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Technical advice on: The risk of New Zealand Rickettsia-like organism
(NZ-RLO) and Tenacibaculum maritimum spread to the aquaculture
industry and the environment

Date: 11 September 2023

Purpose of document

To support decision-making of the Chief Technical Officer and New Zealand Rickettsia-like Organism
(NZ-RLO) and Tenacibaculum maritimum 2015 Response Governance by assessing the risk of NZ-RLO
and T. maritimum spread to the aquaculture industry and the environment.

Background

Ministry for Primary Industries -

Between 2012 and 2015, elevated mortality rates of Chinook salmon (Oncorhynchus
tshawytscha) were observed during summer at some New Zealand King Salmon (NZKS)
farms in the Marlborough Sounds.

During 2012 MPI tested tissue samples from dead fish but could not find a definitive cause of
mortality. Following a 2015 mortality event, subsequent testing detected two bacteria
species in the Marlborough Sounds that were new to New Zealand: a Rickettsiaceae species
and Tenacibaculum maritimum.

The Rickettsiaceae species detected in Chinook salmon was subsequently identified as a
Rickettsia-like organism (RLO), and formally designated New Zealand Rickettsia-like
organism (NZ-RLO). Two strains (NZ-RLO1 and NZ-RLO2) were found to co-occur in the
Marlborough Sounds.

Wider testing of (non-NZKS) salmon farms detected the presence of an additional NZ-RLO
strain (NZ-RLO3) and T. maritimum in Canterbury (Akaroa Harbour), and T. maritimum at
Stewart Island (Big Glory Bay).

Geographic distribution and pathogenicity vary among the NZ-RLO strains and T. maritimum:

o NZ-RLO1 and NZ-RLO2 occur in the Marlborough Sounds, and are associated with
clinical disease in Chinook salmon.

o NZ-RLO3 occurs in Akaroa Harbour and was detected in Chinook salmon that were
not clinically diseased. This strain has not demonstrated pathogenic behaviour.

o Tenacibaculum maritimum has a widespread New Zealand distribution, and was
isolated not only from Chinook salmon with signs of clinical disease (i.e., skin ulcers),
but also from apparently healthy salmon.

Based on the 2015 mortality event and ensuing detection of a Rickettsia-like organism, the
Ministry for Primary Industries (MPI) initiated a biosecurity response. Controls were imposed
on the movement of salmon, salmon products, and salmon farming-related equipment
within the Marlborough Sounds using a Declaration of Controlled Area and Notice of
Movement Controls under section 131 of the Biosecurity Act (“Controlled Area Notice”).

The Controlled Area Notice (CAN) has been in place since 2016. The intent of the CAN is to
limit the spread of New Zealand Rickettsiaceae species (NZ-RLO) as Unwanted Organisms,
and protect other marine salmon farming areas from an incursion of these species.
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Summary of advice

e The risk of New Zealand Rickettsia-like organism (NZ-RLO) and Tenacibaculum maritimum
spread to the aquaculture industry and the environment is a function of organism biology
and pathogenicity, the geographic distribution of the bacteria, the pathways of potential
spread/translocation, and biosecurity mitigation practices in place.

e QOver the duration of the CAN, the biosecurity measures and practices that NZKS have
adopted and implemented have resulted in demonstrable benefits to farming operations.
As such, NZKS does not regard biosecurity management as something specific to MPI CAN
requirements, but rather considers these practices to be fundamental to their farming
operations.

e A fundamental consideration around assessing the risk of NZ-RLO spread is, in the absence
of a CAN, whether or not NZKS will continue with the biosecurity practices that have been
integrated into their BMP to manage the risk of spreading NZ-RLO1/NZ-RLO2.

e To address the possibility of a relaxation in NZKS biosecurity practices in a post-CAN
situation, this risk assessment considers two scenarios:

Scenario 1: Continuation of the current NZKS biosecurity management practices used to
comply with the CAN; and

Scenario 2: Cessation of key biosecurity management practices for NZ-RLO1/NZ-RLO2
containment, with:

(a) limited connectivity between NZKS operations and other salmon farming areas in
New Zealand; or

(b) increased connectivity between NZKS operations and other salmon farming areas
in New Zealand.

e InScenario 1, the risk of NZ-RLO spread to other salmon farming areas and the environment
(including wild salmonid populations) is assessed as very low (environmental) / low

(economic):
Likelihood of NZ-RLO Consequence
establishment and
spread Environmental Economic
Very low Low Moderate
(1 eventin 20 to 100
years) Establishment of NZ-RLO would Establishment of disease may
have low biological consequences | not be amenable to control or
and would be amenable to eradication; could harm
control or eradication. economic performance at a

regional level on an ongoing
basis, which may or may not be
irreversible.

o The available evidence suggests that the Chinook salmon summer mortality events
in the Marlborough Sounds are driven by a geographically localised suite of biotic
and abiotic factors (i.e., pathogens—including NZ-RLO1 & NZ-RLO2—and
environmental conditions).

o The NZKS biosecurity management practices in place appear to effectively mitigate
against the translocation of NZ-RLO1 and NZ-RLO2.
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e In Scenario 2a and 2b, the risk of NZ-RLO spread to other salmon farming areas and the
environment (including wild salmonid populations) is assessed as low (environmental) /
moderate (economic):

Likelihood of NZ-RLO Consequence
establishment and
spread Environmental Economic
Scenario 2a Low Moderate
Moderate
(1to2eventsin3 Establishment of NZ-RLO would | Establishment of disease may
years) have low biological not be amenable to control or
consequences and would be eradication; could harm
Scenario 2b amenable to control or economic performance at a
High eradication. regional level on an ongoing
(more than 2 events basis, which may or may not be
in 3 years) irreversible.

o Scenario 2a: In the absence of fundamental biosecurity management practices (e.g.,
equipment decontamination, disease testing), the likelihood of NZ-RLO
establishment and spread is moderate if NZKS maintains its limited operational
connectivity with other salmon farming areas in New Zealand.

o Scenario 2b: Increasing water temperatures and marine heatwaves may necessitate
increased operational connectivity (e.g., disposal of mortalities, stock relocations)
with sites beyond the original Controlled Area. In this context, and in the absence of
key biosecurity management practices, the likelihood of NZ-RLO establishment and
spread is high.

o The risk of T. maritimum spread outside of the Controlled Area is assessed as negligible, as
this is a cosmopolitan species that is likely widespread in New Zealand. Tenacibaculum
maritimum is an opportunistic pathogen, and as with NZ-RLO, tenacibaculosis outbreaks are
driven by biotic and abiotic factors (i.e., pathogens—including NZ-RLO1 & NZ-RLO2—and
environmental conditions).

Supporting information

The risk of New Zealand Rickettsia-like organism (NZ-RLO) and Tenacibaculum maritimum spread to
the aquaculture industry and the environment is a function of organism biology and pathogenicity,
the geographic distribution of the bacteria, the pathways of potential spread/translocation, and
biosecurity mitigation practices in place:

1. New Zealand Rickettsia-like organism (NZ-RLO)
1.1. Organism background
1.1.1. Rickettsia-like organisms

“Rickettsia-like organism” (RLO) is an inclusive term for various bacteria that share some general
characteristics: growth and reproduction within host cells (i.e., intracellular), 0.4—2.0 um in size,
aggregation within host cells (i.e., intracytoplasmic inclusions), and stain Gram-negative (Cano et al.
2018; Cruz-Flores & Caceres-Martinez 2020; Howells et al. 2021). RLOs are typically difficult to
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isolate (usually requiring cell culture to grow) (Metselaar et al. 2010), and tools for species-specific
identification are lacking (Howells et al. 2019).

The increasing availability and use of DNA sequencing tools/techniques has revealed that RLOs
comprise a range of bacteria from different orders within the classes Alphaproteobacteria and
Gammaproteobacteria (Cano et al. 2018; Cruz-Flores and Caceres-Martinez 2020). Piscirickettsia
salmonis, the first RLO to be identified as the cause of a major fish disease, was originally considered
to belong to class Alphaproteobacteria, order Rickettsiales, family Rickettsiaceae (Cvitanich et al.
1991). Further molecular characterisation showed that P. salmonis is not closely related to true
Rickettsia species (Fryer et al. 1992), but rather is a member of class Gammaproteobacteria (Fryer &
Hedrick 2003).

1.1.2. Organism identity, biology and pathogenicity

New Zealand Rickettsia-like organism (NZ-RLO) is a Gram-negative, facultative intracellular
bacterium belonging to class Gammaproteobacteria (Brosnahan 2020). DNA sequencing of two
genes (Internal Transcribed Spacer (ITS) rRNA region; 16s rRNA) identified three strains of NZ-RLO in
Chinook salmon (Oncorhynchus tshawytscha): NZ-RLO1 and NZ-RLO2, which are associated with
clinical disease, and NZ-RLO3, which occurs in apparently healthy salmon and does not demonstrate
pathogenicity (Gias et al. 2018; Brosnahan et al. 2019a).

Comparisons of New Zealand strains to other published RLO sequences show that NZ-RLO1 has a
high similarity to Tasmanian-RLO (a pathogen of farmed Atlantic salmon (Salmo salar) in Tasmania,
Australia; Morrison et al. 2016), and NZ-RLO2 and NZ-RLO3 are highly similar to P. salmonis strains
from Ireland (IRE-99C) and Chile (AL10015), respectively (Brosnahan et al. 2019a). Conclusive
determination of NZ-RLO species-level identity will require whole-genome sequencing of each strain,
and comparisons against whole-genome sequences of P. salmonis and Tasmanian-RLO (Brosnahan et
al. 2017, 2019a).

