (DAFF 2013).

Fish of all ages are susceptible to infection and outbrehkissease usually follow periods of stress
from various husbandry related factors including osmotic kstthaing smoltification, high water
temperatures or rapid fluctuations in temperature, expasuaigal blooms, and co-infection with other
disease agents (particularly viruses, see Zainathan 201EF 2813), all of which can increase
susceptibility to infection (Fryer and Hedrick 2003). In Tadmasalmon that tested positive for Tas-
RLO without the presence of aquatic reovirus did not displgyssof clinical disease and did not have
increased mortality (DAFF 2013).

Gross signs of clinical piscirickettsiosis include daikg in colour, lethargy, swimming at the surface
and inappetance. Erratic swimming and exophthalmosamayr in some fish where the bacteria can
be isolated from the brain, while skin lesions which progtesshallow ulcers may also be present
(Fryer and Hedrick 2003). Internally, the liver and spleay fbe enlarged and exhibit multifocal,
grossly visible pale nodular lesions and ascites fluid mayriesent. The optimal temperature for
growth of P. salmonisin vitro is 15-18 °C which corresponds with water tempeestueported during
most disease outbreaks in salmonid culture, while gramthbtarded above 20°C and below 10°C and
ceases above 25°C (Fryer and Hedrick 2003). In contrast,ealthrof piscirickettsiosis in non
salmonids such as tilapias in Hawaii can occur at watepératures as high as 26°C (Mauel et al.
2003). As for other bacterial diseases, use of best prautisbandry methods to control known risk
factors can reduce the liklihood Bfscirickettsia outbreaks, including maximizing water quality, using
broodstock that have never been exposed to seawater, riesitiag)lower densities, allowing farms in a
given region to fallow, controlling ectoparasites that nagy as vectors, and avoiding horizontal
transmission between year classes by holding single yesgeslaf fish at any given site (Fryer and
Hedrick 2003).

5.2.5 Release assessment

The NZ-RLO is known to occur in cultured chinook salmon in theeroPelorus Sound and Queen
Charlotte Sound regions of the Marlborough Sounds. A swfeyltured salmon elsewhere in New
Zealand has shown that disease associated with the XIZel®es not occur outside the Marlborough
Sounds and is most prominent in salmon farmed at the lowsit@nat Waihinau Bay in Pelorus Sound
(B. Jones, personal communication 27 May 2016, MPI 2016), suggdstingnvironmental conditions

at that particular site are more permissive for idecto occur and disease to emerge than at other sites,
especially during summer when salmon may be stresskigbyvater temperatures.

Infection is direct via horizontal exposure to bacterighi@ water, or by vertical transmission from
infected gametes. Given that this disease is clyresdtricted to some salmon held at sub-optimal
seacage farm sites, this suggests that the onset of gketigiosis in cultured salmon in New Zealand
occurs due to horizontal transmission after the transffdish from freshwater hatcheries to certain
marine sites where the fish are exposed to the bacteriumariae reservoir hosts (or vectors) under
certain environmental conditions that permit establishmenbfettion. Once an index case occurs,
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horizontal transmission of the disease from a clinicaligcied fish to other fish cohabiting the seacage
can be expected via increased shedding of the bacteriulesioas, bile, faeces or urine and uptake in
new hosts via skin, gills or intestine (Corbeil and Crane 2D@%F 2013). Hence once established on
a farm and in the absence of disease mitigation eftbieyuildup of infectious stages is likely to result
in increased shedding of the bacterium into the water cqlinuneasing the risk of “backspill”
infection of wild non-salmonid hosts. Taking into account thase disease agents are known to occur
in the New Zealand environment and have been observed irselisealtured chinook salmon, the
likelihood estimation for salmon infected IByscirickettsia-like bacteria occurring in seacages in the
Marlborough Sounds is considered toHigh.

5.2.6 Exposure assessment

Marine teleosts and invertebrates in New Zealand are alagatgk of exposure to the local strain of
Piscirickettsia-like bacteria, including as yet unidentified species i Wishes or invertebrates which
probably act as a reservoir of infection and/or vectorctittured salmon. It is assumed susceptible
hosts occur in the New Zealand environment, but “backspill’ctida of these would occur only if
sufficient quantities of bacteria (i.e. an infective doseje introduced into an area where susceptible
hosts were present close to salmon cages.

The virulence and infectious dose Bfscirickettsia-like bacteria by horizontal transmission varies
according to the strain of bacteria and the specieteagald. House et al. (1999) determined that coho
salmon injected with TS TCIDs, of a less virulent Norwegian strain Bf salmonis had no increase in
mortality rate compared to controls, but a similar dose wirulent strain from Chile resulted in
mortalities exceeding 50%. In contrast, minimum infectivse via the immersion route appears to be
much higher. For example, Birbeck et al. (2004) studiBdsalmonis strain with an LD50 by injection
into Atlantic salmon of < 200 TClg, which caused only 10% mortality when Atlantic salmon were
exposed by immersion to ATCIDsy/ml for 1 hour at 14°C.

Assuming New Zealand strains @fiscirickettsia-like bacteria are highly virulent (until proven
otherwise), given that susceptible fish can be infetyedmmersion in virulentP. salmonis only at
moderately high infective doses (Birbeck et al. 2004), it agpaaikely that an infectious dose can be
transmitted horizontally into a natural water body ve&spread from seacaged salmon that are sub-
clinically infected withPiscirickettsia-like bacteria. However, the likelihood of this occurring would
increase if the salmon became clinically diseased. Ghadrthere is a direct pathway for bacteria shed
by seacaged salmon to enter the marine environment and wifdctishes that may be attracted to
seacages (Dempster et al. 2009, Uglem et al. 2009), and aclgowl¢hat susceptible hosts are likely
to be present in the vicinity of sea cages, the riskxpbgure and establishment is non-negligible, and
the likelihood of exposure and establishmenPiatirickettsia-like bacteria in wild fish populations is
considered to beow if salmon are subclinically infected, aktbderate if they are clinically diseased.

5.2.7 Consequence assessment
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When fish are infected witRiscirickettsia-like bacteria, mortality is observed almost exclusively in
cultured fish that are stressed by other predisposingréacand there are very few documented
instances of mortalities occurring in wild fish. Onesgible exception to this was during an outbreak of
disease due to Riscirickettsia-like bacteria in tilapia in Hawaii, where diseased wildpia were
observed and suspected to be the origin of the infectiomdbather species were affectédaiiel et al.
2003). To date the NZ-RLO has been associated with chronicaiii@$ in cultured populations of
chinook salmon in at least one low flow farming site in Nesal&and, however, if the risk of exposure
to the NZ-RLO is left unmitigated, its persistencepopulations of cultured fish has the potential to
adversely affect the productivity and profitability of thdnsan culture industry in Marlborough
Sounds. These bacteria are no longer listed by the GiEhamce their presence is unlikely to have
adverse impacts on national or international trade, blNZ&LO remains reportable in New Zealand
and is currently subject to a containment notice (MPI 20@8)nsidering all of these factors,
establishment of the disease in cultured salmon is likelyave mild biological consequences, which
would be amenable to control, and would be unlikely to cangenoticeable environmental effects. It
is therefore estimated that the consequences of spillbokluction ofPiscirickettsia-like bacteria into
New Zealand's environment via salmon in sea cages in thisddangh Sounds would likely Heow.

5.2.8 Risk estimation

The unrestricted risk associated wikhiscirickettsia-like bacteria is determined by combining the
likelihood of release and exposure (from Table 5) with the coms®gs of establishment (Tables 6, 7).
The unrestricted risk estimate fdriscirickettsia-like bacteria does not exceed the ALOP for
subclinically diseased salmon, but does exceed the ALCdniios are clinically diseased, suggesting
that additional risk management for this disease dgeatjuired under such circumstances.

