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7.1 Biosecurity overview

The Biosecurity Strategy defines biosecurity as “the exclusion,
eradication or effective management of risks posed by pests
and diseases” (Biosecurity Council 2003). Biosecurity risk
organisms include animals, plants and micro-organisms
capable of causing diseases (e.g. the ostreid herpes virus in
Pacific oysters) or otherwise adversely affecting New Zealand’s
natural, traditional or economic values (e.g. the sea squirt
Styela clava and the red seaweed Grataloupia turuturu). In

an aquaculture context, biosecurity also encompasses the
protection of hatchery or culture operations from parasites,
microscopic pathogens! or biotoxin-producing microalgae.
These organisms may include not only non-indigenous species,
but also indigenous species already present in the environment
that become enhanced as a result of culture operations Forrest
etal. (2011).

The primary source of entry for biosecurity risk organisms into
New Zealand is through international shipping (Cranfield et al
1998: Kospartov et al. 2008). However, aquaculture production
systems may increase biosecurity risk, through acting as
reservoirs or exacerbators (Okamura & Feist 2011; Peeler &
Taylor 2011), as follows.

e Reservoirs host risk organisms that can then spread by either
natural or human-mediated mechanisms.

e Exacerbators create incubators and/or stepping stones for
otherwise benign or low-impact pests, pathogens or parasites
(either native or exotic species).

The introduction, proliferation and spread of risk species in
New Zealand can lead to significant regional or national
scale effects on ecological and other values. Once present,
risk organisms can have effects on marine and freshwater
environments that are often difficult to manage, resulting in
permanent and irreversible impacts (Forrest et al. 2011).
Consequently, considerable effort is placed on preventing
incursions of pests, parasites and diseases into the

New Zealand environment.

Defined here as an agent of disease, e.g. a bacterium or virus.

Biosecurity control of aquaculture activities currently occurs
through: resource consent conditions, farm practices and
import health standards. The Ministry for Primary Industries
(MPI) has the lead role in co-ordinating these interventions, and
co-ordinating strategies between regional councils and marine
farmers.

Under the Resource Management Act 1991 (RMA), Regional
Councils have a duty to consider biosecurity during the marine
farm consenting process. Such considerations as farm spacing,
zoning, staged development and epidemiological units may be
considered on a case-by-case basis.

On-farm practices are at the farm’s discretion, but industry
codes of practice are often developed by industry bodies to
guide farm management (these are referred to in sections
7.2.3,7.3.3and 7.4.2). Farm practices are informed by an
analysis of the potential hazards and options to mitigate them.
For example, fallowing of sites to allow recovery from benthic
organic enrichment.

The best approach to risk analysis is to follow these high-level
principles (Aquatic Animal Health Code 2011):

e dentify hazards (i.e. undesirable events such as disease
occurrence);

e assess risks (i.e. consequences for the farm operations if the
hazard occurs);

e manage the risks by implementing mitigation measures (e.g.
cleaning and disinfection protocols); and

e communicate the risk (e.g. to staff taking part in the
operations).

Non-native organisms for aquaculture (including organisms
and/or products that will enter the environment as part of the
aquaculture process) cannot be imported into New Zealand
without undergoing a thorough risk analysis process.

Import health standards? are controlled by MPI and include
requirements that must be undertaken in the exporting country,
during transit and on arrival. For example, current standards
cover:

¢ import of juvenile yellowtail kingfish (Seriola lalandi) from
Australia;

e the import of fish food and fish bait from all countries;

e the import of ornamental fish and marine invertebrates from
all countries;

2 For further information regarding import health standards and risk analyses,
see: Import health standards: http://www.biosecurity.govt.nz/regs/imports/ihs
Risk analysis: http://www.biosecurity.govt.nz/regs/imports/ihs/risk



e the importation of equipment used in association with
animals and water.

Aquaculture biosecurity has recently been covered by the
reviews of Forrest et al. (2011) for finfish and Keeley et al.
(2009) for other species, and this chapter draws heavily from
these two sources.

7.1.1 General role of aquaculture in relation to
hiosecurity risk

Aquaculture operations can advance biosecurity risks in a
number of ways that have been conceptualised in Figure 7.1 as
an event tree involving the following elements.

1. The introduction of risk organisms to aquaculture sites
can occur either via aquaculture related pathways or
infection pathways unrelated to aquaculture. Aquaculture
related pathways (e.g. movement of equipment or stock
transfers) may include domestic or international
sources (e.g. imported feed). Infection pathways unrelated
to aquaculture include movements of anthropogenic vectors
(e.g. vessels, importation of ornamental fish) unrelated to
aquaculture operations; and natural dispersal from source
populations that are already established locally or perhaps
regionally.

2. Aquaculture sites colonised by risk organisms can act
as reservoirs of infection that facilitate natural or human-
mediated spread to the wider environment, with contingent
environmental effects.

3. The aquaculture site may create conditions that facilitate
the emergence of biosecurity risks; for example, nutrient
enrichment may exacerbate the occurrence of harmful
microalgal species that are already established in the region.

In addition to facilitating the establishment and spread of

risk species, aquaculture operations can also be vulnerable

to their adverse effects. For example, detrimental effects on
shellfish culture have been described for fouling organisms

in New Zealand, and there are many known diseases and
parasites associated with kingfish that can become problematic
in a culture environment (Forrest et al. 2007b and references
therein). Accordingly, the aquaculture industry in general has
a strong incentive to manage important sources of biosecurity
risk. The aquaculture industry’s highest priority should be to
grow product in optimal conditions best suited to maximising
health (including minimising biosecurity risks), growth rate and
condition, so as to maximise economic returns.
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Figure 7.1. Overview of the main stages (double
hox) and sequence of events (single box) leading
to the potential for adverse hiosecurity effects from
aquaculture.

Potential for adverse effects
from aquaculture

Marine farm creates
environmental conditions
that enhance established
pest, pathogen or parasite
populations.

1 T

Infected marine farm
provides reservoir for
spread of pest, pathogen or
parasite to environment.

Infected marine farm site

Infection pathways
unrelated to aquaculture
(i.e. other vectors

and natural dispersal
mechanisms.

Infection pathways from
aquaculture operations.

Source: Adapted from Forrest et al. (2011).

Notes: The key components that contribute to each of these main stages
are detailed in subsequent figures and associated text. The blue shaded
box illustrates that biosecurity hazards can exist from sources in addition to
aquaculture. Adapted from Forrest et al. (2011).

7.1.2 Environmental factors influencing susceptibility
of aquaculture to risk organisms

Environmental factors acting on a given aquaculture operation
are likely to be highly site dependent. For example, an intertidal
oyster farm in Northland is likely to experience a very different
set of environmental conditions to a salmon farm on Stewart
Island.

Site selection, therefore, plays a key role in establishing a
sustainable (economically, environmentally and socially)
aquaculture venture (Kutty 1987). In terms of business
planning, choosing the right site ranks second after identifying
markets for the product. Locating the right site is considered
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less costly than trying to make a readily available site fit
requirements later (Wurts, 1992).

Over the past decade, aquaculture space allocation in

New Zealand has predominantly been driven by constraint
mapping, allocating space in areas that does not conflict with
other users and stakeholders (e.g. Handley & Jeffs 2002) rather
than on the basis of a formal analysis of the sites’ ecological
suitability for aquaculture. This strategy increases potential
biosecurity risks by encouraging development of aquaculture at
environmentally less suitable sites.

While the RMA process seeks to address ecological effects
(including biosecurity), stock health and condition in relation

to site suitability are seldom given the priority they deserve
(Handley, pers. obs.). This is possibly due to the absence of an
established framework for new site evaluation and a paucity of
data relating to new species or growing methods. Unfortunately,
this means that often biosecurity risks are unlikely to become
evident until aquaculture sites are partially or even fully
developed.

The use of ecosystem-based approaches to aquaculture
development that incorporate tools like GIS can incorporate
biosecurity risks (if known) to optimise site selection even in
cases of data poor environments (Aguilar-Manjarrez et al. 2010;
Soto et al. 2008; Silva et al. 2011).

Environmental factors that are significant in determining the
potential biosecurity risk for a given site include depth, wave
climate, temperature regime and currents, that influence
dispersal of waste, disease agents and pests.

The hydrodynamics (water movement patterns) at a site play
an important role on several levels. On the sea bed, water
currents affect mineralisation of wastes through oxygen supply
to the sediment, which influences nutrient release. In the water
column, tidal and wind-borne currents affect dispersion of
pathogens, pests and parasites from the farm. For example,

in finfish culture, infectious bacteria and viruses may be shed
in fish faeces (Zeldis et al. 2011). The distance that they are
dispersed will depend on the strength of water movement in the
vicinity of the cages.

Dispersion potential will also be influenced by temperature,
as this parameter can regulate metabolic growth and the
proliferation of bacteria and/or viruses. that are shed as free-
living single-celled organisms (Zeldis et al. 2011b). More
complex organisms (such as protozoan parasites, parasitic
worms and parasitic crustacea) that often have a free-living
(perhaps actively swimming) stage can remain in the water-

column for hours to days and travel significant distances
depending on currents driven by wind, waves and tides. The
location and extent of any pathogen plume will vary day to

day, influenced by factors such as wind direction, strength of
stratification and magnitude of river flows. (Zeldis et al. 2011b).
On a regional scale in terms of pathogen dispersal (e.g. in the
Nelson Bays), individual farms within any one Aquaculture
Management Area (AMA) cannot be regarded as isolated

from one another; for example, the AMA in Tasman Bay could
function as a source of infection to AMAs in Golden Bay (Zeldis
et al. 2011b) via the transfer of viral or bacterial pathogens.

Temperature and salinity can also affect the associated
biosecurity risks associated with individual species. In

the case of proliferation of invasive Pacific oysters, the
southern distribution is limited to Nelson/Marlborough as
water temperatures further south are too low for successful
reproduction (Quale 1969; Askew1972; Dinamani 1974).

Exposure to freshwater (reduced salinity) may also increase
the risk of disease occurrence by causing stress to

cultured organisms. For example, reduced salinity causes
immunosuppression in the Sydney rock oyster (Saccostrea
glomerata), and hence the QX (Queensland unknown) disease
usually occurs after summer rainfall events (Diggles, B, pers.
com; Butt et al. 2006; Butt & Raftos 2007).

Salinity can also affect the spread and viability of Pacific
oysters as an exotic species. The optimum salinity for larval
development is 15-29 percent but at least some eggs develop
normally at 36 percent (Amemiya 1928). Various authors state
that Pacific oysters have been spawned at salinities ranging
from 30-36 percent (Coleman 1996) but King (1977) found
one successfully settled spat in a hypersaline pond, suggesting
that at least some eggs will spawn outside the optimum range.

Salinity can also affect the spread of pest organisms by
limiting or enhancing reproduction and larval dispersal. For
instance, populations of the tunicate Eudistoma elongatum are
reproductive for at least nine months of the year from October
through to June (spring to late autumn). Onset of embryo
production in late October can correspond with an increase

in water temperature above 14°C (Page et al. 2011). Larval
swimming experiments over a range of temperature-salinity
treatments showed that larvae can swim for up to six hours, and
appear to remain viable swimmers at temperatures as low as
10°C, but only at salinities above 20 psu.

Seasonally, environmental changes can affect fouling pest
species through changes in temperature, salinity and wave



climate. Salinity can vary with season, climatic variation (Scavia
et al. 2002) and the catchment rainfall, with catchments that
are dry in summer producing less runoff, elevating coastal
salinities (Handley unpub. data).

Farm stocks that may be susceptible to stress from oxygen
deprivation are at greatest risk. In summer when temperatures
and, hence, metabolic rates of farmed animals are highest,
dissolved oxygen levels in the water are lowest and the
roliferation of fouling populations is also greatest (Handley,
unpub. data).

Seasonal storm events, particularly on exposed culture

sites, have the potential to add further stress to marine farm
structures, which, if already under stress due to fouling arising
from exotic foulers like Undaria or Styela, could result in gear
failure during storm events and escape of finfish stocks to

the wild (see Chapter 8 Escapee Effects), potentially causing
ecological effects.

