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Executive Summary 
This report was undertaken to update a previous Environmental Assessment Report (Diggles 2011) and 

assess potential changes to disease risks associated with a proposal to relocate several salmon farms in 

the Marlborough Sounds, New Zealand to 9 new high water flow sites.  A review of the disease status of 

chinook salmon (Oncorhynchus tshawytscha) in New Zealand since 2011 revealed few changes to the 

hazards identified previously in Diggles (2011), identifying 21 infectious agents and 13 non-infectious 

diseases of cultured salmon in New Zealand.  An outbreak of disease in salmon cultured at Waihinau 

Bay in early 2012 was originally thought to be solely related to suboptimal environmental conditions at 

that site (MPI 2013). However, subsequent testing has shown diseased fish at that location were also 

infected with an emerging rickettsia-like agent (NZ-RLO) and the endemic opportunist bacterium 

Tenacibaculum maritimum. These bacterial disease outbreaks at the low flow site in Waihinau Bay 

provide examples of the increased risk of disease emergence in fish cultured at suboptimal sites. 

 

The current risk assessment found that clinical infection with Piscirickettsia-like bacteria in seacaged 

chinook salmon was likely to pose an increased risk of disease transfer to wild fishes, unless additional 

risk mitigation measures were implemented. However, it also remains recognised that an unquantifiable 

risk remained that biosecurity leaks could allow exotic diseases to be introduced, and/or new endemic 

diseases could emerge in salmon aquaculture in New Zealand at some time in the future.  Because of 

this, it was important that biosecurity risks were managed using worlds best practice, notably including 

establishment of independent farm management areas separated by ideal buffer zones (Diggles 2011). 

 

The proposal to move several salmon farms from low flow sites to more suitable sites with higher water 

flow would improve the environmental conditions to which cultured salmon are exposed.  This would 

reduce both the risk of outbreaks of non-infectious diseases, and mitigate significant risk factors for 

emergence of infectious diseases like the NZ-RLO at suboptimal sites.  The current proposal would 

therefore allow the salmon farming industry in the Marlborough Sounds to improve its existing 

biosecurity practices and move incrementally towards establishing worlds best practice biosecurity 

management arrangements.  This is because the proposal would allow establishment of two independent 

farm management areas separated by a significant buffer zone.   

 

The farms in the Tory Channel (Clay Point, Te Pangu, and Ngamahau and potential sites 42, 47, 82 and 

156 at Tio Point) could be managed as one farm management area (Tory Channel Management Area).  

The farms proposed for Pelorus Sound (Waitata, Richmond and potential sites 34, 106, 122, 124 and 

125) could be managed as a second farm management area (Outer Pelorus Sound Management Area).  

As the density of individual farms in each management area remains relatively low by world standards, 

the number of farms within each management area is not a major concern (especially if any additional 

sites are used to initiate regular farm fallowing), provided water quality remains optimal, on-farm 

stocking densities remain optimal, and biosecurity practices are maintained.   

Based on conclusions from this risk analysis, I encourage the deletion of 6 sub optimal sites and 

relocation of salmon farms to the proposed high flow locations, to reduce risks of outbreaks of NZ-RLO 

and other infectious and non-infectious diseases, and to allow establishment of large on-water buffer 

zones that will allow independent management of the two farm areas. 
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Objectives of this document 

The Ministry for Primary Industries has been working with the Marlborough District Council and New 

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

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

potential relocation of some existing farms to more suitable higher water flow locations to ensure the 

guidelines can be met. 

Six existing salmon farm sites are proposed for relocation with the aim of meeting the recently 

developed best management practice guidelines as well as achieving improved environmental, social 

and economic outcomes for the Marlborough Sounds.  A total of 9 potential relocation sites have been 

identified for further Assessment of Environmental Affects (AEE) (Figure 1).  One component of the 

AEE process is to provide a disease risk assessment report on relocating the existing farms to the 9 

proposed farm relocation sites.   

The objective of this document was therefore to review and update a previous disease risk assessment 

(Diggles 2011) developed as an Environmental Assessment Report for the NZKS EPA Board of 

Enquiry in 2011 to include: 

- Disease risk information for the 9 potential relocation sites 

- New industry biosecurity protocols  

- Consultation with relevant New Zealand fish disease experts. 

This report presents the outcomes arising from this process. 
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Figure 1.  Map showing location of existing NZKS sites and the 9 potential relocation sites (yellow). 
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1.0 Introduction 

The aquaculture industry is of national significance to New Zealand, providing jobs, wealth through 

export income and food security for New Zealanders.  Fortunately, by virtue of its geographic isolation, 

New Zealand is in a unique position to further develop a sustainable salmon farming industry that is free 

from many of the problems that have emerged in salmon farming elsewhere.  The geographic isolation 

of the country, world leading biosecurity arrangements and the absence of native salmonids means that 

New Zealand is free from many important diseases of salmonids (and other aquatic animals) at this time 

(Boustead 1989, Diggles et al. 2002).  Furthermore, chinook salmon Oncorhynchus tshawytscha (also 

known as quinnat or king salmon) were introduced into New Zealand by acclimiatization societies as 

ova only between 1875 and 1907 (McDowall 1978, 1994), virtually eliminating the risk of introduction 

of many diseases that have emerged in northern hemisphere salmon in recent years and spread with 

salmonid farming (Costello 2006, Kibenge et al. 2009, Snow 2011).  The exclusive use of O. 

tshawytscha by NZ King Salmon appears a wise choice as this species appears innately resistant to 

many of the disease agents that have been problematic in salmon culture overseas (Boustead 1989, 

Johnson and Albright 1992a, Rolland and Winton 2003, Gottesfeld et al. 2009).  Because of these and 

other reasons, NZ King Salmon has become a successful company that in 2011 produced over 7500 

tonnes of salmon per year (around 50% of the world production for this species), from a seacage surface 

area of around 5 hectares within the Marlborough Sounds.    

However, there is no room for complacency when implementing a successful salmonid aquaculture 

industry (Wilson et al. 2009).  New diseases continue to emerge in aquaculture (Murray and Peeler 

2005, Asche et al. 2010, Thrush et al. 2011, Snow 2011) and the dynamics of infectious diseases are 

often related to the density of host populations (Grenfell and Dobson 1995, Krkosek 2010).  

Furthermore, even world leading biosecurity policy arrangements are not perfect, as demonstrated by 

biosecurity leaks that have resulted in the introduction and establishment of several aquatic pests and 

diseases in New Zealand waters such as the seaweed Undaria pinnatifida in 1987 (see Stuart 2004), 

swimming crab Charybdis japonica in 2000 (see Smith et al. 2003), the diatom Didymosphenia 

geminate in 2004 (see Kilroy et al. 2009) and Bonamia ostreae (see Lane et al. 2016).  Because of this, 

it is important to ensure that the salmon industry in New Zealand is well managed in order to firstly 

avoid disease problems, and in a worse case scenario, to be able to effectively manage any new 

problems that may emerge (Munro et al. 2003, Murray and Peeler 2005, Gustafson et al. 2005, 2007, 

Marine Harvest 2008, Kibenge et al. 2009, Mardones et al. 2009).   

This environmental assessment report has been undertaken to assess the disease risks associated with a 

proposal to relocate several salmon farm sites in the Marlborough Sounds.  This report will update a 

previous report (Diggles 2011) and will start by briefly reviewing the diseases in seacage farming of 

salmon in an international context, to identify the various types of significant diseases that have 

occurred overseas, summarise their environmental impacts (if any), and identify the best practice 

management measures currently used for their avoidance and control.  To describe the existing 

environment, the known diseases of salmon in New Zealand will be reviewed and their current 

environmental impacts (if any) will be assessed.  An assessment of environmental effects that may result 

from the proposed movement of the salmon farm sites will then be undertaken.  This assessment will 
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include a qualitative risk analysis of the likelihood of any changes to the existing disease status of 

chinook salmon, native fishes and other aquatic animals within the Marlborough Sounds and assess the 

consequences of disease spread (should it occur).  Recommendations will then be made to help ensure 

that the outcomes from the proposed relocations, if they go ahead, will be consistent with moving 

towards current worlds best practice for seacage aquaculture farm management, in order to minimise 

risks to the environment and industry development that may be presented by disease agents of salmon.  

2.0 Review of Disease Agents in Global Salmon Seacage Culture 

Seacage culture of salmon can be associated with a range of infectious disease agents, including 

microparasites such as viruses, bacteria and protozoa, metazoan macroparasites such as monogeneans 

and crustaceans, as well as several non-infectious diseases (Kent and Poppe 1998, Kent 2000).  The 

potential for diseases of seacage aquacultured salmon to impact the marine environment has attracted 

much scientific study.  It is also a controversial issue in some parts of the world, hence it is important 

that decision making in this area is based on the best available scientific data.  In this section the major 

types of diseases in seacage farming of salmon in the international context are briefly reviewed.  This 

has been done firstly to identify the significant diseases that have occurred overseas, to summarise their 

environmental impacts (if any), and identify the best practice management measures currently used for 

their avoidance and control.  

2.1 Viral diseases 

Overview 

Several viral diseases have caused problems in seacage aquaculture of salmonids in the northern 

hemisphere, including Infectious Haematopoietic Necrosis (IHN), birnaviruses including Infectious 

Pancreatic Necrosis (IPN), Infectious Salmon Anaemia (ISA), Viral Haemorrhagic Septicaemia (VHS), 

Salmon Pancreas Disease (SPD) and Sleeping Disease (SD), Viral Erythrocytic Necrosis, Erythrocytic 

Inclusion Body Syndrome, and Salmonid Herpes Virus 2 Infections (including Oncorhynchus masou 

virus) (see Kent and Poppe 1998, Dale et al. 2009). In the southern hemisphere, viral diseases in 

cultured salmon have been caused by ISA (in Chile), other orthomyxoviruses such as Pilchard 

orthomyxovirus (POMV) and other viruses including Tasmanian salmonid reovirus (TSRV) (Zainathan 

2012, DPIPWE 2015). Of these, the viral diseases which have caused the most significant problems in 

seacaged salmonids are IPN and ISA (Murray et al. 2005), though SPD and SD are emerging diseases of 

seacage cultured Atlantic salmon and rainbow trout, respectively, due to an alphavirus (Graham et al. 

2010). VHS was once known only from salmonids cultured in freshwater, but is now known to occur 

naturally in wild marine and freshwater non-salmonid fish and has also emerged and caused disease in 

seawater farmed rainbow trout in Norway (Dale et al. 2009).  Various strains of birnaviruses have been 

described from at least 65 species of fish in 20 families (McAllister 1993), and also from bivalve 

molluscs and crustaceans (Reno 1999).  Isolates of IPNV-like birnaviruses from returning chinook 

salmon in New Zealand were identified as belonging to IPNV Genogroup 5 (see Davies et al. 2010) and 

appear non pathogenic to salmonids (Diggles et al. 2002, McColl et al. 2010).  VHSV has been recorded 
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from at least 82 species of marine and freshwater fish (including chinook salmon) at water temperatures 

of 18°C or less, but VHSV has not been recorded from the southern hemisphere at this time (Diggles 

and Landos 2010).  ISA has been reported in Europe, Canada, USA, Faroe Islands and Chile, but not 

New Zealand or Australia, and it appears that chinook salmon are resistant to ISAV (Rolland and 

Winton 2003).  New information from western Canada suggests that there may be evidence of genetic 

material similar to benign ISA-like variants in less than 2% (2 non negatives from 102 fish examined) of 

healthy chinook salmon sampled from the wild (Kibenge et al. 2016). Even so, there is debate about the 

meaning of these “non-negative” results as the presence of ISAV has never been confirmed in the 

Pacific North America region despite over 36,000 Pacific salmon (including O. tshawytscha) being 

sampled since July 2010 using cell culture methods and over 400 O. tshawytscha sampled using 

molecular tests (Amos et al. 2014), suggesting the results of Kibenge et al. (2016) may be an artefact of 

a decoupling of modern vs traditional diagnostic methods (Burge et al. 2016).  Chinook salmon are also 

known to be susceptible to IHNV, and Viral Erythrocytic Necrosis (Kent and Poppe 1998), but these 

disease agents have not been recorded from the southern hemisphere. Of the remaining viruses infecting 

salmon in the southern hemisphere, the Pilchard orthomyxovirus (POMV) has caused mortalities in 

Atlantic salmon in Tasmania (where it is vectored by wild pilchards), while Tasmanian salmonid 

reovirus (TSRV) has occasionally been associated with mortalities of salmon exposed to Piscirickettsia-

like bacteria or certain adverse environmental conditions (Zainathan 2012, DPIPWE 2015). 

Environmental impacts 

Viruses originating from cultured salmonids appear to have minimal impact on wild populations of 

finfish.  Wallace et al. (2008) found a significantly higher prevalence of IPNV (0.32%) in wild marine 

fish caught at a distance less than 5 km from aquaculture sites, than from wild marine fish caught at a 

distance greater than 5 km from fish farms (0.03%).  This suggests that fish farms may act as a localized 

source of “backspill” IPNV infection to local wild fish, rather than wild reservoirs of infection posing a 

high risk to farmed fish (Wallace et al. 2008).  However, Wallace et al. (2008) also reported that IPNV 

is endemic in wild marine fish, (particularly flatfish) at low prevalences (overall prevalence in 30627 

fish was 0.15%), with maximum prevalence in flatfish being 12.5% in flounder (Platichthys flesus), 

while for roundfish maximum prevalence of IPNV was 1.1% in saithe (Pollachius virens).  Indeed, it 

appears that IPNV and IPNV-like aquabirnaviruses and other viruses such as VHSV are naturally 

widespread and persistent in the marine environment in many parts of the world (Skall et al. 2005a, 

2005b, Wallace et al. 2008, Davies et al. 2010).  No clinical signs of IPN disease have been observed in 

any of the wild fish sampled from Scotland, Australia or NZ, however outbreaks of VHS due to various 

different genotypes of VHSV have been recorded in wild fishes in both freshwater and marine areas of 

the northern hemisphere (Lumsden et al. 2007, Bain et al. 2008).  These outbreaks of VHS in wild 

fishes have not been associated with aquaculture activities, but have been variously associated with 

stressors due to spawning, pollution or other environmental factors (Elston and Myers 2009), including 

introduction of virus into naïve populations of fish via natural or anthropogenic movements of live 

fishes or ballast water (Bain et al. 2010, Diggles and Landos 2010).  Disease outbreaks of other viruses 

such as IHNV have been associated with immunosuppression of wild salmon due to reduced water 

quality (Clifford et al. 2005).  SPD and SD have been reported from some wild species of flatfish which 

act as reservoirs for the disease (Snow et al. 2010, Bruno 2014), but the presence of the virus has not 
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been associated with disease or any detectable changes in population status of infected flatfish (Bruno et 

al. 2014, Jones et al. 2015), nor has the SPD alphavirus been found in wild salmonids (Snow 2011, 

Jones et al. 2015). An orthomyxovirus that was first reported from farmed Atlantic salmon in Tasmania 

in 2006 was recently confirmed to be identical to pilchard orthomyxovirus (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 salmon have occurred in Tasmania since 2012 

and are associated with sub-clinically infected wild pilchards schooling around salmon sea cages 

(SCAHH 2015).   

Given their apparent resistance to other orthomyxoviruses such as ISA, it is not known whether chinook 

salmon are susceptible to POMV, and at this time there is no evidence that POMV occurs in pilchards in 

New Zealand.  In 1995, widespread mortalities of pilchards infected by the first outbreak of pilchard 

herpesvirus (PHV) were observed in New Zealand, after PHV disease spread throughout populations of 

pilchards in Australia (Whittington et al. 2008).  It appears the herpesvirus was introduced into New 

Zealand in 1995 via infected frozen pilchards used as bait 4 weeks after a shipment of infected pilchards 

was received from Bremer Bay, Western Australia (Hine 1995, Fletcher et al. 1997, Crockford 2007, 

P.M Hine, personal communication).  However in 1998-99 a second epizootic due to PHV in Australia 

did not reach New Zealand, probably due to immediate implementation of a temporary ban on 

movements of frozen pilchards from Australia to New Zealand during the entire course of the second 

event (P.M. Hine and B.K Diggles, personal observation). Taking these factors into consideration, it is 

considered unlikely that POMV infected pilchards from Australia would be able to naturally reach New 

Zealand and precipitate a disease outbreak in cultured salmon without human intervention. 

Best practice management 

Because salmon farming is done in seacages in regions where wild fishes occur, it is impossible to fully 

control the presence of viral disease agents in the rearing environment.  There are no effective 

treatments for viral diseases and prevention is the key form of management.  Screening of broodstock 

for key viruses and vaccination of seedstock can be highly effective in controlling the spread of viral 

diseases (Nylund et al. 2007, Munro et al. 2010).  Maximising water quality and reducing or eliminating 

exposure to pollutants such as pesticides can also assist in maximizing immune competence of cultured 

fish, which can reduce the prevalence and severity of viral diseases (Clifford et al. 2005).  Good 

husbandry that includes prevention of fish escapes, frequent removal of sick or dead fish, optimising 

fish nutrition, control of potential vectors, and implementation of effective on farm biosecurity controls 

(e.g. disinfection) at critical areas such as personnel entry points are also useful preventative measures.  