The biology of NZ-RLO has not been characterised. Given the close relationship of NZ-RLO2 and NZ-
RLO3 to P. salmonis, it is assumed that P. salmonis biology generally represents that of NZ-RLO (e.g.,
mechanism of infection, host range):

1.1.2.1. Piscirickettsia salmonis

The Rickettsia-like organism Piscirickettsia salmonis is the causal agent of salmonid rickettsial
septicaemia (SRS), also known as piscirickettsiosis. Piscirickettsia salmonis was first isolated from
diseased Coho salmon (Oncorhynchus kisutch) during a septicaemia outbreak among marine salmon
farms in Chile in 1989 (Cvitanich et al. 1991; Almendras & Fuentealba 1997). This pathogen is a
major infectious disease agent of sea-farmed salmon in Chile, North America and Europe (Brosnahan
et al. 2019a; Xue et al. 2021).

Salmonid fishes appear to be particularly susceptible to P. salmonis (Department of Agriculture,
Fisheries and Forestry (DAFF) 2013), including Atlantic salmon (Salmo salar), Chinook salmon (O.
tshawytscha) and rainbow trout (O. mykiss) (McCarthy et al. 2005; Marcos-Lopez et al. 2017; Jones
2019). Piscirickettsia-like organisms have been reported from some non-salmonid fish such as tilapia
(e.g., Oreochromis niloticus, Sarotherodon melanotheron) and blackspot grouper (Epinephelus
melanostigma), however these reports lack definitive pathogen identification (Marcos-Lopez et al.
2017). Piscirickettsia salmonis has been confirmed infecting European sea bass (Dicentrarchus
labrax) (McCarthy et al. 2005; Zrncic et al. 2021) and white seabass (Atractoscion nobilis) (Arkush et
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al. 2005), and P. salmonis genetic material has been detected in several wild marine fish species in
Chile (Contreras-Lynch et al. 2015).

Piscirickettsia salmonis can survive outside of the host in sea water for up to 21 days, with the
duration of extracellular survival decreasing as the temperature increases (Lannan & Fryer 1994).
The bacterium cannot replicate outside of a host, but appears able to persist in the marine
environment via an as-yet-unknown reservoir (or reservoirs) (e.g., as biofilms on biotic and/or
abiotic surfaces) (Larenas et al. 2019; Levipan et al. 2020, 2022)

Details of the P. salmonis life cycle remain largely unknown (Rozas & Enriquez 2014). Transmission is
horizontal through the water column, and infection may occur through ingestion, penetration of the
gill epithelium, or directly through the skin surface (facilitated by scale damage) (Lannan & Fryer
1994; Smith et al. 1999; Rozas & Enriquez 2014; Bravo et al. 2020).

External clinical signs of piscirickettsiosis include darkening of body colouration, anorexia, lethargy,
and skin lesions (Johnston 2008; Blackwell 2019 and references therein). Internally, clinically
diseased fish have inflamed and necrotic lesions in the liver, kidney, spleen and intestine (Jones
2019).

The severity of piscirickettsiosis varies among P. salmonis strains, host species, and environmental
conditions (House et al. 1999). Husbandry practices (e.g., increased stocking densities) and high
water temperatures (> 15 °C) are key stressors associated with piscirickettsia outbreaks and
associated mortality among farmed salmon (Carter 2005; Akbarzadeh et al. 2018; Jones 2019; Zillig
et al. 2021; Valenzuela-Aviles et al. 2022). Some Chilean strains of P. salmonis are particularly
virulent (e.g., EM-90-like), capable of causing > 90% mortality (Rozas & Enriquez 2014; Rozas-Serri et
al. 2023).

Piscirickettsia salmonis can spread via hydrodynamic dispersal through the water column (to a
distance of ~ 10 km; Rees et al. 2014), translocations of infected stock (including post-harvest
carcasses and fresh or frozen fish product), and movements of aquaculture vessels and equipment
(DAFF 2013; Blackwell 2019).

Based on these aspects of P. salmonis biology, it is assumed that NZ-RLO has similar characteristics:

e horizontal transmission through the water column;

e persistence in the environment via an as-yet-unknown reservoir;

e pathogenicity exacerbated by environmental stressors on salmon (e.g., increased stocking
densities, elevated water temperatures); and

e spread occurs via local hydrodynamics, translocation of infected stock, and movements of
aquaculture vessels and equipment.

1.1.2.2. NZ-RLO pathogenicity

Cumulative yearly mortality levels for New Zealand King Salmon (NZKS) operations are typically ~
25% across all farms (Fischer & Appleby 2017). Since the beginning of the summer mortality events
(2012), cumulative yearly mortality has risen to 30%, with a single site experiencing > 70% mortality
during the summers of 2014-15 and 2021-2022 (Fischer & Appleby 2017; NZKS pers. comm.).

Within the Marlborough Sounds, the prevalence of NZ-RLO1 and NZ-RLO2 is strongly associated with
elevated summer water temperatures (> 17 °C), which in turn are associated with salmon mortality
events (Brosnahan et al. 2019a). NZ-RLO1 and NZ-RLO2 grow best at temperatures of 15-22 °C and
15-18 °C, respectively (Gias et al. 2018; Brosnahan 2020), and laboratory challenges demonstrate
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that both strains can cause clinical disease in Chinook salmon (Brosnahan 2020). However, the role
these strains play in summer mortality events remains unclear:

e Testing of Chinook salmon mortalities in early 2015 demonstrated a low prevalence of NZ-
RLO, and there’s insufficient evidence for NZ-RLO as a primary pathogen in summer
mortality events (Brosnahan et al. 2017; Brosnahan 2020).

e Fish inoculated with NZ-RLO1 or NZ-RLO2 developed skin ulcers (21% and 25%, respectively;
Brosnahan 2020)—this suggests that some skin ulcers of summer mortalities are likely
caused by NZ-RLO, however another possibility is that a different disease agent causes the
ulcers, which then increase salmon susceptibility to NZ-RLO1 and NZ-RLO2 (Brosnahan et al.
2019a). Alternatively, NZ-RLO may alter the skin defences and predispose fish to infection by
other agents that cause skin ulcers (Brosnahan et al. 2019b).

e Challenge studies are required to understand the relationship among NZ-RLO1/NZ-RLO?2,
clinical signs of disease and mortalities—e.g., do higher seawater temperatures increase
susceptibility to infection with NZ-RLO or have an adverse effect on fish infected with NZ-
RLO (Brosnahan et al. 2019a; Brosnahan 2020).

e NZ-RLO1/NZ-RLO2 infections are more likely a multifactorial event, potentially including
other infectious agents and environmental conditions (e.g., elevated water temperatures)
that result in high summer mortalities (Brosnahan 2020).

Detections of NZ-RLO3 in Chinook salmon were associated with no signs of clinical disease
(Brosnahan et al. 2019a). At the site where NZ-RLO3 is present (see section 1.3 below), water
temperatures remain below 15 °C, which may be suboptimal for growth of this strain; alternatively,
the cooler temperature may limit stress on fish immune system function, preventing NZ-RLO3 from
entering, replicating or causing disease in salmon (Brosnahan 2020). The absence of disease in the
presence of NZ-RLO3 may also indicate differences in pathogenicity of NZ-RLO strains (Brosnahan
2020), i.e., NZ-RLO3 may be non-pathogenic.

1.1.3. Geographic distribution

Between 2015 and 2017, targeted surveillance was done for NZ-RLO in New Zealand’s three key
salmon producing areas: Marlborough Sounds, Akaroa Harbour and Stewart Island. Detections of NZ-
RLO were limited to the Marlborough Sounds (NZ-RLO1 & NZ-RLO2) and Akaroa Harbour (NZ-RLO3)
(Brosnahan et al. 2019a). NZ-RLO was not detected in surveillance of wild Chinook salmon in New
Zealand (Marlborough and Canterbury regions of South Island, April 2019-February 2020), nor was it
detected in surveillance of NZKS’s Takaka (February 2019) and Tentburn (January 2020) freshwater
hatcheries (broodstock and smolt, respectively) (Tennakoon & Long 2021). In 2022, followup
surveillance was done at salmon farms in Akaroa Harbour and Stewart Island, and all samples were
negative for NZ-RLO1 and NZ-RLO2 (N. Long pers. comm.).

This evidence suggests that if NZ-RLO1 and/or NZ-RLO2 occur in wild salmon populations in New
Zealand, it is at a very low prevalence (< 2%). To date, the geographic distribution of these
pathogenic strains appears to be restricted to the Marlborough Sounds.

1.1.4. Pathways of potential spread

The pathways of NZ-RLO spread are assumed to be the same as P. salmonis (section 1.2.1):

e natural (hydrodynamic) dispersal through the water column (to a distance of ~ 10 km);
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e translocations of infected stock (including post-harvest carcasses, and fresh or frozen fish
product); and
e movements of aquaculture vessels and equipment.

If/when disease signs arise in salmon, this occurs 2-3 months post-transfer to seawater (New
Zealand King Salmon pers. comm.). Given that NZ-RLO was not detected in surveillance of NZKS
freshwater hatchery stock (section 1.3), this indicates that the bacteria persist in the marine
environment (Brosnahan 2020). The environmental reservoir (or reservoirs) of NZ-RLO remains
unknown, but may include native fish (Quintanilla et al. 2021), biofilms within the shells of bivalves
(Larenas et al. 2019), and biofilms on aquaculture gear and equipment (Levipan et al. 2020).

1.2. Biosecurity mitigation practices in place

In April 2016, MPI used a Declaration of Controlled Area and Notice of Movement Controls
(“Controlled Area Notice”; section 131 of the Biosecurity Act) to put legal controls on the
movement of salmon, salmon products, and salmon farming-related equipment and materials from
NZ-RLO affected areas within the Marlborough Sounds. The Controlled Area Notice (CAN) sets out
two ‘Contained Zones’ (Outer Pelorus Sound and Queen Charlotte Sound; Figure 1a) and places
restrictions on the movement of risk items out of the zones:

e All live or dead farmed Chinook salmon, including all developmental stages, and all products
and by-products derived from live or dead farmed Chinook salmon.

e All equipment and materials used in the propagation and rearing of Chinook salmon for
sale, including but not limited to: sea-cages, pontoons, nets, vessels, tools, cleaning
equipment and fish food.

e Personal equipment used by persons engaged in the propagation and rearing of Chinook
salmon for sale: wetsuits, other dive equipment, and footwear.