7.1.3 Ecological effects from pests, parasites
and pathogens associated with aquaculture

Adverse ecological effects arising from pests, parasites and
pathogenic species associated with aquaculture are less

well understood than their impact on culture operations but,
generally, it is recognised that such species can result in a
range of potential ecological disruptions including (Molnar et al.
2008):

e disruptions to entire ecosystem processes with wider abiotic
influences;

e disruptions to the wider ecosystem function and/or keystone
species or species/assemblages of high conservation value
(e.g. threatened species);

e disruptions to single species with little or no wider ecosystem
impact;

e |ittle or no disruption.

Research providing empirical evidence describing adverse
ecological effects from invasive species in New Zealand is
limited (Forrest et al. 2011).

The infection of marine farms by pest organisms can lead to
the development of significant infestations on farm structures,
which may then act as a reservoir for subsequent spread

to natural ecosystems. Fouling pest organisms with limited
ability to move within the water column may use marine farm
structures (along with other suitable habitats) as “stepping
stones” on which populations can develop and spread.
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Fouling of marine farm structures can be operationally
significant in areas of high current flow or wave exposure by
increasing drag on cages and anchoring systems (Forrest et

al. 2011), which in turn increases the risk of escapee effects

if stocks are infected with pathogens or parasites (Forrest et

al. 2011) (see Chapter 8). In areas of lower current velocity,
fouling has the potential to significantly reduce the flow of water,
carrying vital food and oxygen to cultured species.

Assessment of ecological risk from invasive marine pests
may come either from examples of macroscopic marine pest
invasions in New Zealand or from recognised impacts caused
by similar pests or situations in other countries.

Examples of significant effects from pest fouling organisms on
aquaculture activities in New Zealand include documented
impacts from infestation of marine farms with Undaria and the
colonial tunicate Didemnum vexillum (e.g. Forrest & Taylor
2002 and L. Fletcher, Cawthron Institute, unpublished data). An
international example demonstrating the potential dire effects
of pest invasions is that of Didemnum vexillum, which has a
history of invading and overgrowing marine communities in
temperate waters worldwide (Cohen et al. 2011). This species
can colonise and dominate benthic habitats, smothering

and displacing indigenous species in coastal bays and outer
coastal areas, and causing concerns about potential long-term
effects on community structure, critical habitats, and fisheries
resources (Cohen et al. 2011; Lengyel et al. 2009; Mercer et al.
2009; Smith et al. 2010).

As well as structures hosting attached fouling organisms,
aquaculture structures may also act as recruitment substrata for
mobile pelagic or benthic species (e.g. jellyfish, ctenophores,
sea star (Asterias amurensis), sea cucumbers, crab (Carcinus
maenas), Forrest et al. 2009; 2011). Although such species

are not typically regarded as being associated with suspended
structures, anecdotal reports indicate that Asterias amurensis
recruits from its planktonic life-stage to mussel farms in Port
Phillip Bay, Australia (Forrest et al. 2011). Presumably, this
species can then migrate to the seabed. Such observations
highlight a potentially important ecosystem role for marine farms
(and other artificial structures) as conduits for the recruitment
of mobile species from the water column to the seabed.

Aquaculture may also cause ecological effects through
“exacerbation” (Forrest et al. 2011), whereby culture operations
create environmental conditions that enable parasites,
pathogens or pests to establish, or lead to enhancement of
established populations (see Figure 7.1). For example, nutrient
loadings from the release of inorganic nitrogen may increase
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the likelihood of harmful algal blooms (HABs) (Zeldis et al.
2011b) or increased production of benthic macroalgal species,
including Undaria (Kelly 2008).

In contrast to fouling organisms, the effects of HABS, especially
in relation to seafood safety, are relatively well researched and
documented (Rhodes et al. 2001). HABs can include various
species of microscopic phytoplankton, particularly those that
produce biotoxins. Biotoxins are compounds that can not only
adversely affect humans but can also cause significant mortality
of wild shellfish resources and other marine biota including fish,
which is clearly important from a finfish industry perspective
(Forrest et al. 2011).

In terms of macro-algal abundance in relation to marine farms,
it has been suggested that nutrient inputs could enhance
Undaria growth around marine farms (Kelly 2008). However,
Forrest et al. (2011) did not consider Undaria to be visibly more
abundant or luxuriant in close proximity to salmon farms or
other point source nutrient inputs. This matter deserves further
research to include a larger range of macroalgal species.

Predicting the invasiveness and, thus, the ecological
consequences of invasion of marine pests in relation to
aquaculture remains a significant challenge, especially

where more recent non-indigenous arrivals like Undaria are
still spreading and their effects are not yet fully recognised
(Russell et al. 2008). The effects of invasive species may differ
considerably as these species encounter new environments,
and there may be many indirect or cascading ways in which
marine pests could affect coastal uses and values (Forrest et
al. 2011). Many of these mechanisms are only hypothetical,
poorly understood, highly complex and situation dependent.
For example, indirect effects on marine biota from pathogens
or pests could occur if food supply was adversely affected and
became limiting (a bottom-up effect). Conversely, an adverse
effect on an important predator (e.g. predatory wild fish) could
lead to an increase in their prey (a top-down effect).

The occurrence of new pathogens or parasites into the
environment as a direct or indirect consequence of aquaculture
development can have wider ecological consequences. An
outbreak of pilchard herpes virus was thought to have stemmed
from pilchards imported for tuna aquaculture feed in South
Australia. This event caused starvation and recruitment failure
of little penguins that prey on pilchards (Dann et al. 2000).

7.1.4 Significance of ecological effects

Assessing the magnitude of potential effects of invasive pests,
pathogens or parasites will be limited by the lack of robust
information on the affected environments, inherent difficulties
in making reliable predictions regarding the invasiveness of
difference species and, hence, inferences regarding their direct
or indirect effects (Forrest et al. 2011)

While examples already exist for interactions between pest
species and aquaculture that allow some estimation of potential
ecological effects to be made, the situation for pathogens and
parasites has the added complexity that:

¢ there remains considerable uncertainty regarding the
species that will become problematic as aquaculture grows
and intensifies (Zeldis et al. 2011b);

e there is usually a paucity of information on the
prevalence and distribution of disease agents in the
marine environment, and a paucity of information
regarding transmission pathways and host specificity for
some of the disease agents that could be associated with
aquaculture operations;

e knowledge of the ways in which aquatic disease agents in
aquaculture can affect the wider environment is limited
(Murray 2008).

Except for a few examples, the indirect effects are complex and
poorly understood (Bondad-Reantaso et al. 2005). To illustrate
these complexities, following the spread of the pilchard herpes
virus to New Zealand pilchards, large numbers of malnourished
and dying little penguins were recorded in 1995 (Smith et

al. 1996). During this same pilchard mortality event, it was
concluded that pilchard scarcity resulted in unusually long
foraging trips of little penguin at Motuara Island, Marlborough
Sounds, leading to increased risk of egg desertion (Numata et
al. 2000). These effects were not restricted to little penguins,
with the highest mortality of Australasian gannets ever recorded
in New Zealand occurring in 1995 and attributed to the pilchard
mortality event (Taylor 1997). Diet switching to compensate for
a lack of pilchards was thought to increase foraging efforts and
feeding frequency, deleteriously affecting reproductive success
(Bunce & Norman 2000).

It is difficult to predict the outcome of a parasite being
introduced into a new environment with new potential hosts
(Lafferty et al. 2004). High culture densities favour parasite
transmission via higher levels of parasite release and/or greater
contact between infected and uninfected organisms (e.g.,
Stiven 1964; Anderson & May 1981). In addition, with global



climate changes, current host-parasite relationships that
appear to be in equilibrium may shift in or out of favour for the
parasite and result in epidemics or improved health in the host
population(s) (NRC 2010).

The New Zealand ostreid herpes virus outbreak in Pacific
oysters in 2010/11 illustrates the unpredictable nature of
disease outbreaks and, how, through environmental change,
the effect of this apparently latent virus was expressed during
hot summer conditions (MAFBNZ 2010a). There will always
be the risk that similar events can happen with other diseases
or fouling, parasite or pest populations. Research on reducing
stress and hence disease expression would be valuable to

understanding future outbreaks and appropriate responses (e.g.

Li et al. 2007).

In a risk assessment analysis, Forrest et al. (2011) populated
a hazards by values table for the risks posed by finfish farm
development in the Waikato Region (Table 7.1). For example,
in relation to parasites and pathogens, Forrest et al. (2011)
concluded, among other things, that:

e disease spread from finfish farms to the wider Waikato
environment has the potential to affect a broad range of
values. However, many of the potential interactions are
poorly understood;

o the value most at risk from disease outbreak is finfish
aquaculture itself;

e the potential for parasites and pathogens to spread from
cultured fish to wild conspecifics and other finfish (e.g.
snapper, kahawai) is expected to be low (or at worst
localised) on the basis that wild finfish mobility is likely to
prevent hyper-infection, unless escapes occur (see
Chapter 8);

e there is uncertainty as to the nature and significance of
interactions with shellfish aquaculture;

e wider environmental effects are possible but poorly
understood.

Expansion and intensification of aquaculture may lead to
exacerbation of ecological effects. This was demonstrated in
Chile where uncontrolled expansion of salmon aquaculture

in Chile resulted in a range of negative environmental effects
including (Silva et al. 2011; Buschmann et al., 2006; Cabello,
2004, 2006; Soto & Norambuena 2004; Soto et al. 2001):

e significant loss of benthic biodiversity;

¢ |ocalised changes in the physico-chemical characteristics of
sediments;
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contamination by emergent chemicals, such as
pharmaceuticals;

increases in frequency and duration of dinoflagellate
blooms;

potential impacts of farmed fish escapees on native species;

a two-to five-fold increase in abundance of omnivorous
diving and carrion-feeding marine birds in salmon farm
areas.
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Table 7.1 Matrix illustrating the often unknown effects of pests, pathogens and parasites associated with finfish
aquaculture in the Waikato region.

_Potentially affected uses and values

Component directly affected

Marine pests

Fouling Predation

HABs

Pathogens or parasites

Virus Monogeanean Digenean

_Ecological

_Habitats and their biodiversity

Unstructured soft-sediment habitats

*

*k

Structured soft-sediment habitats
(physical or biogenic)

**

* %

Zostera meadows
Saltmarsh

“Rocky reef

* %

Water column (plankton communities)

Wildlife of conservation importance

Wading and seabirds

(ECHEECNEECN AN

2+

Marine mammals

jild fishery resources and fishing

Finfish populations of commercial,
recreational or customary importance

Conspecific finfish populations
(kingfish or hapuku)

Pelagic finfish populations (e.g.
~snapper, kahawai)

2+

Benthic finfish (e.g. flatfish) or reef-
fish populations

Shellfish populations of commercial,
recreational or customary importance

Infaunal soft-sediment shellfish (e.g.i
cockles, tuatua)

*

Epibenthic soft-sediment shellfish
(e.g. scallops)

* %

Reef-associated non-finfish species
(e.g. paua, crayfish)

* Kk

Harvesting of fish/shellfish (interference)

Pelagic finfish populations (e.g.
snapper, kahawai)

Benthic finfish (e.g. flatfish) or reef-
fish populations

Infaunal soft-sediment shellfish (e.g.
_cockles, tuatua)

Epibenthic soft-sediment shellfish
(e.g. scallops)

* %

Reef-associated non-finfish species
(e.g. paua, crayfish)

Harvesting of fish/shellfish
(contamination)

Finfish or shellfish harvestability for
human consumption

Aquaculture

Other finfish culture: kingfish

Cultured finfish health or abundanceﬁi

Harvesting or processing costs

Product value and marketability (incl.
perception)

? ?

Infrastructure maintenance costs

Eer finfish culture: hapuku

Cultured finfish health or abundance

Harvesting or processing costs

Product value and marketability (incl.
perception)

? o ?

2 * %

Infrastructure maintenance costs
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Table 7.1 Matrix illustrating the often unknown effects of pests, pathogens and parasites associated with finfish
aquaculture in the Waikato region (continued)

Potentially affected uses and values

Component directly affected

Marine pests

Predation

HABs

Pathogens or parasites

Virus

Monogeanean

Digenean

Suspended mussel culture

Spat or seed supply

Fouling

?