Biosecurity strategies that have also been used at an industry planning level to minimize the risk of 

outbreaks of viral diseases such as ISA have included use of independent farm management areas where 

production from several farming sites can be co-ordinated and synchronised using single year classes of 

fish, and where integrated disease management procedures that include site fallowing can be 

implemented if necessary (Munro et al. 2003, Chang et al. 2007, Marine Harvest 2008, Brooks 2009, 

Jones et al. 2015).  Separation of the farm management areas by buffer zones of sufficient distance to 

reduce the risk of horizontal disease transmission via movements of water and wild fishes is also useful 

to avoid and/or control outbreaks of viral disease (Scheel et al. 2007).  When best practice disease 
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management methods such as those mentioned above are utilized, risks of viral pathogen transmission 

to wild fish populations are effectively mitigated (Jones et al. 2015).   

2.2 Bacterial diseases 

Overview 

All fish have a “normal” bacterial flora that changes seasonally (Bisset 1948) and which is moved with 

the fish whenever the host is translocated.  There are also facultative bacterial pathogens such as those 

in the Flavobacterium/Cytophaga/Tenacibaculum group (including Tenacibaculum maritimum) and 

Vibrio sp. groups that are considered to be ubiquitous in aquatic environments (Austin and Austin 

2007), including in New Zealand (Diggles et al. 2002), but certain strains of which can cause disease 

and mortalities in a wide range of aquatic animals that are stressed, injured and/or exposed to adverse 

environmental conditions.  However there are also specific bacterial pathogens that are not considered 

to be ubiquitous and which are limited in their distribution (Toranzo et al. 2005).  The latter include 

typical strains of Aeromonas salmonicida, which can cause Furunculosis (A. salmonicida subsp 

salmonicida), and atypical strains of A. salmonicida which can cause other diseases such as goldfish 

ulcer disease.  Both typical and atypical strains of A. salmonicida have been translocated to new areas 

with movements of live, dead and frozen fish (Ostland et al. 1987, Whittington et al. 1987).  Atypical 

strains of A.salmonicida, the cause of goldfish ulcer disease, occur in Australia and Atlantic salmon 

(Salmo salar) in that country were shown to be extremely vulnerable to infection (Whittington and 

Cullis 1988), but fortunately typical strains of A. salmonicida have not been recorded from New 

Zealand to date (Diggles et al. 2002, McIntyre et al. 2010). However, in the spring of 2011 wild 

lampreys (Kanakana, Geotria australis) were reported with haemorrhagic external lesions in several 

river systems in Southland. Testing by MAF Biosecurity using molecular probes confirmed that an 

uncharacterized, unculturable atypical strain of A. salmonicida was associated with the lesions but was 

not acting as a primary pathogen (MAF Biosecurity 2011, Brian Jones, personal communication 29 May 

2016).  The bacterium Yersinia ruckeri occurs in freshwater and is the causative agent of enteric 

redmouth disease (ERM), which was first described in rainbow trout from the Hagerman Valley, in 

Idaho, USA in the 1950s (Rucker 1966).  ERM was reported for the first time in Europe in the 1980’s, 

with the bacterium possibly being introduced through movements of live baitfish from the USA (Michel 

et al. 1986, Davies 1990).  A different strain of Y. ruckeri occurs in New Zealand, where it occasionally 

infects juvenile chinook salmon reared in freshwater causing the milder disease yersinosis (Diggles et 

al. 2002). Bacterial Kidney Disease caused by Renibacterium salmoninarum causes chronic mortality in 

seacage cultured chinook and coho salmon in British Columbia (Kent and Poppe 1998).  Piscirickettsia, 

Francisella, and other rickettsia-like organisms (RLOs) have been problematic in the culture of salmon 

in several regions of the world (Corbeil et al. 2005, Colquhoun and Duodu 2011), including chinook 

salmon in British Columbia (Kent and Poppe 1998), Atlantic salmon in Australia (Corbeil et al. 2005, 

Corbeil and Crane 2009), and most recently in chinook salmon in New Zealand (MPI 2015).  The onset 

of piscirickettsial disease in salmonids usually occurs after transfer of fish from freshwater to seawater 

net pens and wild marine fish are likely candidates as reservoirs for Piscirickettsia-like bacteria (PLB) 

(Mauel and Miller 2002, Colquhoun and Duodu 2011).   
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Environmental impacts 

Bacteria originating from cultured salmonids generally have minimal impact on wild populations of 

finfish or other aquatic animals.  Optimisation of the rearing environment and elimination of stressors 

such as low oxygen or overstocking, and incorporation of routine fish health management procedures 

(see below) are usually sufficient to prevent most bacterial infections from reaching intensities that 

could promote “backspill” infection of wild fish stocks.  Consequently, there is little evidence that most 

types of bacteria harboured by cultured fish can cause clinical disease in wild fish, however spread of 

furunculosis from cultured salmonids in Norway into naïve populations of wild salmonids has been 

observed (Johnsen and Jensen 1994), with potentially detrimental impacts on wild salmonids being 

noted by those authors.  On the other hand, it is well established that wild fish act as reservoirs of 

infection of aquacultured fish with many bacterial disease agents (Kent and Poppe 1998), and the vast 

majority of detections of significant bacteria such as A. salmonicida in wild fishes are from 

asymptomatic carrier fish (Nomura et al. 1993). 

Best practice management 

Best practice management of bacterial diseases include many of the management methods used to 

minimize spread of viral disease agents.  As bacterial disease agents are usually opportunistic 

pathogens, good husbandry that reduces/eliminates physical handling of fish to avoid damage to skin 

and fins, optimising fish nutrition, maximising water quality to maximize immune competence 

(including maintaining dissolved oxygen levels above 6 mg/L, reducing temperature and salinity 

fluctuations and avoiding temperature extremes and exposure to pollutants (Ellard 2015)), and prompt 

removal of moribund or dead fish can markedly reduce the prevalence and severity of bacterial diseases 

(Kent and Poppe 1998).  Many bacteria are susceptible to antibiotic treatment which is usually 

administered in-feed (Kent and Poppe 1998), however resistance to antimicrobials can develop, and 

vaccination is being increasingly used to reduce or eliminate bacterial diseases in seacage growout of 

salmonids and other marine fishes (Håstein et al. 2005).  

2.3 Fungal diseases 

Overview 

Several types of fungi are considered to be ubiquitous opportunistic saprobes which can overwhelm the 

innate immune system and infect aquatic animals that are injured, stressed or immunocompromised by 

exposure to suboptimal conditions, such as pollutants or rapid drops in water temperature (Roberts 

2001).  Examples include oomycete water moulds such as Saprolegnia which are well known 

opportunistic invaders of compromised salmonids or their eggs in freshwater areas (Roberts 2001), and 

Exophiala spp. which have caused disease in salmonids cultured in seacages (Kent and Poppe 1998).  

However there are also other fungus-like pathogens of salmonids that are not considered to be 

ubiquitous in their distribution, such as Ichthyophonus hoferi which is a fungus-like protistan that has 

caused disease in salmonids reared in seawater (Kent and Poppe 1998).  Icthyophonus hoferi has low 
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host specificity, infecting at least 70 species of fish (Zubchenko and Karaseva 2002), including brown 

trout, rainbow trout and Atlantic salmon in Tasmania (Slocombe 1980, Ellard 2015).  The closely 

related rosette agent is considered to be an obligate intracellular 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 (Sina et al. 2005, Gozlan et al. 

2009).  The fungus-like rosette agent has never been recorded in the southern hemisphere. 

Environmental impacts 

There is no evidence that fungi harboured by cultured salmonids can cause increased disease in wild 

fish.  Optimisation of the rearing environment and reduction of stressors are usually sufficient to prevent 

most fungal infections from progressing.  On the other hand, it is well established that wild fish can act 

as reservoirs of infection of aquacultured fish with many fungal disease agents (Kent and Poppe 1998), 

and indeed, Ichtyophonus hoferi is well known to naturally cause disease, morbidity and even mass 

mortality in wild fishes (Zubchenko and Karaseva 2002), as well as in cultured fishes fed I. hoferi 

infected wild fishes (Slocombe 1980). 

Best practice management 

Best practice management of fungal diseases include many of the management methods used to 

minimize spread of viral and bacterial disease agents.  As many fungal disease agents are ubiquitous 

opportunistic pathogens that usually secondarily invade damaged tissues, good husbandry that 

reduces/eliminates physical handling of fish to avoid damage to skin and fins, optimising fish nutrition, 

maximising water quality, including maintaining dissolved oxygen levels above 6 mg/L, reducing 

temperature and salinity fluctuations and avoiding temperature extremes and exposure to pollutants to 

maximize immune competence can reduce the prevalence and severity of fungal diseases.  Use of 

formulated pellet diets and avoidance of natural feeds may be 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).  Use of hydrogen peroxide or 

iodophores can reduce water mould infections of eggs, however treatment of growout fish with other 

fungicidal drugs is usually problematic due to the potential for residues that conflict with strict food 

safety requirements (Kent and Poppe 1998).   

2.4 Protozoal diseases 

Overview 

A variety of diseases caused by protozoan agents have been recorded from salmonids cultured in 

seacages, including infections by amoebae, microsporidians, flagellates and ciliates (Kent and Poppe 

1998).  Cultured salmonids in many parts of the world are adversely affected by amoebic gill disease 

(AGD), which is caused by infection of the gills with free living amoebae, predominantly 

Neoparamoeba perurans (see Young et al. 2007, Young et al. 2008).  Neoparamoeba perurans has been 
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recorded in chinook salmon in New Zealand in the absence of disease (Young et al. 2008), and chinook 

salmon appear relatively resistant to this disease agent (Munday et al. 2001).  Microsporidians are 

obligate, intracellular parasites that infect arthropods, fish, and mammals (Lom and Dykova 1992).  In 

fish, microsporidian infections can be widespread in various tissues or concentrated into cysts that are 

often grossly visible.  The lifecycle is usually direct, but can include an intermediate host (Vossbrinck et 

al. 1998).  The microsporidian Loma salmonae infects the gills and other vascularized tissues of wild 

and hatchery-reared salmonids in fresh water throughout the Pacific Northwest (Kent et al. 1995).  

Severe gill infections have been reported in cultured rainbow trout (Oncorhynchus mykiss) and kokanee 

salmon (O. nerka), while systemic infections by L. salmonae have also been reported in cultured 

chinook salmon.  The susceptibility of various salmonid species to Loma was investigated by Ramsay et 

al. (2002), and chinook salmon was shown to be the most susceptible species.  Although the gill is the 

primary site of infection, parasites and associated lesions can occur elsewhere, including the heart, 

spleen, kidney, and pseudobranch.  Loma salmonae is considered to be a freshwater parasite, but 

infections can persist after fish are transferred to seawater (Kent and Poppe 1998).  This parasite has not 

been recorded in the southern hemisphere.  The flagellates Ichthyobodo, Hexamita and Cryptobia have 

caused mortality in a range of species of seacaged salmonids in the northern hemisphere (Kent and 

Poppe 1998).  Hexamita salmonis is normally a parasite of the intestinal tract of salmon in freshwater, 

but it persisted after transfer of fish to marine sites and caused severe disease and up to 50% mortalities 

in seacage cultured chinook salmon in British Columbia (Kent and Poppe 1998).  Ichthyobodo necator 

and Cryptobia salmositica are other flagellate parasites of freshwater fishes that can persist on 

salmonids after transfer into seawater, causing disease in chinook salmon (Kent and Poppe 1998).  The 

ciliate Ichthyophthirius multifiliis is a ubiquitous parasite that is responsible for white spot disease in 

freshwater fish (Matthews 2005).  Ichthyophthirius multifiliis can infect salmonids during the freshwater 

stages of the production cycle, but the parasite cannot complete its lifecycle in seawater. The only 

ciliates that have been recognised to cause disease in seacaged salmon are Trichodina spp., which can 

occur on the skin and gills (Kent and Poppe 1998). 

Environmental impacts 

There is no evidence that protozoans harboured by cultured salmonids can cause increased disease in 

wild fish.  Amoebae responsible for AGD are ubiquitous and free living in the environment (Bridle et al. 

2010) and only proliferate on the gills and cause disease in fish cultured under certain situations (Kent et 

al. 1988).  Although common in wild salmon, L. salmonae is not usually considered a severe pathogen 

in wild salmon (Kent et al. 1998, Kent 2000).  In contrast, wild fish are recognized as reservoirs of 

infection of many parasitic protozoans, including flagellates and ciliates that only become problematic 

in aquacultured fish held at high densities. 

Best practice management 

Best practice management of protozoan diseases include many of the management methods used to 

minimize spread of viral, bacterial and fungal disease agents.  Good husbandry that reduces/eliminates 

physical handling of fish to avoid damage to skin and fins, optimising fish nutrition, maximising water 

quality, including maintaining dissolved oxygen levels above 6 mg/L, reducing temperature and salinity 
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fluctuations and avoiding temperature extremes and exposure to pollutants to maximize immune 

competence can reduce the prevalence of protozoan diseases.  Proliferation of protozoan parasites is 

encouraged by high stocking densities (Crosbie et al. 2010), hence use of moderate stocking densities is 

recommended.  Protozoan infections can be reduced by bathing seacaged fish in freshwater, hydrogen 

peroxide or formalin baths, though this is a laborious process that increases production costs.   

2.5 Metazoan diseases 

Overview 

Salmonids in seacages can be infected by a wide range of metazoan disease agents, including 

myxosporeans, copepods, monogeneans, digeneans, cestodes, and nematodes (Kent and Poppe 1998, 

Kent 2000).  Some metazoan parasites have complicated multi-host lifecycles (Rohde 1984), while 

others (particularly ectoparasitic monogeneans and crustaceans) have direct lifecycles which can be 

readily completed when fish are confined at high densities in seacages.  Several species of myxosporean 

parasites have been recorded in seacage cultured salmonids, including Kudoa thyrsites, Chloromyxum 

truttae, Myxobolus spp. and Parvicapsula sp. (see Kent and Poppe 1998). The lifecycle of many 

myxosporeans requires invertebrate intermediate hosts (Markiw and Wolf 1983, Wolf and Markiw 

1984), though it appears that some myxosporeans can be transmitted directly (Diamant 1997, Swearer 

and Robertson. 1999, Yasuda 2002).  Species such as K. thyrsites which causes muscle liquefaction, 

appear ubiquitous (Moran and Kent 1999, Moran et al. 1999a, Whipps et al. 2003).  While Kudoa spp. 

have been recorded from New Zealand fishes (Hine et al. 2000), K. thyrsites has not been officially 

recorded (Hine et al. 2000), though known hosts (barracouta, Thyrsites atun) are present in New 

Zealand and indeed juvenile T. atun have been observed in seacages with cultured salmon (B. Diggles, 

personal observations).  Attempts to transfer K. thyrsites infection by feeding spores to Atlantic salmon 

failed to transmit infection, however Atlantic salmon held in seacages in marine waters where K. 

thyrsites was enzootic became infected within 2 weeks (Moran et al. 1999b).  This suggests that fish in 

seacages may become infected indirectly through contact with infective stages (actinospores) released 

by intermediate hosts, directly by eating presporogonic stages excreted by other infected fishes (or via 

cannibalism), or even by obtaining presporogonic stages via blood transferred by blood feeding vectors 

such as copepods or leeches (Moran et al. 1999b).  

Crustacean ectoparasites of fish invade the fins, gills, skin and other body cavities (Kabata 1984).  Their 

lifecycles are direct with fish being infected by planktonic copepodid larval stages that hatch from eggs 

deposited by adult copepods (Kabata 1984).  Several types of crustaceans have been recorded from 

salmonids cultured in seacages.  These include members of the families Caligidae (Sealice), Ergasilidae, 

Penellidae, isopods and branchiurans (Kent and Poppe 1998).  Wild salmonids and other marine fish are 

the usual reservoirs for crustacean parasites that affect cultured salmonids (Brooks 2009, Gottesfeld et 

al. 2009, Penston et al. 2011, Molinet et al. 2011).  Of the various groups of crustacean ectoparasites, 

sealice infections are responsible for the majority of problems in seacage culture of salmonids in the 

Northern hemisphere and Chile (Krkosek et al. 2005, Costello 2006, 2009, Todd 2007, Molinet et al. 

2011), while deaths due to consumption of free living isopods by seacaged fish has been recorded in 

salmon culture in New Zealand (Boustead 1989).  