Risk estimate for infection with Piscirickettsialike bacteria (NZ-RLO)

Commodity type Sub-clinically diseased| Clinically diseased
seacaged salmon seacaged salmon

Combined likelihood of release and Low Moderate
exposure
Consequences of establishment and spread Low Low
Risk estimation Very Low Risk Low Risk
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5.3 Amoebic/Nodular Gill Disease

5.3.1 Aetiologic agent Amoebae includingleoparamoeba perurans andCochliopodia spp.

5.3.2 OIE List: No Reportable disease in New ZealandNo

5.3.3 New Zealand's status: Amoebae such ds. perurans and Cochliopodia —like species are
known to occur on cultured salmon in marine and freshwaterosmeents, respectively.

5.3.4 Epidemiology

Amoebic gill disease (AGD) is an economically importanedse of salmon cultured in seacages in
several regions of the world (Munday et al. 2001, Youngl.eR@08, Mitchell and Rodger 2011).
Neoparamoeba pemaquidensis, a free-living marine amoeba, was for some time regaadeithe only
aetiological agent of AGD as it had been consistentiiaied from diseased fish (Kent et al. 1988,
Dykova et al. 2000). However, attempts to experimentally mnan®AGD using culturedN.
pemaquidensis failed to cause disease in Atlantic salmon (Morrisbrale 2005). The true agent
responsible for AGD was subsequently found to be a newiespef amoebae (Young et al. 2007), now
known asNeoparamoeba perurans. Since that timeN. perurans has been confirmed to be the
predominant causative agent of AGD in Atlantic salmon,b@introut, chinook salmon and turbot
from regions as diverse as Tasmania, Ireland, Spain, NoMdarth America, Scotland, and New
Zealand (Young et al. 2008, Steinum et al. 2008). Molecularestindve confirmed thad. perurans is

a free-living amoeba that occurs naturally in the rearimgrenment around seacages containing
cultured salmonids (Bridle et al. 2010).

Bermingham and Mulcahy (2007) suggested that other amoebae smapelinvolved in AGD in
addition toNeoparamoeba spp., including the geneilatyamoeba, Flabellula and Vexillifera which
have all been recorded on the gills of Atlantic salmorh wGD from both Ireland and Tasmania.
Although present in New Zealand, AGD is not consideredgaifeant problem because chinook
salmon Oncorhynchus tshawytscha) appear to be resistant to this disease, being offfeicted but
rarely experiencing significant mortality in marine sages (Munday et al. 2001, Tubbs et al. 2010).
However, nodular gill disease caused by other genera of fremhamoebae, including agents that
resembleCochliopodia spp., can be associated with disease and mortafitigsenile chinook salmon
held at high densities in freshwater raceways (Tubbs. &040). These freshwater amoebae cannot
survive the transfer to seawater (Lom and Dykova 1992), hencatéeynlikely to survive the transfer
of smolts into seacages.

Amoebae can be found on salmon gills at temperatures of arou@diri®bth marine (Mitchell and
Rodger 2011) and freshwater sites (Tubbs et al. 2010), howeversinahia clinical disease is most
commonly reported between temperatures of 12 — 20°C andgisalapproaching 35 ppt (Munday et al.
2001). Projected increases in global water temperaturébarght to be a risk factor likely to increase
the incidence of AGD in years to come (Bridle et al. 20Hacaged salmon are worst affected during
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their first year at sea, and in serious AGD outbreaks,oup0% mortality can occur if there is no
treatment (Mitchell and Rodger 2011). The disease appeaesfclinical significance in countries
other than Tasmania, but occasionally AGD can cause stibbtaorbidity or mortality, especially

when associated with pre-existing disease or unusual envircaneemditions (Mitchell and Rodger

2011). Affected fish have multifocal gill lesions charastd by hyperplasia, proliferation of mucous
cells and necrosis (Kent et al. 1988, Roubal et al. 1989, &ueidal. 1990, 1993, 2001).

5.3.5 Release assessment

BecauseN. perurans is a free-living amoeba, it occurs naturally in the maenvironment, including in
areas around seacages containing cultured salmon (Brale2€t10). It appears that these parasites are
opportunistic pathogens that cause disease only in salmanitdsed at high density under adverse
environmental conditions (Kent and Poppe 1998, Mitchell and Rodger 2@&tajlies of wild fishes
near seacage farms containing infected salmon have founthélyaare not a significant reservoir of
infection, and indeed none of 325 wild fish of 12 different sgeesampled from around seacages in
Tasmania were infected INeoparamoeba spp. (see Douglas-Helders et al. 2002). However it remains
to be seen whether wild fish are identified as a veseof infection once sensitive molecular diagnostic
methods optimised foN. perurans are used (Bridle et al. 2010). Infection is direct via Zuial
exposure to amoebae in the water (Munday et al. 2001). Takm@ccount that these disease agents
are known to occur in the New Zealand environment and aretisegseobserved in cultured chinook
salmon, the likelihood estimation for salmon infected byoelmae occurring in seacages in the
Marlborough Sounds is considered toHigh.

5.3.6 Exposure assessment

Marine teleosts in New Zealand are already at rislkexgfosure to free living amoebae suchNas
perurans, which occurs naturally in the environment. It appears these parasites are mainly
opportunistic pathogens that cause disease only in salmanitdsed at high density under adverse
environmental conditions (Kent and Poppe 1998, Mitchell and Rodger 20¥id. fish are therefore
unlikely to be susceptible to infection unless they are egmsed to high numbers of amoebae under
adverse environmental conditions at high stocking densitiexceftildle fish can become infected with
amoebae via horizontalansmission through the waterSalmon with clinical AGD can be infected by
high numbers of amoebae, and amoebae can survive and maitigte gills of dead fish up to at least
30 h post-mortem (Douglas-Helders et al. 2000). However, chisalvhon appear resistant to AGD
(Munday et al. 2001), and thus AGD outbreaks seldom causelityoimaseacages in New Zealand
(Tubbs et al. 2010), while routine husbandry practices such lgsdEntification and removal of runts
and dead fish from seacages limits proliferation of the amoabéehe chances of them spreading to
wild fish. Nevertheless, given that there is a direct paghiwaamoebae from seacaged salmon to re-
enter the marine environment and infect wild fishes that beagttracted to the vicinity of seacages
(Dempster et al. 2009, Uglem et al. 2009), and acknowledgingubeggible hosts may occur in the
wild, the risk of exposure and establishment is non-negliginiéd,the likelihood of additional backspill
exposure of wild fish populations to amoebae is considerbdliow.
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5.3.7 Consequence assessment

AlthoughN. perurans is present in New Zealand, AGD is not considered a signif problem because
chinook salmon are resistant to infection. Wild fishesrat a significant reservoir of infection, and
indeed they do not seem to become clinically infected by ba®even in areas around seacages that
contain clinically diseased salmon (Douglas-Helderal.e2002). Given that free living amoebae are
already present in the New Zealand marine environment, theytdoause disease in wild fish, and
their presence does not adversely impact national or ittmmah trade, the consequences of
introduction of amoebae into the environment of the Marlbordgimds with live salmon cultured in
seacages are likely to begligible,and no further analysis is required.
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5.4 Sealice

5.4.1 Aetiologic agent Ectoparasitic crustaceans within the Family Caligidae

5.4.2 OIE List: No Reportable disease in New ZealandNo

5.4.3 New Zealand's status: Several different species of the genkspeophtheirus and Caligus
(Family Caligidae) occur on a wide variety of wild fisitaroughout New Zealand (Hewitt 1963, Jones
1988, Hine et al. 2000).