?

Cultured mussel health or abundance

*

?

?

?

Harvesting or processing costs

*

Product value and marketability (incl.
perception)

*

Infrastructure maintenance costs

Intertidal Pacific oyster culture

Cultured oyster health or abundance

Harvesting or processing costs

Product value and marketability (incl.
perception)

Infrastructure maintenance costs

Other uses and values

Seawater supply or discharges

Intake or discharge pipes

Marine infrastructure

Wharves, marinas., moorings, vessels
etc

Recreation (land-based)

Intertidal areas (e.g. walking)

Recreation (water-based)

Subtidal areas (e.g. boating)

*

Tourism

Tourist operations or tourism values

?

?

?

Aesthetics and natural character

Aesthetics and natural character

* %

*

?

Note: Examples are given of direct interactions (shaded cells) between potential biosecurity hazards and values in the Waikato region, and indirect effects (1). Direct
interactions designated as: likely to be new and important (***), may be an important incremental risk above that already occurring (**), and probably a minor
incremental risk (*). ? = direct interaction possible but significance unknown. Source: Forrest et al 2011.

7.1.5 Impact mitigation and management options for

all aquaculture operations

There is a widely held view that, once novel risk species
are introduced and become established into the natural
environment, there is little or no possibility of eradication or
widespread control (Forrest et al. 2011). The New Zealand
experience with local and regional scale management of

macroscopic pests certainly reinforces this view. For example,
species (AlS) have several common elements (Locke et al.

2009b):

e carly detection and correct identification of the invader;
® pre-existing authority to take action;

e the AIS could be sequestered to prevent dispersal or else
had very limited dispersal capabilities;

e political and public support for eradication,
e acceptance of some collateral environmental damage;

e follow-up monitoring to verify the completeness of the

eradication.

Hence, to reiterate the point made in this section, the
introduction and spread of risk species from aquaculture

intensive regional-scale management efforts for the kelp
Undaria (Hunt et al. 2009) and the tunicate Didemnum
(Pannell & Coutts 2007) were quite successful in reducing
the human-mediated spread of these species and in greatly
suppressing established populations. However, these
programmes failed to achieve eradication; hence, they were
discontinued in the face of increasing containment and control

costs. The few successful eradication efforts of aquatic invasive
has the potential to cause regional or national scale effects

on ecological and other values that may be irreversible from
the point of view of cost or practicality. Considerable effort is

therefore placed on preventing the incursion of pest species in
New Zealand.

To illustrate mitigation and management options that could

be adopted in New Zealand, Table 7.2 provides a summary of
pertinent sections of international aquaculture standards and
discussion documents with relevance to biosecurity. A summary
of biosecurity risks and their associated prevention, detection

and mitigation and management options is presented in Table

7.3. A matrix linking management options to key aquaculture
groups is presented in Table 7.4.
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Table 7.2: Summary of international aquaculture standards with relevance to biosecurity (see links in

Appendix 1-2 Chapter 1)

Country/organisation

Examples of issues, mitigation and/or management options relevant to hiosecurity in aquaculture

Norway/National Marine Fisheries
Service

Biosecurity is not specifically mentioned, but rainbow trout is noted as an introduced species
with issues around escapees with the potential for populations to establish. Preventions

of disease/parasite transfer to wild salmon and sea trout is identified as a high priority.
Management measures include: industry led escapee preventative measures; fishery
authorities to control the system, set rules, technical requirements and standards; operational
requirements and inspections to ensure that farming is operated on environmentally responsible
lines; DNA marking and sterile fish development; research into genetic effects of escapees;
requirement that farmer pays damages/compensation caused by escaped fish.

Discharge of nutrients (eutrophication) is linked to increased algal growth; so there is regulation
of discharge of environmentally harmful chemicals for cleaning, washing and impregnation of
nets; and regulation of biomass farmed.

Disease/parasites — antibiotic use as indicator of “aquaculture health”; Norwegian Food Safety
Authority fish health surveillance, inspections of treatments and identification of resistance;
salmon lice research; regulatory regime developed; potential regulation of cage size and
regulating fish movements; dedicated boats for fingerlings versus fish for slaughter; encouraging
industry codes of best practice; zoning of fish farm developments, to address lack of space,
pollution and spread of disease; ability to withdraw zone location permits if biological diversity
compromised (“safety valve”; compliant with Planning and Building Act (environmental impact
assessments etc.))

World Wildlife Fund (WWF)/Draft
Salmon Aquaculture Dialogue

Biosecurity management specifically listed: Standards aim, by minimising transmission, to
ensure that farms don't harm the health of wild populations by amplifying the spread of disease.
Notes that disease flow is bi-directional. Examples of management options include wellboats,
with filtration necessary between management areas. Standards in the case of exotic disease
and/or parasite detection, include: movement regulations, disease management, and culling.

Area Based Management (ABM) zoning for managing disease and resistance to treatments,
surveillance of sea lice levels and maximum sea lice levels/fish set for entire ABM. Testing,
reporting, compliance.

WWEF/Bivalve Aquaculture Dialogue
Standards

Introduced pests and pathogens specifically mentioned: Documentation of compliance with
established protocol or evidence of following appropriate best management practices required
for preventing and managing disease and pest introductions with seed and/or farm equipment.
For disease and pest management practices: only non-lethal management (e.g. exclusion,
deterrents and removal) of critical species that are pests or predators.

Food and Agriculture Organization
(FAO)/Ecosystem approach to
aquaculture

Biosecurity frameworks should be in place to prevent and control diseases and potential health
risks to the culture species or to the environment. Farms must avoid escapes, with mitigation
measures for large-scale events, including reporting to authorities. Movement protocols,
including quarantine.

Protocols for effluent management and excess nutrient utilisation.

Management options at water shed scale include: zoning or allocation of space as a mechanism
for more integrated planning of aquaculture development, as well as its better regulation. Cross
integration through integrated coastal zone management (ICZM) and integrated watershed
management (IWSM).

Strategic environmental assessment (SEA) focuses mainly on impact assessment, and its goal
is predicting environmental impacts to establish prevention, mitigation and control measures to
protect the environment in the waterbody of interest.
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Table 7.2: Summary of international aquaculture standards (continued)

Country/organisation

Examples of issues, mitigation and/or management options relevant to biosecurity in Aquaculture

Defining limits of change: Implies that we can define the point at which environmental change
can threaten sustainable delivery of ecosystem services. Limits of “acceptable” change will
depend on local social and economic conditions and perspectives.

Maintaining an “agreed” biodiversity or ecological resilience. In setting limits of change, it is
essential that some resilience is retained in terms of service provisions. This implies two things:
(i) acceptable limits include a safety margin; and (ii) factors that strengthen system resilience,
such as biodiversity and livelihood diversity, should be promoted as much as possible.

Providing “green infrastructure”: Strategic allocation of significant patches or swathes of
undeveloped land or waterbodies of different types that will increase biodiversity, underpin
many other ecosystem services and increase the resilience of the whole system.

Acceptable water quality standards, for example to prevent algal blooms.

International Union for Conservation
of Nature (IUCN)/Guide for the
Sustainable Development of
Mediterranean Aquaculture

Issues regarding introduced marine species are specifically mentioned: Voluntary and
accidental introductions, aquaculture as a vector via fish escapes outside natural range. In
aquaculture, the use of introduced species is highly risky. The precautionary principle should
be applied. Introduction of species should be carried out only in special cases and taking all
required precautions.

Pathogen transfer: Vector pathways include: Importation of alien organisms for culture,
movement of cultured organism and amplification of existing pathogens. Escapees may also
play a potential role.

Recommendations:

e Aquacultured organisms should be kept in the best possible health.

¢ Disease outbreaks in aquaculture farms should be prevented, contained and managed.
e Precautionary measures should be implemented to prevent disease transfer.

e Special biosecurity measures to limit the introduction of pathogens in hatchery systems
should be implemented.

e The research and monitoring of the epidemiology of diseases in wild populations in the
vicinity of aquaculture areas should be encouraged.

Fouling prevention and management:

e Eco-friendly antifouling coatings and products should be used.

e Environmentally friendly procedures for preventing or eliminating biofouling should be
encouraged.

United States of America (USA)
code of conduct for aquaculture
development

Biosecurity not specifically mentioned. Outlines planning, permitting, siting and zoning in the
context of minimising the potential for any negative impacts on the environment.

Aquatic animal health: All stakeholders should take any necessary action to minimise any
potential for the transmission of diseases and parasites that may occur in aquaculture facilities,
or associated with organisms released for stock enhancement, to wild populations. This can
be achieved by using healthy stocks, maintaining good growing conditions and by frequent
monitoring to facilitate early detection.

Conserving biodiversity: Biodiversity in the territorial waters of neighbouring countries as well as
the coastal states should be safeguarded when there is a significant potential for the spread of
introduced and genetically altered species with reproductive capabilities. This can be achieved
by sharing information and through consultation and co-operation on preventive and remedial

measures.
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Table 7.2: Summary of international aquaculture standards (continued)

Country/organisation

Examples of issues, mitigation and/or management options relevant to biosecurity in aquaculture

Scotland/Scottish Association
for Marine Science and Napier
University

Biosecurity not specifically mentioned. HABs noted but lack of long-term monitoring hinders
testing any linkage to discharges from 30 years of aquaculture development. Cultivation of non-
finfish species has few measured negative environmental impacts, except within the vicinity of
the farm. Potential for disease/parasite transfer to wild salmon and trout. Escapees mentioned,
but in genetic context. No management measures discussed.

Australia/Department of Primary
Industries and Resources of South
Australia

Code of practice stipulates that industry will work in conjunction with government and other
stakeholders to ensure that aquaculture developments are managed sustainably (ecologically
and economically) and that their considerable social, economic and environmental advantages
are achieved. This will be accomplished through five guiding principles for environmental best
practice, including: “comply with regulations” and “protect the environment”. To comply with
regulations, farmers will: expand self-management and co-regulation to include industry-hased
codes of practice that specifically address environmental issues. To protect the environment,
aquaculturists will:

e monitor and regularly review on-farm management practices to minimise the risk of
ecological damage;

¢ adopt farm design and on-farm management practices that encourage integration, recycling
and reuse of effluents;

e work in association with governments to develop appropriate protocols regarding the transfer
and culture of exotic species and the translocation of live product within and between states;

e support the maintenance of precise records regarding the transfer or translocation of stock
between areas or operations.

Canada/British Columbia Salmon
Farmers Association

Biosecurity section deals with disinfection protocols: To maintain healthy fish stocks and
pathogen management, each company will maintain protocols designed to ensure the proper
disinfection of employee’s materials, equipment, vessels and site infrastructures when
movement occurs between facilities.

Importation protocols in place: Only certified disease-free eggs and milt may be imported
with the permission of the Department of Fisheries and Oceans. Also, routine inspection and
monitoring, including integrity of structures, environmental factors, presence/absence of
predators.

The BCSFA code incorporates principles, including:
e to minimise impacts on the natural environment;

e toensure a healthy growing environment for farm stock and for the growth and production of
healthy wholesome products;

e 1o recognise that risk reduction is critical to the industry’s operational success and public
confidence.




A. Pathway prevention and management

The prevention of incursions is the most effective approach
to biosecurity rather than reacting to outbreaks. Forrest et al.
(2011) provide an outline of possible prevention approaches
that could be considered, summarised here as:

i. management of pathways, where this reduces the risk of
infection of culture sites;

ii. on-farm management to reduce risk to other farms and
the wider environment, including both surveillance for
early detection of high-risk pests and disease,
and implementation of measures to eradicate, control or
contain outbreaks.

Pathway management should focus on:

a. pathways from international source regions or pathways that
are novel and, hence, may be associated with new risks to
the region;

b. pathways from domestic source regions known to be
infected by recognised high-risk pests, especially species
known not to occur at the site in question;

¢. pathways along which the frequency of transfers is
considerably greater than that occurring as a result of other
human activities.