 
 

 

 
 
 
 16 

. 
  www.digsfish.com 

Monogeneans are ectoparasitic helminths with direct lifecycles that are occasionally seen in cultured 

salmonids in the northern hemisphere, but are seldom problematic (Kent and Poppe 1998).  Digeneans, 

cestodes and nematodes are endoparasitic helminths that live in the gastrointestinal tract of fishes and 

other vertebrates.  The digenean lifecycle requires a molluscan first intermediate host with plankton 

eating fishes as final hosts, or second intermediate hosts in some lifecycles where final hosts include 

larger fishes, birds and mammals.  The cestode lifecycle generally requires crustaceans (e.g. copepods) 

as the first intermediate host with plankton eating fishes as final hosts, or second intermediate hosts in 

some lifecycles where final hosts include larger fishes, sharks, birds or mammals (Rohde 1984, Noga 

2010).  The lifecycle of nematodes requires crustaceans (e.g. copepods) as the first intermediate host 

with plankton eating fishes as final hosts, or second intermediate hosts in some lifecycles where final 

hosts include larger fishes, birds or mammals (Rohde 1984).  Salmonids in seacages worldwide can be 

infected by several species of digeneans, cestodes and nematodes if the fish consume natural prey items 

such as molluscan or crustacean intermediate hosts (Kent and Poppe 1998), but these helminth 

infections naturally occur in wild fishes and seldom, if ever, cause disease.   

Environmental impacts 

The environmental impacts of the majority of metazoan disease agents of cultured salmonids are 

negligible, however there is evidence in some regions of the world where intensive salmon farming 

occurs in seacages and salmonids are native fishes that occur naturally in the wild, that farmed salmon 

can act as reservoirs of sea lice (mainly Lepeophtheirus salmonis, but also other species including 

Caligus elongatus) which can result in increased “spillback” infection of wild salmonids that must swim 

past seacage sites during their migrations (Krkosek et al. 2005, Costello 2006, 2009, Todd 2007, Jones 

et al. 2015).  The additional infection pressure exerted by salmon farms can increase sea lice burdens on 

wild fish, potentially resulting in increased morbidity or even mortality in juveniles leaving salmon 

rivers or early river entry in adult fish returning to rivers to spawn (Krkosek et al. 2005, Wells et al. 

2007, Todd 2007, Costello 2009).  Experimental treatment of wild salmon to remove sealice increased 

salmon survival by odds ratios of 1.14 – 1.17 in Irish and Norwegian studies, respectively, although 

meta-analyses by other authors conclude sealice treatments improve wild salmon survival even more 

(Jones et al. 2015).  The ongoing scientific debate regarding the quantitative effect of sea lice infection 

on wild salmonids emphasises the challenges associated with attempting to quantify the incremental 

impact of these parasites within wild fish populations already experiencing >95% natural mortality 

(Jones et al. 2015). 

Best practice management 

Best practice management of metazoan diseases include many of the management methods used to 

minimize spread of viral, bacterial, fungal and protozoan disease agents.  Good husbandry that 

optimises fish nutrition, and ensuring the best possible water quality will maximize immune competence 

and potentially reduce the prevalence of some metazoan disease agents.  Proliferation of metazoan 

parasites is encouraged by high stocking densities, hence use of moderate stocking densities is 

indicated.  Biosecurity strategies that have also been used at an industry planning level to minimize the 

risk of sealice outbreaks include use of independent farm management areas where production from 
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several farming sites can be co-ordinated and synchronised, and where integrated disease management 

procedures that can include site fallowing can be implemented if necessary (Chang et al. 2007, Brooks 

2009).  Separation of the farm management areas by buffer zones of sufficient distance to reduce the 

risk of horizontal disease transmission via water movements is also useful to avoid and/or control 

outbreaks of disease caused by sealice (Brooks 2009).  Sealice have been controlled in salmon cultured 

in the northern hemisphere through oral administration of drugs such as emamectin benzoate (SLICE) 

and, more recently, by exposure to warm freshwater baths1.  There are no drugs commercially available 

to control myxosporean infections, however regular cleaning of nets may help remove a range of 

invertebrates that are potential intermediate hosts for myxosporeans such as K. thyrsites.  Most helminth 

infections can be reduced by oral treatment with anthelmintics, while many types of ectoparasitic 

metazoans can also be managed by bathing seacaged fish in freshwater, formalin or hydrogen peroxide 

baths, though this is a laborious process that increases production costs.   

3.0 Description of the existing environment -Disease Agents in 
New Zealand Salmon 

A comprehensive review of the literature relating to the diseases and parasites of salmon (Oncorhynchus 

tshawytscha, O. nerka) in New Zealand was conducted, including key references such as Boustead 

(1982, 1989), Anderson (1995, 1996, 1998), Hine et al. (2000), Diggles et al. (2002), McIntyre et al. 

(2010) and the references cited therein.  Information was also obtained by searching multiple electronic 

databases including Cambridge Scientific Abstracts, Scirius, Scopus and Web of Knowledge with 

keywords salmon and New Zealand.  Unpublished data relating to the infectious and non-infectious 

diseases of chinook salmon encountered by NZ King Salmon veterinarians was also included.  A list of 

the known diseases and parasites of wild and cultured salmon in New Zealand is contained in Table 1.  

The list contains 22 infectious disease agents of wild and cultured salmon, including 1 virus (aquatic 

birnavirus), 5 bacterial diseases, 1 fungal disease, 3 protozoan disease agents and 12 metazoan disease 

agents (Table 1).  The list also contains 12 non-infectious diseases that have been reported mainly from 

cultured salmon (Table 1).   

 

 

                                                   
1 http://www.steinsvik.no/en/products/e/seaculture/fish-health/thermolicer  
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Table 1.  List of the known infectious and non-infectious diseases and parasites recorded from 
wild and cultured salmon (Oncorhynchus spp.) in New Zealand. 

Disease  Under 
official 
control 

Occurs in 
cultured 
salmon in NZ 

May cause 
significant disease 
in wild marine fish 

May cause 
significant disease 
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 (Table 1), the next step in the assessment 

of environmental effects is to identify those diseases that represent potential hazards to the environment.  

For the remainder of this risk assessment, the commodity being considered will be chinook salmon (O. 

tshawytscha) reared in sea cages in the Marlborough Sounds. 

4.1 Hazard Identification 

To determine which diseases are likely to represent hazards to the environment, the criteria for 

consideration during the hazard identification process were as follows:  

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

1. Is the disease agent infectious ?, and; 

2. Whether chinook salmon cultured in seacages could potentially be infected by the disease agent.  

For any disease agent, if the answers to both questions 1 and 2 was ‘yes’, it was classified as a potential 

hazard (Figure 1).  For all potential hazards, any of those considered likely to cause detrimental impacts 

to the environment based on one or more of the following criteria were classed as diseases of concern 

that required detailed risk assessment.  The criteria used included whether: 

• If the disease agent is "under official control", by its listing in New Zealand’s national list of 

reportable diseases of aquatic animals (Table 2); and/or 

• it would be expected to cause a distinct pathological effect in an infected population; and/or 

• it would be expected to cause economic harm (e.g. increased mortality, reduced growth rates, 

decreased product quality, loss of market access, increased costs); and/or 

• it would be expected to cause damage to the environment and/or endemic species (defined as 

either native species that occur naturally in New Zealand’s waters, or species that were 

introduced into New Zealand and are now considered to be acclimatised). 

The process used for decision making in relation to the hazard identification process is summarised in 

Figure 1.  Non-infectious diseases and infectious disease agents that are not considered likely to cause a 

distinct pathological effect in affected populations, and/or economic harm, and/or damage to the 

environment were considered to represent a negligible risk, and were excluded from further assessment.  

The reasons why these other infectious disease agents were excluded 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 process used to identify diseases of concern in 
the hazard identification step. 

No 

Identified as a disease of 
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Table 2.  New Zealand’s national list of reportable diseases of finfish (ie. diseases under official 
control).   

New Zealand’s National List of 
Reportable Diseases of Finfish (as of Aug 2016) 

Listed in the 
OIE Aquatic 
Animal Health 
Code (2016) 

Exotic to New 
Zealand 

Found in 
salmon in  
New Zealand 

 
1. Bacterial kidney disease (Renibacterium salmoninarum)  �  
2. Enteric redmouth disease (Yersinia ruckeri – Hagerman strain)  �  
3. Epizootic haematopoietic necrosis – EHN virus � �  
4. Epizootic ulcerative syndrome (Aphanomyces invadans) � �  
5. Furunculosis (Aeromonas salmonicida subsp. salmonicida)  �  
6. Gyrodactylosis (Gyrodactylus salaris) � �  
7. Infectious haematopoietic necrosis – IHN virus � �  
8. Infectious pancreatic necrosis (exotic strains) – IPN virus   �* 
9. Infectious salmon anaemia – ISA virus � �  
10. Koi herpesvirus disease – KHV � �  
11. Oncorhynchus masou virus  � �  
12. Red sea bream iridoviral disease � �  
13. Spring viraemia of carp – SVC virus � �  
14. Viral haemorrhagic septicaemia – VHS virus � �  
15. Whirling disease (Myxobolus cerebralis)   � 
    

* A birnavirus within IPNV Genogroup 5 has been found in returning sea 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 of salmon do not pose a threat to the natural 

environment, as by definition they are non-infectious and cannot be transmitted to other marine fishes or 

other aquatic animals.  However, one exception to this rule is algal blooms, which represent a risk to not 

only cultured salmon, but also other aquatic animals and the wider environment (Chang et al. 1990, 

2001).  Increased risk of algal blooms can sometimes be linked to increased nutrient loads from seacage 

aquaculture in regions where flushing of nutrients is insufficient (Buschmann et al. 2006, San-Diego et 

al. 2008), however a range of other environmental conditions are also usually required before conditions 

are suitable for algal blooms to occur (Diggles et al. 2002).  Evaluation of the potential environmental 

effects in relation to nutrient loading due to the proposed planning changes are outside the scope of this 

document, and are covered elsewhere in the planning documents (such as in the NIWA report on 

Modelled water column effects on potential salmon farm relocation sites in Pelorus Sound).  The 

reasons why some other infectious disease agents were excluded from detailed risk assessment are 

elaborated upon below. 

4.2.2 Bacteria 

Bacterial gill disease, coldwater disease including Flexibacter spp./Tenacibaculum spp.   
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Flavobacteria including members of the genera Flexibacter, Tenacibaculum, Flavobacterium, and 

Cytophaga are ubiquitous in aquatic environments (Austin and Austin 2007, Pulkkinen et al. 2010), but 

some strains are facultative pathogens that can cause disease (for example, columnaris, bacterial gill 

disease, fin rot, gill rot) and mortalities in freshwater and marine fish that are stressed, injured and/or 

exposed to adverse environmental conditions (Mitchell and Rodger 2011).  Freshwater genera include 

Flavobacterium columnare (agent of columnaris disease), F. psychrophilum (agent of cold water 

disease) and F. branchiophilium (agent of bacterial gill disease), while the marine equivalent is 

Tenacibaculum (formerly Flexibacter) maritimus (see Diggles et al. 2002).  The freshwater 

flavobacteria found on salmon in New Zealand (Boustead 1989), including F. psychrophilum which has 

been isolated from trout (B. Jones, personal communication, 29 May 2016), do not grow at marine 

salinities and hence they do not affect marine fish.  On the other hand, Tenacibaculum maritimus can 

cause disease in marine fish, but the bacterium is already ubiquitous in the New Zealand marine 

environment and has been previously identified from several species including snapper (Pagrus 

auratus) and blue cod (Parapercis colias) (Diggles et al. 2002, B.K. Diggles, personal obs.) as well as 

more recently in cultured salmon (MPI 2015). Good husbandry methods such as conservative stocking 

densities, avoidance of temperature extremes, avoiding damage to fish during handling, maintenance of 

high water quality and prompt removal of dead fish from tanks and cages can significantly limit the 

proliferation of these bacteria in cultured fish (Boustead 1989, Diggles et al. 2002, Pulkkinen et al. 

2010). Tenacibaculum maritimus occurs naturally on wild fish and other aquatic animals in the absence 

of disease, and have also been found in large numbers on jellyfish, which may act as vectors for T. 

maritimus infections of seacage cultured salmon if the salmon are damaged by contact with jellyfish 

tentacles (Ferguson et al. 2010).  Because these disease agents are already ubiquitous in the marine 

environment and only cause disease in cultured fish held in stressful conditions at high densities, these 

bacteria are unlikely to pose a threat to wild fishes or other aquatic animals in the Marlborough Sounds, 

and thus they do not need to be considered further.  

Vibrio spp. 

Bacteria of the genus Vibrio are ubiquitous in marine environments (Egidus 1987, Austin and Austin 

2007), and several species within the genus are facultative pathogens that can cause disease and 

mortalities in marine fish that are stressed, injured and/or exposed to adverse environmental conditions 

(Austin and Austin 2007).  At least two species of Vibrio have been recorded from salmon in New 

Zealand, including Vibrio anguillarum and V. 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 damaged fish anywhere in the New 

Zealand marine environment (Diggles et al. 2002). Good husbandry methods such as conservative 

stocking densities, avoidance of damage to fish during handling, maintenance of high water quality and 

prompt removal of dead fish from tanks and cages can significantly limit the proliferation of these 

bacteria in cultured fish (Boustead 1989, Diggles et al. 2002). Because these disease agents are already 

ubiquitous in the marine environment and only cause disease in cultured fish that are damaged or held in 

suboptimal conditions, these bacteria are unlikely to pose a threat to wild fishes or other aquatic animals 

in the Marlborough Sounds, and thus they do not need to be considered further. 
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Yersinia ruckeri (Yersinosis) 

The bacterium Yersinia ruckeri is a member of the family Enterobacteriaceae, and has a worldwide 

distribution (Carson and Wilson 2009). This bacterium has been associated with disease in cultured 

freshwater fishes, mainly salmonids, but also eels, goldfish, carp and others (Tobback et al. 2007, 

Carson and Wilson 2009).  In New Zealand, Y. ruckeri has been isolated in salmon from freshwater 

hatcheries on the east coast of the South Island (Anderson et al. 1994, Anderson 1995, Diggles et al. 

2002), but given its ubiquitous distribution worldwide, it is likely that the bacterium is enzootic in the 

New Zealand environment (Diggles et al. 2002), though it has only been detected at salmonid hatcheries 

(Anderson et al. 1994).  Infection with Y. ruckeri results in bacterial septicaemia and disease is most 

commonly detected due to exophthalmos and blood spots in the eye (Anderson et al. 1994).  The 

severity of the disease is dependant upon the virulence of the variant of the bacterium involved and 

environmental conditions, being most problematic at higher water temperatures and high stocking 

densities (Tobback et al. 2007).  Acute infections in trout with the 'Hagerman’ strain are referred to as 

enteric red mouth (ERM), however in New Zealand the 'Hagerman’ strain is considered exotic (Carson 

and Wilson 2009), and a milder form of the disease that occurs in salmon is termed yersiniosis.  

Yersinia ruckeri is considered an opportunistic pathogen that rarely causes disease in healthy unstressed 

fish.  Disease outbreaks associated with Y. ruckeri in cultured salmon occur almost exclusively in 

freshwater hatcheries when they are injured or held in high densities under poor conditions (Anderson et 

al. 1994, Anderson 1997, Carson and Wilson 2009), though smolts previously exposed to the bacterium 

in freshwater may become diseased if they become stressed after transfer to saltwater (Sparboe et al. 

1986).  The risk of outbreaks of marine yersinosis in cultured salmon is greatly reduced through 

maximising water quality during the freshwater hatchery phase and vaccination prior to seawater 

transfer (Ellard 2015).  The survival of the bacterium is greatly reduced in seawater (Thorsen et al. 

1992), and adhesion of the bacterium to fish is inhibited at higher salinities, preventing entry (Altinok 

2004), hence the disease does not affect obligate marine fish (Tobback et al. 2007).  Because of this, Y. 

ruckeri is unlikely to pose a threat to wild fishes or other aquatic animals in the Marlborough Sounds, 

and thus this disease agent does not need to be considered further.  

4.2.3 Fungi 

Saprolegnia spp. 

Water moulds (Class Oomycetes) of the genus Saprolegnia (Family Saprolegniales) are ubiquitous in 

freshwater environments worldwide (Noga 2010).  Saprolegnia spp. are common opportunistic 

saprophytes which are associated with disease in freshwater only when the host fish is compromised or 

stressed (Roberts 2001).  These fungi can infect all species of freshwater finfish in New Zealand, 

including salmon, trout, eels, and native species, as well as their eggs (Hine and Boustead 1974).  Good 

husbandry methods such as avoidance of damage to eggs or fish during handling, maintenance of high 

water quality and avoidance of extremes in water temperature can significantly limit the proliferation of 

these fungi in cultured fish (Noga 2010). However, these fungi do not tolerate salt and they cannot 

survive in seawater (Noga 2010).  Because of this, freshwater moulds and fungi are unlikely to pose a 
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threat to wild fishes or other aquatic animals in the Marlborough Sounds, and thus they do not need to 

be considered further. 