In 2019, the CAN was revised to include composting as a disposal option for dead farmed Chinook
salmon.
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Figure 1. (A) Map of Marlborough Sounds Controlled Area for managing the spread of Rickettsia-like organism in farmed salmon; Contained Zones are
Outer Pelorus Sound (Zone A, black crosshatch) and Queen Charlotte Sound (Zone B, red crosshatch), blue triangles denote New Zealand King Salmon
(NZKS) farm locations. (B) NZKS Biosecurity Control Zones, designated by coloured circles: Pelorus Sound (blue), Tory Channel / Queen Charlotte Sound

(green), Otanerau Bay (purple).
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These risk items can be moved out of a contained zone provided that an MPI permit is obtained and
that the permit conditions are fulfilled.

The intent of the CAN is to limit the spread of NZ-RLO1 and NZ-RLO2, and to protect other marine
salmon farming areas from an incursion of these strains. The MPI permitting process is in place to
ensure that any movement of risk items out of the CAN is done in a biosecure manner. Movement
permits ostensibly apply to NZKS operations, and the fundamental permit conditions are that
cleaning and decontamination (and/or containment) of risk items is done in accordance with the
NZKS Biosecurity Management Plan (BMP).

The NZKS BMP includes specific biosecurity measures to minimise the likelihood of transferring
aquatic pathogens or pests between CAN zones (Figure 1a) as well as between NZKS biosecurity
control zones (Figure 1b; Waddington 2023a). Key pathways for which biosecurity measures are in
place include:

e personal protective equipment (PPE) and personnel;
e equipment, vessels and transport vehicles;

e eggs and smolt transfer;

e marine-to-marine fish transfers across zones; and

e divers and diving equipment.

The NZKS BMP also details animal health and welfare procedures and operational practices that are
aimed at general disease prevention, increasing fish resilience to disease, and avoiding adverse
health outcomes. These include:

e daily health and welfare assessments (e.g., of fish behaviour, feed rate and response,
mortality, clinical appearance, environmental conditions, and water quality);

e vaccination and health treatments;

e pathogen and disease awareness;

e mortality retrieval, classification and disposal;

e biosecurity audit;

o feed management;

e harvest management; and

e decontamination protocols for biosecurity risk items (e.g., vessels and aquaculture
equipment).

The NZKS BMP also includes a veterinary health plan, which incorporates Standard Operating
Procedures (SOPs) for disease management (e.g., reducing stock densities) and fish health and
biosecurity checks. The health and biosecurity checks entail routine diagnostic testing of moribund
fish, and pre-transfer testing before moving stock to a new location (freshwater-to-marine and
marine-to-marine transfers). Pre-transfer sampling includes moribund fish plus a minimum of 30
randomly selected moribund, fresh dead, culled or random live fish (in that order of preference) for
gross pathological examination, and any notable gross pathology prompts additional diagnostic
sampling and testing (Waddington 2023b). Pre-transfer testing includes PCR screening for NZ-RLO1
and NZ-RLO2 (Waddington 2023b).
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Specific practices that NZKS have put in place to improve fish welfare and reduce summer mortality
include: shifting operations from Pelorus Sound to cooler water sites in the Tory Channel and Queen
Charlotte Sound; reduced stocking densities; reducing unnecessary handling stress; and fallowing
sites for a minimum of 30 days (N. Long pers. comm.).

In late 2022, NZKS began a stock vaccination programme using a bivalent autogenous vaccine (NZ-
RLO1 and Tenacibaculum maritimum). All fish going out to sea are vaccinated, and remain in the
smolt hatchery for 500 degree days post-vaccine for onset of immunity (Z. Waddington pers.
comm.). Clinical trials of the vaccine showed 50-60% survival benefit against NZ-RLO1, and 6-month
protective effect (Z. Waddington pers. comm.). NZKS has commissioned the development of a new
bivalent autogenous vaccine (NZ-RLO1 and NZ-RLO2), which is expected to be available for use in
late 2023 (Z. Waddington pers. comm.).

NZKS regards their BMP as a “living document” that undergoes repeated reviews and updates to
ensure best biosecurity and health practices are maintained (Waddington 2023a; Z. Waddington
pers. comm.). Over the duration of the CAN, the measures and practices that NZKS have adopted
and implemented to improve biosecurity management have resulted in demonstrable benefits to
farming operations (e.g., research on net cleaning regimes to identify key fish stressors, then taking
steps to reduce their frequency and magnitude; Z. Waddington pers. comm.). Given these benefits,
NZKS does not consider the BMP practices as something specific to MPI CAN permitting; rather,
these have become a fundamental part of NZKS operations (Z. Waddington pers. comm.).

1.3. Risk assessment methodology

The general risk assessment methodology is based on the Biosecurity New Zealand Risk Analysis
Procedures — Version 1 (Biosecurity New Zealand 2006) and Chapter 2 of the Aquatic Animal Health
Code (WOAH 2022). This risk assessment consists of five steps: release assessment, exposure
assessment, likelihood of establishment and spread, consequence assessment and risk estimation. In
each of the first two steps, a qualitative likelihood assessment (Table 1) is made based on the
organism’s biology and the biosecurity mitigations in place. Likelihood of establishment and spread
is based on the combined release/exposure likelihood (Table 2), and the corresponding
consequences (Table 3) are then compared to determine the risk estimation (Table 4)

Table 1. Risk assessment likelihood categories (MPI 2022). For release assessment, “event” means
the translocation of NZ-RLO -infected or contaminated material into an uninfected area; for
exposure assessment, “event” means farmed salmon and/or wild aquatic animals being exposed to a
dose of NZ-RLO1/NZ-RLO2 that leads to the establishment of the pathogen in a new location.

Likelihood category Description

High More than 2 events in 3 years
Moderate 1to 2 eventsin 3 years

Low 1 eventin 3 to 20 years

Very low 1 eventin 20 to 100 years
Negligible Less than 1 event in 100 years
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Table 2. Matrix of combined release and exposure likelihoods for determining likelihood of
establishment and spread (MPI 2022).

First Likelihood Score

Likelihood Scores

Second Likelihood Score

Low

Very Low

Very Low Low Moderate

Low Moderate | Moderate

Moderate | Moderate

Table 3. Definitions of terms used to describe establishment consequences of NZ-RLO1/NZ-RLO2.
Based on Diggles (2016).

Consequence

Definition

Very High

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.
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Consequence Definition

Very Low Establishment of disease would have low 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.

Table 4. Likelihood/consequence matrix for overall risk estimation (MPI 2022).

Consequences after Entry, Exposure and Establishment
Overall Risk Estimation 9 Y. 1B

Negligible Very Low Low Moderate m Very High
Negligible Negligible Negligible Negligible Negligible Negligible Negligible
Very low Negligible Negligible Very Low Low Low Moderate

Low Negligible Very Low Low Moderate Moderate High

Moderate Negligible Very Low Low Moderate Very High
High Negligible Very Low Low Moderate Very High

A fundamental consideration around assessing the risk of NZ-RLO spread is, in the absence of a CAN,
whether or not NZKS will continue with the biosecurity practices that have been integrated into their
BMP to manage the risk of spreading NZ-RLO1/NZ-RLO2. NZKS have emphasised that the biosecurity
practices that have been implemented since the initiation of the CAN have been beneficial to
farming operations (see Section 1.2), however, if the CAN were removed, it’s possible that NZKS may
make a business decision to discontinue some of these practices. Given the possibility of a
relaxation in NZKS biosecurity practices in a post-CAN situation, each step of the risk assessment
process considers two scenarios:

Likelihood of Entry, Exposure
and Establishment

Scenario 1 -- continuation of the current NZKS biosecurity management practices used to comply
with the CAN, and

Scenario 2 -- cessation of key biosecurity management practices for NZ-RLO1/NZ-RLO2 containment
(i.e., equipment and salmon from the marine environment are moved to locations beyond
the Marlborough Sounds without prior decontamination and disease testing, respectively.).

Another potential influence on NZ-RLO spread is New Zealand’s warming ocean climate:

e Increased water temperature is a risk factor for salmon susceptibility to disease, as well as
NZ-RLO pathogenicity (Brosnahan et al. 2019b; Brosnahan 2020; see also section 1.1.2.2).

e Marine heatwaves have played a substantial role in New Zealand’s salmon summer mortality
events (Broekhuizen et al. 2021), and the frequency, duration and severity of marine
heatwaves are expected to increase (de Burgh-Day et al. 2022; Stevens et al. 2022; Montie
et al. 2023).
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Given these linkages, the release and exposure likelihood assessments consider how climate change
may influence NZ-RLO spread.

1.4. Risk assessment
1.4.1. Release assessment

Translocation of infected or contaminated material presents a direct pathway for introduction and
establishment of NZ-RLO into uninfected areas. The specific NZ-RLO pathways for translocation
beyond the CAN are:

e all live or dead farmed Chinook salmon, and all products and byproducts derived from live
or dead farmed Chinook salmon;

e all equipment and materials used in the propagation and rearing of Chinook salmon,
including but not limited to: sea-cages, pontoons, nets, vessels, tools, cleaning equipment
and fish food; and

e personal equipment used by persons engaged in the propagation and rearing of Chinook
salmon: wetsuits, other dive equipment, and footwear.