5.4.4 Epidemiology

Ectoparasitic copepods are parasitic crustaceansithatn the body surfaces, gills and fins of marine
and freshwater fishes. Their lifecycles are direith iish being infected by planktonic larval stages
that hatch from eggs deposited by adult copepods (Kab8%).19n New Zealand, a large number of
marine fishes harbour copepod ectoparasites from the F&allgidae (sea lice) (see Hewitt 1963,
Jones 1988, Hine et al. 2000). These copepods encounter ttesrshapepodid larvae then attach to
the host fish via the specialized chalimus larvae (Kab@8), which is sedentary until such time as the
copepod moults to the pre adult and adult stages, veneimobile and can be found attached to gills,
skin or fins (MacKenzie et al. 1998). Chalimus larvae cause localized pathological changes at their
attachment sites (Roubal 1994, MacKenzie et al. 1998), wigke timbers of mobile pre-adult and
adult caligids (particularly members of the genlespeophtheirus andCaligus) on cultured fish damage
the skin of the fish as they feed on host mucus and blosdlting in morbidity and in some cases,
death (Grimnes and Jakobsen 1996, Kent and Poppe 1998). Therswohisea lice that can be
tolerated by the host fish varies with host size, vitimotile Lepeopthirius salmonis per 0.75-1.6 g
body weight being tolerated (Grimnes and Jakobsen 1996, Krkba€k2€05). This means that small
fish such as juvenile coho and pink salmon around 40 mm long nfap® able to tolerate 1 adult sea
louse, or less (Krkosek et al. 2005). Sea lice have besponsible for disease and significant
mortalities in the culture of salmonids in several overseasitries (Pike and Wadsworth 1999). In
cases where cultured fish become heavily infected, likepme stressed, and death commonly occurs,
ultimately due to osmoregulatory failure or secondarytdsat infection (Grimnes and Jakobsen 1996,
MacKenzie et al. 1998, Pike and Wadsworth 1999).

In regions of the world where salmonids are native fishasdtcur naturally in the wild, there is some
evidence indicating that in areas where intensive salaxoniig occurs in seacages, farmed salmon can
act as reservoirs of sea lice (maihlgpeophtheirus salmonis, but also other species includi@gligus
elongatus) which can result in increased infection of wild salmoridg must swim past seacage sites
during their migrations (Krkosek et al. 2005, Costello 2006, 200€9d 12007). Even though wild
salmonids and other marine fish are also reservoirs &iceg(Brooks 2009, Gottesfeld et al. 2009,
Penston et al. 2011), the additional infection pressure exbytesalmon farms may increase sea lice
burdens on wild fish, possibly resulting in increasedhidiry or even mortality in juveniles leaving
salmon rivers (Krkosek et al. 2005, Costello 2009) or early em&y in adult fish returning to rivers to
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spawn (Wells et al. 2007, Todd 2007). Experimental treatroentild salmon to remove sealice
increased salmon survival by odds ratios of 1.14 — 1.17sh &nd Norwegian studies, respectively,
although meta-analyses by other authors conclude se&atennts improve wild salmon survival even
more (Jones et al. 2015).The ongoing scientific debate regarding the quantitative teffesea lice
infection on wild salmonids emphasises the challenges iagstcwith attempting to quantify the
incremental impact of these parasites within wild fisphysations already experiencing >95% natural
mortality (Jones et al. 2015).

5.4.5 Release assessment

Parasitic copepods occur on a range of marine and fresHighies throughout New Zealand (Hine et
al. 2000). Different species of copepods exist on vatogss in different parts of the country, and the
identity and distribution of many species is probably not knatathis time. Caligus elongatus is a host
generalist which has been problematic in salmonid aquacultihe inorthern hemisphere, and could
threaten a wide range of hosts in sea cage culture (Todd 2007has been found on over 80 different
hosts (Kabata 1979, Todd 2007, Oines and Heuch 20Q@)igus elongatus has been found in the
South Island of NZ in the Heathcote Estuary, ChristchorcfiounderRhombosolea spp. (Jones 1988,
Hine et al. 2000), but has not been reported on culturedosaimNew Zealand to dateCaligus
longicaudatus was found on sockeye salmo@. (nerka) reared in seacages in New Zealand (Jones
1988), but chinook salmon in nearby seacages were not affected d@bu€89). Indeed, chinook
salmon are relatively resistant to sea litepgophtheirus salmonis) infection compared to Atlantic
salmon, but are not as resistant as coho salmon (Johnsétbaigit 1992a). Host resistance to sealice
infection is due to both innate genetic factors as wasllimmunological competence (Johnson and
Albright 1992b, MacKinnon 1998, Glover et al. 2001). Another notable spefi€aligus that is
present in New Zealand Saligus epidemicus, which has been recorded on floundehdmbosolea
leporina) in northern New Zealand (Hine et al. 200@galigus epidemicus has caused mortality in wild
fishes (Hewitt 1971), and is an important disease agentjuacalture of several fish species. For
example, one yellowfin breamdganthopagrus australis) held in experimental seacages was infected by
over 6000C. epidemicus (see Roubal 1994). Similarly, a single surgeonfish in théppimes was
recorded to have been infected by 5@0epidemicus (see Ho et al. 2004), while in Taiwan, heavy
infections byC. epidemicus resulted in mass mortalities of cultured Tilapia (ktnal. 1996). Caligus
epidemicus is known to infect a broad range of hosts (see Hewitt 1Byfhes 1987, Roubal 1994,
Hallett and Roubal 1995, Venmathi Maran et al. 2009), but toitases not been recorded from the
South Island of New Zealand (Hine et al. 2000).

The lack of evidence of sea lice infection in chinook salnmiNew Zealand after many years of
culturing these fish at high densities demonstrates that chinowlorsalre resistant to infection by
endemic species of sea lice. However, two speciesadicgethat have been recorded in flatfish in New
Zealand, namelZ. dongatus andC. epidemicus, are known to have low host specificity, and this may
mean that chinook salmon could be susceptible to infectidghdse parasites in the future at some stage
if they were to become exposed to them and host switddogrred. The water temperatures in the
Marlborough Sounds (annual range 10 — 19°C) may be too cod #pidemicus at this time, as this
species is usually found in tropical and warm tempeeg®ns. On the other han@aligus elongatus
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has already been recorded from the South Island (Jones 1988)ever, it appears that this parasite
has not been problematic in culture of chinook salmonmbleee (Jackson et al. 2000), and it is not
generally found on wild chinook salmon in the northern hemisphtrer Gottesfeld et al. 2009),
which reinforces the empirical evidence that chinook salimdfew Zealand do not appear susceptible
to C. dongatus at this time. However, host switching by caligids onew hosts is known to occur
(Molinet et al. 2011), and one possible mechanism thatl@ndourage this process is increased use of
artificial lighting to delay onset of maturation of saged salmon (Unwin et al. 2005). The copepodid
infective stage of caligid copepods is photopositive (Heal. 1995, Genna et al. 2005), hence use of
artificial lighting tends to attract them and increase mumber of encounters between copepodids and
caged salmon (Hevroy et al. 2003), potentially increasingrifie of host switching. Taking into
account that sea lice have not been observed in culthredok salmon at this time, but acknowledging
that sea lice species known to be problematic in seamgugculture elsewhere are known to occur in
marine waters of the South Island, and increased inyeditsea cage salmon farming in the
Marlborough Sounds could trigger host switching due to as@e host density (Krkosek 2010) and/or
increased use of artificial lighting, the likelihood estiima for salmon becoming infected by sea lice in
seacages in the Marlborough Sounds is non-negligible ahssdered to beow.

5.4.6 Exposure assessment

Marine teleosts throughout New Zealand are already aofigkposure to endemic caligid parasites.
They naturally infect wild fishes and a few species@iepods cause disease, usually in circumstances
where environmental conditions are favourable for their mudagbn on the host. Infection and
establishment in wild fish would occur only if sufficiequantities of infective copepodid stages (i.e. an
infective dose) were introduced into an area where ptiste hosts were present. However, copepod
infections can become established if susceptible hostexaased even to only one viable copepodid
larvae (B.K. Diggles, personal observations), althoughhénatural environment several factors will
influence infectivity. For example, the infectivity abpepodids ofC. epidemicus increased with
increasing copepodid density and varied with the age ofdpepodid, peaking after 3 or 4 days post
hatching at 26 or 19°C, respectively, then declining over tinadiéti and Roubal 1995). Further, some
fish appeared refractory to infection, while other individuafl the same host species were extremely
susceptible to infection, resulting in an overdispersedildigion typical of that seen in many
parasite/host relationships (Hallett and Roubal 1995).