4.2.4 Protozoa 

Chilodonella spp. and  Ichthyophthirius multifiliis 

Ciliate protozoans of the genera Chilodonella and Ichthyophthirius multifiliis infect a wide range of 

species of freshwater fishes worldwide, including both wild and captive freshwater fishes in New 

Zealand (Diggles et al. 2002).  These parasites can infect salmon in New Zealand (Boustead 1989), and 

because their direct lifecycle includes multiplication by binary fission (Chilodonella spp.) or within the 

benthic encysted tomont stage (I. multifiliis), heavy infections can quickly lead to epizootics when fish 

are held at high densities and are left untreated.  However, these protozoa do not tolerate salt (Selosse 

and Rowland 1990, Roberts 2001) and they cannot survive in seawater.  Because of this, they are 

unlikely to pose a threat to wild fishes or other aquatic animals 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 have been recorded from a wide range of 

marine and freshwater fish species throughout New Zealand (Hine et al. 2000).  Their indirect lifecycle 

requires a molluscan first intermediate host with plankton eating fishes as final hosts, or second 

intermediate hosts in some lifecycles where final hosts include larger fishes, birds and mammals. Under 

most circumstances, the multi host lifecycles of these parasites reduce the risk of their translocation, 

because additional hosts need to occur in the receiving environment in order to complete the life cycle.   

Four species of digeneans have been recorded from wild salmon in New Zealand (Table 1).  All of these 

are parasites of endemic marine fishes (Hine et al. 2000) which have low host specificity and switched 

hosts to the introduced salmon during the oceanic stages of their lifecycle (Margolis and Boyce 1990).   

Infected salmon become infected with these parasites through consumption of intermediate hosts or 

natural exposure to infective stages in natural food items (Margolis and Boyce 1990).  Because cultured 

salmon are fed artificial feeds, they are not regularly exposed to infective stages of digenean parasites 

via the diet, and hence they do not tend to pick up large numbers of these parasites during their time in 

seacages, though they can occasionally become infected by preying on natural prey items which may 

stray into the seacages.  Because of these reasons, they are unlikely to pose a threat to wild fishes or 

other aquatic animals in the Marlborough Sounds, hence these disease agents do not need to be 

considered further.  

Nematodes and Cestodes 
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Nematodes and cestodes are endoparasitic helminths that live in the gastrointestinal tract of a wide 

variety of fishes in New Zealand (Hine et al. 2000).  Their lifecycle generally requires crustaceans as the 

first intermediate host with plankton eating fishes as final hosts, or second intermediate hosts in some 

lifecycles where final hosts include larger fishes, sharks, birds or mammals (Rohde 1984, Noga 2010).  

Under most circumstances, the multi host lifecycles of these parasites reduce the risk of their 

translocation, because additional hosts need to occur in the receiving environment in order to complete 

the life cycle.  Two species of cestodes and two species of nematodes have been recorded from wild 

salmon in New Zealand (Table 1).  All of these are parasites of endemic marine fishes (Hine et al. 2000) 

which have low host specificity and switched hosts to the introduced salmon during the oceanic stages 

of their lifecycle (Margolis and Boyce 1990).  The salmon become infected with these parasites through 

consumption of intermediate hosts or natural exposure to infective stages in natural food items 

(Boustead 1989, Margolis and Boyce 1990).  Because cultured salmon are fed artificial feeds, they are 

not regularly exposed to infective stages of helminth parasites via the diet, and hence they do not tend to 

pick up large numbers of these parasites during their time in seacages, though they can occasionally 

become infected by preying on natural prey items which may stray into the seacages.  Because of these 

reasons, they are unlikely to pose a threat to wild fishes or other aquatic animals in the Marlborough 

Sounds, and hence these disease agents do not need to be considered further.  

Crustaceans 

Parasitic crustaceans, mainly isopods and copepods, live on the body surfaces, gills and in the 

musculature of a wide variety of marine and freshwater fishes (Hine et al. 2000).  Their lifecycles are 

direct with fish being infected by planktonic copepodid larval stages that hatch from eggs deposited by 

adult copepods (Kabata 1984).  In New Zealand, three species of crustaceans have been recorded from 

salmon.  One of these is Paenodes nemaformis, a copepod that usually infects brown trout in freshwater, 

but there is also a single record of it infecting chinook salmon from Queenstown, also in freshwater 

(Boustead 1989).  A species of isopod, Cirolana spp., was found in the mouth of returning sea run 

chinook salmon (Boustead 1982).  Other free living isopods can sometimes be ingested by salmon in 

seacages, survive being swallowed and damage the stomach and internal organs, causing death 

(Boustead 1989). Paenodes nemaformis is a parasite of freshwater fishes only (Hewitt 1978), and does 

not occur on salmon in seacages.  Cirolana sp. appear to be an example of opportunistic host switching 

in wild fishes, and salmon in seacages do not tend to pick up these parasites (Boustead 1989).  Because 

of these reasons, these two parasites do not need to be considered further.  

The third species of crustacean parasite that has been observed on salmon in New Zealand is Caligus 

longicaudatus, an ectoparasitic copepod that was found in small numbers in sockeye salmon 

(Oncorhynchus nerka) reared in seacages in New Zealand (Boustead 1989), while chinook salmon in 

nearby seacages were not affected (Boustead 1989).   Members of the genus Caligus are known as 

“sealice”, and there are several species of Caligus that occur on marine fish in New Zealand waters 

(Hewitt 1963, Jones 1988, Hine et al. 2000).  One species, namely Caligus elongatus, is a host 

generalist which has been problematic in salmonid aquaculture in the northern hemisphere, and could 

threaten a wide range of hosts in sea cage culture (Todd 2007) as it has been found on at least 60 host 

species (Jones 1988), though some of these may be misidentifications of Caligus chiastos (see Hayward 
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et al. 2009).  Caligus elongatus has been found in the South Island of NZ in the Heathcote Estuary, 

Christchurch on flounder Rhombosolea spp. (Jones 1988, Hine et al. 2000).  Another species, namely C. 

epidemicus, is found on fishes in the North Island.  It is another host generalist that has been associated 

with disease outbreaks on wild and cultured fishes in various locations (Hewitt 1971, Ho et al. 2004).  

Because of these reasons, Caligid copepods will be subjected to detailed risk assessment. 

4.3 The diseases of concern requiring detailed risk assessment 

After excluding the non-infectious diseases and the insignificant infectious diseases listed in Table 1 for 

the reasons outlined above, the diseases of salmon in New Zealand that will require detailed risk 

assessment are listed below in Table 3.   

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

Disease  Under 
official 
control 

Occurs in 
cultured 
salmon in 
NZ 

May cause 
significant 
disease in wild 
marine fish 

May cause 
significant disease 
in seacage cultured 
fish in NZ 

     
VIRUSES     
Aquatic Birnavirus Yes No No Yes 
BACTERIA     
Piscirickettsia-like bacteria (NZ-RLO) Yes Yes No Yes 
PROTOZOA     
Amoebic gill disease (Neoparamoeba 
perurans / Cochliopodida sp.) 

No Yes No No 

METAZOA     
Crustacea     
Sea lice (Caligus spp.) No Yes No Yes 
Myxozoa     
Whirling Disease (Myxobolus cerebralis) Yes Yes No No 
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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 genome of the genus 

Aquabirnavirus within the Family Birnaviridae.   

5.1.2  OIE List:  No Reportable disease in New Zealand:  Yes 

5.1.3  New Zealand’s status:  An aquatic birnavirus strain (IPNV Genogroup 5) has been reported from 

returning chinook salmon in the South Island and cultured turbot in Wellington 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 number of marine and freshwater aquatic animals 

(McAllister 1993), to the extent that these viruses are considered to be ubiquitous in aquatic 

environments worldwide (Reno 1999).  Various strains of birnavirus have been described from at least 

65 species of fish in 20 families (McAllister 1993), and also from bivalve molluscs and crustaceans 

(Reno 1999).  The type species for the genus Aquabirnavirus is Infectious Pancreatic Necrosis Virus 

(IPNV), which causes infectious pancreatic necrosis (IPN), a significant disease of salmonids (Wolf et 

al. 1960).  The genus includes both virulent and avirulent viruses with the term ‘infectious pancreatic 

necrosis’ (IPN) virus being reserved for those isolates that are pathogenic for species within the Family 

Salmonidae (McColl et al. 2009). IPN disease has not been formally recorded in New Zealand, however  

an aquatic birnavirus was isolated from apparently healthy sea run chinook salmon (O. tshawytscha) 

returning up the Rakaia River (Tisdall and Phipps 1987), and the Hakataramea River (Anderson 1998), 

but this virus has never been associated with disease in these fishes.  More recently, a birnavirus was 

found to be associated with a suspicious outbreak of bacterial disease in juvenile turbot (Colistium 

nudipinnis) in New Zealand (Diggles et al. 2000), with the virus being isolated from surviving fish 

several years after the epizootic (B.K. Diggles unpublished data, Davies et al. 2010, who incorrectly 

identified the host as Psetta maxima).  New Zealand virus isolates were identified as belonging to IPNV 

Genogroup 5 (see Davies et al. 2010) and appear non pathogenic to salmonids (Diggles et al. 2002, 

McColl et al. 2010).  However, it is possible that members of this genogroup may be pathogenic in non-

salmonid hosts (such as flatfish, which are common carriers of the virus (Wallace et al. 2008)) or even 

to salmonids under different environmental or husbandry conditions (such as small juvenile fish in 

hatcheries) (Davies et al. 2010).  The isolate from turbot showed a high level of sequence identity (97-

99%) to birnavirus isolates from wild marine fish in Tasmania, suggesting that the Australian and New 

Zealand isolates originate from the same source, presumably wild marine species inhabiting the 

Southern Ocean. The isolate from returning chinook salmon was also very similar to the birnavirus 

isolates from wild marine fish in Tasmania (94-98% identity) (Crane et al. 2000, Davies et al. 2010). 
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In Japan aquatic birnaviruses cause some of the most important diseases of juvenile yellowtail (Seriola  

quinqueradiata), kingfish (S. lalandi aureovittata) and amberjack (S. dumerili) (see Isshiki and Kusuda 

1987, Isshiki et al. 2001, Nakajima et al. 1998, Muroga 2001).  This suggests that cultured kingfish in 

New Zealand may also be susceptible to aquatic birnaviruses.  Aquatic birnaviruses are known to cause 

disease almost exclusively in juvenile fish (Novoa et al. 1993, Reno 1999), with yellowtail less than 10 

grams being particularly susceptible in Japan, with moribund juveniles typically exhibiting anaemic 

gills, haemorrhaging in the liver, severe ascites, and pancreatic necrosis (Nakajima et al. 1998).  Water-

born birnaviruses accumulated by bivalves, crustaceans and birds can remain viable when excreted 

(Mortensen et al. 1992), and can be subsequently used to infect fish experimentally (Mortensen 1993), 

although viral replication does not appear to occur in other hosts, hence the main method of 

translocation remains live fish and eggs (Reno 1999).   

5.1.5  Release assessment 

Birnaviruses are isolated only rarely from marine fish in New Zealand, however wild marine fish must 

be considered a reservoir of infection.  A comprehensive survey of wild marine fish for aquabirnavirus 

has not been undertaken in New Zealand, though surveys of thousands of cultured and returning 

chinook salmon over many years have shown the virus to be rare (Anderson 1995, 1996, 1998, 

McIntyre et al. 2010).  Nevertheless, aquatic birnaviruses are known to occur in the marine waters 

adjacent to the South Island of New Zealand at low prevalences, and indeed they are considered likely 

to be present throughout the Southern Ocean (Davies et al. 2010), though the required surveys have not 

been conducted to determine the range of host species or prevalence of infection.   

Infection is direct via horizontal exposure to viral particles in the water, or by vertical transmission from 

infected gametes (McAllister 1993).  Juvenile fish that survive infection can be lifelong carriers which 

shed the virus via the urine, faeces and sexual products (Reno 1999), however large juveniles and adults 

exposed to the virus for the first time may be refractory to infection or can spontaneously recover 

(Novoa et al. 1993). Aquabirnaviruses are very persistent in the environment, with minimal loss of 

infectivity after 10 weeks in filtered seawater at 4 and 10°C, and they are also very resistant to a broad 

range of disinfectants (Bovo et al. 2005).  Aquatic birnavirus is not inactivated by passage through the 

bird digestive system and as such, the disease agent can also be spread naturally via mechanical vectors 

such as sea birds (Reno 1999).   

The release of birnavirus into the environment from seacaged salmon requires the following pathway to 

occur.  A chinook salmon that has become naturally and subclinically infected with birnavirus through 

contact with seawater is selected for use as broodstock.  Viable aquabirnavirus must persist in the sexual 

fluids and survive surface treatments of the eggs (e.g. hydrogen peroxide and/or iodophor treatment), 

then subsequently persist in the larvae after fertilized eggs hatch.  Larval and juvenile salmon reared in 

freshwater must then survive without being detected during routine surveillance of clinically healthy 

fishes for viruses, without outbreaks of clinical disease (because every disease outbreak is routinely 

investigated), and survive the stress of saltwater acclimation as smolts.  Only after all of these 

conditions are met, would viable aquabirnavirus be present in cultured salmon and potentially be able to 

be released into the environment.  Taking into account the extremely low prevalence of the disease 
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agent in returning salmon, and the fact that the vast majority of broodstock chinook salmon used by NZ 

King Salmon are held over in freshwater for their entire lives, the likelihood estimations for the release 

of salmon infected by aquatic birnavirus into seacages in the Marlborough Sounds is considered to be 

Extremely Low.  

5.1.6  Exposure assessment 

Marine teleosts and invertebrates in New Zealand are already at risk of exposure to the local strain of 

aquatic birnavirus, which probably occurs in turbot (C. nudipinnis) and other species of wild fishes, 

which act as a reservoir of infection for returning salmon to be exposed to the virus.  Several species of 

wild fish and molluscs in New Zealand are therefore likely to be susceptible to infection by aquatic 

birnaviruses carried by infected salmon in seacages, but infection would occur only if sufficient 

quantities of virus (i.e. an infective dose) was introduced into an area where susceptible hosts were 

present.  Susceptible fish and bivalves can become infected with aquatic birnavirus via horizontal 

transmission through the water (immersion) and also by per-os exposure (Reno 1999).   The infectious 

dose of birnavirus by the immersion pathway varies according to the strain of virus used and the species 

challenged (McAllister and Owens 1995), ranging from more than 103 TCID50/mL for arctic char  

(McAllister et al. 2000), to as low as < 10-1TCID50/mL for Atlantic salmon post smolts exposed to 

pathogenic strains of IPNV (Urquhart et al. 2008).   The infectious dose of birnavirus by per-os 

exposure to infected feed also varies, with Mortensen (1993) requiring a dose of 106 TCID50/g of IPNV 

obtained from scallops before successful transmission to brown trout was obtained.   However Wechsler 

et al. (1987) reported successful transmission of IPNV to striped bass fed brook trout infected with 

between 2 x 102 and 2 x 105 TCID50/g IPNV. 

Clinically diseased fish infected with birnavirus can have very high viral titres in their internal organs 

(107 - 109 TCID50/g,) as well as high viral shedding rates (Reno 1999, Sommer et al. 2004, Urquhart et 

al. 2008),  however no fish with clinical disease caused by birnavirus infection have ever been formally 

recorded in New Zealand (Diggles et al. 2002, Davies et al. 2010).  The levels of birnavirus in sub-

clinically infected fish can still be relatively high (102 - 106 TCID50/g , see McAllister et al. 2000), but 

are usually lower and often around the limits of detection using cell culture techniques (c. 101 - 102 

TCID50/g, Wechsler et al. 1987, Roberts 2001).  Even given that susceptible fish can be infected by 

immersion at low infective doses (Urquhart et al. 2008), the likelihood that an infectious dose can be 

transmitted horizontally into a natural water body via its spread from seacaged salmon that are sub-

clinically infected with aquatic birnavirus appears unlikely, however the likelihood would increase if the 

salmon became clinically diseased.  Indeed, prevalence of IPNV was increased slightly above 

background levels (from 0.15% prevalence to 0.58% prevalence) in wild fishes within 5 km of salmon 

farms in Scotland that contained fish clinically diseased with IPN (Wallace et al. 2008).  However, the 

birnavirus isolates recorded to date in New Zealand are not pathogenic to salmon (Diggles et al. 2002, 

P.M. Hine, personal communication) hence the risk of seacaged salmon becoming diseased appears 

extremely low. Nevertheless, given that there is a direct pathway for virus particles shed by seacaged 

salmon to enter the marine environment and infect wild fishes that may be attracted to seacages 

(Dempster et al. 2009, Uglem et al. 2009), and acknowledging the range of susceptible hosts may be 
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broad, the risk of exposure and establishment is non-negligible, and the likelihood of exposure and 

establishment of aquatic birnavirus in wild fish and mollusc populations is considered to be Very Low.   