Broadly there are two approaches to management of pathway
risk (Forrest & Blakemore 2002):

i. avoid transfers on high-risk pathways;
i. treat pathways to minimise risk.

Both strategies have been used to date in relation to the

New Zealand mussel industry (see Section 7.3 or Forrest et
al. 2011) and management of a specific pathway has been
legislated by the MPI Import Health Standard for “Importing
Juvenile Yellowtail Kingfish from Australia” (see Section 7.2.3).

B. Surveillance

Surveillance strategies are essential to detect the potential
incursion of pests, pathogens and disease. Strategies may
encompass point of entry surveillance, routine on-farm
surveillance and targeted surveillance of high-risk areas.

Epidemiological surveillance networks encompass both
endemic and exotic disease control efforts. However, animal
health monitoring and disease surveillance systems must be
described in terms of their specific goals and characteristics
and are therefore defined separately. Animal health monitoring
is the collection, analysis and dissemination of information
about diseases that are known to occur in the population
being monitored. Animal disease surveillance is the collection
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and analysis of information in order to support the claim that
a country or region is free from an infection or disease; or to
detect an exotic or new disease within a given population in a
defined country or region.

Point of entry surveillance includes activities such as routine
screening at airports, ports and mail centres. Many pests,
pathogens and diseases can survive for considerable periods
out of their natural environment, particularly if kept damp.
Import health standards for live or fresh marine products
include a requirement for surveillance for pests, pathogens and
diseases.

Routine surveillance, undertaken on and around marine farms,
is often the first point of detection of pests, pathogens and
diseases. This most often takes the form of casual observation
by marine farm staff for changes in fouling communities or
stock infections or mortality events. MPI also commissions
routine surveillance in ports and harbours around New Zealand.

Since 1998, the number of non-indigenous and cryptogenic
marine species recorded in New Zealand has more than tripled
as a result of surveys funded by MPI, other biodiversity-related
research and reports made by members of the public. In 2010,
a comprehensive review of existing data turned up records for
more than 650 non-indigenous and cryptogenic marine species
from New Zealand waters (www.marinebiosecurity.org.nz).

Targeted surveillance may be undertaken when activities

such as harvest, grading or transfer of stock from hatcheries

or between sites is undertaken. In most instances, it seeks to
ensure that a predetermined list of potentially damaging pests,
pathogens and diseases is not present within the stock. Routine
post mortems from mortalities may also be included or required
if an above-normal level of mortality is observed. Predicting
invasions is not a precise science, and precaution is advised to
guard against unpredictable incursions and the “Frankenstein
effect” where unanticipated negative effects occur from an
introduction (Moyle et al. 1987).

C. Control of populations and/or outhreaks

Recent New Zealand experience suggests that, even when pest
organisms become well established, the benefits gained from
even limited management success have the potential to greatly
outweigh the consequences of uncontrolled fouling (Forrest
2007). To be effective, however, management requires buy-in
from all marine stakeholders whose activities can spread pest
organisms. There are a number of ways in which aquaculture
companies can contribute to the effective management of
fouling pests, such as:

¢ identifying existing and future pests that threaten the
aquaculture industry;
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e implementing surveillance of farm structures and vectors,
such as service vessels and their associated infrastructure;

¢ developing co-ordinated response plans for high-risk
species before they become established;

e preventing incursions of new pests onto aquaculture
structures.

For vectors of spread, such as service vessels and farm
equipment, preventative management options include:

¢ maintenance of effective antifouling coatings;

e hull inspections to check for the presence of target pests,
and hull cleaning as necessary;

e eradication of pests from farm structures before they
become well established.

However, once incursions have occurred, the use of eradication
treatments is only advised if the risk of re-invasion can be
managed. Re-invasion management options include a
surveillance programme (as above) to detect pest incursions
before they become widespread. If eradication is not possible,
containing the further spread of pests from infested aquaculture
structures may be warranted. For example, fouling pests should
be reduced to a level that minimises the risk of natural dispersal
to other vectors (e.g., vessels) or nearby structures, and pests
should be eliminated from aquaculture vectors (equipment,
vessels) before transport to other regions.

Setting a strict, non-subjective standard to ensure that direct
control measures are done in an environmentally responsible
manner is challenging (WWF 2010). Since any action will have
some measurable impact, the challenge then is to ensure

that any impacts are localised, temporary and reversible, and
that the actions do not cause significant harm to endangered
species or critical habitat.

Fouling and pests: Many methods have been used in an
attempt to directly control fouling and pests, including chemical
treatments with saturated brine, sodium hydroxide, hydrated
lime, acetic and citric acids, formalin, detergents and chlorine,
as well as physical treatments using air drying, ultraviolet light,
steam, hot water, electricity, smothering, pressure washing, and
puncturing (Carver et al. 2003; Coutts & Forrest, 2007; Locke
et al. 2009a, Morrisey et al. 2009, Page et al. 2011). Indirect
methods include avoidance of conditions that lead to infection
and growth of pest populations. For example, avoiding the
“density trap”, whereby oyster growers manually control the
density of oyster spat on grow-out sticks to avoid infestations

of mudworms, among other problems (such as overcrowding,
misshapen oysters and marketing problems) (Handley & Jeffs

2002). Growing oysters at the correct intertidal level is also an
indirect method of avoiding fouling and pest issues (Handley &
Jeffs 2002; Handley 2002; Handley and Bergquist 1997; Curtin
1986).

Some growers have experimented with biological control agents,
such as crabs, littorinid snails, and even fish, with poor uptake
by industry (NRC 2010; Hidu et al. 1981; Enright et al. 1983,
1993; Cigarria et al. 1998). Exploitation of natural biological
control mechanisms of organisms has been investigated in
aquaculture (de Nys et al. 2010). For example, seaweed
extracts have been incorporated into wax coatings to reduce
fouling and mudworm infestations in pearl and edible oysters
in Australia (de Nys pers. comm; Dworjanin et al. 2006).
Physical removal of fouling organisms in situ has the potential
effect of spreading marine invasive species and increasing the
bottom deposition of organic material (NRC 2010). However,
alternatives, such as collection of defouled material, are not
often practical with current farming methods.

Parasites and disease: Perhaps the best method for controlling
the spread of disease is through the use of management
practices that call for the pathological inspection of animals to
ensure that infected animals are not moved into areas that do
not currently have endemic infections (WWF 2010). In

New Zealand, in the absence of enforced stock transfer
protocols, management of gear and vessel transfers between
geographic zones by voluntary codes of practice developed by
industry could be used to minimise risks. For example, the
New Zealand Mussel Industry Council Ltd has a code of
practice for transfer of mussel seed (NZMIC 2001). Long-term
selective breeding programmes that mimic nature by amplifying
the genetic tendencies for disease resistance are also showing
promise in limiting the impacts of diseases that are already
endemic, as long as the hatcheries are not acting as reservoirs
of disease.

Regular antifouling and net changes (where nets are present)
are recommended given that fouling and cage structures are
potential reservoirs for pathogens and parasites (Forrest et

al. 2011). Although net cleaning may also stress the fish, the
threats of heavy fouling to farm structures, fish health and
growth rates outweigh the cleaning costs. Controlling fouling
levels is therefore beneficial for both the aquaculture operations
and the potential ecological impacts, although the frequency of
control (e.g. cleaning) might differ depending on whether it was
done for culture purposes or to minimise ecological impacts.

In case of disease outbreaks, interventions such as the use of
antibiotics are controlled through the Agricultural Compounds



and Veterinary Medicines (ACVM) Act 1997. This means that
antibiotics can only be used through veterinary prescription.
Antibiotics are not specifically licensed for use on food fish

but can be prescribed to be used “off licence” by a registered
Veterinarian (see Chapter 10 — Additives). The use of chemicals
in disease management is discouraged due to negative impacts
on the aquatic environment, consumer reluctance, and
because the frequent use of traditional therapeutics paves the
way for the emergence of disease-resistant strains of pathogens
(Harikrishnan et al. 2011).

D. Planning and zoning

In terms of aquaculture planning and broader management
considerations, site selection is clearly important for reasons
outlined in Section 7.1.2. Additionally, the World Organisation
for Animal Health's (OIE’s) online aquatic animal health

code (www.oie.int/en/international-standard-setting/aquatic-
code/access-online/) suggests establishing zones and using
compartmentalisation (through geographical separation) to
manage biosecurity and epidemiological risks (OIE 2011). There
are benefits in maintaining subpopulations of culture organisms
with known distinct aquatic animal health status. Factors
contributing to effective management of compartmentalisation
include physical and spatial factors that affect the status of
biosecurity in a compartment, infrastructural factors (e.g. water
supply, vessels and facilities for the introduction of equipment),
a biosecurity plan (which involves screening for disease when
stocks are moved between compartments) and a traceability
system. Further elaboration and recommendations can be
found in the OIE code.

With the desired expansion of the New Zealand aquaculture
industry towards $1 billion by 2025 (NZAS 2006), not only

do regulatory, planning and policy initiatives have to address
biosecurity issues, but local body infrastructure and planning
should also have a biosecurity focus. A precautionary approach
from regional councils can include staged development of

new species or large-scale ventures, and this, combined with
monitoring and setting of limits of acceptable change (LACs)
should trigger appropriate management measures and protect
the environment from adverse effects (Zeldis et al. 2006).
Should limits be exceeded, then permits to zones could be
withdrawn as a “safety valve” (e.g. Norway/National Marine
Fisheries Service — refer to Table 7.2). An overseas example

of an infrastructure planning approach to reduce biosecurity
risks comes from the proposed separation of inflow and outflow
infrastructure recommended to reduce cross-contamination

of feed, smolt and nets for the salmonid industry in St Johns,
Newfoundland (Rutter Hinz Inc 2009).
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Zoning has also been suggested to address issues of lack of
waterspace (e.g. Norway/National Marine Fisheries Service —
refer to Table 7.2). However, as limits to waterspace impede the
expansion of existing industries like the Pacific oyster industry
in Northland, developing new culture techniques (e.g. methods
for growing oysters subtidally) may be the only viable alternative
for short-term expansion of such industries. These measures
are likely to increase biosecurity risks associated with pests and
parasites (Handley & Jeffs 2002, also see Section 7.3).
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Table 7.3: Summary of hiosecurity risks, prevention, detection and mitigation options

Biosecurity risk

Pest/pathogen/parasite

Introduction

Invasive species (pests)

Description

Non-native macroscopic
species introduced

Prevention
Import health standards

Management options

Detection
Routine surveillance

Mitigation
Early detection and removal

Border surveillance,
including targeted
surveillance for high-risk
species

Staff training

Eradication programmes

Regulations on fouling of
vessels/bilge water release

Targeted surveillance
based on species-
specific international
experience

Pathogen/parasite

New disease or parasite
introduced or identified

Import health standards

Disease found in
farmed stock

Treatment

Use of processed feeds

Targeted surveillance
based on international
experience

Culling and fallowing

Establishment

Pathogen or pest
becomes virulent due to
environmental change.
Often because stock
become stressed

Environmental conditions
allow pest/pathogen to

become established and
multiply. Reservoir effect

Routine environmental
monitoring linked to
husbandry activities

Appropriate stock
husbandry (minimise
stress, reduce risk
of disease becoming
established)

Seasonal or procedure
related outbreaks

Routine or targeted
observation of causes
of mortality

Treat and address
environmental issues

Culling and fallowing

Instigate containment and
eradication measures/
procedures

Site hygiene/biosecurity

Routine or targeted
observation of
“change” in fouling
community

Prophylactic treatments (not
normally recommended due to
potential for resistance)

Spread
Direct contact

Transferred by direct
contact between farmed
stock and wild stock

Site selection/planning
and zoning

Mortality event in wild
stock

Single year class sites

None

Appropriate husbandry

Transport

Transferred on equipment
of passive carriers (eg.
boats, staff, birds)