Both empirical measurements and models have been usetimate the additional infection pressure
potentially exerted by marine farms containing salmoact&d with sea-lice (mainly. salmonis andC.
elongatus). As the lifespan of the planktonic nauplii and infectivpepmndid stages of sea lice can be as
long as 14 days at 10°C (Johnson and Albright 1991), significamsgort and dispersion with surface
currents is possible (Amundrud and Murray 2009, Brooks 2008meSnodels suggest that sea lice
infection pressure near infected marine farms can be4famalers of magnitude higher than ambient
background levels, and can exceed background levels at Idast f80m infected farms (Krkosek et al.
2005), and possibly up to 45 km (Johnsen et al. 2016). Dispertaiadis of larvae of other marine
species in relation to the range of typical coastal oceserd conditions suggested that sea lice larvae
may disperse an average of 27 km (11-45 km range) over 5-15 days, dgpandurrent velocity
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(Costello 2006). Based on data from Johnson and Albright (19919padjuls suffer mortality at an

average rate of 1.0 - 2.9% per hour in seawater, depending oarétump and salinity (Stein et al.
2005, Bricknell et al. 2006), so while some infective stagesaarnve for long periods under optimal
conditions, infection pressure still decreases rather rapitly imcreasing distance from an infected
marine farm (Amundrud and Murray 2009).

If chinook salmon in seacages did become infected withiseavi host switching, there is a direct
pathway for sea lice infective stages originating fronedtéd salmon to enter the marine environment
and infect wild fishes close to salmon farms, but atssibly up to 45 km away, depending on currents
at the farm and a myriad of other factors (Krkoseklet2005, Amundrud and Murray 2009, Brooks
2009, Johnsen et al. 2016). Acknowledging the empirical evidence deaioigs that sea lice
infections have not occurred in cultured chinook salmon in Kealand at this time, but noting that
some sea lice species are able to infect a broad rasgsadptible hosts, and that host switching due to
increased host density (Krkosek 2010) may be facilitayeschvities such as artificial lighting and/or if
the intensity of sea cage salmon farming in the Marlbor&mimds is increased in the future, the risk
of exposure and establishment is non-negligible, and the likelifoaxdposure of wild fish populations
to sea lice is considered to Bederate.

5.4.7 Consequence assessment

Many species of sea lice are already present in Nealarid’'s marine environment. All size classes of
juvenile and adult fish can become infected with édl@ppepods, and infections of some species with
low host specificity, such &S. epidemicus, can have negative impacts on the health of individual fish
and their populations in the wild, but only under extraordinacpmstances (Hewitt 1971). However,
C. epidemicus does not occur in the South Island, and at this time wertgveratures are likely to be too
cold for it to become established there, though water termpes may increase in the future consistent
with global trends, and this needs to be taken into accobatpotential for host switching to occur if a
threshold intensity of fish farming is reached (Krko2€K0) also needs to be considered. There is
evidence that chinook salmon have established self sust@iomgations in the Clarence and Wairou
Rivers (N. Boustead, personal communication), which nmadjcate that establishment of sealice
infections on cultured chinook salmon could result in atgons with migrations of wild salmon
through the Marlborough Sounds region, although the extetitese potential interactions would be
difficult to quantify. Because sea lice that infechcayed salmonids only tend to occur at subclinical
levels in wild non-salmonids (Jones et al. 2006a, 2006b), lodalir@eases in prevalence and/or
intensity of sea lice infections in wild marine fishaneaffected salmon farms are unlikely to have
significant impacts on wild fish populations. No copepodhpides are listed by the OIE or in New
Zealand's national reportable disease list, hence pnegence is unlikely to have adverse impacts on
trade. Considering all of these factors, establishmentafice in sea caged salmon would have mild
biological consequences for wild fishes, and/or may caose environmental effects, which would not
be serious or irreversible. It is therefore estimaled the environmental consequences of introduction
of sea lice via salmon in sea cages in the Marlboroughdowould bé.ow.
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5.4.8 Risk estimation

The unrestricted risk associated with sea lice irdastis determined by combining the likelihood of
release and exposure (from Table 5) with the consequencestaiflishment (Tables 6, 7). The
unrestricted risk estimate for sea lice does not extkedALOP, suggesting that additional risk
management for these disease agents is not requited ane.

Risk estimate for sea lice

Commodity type Seacaged salmon
Combined likelihood of release and exposure Low
Consequences of establishment and spread Low
Risk estimation Very Low Risk
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5.5 Whirling Disease

5.5.1 Aetiologic agent Myxabolus cerebralis, a myxosporean parasite of salmonid fishes.
5.5.2 OIE List: No Reportable disease in New ZealandYes

5.5.3 New Zealand's status: Myxobolus cerebralis has been reported from several species of
salmonids in the South Island (Boustead 1993, 1996), but does not &ppeae been recorded from
the North Island (Anderson 1996, Diggles et al. 2002).

5.5.4 Epidemiology

Myxosporeans are economically important histozoic ancbzoa endoparasites which have adversely
affected the culture of freshwater and marine fishes wadkeh{Alvarez-Pellitero and Sitja-Bobadilla
1993, Moran et al. 1999a). The higher taxonomy of the group hascbetroversial in the past but the
link between myxosporeans and cnidarians within basthaoa has now been confirmed (Smothers et
al. 1994, Holland et al. 2010), and it appears that myxospsrare highly specialised parasitic
cnidarians. The myxosporean parasitgxobolus cerebralis infects cartilage of the skeletal system,
including the cranium, affecting the auditory and nervous systesudting in neurological changes and
tail chasing behaviour in clinically diseased fish (mattirly rainbow troutOncorhynchus mykiss),
resulting in what is termed whirling disease (Bartholama@d Reno 2002).

First reported in Germany in rainbow tro@x fnykiss) and brook troutSalvelinus fontinalis) in the late
19" century,M. cerebralis has since been documented in temperate freshwatyséems around most
of the world (Bartholomew and Reno 2002). The parasite ity ltkehave originated from European
brown trout Galmo trutta), which are resistant to whirling disease and are krewbrclinical carriers of
M. cerebralis. In contrast, both wild and cultured salmonids in Némherica have suffered significant
disease outbreaks since the parasite was first documiertsel United States in Pennsylvania in 1956
(Bartholomew and Reno 2002Myxobolus cerebralis is thought to have been transported to North
America in the 1950s in either live brown trout imported ih&dcheries as broodstock, or in frozen
trout products imported from Europe and introduced into la@aerways as bait or fishfeed (Nickum
1999, Bartholomew and Reno 2002). Since the original introduddomeerebralis has since spread
through much of the United States through stocking of iefe@ingerlings into uninfected waterways
(Bartholomew and Reno 2002), and angler activities (Budy et al. 2208s et al. 2008, 2009). How
and whenM. cerebralis was introduced into New Zealand is not clear, howewer4 first detected in
New Zealand at a trout hatchery near Dunedin in 1971 (HewdtLittle 1972), and was thought to
have been present many years before that, perhaps as€d®%2 (Hewitt and Little 1972, Boustead
1993, Bartholomew and Reno 2002). Since thercerebralis has been found in wild and cultured
salmonids at several locations in the South Island in Hotleally diseased rainbow trout as well as
clinically healthy salmonids that were sampled for redeaor export certification (Hewitt 1972,
Knowles 1992, Boustead 1993, 1996, Anderson 1993, 1995, 1996, 1997). It appddrsérdiralis
has not been recorded in the North Island (Anderson 199§ld3igt al. 2002).
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The lifecycle ofM. cerebralis is indirect and requires tubificid oligochaetes as aertinediate host
(Markiw and Wolf 1983, Wolf and Markiw 1984). Myxosporeamdtinomyxon infective stages can
be disseminated via translocation of oligochaete worros/éks and Bartholomew 2003, Hallett et al.
2006), and in regions wheh. cerebralis has been introduced, sites with highest angler actentgt to
have the highest prevalences of the parasite (Budy et al. 2008¢ed, transfer of spores or other
infective stages of the parasite via soil or other matexdiged in fishing boots, waders or other angling
equipment is a likely source of unexpected spread opdnasite through angler activity (Gates et al.
2008, 2009). Myxabolus cerebralis spores can tolerate freezing at -20 °C for a week (Aesad
Bartholomew 2008), to 3 months (ElI-Matbouli and Hoffmann 1991),exh# triactinomyxon infective
stages can be spread via translocation of oligochaet@ettHet al. 2006), hence imported salmon
products, tubificids imported as ornamental fish food| fianslocation of spores on angling equipment
such as waders could all have been potential mechaniswibly the disease agent was introduced
into New Zealand (Bartholomew and Reno 200e)yxobolus cerebralis infects salmonids only and has
not been known to infect any other groups of fishes (Anderson 1993).