5.1.7  Consequence assessment 

When fish become infected with aquatic birnavirus, mortality is mainly restricted to larval and early 

juvenile stages, and disease does not necessarily occur in larger fish.  Indeed, many fish experimentally 

infected with aquatic birnavirus can naturally resolve the infection provided they are healthy and remain 

unstressed (Reno 1999). However, others fish remain carriers for life, and risk spreading birnavirus to 

their progeny vertically via infected gametes.  Given that aquabirnavirus is already present in some parts 

of New Zealand’s environment, and these viruses only tend to occur at subclinical levels in juvenile and 

adult fish in the wild (Anderson 1995, 1996, 1998, Wallace et al. 2008, McIntyre et al. 2010), the 

consequences of localized slight increases in prevalence of birnaviruses in wild fish within 5 km of 

affected salmon farms (Wallace et al. 2008) appear related mainly to possible increased mortality of 

larval and early juvenile stages, which although never documented in wild fishes, if it occurs it could 

have some impact on wild fish at the population level.  These viruses may also increase costs of 

production in marine finfish aquaculture hatcheries due to use of infected wild caught broodstock.  

These viruses are no longer listed by the OIE and hence their presence is unlikely to have adverse 

impacts on national or international trade, but aquabirnaviruses remain reportable in New Zealand. 

Considering all of these factors, establishment of the disease in cultured salmon would have mild 

biological consequences, which would be amenable to control, and would not cause any noticeable 

environmental effects.  It is therefore estimated that the consequences of introduction of birnavirus 

strains into New Zealand’s environment via salmon in sea cages in the Marlborough Sounds would 

likely be Very Low.  

5.1.8  Risk estimation 

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

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

unrestricted risk estimate for aquatic birnavirus does not exceed 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 Piscirickettsia-like bacteria (NZ-RLO) 

5.2.1  Aetiologic agent:  Gram negative, obligate interacellular gamma proteobacteria of the genus 

Piscirickettsia within the Family Piscirickettsiaceae.   

5.2.2  OIE List:  No Reportable disease in New Zealand:  Yes 

5.2.3  New Zealand’s status:  A rickettsia-like bacterium closely related to Piscirickettsia (the NZ-

RLO) has been isolated from chinook salmon cultured in the outer Pelorus Sound and Queen Charlotte 

Sound (MPI 2015, 2016).   

5.2.4  Epidemiology 

Members of the genus Piscirickettsia are obligate intracellular bacterial disease agents which cause 

rickettsial septicaemias in fishes.  Piscirickettsia salmonis was the first member of the group to be 

described following its involvement in outbreaks of piscirickettsiosis disease in coho salmon 

(Oncorhynchus kisutch) cultured in seawater net pens in Chile in the late 1980’s (Fryer et al. 1990, 

1992). Mortalities of up to 90% (more usually 20-30%) were recorded in affected farms eventually 

resulting in a shift to farming more Piscirickettsia-resistant species such as Atlantic salmon (Mauel and 

Miller 2002, Fryer and Hedrick 2003).  Since then P. salmonis has been isolated from several species of 

salmonids throughout the northern hemisphere including Atlantic salmon (Salmo salar), chinook 

salmon (O. tshawytscha), rainbow trout (O. mykiss), Pink salmon (O. gorbuscha), cherry salmon (O. 

masou) as well as white sea bass (Atactoscion noblis) and European seabass (Dicentrarchus labrax), 

whilst closely related P. salmonis-like bacteria have also been isolated from grouper (Epinephelus 

melanostigma) and tilapia (Oreochromis sp., Tilapia sp., Sarotherodon sp.), amongst others (Mauel and 

Miller 2002, DAFF 2013).    In the southern hemisphere, besides infections of salmonids in Chile, a P. 

salmonis-like organism (Tas-RLO) was reported from Atlantic salmon in Tasmania (Corbeil et al. 2005, 

Corbeil and Crane 2009), and most recently a similar organism (NZ-RLO) has been identified from 

chinook salmon cultured in the Marlborough Sounds since 2012 (MPI 2015).   

The onset of piscirickettsiosis in cultured salmon usually follows the transfer of fish from freshwater 

hatcheries to marine sites where they are exposed to the bacterium via marine reservoir hosts or vectors 

such as ectoparasites (Kent and Poppe 1998). Horizontal transmission of the disease by cohabitation 

occurs readily in saltwater via the skin, gills or intestine (Corbeil and Crane 2009), however, there is 

evidence that the disease can also occur in brackish water or even in freshwater where horizontal 

transmission is limited by reduced survival of the disease agent, but the disease may nevertheless be 

vertically transmitted to juveniles from infected adult fish returning from the sea (Kent and Poppe 

1998).  Vertical transmission has been demonstrated under experimental conditions and P. salmonis has 

been detected in milt, eggs and coelomic fluid from infected broodstock (DAFF 2013). Larenas et al. 

(2003) estimated that 10% of eggs and fry originating from one or more infected broodstock were 

infected with P. salmonis.  Piscirickettsia salmonis can adhere to the surface of eggs, can occur within 

the yolk of unfertilised eggs, and is capable of penetrating the ovum (Larenas et al. 2003). This has 
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implications for the biosecurity of hatcheries, because the surface disinfection of fertilised eggs may not 

inactivate all P. salmonis bacteria (DAFF 2013). 

Fish of all ages are susceptible to infection and outbreaks of disease usually follow periods of stress 

from various husbandry related factors including osmotic shock during smoltification, high water 

temperatures or rapid fluctuations in temperature, exposure to algal blooms, and co-infection with other 

disease agents (particularly viruses, see Zainathan 2012, DAFF 2013), all of which can increase 

susceptibility to infection (Fryer and Hedrick 2003).   In Tasmania, salmon that tested positive for Tas-

RLO without the presence of aquatic reovirus did not display signs of clinical disease and did not have 

increased mortality (DAFF 2013). 

Gross signs of clinical piscirickettsiosis include darkening in colour, lethargy, swimming at the surface 

and inappetance.   Erratic swimming and exophthalmos may occur in some fish where the bacteria can 

be isolated from the brain, while skin lesions which progress to shallow ulcers may also be present 

(Fryer and Hedrick 2003).  Internally, the liver and spleen may be enlarged and exhibit multifocal, 

grossly visible pale nodular lesions and ascites fluid may be present. The optimal temperature for 

growth of P. salmonis in vitro is 15–18 °C which corresponds with water temperatures reported during 

most disease outbreaks in salmonid culture,  while growth is retarded above 20°C and below 10°C and 

ceases above 25°C (Fryer and Hedrick 2003).  In contrast, outbreaks of piscirickettsiosis in non 

salmonids such as tilapias in Hawaii can occur at water temperatures as high as 26°C (Mauel et al. 

2003).  As for other bacterial diseases, use of best practice husbandry methods to control known risk 

factors can reduce the liklihood of Piscirickettsia outbreaks, including maximizing water quality,  using 

broodstock that have never been exposed to seawater, rearing fish at lower densities, allowing farms in a 

given region to fallow, controlling ectoparasites that may act as vectors, and avoiding horizontal 

transmission between year classes by holding single year classes of 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 the outer Pelorus Sound and Queen 

Charlotte Sound regions of the Marlborough Sounds.  A survey of cultured salmon elsewhere in New 

Zealand has shown that disease associated with the NZ-RLO does not occur outside the Marlborough 

Sounds and is most prominent in salmon farmed at the low flow site at Waihinau Bay in Pelorus Sound 

(B. Jones, personal communication 27 May 2016, MPI 2016), suggesting that environmental conditions 

at that particular site are more permissive for infection to occur and disease to emerge than at other sites, 

especially during summer when salmon may be stressed by high water temperatures.   

Infection is direct via horizontal exposure to bacteria in the water, or by vertical transmission from 

infected gametes.   Given that this disease is currently restricted to some salmon held at sub-optimal 

seacage farm sites, this suggests that the onset of piscirickettsiosis in cultured salmon in New Zealand 

occurs due to horizontal transmission after the transfer of fish from freshwater hatcheries to certain 

marine sites where the fish are exposed to the bacterium via marine reservoir hosts (or vectors) under 

certain environmental conditions that permit establishment of infection. Once an index case occurs, 



 
 

 

 
 
 
 33 

. 
  www.digsfish.com 

horizontal transmission of the disease from a clinically infected fish to other fish cohabiting the seacage 

can be expected via increased shedding of the bacterium via lesions, bile, faeces or urine and uptake in 

new hosts via skin, gills or intestine (Corbeil and Crane 2009, DAFF 2013).  Hence once established on 

a farm and in the absence of disease mitigation efforts, the buildup of infectious stages is likely to result 

in increased shedding of the bacterium into the water column, increasing the risk of “backspill” 

infection of wild non-salmonid hosts. Taking into account that these disease agents are known to occur 

in the New Zealand environment and have been observed in diseased cultured chinook salmon, the 

likelihood estimation for salmon infected by Piscirickettsia-like bacteria occurring in seacages in the 

Marlborough Sounds is considered to be High. 

5.2.6  Exposure assessment 

Marine teleosts and invertebrates in New Zealand are already at risk of exposure to the local strain of 

Piscirickettsia-like bacteria, including as yet unidentified species of wild fishes or invertebrates which 

probably act as a reservoir of infection and/or vectors for cultured salmon.  It is assumed susceptible 

hosts occur in the New Zealand environment, but “backspill” infection of these would occur only if 

sufficient quantities of bacteria (i.e. an infective dose) were introduced into an area where susceptible 

hosts were present close to salmon cages.   

The virulence and infectious dose of Piscirickettsia-like bacteria by horizontal transmission varies 

according to the strain of bacteria and the species challenged.  House et al. (1999) determined that coho 

salmon injected with 102.6 TCID50 of a less virulent Norwegian strain of P. salmonis had no increase in 

mortality rate compared to controls, but a similar dose of a virulent strain from Chile resulted in 

mortalities exceeding 50%.   In contrast, minimum infective dose via the immersion route appears to be 

much higher.  For example, Birbeck et al. (2004) studied a P. salmonis strain with an LD50 by injection 

into Atlantic salmon of < 200 TCID50, which caused only 10% mortality when Atlantic salmon were 

exposed by immersion to 105 TCID50/ml for 1 hour at 14°C.     

Assuming New Zealand strains of Piscirickettsia-like bacteria are highly virulent (until proven 

otherwise), given that susceptible fish can be infected by immersion in virulent P. salmonis only at 

moderately high infective doses (Birbeck et al. 2004), it appears unlikely that an infectious dose can be 

transmitted horizontally into a natural water body via its spread from seacaged salmon that are sub-

clinically infected with Piscirickettsia-like bacteria.  However, the likelihood of this occurring would 

increase if the salmon became clinically diseased.  Given that there is a direct pathway for bacteria shed 

by seacaged salmon to enter the marine environment and infect wild fishes that may be attracted to 

seacages (Dempster et al. 2009, Uglem et al. 2009), and acknowledging that susceptible hosts are likely 

to be present in the vicinity of sea cages, the risk of exposure and establishment is non-negligible, and 

the likelihood of exposure and establishment of Piscirickettsia-like bacteria in wild fish populations is 

considered to be Low if  salmon are subclinically infected, and Moderate if they are clinically diseased.   

5.2.7  Consequence assessment 
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When fish are infected with Piscirickettsia-like bacteria, mortality is observed almost exclusively in 

cultured fish that are stressed by other predisposing factors, and there are very few documented 

instances of mortalities occurring in wild fish. One possible exception to this was during an outbreak of 

disease due to a Piscirickettsia-like bacteria in tilapia in Hawaii, where diseased wild tilapia were 

observed and suspected to be the origin of the infection, but no other species were affected (Mauel et al. 

2003).  To date the NZ-RLO has been associated with chronic mortalities in cultured populations of 

chinook salmon in at least one low flow farming site in New Zealand, however, if the risk of exposure 

to the NZ-RLO is left unmitigated, its persistence in populations of cultured fish has the potential to 

adversely affect the productivity and profitability of the salmon culture industry in Marlborough 

Sounds.  These bacteria are no longer listed by the OIE and hence their presence is unlikely to have 

adverse impacts on national or international trade, but the NZ-RLO remains reportable in New Zealand 

and is currently subject to a containment notice (MPI 2016). Considering all of these factors, 

establishment of the disease in cultured salmon is likely to have mild biological consequences, which 

would be amenable to control, and would be unlikely to cause any noticeable environmental effects.  It 

is therefore estimated that the consequences of spillback introduction of Piscirickettsia-like bacteria into 

New Zealand’s environment via salmon in sea cages in the Marlborough Sounds would likely be Low.  

5.2.8  Risk estimation 

The unrestricted risk associated with Piscirickettsia-like bacteria is determined by combining the 

likelihood of release and exposure (from Table 5) with the consequences of establishment (Tables 6, 7).  

The unrestricted risk estimate for Piscirickettsia-like bacteria does not exceed the ALOP for 

subclinically diseased salmon, but does exceed the ALOP if salmon are clinically diseased, suggesting 

that additional risk management for this disease agent is required under such circumstances. 

Risk estimate for infection with Piscirickettsia-like bacteria (NZ-RLO) 

Commodity type Sub-clinically diseased 

seacaged salmon 

Clinically diseased 

seacaged salmon 

Combined likelihood of release and 

exposure 

Low Moderate 

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 including Neoparamoeba perurans and Cochliopodia spp.   

5.3.2  OIE List:  No Reportable disease in New Zealand:  No 

5.3.3  New Zealand’s status:    Amoebae such as N. perurans and Cochliopodia –like species are 

known to occur  on cultured salmon in marine and freshwater environments, respectively. 

5.3.4  Epidemiology 

Amoebic gill disease (AGD) is an economically important disease of salmon cultured in seacages in 

several regions of the world (Munday et al. 2001, Young et al. 2008, Mitchell and Rodger 2011). 

Neoparamoeba pemaquidensis, a free-living marine amoeba, was for some time regarded as the only 

aetiological agent of AGD as it had been consistently isolated from diseased fish (Kent et al. 1988, 

Dykova et al. 2000). However, attempts to experimentally transmit AGD using cultured N. 

pemaquidensis failed to cause disease in Atlantic salmon (Morrison et al. 2005). The true agent 

responsible for AGD was subsequently found to be a new species of amoebae (Young et al. 2007), now 

known as Neoparamoeba perurans.  Since that time, N. perurans has been confirmed to be the 

predominant causative agent of AGD in Atlantic salmon, rainbow trout, chinook salmon and turbot 

from regions as diverse as Tasmania, Ireland, Spain, Norway, North America, Scotland, and New 

Zealand (Young et al. 2008, Steinum et al. 2008). Molecular studies have confirmed that N. perurans is 

a free-living amoeba that occurs naturally in the rearing environment around seacages containing 

cultured salmonids (Bridle et al. 2010). 

Bermingham and Mulcahy (2007) suggested that other amoebae may also be involved in AGD in 

addition to Neoparamoeba spp., including the genera Platyamoeba, Flabellula and Vexillifera which 

have all been recorded on the gills of Atlantic salmon with AGD from both Ireland and Tasmania.  

Although present in New Zealand, AGD is not considered a significant problem because chinook 

salmon (Oncorhynchus tshawytscha) appear to be resistant to this disease, being often infected but 

rarely experiencing significant mortality in marine seacages (Munday et al. 2001, Tubbs et al. 2010).  

However, nodular gill disease caused by other genera of freshwater amoebae, including agents that 

resemble Cochliopodia spp., can be associated with disease and mortalities in juvenile chinook salmon 

held at high densities in freshwater raceways (Tubbs et al. 2010).  These freshwater amoebae cannot 

survive the transfer to seawater (Lom and Dykova 1992), hence they are unlikely to survive the transfer 

of smolts into seacages. 

Amoebae can be found on salmon gills at temperatures of around 10°C in both marine (Mitchell and 

Rodger 2011) and freshwater sites (Tubbs et al. 2010), however in Tasmania clinical disease is most 

commonly reported between temperatures of 12 – 20°C and salinities approaching 35 ppt (Munday et al. 

2001). Projected increases in global water temperatures are thought to be a risk factor likely to increase 

the incidence of AGD in years to come (Bridle et al. 2010).  Seacaged salmon are worst affected during 
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their first year at sea, and in serious AGD outbreaks, up to 50% mortality can occur if there is no 

treatment (Mitchell and Rodger 2011). The disease appears of less clinical significance in countries 

other than Tasmania, but occasionally AGD can cause substantial morbidity or mortality, especially 

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

2011).  Affected fish have multifocal gill lesions characterised by hyperplasia, proliferation of mucous 

cells and necrosis (Kent et al. 1988, Roubal et al. 1989, Munday et al. 1990, 1993, 2001).   

5.3.5  Release assessment 

Because N. perurans is a free-living amoeba, it occurs naturally in the marine environment, including in 

areas around seacages containing cultured salmon (Bridle et al. 2010).  It appears that these parasites are 

opportunistic pathogens that cause disease only in salmonids cultured at high density under adverse 

environmental conditions (Kent and Poppe 1998, Mitchell and Rodger 2011).  Studies of wild fishes 

near seacage farms containing infected salmon have found that they are not a significant reservoir of 

infection, and indeed none of 325 wild fish of 12 different species sampled from around seacages in 

Tasmania were infected by Neoparamoeba spp. (see Douglas-Helders et al. 2002). However it remains 

to be seen whether wild fish are identified as a reservoir of infection once sensitive molecular diagnostic 

methods optimised for N. perurans are used (Bridle et al. 2010).  Infection is direct via horizontal 

exposure to amoebae in the water (Munday et al. 2001). Taking into account that these disease agents 

are known to occur in the New Zealand environment and are sometimes observed in cultured chinook 

salmon, the likelihood estimation for salmon infected by amoebae occurring in seacages in the 

Marlborough Sounds is considered to be High. 