Biosecurity/cleaning
protocols

Spread between
sites with clear direct
connections

Identify, and if possible,
mitigate vectors

Codes of practice

Single year class sites

Localised equipment transfer

Correct disposal of mortalities

Separation of commercial and
recreational vessels/equipment

Environment mediated

Spawning, multiplication
or fragmentation spreads
agent through water
currents

Site selection, planning
and zoning

Spread between local
sites with no “direct”
connection

Eradication through equipment
cleaning

Anti-fouling

Fallowing

Appropriate Husbandry

Mortality removal
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Table 7.3: Summary of biosecurity risks, prevention, detection and mitigation optiions (continued)

Intermediate host Transferred through an Antifouling Spread between Fallowing
intermediate host distant sites with no
“direct” connection
Vertical transfer Transfer from parent to Hatchery testing for Mortality event with No return of stock from sites to
offspring disease common source stock  hatchery

Table 7.4: Matrix of hiosecurity management options and their relevance to key aquaculture groups

Management measure Description Finfish  Shellfish  Undaria Sea cucumbers

Import

Import health standards For import of seedstock y n n n

Border surveillance Prevent import of macroscopic pests y y y y

Regulations on fouling on vessels/bilge Prevent import of macroscopic pests/ y y y y

water release fouling organisms/harmful algae

Planning and development

. ' Sites with appropriate environment for

Slize3 Eaten biological requirements of stock y y y y

Zoning Site location in relation to pathogen risks y y y y
— other farms, processing plants, rivers,
sewage discharge

Vessel berthing Segregate local vessels from vessels y y y y
that move regionally (commercial or
recreational)

Targeted surveillance Routine monitoring for predetermined y y y y
range of species

Farm practices

Fouling

Management of nets and equipment to Regularly remove fouling organisms from y y n n

minimise fouling equipment

Anti fouling Treat equipment with chemicals to y ? n n
prevent fouling

Transfer of equipment between sites/ Prevent transfer of potentially

regions contaminated equipment between sites

Husbandry

Appropriate stock husbandry Minimise stress to reduce the risk of y y y y
disease becoming established

Management of feed so as not to attract ~ Limit opportunity for transfer between y n n n

birds/fish sites/wild stocks through direct contact

Routine environmental monitoring linked ~ Manage stock within environmental limits y y y y

to husbandry activities

Remove mortalities Limit opportunity for reservoir of disease y n n n
to accumulate
Reduce attraction of predators y n n n

Use of processed feeds Heat treat feeds to kill pests/pathogens y n n y

Surveillance Observe and record mortality causes, y y y y
unusual fouling and so on.

Stock transfer y y y y

Hatchery testing for disease Prevent diseased stock from being sent y y y y
to sites

Single year class sites Prevent disease transmission between y n y y

year classes
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Table 7.4: Matrix of hiosecurity management options and their relevance to key aquaculture groups (continued)

Management measure Description

Finfish  Shellfish  Undaria Sea cucumbers

Harvest

Isolate waste streams from growing areas

Prevent reintroduction of pests/pathogens
to harvested sites

Fallow sites

Reduce opportunities for reintroduction of
pests/pathogens from intermediate hosts

Education
Codes of practice

Educate and alert staff to biosecurity
requirements

Public notification

Eradication
Culling

Alert public to biosecurity risks

Cull diseased stock to remove pathogen/
pest

Fallowing

Remove stock from an area to allow host
mediated pathogen to die out

Manual removal of macroscopic
organisms

Eradication of individual pest organisms
early in the invasion process

Treatment technologies
remove pests

Treatment of whole farms or bays to y y y y

Pharmaceutical treatment
remove pathogen/parasite

Treatment of individual affected stocks to y n n n

Note: y=yes, n=no

7.2 Feed-added species (salmon, kingfish,
hapuku)

King salmon (Oncorhynchus tshawytscha) dominates finfish
production in New Zealand, with farming in net cages in the
marine environment in the Marlborough Sounds, Akaroa
Harbour and Stewart Island, and limited freshwater production
on land. Diversification to other finfish species is expected for
yellowtail kingfish (Seriola lalandi lalandi) and hapuku groper,
(Polyprion oxygeneios) with interest in farming these species in
the Firth of Thames (Forrest et al. 2011) and the Marlborough
Sounds and some preliminary cage culture trials in Wellington
Harbour (NIWA trials). Preliminary analyses suggest that
aquaculture is technically feasible and economically viable
(Zuccollo 2010; Zeldis et al. 2011a) for both kingfish and
hapuku. Land-based farming of yellowtail kingfish has also been
trialled at Parengarenga, Northland.

A recent study conducted for the Ministry of Fisheries provided
an overview of existing knowledge and potential issues arising
from finfish aquaculture in New Zealand (Forrest et al. 2007b).
For many issues, the Forrest et al. (2007b) report highlights

a good base of existing knowledge, with the findings from
overseas studies, and from studies of salmon farm effects in
New Zealand, generally applicable across different locations
and finfish culture species. By contrast, the potential for

finfish aquaculture development to introduce or exacerbate

marine biosecurity risks from pests, pathogens or parasites is

a situation-specific issue. Studies of other types of aquaculture
highlight that biosecurity risks can be relatively important, given
that consequences can be widespread and irreversible (e.g.
Forrest et al. 2009).

7.2.1 Biosecurity risk pathways specific to feed-added
aquaculture

The main pathways (Figure 7.2) directly associated with
feed-added aquaculture that have the potential to transfer risk
organisms from external source regions are:

o transfers of finfish stock;

e transfers of equipment;

e culture-related vessel movements.

These risks are likely to be greatest where culture-related
activities involve transfers from:

® international source regions;

e domestic source regions known to be infected by high-risk
organisms, especially species that do not already occur at
the site in question;

¢ novel pathways for example, involve methods of transfer that
do not already occur as a result of other human activities;

¢ pathways of greater frequency than already occurring as a
result of other human activities (Forrest et al. 2007a).



International pathways may include transfers of feed, finfish
stock, reproductive material and equipment. A number of
import health standards have been developed by MPI to
manage biosecurity risks that have relevance to aquaculture
(see www.biosecurity.govt.nz/ihs/search). Examples of these
are import health standards for the importation of fish feed,
ornamental fish and marine invertebrates, and aquatic
equipment associated with animals and water. In the case
of finfish feeds, the onus is on the supplier to meet stringent
requirements such as the heat treating of fish meals and oils to
80°C for a minimum of 20 minutes (MAFBNZ 2010c).

Feed transfer risk can arise from direct transmission to cultured
fish if the feed contains a pathogenic agent that is consumed by
the farmed fish, or if the feed contains a pathogen that enters
the environment or infects a non-target species, establishing a
mechanism for indirect infection (OIE 2011). For example, a
non-indigenous herpes virus was considered to be the cause

of large-scale pilchard mortality across Australasia in 1995

and 1998-99 (Ward et al. 2001, Whittington et al. 2005). The
disease was first identified in South Australia, with possible
causes considered to be ships’ ballast water or imports (without
quarantine) of frozen pilchards that were fed to caged wild-
caught tuna being conditioned for market (Whittington et

al. 1997). The microbial disease Vibrio ichthyoenteriin live
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brine shrimp (Artemia salina) has also led to fish mortalities
(Anderson et al. 2010).

The potential stock-related risk pathway for marine pests is
associated with the water in which the fish are transferred

and the fish stocks themselves (e.g. sourcing overseas
fingerlings). This has the potential to introduce disease or other
risk organisms into a new region. Most finfish stock transfers
are likely to be from New Zealand hatcheries, although the
importation of juvenile kingfish from South Australia has
previously been proposed (Diggles 2002) with an appropriate
import health standard developed (MAFBNZ 2010b).

Domestic pathways in New Zealand involving movements of
finfish stock, feed and equipment, could also involve risk if
mitigation methods are not implemented to avoid concurrent
transfer of pests, pathogens and parasites. To date in

New Zealand, domestic transfer pathways within the salmon
industry (e.g. of sea cages, vessels) have tended to occur
within, rather than between, growing regions, and hence have
been relatively low risk from a biosecurity perspective (Forrest et
al. 2007). Floerl et al (2009) noted that risk of transfer of pests
between commercial vessels and recreational vessels sharing
marina berthing facilities remained a distinct possibility and
may lead to transfer of pest species between regions.

Figure 7.2. Summary of key domestic or internal pathways and related mechanisms that could lead to the
infection of aquaculture sites by marine pests, pathogens and parasites.

Infection of

aquaculture site

Infected culture-related
stock transfers

Infected culture-related
equipment transfers

Transfer
water infected
(e.g. larvae,
microalgae,
athogen)

Associated
fouling, water

or sediment
infected

Source: Adapted from Forrest et al. 2011.

Infected culture-related
vessel movements

Non-aquaculture sources
of pests, pathogens and
parasites

Natural dispersal
—  from existing
populations

Associated
fouling, water

or sediment
infected

Other vessels or
L activities (e.g.
mussel farming)

Note: The blue shaded elements illustrate that biosecurity risk can arise from natural and anthropogenic sources in

addition to aquaculture. Adapted from Forrest et al. (2011).
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At local scales, the spread from pest or pathogen reservoirs on
farms can take place via microscopic life stages (e.g. seaweed
spores or animal larvae) that are released to the water column
(Forrest et al. 2008). Alternatively, dispersal may occur via

fragmentation and drift of viable fragments of the pest (Forrest

7.2.2 Descriptions of main effects and their significance

et al. 2000; Bullard et al. 2007). Marine farms, jetties and
vessel moorings can then act as “stepping stones” enhancing
spread even if the source was not from aquaculture operations
(Bulleri & Airoldi 2005; Forrest et al. 2008).

Table 7.5: Ecological effects from marine pests due to feed-added aquaculture.

A. General biosecurity risks from marine pests

i. Finfish culture pathways lead to infection of farm sites by marine pests.

ii. Infected farm acts as a reservoir for pest spread to wider environment.

iii. Exacerbation; finfish farms alter environmental conditions and facilitate establishment of
marine pests. For example, nutrients may enrich non-indigenous macroalgal growth and

HABs.

B. Specific risks relating to pest and disease interactions

i. Fouling necessitates antifoulant applications, increases drag on sea-cage infrastructure,

Description of effect(s)

deforming cages and posing risks from gear failure and escapes, posing threats such as

genetic transfer or disease/parasite transmission.

ii. Fouling clogs nets and slows water exchange inside cages, resulting in poor oxygen exchange
(especially in summer) and waste cleaning/removal, increasing the likelihood of fragmentation

or spread.

iii. Pests can act as potential intermediate hosts for pathogens and parasites.

iv. Fouling attracts wild fish species that could become parasite/pathogen vectors or intermediate

hosts.
Spatial scale Local to national scale.
Duration Long term — Irreversible if pest establishes a viable population and eradication is not feasible.

A. Consenting and infrastructure considerations
e Farm spacing, zoning, staged development, identification of epidemiological units.

B. International: Import health standards
e |mport health standards for example, for juvenile yellow-tail kingfish from Australia.

C. Domestic: Development of industry codes of practice:

Management options i. Management of pathways to reduce the risk of infection of culture sites and/or the subsequent
spread of marine pests, including:

e risk reduction procedures for domestic stock transfers (including associated transfer water)
that are consistent with MPI border standards;

e procedures for vessels and/or the transfer of equipment to minimise the risk of marine pest
transport with finfish culture pathways (e.g. vessel antifouling, cleaning, inspections).
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Table 7.5: Ecological effects from marine pests (continued)

ii. On-farm management to reduce risk to the wider environment, including:

e education and surveillance to facilitate early detection of pest species;

¢ routine farm management procedures for net and mooring line cleaning (e.g. application of
antifoulants on predator nets, regular cleaning regimes);

e application of pest response and containment procedures where feasible;

e farm site selection and management practices that maximise growth and condition but
minimise risks of pest infestations.

Knowledge gaps

Implications for natural habitats of the development of marine pest populations on aquaculture
structures.

The direct and indirect ecological effects of marine pests in the wider environment.

Effective and environmentally friendly mitigation methods for aquaculture pathways, and
established pest populations on finfish farms and in natural habitats.

Transmission/vectors: Intermediate host status of fouling organisms for parasites and pathogens
and interactions/links with other aquaculture species, but also wild species like seabirds and
marine mammals.

Fouling recovery and waste recycling technologies.