5.5.5 Release assessment

Myxobolus cerebralis has been introduced and has become established in Neandeadl he parasite
has been found in a range of salmonid species, includingaw trout QO. mykiss), brown trout &
trutta), brook trout & fontinalis), chinook salmon@. tshawytscha) and Sockeye salmo@(nerka) (see
Boustead 1993). The tubificid oligochaetes that are suitabdemediate hosts for the parasite are
ubiquitous in the aquatic freshwater environment, and becaubes ofie disease agent occurs naturally
in freshwater aquatic environments in several places irStwh Island (Boustead 1993, Anderson
1996). As salmonids age their susceptibility to infectionvbycerebralis reduces markedly due to
several factors, particularly the degree of ossificatbreranial cartilage (Markiw 1992, Anderson
1993). Use of bore water and concrete raceways can sigtlificeduce the chances of exposure of
young salmon to the disease agent (Knowles 1992, Anderson 1997). Howeseile chinook salmon
reared in freshwater in concrete raceways can stéddpesed to infective stages of the parasite via their
water supply and have become infected at very low prevaeand intensities in New Zealand
(Boustead 1993, 1996), although clinical whirling diseasenleasr been recorded in this species in
New Zealand (Boustead 1993, 1996, Anderson 1996, 1997). Taking intonatwatiM. cerebralis is
rarely detected in cultured chinook salmon fingerlings, #editiood estimation for salmon infected by
M. cerebralis occurring in seacages in the Marlborough Sounds is consittebetiow.

5.5.6 Exposure assessment

Salmonids in freshwaters throughout the South Island of NealaAd are already at risk of exposure to
M. cerebralis through natural pathways. However marine fishes are noemtisle to this disease
agent, nor are the freshwater tubificid intermediate hespsired to complete the lifecycle likely to be
present in the marine environment under salmon farms. Howieverpossible that chinook salmon
infected withM. cerebralis could escape from seacages, survive and re-enter freshwatentially
allowing the opportunity for the lifecycle to be completéthere is evidence that chinook salmon have
established self sustaining populations in the Clarence ambiVRivers, and some of these fish may
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have originated as escapees from seacages (N. Bousézadnal communication). Because of this,
even though the prevalence and intensityofcerebralis infections in chinook salmon smolt is very
low (Boustead 1993, 1996), the risk of exposure and establishmihtcefebralis in the environment
of the Marlborough Sounds via introduction of live salmahiuzed in seacages is non-negligible, and
the likelihood of exposure and establishment of wild fish pojuratto M. cerebralis in adjacent
freshwater rivers is considered tolBdremely Low.

5.5.7 Consequence assessment

Myxobolus cerebralis is already present in several locations in the South Isglahw Zealand. This
disease agent only infects salmonids and has caused clisezse in New Zealand only on rare
occasions in rainbow trout reared in earth or gravel pohdderson 1997). It is possible that some of
the chinook salmon in the Clarence and Wairou Rivers may hégieated from salmon farms (N.
Boustead, personal communication), which indicates tipatential pathway exists which could allow
completion of the lifecycle ofM. cerebralis if infected fish were released into seacages and
subsequently escaped. However the likelihood of this pattoeig successfully completed would
appear remote, and needs to be measured against the aignifsks of transfer of spores or other
infective stages of the parasite via angling activity éSat al. 2008, 2009). This parasite is not listed
by the OIE, though it remains a reportable disease in Remland. Considering all of these factors,
transfer of M. cerebralis into the marine environment with sea caged salmon would hakke
biological consequences for wild salmonids, and/or mayecanisor environmental effects, which
would not be serious or irreversible. It is therefasBneated that the environmental consequences of
introduction ofM. cerebralis via salmon in sea cages in the Marlborough Sounds wouletyel ow.

5.5.8 Risk estimation

The unrestricted risk associated with whirling diseasdetermined by combining the likelihood of

release and exposure (from Table 5) with the consequencestaiflishment (Tables 6, 7). The

unrestricted risk estimate for whirling disease does xeexl the ALOP, suggesting that additional risk
management for this disease agent is not requiredsétrite.

Risk estimate for whirling disease

Commodity type Seacaged salmon
Combined likelihood of release and exposure Extremely Low
Consequences of establishment and spread Very Low
Risk estimation Negligible Risk
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6.0 Recommendations for disease risk mitigation

6.1 Mitigating risks posed by infection withPiscirickettsialike bacteria

This qualitative risk analysis has determined that thg dislease of concern in cultured salmon that
requires additional risk mitigation at this time is irtfec with Piscirickettsia-like bacteria (NZ-RLO)
when it occurs in clinically diseased salmon. The emergeintiés disease in farmed salmon in New
Zealand in recent years confirms observations from ovetbaasiew diseases tend to originate from
wild fish populations, but emergence is generally only observeditfifarmed fish populations (Jones
et al. 2015). Because of this, maintenance of a high hdaliissn farmed fish reduces both their
susceptibility to putative pathogens carried by wild fish populatiansl also reduces the risk of
possible subsequent back spill of the same disease agienigld fish populations (Jones et al. 2015).

Given that this analysis suggests the environmental oisksexceed the ALOP if populations of clinically
diseased salmon are held in seacages, mitigation eisthef disease outbreaks dueRiscirickettsia-like
bacteria is important.As for other bacterial diseases, use of best practice idisbaethods to control
known risk factors can reduce the liklihood Fikcirickettsia disease outbreaks. Perhaps the most
important risk factor is water quality, which needs ® dptimized via site selection and farm
management to maximize the immune competence of the flsbhvs especially important as NzZ-
RLO infected fish may not become clinically diseafetthey are not stressed or infected with other
pathogens (DAFF 2013). In the case of salmonids, this meamgamang dissolved oxygen levels
above 6 mg/L (preferably above 6.5 mg/L), reducing temperatarsalinity fluctuations and avoiding
temperature extremes and exposure to pollutants (Ellard 20spuld be reasonably expected that all
these water quality objectives would more likely be acrable at farm sites with higher water flows.

Other best practice risk reduction methods which should b@oged to mitigate risks posed by
Piscirickettsia-like bacteria include using broodstock that have never beasedio seawater, rearing
fish at optimal stocking densities, allowing farms in gegi region to fallow at regular intervals,
controlling ectoparasites that may act as vectors, aotling horizontal transmission between year
classes by holding single year classes of fish at any gierfFryer and Hedrick 2003)Of these best
practices, regular rotational fallowing and single ygass farming within each farm management area are
not explicitly addressed by the currdmbsecurity management plan for NZ King Salmon (NZ King
Salmon 2016). For more on these points, see section 6.2 bdéowodstock management which
prevents use of broodstock fish originating from seawatalso not explicitly addressed in tberrent
biosecurity management plan, although this policy is repgrtiediplace (Colin Johnston, personal
communication 25 May 2016).