Biosecurity risk mitigation practices are in place, as detailed in the NZKS BMP (see section 1.2), and
the MPI NZ-RLO movement permit conditions explicitly call for risk items to be cleaned and
decontaminated (and/or contained) in accordance with the NZKS BMP. On this basis, the NZKS BMP
practices appear to effectively mitigate against the translocation of NZ-RLO1 and NZ-RLO2—these
strains have continued to remain restricted to the Marlborough Sounds and have not spread to wild
salmon stocks and other salmon farming areas in New Zealand.

Release assessment -- Scenario 1

In the absence of a Controlled Area and associated controls on risk items, and continuation of the
current NZKS biosecurity management practices used to comply with the CAN, the likelihood of NZ-
RLO1 and/or NZ-RLO2 release to other salmon farming areas and the environment (including wild
salmonid populations) is assessed as low:

e The NZKS biosecurity management practices in place appear to effectively mitigate against
the translocation of NZ-RLO1 and NZ-RLO2, and these practices have been embedded in
NZKS operations (i.e., regardless of a CAN; Z. Waddington pers. comm.).

o Increasing water temperatures and marine heatwaves may increase salmon
susceptibility to NZ-RLO1 / NZ-RLO2 and the pathogenicity of these bacteria,
however the fundamental biosecurity management practices used by NZKS
(decontamination, disease testing) are robust against these types of changes.

e  MPI records of CAN movement control permits demonstrate minimal operational
connectivity between NZKS risk items and other salmon farming areas in New Zealand (see
1.4.2 below).

Release assessment -- Scenario 2

In the absence of a Controlled Area and associated controls on risk items, and cessation of the key
NZKS biosecurity management practices used to comply with the CAN (i.e., equipment
decontamination, salmon disease testing), the likelihood of NZ-RLO1 and/or NZ-RLO2 release to
other salmon farming areas and the environment (including wild salmonid populations) is assessed
as moderate to high:

e |f NZKS maintains its limited operational connectivity with other salmon farming areas in
New Zealand (see 1.4.2 below), the likelihood of NZ-RLO1 and/or NZ-RLO2 release is
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moderate. It may be uncommon for risk items to be moved to other salmon farming areas,
but without key safeguards (decontamination, testing), there remains a non-negligible
likelihood of NZ-RLO1 / NZ-RLO2 release.

e Increasing water temperatures and marine heatwaves may increase operational connectivity
with areas in New Zealand beyond the original Controlled Area (e.g., disposal of mortalities,
stock relocations). Under increased operational connectivity with other salmon farming
areas in New Zealand, the likelihood of NZ-RLO1 and/or NZ-RLO2 release is high.

1.4.2. Exposure assessment

The exposure assessment examines the likelihood that farmed salmon and/or wild aquatic animals
in an uninfected population become exposed to an infective dose of NZ-RLO1 and/or NZ-RLO2, and
the likelihood of the establishment of the pathogen.

Likelihood of exposure will depend on several factors: the capacity of NZ-RLO1 and NZ-RLO2 to
survive in risk items being moved out of the Controlled Area, the availability of susceptible hosts in
the receiving environment, degree of exposure to a risk item, and whether sufficient quantities of
viable NZ-RLO1 and/or NZ-RLO2 are present to induce an infection following contact with a
susceptible host.

Of ~ 150 movement permit applications since the beginning of 2020, there has been a single
instance of a risk item moving from the CAN to another salmon farming area (a one-off movement of
a feed barge, done under MPI-specified cleaning and decontamination conditions) (MP1 2023).

Exposure assessment -- Scenario 1

In the absence of a Controlled Area and associated controls on risk items, and continuation of the
current NZKS biosecurity management practices used to comply with the CAN, the likelihood of
exposure to an infective dose of NZ-RLO1 and/or NZ-RLO2 and subsequent establishment of the
pathogen is assessed as low:

e There is minimal operational connectivity between NZKS risk items and other salmon
farming areas in New Zealand, and the NZKS biosecurity management steps in place (e.g.,
cleaning, decontamination) minimize the likelihood of infective exposure to NZ-RLO1 and/or
NZ-RLO2 and subsequent establishment of the pathogen in an uninfected population.

e Increasing water temperatures and marine heatwaves may necessitate increased
operational connectivity (e.g., disposal of mortalities, stock relocations) with areas in New
Zealand beyond the original Controlled Area. In this context, the fundamental biosecurity
management practices used by NZKS (decontamination, disease testing) are effective at
minimizing the likelihood of infective exposure to NZ-RLO1 and/or NZ-RLO2.

Exposure assessment -- Scenario 2

In the absence of a Controlled Area and associated controls on risk items, and cessation of the key
NZKS biosecurity management practices used to comply with the CAN (i.e., equipment
decontamination, salmon disease testing), the likelihood of exposure to an infective dose of NZ-
RLO1 and/or NZ-RLO2 and subsequent establishment of the pathogen is assessed as is assessed as
moderate to high:

e If NZKS maintains its limited operational connectivity with other salmon farming areas in
New Zealand, the likelihood of infective exposure to NZ-RLO1 and/or NZ-RLO2 is moderate.
It may be uncommon for risk items to be moved to other salmon farming areas, but without
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key safeguards (decontamination, testing), there remains a non-negligible likelihood of
infective exposure to NZ-RLO1 and/or NZ-RLO2 and subsequent establishment of the
pathogen in an uninfected population.

e Increasing water temperatures and marine heatwaves may necessitate increased
operational connectivity (e.g., disposal of mortalities, stock relocations) with areas in New
Zealand beyond the original Controlled Area. In this context, and in the absence of key
biosecurity management practices (e.g., decontamination, testing), the likelihood of
exposure to an infective dose of NZ-RLO1 and/or NZ-RLO2 and subsequent establishment of
the pathogen is assessed as high.

1.4.3. Likelihood of establishment and spread

Likelihood of establishment and spread is determined by combining the likelihoods for the release
and exposure assessment scenarios:

Scenario 1

Continuation of the current NZKS biosecurity management practices used to comply with the CAN --
combining the likelihoods for the release (low) and exposure (low) assessments, the likelihood of
establishment and spread is very low.

Scenario 2

Cessation of key biosecurity management practices for NZ-RLO1/NZ-RLO2 containment -- combining
the likelihoods for the release (moderate to high) and exposure (moderate to high) assessments, the
likelihood of establishment and spread is moderate to high.

1.4.4. Consequence assessment

Diggles (2016) summarised key consequences of NZ-RLO release and exposure:

e  When fish are infected with Piscirickettsia-like bacteria, mortality is observed almost
exclusively in cultured fish that are stressed by other predisposing factors.

e There are very few documented instances of mortalities occurring in wild fish, and
noticeable environmental effects are unlikely to occur.

e Persistence of infective NZ-RLO in populations of cultured fish has the potential to adversely
affect the productivity and profitability of the salmon aquaculture industry.

Due to the ongoing summer mortalities associated with NZ-RLO1 and NZ-RLO2, the consequences of
NZ-RLO1 and/or NZ-RLO2 establishing in other salmon farming areas and the environment (including
wild salmonid populations) are assessed as low (environmental consequences) / moderate
(economic consequences).

1.5. Risk estimation — NZ-RLO spread

Risk estimation is based on the combined likelihood of release and exposure, and the corresponding
consequences.

Scenario 1
Continuation of the current NZKS biosecurity management practices used to comply with the
CAN

o The likelihood of establishment and spread is assessed as very low.
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The consequences of NZ-RLO1 and/or NZ-RLO2 establishment beyond the Controlled Area
are assessed as low (environmental consequences) / moderate (economic consequences).

The risk (likelihood x consequence) of NZ-RLO spread is therefore assessed as very low
(environmental) / low (economic).

o The available evidence suggests that the Chinook salmon summer mortality events
in the Marlborough Sounds are driven by a geographically localised suite of biotic
and abiotic factors (i.e., pathogens—including NZ-RLO1 & NZ-RLO2—and
environmental conditions).

o The NZKS biosecurity management practices in place appear to effectively mitigate
against the translocation of NZ-RLO1 and NZ-RLO2, and these practices have been
embedded in NZKS operations (i.e., regardless of a CAN).

Scenario 2

Cessation of key biosecurity management practices for NZ-RLO1/NZ-RLO2 containment
The likelihood of establishment and spread is assessed as moderate to high.
The consequences of NZ-RLO1 and/or NZ-RLO2 establishment beyond the Controlled Area
are assessed as low (environmental consequences) / moderate (economic consequences).

The risk (likelihood x consequence) of NZ-RLO spread is therefore assessed as low
(environmental) / moderate (economic).

The potential for NZ-RLO spread to the aquaculture industry and the environment is a function of
organism biology and pathogenicity, the geographic distribution of the bacteria, the pathways of
potential spread/translocation, and biosecurity mitigation practices in place:

Ministry for Primary Industries -

Laboratory challenge experiments demonstrate that strains NZ-RLO1 and NZ-RLO2 can cause
clinical disease in Chinook salmon; detections of NZ-RLO3 in Chinook salmon were
associated with no signs of clinical disease.

NZ-RLO1 and NZ-RLO2 are likely to be involved in the summer mortality events occurring in
Chinook salmon in the Marlborough Sounds, but possibly not as a primary pathogen.

RLO/PLO outbreaks and associated mortality among farmed salmon are strongly influenced
by environmental stressors and co-infection with other pathogens (House 1999; Jones 2019;
Valenzuela-Aviles et al. 2022). Temperature can have a strong influence on the growth and
proliferation of some pathogens, and can also affect the immune response of fish—
particularly salmon (Carter 2005; Brosnahan 2022).

Within the Marlborough Sounds, it is likely that higher seawater temperatures are a key
stressor that affects the ability of salmon to cope with other stressors, including NZ-RLO1
and NZ-RLO2 (Brosnahan et al. 2017; Brosnahan 2020).