5.3.6  Exposure assessment 

Marine teleosts in New Zealand are already at risk of exposure to free living amoebae such as N. 

perurans, which occurs naturally in the environment.  It appears that these parasites are mainly 

opportunistic pathogens that cause disease only in salmonids cultured at high density under adverse 

environmental conditions (Kent and Poppe 1998, Mitchell and Rodger 2011).  Wild fish are therefore 

unlikely to be susceptible to infection unless they are also exposed to high numbers of amoebae under 

adverse environmental conditions at high stocking densities.  Susceptible fish can become infected with 

amoebae via horizontal transmission through the water.   Salmon with clinical AGD can be infected by 

high numbers of amoebae, and amoebae can survive and multiply on the gills of dead fish up to at least 

30 h post-mortem (Douglas-Helders et al. 2000). However, chinook salmon appear resistant to AGD 

(Munday et al. 2001), and thus AGD outbreaks seldom cause mortality in seacages in New Zealand 

(Tubbs et al. 2010), while routine husbandry practices such as early identification and removal of runts 

and dead fish from seacages limits proliferation of the amoebae and the chances of them spreading to 

wild fish. Nevertheless, given that there is a direct pathway for amoebae from seacaged salmon to re-

enter the marine environment and infect wild fishes that may be attracted to the vicinity of seacages 

(Dempster et al. 2009, Uglem et al. 2009), and acknowledging that susceptible hosts may occur in the 

wild, the risk of exposure and establishment is non-negligible, and the likelihood of additional backspill 

exposure of wild fish populations to amoebae is considered to be Low. 
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5.3.7  Consequence assessment 

Although N. perurans is present in New Zealand, AGD is not considered a significant problem because 

chinook salmon are resistant to infection.  Wild fishes are not a significant reservoir of infection, and 

indeed they do not seem to become clinically infected by amoebae even in areas around seacages that 

contain clinically diseased salmon (Douglas-Helders et al. 2002).   Given that free living amoebae are 

already present in the New Zealand marine environment, they do not cause disease in wild fish, and 

their presence does not adversely impact national or international trade, the consequences of 

introduction of amoebae into the environment of the Marlborough Sounds with live salmon cultured in 

seacages are likely to be negligible, and no further analysis is required.  
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5.4 Sea lice  

5.4.1  Aetiologic agent:  Ectoparasitic crustaceans within the Family Caligidae.   

5.4.2  OIE List:  No Reportable disease in New Zealand:  No 

5.4.3  New Zealand’s status:  Several different species of the genera Lepeophtheirus and Caligus 

(Family Caligidae) occur on a wide variety of wild fishes throughout New Zealand (Hewitt 1963, Jones 

1988, Hine et al. 2000). 

5.4.4  Epidemiology 

Ectoparasitic copepods are parasitic crustaceans that live on the body surfaces, gills and fins of marine 

and freshwater fishes.  Their lifecycles are direct with fish being infected by planktonic larval stages 

that hatch from eggs deposited by adult copepods (Kabata 1984).  In New Zealand, a large number of 

marine fishes harbour copepod ectoparasites from the Family Caligidae (sea lice) (see Hewitt 1963, 

Jones 1988, Hine et al. 2000).  These copepods encounter their host as copepodid larvae then attach to 

the host fish via the specialized chalimus larvae (Kabata 1984), which is sedentary until such time as the 

copepod moults to the pre adult and adult stages, which are mobile and can be found attached to gills, 

skin or fins (MacKenzie et al. 1998).  Chalimus larvae can cause localized pathological changes at their 

attachment sites (Roubal 1994, MacKenzie et al. 1998), while high numbers of mobile pre-adult and 

adult caligids (particularly members of the genera Lepeophtheirus and Caligus) on cultured fish damage 

the skin of the fish as they feed on host mucus and blood, resulting in morbidity and in some cases, 

death (Grimnes and Jakobsen 1996, Kent and Poppe 1998).  The numbers of sea lice that can be 

tolerated by the host fish varies with host size, with 1 motile Lepeopthirius salmonis per 0.75–1.6 g 

body weight being tolerated (Grimnes and Jakobsen 1996, Krkosek et al. 2005).  This means that small 

fish such as juvenile coho and pink salmon around 40 mm long may only be able to tolerate 1 adult sea 

louse, or less (Krkosek et al. 2005).  Sea lice have been responsible for disease and significant 

mortalities in the culture of salmonids in several overseas countries (Pike and Wadsworth 1999). In 

cases where cultured fish become heavily infected, they become stressed, and death commonly occurs, 

ultimately due to osmoregulatory failure or secondary bacterial infection (Grimnes and Jakobsen 1996, 

MacKenzie et al. 1998, Pike and Wadsworth 1999). 

In regions of the world where salmonids are native fishes that occur naturally in the wild, there is some 

evidence indicating that in areas where intensive salmon farming occurs in seacages, farmed salmon can 

act as reservoirs of sea lice (mainly Lepeophtheirus salmonis, but also other species including Caligus 

elongatus) which can result in increased infection of wild salmonids that must swim past seacage sites 

during their migrations (Krkosek et al. 2005, Costello 2006, 2009, Todd 2007).  Even though wild 

salmonids and other marine fish are also reservoirs for sealice (Brooks 2009, Gottesfeld et al. 2009, 

Penston et al. 2011), the additional infection pressure exerted by salmon farms may increase sea lice 

burdens on wild fish, possibly resulting in increased morbidity or even mortality in juveniles leaving 

salmon rivers (Krkosek et al. 2005, Costello 2009) or early river entry in adult fish returning to rivers to 
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spawn (Wells et al. 2007, Todd 2007).  Experimental treatment of wild salmon to remove sealice 

increased salmon survival by odds ratios of 1.14 – 1.17 in Irish and Norwegian studies, respectively, 

although meta-analyses by other authors conclude sealice treatments improve wild salmon survival even 

more (Jones et al. 2015).  The ongoing scientific debate regarding the quantitative effect of sea lice 

infection on wild salmonids emphasises the challenges associated with attempting to quantify the 

incremental impact of these parasites within wild fish populations already experiencing >95% natural 

mortality (Jones et al. 2015). 

5.4.5  Release assessment 

Parasitic copepods occur on a range of marine and freshwater fishes throughout New Zealand (Hine et 

al. 2000).  Different species of copepods exist on various hosts in different parts of the country, and the 

identity and distribution of many species is probably not known at this time.  Caligus elongatus is a host 

generalist which has been problematic in salmonid aquaculture in the northern hemisphere, and could 

threaten a wide range of hosts in sea cage culture (Todd 2007) as it has been found on over 80 different 

hosts (Kabata 1979, Todd 2007, Oines and Heuch 2007).  Caligus elongatus has been found in the 

South Island of NZ in the Heathcote Estuary, Christchurch on flounder Rhombosolea spp. (Jones 1988, 

Hine et al. 2000), but has not been reported on cultured salmon in New Zealand to date.  Caligus 

longicaudatus was found on sockeye salmon (O. nerka) reared in seacages in New Zealand (Jones 

1988), but chinook salmon in nearby seacages were not affected (Boustead 1989).  Indeed, chinook 

salmon are relatively resistant to sea lice (Lepeophtheirus salmonis) infection compared to Atlantic 

salmon, but are not as resistant as coho salmon (Johnson and Albright 1992a).  Host resistance to sealice 

infection is due to both innate genetic factors as well as immunological competence (Johnson and 

Albright 1992b, MacKinnon 1998, Glover et al. 2001).  Another notable species of Caligus that is 

present in New Zealand is Caligus epidemicus, which has been recorded on flounder (Rhombosolea 

leporina) in northern New Zealand (Hine et al. 2000).  Caligus epidemicus has caused mortality in wild 

fishes (Hewitt 1971), and is an important disease agent in aquaculture of several fish species.  For 

example, one yellowfin bream (Acanthopagrus australis) held in experimental seacages was infected by 

over 6000 C. epidemicus (see Roubal 1994).  Similarly, a single surgeonfish in the Philippines was 

recorded to have been infected by 5000 C. epidemicus (see Ho et al. 2004), while in Taiwan, heavy 

infections by C. epidemicus resulted in mass mortalities of cultured Tilapia (Lin et al. 1996).  Caligus 

epidemicus is known to infect a broad range of hosts (see Hewitt 1971, Byrnes 1987, Roubal 1994, 

Hallett and Roubal 1995, Venmathi Maran et al. 2009), but to date it has not been recorded from the 

South Island of New Zealand (Hine et al. 2000). 

The lack of evidence of sea lice infection in chinook salmon in New Zealand after many years of 

culturing these fish at high densities demonstrates that chinook salmon are resistant to infection by 

endemic species of sea lice.  However, two species of sea lice that have been recorded in flatfish in New 

Zealand, namely C. elongatus and C. epidemicus, are known to have low host specificity, and this may 

mean that chinook salmon could be susceptible to infection by these parasites in the future at some stage 

if they were to become exposed to them and host switching occurred.  The water temperatures in the 

Marlborough Sounds (annual range 10 – 19°C) may be too cold for C. epidemicus at this time, as this 

species is usually found in tropical and warm temperate regions.  On the other hand, Caligus elongatus 



 
 

 

 
 
 
 40 

. 
  www.digsfish.com 

has already been recorded from the South Island (Jones 1988).  However, it appears that this parasite 

has not been problematic in culture of chinook salmon elsewhere (Jackson et al. 2000), and it is not 

generally found on wild chinook salmon in the northern hemisphere either (Gottesfeld et al. 2009), 

which reinforces the empirical evidence that chinook salmon in New Zealand do not appear susceptible 

to C. elongatus at this time. However, host switching by caligids onto new hosts is known to occur 

(Molinet et al. 2011), and one possible mechanism that could encourage this process is increased use of 

artificial lighting to delay onset of maturation of seacaged salmon (Unwin et al. 2005).  The copepodid 

infective stage of caligid copepods is photopositive (Heuch et al. 1995, Genna et al. 2005), hence use of 

artificial lighting tends to attract them and increase the number of encounters between copepodids and 

caged salmon (Hevroy et al. 2003), potentially increasing the risk of host switching.  Taking into 

account that sea lice have not been observed in cultured chinook salmon at this time, but acknowledging 

that sea lice species known to be problematic in seacage aquaculture elsewhere are known to occur in 

marine waters of the South Island, and increased intensity of sea cage salmon farming in the 

Marlborough Sounds could trigger host switching due to increased host density (Krkosek 2010) and/or 

increased use of artificial lighting, the likelihood estimation for salmon becoming infected by sea lice in 

seacages in the Marlborough Sounds is non-negligible and is considered to be Low. 

5.4.6  Exposure assessment 

Marine teleosts throughout New Zealand are already at risk of exposure to endemic caligid parasites.  

They naturally infect wild fishes and a few species of copepods cause disease, usually in circumstances 

where environmental conditions are favourable for their multiplication on the host.  Infection and 

establishment in wild fish would occur only if sufficient quantities of infective copepodid stages (i.e. an 

infective dose) were introduced into an area where susceptible hosts were present.  However, copepod 

infections can become established if susceptible hosts are exposed even to only one viable copepodid 

larvae (B.K. Diggles, personal observations), although in the natural environment several factors will 

influence infectivity.  For example, the infectivity of copepodids of C. epidemicus increased with 

increasing copepodid density and varied with the age of the copepodid, peaking after 3 or 4 days post 

hatching at 26 or 19°C, respectively, then declining over time (Hallett and Roubal 1995).  Further, some 

fish appeared refractory to infection, while other individuals of the same host species were extremely 

susceptible to infection, resulting in an overdispersed distribution typical of that seen in many 

parasite/host relationships (Hallett and Roubal 1995).   

Both empirical measurements and models have been used to estimate the additional infection pressure 

potentially exerted by marine farms containing salmon infected with sea-lice (mainly L. salmonis and C. 

elongatus).  As the lifespan of the planktonic nauplii and infective copepodid stages of sea lice can be as 

long as 14 days at 10°C (Johnson and Albright 1991), significant transport and dispersion with surface 

currents is possible (Amundrud and Murray 2009, Brooks 2009).  Some models suggest that sea lice 

infection pressure near infected marine farms can be 2 to 4 orders of magnitude higher than ambient 

background levels, and can exceed background levels at least 30 km from infected farms (Krkosek et al. 

2005), and possibly up to 45 km (Johnsen et al. 2016).  Dispersal distances of larvae of other marine 

species in relation to the range of typical coastal ocean current conditions suggested that sea lice larvae 

may disperse an average of 27 km (11–45 km range) over 5–15 days, depending on current velocity 
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(Costello 2006).  Based on data from Johnson and Albright (1991), copepodids suffer mortality at an 

average rate of 1.0 - 2.9% per hour in seawater, depending on temperature and salinity (Stein et al. 

2005, Bricknell et al. 2006), so while some infective stages can survive for long periods under optimal 

conditions, infection pressure still decreases rather rapidly with increasing distance from an infected 

marine farm (Amundrud and Murray 2009).  

If chinook salmon in seacages did become infected with sea lice via host switching, there is a direct 

pathway for sea lice infective stages originating from infected salmon to enter the marine environment 

and infect wild fishes close to salmon farms, but also possibly up to 45 km away, depending on currents 

at the farm and a myriad of other factors (Krkosek et al. 2005, Amundrud and Murray 2009, Brooks 

2009, Johnsen et al. 2016).  Acknowledging the empirical evidence demonstrating that sea lice 

infections have not occurred in cultured chinook salmon in New Zealand at this time, but noting that 

some sea lice species are able to infect a broad range of susceptible hosts, and that host switching due to 

increased host density (Krkosek 2010) may be facilitated by activities such as artificial lighting and/or if 

the intensity of sea cage salmon farming in the Marlborough Sounds is increased in the future, the risk 

of exposure and establishment is non-negligible, and the likelihood of exposure of wild fish populations 

to sea lice is considered to be Moderate. 

5.4.7  Consequence assessment 

Many species of sea lice are already present in New Zealand’s marine environment.  All size classes of 

juvenile and adult fish can become infected with caligid copepods, and infections of some species with 

low host specificity, such as C. epidemicus, can have negative impacts on the health of individual fish 

and their populations in the wild, but only under extraordinary circumstances (Hewitt 1971).  However, 

C. epidemicus does not occur in the South Island, and at this time water temperatures are likely to be too 

cold for it to become established there, though water temperatures may increase in the future consistent 

with global trends, and this needs to be taken into account. The potential for host switching to occur if a 

threshold intensity of fish farming is reached (Krkosek 2010) also needs to be considered.  There is 

evidence that chinook salmon have established self sustaining populations in the Clarence and Wairou 

Rivers (N. Boustead, personal communication), which may indicate that establishment of sealice 

infections on cultured chinook salmon could result in interactions with migrations of wild salmon 

through the Marlborough Sounds region, although the extent of these potential interactions would be 

difficult to quantify.  Because sea lice that infect seacaged salmonids only tend to occur at subclinical 

levels in wild non-salmonids (Jones et al. 2006a, 2006b), localized increases in prevalence and/or 

intensity of sea lice infections in wild marine fish near affected salmon farms are unlikely to have 

significant impacts on wild fish populations.  No copepod parasites are listed by the OIE or in New 

Zealand’s national reportable disease list, hence their presence is unlikely to have adverse impacts on 

trade.  Considering all of these factors, establishment of sea lice in sea caged salmon would have mild 

biological consequences for wild fishes, and/or may cause some environmental effects, which would not 

be serious or irreversible.  It is therefore estimated that the environmental consequences of introduction 

of sea lice via salmon in sea cages in the Marlborough Sounds would be Low.  
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5.4.8  Risk estimation 

The unrestricted risk associated with sea lice infections is determined by combining the likelihood of 

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

unrestricted risk estimate for sea lice does not exceed the ALOP, suggesting that additional risk 

management for these disease agents is not required at this time. 

 

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:  Myxobolus cerebralis, a myxosporean parasite of salmonid fishes.   

5.5.2  OIE List:  No Reportable disease in New Zealand:  Yes 

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 appear to have been recorded from 

the North Island (Anderson 1996, Diggles et al. 2002). 

5.5.4  Epidemiology 

Myxosporeans are economically important histozoic and coelozoic endoparasites which have adversely 

affected the culture of freshwater and marine fishes worldwide (Alvarez-Pellitero and Sitja-Bobadilla 

1993, Moran et al. 1999a).  The higher taxonomy of the group has been controversial in the past but the 

link between myxosporeans and cnidarians within basal metazoa has now been confirmed (Smothers et 

al. 1994, Holland et al. 2010), and it appears that myxosporeans are highly specialised parasitic 

cnidarians. The myxosporean parasite Myxobolus cerebralis infects cartilage of the skeletal system, 

including the cranium, affecting the auditory and nervous systems resulting in neurological changes and 

tail chasing behaviour in clinically diseased fish (particularly rainbow trout Oncorhynchus mykiss), 

resulting in what is termed whirling disease (Bartholomew and Reno 2002).   