Obviously, this analysis has necessarily been based ondisesses that occur in New Zealand salmon
at this point in time. Some of the disease agents ofeconghich presently do not occur in the South
Island of New Zealand (e.g. sea liCaligus epidemicus) may extend their range into the Marlborough
Sounds in the future if current global warming trends contasiprojected. fe risk of host switching
of other sea lice (e.@. dongatus) or emergence of other endemic diseases Keidpa spp.) vectored
by native marine fishes a threshold intensity of chinook salmon farming is redcti&@kosek 2010)

DygisisH 46

www.digsfish.com



also needs to be considered when planning for this indudtwyrthermore, therbave been many
instances of disease emergence in finfish aguacultotmdrthe world that have occurred due to lapses
in biosecurity. Although New Zealand's biosecurity arrang@is are amongst the best in the world,
there have been several biosecurity leaks in recent tegtrbave allowed exotic pests and diseases to
establish in New Zealand wateiSnfith et al. 2003, Stuart 2004, Kilroy et al. 2009, Lane e2#l6)
These examples demonstrate that a risk remains and ekstases could be introduced, and/or new
endemic diseases could emerge in salmon aquaculture in Meland at some time in the future.
Because of this, it is important to ensure that biostgcptanning is integral to management of the
salmon farming industry in order to firstly avoid disease probleand in a worse case scenario, to be
able to effectively manage any new problems that maygar@iunro et al. 2003, Murray and Peeler
2005, Gustafson et al. 2005, 2007, Kibenge et al. 2009, Mardones et al. 2@08¢tailed above, the
biosecurity protocols listed in the current biosecurity mgan@ent plan for NZ King Salmon (NZ King
Salmon 2016) effectively mitigate most, but not all, ofribks related to management of diseases such
as the NZ-RLO. Effective disease surveillance is atsamgortant activity that can help reduce the
risks of establishment of new diseases, andigks to the industry can be further mitigated through
implementation of worlds best practice biosecurity mamege arrangements for finfish seacage
farming. Some of the best practice management arrangemeed in salmon farming to minimise
disease risks are discussed in more detail in the seti@ns.

6.2 Number and location of seacages

Number of seacagesDensity of hosts is one of the most significant epidemio&ddactors that drives
disease emergence in aquaculture (Murray and Peeler 20QseKrR010). It is important, therefore,
to ensure that the salmon farming industry in New Zealatlowed access to sufficient farming area
to maintain optimal stocking densities and minimise thkelihood of overstocking of individual
seacages. It is also very important for the industiyatee access to additional suitable sites to permit
best practice biosecurity procedures such as regularor@hsite fallowing. Furthermore, allowing
access to sufficient farm sites provides several advantdigéscan minimise the risk of disease
emergence and maximise the ability to control disease outrazcluding the ability to operate
independent farm management areas, and if sufficient fées are available, the flexibility to
undertake year class farming.

Location of seacages:Site selection is critical to maintenance of high thestlatus in seacage cultured
fish. The restricted distribution of disease associatddttve NZ-RLO (which historically has mainly
been problematic at the low flow site at Waihinau Bay), sstgghat environmental conditions at that
site are more permissive for infection to occur andadisdo emerge than at other sites, especially
during summer when salmon may be stressed by high vemigreratures. The proposed deletion of
low flow, suboptimal farming sites such as Waihinau Bayrapthcement of them with high flow sites
would minimise risks of emergence of both infectioud aan-infectious diseases and thus better allow
the salmon farming industry to minimize risks to the envirartrpesed by diseases of salmon.
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6.2.1 Independent farm management areas

An independent farm management area can be defined as am@eofarm sites that occur within a

particular geographical area (a defined area) that shareromere characteristics of epidemiological
significance, such as movements of water (e.g. tidalreian), wild fish, aquaculture stock, equipment
and staff. The size of a farm management area dependsany factors relating to hydrodynamic
variables of water movements, dispersal dynamics of timteagents, movements of wild fish,

movements of stock, staff, equipment and so on (McClural. 2005, Chambers and Ernst 2005,
Gustafson et al. 2007, Dempster et al. 2009). Adoption of indepé farm management areas allows
development of integrated biosecurity and pest managesteaiegies that can be optimised for
maximum effectiveness (Chambers and Ernst 2005, Brooks 200/t al. 2009, Snow 2011). The
dispersal dynamics of sea lice, and both ISA-like (aldabrus) and IPN-like (a robust virus) viruses
will be used here as examples for the purposes of expldrngtility of independent farm management
areas for mitigating disease risks.

Empirical evidence and modelling from the northern hemispheresh@sn that the risk of infection
with viruses such as IPNV and ISAV increases signifigantien non-infected salmon farms are within
a 5 km distance of an infected salmon farm (Jarp ants&ad 997, Scheel et al. 2007, Wallace et al.
2008). For metazoans such as sea lice, the risk of mfiestincreased above background levels at least
8 to 18 km from lice infected salmon farms (Brooks 2009, Perstal. 2011), and the maximum
distance where increased infection pressure has been obserueddelled is around 30-45 km
(Krkosek et al. 2005, Amundrud and Murray 2009, Penston &04ll, Johnsen et al. 2016). The
markedly reduced infection pressure with distance assoaatiedhe viruses compared to the sea lice
is likely to be due to the viruses requiring a certaimimum infectious dose before they are
transmitted, compared to the sealice in which one tinfecstage is sufficient to cause infection.
Furthermore, sealice infective stages are robust and sudiovil@ng periods in the plankton, and indeed
they are non-infective for several days prior to moultintg the infective copepodid stage (Murray and
Gillibrand 2006, Amundrud and Murray 2009). Taking these figuresdispersal dynamics as
representative for disease agents that may emerge inZdeland salmon culture in the future, and
taking into account hydrodynamic conditions at the various iegissalmon farming sites in the
Marlborough Sounds (Gillespie et al. 2011), (which are aimih many aspects to hydrodynamic
conditions found in lochs and fiords where sealice and disslases have been problematic elsewhere,
see Murray and Gillibrand 2006, Gillibrand and Amundrud 200@)fdhowing can be concluded:

The existing farm sites in Queen Charlotte Sound amgt Thannel (Clay Point, Te Pangu, Ngamahau,
Ruakaka Bay, Otanerau Bay) are considered to be witherea sufficiently connected by water and

wild fish movements to constitute an individual farm manageraeea (Tory Channel Management

Area). This assessment would appear to be consistdnthei outcomes of the hydrodynamic analyses
for Queen Charlotte Sound/Tory Channel done by MAF Bioggq2011a).

The existing farm sites at Waitata, Waihinau Bay,hRiond and Forsyth Bay are considered to be
within an area sufficiently connected by water and wit movements to constitute an individual farm
management area (Outer Pelorus Sound Management Arda)addessment would appear to be
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consistent with the outcomes of the analysis for WaRegach done by MAF Biosecurity (2011a). The
proposed relocation of salmon farm sites including deiedf low flow sites at Ruakaka Bay, Otanerau,
Waihinau Bay and Forsyth Bay and implementing new sitegyatflaw locations at potential sites 42,
47, 82 and 156 at Tio Point in Tory Channel and potential 34ed406, 122, 124 and 125 in Outer
Pelorus Sound would therefore allow the salmon farming tngus the Marlborough Sounds to
develop 2 farm management areas that are epidemiologicalgpeéndent of each other based on
hydrodynamic principals.

6.2.2 Year class farming and site fallowing

Year class farming and site fallowing are methods of fasanagement used to control some of the risk
factors associated with disease emergence and persistespeacage aquaculture (Stewart 1998). The
presence of multiple year classes of fish on any givercaneallow disease agents to persist for long
periods on site because holdover fish provide an avenue fofetrahgpathogens between year classes
(Gustafson et al. 2007). Management arrangements that@illgvone year class of fish to be held in
any given individual farm management area significantlyicedhe risk of persistence and spread of
disease agents (Gustafson et al. 2007, Brooks 2009). Becailldg gkar class farming is generally
acknowledged to be worlds best practice for salmon farnfiugthermore, fallowing of seacage sites is
often useful to reduce or eliminate residual infectwassure for disease agents such as viruses and
parasites by removing their hosts (Gustafson et al. 2007{dResisal. 2011). There is also evidence
that fallowing can assist with mitigation of bacteriadedises (Stewart 1998) and indeed, fallowing can
reduce the risk of emergence of new diseases which otleecaidd adapt (switch) to new hosts if they
are allowed to co-exist with them for long uninterruptedqas (Snow 2011). Synchronised fallowing
within farm management areas has become compulsory in stmensfarming areas for these very
reasons (Chang et al. 2007).