Links between benthic effects/nutrient loadings and exacerbation/facilitation of marine pests and
HABs.

Fragment or larval dispersal distances of some fouling species.

* |talicised text in this table is defined in chapter 1 — Introduction.

Table 7.6 Ecological effects from pathogens and parasites due to feed-added aquaculture.

Description of effect(s)

A.

General hiosecurity risks from marine pathogens and parasites

i. Finfish culture pathways lead to infection of farm sites by pathogens or parasites.
ii. Infected farm acts as a reservoir for pathogen or parasite spread to wider environment.

iii. Exacerbation: finfish farms alter environmental conditions and facilitate establishment of
pathogens or parasites.

Specific risks relating to finfish aquaculture

i. Pathogens and parasite infestations reduce growth, condition and health of stocks, increasing
the likelihood of spread to wider environment.

ii. Increased handling associated with parasite/disease intervention may lead to heightened risk of
escapes or increased stress on stock, both enhancing risk to the wider environment.

iii. Increased waste production (mortalities), leading to potential environmental effects from
disposal, and effects including disease transfer risk.

v. Adverse effects of therapeutants.

Spatial scale

Local to national scale.

Duration

Irreversible if pest establishes a viable population and eradication is not feasible.

Management options

A

Consenting and infrastructure considerations
e Farm spacing, zoning, staged development, identification of epidemiological units etc.
International: Import health standards

e |Import health standards for example, for juvenile yellow tail kingfish from Australia.
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Table 7.6: Ecological effects from pathogens and parasites (continued)

C. Domestic: Development of industry codes of practice to address

i. Management of pathways to reduce the risk of infection of culture sites and/or the subsequent
spread of pathogens or parasites, including:

e risk reduction procedures for domestic stock transfers (including associated transfer water),
that are consistent with MPI border standards (including quarantine procedures);

e procedures for vessels and/or the transfer of equipment to minimise the risk of pathogens or
parasites with finfish culture pathways (e.g. vessel antifouling, cleaning, inspections).

i. On-farm management to reduce risk to the wider environment, including:

e education and surveillance to facilitate early detection of sick stock infected by pathogens or

parasites;

e application of parasite or pathogen response, including therapeutant treatment, isolation/
quarantine/culling of infected stocks. Farm site selection and management practices that
maximise growth and condition but minimise risks of outbreaks.

o |dentification of parasites and pathogens likely to affect farmed species (in particular, hapuku)

and their intermediate hosts.

e The direct and indirect ecological effects of parasites and pathogens to non-cultured species in
the wider environment, especially wild conspecific finfish.

Knowledge gaps e Natural prevalence and distribution of disease agents in the New Zealand marine environment.
e The natural transmission mechanisms and farm-to-farm dispersal potential of many disease

agents.

o Effective and environmentally friendly therapeutants and other mitigation methods to manage
finfish in culture and prevent disease outbreaks.

* |talicised text in this table is defined in chapter 1 — Introduction.

A. General hiosecurity risks from marine pests, parasites and
pathogens

i. Finfish culture pathways lead to infection of farm sites by
pests, pathogens or parasites

Parasites and pathogens are commonly overlooked or under-
appreciated as key drivers shaping local community structure
and biodiversity (NRC 2010). The ecological effects from exotic
parasites and pathogens are poorly understood, and much of
the literature focuses on effects on wild fish stocks.

Finfish culture pathways for marine pests include the following:

e Finfish stock transfers of domestically raised juveniles

shipped in water but also potentially imported from overseas.

MPI has developed an appropriate MPI import health
standard for the importation of juvenile yellow-tail kingfish

significant in certain circumstances, including entrainment
of pest organisms (or dispersive life stages and fragments) in
bilge water (Darbyson et al. 2009). Similarly, entrainment of
fouling, sediments and water (and any associated infective
organisms or life stage) on anchors, ropes and deck spaces
are recognised as potential mechanisms of marine pest
transport, although evidence is lacking as to their importance
(Acosta & Forrest 2009; Sinner et al. 2009).

Non-finfish culture pathways include the spread of risk
species from existing local sources, including natural
habitats and marine farms. Examples include the spread
of Undaria to finfish cages from adjacent mussel farms,

as the two activities may be cultured together, or seabed
populations of the sea squirt Styela clava likely providing
propagule supply for infection of finfish cages (Forrest et al.
2011).

(MAFBNZ 2010b; also see Section 7.1).

e Culture-related equipment and vessel transfers — especially
important for vessels (e.g. barges, yachts) that travel at
speeds that are sufficiently slow (less than 10 knots) to
enable the survival of a diverse range of associated fouling
(e.g. Coutts & Forest 2007; Coutts et al. 2010;

Inglis et al. 2010). Other vessel-related mechanisms may be

ii. Infected farm acts as a reservoir for pest, pathogen or
parasite spread to wider environment

The infection of marine farms by pest organisms can lead to
the development of significant infestations on farm structures,
which act as a reservoir for subsequent spread to natural
ecosystems. In the case of fouling pest organisms, marine farm
structures can act as “stepping stones” among which pest



species can spread, thereby creating new populations from
which spread to natural ecosystems can occur.

A number of examples exist of disease in cultured finfish
leading to effects on wild stock (Forrest et al. 2011). Koi herpes
virus was thought to have spread from cultured ornamental
fish to cultured food fish (common carp) and then into wild
carp populations (Bondad-Reantaso et al. 2005). Indirect
correlations have also been used to link copepod sea lice
infestations with salmon farming in the northern hemisphere
(Bjorn & Finstad 2002), with some evidence for a causal link
(Costello 2009; Krkosek 2010; Price et al. 2011). Diggles
(2008) specifically considered the potential for transfer of a
broad range of pathogens and parasites (viruses, bacteria,
protozoans, myxozoans, cestodes, monogeneans, digeneans,
acanthocephalans, nematodes and copepods) between
cultured and wild fish in the Waikato region, with reference to
kingfish, snapper and flatfish. This study indicated that risks to
wild populations are likely to be quite low.

In the immediate vicinity of sea cages, elevated infection

rates may occur for disease agents with direct life cycles (e.g.
monogeneans with no intermediate host). For example, high
densities of the monogenean Benedenia seriolae were found
within 1 km of kingfish cages in Australia, raising the possibility
that wild kingfish in the immediate vicinity could experience
higher infection rates (Chambers & Ernst 2005). A summary

of Diggles, (2008) analysis of the likelihood of infection by
parasite and pathogen group is given in Forrest et al. (2011).
With reference to hapuku and kingfish aquaculture, it is
expected that the mobility of wild fish will minimise the risk of
hyper-infection in the vicinity of infected cultures, especially of
protozoans that have direct life cycles and low host specificity
and seldom cause disease in wild fish populations (Diggles
2008). However, as these species are indigenous, they may

be more susceptible to the pathogens and parasites carried

by their wild conspecifics as compared with non-indigenous
salmon. Despite there being several reported diseases of

New Zealand-resident salmon, (Oncorhynchus spp). (Diggles
et al. 2002), cultured King salmon (Oncorhynchus tshawytscha)
in this country have been largely free from problems with
pathogens or parasites (Forrest et al. 2007b, 2011). However,
based on the available literature, this low-risk scenario is
unlikely to be the case for kingfish and hapuku culture, as they
are indigenous species that will be susceptible to the pathogens
and parasites of their wild conspecifics. Although it may be
noted that, in the case of hapuku interaction between deep
water wild stocks and fish held in coastal cages is unlikely to be
significant.
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It should be noted that disposal of diseased dead fish in the
marine environment also poses risks of disease transmission
both through attraction of scavenging fish, including predators
such as sharks (Handley pers. observ.).

Diseases and parasites that are problematic overseas and of
concern were identified as part of the aquaculture readiness
project in consultation with stakeholders run by MPI (Morrisey
etal. 2011). These included:

e viral diseases such as viral hemorrhagic septicaemia and
infectious salmonid anaemia which have potentially
significant impacts;

e bacterial diseases, such as furunculosis, where identifying
risk areas can provide information that can aid decisions
such as vaccination and vector control treatments;

e amoeba, including amoebic granulo;

e Sea lice, Gyrodactyilus, and Myxosoma.

iii. Exacerbation; finfish farms alter environmental conditions
and facilitate establishment of marine pests, parasites or
pathogens

Finfish aquaculture has the propensity to exacerbate
biosecurity risks as artificial farm structures provide habitats
for colonisation. A synthesis from North America described
232 non-indigenous species from hard substratum habitats, of
which more than 200 were associated with artificial structures
(Ruiz et al. 2009). Specific studies of the biota on artificial
structures in the marine environment (e.g. Hughes et al. 2005;
Glasby et al. 2007) show that any suspended structure in the
sea can provide a habitat that enables many fouling species
(both indigenous and non-indigenous) to proliferate. As finfish
farm structures are likely to be colonised by a wide range

of species, culture-related transfers (e.g. of cages) among
locations have the potential to transfer any associated fouling
pests. Excessive fouling can also be operationally significant
in areas of high current flow or wave exposure by increasing
drag on cages and anchoring systems. Fouling of nets can

be especially problematic if it is sufficient to reduce water
flow through cages, reducing oxygen supply to the stock and
removal of their waste products. Reduced water quality can
directly stress the fish stock and make them susceptible to
pathogens and parasites (Forrest et al. 2011).

Finfish farms can potentially lead to the spread and
enhancement of marine pests as they create environmental
conditions that exacerbate existing biosecurity risks, for
example:
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e nutrient enrichment in the water column potentially leading
to HABs, although causal links have not been made in
overseas studies (La Rosa et al. 2002; Tett & Edwards 2002);

¢ high dissolved inorganic nitrogen loads may promote the
productivity of benthic macroalgal species, such as Undaria
as discussed in relation to finfish culture development in the
Firth of Thames and southern Hauraki Gulf (Kelly 2008);

¢ seabed organic enrichment leading to the proliferation of
introduced bivalves like Theora lubrica, which proliferate
at intermediate levels of enrichment, or disturbance from
finfish and oyster culture (Forrest & Creese 2006; Keeley et
al. 2011).

For kingfish aquaculture, a broad range of parasites and
pathogens?® are described in cultured finfish belonging to the
Seriola genus globally, including viral, bacterial and fungal
disease agents (e.g. Egusa 1983, Stephens & Savage 2010),
and protozoan and metazoan parasites (Rigos et al. 2001;
Diggles 2002; Diggles & Hutson 2005; Hutson et al. 2007).
Kingfish in Australasia have a range of known pathogens

and parasites (Forrest et al. 2011), but it is apparent that

the monogenean* (flatworm) ecto parasites are the most
problematic in Australian kingfish culture. This situation arises
because monogeneans have direct, single-host lifecycles

(i.e. do not require an intermediate host; see Forrest et al.
2011) and can multiply rapidly in high density aquaculture
environments (Tubbs et al. 2005). Furthermore, their eggs
become entangled in fish nets and fouling, leading to high
reinfection rates of cultured fish (Ernst et al. 2005). A risk
assessment for multi-cellular parasites of Seriola lalandiin
South Australia sea-cage culture identified the monogeneans
Benedenia seriolae and Zeuxapta seriolae as “extremely likely to
establish and proliferate” at new farm sites (Hutson et al. 2007).
Benedenia seriolae (skin fluke) inhabits the skin and fins of
kingfish and can negatively impact fish growth and marketability
(Egusa 1983; Chambers & Ernst 2005). Similarly, the gill fluke
Zeuxapta seriolae can significantly affect the health of cultured
fish (Mansell et al. 2005). The cost of managing monogenean
parasites such as Benedenia seriolae and Zeuxapta seriolae is
seen as a significant barrier to the expansion of kingfish farming
in Australia (Hutson et al. 2007) and potentially New Zealand
(Leef & Lee 2009), with estimates of 20 percent of total
production costs to control these parasites cited in the literature
(e.g. Ernst et al. 2005).