Rather than NZ-RLO1 and NZ-RLO2 being primary pathogens, summer mortalities are more
likely a multifactorial event that potentially includes NZ-RLO infection, other pathogens, and
environmental stressors/conditions (Brosnahan 2020).
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2. Tenacibaculum maritimum
2.1. Organism background
2.1.1. Organism biology and pathogenicity

Tenacibaculum maritimum (previously known as Flexibacter marinus, Flexibacter maritimus, and
Cytophaga marina) is an aerobic, Gram-negative, gliding, filamentous bacterium (Suzuki et al. 2001).
Members of the genus Tenacibaculum are widespread within the marine environment, however
local species distributions remain largely unknown (Nowlan et al. 2020).

Tenacibaculum maritimum is the causative agent of tenacibaculosis in a wide range of farmed
marine fish (Toranzo et al. 2005; Avendafio-Herrera et al. 2006a). Based on the wide variety of
clinical signs, this disease was variously described as “black patch necrosis”, “bacterial stomatitis”,

“gill rot”, “saltwater columnaris disease”, “marine flexibacteriosis”, “eroded mouth syndrome” and
“gliding bacterial disease of sea fish” (Toranzo et al. 2005; Mitchell & Rodger 2011)

Isolation of T. maritimum for diagnostic purposes is hampered by its complex nutritional
requirements and slow growth, which can lead to overgrowth by other bacteria (Avendafio-Herrera
et al. 2006a; Apablaza et al. 2017; Jones & Madsen 2019; Le Breton 2020). Further, the number of
phylogenetically and phenotypically similar species can impede identification, hence confirmation by
molecular methods is recommended (Brosnahan et al. 2019¢c; Wade & Weber 2020).

Tenacibaculum maritimum has a broad host range of at least 30 marine fish species and has been
reported from wild, cultured, and ornamental stock (Jones & Madsen 2019; Nowlan et al. 2020;
Wade & Weber 2020). The true host range, covering anadromous and marine fish, is likely to be
much larger (Avendafo-Herrera et al. 2006a; Jones & Madsen 2019). Non-fish species that host T.
maritimum include green-lipped abalone (Haliotis laevigata, Handlinger et al. 2005), jellyfish
(Phialella quadrata, Ferguson et al. 2010; P. noctiluca, Delannoy et al. 2011; Muggiaea atlantica,
Fringuelli et al. 2012) and the sea louse Lepeophtheirus salmonis (Barker et al. 2009).

Tenacibaculosis in salmon

All major salmon-producing areas (e.g., Australia, Canada, Chile, Ireland, Norway, Scotland, Spain,
USA) have reported instances of tenacibaculosis (Table 1; Olsen et al. 2019; Wade & Weber 2020),
however it is not typically a notifiable disease thus diagnosis is often based on clinical signs and
traditional techniques (Avendafio-Herrera et al. 2006a; Olsen et al. 2019). Therefore uncertainty may
exist regarding the causative agent. Recently, Tenacibaculum species have been identified as causing
similar disease signs to T. maritimum, including T. dicentrarchi (Avendafio-Herrera et al. 2016) and
the putatively known T. finnmarkense (Smage et al. 2016a). The incidence of tenacibaculosis is likely
underreported (Olsen et al. 2019).

Table 1. Instances of tenacibaculosis in salmonid aquaculture.

Common name Species Country Reference*
Atlantic Salmon Salmo salar Spain Pazos et al. (1993) in
Ferguson et al. (2010)
Australia Soltani and Burke (1994);

Handlinger et al. (1997);
Powell et al. (2004)

Canada (British | Hicks (1989); Kent (1992);

Columbia) Ostland et al. (1999); Frisch et
al. (2017)
Chile Apablaza et al. (2017)

. . N
Ministry for Primary Industries -

Manatu Ahu Matua

iﬁ;»tvlv gﬂ-
ET

page: 17 of 26




Version 1.0

Tiakitanga Ptaiao Aotearoa

Common name Species Country Reference*
Scotland Ferguson et al. (2010)
USA Frelier et al. (1994)
(Washington)
Norway PHARMAQ-Analytiq (2017)
Ireland Downes et al. (2018)
Chinook salmon Oncorhynchus USA Chen et al. (1995)
tshawytscha (California)
New Zealand Brosnahan et al. (2018)
Coho Salmon Oncorhynchus kisutch | Canada Nekouei et al. (2019)
Rainbow Trout Oncorhynchus mykiss | Australia Soltani et al. (1996);
Handlinger et al. (1997)
USA Frelier et al. (1994)
(Washington)
Sockeye Salmon Oncorhynchus nerka Canada Nekouei et al. (2018)

* For full reference list, see Nowlan et al. (2020) and Wade & Weber (2020).

Tenacibaculosis has been previously reported in Chinook salmon on the Pacific Coast of the USA
(Chen et al. 1995) and Canada (Wade & Weber 2020). However, this species does not appear to be
as susceptible to infection as Atlantic salmon (Wade & Weber 2020).

Wild populations

As Tenacibaculum maritimum has a wide host range, infection of wild fish populations are expected
to occur (Nowlan et al. 2020). However, there are few documented cases of tenacibaculosis of wild
species.

In British Columbia, Canada, T. maritimum DNA was detected in 0.25% (n = 5 of 2006) of wild Fraser
River Sockeye salmon (Oncorhynchus nerka) around or downstream of salmon farming regions.
Transmission from farm activities was speculated as an influence (Nekouei et al. 2018).

Clinical signs

The clinical presentation of tenacibaculosis caused by T. maritimum may include atypical behaviour
(e.g., lethargy, abnormal swimming, increased respiratory rate), haemorrhagic and necrotic lesions
on the skin, frayed fins and tail rot, and necrosis of gills and eyes (Toranzo et al. 2005; Avendano-
Herrera et al. 2006a; Mitchell & Rodger 2011; Nowland et al. 2020).

While increased prevalence and severity of the disease has been reported at temperatures above 15
°C (Toranzo et al. 2005), infections have been known to occur under cooler conditions, which may
reflect host and strain related differences (Boerlage et al. 2020). The majority of research conducted
on T. maritimum has focused on warmer water strains (Frisch et al. 2018a).

Mode of transmission

Despite the significance of T. maritimum to global aquaculture, the mode of transmission and the
route of infection represent major knowledge gaps (Delannoy et al. 2011; Mitchell & Rodger 2011;
Levipan et al. 2019; Olsen et al. 2019; Wade & Weber 2020). Environmental reservoirs and natural
vectors of T. maritimum infection also remain unknown (Olsen et al. 2019; Wade & Weber 2020).
Observations of infection can vary depending on host, strain type, environmental conditions, and
geographical location (Nowlan et al. 2020).
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Transmission through sea water and direct transmission from host to host have been proposed
(Mitchell & Rodger 2011), with mucosal surfaces of skin, gastrointestinal tract, and gills are generally
regarded as the major routes of entry (Failde et al. 2013; Mabrok et al. 2016).

Damage to the skin is a common precursor for tenacibaculosis (Frisch et al. 2018b; Olsen et al. 2019).
In Ireland, stock impairment caused by jellyfish nematocysts is a common precursor to
tenacibaculosis (Marcos-Lépez et al. 2016; Olsen et al. 2019). Tenacibaculum maritimum has been
detected in several jellyfish species (Phialella quadrata, Ferguson et al. 2010; P. noctiluca, Delannoy
et al. 2011; Muggiaea atlantica, Fringuelli et al. 2012), which are suggested as a possible
environmental reservoirs or transmission vectors to cultured stock, however this hypothesis remains
to be tested (Wade & Weber 2020).

Environmental tolerance/survival

Knowledge gaps exist regarding the survival strategy of T. maritimum (Mitchell & Rodger 2011;
Levipan et al. 2019). The source of tenacibaculosis in cultured fish is thought to be environmental, as
Tenacibaculum spp. are ubiquitous in the marine environment (Olsen et al. 2019; Avendafio-Herrera
et al. 2020). Survival of T. maritimum in natural (i.e., non-sterilised) seawater appears to be short (~
5 days), though it may remain present in a viable but non-culturable state (Avendafio-Herrera et al.
2006b). The adhesive nature of the bacterium and its ability to form biofilms may play a role in both
environmental persistence and pathogenicity (Magarifios et al. 1995; Avendafio-Herrera et al.
2006a; van Gelderen et al. 2010; Mabrok et al. 2016; Levipan et al. 2019; Wade & Weber 2020).
Tenacibaculum maritimum is strongly adhesive to the skin and mucus of fish, which do not contain
inhibitory compounds to growth of this bacterium (Magarifios et al. 1995). Levipan et al. (2019)
demonstrated rapid biofilm formation on artificial structures suggesting aquaculture settings as
transient reservoirs of the pathogen.

Tenacibaculum maritimum cultures can be grown at temperatures ranging from 8 °C to 35 °C,
depending on the strain type and geographic location (Avendafio-Herrera et al. 2006a; Jones &
Madsen 2019; Wade & Weber 2020).

2.1.2. Geographic distribution

Prior to the 2015 detection of T. maritimum during the MPI investigation of Chinook salmon summer
mortalities, this pathogen had not been implicated in disease in New Zealand farmed salmon.
Diggles et al. (2002) and Diggles (2019) state that T. maritimum is ubiquitous in New Zealand’s
marine environment and has been previously identified from several species including snapper
(Pagrus auratus) and blue cod (Parapercis colias). Tenacibaculum maritimum is regarded as a
cosmopolitan species (Avendafio-Herrera et al. 2006a) and is likely widespread in New Zealand
(Brosnahan et al. 2019a).

2.1.3. Pathways of potential spread

Tenacibaculum maritimum is a widespread opportunistic marine pathogen (Avendafio-Herrera et al.
2006a). As such, the main drivers of tenacibaculosis outbreaks are environmental
conditions/stressors rather than translocations via risk items (Avendafio-Herrera et al. 20063;
Mabrok et al. 2023).