The proposed planning changes provide for deletion of 6 lowffow sites and their replacement with
high flow farm sites. If all proposed high flow sitegene approved, this would provide up to 7 farm
sites per farm management area. Assuming the totabewof active farms remains the same as
present in each area, this arrangement could allowgtiendo schedule regular (one year out of every
6 years) rotational site fallowing within each managemesd,avhich would slightly reduce the risk of
disease emergence compared to a situation with no fallowelg a he fact that chinook salmon reach
market size within 18 months to 2 years after introductioo seacages, suggests that the proposed
changes are an incremental improvement, but are not sufficiesdtow worlds best practice which
would entail regular fallowing combined with complete yelass farming with only one year class in
each independent farm management area at any given timgds\West practice could probably only
be practically implemented if there were 3 epidemiologidaltiependent farm management areas, each
with sufficient farm sites to allow fallowing of allri@s within each management area every third year.
In view of current global warming trends which are likelyincrease disease risks to the industry over
time, the ideal situation of 3 independent farm managemeas anéh compulsory fallowing of an area
every & year should be considered in future planning arrangemerttsefardustry.
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6.3 Buffer zones surrounding farming areas

Together with establishment of independent farm management besagractice management of the
salmon aquaculture industry in the Marlborough Sounds stastdinclude establishment of salmon
farming-free buffer zones surrounding each of the independentnfiamagement areas, to ensure their
epidemiological independence. Buffer zones are extremely ussfalibe they are an important form
of prevention in that they reduce the connectivity betwederdiit farming areas that otherwise may
occur through movements of water, shipping and other potenttdrgesuch as wild fishes (Dempster
et al. 2009). Buffer zones also allow integrated pest maregesirategies to be successfully
implemented in each independent farm management area dig@age outbreaks (McClure et al. 2005,
Chambers and Ernst 2005, Gustafson et al. 2007). The watithdfer zones should be defined based
on epidemiological criteria, particularly those relatingrtovements of water (e.g. tidal excursion) and
the dispersal dynamics (particularly the longevity of infecttegies) of likely disease agents (Chambers
and Ernst 2005, Gustafson et al. 2007). Again, the dispdysaimics of sea lice, and ISA-like and
IPN-like viruses will be used as examples of the typeme&tizoan and microbial disease agents that
could emerge in New Zealand salmonid culture at some staige future.

As mentioned above, empirical evidence and modelling from thtbamarhemisphere has shown that
the risk of infection with viruses such as IPNV and IS&i¢reases significantly when non-infected
salmon farms are within 5 km of an infected salmon farmp(dad Karlsen 1997, Scheel et al. 2007,
Wallace et al. 2008). Because of this, (and assumingasitmidrodynamic conditions between the
Marlborough Sounds and salmon farming areas in other giatite world, see Murray and Gillibrand
2006, Gillibrand and Amundrud 2007, Gillespie et al. 2011), a mmrbukm buffer zone from the
edge of one farm management area to the edge of the next famagement area would appear
necessary to ensure their independence in the event of disease outbreak. However, for metazoan
parasites such as sea lice, the buffer zone may need todhelangeer to be effective. For sealice, the
risk of infection is increased above background levelsaest [€8 km from lice infected salmon farms
(Brooks 2009), and the maximum distance where increasedianfquressure has been observed or
modelled is around 30-45 km (Krkosek et al. 2005, Costello 2006, Amndrehd Murray 2009,
Penston et al. 2011, Johnsen et al. 2016). This suggests thadlttnef an ideal on-water buffer zone
(“as the fish swims”, not “as the crow flies”) to ersutrue independence of salmon farming
management areas for all known disease agents of salmon beldtween 18 and 45 km from the
nearest farm in one farm management area to the neamasinfan adjacent farm management area.

The proposed locations of the new high flow farm sitesdetetion of the low flow farm sites would
potentially increase connectivity between individual farmghiwi each farm management area, but
would also increase the width of the existing buffer Zogteveen the two farm management areas to in
excess of the ideal minimum of 45 km.

6.4 Harvesting

Harvesting is another process that presents an increakeof disease transmission. Indeed, the spread
of ISA in Scotland, and Norway (Murray et al. 2002, Muet@l. 2003, Thorud and Hastein 2003) and
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also Canada (Gustafson et al. 2005) was associated witld sgredéfluent from well boats used for
harvesting, and/or from processing plants. A brief surprofithe best practice arrangements used for
both of these activities is included below.

6.4.1 Harvesting method

There have been instances of spread of viral disegs#sasuch as ISA during the harvesting process
when live fish are transported from farming areas tatraésed processing facilities in well boats
(Murray et al. 2002). Munro et al. (2003) evaluated the welatsks of spread of ISA associated with
various different harvesting methods commonly used in Scotldihg highest risks of transmission to
neighbouring farms was likely to occur when live fish incegges were towed to centralised processing
plants (Munro et al. 2003). Any harvesting methods that callibdv escape of live fish were also
considered to be higher risk. In contrast, the harvestinaus currently used by NZ King Salmon
(rested slaughter at the cage site using anaesthetic éallbw bleeding into an ice slurry in a harvest
tub and transport of harvest tubs by barge to the wharbéaf transport to landbased processing plants)
were considered to represent a moderate risk of spreadeakdiso neighbouring farms, but the lowest
risk of spread of disease en-route to the processing (Mamiro et al. 2003).

The current harvesting methods used by NZ King Salmon arddteiemmpatible with the process of
establishment of independent farm management areas, provatetthéhe is no movement of harvest
barges from one farm management area to another. This Wweudcommodated by ensuring in the
biosecurity management plan that all fish harvested fitmenTory Channel Management Area are
landed only in Picton, and that separate barges and egptipame used to service the Outer Pelorus
Sound Management Area and that salmon from there are onlydlaasidéiavelock. Such an
arrangement would be consistent with worlds besttjgeenanagement for this activity from both
minimisation of disease risk and maximisation of produglity and animal welfare (Gregory 2008,
Tuckey et al. 2009, 2010).

6.4.2 Processing premises

Spread of viral diseases such as ISA has been documentesl selveral companies within a salmon
farming area utilise a central processing premise (Mwtral. 2003). The increased risk of disease
transmission under these circumstances is associatedshatiing of contaminated harvesting and
processing equipment such as well boats, harvest bargesmgeguipment and harvesting tubs, as well
as activities such as transport of live fish to the itigiof the processing plant (Munro et al. 2003). The
highest risks were associated with holding live fishages adjacent to processing plants, and discharge
of untreated effluent from processing plants (Munro .e2@03).

NZ King Salmon is a vertically integrated company thatsed its own landbased processing plants
with no discharge of effluent back into the sea. NZ Kiafy®n also does not share harvesting barges,
tubs, and other transport equipment with other salmon fgreompanies. Because of this, NZ King

DygisisH -

www.digsfish.com



Salmon is in a good position to minimise risk of crosstammation of equipment during harvest,
transport and processing.

7.0 Conclusions

This risk analysis found that infection witscirickettsia-like bacteria (NZ-RLO) in clinically diseased
chinook salmon held in seacages represents the only diseam®efn in cultured salmon that requires
additional risk mitigation measures at this time. Thergmnce of this disease in salmon farmed at the
low flow site in Waihinau Bay in Pelorus Sound demonstratestireased risk of disease emergence
at farm sites where environmental conditions are suboptimals, The proposed planning changes to
relocate several salmon farms situated in low water §ibes in the Marlborough Sounds to high water
flow sites is likely to reduce risks to the environment tphegsently exist due to infection with
Piscirickettsia-like bacteria (NZ-RLO) in clinically diseased salmon.

However, this assessment by necessity was based on thgediséd salmon presently known to occur in
New Zealand at this point in time. Given that new diseaaa emerge and biosecurity leaks can occur,
we cannot assume that the disease status of chinook salMi@wiZealand will not change at some
stage in the future. Because of this, it is notable tiaptoposed deletion of low flow, suboptimal
farming sites and replacing them with high flow sites wddgtter allow the salmon farming industry to
minimize risks to the environment and industry developmenegds/ diseases of salmon. The
proposed changes, if approved, would allow the industry tigateé several disease risk factors that
contribute to emergence of infectious diseases, providgton to implement regular farm fallowing
(if all proposed high flow sites were approved), while peimg establishment of 2 epidemiologically
independent farm management areas separated by ideal louniés: ZThese arrangements would allow
the salmon farming industry to enhance its existing bioggooontrols and implement integrated pest
management strategies if required.