Further, studies of the dispersal of the skin fluke B. seriolae
suggest that considerable distances (greater than 8 km) may

3 Defined here as an agent of disease, for example a bacterium or virus.
4That is, Ectoparasitic trematodes.

be required for effective management units (Chambers & Ernst
2005), which also suggests that there is a real risk of hyper-
transmission to and from wild conspecifics, with unknown
ecological effects. Tagging of wild fish associated with salmon
farms in Norway has revealed that fish farms should be
considered as connected, not only through ocean currents but
also through wild fish movements. If wild fish share pathogens
with farmed salmonids, their behaviour implies that they

have the potential to act as vectors for diseases and parasites
between salmon farms (Uglem et al. 2009).

Other metazoan parasites identified as posing a risk to

kingfish aquaculture in Australia include Paradeontacylix spp.
(Trematoda), Kudoa sp. and Unicapsula seriolae (Myxozoa),

as there is currently a lack of treatment methods for these
species (Hutson et al. 2007). Smith et al. (2009) identify the
ciliate Miamiensis avidus, a single-celled pathogen found

in New Zealand Polyprion spp., as a potential threat. This
protozoan caused mortalities in juvenile hapuku and adult
kingfish in a Northland hatchery, which has implications for

the culture of kingfish and hapuku in close proximity (see
Section 7.5 of Forrest et al. 2011). Many known disease

groups in Seriola spp. (including viruses, opportunistic

bacterial pathogens, obligate parasites, myxozoan® groups and
sanguinicolid digeneans (blood flukes) are unde-rrepresented in
New Zealand (Diggles 2002), with Forrest et al. (2011) revealing
a number of species associated with culture in Australia that are
not reported for New Zealand kingfish. However, farming fish at
high densities can result in the concentration and emergence of
diseases that occur at such low prevalence in wild populations
that they are undetected (Weaver 2001; Diggles 2002).

For hapuku, only limited grow-out trials have been undertaken
in New Zealand, and thus there remains considerable
uncertainty regarding which pathogens or parasites will

become persistent commercially significant diseases (Zeldis et
al. 2011a). During preliminary trials, the only mortality event
identified was a protozoan parasite infection resulting from
handling stress (Heath pers. comm; Zeldis et al. 2011a). The
available literature identifies Vibrio ichthyoenteri (Anderson

et al. 2010), Uronema marinum (Anderson et al. 2009),
Miamiensis avidus (Smith et al. 2009), Allocotylophora
polyprionum (Hewitt & Hine 1972) and Lepeophteirus
polyprioni (Hewitt & Hine 1972) as the pathogens and parasites
most likely to pose a threat to farmed hapuku (Table 4 of Forrest
etal. 2011).

5Members of the phylum Myxozoa.
5 Any of various parasitic flatworms of the class Cestoda.



Although likely to be of lesser importance, the following
organisms may also be significant, and hence could be
considered as part of routine surveillance (see Section 7.4.3 of
Forrest et al. 2011):

e the digeneans Neolepidopdeon polyprioni and Tubovesciula
angusticauda (Hewitt & Hine 1972) are a threat because,
being indigenous, they are likely to have their intermediate
hosts nearby which have not yet been described;

B. Specific risks relating to pest, parasite and pathogen
interactions

i. Fouling necessitates antifoulant applications, increases drag
on sea-cage infrastructure, deforming cages and posing risks
from gear failure and escapes, posing threats such
as genetic transfer or disease/parasite transmission

Fouling pests impact on farm structures and associated
equipment by creating drag (Beveridge 2004), for example,
Undaria fouling on seacages and associated mooring lines.

This fouling can create stress on these structures, adding risk
during, for example, adverse weather events, leading to damage
and stock escaping from the farm, as has occurred in Tory
Channel. The loss of stock could potentially lead to genetic
transfer of artificially enhanced traits to wild conspecifics
(Jensen et al 2010). Similarly, escapees could aid in the
transmission of disease or parasites.

ii. Fouling clogs nets and slows water exchange inside
cages, resulting in poor oxygen exchange (especially in
summer) and waste cleaning/removal, increasing the
likelihood of fragmentation or spread

Fouling pests also have the ability to slow water exchange
through associated drag and clogging of net cages, resulting
in poor oxygen exchange which may become critical at sites
with low oxygen levels during summer months, when oxygen
demand and fish metabolism is greatest (Beveridge 2004).
The process of cleaning of farm structures, however, could
potentially lead to increased likelihood of fragmentation and
spread of some fouling species that could subsequently
reproduce or reattach, recolonising the farm structures or
natural substrata (e.g. Hopkins et al. 2011).

iii. Pests can act as potential intermediate hosts for pathogens
and parasites

Fouling pests on farm structures have the additional potential
to be intermediate hosts of pathogens and parasites that are
problematic for finfish, or other forms of aquaculture. For
example, fouling of farm structures by bivalves like the Pacific
oyster means they could potentially become hosts for parasitic

7 A group of parasitic nematodes that can cause anisakiasis in humans.
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mudworms or predatory flatworms, that may lead to either
problems for neighbouring shellfish farms or wild shellfish
populations (Meyers 1984). Overseas studies show that mussels
can act as intermediate hosts harbouring pathogens that are
transferable to fish (Keeley et al. 2009). The aquabirnavirus
infectious pancreatic necrosis virus has been detected in
Mytilus edulis (VPS 2000). It is a common virus of salmonids
and is also a suspected clam pathogen in Taiwan. Mytilus
galloprovincialis was identified as a reservoir host for infections
of the aquatic birnavirus in the Japanese flounder Paralichthys
olivaceou (Kitamura et al. 2007). This internationally significant
disease of world-wide distribution has been reported in healthy
king salmon returning from the sea on the east coast of the
South Island in New Zealand (Diggles et al. 2002). Although
not detected in New Zealand mussels, the possibility of

P. canaliculus harbouring this virus, at least temporarily, finds
support in the reports by Lewis et al. (1986) and Greening et al.
(2001) where polioviruses and enteroviruses have been shown
to persist in P. canaliculus after experimental exposure. Caution
is clearly required in Integrated Multi-Trophic aquaculture
(IMTA), as mytilids might harbour viruses with consequent
threat to susceptible fish (Keeley et al. 2009). However, Skar &
Mortensen (2007) found that blue mussels fouling fish cages
did not act as a reservoir for infectious salmon anaemia virus.

iv. Fouling attracts wild fish species that could become
parasite/pathogen vectors or intermediate hosts

Farm structures can act as fish aggregation devices (FADs)
(Dempster et al 2009). Fouling pests provide increased habitat
complexity that may enhance the attractiveness of structures,
potentially enhancing the FAD effect. Fish attracted to farm
structures, especially if conspecific to those species already
farmed, for example kingfish becoming attracted to prey fish
associated with the farm, may be at risk of disease or parasite
transmission. Flat fish feeding on cod-farm wastes can be
intermediate hosts for the Lernaeocera parasite, transferring it
to nearby cod farms (Hemmingsen & MacKenzie, 2001).

7.2.3. Pest, parasite and pathogen management
options

A. Consenting and infrastructure considerations

Within New Zealand, new aquaculture developments must
go through a consenting process. Currently, this is managed
in an ad-hoc fashion by regional councils. The Tasman
District Council for instance, has discretion in its plan to
consider “management of biosecurity risk organisms, such
as Undaria”. New rules controlling filter feeding bivalves
and additive species, including finfish, require the council to
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consider “managing risks of incursion, disease, biosecurity risk
organisms, and genetic risk to wild stocks” (R. Squires, Tasman
District Council, pers. comm.).

However, best practice internationally suggests that a more
structured approach considering factors such as farm spacing,
zoning, staged development and epidemiological units should
be considered as part of RMA consent requirements to
minimise biosecurity risks from pathogens and pests on a case-
by-case basis.

Site selection is clearly important for reasons outlined in Section
7.1.2. OlE’s online aquatic animal health code (OIE 2011)
suggests establishing zones and using compartmentalisation
(through geographical separation) of epidemiological units

to manage biosecurity risks. They describe the concept of

an epidemiological unit as “a group of animals that share
approximately the same risk of exposure to a pathogenic
agent”. Creating defined areas based upon the concept of
the epidemiological unit will underpin biosecurity activities in
response and readiness work, which stakeholders both agree
with and understand the benefits of having (Morrisey et al.
2011).

Regional councils therefore have a particular interest in whether
farm spacing can be used as a management strategy to contain
marine pest populations and pathogen or parasite outbreaks.

In other countries where finfish cage separation requirements
are specified, minimum distances vary widely; for example,
ranging from 300 metres in parts of eastern Canada, to Scottish
requirements for a minimum of 8 km between finfish farms and
3 km between finfish and shellfish farms. These differences in
required spacing’s highlight that a robust assessment of farm
spacing requires considerable site-specific information (Forrest
et al. 2011). Results of the Phase Il aquaculture readiness
modelling concluded that dispersion of pathogens and pests by
water movements occurs over relatively small spatial scales and
long-distance dispersion (for example, from the top of the North
Island to the South Island) and is unlikely over the period during
which the pathogen remains infectious. Human-mediated
movements of aquaculture stock and equipment, in contrast,
are capable of transmitting pathogens over much larger
distances and in shorter time frames (Morrisey et al. 2011).

Within the consenting process, on going management options
should be established. Recommended methods include staged
development coupled with surveillance programmes to detect
incursions or exacerbation of existing pests, parasites and
pathogens.

MPI has recognised that there is a need for proactive systems
to limit the likelihood of entry and subsequent spread of pests
and diseases (Morrisey et al. 2011). Currently, New Zealand has
strict import controls in place to limit the potential for pest or
disease introductions. However, such systems are not infallible,
and preparation is required to ensure (1) early detection

of any incursion and (2) that there are widely understood
response actions that can be implemented quickly when an
incursion is detected. MPI, in recognising the biosecurity
needs of the aquaculture industry, has commissioned research
(the Aquaculture Readiness Data project) to support the
development of a readiness system for aquaculture. Phase | of
this research was designed to obtain fundamental information
on New Zealand’s aquaculture and fisheries enhancement
industries. Phase | produced (1) a geodatabase of aquaculture
facilities (land, marine and freshwater based) from publicly
available information, (2) information on the movement of
stock and equipment between facilities based on a survey of
the industry and (3) a report on the current spatial knowledge
of New Zealand’s aquaculture operations. Phase Il was
designed to develop, in consultation with stakeholders, defined
areas based upon the concept of an epidemiological unit.
Aquacultured organisms in each defined area have a similar
likelihood of exposure to a pest or disease. In the context of
disease and pest management, these areas may serve as
surveillance zones for the early detection of incursions, act

as predefined movement control areas, or serve as zones to
re-establish trade during or after an outbreak, in addition to
providing spatial information about farmed or enhanced species
for general animal health management.

Whereas, the salmon industry in New Zealand has, to date,
been largely free of problems with parasites and pathogens,
the fact that successful commercial cultivation of kingfish

and hapuku has not yet occurred in this country introduces
uncertainty regarding the full suite of problematic species that
will emerge in culture (Forrest et al. 2011). It is likely that a
developing industry may face unexpected issues in relation

to biosecurity risks, especially for hapuku, which has never
been grown commercially anywhere. Overseas, the large scale
seed production and culture of groupers (Epinephelinag)
continue to encounter increasing difficulties, especially with a
host of infectious diseases, including different viral, bacterial
and parasitic pathogens. Little is known about the impact of
major diseases that may go beyond direct mortalities and loss
in production (Harikrishnan et al. 2011). Recent work by
Stephens & Savage (2010) described greater than 70 percent
mortality in sea-cage kingfish in Western Australia, for which



a clear cause was not determined, although a combination of
stress and Vibrio infection were considered major contributors.
Such events, and others cited by those authors (e.g. Katagiri
et al. 2007; Egusa 198b), highlight that biosecurity risk

in the context of diseases in finfish culture can be highly
unpredictable, and have unforeseen implications for culture
operations and the wider environment.

Farming fish at high densities can also result in the
concentration and emergence® of diseases; for example,
diseases that occur at such low prevalence in wild populations
that they are undetected (Weaver 2001; Diggles 2002).
Furthermore, the likelihood of disease increases as aquaculture
expands and intensifies (Bondad-Reantaso et al. 2005;
Stickney 2009), with increasing outbreaks of disease by an
ever increasing range of pathogens (Austin & Austin 1999;
Robertson et al. 2000). The risks associated with parasite and
pathogens are therefore likely to increase as finfish farming
intensifies in New Zealand.