2.1.4. Biosecurity mitigation practices

No biosecurity mitigation measures are specifically in place to manage T. maritimum, as the
objective of the CAN is to limit the spread of Rickettsia-like organism. In the Marlborough Sounds
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summer salmon mortalities, there is no evidence to demonstrate that T. maritimum is a primary
pathogen (Brosnahan et al. 2019a).

2.2. Risk assessment methodology

This assessment uses the same methodology as per NZ-RLO — see section 1.3.

2.3. Risk assessment
2.3.1. Release assessment

The likelihood of T. maritimum release outside of the Controlled Area is assessed as negligible, as
this is a cosmopolitan species that is likely widespread in New Zealand.

2.4. Risk of Tenacibaculum maritimum spread

The risk of T. maritimum spread outside of the Controlled Area is assessed as negligible.
Tenacibaculum maritimum is a geographically widespread and opportunistic pathogen. As with NZ-
RLO, tenacibaculosis outbreaks are driven by biotic and abiotic factors (i.e., pathogens—including
NZ-RLO1 & NZ-RLO2—and environmental conditions).

References:

Akbarzadeh A, Giinther OP, Houde AL, Li S, Ming TJ, Jeffries KM, Hinch SG, Miller KM (2018).
Developing specific molecular biomarkers for thermal stress in salmonids. BMC Genomics 19: 749.
https://doi.org/10.1186/s12864-018-5108-9

Apablaza P, Frisch K, Brevik @J, Smage SB, Vallestad C, Duesund H, Mendoza J, Nylund A (2017).
Primary Isolation and Characterization of Tenacibaculum maritimum from Chilean Atlantic Salmon
Mortalities Associated with a Pseudochattonella spp. Algal Bloom. Journal of Aquatic Animal Health
29: 143-149. https://doi.org/10.1080/08997659.2017.1339643

Arkush KD, McBride AM, Mendonca HL, Okihiro MS, Andree KB, Marshall S, Henriquez V, Hedrick
RP (2005). Genetic characterization and experimental pathogenesis of Piscirickettsia salmonis
isolated from white seabass Atractoscion nobilis. Diseases of Aquatic Organisms 63: 139-149.
https://www.int-res.com/abstracts/dao/v63/n2-3/p139-149/

Avendano-Herrera R, Toranzo AE, Magarifios B (2006a). Tenacibaculosis infection in marine fish
caused by Tenacibaculum maritimum: a review. Diseases of Aquatic Organisms 71: 255-266.
https://www.int-res.com/abstracts/dao/v71/n3/p255-266

Avendano-Herrera R, Irgang R, Magarifios B, Romalde JL, Toranzo AE (2006b). Use of microcosms
to determine the survival of the fish pathogen Tenacibaculum maritimum in seawater.
Environmental Microbiology 8: 921-928.

Avendano-Herrera R, Collarte C, Saldarriaga-Cérdoba M, Irgang R (2020). New salmonid hosts for
Tenacibaculum species: Expansion of tenacibaculosis in Chilean aquaculture. Journal of Fish Diseases
43:1077-1085. https://doi.org/10.1111/jfd.13213

Barker DE, Braden LM, Coombs MP, Boyce B (2009). Preliminary studies on the isolation of bacteria
from sea lice, Lepeophtheirus salmonis, infecting farmed salmon in British Columbia, Canada.
Parasitology Research 105: 1173-1177.

Biosecurity New Zealand (2006). Risk analysis procedures. Version 1. Biosecurity New Zealand,
Wellington.

R~

Ministry for Primary Industries
Manatu Ahu Matua

page: 20 of 26


https://doi.org/10.1186/s12864-018-5108-9
https://doi.org/10.1080/08997659.2017.1339643
https://www.int-res.com/abstracts/dao/v63/n2-3/p139-149/
https://www.int-res.com/abstracts/dao/v71/n3/p255-266
https://doi.org/10.1111/jfd.13213

Version 1.0

Tiakitanga Pataiao Aotearoa

Blackwell RG (2019). Import risk analysis: Eviscerated or trunked fish for human consumption.
Ministry for Primary Industries; Wellington, New Zealand. 493 pp.

Boerlage AS, Ashby A, Herrero A, Reeves A, Gunn GJ, Rodger HD (2020). Epidemiology of marine gill
diseases in Atlantic salmon (Salmo salar) aquaculture: a review. Reviews in Aquaculture 12: 2140-
2159. https://doi.org/10.1111/raq.12426

Broekhuizen N, Plew DR, Pinkerton MH, Gall MG (2021). Sea temperature rise over the period
2002-2020 in Pelorus Sound, New Zealand — with possible implications for the aquaculture industry.
New Zealand Journal of Marine and Freshwater Research 55: 46-64.
https://doi.org/10.1080/00288330.2020.1868539

Brosnahan CL (2020). Diagnostic investigation into summer mortality events of farmed Chinook
salmon (Oncorhynchus tshawytscha) in New Zealand. PhD thesis; Massey University,

Brosnahan CL, Ha HJ, Booth K, McFadden AMJ, Jones JB (2017). First report of a rickettsia-like
organism from farmed Chinook salmon, Oncorhynchus tshawytscha (Walbaum), in New Zealand.
New Zealand Journal of Marine and Freshwater Research 51: 356-369.
https://doi.org/10.1080/00288330.2016.1242081

Brosnahan CL, Munday JS, Ha HJ, Preece M, Jones JB (2019a). New Zealand rickettsia-like organism
(NZ-RLO) and Tenacibaculum maritimum: Distribution and phylogeny in farmed Chinook salmon
(Oncorhynchus tshawytscha). Journal of Fish Diseases 42: 85-95. https://doi.org/10.1111/jfd.12909

Brosnahan CL, Munday JS, Davie PS, Kennedy L, Preece M, Barnes S, Jones JB, McDonald WL
(2019b). Pathogenicity of the bacterium New Zealand rickettsia-like organism (NZ-RLO2) in Chinook
salmon Oncorhynchus tshawytscha smolt. Diseases of Aquatic Organisms 134: 175-187.
https://www.int-res.com/abstracts/dao/v134/n3/p175-187/

Brosnahan CL, Georgiades E, McDonald C, Keeling SE, Munday JS, Jones B (2019c). Optimisation
and validation of a PCR to detect viable Tenacibaculum maritimum in salmon skin tissue samples.
Journal of Microbiological Methods 159: 186-193.
https://www.sciencedirect.com/science/article/pii/S0167701219301095

Cano |, Van Aerle R, Ross S, Verner-Jeffreys DW, Paley RK, Rimmer GSE, Ryder D, Hooper P, Stone
D, et al. (2018). Molecular Characterization of an Endozoicomonas-Like Organism Causing Infection
in the King Scallop (Pecten maximus L.). Applied and Environmental Microbiology 84: 952.

Carter K (2005). The Effects of Temperature on Steelhead Trout, Coho Salmon, and Chinook Salmon
Biology and Function by Life Stage Implications for Klamath Basin TMDLs Environmental Scientist
California Regional Water Quality Control Board North Coast Region. California. 26 pp.

Chen ME, Henry-Ford D, Groff JM (1995). Isolation and characterization of Flexibacter maritimus
from marine fishes of California. Journal of Aquatic Animal Health 7: 318-326.

Contreras-Lynch S, Olmos P, Vargas A, Figueroa J, Gonzalez-Stegmaier R, Enriquez R, Romero A
(2015). Identification and genetic characterization of Piscirickettsia salmonis in native fish from
southern Chile. Diseases of Aquatic Organisms 115: 233-244. https://www.int-
res.com/abstracts/dao/v115/n3/p233-244

Cruz-Flores R, Caceres-Martinez J (2020). Rickettsiales-like organisms in bivalves and marine
gastropods: a review. Reviews in Aquaculture 12: https://doi.org/10.1111/raq.12419

Cvitanich JD, Garate N. O, Smith CE (1991). The isolation of a rickettsia-like organism causing
disease and mortality in Chilean salmonids and its confirmation by Koch's postulate. Journal of Fish
Diseases 14: 121-145. https://doi.org/10.1111/j.1365-2761.1991.tb00584.x

. . N
Ministry for Primary Industries = -
Manatu Ahu Matua

page: 21 of 26


https://doi.org/10.1111/raq.12426
https://doi.org/10.1080/00288330.2020.1868539
https://doi.org/10.1080/00288330.2016.1242081
https://doi.org/10.1111/jfd.12909
https://www.int-res.com/abstracts/dao/v134/n3/p175-187/
https://www.sciencedirect.com/science/article/pii/S0167701219301095
https://www.int-res.com/abstracts/dao/v115/n3/p233-244
https://www.int-res.com/abstracts/dao/v115/n3/p233-244
https://doi.org/10.1111/raq.12419
https://doi.org/10.1111/j.1365-2761.1991.tb00584.x

Version 1.0

Tiakitanga Pataiao Aotearoa

Delannoy CM, Houghton JD, Fleming NE, Ferguson HW (2011). Mauve stingers (Pelagia noctiluca) as
carriers of the bacterial fish pathogen Tenacibaculum maritimum. Aquaculture 311: 255-257.

Department of Agriculture Fisheries and Forestry (2013). AQUAVETPLAN Disease Strategy:
Piscirickettsiosis. In: Australian Aquatic Veterinary Emergency Plan (AQUAVETPLAN). Australian
Government Department of Agriculture, Fisheries and Forestry; Canberra, ACT; 62 pp.

Diggles BK (2016). Updated Disease Risk Assessment Report — Relocation of Salmon Farms in
Marlborough Sounds, New Zealand. Prepared for Ministry for Primary Industries, New Zealand. 77

pp.