First reported in Germany in rainbow trout (O. mykiss) and brook trout (Salvelinus fontinalis) in the late 

19th century, M. cerebralis has since been documented in temperate freshwater ecosystems around most 

of the world (Bartholomew and Reno 2002).  The parasite is likely to have originated from European 

brown trout (Salmo trutta), which are resistant to whirling disease and are known sub-clinical carriers of 

M. cerebralis.  In contrast, both wild and cultured salmonids in North America have suffered significant 

disease outbreaks since the parasite was first documented in the United States in Pennsylvania in 1956 

(Bartholomew and Reno 2002).  Myxobolus cerebralis is thought to have been transported to North 

America in the 1950s in either live brown trout imported into hatcheries as broodstock, or in frozen 

trout products imported from Europe and introduced into local waterways as bait or fishfeed (Nickum 

1999, Bartholomew and Reno 2002).  Since the original introduction, M. cerebralis has since spread 

through much of the United States through stocking of infected fingerlings into uninfected waterways 

(Bartholomew and Reno 2002), and angler activities (Budy et al. 2003, Gates et al. 2008, 2009).   How 

and when M. cerebralis was introduced into New Zealand is not clear, however it was first detected in 

New Zealand at a trout hatchery near Dunedin in 1971 (Hewitt and Little 1972), and was thought to 

have been present many years before that, perhaps as early as 1952 (Hewitt and Little 1972, Boustead 

1993, Bartholomew and Reno 2002). Since then M. cerebralis has been found in wild and cultured 

salmonids at several locations in the South Island in both clinically diseased rainbow trout as well as 

clinically healthy salmonids that were sampled for research or export certification (Hewitt 1972, 

Knowles 1992, Boustead 1993, 1996, Anderson 1993, 1995, 1996, 1997).  It appears that M. cerebralis 

has not been recorded in the North Island (Anderson 1996, Diggles et al. 2002).   
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The lifecycle of M. cerebralis is indirect and requires tubificid oligochaetes as an intermediate host 

(Markiw and Wolf 1983, Wolf and Markiw 1984).  Myxosporean triactinomyxon infective stages can 

be disseminated via translocation of oligochaete worms (Lowers and Bartholomew 2003, Hallett et al. 

2006), and in regions where M. cerebralis has been introduced, sites with highest angler activity tend to 

have the highest prevalences of the parasite (Budy et al. 2003).  Indeed, transfer of spores or other 

infective stages of the parasite via soil or other material lodged in fishing boots, waders or other angling 

equipment is a likely source of unexpected spread of the parasite through angler activity (Gates et al. 

2008, 2009).  Myxobolus cerebralis spores can tolerate freezing at -20 °C for a week (Arsan and 

Bartholomew 2008), to 3 months (El-Matbouli and Hoffmann 1991), while the triactinomyxon infective 

stages can be spread via translocation of oligochaetes (Hallett et al. 2006), hence imported salmon 

products, tubificids imported as ornamental fish food, and translocation of spores on angling equipment 

such as waders could all have been potential mechanisms by which the disease agent was introduced 

into New Zealand (Bartholomew and Reno 2002).  Myxobolus 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 New Zealand.  The parasite 

has been found in a range of salmonid species, including rainbow trout (O. mykiss), brown trout (S. 

trutta), brook trout (S. fontinalis), chinook salmon (O. tshawytscha) and Sockeye salmon (O. nerka) (see 

Boustead 1993).  The tubificid oligochaetes that are suitable intermediate hosts for the parasite are 

ubiquitous in the aquatic freshwater environment, and because of this the disease agent occurs naturally 

in freshwater aquatic environments in several places in the South Island (Boustead 1993, Anderson 

1996).  As salmonids age their susceptibility to infection by M. cerebralis reduces markedly due to 

several factors, particularly the degree of ossification of cranial cartilage (Markiw 1992, Anderson 

1993). Use of bore water and concrete raceways can significantly reduce the chances of exposure of 

young salmon to the disease agent (Knowles 1992, Anderson 1997). However, juvenile chinook salmon 

reared in freshwater in concrete raceways can still be exposed to infective stages of the parasite via their 

water supply and have become infected at very low prevalences and intensities in New Zealand 

(Boustead 1993, 1996), although clinical whirling disease has never been recorded in this species in 

New Zealand (Boustead 1993, 1996, Anderson 1996, 1997).  Taking into account that M. cerebralis is 

rarely detected in cultured chinook salmon fingerlings, the likelihood estimation for salmon infected by 

M. cerebralis occurring in seacages in the Marlborough Sounds is considered to be Low. 

5.5.6  Exposure assessment 

Salmonids in freshwaters throughout the South Island of New Zealand are already at risk of exposure to 

M. cerebralis through natural pathways.  However marine fishes are not susceptible to this disease 

agent, nor are the freshwater tubificid intermediate hosts required to complete the lifecycle likely to be 

present in the marine environment under salmon farms.  However, it is possible that chinook salmon 

infected with M. cerebralis could escape from seacages, survive and re-enter freshwater, potentially 

allowing the opportunity for the lifecycle to be completed.  There is evidence that chinook salmon have 

established self sustaining populations in the Clarence and Wairou Rivers, and some of these fish may 



 
 

 

 
 
 
 45 

. 
  www.digsfish.com 

have originated as escapees from seacages (N. Boustead, personal communication).  Because of this, 

even though the prevalence and intensity of M. cerebralis infections in chinook salmon smolt is very 

low (Boustead 1993, 1996), the risk of exposure and establishment of M. cerebralis in the environment 

of the Marlborough Sounds via introduction of live salmon cultured in seacages is non-negligible, and 

the likelihood of exposure and establishment of wild fish populations to M. cerebralis in adjacent 

freshwater rivers is considered to be Extremely Low. 

5.5.7  Consequence assessment 

Myxobolus cerebralis is already present in several locations in the South Island of New Zealand.  This 

disease agent only infects salmonids and has caused clinical disease in New Zealand only on rare 

occasions in rainbow trout reared in earth or gravel ponds (Anderson 1997).  It is possible that some of 

the chinook salmon in the Clarence and Wairou Rivers may have originated from salmon farms (N. 

Boustead, personal communication), which indicates that a potential pathway exists which could allow 

completion of the lifecycle of M. cerebralis if infected fish were released into seacages and 

subsequently escaped.  However the likelihood of this pathway being successfully completed would 

appear remote, and needs to be measured against the significant risks of transfer of spores or other 

infective stages of the parasite via angling activity (Gates et al. 2008, 2009). This parasite is not listed 

by the OIE, though it remains a reportable disease in New Zealand. Considering all of these factors, 

transfer of M. cerebralis into the marine environment with sea caged salmon would have mild 

biological consequences for wild salmonids, and/or may cause minor environmental effects, which 

would not be serious or irreversible.  It is therefore estimated that the environmental consequences of 

introduction of M. cerebralis via salmon in sea cages in the Marlborough Sounds would be Very Low.  

5.5.8  Risk estimation 

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

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

unrestricted risk estimate for whirling disease does not exceed the ALOP, suggesting that additional risk 

management for this disease agent is not required at this time. 

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 with Piscirickettsia-like bacteria 

This qualitative risk analysis has determined that the only disease of concern in cultured salmon that 

requires additional risk mitigation at this time is infection with Piscirickettsia-like bacteria (NZ-RLO) 

when it occurs in clinically diseased salmon.  The emergence of this disease in farmed salmon in New 

Zealand in recent years confirms observations from overseas that new diseases tend to originate from 

wild fish populations, but emergence is generally only observed first in farmed fish populations (Jones 

et al. 2015).  Because of this, maintenance of a high health status in farmed fish reduces both their 

susceptibility to putative pathogens carried by wild fish populations, and also reduces the risk of 

possible subsequent back spill of the same disease agents into wild fish populations (Jones et al. 2015).   

Given that this analysis suggests the environmental risks only exceed the ALOP if populations of clinically 

diseased salmon are held in seacages, mitigation of the risk of disease outbreaks due to Piscirickettsia-like 

bacteria is important.   As for other bacterial diseases, use of best practice husbandry methods to control 

known risk factors can reduce the liklihood of Piscirickettsia disease outbreaks.  Perhaps the most 

important risk factor is water quality, which needs to be optimized via site selection and farm 

management to maximize the immune competence of the fish, which is especially important as NZ-

RLO infected fish may not become clinically diseased if they are not stressed or infected with other 

pathogens (DAFF 2013). In the case of salmonids, this means maintaining dissolved oxygen levels 

above 6 mg/L (preferably above 6.5 mg/L), reducing temperature and salinity fluctuations and avoiding 

temperature extremes and exposure to pollutants (Ellard 2015).  It would be reasonably expected that all 

these water quality objectives would more likely be achieveable at farm sites with higher water flows.     

Other best practice risk reduction methods which should be employed to mitigate risks posed by 

Piscirickettsia-like bacteria include using broodstock that have never been exposed to seawater, rearing 

fish at optimal stocking densities, allowing farms in a given region to fallow at regular intervals, 

controlling ectoparasites that may act as vectors, and avoiding horizontal transmission between year 

classes by holding single year classes of fish at any given site (Fryer and Hedrick 2003).  Of these best 

practices, regular rotational fallowing and single year class farming within each farm management area are 

not explicitly addressed by the current biosecurity management plan for NZ King Salmon (NZ King 

Salmon 2016).  For more on these points, see section 6.2 below.  Broodstock management which 

prevents use of broodstock fish originating from seawater is also not explicitly addressed in the current 

biosecurity management plan, although this policy is reportedly in place (Colin Johnston, personal 

communication 25 May 2016).  

Obviously, this analysis has necessarily been based on those diseases that occur in New Zealand salmon 

at this point in time.  Some of the disease agents of concern which presently do not occur in the South 

Island of New Zealand (e.g. sea lice Caligus epidemicus) may extend their range into the Marlborough 

Sounds in the future if current global warming trends continue as projected.  The risk of host switching 

of other sea lice (e.g. C. elongatus) or emergence of other endemic diseases (e.g. Kudoa spp.) vectored 

by native marine fishes if a threshold intensity of chinook salmon farming is reached (Krkosek 2010) 
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also needs to be considered when planning for this industry.  Furthermore, there have been many 

instances of disease emergence in finfish aquaculture around the world that have occurred due to lapses 

in biosecurity.  Although New Zealand’s biosecurity arrangements are amongst the best in the world, 

there have been several biosecurity leaks in recent years that have allowed exotic pests and diseases to 

establish in New Zealand waters (Smith et al. 2003, Stuart 2004, Kilroy et al. 2009, Lane et al. 2016).  

These examples demonstrate that a risk remains and exotic diseases could be introduced, and/or new 

endemic diseases could emerge in salmon aquaculture in New Zealand at some time in the future.  

Because of this, it is important to ensure that biosecurity planning is integral to management of the 

salmon farming industry in order to firstly avoid disease problems, and in a worse case scenario, to be 

able to effectively manage any new problems that may emerge (Munro et al. 2003, Murray and Peeler 

2005, Gustafson et al. 2005, 2007, Kibenge et al. 2009, Mardones et al. 2009).  As detailed above, the 

biosecurity protocols listed in the current biosecurity management plan for NZ King Salmon (NZ King 

Salmon 2016) effectively mitigate most, but not all, of the risks related to management of diseases such 

as the NZ-RLO.  Effective disease surveillance is also an important activity that can help reduce the 

risks of establishment of new diseases, and the risks to the industry can be further mitigated through 

implementation of worlds best practice biosecurity management arrangements for finfish seacage 

farming.  Some of the best practice management arrangements used in salmon farming to minimise 

disease risks are discussed in more detail in the sections below. 

6.2 Number and location of seacages 

Number of seacages: Density of hosts is one of the most significant epidemiological factors that drives 

disease emergence in aquaculture (Murray and Peeler 2005, Krkosek 2010).  It is important, therefore, 

to ensure that the salmon farming industry in New Zealand is allowed access to sufficient farming area 

to maintain optimal stocking densities and minimise the likelihood of overstocking of individual 

seacages.  It is also very important for the industry to have access to additional suitable sites to permit 

best practice biosecurity procedures such as regular rotational site fallowing.  Furthermore, allowing 

access to sufficient farm sites provides several advantages that can minimise the risk of disease 

emergence and maximise the ability to control disease outbreaks, including the ability to operate 

independent farm management areas, and if sufficient farm sites are available, the flexibility to 

undertake year class farming.  

Location of seacages:  Site selection is critical to maintenance of high health status in seacage cultured 

fish.  The restricted distribution of disease associated with the NZ-RLO (which historically has mainly 

been problematic at the low flow site at Waihinau Bay), suggests that environmental conditions at that 

site are more permissive for infection to occur and disease to emerge than at other sites, especially 

during summer when salmon may be stressed by high water temperatures.  The proposed deletion of 

low flow, suboptimal farming sites such as Waihinau Bay and replacement of them with high flow sites 

would minimise risks of emergence of both infectious and non-infectious diseases and thus better allow 

the salmon farming industry to minimize risks to the environment posed by diseases of salmon.   
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6.2.1 Independent farm management areas  

An independent farm management area can be defined as one or more farm sites that occur within a 

particular geographical area (a defined area) that share one or more characteristics of epidemiological 

significance, such as movements of water (e.g. tidal excursion), wild fish, aquaculture stock, equipment 

and staff.  The size of a farm management area depends on many factors relating to hydrodynamic 

variables of water movements, dispersal dynamics of infective agents, movements of wild fish, 

movements of stock, staff, equipment and so on (McClure et al. 2005, Chambers and Ernst 2005, 

Gustafson et al. 2007, Dempster et al. 2009).  Adoption of independent farm management areas allows 

development of integrated biosecurity and pest management strategies that can be optimised for 

maximum effectiveness (Chambers and Ernst 2005, Brooks 2009, Wilson et al. 2009, Snow 2011).  The 

dispersal dynamics of sea lice, and both ISA-like (a labile virus) and IPN-like (a robust virus) viruses 

will be used here as examples for the purposes of exploring the utility of independent farm management 

areas for mitigating disease risks.  

Empirical evidence and modelling from the northern hemisphere has shown that the risk of infection 

with viruses such as IPNV and ISAV increases significantly when non-infected salmon farms are within 

a 5 km distance of an infected salmon farm (Jarp and Karlsen 1997, Scheel et al. 2007, Wallace et al. 

2008).  For metazoans such as sea lice, the risk of infection is increased above background levels at least 

8 to 18 km from lice infected salmon farms (Brooks 2009, Penston et al. 2011), and the maximum 

distance where increased infection pressure has been observed or modelled is around 30-45 km 

(Krkosek et al. 2005, Amundrud and Murray 2009, Penston et al. 2011, Johnsen et al. 2016).  The 

markedly reduced infection pressure with distance associated with the viruses compared to the sea lice 

is likely to be due to the viruses requiring a certain minimum infectious dose before they are 

transmitted, compared to the sealice in which one infective stage is sufficient to cause infection.  

Furthermore, sealice infective stages are robust and survive for long periods in the plankton, and indeed 

they are non-infective for several days prior to moulting into the infective copepodid stage (Murray and 

Gillibrand 2006, Amundrud and Murray 2009).  Taking these figures on dispersal dynamics as 

representative for disease agents that may emerge in New Zealand salmon culture in the future, and 

taking into account hydrodynamic conditions at the various existing salmon farming sites in the 

Marlborough Sounds (Gillespie et al. 2011), (which are similar in many aspects to hydrodynamic 

conditions found in lochs and fiords where sealice and viral diseases have been problematic elsewhere, 

see Murray and Gillibrand 2006, Gillibrand and Amundrud 2007), the following can be concluded: 

The existing farm sites in Queen Charlotte Sound and Tory Channel (Clay Point, Te Pangu, Ngamahau, 

Ruakaka Bay, Otanerau Bay) are considered to be within an area sufficiently connected by water and 

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

Area). This assessment would appear to be consistent with the outcomes of the hydrodynamic analyses 

for Queen Charlotte Sound/Tory Channel done by MAF Biosecurity (2011a).   