The farms in the Tory Channel (Clay Point, Te Pangu,Ng&imahau and potential sites 42, 47, 82 and
156 at Tio Point) could be managed as one farm manageneen{Tory Channel Management Area).
The farms proposed for Pelorus Sound (Waitata, Richmond atedtial sites 34, 106, 122, 124 and
125) could be managed as a second farm management areaR@lorus Sound Management Area).
Given the density of individual farms in each managemee& aemains relatively low by world
standards, the increased number of farms within eaghagement area is not a major concern
(particularly if any extras sites are used to instigagular farm fallowing), provided water quality
remains optimal (by virtue of improved site selection)fama stocking densities remain optimal, and
the biosecurity practices outlined in the biosecurity mamageé plan are maintained.

In conclusion, | encourage the deletion of the 6 sub optined aitd relocation of salmon farms to the
proposed high flow locations, not only to reduce risksubbieaks of NZ-RLO and emergence of other
infectious and non-infectious diseases, but also to alevestablishment of ideal on-water buffer zones
that will allow utilisation of 2 truly independent farm manangat areas, and possibly the option for site
fallowing within each farm management area.
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Appendix 1 — Risk Assessment Methodology

Release assessment

The likelihood that a hazard would be translocated thto environment is determined through the
release assessment stage of the process. The only twosideced in the risk analysis component of
this document are chinook salmo@n¢orhynchus tshawytscha) cultured in seacages. The release
pathway for spread of disease from the host into the Neala#id marine environment is direct via
faeces, urine, blood, mucus and other fluids shed by cultudetbrsanto the water. The risk
assessment for a particular hazard was concluded ifrdlease assessment determined that the
likelihood of release of that hazard was negligible.

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

Exposure assessment

The exposure assessment examines the likelihood of wild eguatnals in an uninfected jurisdiction
being exposed to the hazards via infected seacaged salmbmetermines the likelihood of the
establishment of the hazard. The likelihood of exposuredejlend on several factors relating to the
capacity of the disease agent to survive in the environmean imfective form, the availability of
susceptible hosts, the ease of infection of susceptibles,hasid the likelihood of subsequent
transmission of infection to others within a population. détermining the likelihood of exposure of
susceptible hosts to disease agents carried by salmonplibwirig key factors were considered
relevant:

1. Route of Infection (Oral/Contact): Viable infective stages must be ingested by a susceptible
host or otherwise come into contact with susceptibledishvertebrate species. Infection may
occur via the digestive tract, or through direct contatit eontaminated water via the skin and
gills or integument.
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Likelihood of release

2. Infective Dose: There must be sufficient quantities of viable infectiteges to induce an
infection following ingestion or contact via the skin andsgif integument.

Once a hazard is released into the environment, thehldaadi of whether the disease agent would
survive, infect susceptible hosts, and become establishdunwa population was expressed
gualitativelyusing the ikelihood estimations in Table 4, based on information availabtee scientific
(and other) literature, unpublished data, as well as tbeegmional judgment of the analystThe
likelihoods for the release and exposure assessmarts combined using the matrix of ‘rules’ for
combining descriptive likelihoods, as shown in Table 5.

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

Likelihood 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 concludled @posure assessment determined that
the probability of establishment was negligible.

Consequence assessment

The consequence assessment estimates the likely magoitutie consequences of establishment
and/or spread of a disease agent into the environmenharmgbssible effects of the disease agent on
aquatic animals, the environment, industry and the economy. Tlituaterms used to describe the
consequences of establishment of an unwanted diseaseragf@atRA are defined in Table 6. These
descriptions are based on information available in other, Bvdsscientific literature, unpublished data,
as well as the professional judgment of the analyst. eé&oh disease of concern, the consequence
assessment determined the likelihood of occurrence and tbeiadsd impact for each of two main
outbreak scenarios. Either:
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1. The disease agent becomes established and spreads thropgpolations of susceptible
species in Marlborough Sounds and beyond. This scesssiones that if a disease agent were
to establish in a local population it would eventually agr its natural geographical limits;

2. Anindex case occurs and infection may even spread taluigfig animals, but the agent does
not persist in the environment.

Only the first scenario was considered to represent edtai#nt of the disease agent, because the
second scenario would go undetected.

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

Consequence Definition

Extreme Establishment of disease would cause substaoi@gioal and economic harm at a
regional or national level, and/or cause serious aruddrsible environmental harm,

High Establishment of disease would have serious biologicakegoences (high mortality
or morbidity) and would not be amenable to control or esdutin. Such diseases
would significantly harm economic performance at a regjieevel and/or cause
serious environmental harm which is most likely irreversible

Moderate Establishment of disease would cause significawigital consequences
(significant mortality or morbidity) and may not be amele to control or
eradication. Such diseases could harm economic perfoengdrecregional level on
an ongoing basis and/or may cause significant environmefagatsfwhich 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 economic
performance at a local level for some period and/or caage some environmental
effects, which would not be serious or irreversible.

Very Low | Establishment of disease would have mild biologioalsequences 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 significeogical consequences and
would require no management. The disease would not &feaomic performance|
at any level and would not cause any detectable environnssfeets.

The risk assessment for a particular hazard was wdedlif the consequence assessment determined
that the consequences of introduction were negligible.

Dﬂﬁ}%“ﬁl"[_ -

www.digsfish.com



Likelihood of establishment and spread

Risk estimation

Risk estimation is the final step involved with each assest and would be used to determine whether
the extent of the unrestricted risk presented by eaclasdisagent to the environment and aquatic
animals of New Zealand was sufficient to require ms&nagement. ‘Unrestricted risk’ means the
estimated risk if the current industry practices remainhanged. Risk was assessed using the risk
estimation matrix in Table 7 which uses a combination of thalitqtive answers given for the
combined likelihoods of release and exposure and the significdutiee consequences of establishment

of a disease agent to provide an estimate of the risk invotaedjng from ‘negligible’ through to

‘extreme’.

The appropriate level of protection (ALOP) the environment adopted in this RA is

expressed in qualitative terms. The ALOP is expressed @sdj;rg a high level of sanitary or
phytosanitary protection whereby risk is reduced very low level, but not to zero. This definition of
ALOP, and its illustration by way of a risk estimatimatrix 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 the AIOP 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 the feignce of the consequences of
establishment and spread were considered to be negligies itonsidered the unrestricted risk posed
by the disease agent was negligible (rising to very lovextreme consequences of establishment), and
there would be no need to implement any additional risk marergestieps (Table 7). If the
consequences of establishment and spread were considdred/¢éoy low, even a high probability of
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establishment and spread was tolerable without the need komaeagement. If the likelihood of
establishment and spread were considered to be very lowhiglenonsequences of establishment and
spread were tolerated without the need for risk manageimgnéxtreme consequences of establishment
and spread were considered to exceed the ALOP, and risk maareigeould be required (Table 7).
Alternatively, if the likelihood of establishment and spread \w&yh, even if the consequences of
establishment and spread were considered to be low, #nmrex would exceeded the ALOP and
require risk management (Table 7).

Risk mitigation

If the unrestricted risk estimation for any disease agedétermined to be unacceptable (that is above
very low), the threats posed by the disease agent wilablked (high, medium, low) based on the
likelihood that it would pose a disease risk when introdustedthe Marlborough Sounds with cultured
salmon. The ranking process will take into account not thdytypes of disease agents harboured by
cultured salmon, but also the quantity of the salmon beitigired. For any diseases with risk
estimation rankings that exceed the ALOP, risk mitigath@asures may be necessary to reduce the risk
estimate back to within the ALOP. The risk mitigation psses examined as part of this RA process
will relate only to option evaluation.

Option evaluation

The RA will identify the options available for mitigati@ay risks that may exceed the ALOP.
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