Diggles BK (2019). Assessment of environmental effects — Disease risk assessment report for
proposed salmon farms at Stewart Island, New Zealand. Digsfish Services Report: DF 19-02.
https://epa.govt.nz/assets/Uploads/Documents/Fast-track-consenting/Hananui/the-
application/Appendix-V_Disease-risk-report.pdf (Accessed: 28 November 2022)

Diggles BK, Hine PM, Handley S, Boustead NC (2002). A Handbook of Diseases of Importance to
Aquaculture in New Zealand. NIWA Science and Technology Series No. 49. Wellington, New Zealand:
NIWA.

Failde LD, Losada AP, Bermudez R, Santos Y, Quiroga Ml (2013). Tenacibaculum maritimum
infection: Pathology and immunohistochemistry in experimentally challenged turbot (Psetta maxima
L.). Microbial Pathogenesis 65: 82-88.

Ferguson HW, Christian MD, Hay S, Nicolson J, Sutherland D, Crumlish M (2010). Jellyfish as vectors
of bacterial disease for farmed salmon (Salmo salar). Journal of Veterinary Diagnostic Investigation
22:376-382.

Fischer J, Appleby J (2017). Intelligence Report: NZ-RLO and T. maritimum 2015 response. MPI
Technical Paper no. 2017/39. Ministry for Primary Industries; 36 pp.

Fringuelli E, Savage PD, Gordon A, Baxter EJ, Rodger HD, Graham DA (2012). Development of a
guantitative real-time PCR for the detection of Tenacibaculum maritimum and its application to field
samples. Journal of Fish Diseases 35: 579-590.

Frisch K, Smage SB, Brevik @J, Duesund H, Nylund A (2018a). Genotyping of Tenacibaculum
maritimum isolates from farmed Atlantic salmon in Western Canada. Journal of Fish Diseases 41:
131-137.

Frisch K, Smage SB, Johansen R, Duesund H, Brevik @J, Nylund A (2018b). Pathology of
experimentally induced mouthrot caused by Tenacibaculum maritimum in Atlantic salmon smolts.
PLoS One 13: e0206951.

Fryer JL, Hedrick RP (2003). Piscirickettsia salmonis: a Gram-negative intracellular bacterial pathogen
of fish. Journal of Fish Diseases 26: 251-262. https://api.istex.fr/ark:/67375/WNG-JC1FCT8D-

D/fulltext.pdf

Fryer JL, Lannan CN, Giovannoni SJ, Wood ND (1992). Piscirickettsia salmonis gen. nov., sp. nov., the
Causative Agent of an Epizootic Disease in Salmonid Fishes. International Journal of Systematic and
Evolutionary Microbiology 42: 120-126.

Fryer JL, Lannan CN, Garces LH, Larenas JJ, Smith PA (1990). Isolation of a rickettsiales-like organism
from diseased coho salmon (Oncorhynchus kisutch) in Chile. Fish Pathology 25: 107-114.

Gias E, Brosnahan CL, Orr D, Binney B, Ha HJ, Preece MA, Jones B (2018). In vivo growth and
genomic characterization of rickettsia-like organisms isolated from farmed Chinook salmon

tog o
S ’E

Ministry for Primary Industries
Manatu Ahu Matua

page: 22 of 26


https://epa.govt.nz/assets/Uploads/Documents/Fast-track-consenting/Hananui/the-application/Appendix-V_Disease-risk-report.pdf
https://epa.govt.nz/assets/Uploads/Documents/Fast-track-consenting/Hananui/the-application/Appendix-V_Disease-risk-report.pdf
https://api.istex.fr/ark:/67375/WNG-JC1FCT8D-D/fulltext.pdf
https://api.istex.fr/ark:/67375/WNG-JC1FCT8D-D/fulltext.pdf

Version 1.0

Tiakitanga Pataiao Aotearoa

(Oncorhynchus tshawytscha) in New Zealand. Journal of Fish Diseases 41: 1235-1245.
https://doi.org/10.1111/jfd.12817

Handlinger J, Carson J, Donachie L, Gabor L, Taylor D (2005). Bacterial infection in Tasmanian
farmed abalone: causes, pathology, farm factors and control options. In Diseases in Asian
Aquaculture V. Proceedings of the 5th Symposium on Diseases in Asian Aquaculture: 24-28 November
2002 Australia, pp. 289-300.

House ML, Bartholomew JL, Winton JR, Fryer JL (1999). Relative virulence of three isolates of
Piscirickettsia salmonis for coho salmon Oncorhynchus kisutch. Diseases of Aquatic Organisms 35:
107-113. https://www.int-res.com/abstracts/dao/v35/n2/p107-113/

Howells J, Jaramillo D, Brosnahan CL, Pande A, Lane HS (2021). Intracellular bacteria in New
Zealand shellfish are identified as Endozoicomonas species. Diseases of Aquatic Organisms 143: 27-
37. https://www.int-res.com/abstracts/dao/v143/p27-37/

Howells J, Pal C, Jaramillo D, Pande A, Lane H (2019). Investigation of Rickettsia-like organisms in
New Zealand wild shellfish. Internal report. Ministry For Primary Industries; 54 pp.

Johnston C (2008). Import risk analysis: Frozen, skinless and boneless fillet meat of Oreochromis spp.
from China and Brazil for human consumption. Ministry of Agriculture and Forestry, Biosecurity New
Zealand; Wellington, New Zealand. 96 pp.

Jones SRM (2019). Characterization of Piscirickettsia salmonis and salmonid rickettsial septicaemia
to inform pathogen transfer risk assessments in British Columbia. Department of Fisheries and
Oceans Canadian Science Advisory Secretariat Research Document 2019/20. 21 pp.

Jones SRM, Madsen L (2019). Tenacibaculum maritimum, causal agent of tenacibaculosis in marine
fish. ICES Identification Leaflets for Diseases and Parasites in Fish and Shellfish No. 70. 5 pp.

Lannan CN, Fryer JL (1994). Extracellular survival of Piscirickettsia salmonis. Journal of Fish Diseases
17: 545-548.

Larenas JJ, Contreras J, Oyanedel S, Morales MA, Smith P (1997). Efecto de la densidad poblacional
y temperatura en truchas arco iris (Oncorhynchus mykiss) inoculadas con Piscirickettsia salmonis.
Archivos de Medicina Veterinaria 29: 113-119.

Le Breton A (2020). 11. Tenacibaculum group. In Zrncic S (eds.) Diagnostic Manual for the main
pathogens in European seabass and Gilthead seabream aquaculture. Options Méditerranéennes:
Série B. Etudes et Recherches CHIEAM; Zaragoza; pp. 97-106.

Levipan HA, Tapia-Cammas D, Molina V, Irgang R, Toranzo AE, Magarifios B, Avendano-Herrera R
(2019). Biofilm development and cell viability: An undervalued mechanism in the persistence of the
fish pathogen Tenacibaculum maritimum. Aquaculture 511: 734267.

Mabrok M, Machado M, Serra CR, Afonso A, Valente LMP, Costas B (2016). Tenacibaculosis
induction in the Senegalese sole (Solea senegalensis) and studies of Tenacibaculum maritimum
survival against host mucus and plasma. Journal of Fish Diseases 39: 1445-1455.

Mabrok M, Algammal A, Sivaramasamy E, Hetta HF, Atwah B, Alghamdi S, Fawzy A, Avendaiio-
Herrera R, Rodkhum C (2023). Tenacibaculosis caused by Tenacibaculum maritimum: Updated
knowledge of this marine bacterial fish pathogen. Frontiers in Cellular and Infection Microbiology
12:1068000: 1862. https://doi.org/10.3389/fcimb.2022.1068000

Ministry for Primary Industries = -
Manatu Ahu Matua

page: 23 of 26


https://doi.org/10.1111/jfd.12817
https://www.int-res.com/abstracts/dao/v35/n2/p107-113/
https://www.int-res.com/abstracts/dao/v143/p27-37/
https://doi.org/10.3389/fcimb.2022.1068000

Version 1.0

Tiakitanga Pataiao Aotearoa

Marcos-Lépez M, Mitchell SO, Rodger HD (2016). Pathology and mortality associated with the
mauve stinger jellyfish Pelagia noctiluca in farmed Atlantic salmon Salmo salar L. Journal of Fish
Diseases 39: 111-115.

Marcos-Lopez M, Ruane NM, Scholz F, Bolton-Warberg M, Mitchell SO, Murphy O'Sullivan S, Irwin
Moore A, Rodger HD (2017). Piscirickettsia salmonis infection in cultured lumpfish (Cyclopterus
lumpus L.). Journal of Fish Diseases 40: 1625-1634. https://doi.org/10.1111/jfd.12630

Magarinos B, Pazos F, Santos Y, Romalde JL, Toranzo AE (1995). Response of Pasteurella piscicida
and Flexibacter maritimus to skin mucus of marine fish. Diseases of Aquatic Organisms 21: 103-108.

McCarthy U, Steiropoulos NA, Thompson KD, Adams A, Ellis AE, Ferguson HW (2005). Confirmation
of Piscirickettsia salmonis as a pathogen in European sea bass Dicentrarchus labrax and phylogenetic
comparison with salmonid strains. Diseases of Aquatic Organisms 64: 107-119. https://www.int-
res.com/abstracts/dao/v64/n2/p107-119/

Metselaar M, Thompson KD, Gratacap RML, Kik MIJL, LaPatra SE, Lloyd SJ, Call DR, Smith PD,
Adams A (2010). Association of red-mark syndrome with a Rickettsia-like organism and its
connection with strawberry disease in the USA. Journal of Fish Diseases 33: 849-858.
https://doi.org/10.1111/j.1365-2761.2010.01187.x

Mitchell SO, Rodger HD (2011). A review of infectious gill disease in marine salmonid fish. Journal of
Fish Diseases 34: 411-432.