The existing farm sites at Waitata, Waihinau Bay, Richmond and Forsyth Bay are considered to be 

within an area sufficiently connected by water and wild fish movements to constitute an individual farm 

management area (Outer Pelorus Sound Management Area). This assessment would appear to be 
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consistent with the outcomes of the analysis for Waitata Reach done by MAF Biosecurity (2011a). The 

proposed relocation of salmon farm sites including deletion of low flow sites at Ruakaka Bay, Otanerau, 

Waihinau Bay and Forsyth Bay and implementing new sites at high flow locations at potential sites 42, 

47, 82 and 156 at Tio Point in Tory Channel and potential sites 34, 106, 122, 124 and 125 in Outer 

Pelorus Sound would therefore allow the salmon farming industry in the Marlborough Sounds to 

develop 2 farm management areas that are epidemiologically independent 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 farm management used to control some of the risk 

factors associated with disease emergence and persistence in seacage aquaculture (Stewart 1998).  The 

presence of multiple year classes of fish on any given site can allow disease agents to persist for long 

periods on site because holdover fish provide an avenue for transfer of pathogens between year classes 

(Gustafson et al. 2007).  Management arrangements that allow only one year class of fish to be held in 

any given individual farm management area significantly reduce the risk of persistence and spread of 

disease agents (Gustafson et al. 2007, Brooks 2009).  Because of this, year class farming is generally 

acknowledged to be worlds best practice for salmon farming.  Furthermore, fallowing of seacage sites is 

often useful to reduce or eliminate residual infection pressure for disease agents such as viruses and 

parasites by removing their hosts (Gustafson et al. 2007, Penston et al. 2011). There is also evidence 

that fallowing can assist with mitigation of bacterial diseases (Stewart 1998) and indeed, fallowing can 

reduce the risk of emergence of new diseases which otherwise could adapt (switch) to new hosts if they 

are allowed to co-exist with them for long uninterrupted periods (Snow 2011).  Synchronised fallowing 

within farm management areas has become compulsory in some salmon farming areas for these very 

reasons (Chang et al. 2007).  

The proposed planning changes provide for deletion of 6 low flow farm sites and their replacement with 

high flow farm sites.  If all proposed high flow sites were approved, this would provide up to 7 farm 

sites per farm management area.  Assuming the total number of active farms remains the same as 

present in each area, this arrangement could allow the option to schedule regular (one year out of every 

6 years) rotational site fallowing within each management area, which would slightly reduce the risk of 

disease emergence compared to a situation with no fallowing at all.  The fact that chinook salmon reach 

market size within 18 months to 2 years after introduction into seacages, suggests that the proposed 

changes are an incremental improvement, but are not sufficient to allow worlds best practice which 

would entail regular fallowing combined with complete year class farming with only one year class in 

each independent farm management area at any given time.  Worlds best practice could probably only 

be practically implemented if there were 3 epidemiologically independent farm management areas, each 

with sufficient farm sites to allow fallowing of all farms within each management area every third year. 

In view of current global warming trends which are likely to increase disease risks to the industry over 

time, the ideal situation of 3 independent farm management areas with compulsory fallowing of an area 

every 3rd year should be considered in future planning arrangements for the industry.  
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6.3 Buffer zones surrounding farming areas 

Together with establishment of independent farm management areas, best practice management of the 

salmon aquaculture industry in the Marlborough Sounds should also include establishment of salmon 

farming-free buffer zones surrounding each of the independent farm management areas, to ensure their 

epidemiological independence.  Buffer zones are extremely useful because they are an important form 

of prevention in that they reduce the connectivity between different farming areas that otherwise may 

occur through movements of water, shipping and other potential vectors such as wild fishes (Dempster 

et al. 2009).  Buffer zones also allow integrated pest management strategies to be successfully 

implemented in each independent farm management area during disease outbreaks (McClure et al. 2005, 

Chambers and Ernst 2005, Gustafson et al. 2007).  The widths of buffer zones should be defined based 

on epidemiological criteria, particularly those relating to movements of water (e.g. tidal excursion) and 

the dispersal dynamics (particularly the longevity of infective stages) of likely disease agents (Chambers 

and Ernst 2005, Gustafson et al. 2007).  Again, the dispersal dynamics of sea lice, and ISA-like and 

IPN-like viruses will be used as examples of the types of metazoan and microbial disease agents that 

could emerge in New Zealand salmonid culture at some stage in the future. 

As mentioned above, empirical evidence and modelling from the northern hemisphere has shown that 

the risk of infection with viruses such as IPNV and ISAV increases significantly when non-infected 

salmon farms are within 5 km of an infected salmon farm (Jarp and Karlsen 1997, Scheel et al. 2007, 

Wallace et al. 2008).  Because of this, (and assuming similar hydrodynamic conditions between the 

Marlborough Sounds and salmon farming areas in other parts of the world, see Murray and Gillibrand 

2006, Gillibrand and Amundrud 2007, Gillespie et al. 2011), a minimum 5 km buffer zone from the 

edge of one farm management area to the edge of the next farm management area would appear 

necessary to ensure their independence in the event of a viral disease outbreak.  However, for metazoan 

parasites such as sea lice, the buffer zone may need to be much larger to be effective.  For sealice, the 

risk of infection is increased above background levels at least 18 km from lice infected salmon farms 

(Brooks 2009), and the maximum distance where increased infection pressure has been observed or 

modelled is around 30-45 km (Krkosek et al. 2005, Costello 2006, Amundrud and Murray 2009, 

Penston et al. 2011, Johnsen et al. 2016).  This suggests that the width of an ideal on-water buffer zone 

(“as the fish swims”, not “as the crow flies”) to ensure true independence of salmon farming 

management areas for all known disease agents of salmon would be between 18 and 45 km from the 

nearest farm in one farm management area to the nearest farm in an adjacent farm management area. 

The proposed locations of the new high flow farm sites and deletion of the low flow farm sites would 

potentially increase connectivity between individual farms within each farm management area, but 

would also increase the width of the existing buffer zone between 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 increased risk of disease transmission.  Indeed, the spread 

of ISA in Scotland, and Norway (Murray et al. 2002, Munro et al. 2003, Thorud and Hastein 2003) and 
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also Canada (Gustafson et al. 2005) was associated with spread of effluent from well boats used for 

harvesting, and/or from processing plants.  A brief summary of the 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 disease agents such as ISA during the harvesting process 

when live fish are transported from farming areas to centralised processing facilities in well boats 

(Murray et al. 2002).  Munro et al. (2003) evaluated the relative risks of spread of ISA associated with 

various different harvesting methods commonly used in Scotland.  The highest risks of transmission to 

neighbouring farms was likely to occur when live fish in seacages were towed to centralised processing 

plants (Munro et al. 2003).  Any harvesting methods that could allow escape of live fish were also 

considered to be higher risk.  In contrast, the harvesting methods currently used by NZ King Salmon 

(rested slaughter at the cage site using anaesthetic followed by bleeding into an ice slurry in a harvest 

tub and transport of harvest tubs by barge to the wharf for road transport to landbased processing plants) 

were considered to represent a moderate risk of spread of disease to neighbouring farms, but the lowest 

risk of spread of disease en-route to the processing plant (Munro et al. 2003).   

The current harvesting methods used by NZ King Salmon are therefore compatible with the process of 

establishment of independent farm management areas, provided that there is no movement of harvest 

barges from one farm management area to another. This would be accommodated by ensuring in the 

biosecurity management plan that all fish harvested from the Tory Channel Management Area are 

landed only in Picton, and that separate barges and equipment are used to service the Outer Pelorus 

Sound Management Area and that salmon from there are only landed at Havelock.  Such an 

arrangement would be consistent with worlds best practice management for this activity from both 

minimisation of disease risk and maximisation of product quality and animal welfare (Gregory 2008, 

Tuckey et al. 2009, 2010). 

6.4.2 Processing premises  

Spread of viral diseases such as ISA has been documented where several companies within a salmon 

farming area utilise a central processing premise (Munro et al. 2003).  The increased risk of disease 

transmission under these circumstances is associated with sharing of contaminated harvesting and 

processing equipment such as well boats, harvest barges, grading equipment and harvesting tubs, as well 

as activities such as transport of live fish to the vicinity of the processing plant (Munro et al. 2003).  The 

highest risks were associated with holding live fish in cages adjacent to processing plants, and discharge 

of untreated effluent from processing plants (Munro et al. 2003). 

NZ King Salmon is a vertically integrated company that utilises its own landbased processing plants 

with no discharge of effluent back into the sea.  NZ King Salmon also does not share harvesting barges, 

tubs, and other transport equipment with other salmon farming companies. Because of this, NZ King 
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Salmon is in a good position to minimise risk of cross contamination of equipment during harvest, 

transport and processing.   

7.0 Conclusions 

This risk analysis found that infection with Piscirickettsia-like bacteria (NZ-RLO) in clinically diseased 

chinook salmon held in seacages represents the only disease of concern in cultured salmon that requires 

additional risk mitigation measures at this time. The emergence of this disease in salmon farmed at the 

low flow site in Waihinau Bay in Pelorus Sound demonstrates the increased risk of disease emergence 

at farm sites where environmental conditions are suboptimal.  Thus, the proposed planning changes to 

relocate several salmon farms situated in low water flow sites in the Marlborough Sounds to high water 

flow sites is likely to reduce risks to the environment that presently exist due to infection with 

Piscirickettsia-like bacteria (NZ-RLO) in clinically diseased salmon.      

However, this assessment by necessity was based on the diseases of salmon presently known to occur in 

New Zealand at this point in time.  Given that new diseases can emerge and biosecurity leaks can occur, 

we cannot assume that the disease status of chinook salmon in New Zealand will not change at some 

stage in the future.  Because of this, it is notable that the proposed deletion of low flow, suboptimal 

farming sites and replacing them with high flow sites would better allow the salmon farming industry to 

minimize risks to the environment and industry development posed by diseases of salmon.  The 

proposed changes, if approved, would allow the industry to mitigate several disease risk factors that 

contribute to emergence of infectious diseases, provide an option to implement regular farm fallowing 

(if all proposed high flow sites were approved), while permitting establishment of 2 epidemiologically 

independent farm management areas separated by ideal buffer zones.  These arrangements would allow 

the salmon farming industry to enhance its existing biosecurity controls and implement integrated pest 

management strategies if required.   

The farms in the Tory Channel (Clay Point, Te Pangu, and Ngamahau and potential sites 42, 47, 82 and 

156 at Tio Point) could be managed as one farm management area (Tory Channel Management Area).  

The farms proposed for Pelorus Sound (Waitata, Richmond and potential sites 34, 106, 122, 124 and 

125) could be managed as a second farm management area (Outer Pelorus Sound Management Area).  

Given the density of individual farms in each management area remains relatively low by world 

standards, the increased number of farms within each management area is not a major concern 

(particularly if any extras sites are used to instigate regular farm fallowing), provided water quality 

remains optimal (by virtue of improved site selection), on-farm stocking densities remain optimal, and 

the biosecurity practices outlined in the biosecurity management plan are maintained.   

In conclusion, I encourage the deletion of the 6 sub optimal sites and relocation of salmon farms to the 

proposed high flow locations, not only to reduce risks of outbreaks of NZ-RLO and emergence of other 

infectious and non-infectious diseases, but also to allow the establishment of ideal on-water buffer zones 

that will allow utilisation of 2 truly independent farm management 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 into the environment is determined through the 

release assessment stage of the process.  The only hosts considered in the risk analysis component of 

this document are chinook salmon (Oncorhynchus tshawytscha) cultured in seacages.  The release 

pathway for spread of disease from the host into the New Zealand marine environment is direct via 

faeces, urine, blood, mucus and other fluids shed by cultured salmon into the water.  The risk 

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

likelihood of release of that hazard was negligible. 

Table 4.  Nomenclature for the qualitative likelihood estimations 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 aquatic animals in an uninfected jurisdiction 

being exposed to the hazards via infected seacaged salmon and determines the likelihood of the 

establishment of the hazard.  The likelihood of exposure will depend on several factors relating to the 

capacity of the disease agent to survive in the environment in an infective form, the availability of 

susceptible hosts, the ease of infection of susceptible hosts, and the likelihood of subsequent 

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

susceptible hosts to disease agents carried by salmon, the following 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 susceptible fish or invertebrate species. Infection may 

occur via the digestive tract, or through direct contact with contaminated water via the skin and 

gills or integument. 
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2. Infective Dose: There must be sufficient quantities of viable infective stages to induce an 

infection following ingestion or contact via the skin and gills or integument.    

Once a hazard is released into the environment, the likelihood of whether the disease agent would 

survive, infect susceptible hosts, and become established within a population was expressed 

qualitatively using the likelihood estimations in Table 4, based on information available in the scientific 

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

likelihoods for the release and exposure assessments were combined using the matrix of ‘rules’ for 

combining descriptive likelihoods, 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 concluded if the exposure assessment determined that 

the probability of establishment was negligible. 

Consequence assessment 

The consequence assessment estimates the likely magnitude of the consequences of establishment 

and/or spread of a disease agent into the environment and the possible effects of the disease agent on 

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

consequences of establishment of an unwanted disease agent in this RA are defined in Table 6.  These 

descriptions are based on information available in other RAs, the scientific literature, unpublished data, 

as well as the professional judgment of the analyst.  For each disease of concern, the consequence 

assessment determined the likelihood of occurrence and the associated impact for each of two main 

outbreak scenarios.  Either: 
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1. The disease agent becomes established and spreads throughout populations of susceptible 

species in Marlborough Sounds and beyond.  This scenario assumes that if a disease agent were 

to establish in a local population it would eventually spread to its natural geographical limits, or; 

2. An index case occurs and infection may even spread to co-habiting animals, but the agent does 

not persist in the environment.   

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

second scenario would go undetected.   

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

Consequence Definition 

Extreme  Establishment of disease would cause substantial biological and economic harm at a 

regional or national level, and/or cause serious and irreversible environmental harm.  

High Establishment of disease would have serious biological consequences (high mortality 

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

would significantly harm economic performance at a regional level and/or cause 

serious environmental harm which is most likely irreversible. 

Moderate Establishment of disease would cause significant biological consequences 

(significant mortality or morbidity) and may not be amenable to control or 

eradication. Such diseases could harm economic performance at a regional level on 

an ongoing basis and/or may cause significant environmental effects, which may or 

may not be irreversible.  

Low Establishment of disease would have moderate biological consequences and would 

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

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

effects, which would not be serious or irreversible. 

Very Low Establishment of disease would have mild biological consequences and would be 

amenable to control or eradication. Such diseases may harm economic performance 

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

effects, which would not be serious or irreversible. 

Negligible Establishment of disease would have no significant biological consequences and 

would require no management. The disease would not affect economic performance 

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

The risk assessment for a particular hazard was concluded if the consequence assessment determined 

that the consequences of introduction were negligible. 



 
 

 

 
 
 
 76 

. 
  www.digsfish.com 

Risk estimation 

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

the extent of the unrestricted risk presented by each disease agent to the environment and aquatic 

animals of New Zealand was sufficient to require risk management.  ‘Unrestricted risk’ means the 

estimated risk if the current industry practices remain unchanged. Risk was assessed using the risk 

estimation matrix in Table 7 which uses a combination of the qualitative answers given for the 

combined likelihoods of release and exposure and the significance of the consequences of establishment 

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

‘extreme’.  The appropriate level of protection (ALOP) for the environment adopted in this RA is 

expressed in qualitative terms. The ALOP is expressed as providing a high level of sanitary or 

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

ALOP, and its illustration by way of a risk estimation matrix is shown below in Table 7.  

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

management (red font). 

Negligible 
risk  

Very low 
risk 

Low risk Moderate 
risk 

High risk Extreme 
risk 

Negligible 
risk  

Very low 
risk  

Low risk  Moderate 
risk  

High risk  Extreme 
risk  

Negligible 
risk  

Negligible 
risk  

Very low 
risk  

Low risk  Moderate 
risk  

High risk  

Negligible 
risk  

Negligible 
risk  

Negligible 
risk  

Very low 
risk  

Low risk  Moderate 
risk  

Negligible 
risk  

Negligible 
risk  

Negligible 
risk  

Negligible 
risk  

Very low 
risk  

Low risk  

Negligible 
risk  

Negligible 
risk  

Negligible 
risk  

Negligible 
risk  

Negligible 
risk  

Very low 
risk  

 

 

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

establishment and spread were considered to be negligible, it was considered the unrestricted risk posed 

by the disease agent was negligible (rising to very low for extreme consequences of establishment), and 

there would be no need to implement any additional risk management steps (Table 7).  If the 

consequences of establishment and spread were considered to be very low, even a high probability of 

Consequences of establishment and spread 
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establishment and spread was tolerable without the need for risk management.  If the likelihood of 

establishment and spread were considered to be very low, even high consequences of establishment and 

spread were tolerated without the need for risk management, but extreme consequences of establishment 

and spread were considered to exceed the ALOP, and risk management would be required (Table 7).  

Alternatively, if the likelihood of establishment and spread was high, even if the consequences of 

establishment and spread were considered to be low, this scenario would exceeded the ALOP and 

require risk management (Table 7).   

Risk mitigation 

If the unrestricted risk estimation for any disease agent is determined to be unacceptable (that is above 

very low), the threats posed by the disease agent will be ranked (high, medium, low) based on the 

likelihood that it would pose a disease risk when introduced into the Marlborough Sounds with cultured 

salmon. The ranking process will take into account not only the types of disease agents harboured by 

cultured salmon, but also the quantity of the salmon being cultured.  For any diseases with risk 

estimation rankings that exceed the ALOP, risk mitigation measures may be necessary to reduce the risk 

estimate back to within the ALOP.  The risk mitigation processes examined as part of this RA process 

will relate only to option evaluation.   

Option evaluation 

The RA will identify the options available for mitigating any risks that may exceed the ALOP.   
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