Montie S, Thoral F, Smith RO, Cook F, Tait LW, Pinkerton MH, Schiel DR, Thomsen MS (2023).
Seasonal trends in marine heatwaves highlight vulnerable coastal ecoregions and historic change
points in New Zealand. New Zealand Journal of Marine and Freshwater Research:
10.1080/00288330.2023.2218102 1-26. https://doi.org/10.1080/00288330.2023.2218102

Morrison RN, Young ND, Knowles G, Cornish MC, Carson J (2016). Isolation of Tasmanian Rickettsia-
like organism (RLO) from farmed salmonids: identification of multiple serotypes and confirmation of
pathogenicity. Diseases of Aquatic Organisms 122: 85-103. https://www.int-
res.com/abstracts/dao/v122/n2/p85-103/

MPI (2022). Guidelines for Risk Analysis in Plant Biosecurity. Version 1.1 October 2022. Ministry for
Primary Industries, New Zealand.

MPI (2023). NZRLO-TM Summary of Movement Control Permits to 28 February 2023.

Nekouei O, Vanderstichel R, Ming T, Kaukinen KH, Thakur K, Tabata A, Laurin E, Tucker S, Beacham
TD, Miller KM (2018). Detection and assessment of the distribution of infectious agents in juvenile
Fraser River Sockeye Salmon, Canada, in 2012 and 2013. Frontiers in Microbiology 9: 3221.

Nowlan JP, Lumsden JS, Russell S (2020). Advancements in Characterizing Tenacibaculum Infections
in Canada. Pathogens 9: 1029.

Olsen AB, Powell J, Siah A, Colquhoun DJ, Avendafio-Herrera R (2019). Tenacibaculosis. In B. Edgar,
F.R. José & M. Alicia (Eds.), Technical Report: An Overview of Emerging Diseases in Salmonid
Farming Industry (pp. 43-51). Guelph: Aqua Global Technical Services Elanco Canada Ltd., Research
Park Center, Canada.

PHARMAQ-Analytiq (2017). New assay for the detection of Tenacibaculum maritimum.
https://www.kyst.no/pharmag-analytic-tenacibaculum/ny-analyse-for-pavisning-av-tenacibaculum-
maritimum/255246#:~:text=Tenacibaculum%20maritimum%20er%20ingen%20ny,et%20gult%20bel
egg%20p%C3%A5%20gjellene. (Accessed: 10 January 2024)

tog o
S ’E

Ministry for Primary Industries
Manatu Ahu Matua

page: 24 of 26


https://doi.org/10.1111/jfd.12630
https://www.int-res.com/abstracts/dao/v64/n2/p107-119/
https://www.int-res.com/abstracts/dao/v64/n2/p107-119/
https://doi.org/10.1111/j.1365-2761.2010.01187.x
https://doi.org/10.1080/00288330.2023.2218102
https://www.int-res.com/abstracts/dao/v122/n2/p85-103/
https://www.int-res.com/abstracts/dao/v122/n2/p85-103/
https://www.kyst.no/pharmaq-analytic-tenacibaculum/ny-analyse-for-pavisning-av-tenacibaculum-maritimum/255246#:~:text=Tenacibaculum%20maritimum%20er%20ingen%20ny,et%20gult%20belegg%20p%C3%A5%20gjellene
https://www.kyst.no/pharmaq-analytic-tenacibaculum/ny-analyse-for-pavisning-av-tenacibaculum-maritimum/255246#:~:text=Tenacibaculum%20maritimum%20er%20ingen%20ny,et%20gult%20belegg%20p%C3%A5%20gjellene
https://www.kyst.no/pharmaq-analytic-tenacibaculum/ny-analyse-for-pavisning-av-tenacibaculum-maritimum/255246#:~:text=Tenacibaculum%20maritimum%20er%20ingen%20ny,et%20gult%20belegg%20p%C3%A5%20gjellene

Version 1.0

Tiakitanga Pataiao Aotearoa

Rees EE, Ibarra R, Medina M, Sanchez J, Jakob E, Vanderstichel R, St-Hilaire S (2014). Transmission
of Piscirickettsia salmonis among salt water salmonid farms in Chile. Aquaculture 428-429: 189-194.
https://search.proquest.com/docview/1525958060

Rozas M, Enriquez R (2014). Piscirickettsiosis and Piscirickettsia salmonis in fish: a review. Journal of
Fish Diseases 37: 163-188. https://agris.fao.org/agris-
search/search.do?record|D&#61;US201400124627

Smage SB, Brevik @J, Duesund H, Ottem KF, Watanabe K, Nylund A (2016a). Tenacibaculum
finnmarkense sp. nov., a fish pathogenic bacterium of the family Flavobacteriaceae isolated from
Atlantic salmon. Antonie van Leeuwenhoek 109: 273-285.

Smith PA, Pizarro P, Ojeda P, Contreras J, Oyanedel S, Larenas J (1999). Routes of entry of
Piscirickettsia salmonis in rainbow trout Oncorhynchus mykiss. Diseases of Aquatic Organisms 37:
165-172. https://www.int-res.com/abstracts/dao/v37/n3/p165-172/

Stevens CL, Spillman CM, Behrens E, Broekhuizen N, Holland P, Matthews Y, Noll B, O'Callaghan
JM, Rampal N, et al. (2022). Horizon Scan on the Benefits of Ocean Seasonal Forecasting in a Future
of Increasing Marine Heatwaves for Aotearoa New Zealand. Frontiers in Climate 4: 907919.
https://www.frontiersin.org/articles/10.3389/fclim.2022.907919

Suzuki M, Nakagawa Y, Harayama S, Yamamoto S (2001). Phylogenetic analysis and taxonomic
study of marine Cytophaga-like bacteria: proposal for Tenacibaculum gen. nov. with Tenacibaculum
maritimum comb. nov. and Tenacibaculum ovolyticum comb. nov., and description of Tenacibaculum
mesophilum sp. nov. and Tenacibaculum amylolyticum sp. nov. International Journal of Systematic
and Evolutionary Microbiology 51: 1639-1652.
https://www.microbiologyresearch.org/content/journal/ijsem/10.1099/00207713-51-5-1639

Tennakoon S, Long N (2021). Biosecurity Response Options Paper: NZRLO & T. maritimum 2015
response. MPI internal document.

Toranzo AE, Magariiios B, Romalde JL (2005). A review of the main bacterial fish diseases in
mariculture systems. Aquaculture 246: 37-61.
https://www.sciencedirect.com/science/article/pii/S0044848605000281

Valenzuela-Aviles P, Torrealba D, Figueroa C, Mercado L, Dixon B, Conejeros P, Gallardo-Matus J
(2022). Why vaccines fail against Piscirickettsiosis in farmed salmon and trout and how to avoid it: A
review. Frontiers in Immunology 13: 1019404.

van Gelderen R, Carson J, Nowak B (2010). Experimentally induced marine flexibacteriosis in
Atlantic salmon smolts Salmo salar. |. Pathogenicity. Diseases of Aquatic Organisms 91: 121-128.

Wade J, Weber L (2020). Characterization of Tenacibaculum maritimum and mouthrot to inform
pathogen transfer risk assessments in British Columbia. DFO Canadian Science Advisory Secretariat
Research Document 2020/061.

Waddington Z (2023a). The New Zealand King Salmon Company Ltd Biosecurity Management Plan -
v.10, June 2023.

Waddington Z (2023b). Standard Operating Procedure: Fish Health and Biosecurity Checks. The New
Zealand King Salmon Company Ltd Biosecurity Management Plan - v.10, June 2023.

Ministry for Primary Industries = -
Manatu Ahu Matua

page: 25 of 26


https://search.proquest.com/docview/1525958060
https://agris.fao.org/agris-search/search.do?recordID&#61;US201400124627
https://agris.fao.org/agris-search/search.do?recordID&#61;US201400124627
https://www.int-res.com/abstracts/dao/v37/n3/p165-172/
https://www.frontiersin.org/articles/10.3389/fclim.2022.907919
https://www.microbiologyresearch.org/content/journal/ijsem/10.1099/00207713-51-5-1639
https://www.sciencedirect.com/science/article/pii/S0044848605000281

Version 1.0

Tiakitanga Pataiao Aotearoa

WOAH (2022). Chapter 2.1, Import risk analysis. Aquatic Animal Health Code. World Organization for
Animal Health, Paris. https://www.woah.org/en/what-we-do/standards/codes-and-
manuals/aquatic-code-online-access/

Xue X, Caballero-Solares A, Hall JR, Umasuthan N, Kumar S, Jakob E, Skugor S, Hawes C, Santander
J, etal. (2021). Transcriptome Profiling of Atlantic Salmon (Salmo salar) Parr With Higher and Lower
Pathogen Loads Following Piscirickettsia salmonis Infection. Frontiers in Immunology 12:
https://www.frontiersin.org/articles/10.3389/fimmu.2021.789465

Zillig KW, Lusardi RA, Moyle PB, Fangue NA (2021). One size does not fit all: variation in thermal
eco-physiology among Pacific salmonids. Reviews in Fish Biology and Fisheries 31: 95-114.
https://doi.org/10.1007/s11160-020-09632-w

Zrncic¢ S, Vendramin N, Boutrup TS, Boye M, Madsen L, Nonneman B, Brni¢ D, Orai¢ D (2021). First
description and diagnostics of disease caused by Piscirickettsia salmonis in farmed European sea
bass (Dicentrarchus labrax Linnaeus) from Croatia. Journal of Fish Diseases 44: 1033-1042.
https://doi.org/10.1111/ifd.13366

Ministry for Primary Industries = -
Manatu Ahu Matua

page: 26 of 26


https://www.frontiersin.org/articles/10.3389/fimmu.2021.789465
https://doi.org/10.1007/s11160-020-09632-w
https://doi.org/10.1111/jfd.13366