Techniques for addressing uncertainty and helping safeguard
against the potential for catastrophic unforeseeable events or
exacerbation resulting from intensification would be to develop
the culture zones in stages, within an adaptive management
framework that included appropriate monitoring, related
research, as necessary, and clear criteria for up-scaling to
successive stages (Forrest et al. 2011). Not only does staging
provide a means of reducing environmental risk, it helps

to ensure that the infrastructure, expertise and institutional

arrangements are available to support the pace of development.

B. International: Import health standards

International border protection for pest, parasites and
pathogens are controlled through import health standards,

for example, the import health standard for importing juvenile
yellowtail kingfish specifies stringent biosecurity procedures
for fish stock (and transportation water) sourced from Australia
(MAFBNZ 2010a). This standard includes requirements for
receiving facilities to be of specific standards, specified modes
of transport to be used, transport to occur in UV sterilised
water, a four week quarantine period for stock and veterinary
inspections (MAFBNZ 2010a).

C. Domestic: Development of industry codes of practice to
address:

i. Management of pathways to reduce the risk of infection of
culture sites and/or the subsequent spread of marine pests,
parasites and pathogens

5 An emerging disease is defined as a new disease, a new presentation of an
existing disease (e.g. increased severity), or the appearance of an existing
disease in a new geographic area (Brown 2000 cited in Murray and Peeler

2005)
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For domestic biosecurity pathway management, development
of codes of practice will not necessarily ensure environmental
sustainability given the potential plethora of uncontrolled

vector pathways, such as wild animal and fish movements

and public and commercial boating activities, but they are a
step in the right direction. The New Zealand salmon industry
has developed a code of practice that includes prevention and
precautionary principles pertinent to managing biosecurity risks
and incursions (NZSFA 2007).

To specifically address biosecurity risks, New Zealand

King Salmon Ltd is currently in the process of developing a
biosecurity management plan for marine pests, pathogens

and parasites (Grant Lovell pers. comm.). This plan is likely to
include specific requirements regarding management of risk
pathways and on-farm activities, such as surveillance for risk
organisms. In the past, New Zealand King Salmon Ltd has also
developed codes of practice or been part of implementing risk
reduction practices for specific species, such as for the tunicate
Didemnum vexillum during a regional management programme
in the Marlborough Sounds over 2006-2008.

ii. On-farm management to reduce risk to the wider
environment

The New Zealand Salmon Farming Association (2007) code
of practice does not specifically emphasise biosecurity risks
and their management outright. Rather it outlines expected
management practices that have a precautionary approach
that should help to prevent and mitigate effects to the wider
environment. For example, these include:

i. Farm site and structures:

a. Site — complying with the RMA, following approved
management practices and site survey prior to
expansion.

b. Structure - installed and constructed fit for purpose,
capable of dealing with weather and environmental
conditions to minimise interference with the natural
environment and prevent escapes.

ii. Operations: fish stocks - the source should not cause an
unacceptable biosecurity risk.

iii. Husbandry/fish resource — nets in sea cages should be
inspected regularly for holes or fouling; remedial action
should be taken immediately to rectify any unsatisfactory
situation.
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iv. Fish health and management of disease and mortalities
— A preventative approach to disease in salmon uses
management techniques’ and routine monitoring of fish
health and mortality by personnel trained in the recognition
of disease.

From a culture perspective, it is expected that some level of
pest control will be necessary for operational reasons, such as:

i. defouling nets to maintain water flow, maintain water quality,
reduce parasite reservoirs and reduce stress on farmed fish;

ii. defouling sea-cage pontoons, nets and anchor warps to
reduce drag (Forrest et al. 2011).

For example, in South Australia, standard operational
procedures for kingfish farms include changing of sea-cage nets
every two months to manage fouling (de Jong & Tanner 2004).
The application of biocidal (e.g. copper-based) antifouling
coatings to structures may provide a complementary method
for fouling control and is used on predator (fur seal) exclusion
nets at Marlborough Sounds salmon farms. However, the

ability of such coatings to resist fouling can be reduced under
static conditions, and recolonisation may begin again relatively
quickly. Furthermore, copper can accumulate in sediments and
potentially affect benthic infauna (Morrisey et al. 2000). For
such reasons, and because of the logistics and costs associated
with removal of cages for land-based cleaning and antifouling,
mechanical methods (e.g. water blasting) remain the primary
means of fouling control within the New Zealand salmon
industry (Forrest et al. 2011).

ANZECC (1997) guidelines on in-water cleaning are currently
under review, and it is unclear what the future implications will
be for defouling of aquaculture structures, especially where
non-indigenous species are present.

7.2.4 Knowledge gaps

i. Ecological effects and significance

There is a clear lack of knowledge of the ecological effects
and the implications for natural habitats of many of the pest
parasites and pathogenic organisms that could be associated
with finfish aquaculture in New Zealand. There is limited
information on disease transmission to wild conspecifics and
the potential for disease transmission to shorebirds, seabirds
and other wildlife (Forrest et al. 2011). For the finfish industry
itself, it is envisaged that biosecurity-related knowledge gaps will
arise from growing new species in new systems or at new sites
as the industry expands and strives for better efficiency and
higher production levels.

7Management techniques include: yearly disease status inspections, stocks
routinely monitored for stress and disease, mortalities recorded, and the use of
veterinary medicines on farms is not current company practice.

Only limited grow-out trials have been undertaken in

New Zealand for hapuku, and, thus, there remains considerable
uncertainty regarding identification of which pathogens or
parasites will become persistent commercially significant
diseases (Zeldis et al. 2011a). When new areas are developed,
associated risk species may become more abundant locally and
more widespread regionally. While such effects represent an
increased biosecurity risk, their ecological significance is poorly
understood (Forrest et al. 2011).

In terms of pest, disease and parasite risks to the wider
environment, uncertainty regarding potential effects arises from
the fact that the suite of organisms associated with culture

will not be clearly understood until commercial operations are
under way. Furthermore, for some potential risk species, basic
biology, life-cycle characteristics (e.g. the intermediate host
requirements for some parasites) and mechanisms of spread
are seldom known (Forrest et al. 2011). Although significant
disease risk in the wider environment as a result of finfish
aquaculture is uncommon, there are sufficient examples
internationally to highlight that environmental effects can be
unpredictable and occasionally far reaching, for example, the
pilchard herpes virus seabird cascade (see Section 7.1.3.2).

ii. Exacerbation risks

Similarly, research effort may be required to elucidate links
between finfish farm effluent discharge, eutrophication and
HABs, which, in the long-term, may need to be accompanied
by regional-scale monitoring of target HAB species. It is
difficult to establish causal linkages between increased fish
farming and exacerbation risks such as increased nutrient
inputs associated with finfish farm waste and HABs, with the
assumptions being that continued inputs of dissolved nutrients
from farming activities usually result in environmental changes
that significantly alter planktonic and benthic communities
(see review by Skeji¢ et al. 2011). This is likely to create
uncertainty for authorities as to how to manage cumulative
effects, especially where multiple anthropogenic stressors
(including land-based) have already heavily modified marine
environments. For instance, it has been estimated that about
90 percent of Waikato nutrient load to the Firth of Thames
comes down the Waihou and Piako Rivers from terrestrial
farming and significant benthic mussel populations have
already been removed from the system (Kelly 2011).

iii. Environmentally friendly therapeutants and mitigation
methods

A range of methods can be applied to effectively treat fouling

on vessels and equipment, such as application of biocidal



antifouling coatings and treatment in-water by plastic
encapsulation and application of “eco-friendly” chemicals

(e.g. bleach, detergent, vinegar). Particular methods suitable
for different needs can be found in various documents cited

in a synthesis by Piola et al. (2009). However, until the fouling
pest species are known, whether a practical or eco-friendly
eradication method is available is also unknown. Screening of
eradication methods therefore may be required on a species or
taxonomic group level for example, the evaluation of eradication
methods for Eudistoma elongatum (Morrisey et al. 2009; Page
etal. 2011).

iv. Waste capture and/or recycling

The process of net cleaning may also create significant but

yet to be quantified ecological effects (Handley pers. obs.).
Research overseas has trialled the capture and removal of solid
wastes below salmon farms (Buryniuk et al. 2006), but

as the maintenance and removal of fouling organisms may

be most cost-effectively achieved in situ, there appears to

be research opportunities to contain, recycle and utilise the
nutrients sequestered by fouling species (e.g. Cattaneo-Vietti et
al. 2003).

v. Dispersal and/or infection mechanisms

Fragmentation of organisms during cleaning or as an

innate organism dispersal mechanism could potentially
contribute to the spread of pest species and pathogens

(if they are intermediate hosts) from farm structures.

The ability of organisms to disperse, reattach or survive
following fragmentation has been assessed in a limited way

in New Zealand (e.g. Hopkins et al. 2011) and is currently
being reviewed as part of in-water cleaning of recreational and
commercial vessels by MPI (Page and Morrisey, NIWA pers.
comm.).

7.3 Filter feeders (Green-lipped mussels
and Pacific oysters)

Please read this section in association with Section 7.1, which
outlines factors relevant to all aquaculture operations.

The Pacific oyster (Crassostrea gigas) is an exotic species in
New Zealand and is considered by some to be a pest in its own
right (e.g. www.waikatoregion.govt.nz/Environment/Natural-
resources/coast/Coastal-pressures/Coastal-pests/), as is the
case in many countries worldwide (Ruesink et al. 2005). Pacific
oysters have become well established in most North Island
harbours and in the Nelson/Marlborough region (Jenkins &
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Meredyth-Young 1979; Handley 1992; Handley S, pers. obs.).
C. gigas is not registered as an Unwanted Organism by MPI and
is farmed commercially in North Island harbours, from Kawhia
Harbour north, and in the Marlborough Sounds and Golden
Bay. The spread of Pacific oysters south of the Marlborough
Sounds is limited by water temperatures that are too cool for
successful reproduction (Forrest et al. 2009).

The New Zealand green-lipped mussel, (Perna canaliculus),

is endemic to New Zealand and has been farmed under the
trademark name Greenshell mussels since the 1970s. Mussels
are farmed subtidally on ropes suspended beneath floatation
buoys attached to anchors on/in the seafloor. Mussel spat are
collected attached to wild, beach-cast seaweed at Kaitaia and
also on hairy ropes suspended at spat catching sites in the
Nelson, Marlborough and West Coast regions. About 80 percent
of industry seed-stock needs are met by transfers of “Kaitaia
spat”, with movements of spat from other regions (especially
Tasman and Golden Bays) and “seed mussels”

(20-60mm length) between growing regions (Keeley et al.
2009). Spat are transported to growing sites, where they are
seeded in cotton stockinette on culture lines, or spat holding
sites. Spat can then be grown at optimum densities or re-
seeded as they grown to avoid overcrowding and achieve
uniform and rapid growth.

7.3.1 Biosecurity risk pathways specific to shellfish
aquaculture

Internationally, the role of shellfish industry pathways in the
spread of exotic species is well documented, linking them to
the spread of biofouling pests, toxic or noxious microalgae
(associated with biotoxin production and shellfish poisoning),
parasites and disease (Perez et al. 1981; Boudouresque et al.
1985; Grizel & Héral 1991; Wasson et al. 2001; Leppakoski
et al. 2002; Hewitt et al. 2004; Ruesink et al 2005; Keeley et
al. 2009). This is especially true in the case of macroscopic
biofouling (Boudouresque et al. 1985; Minchin 2007; Mineur
et al. 2007; McKindsey et al. 2007) and associated organisms
(e.g. Duggan 1979; Utting & Spencer 1992). A number of
studies have also documented survival of toxic and nuisance
microalgae as a result of aquaculture transfers (McKindsey et
al. 2007), with overseas studies also highlighting the potential
importance of oyster transfers (Grizel & Héral 1991; Ruesink
et al 2005; McKindsey et al. 2007). In fact, the introduction
of Crassostrea gigas for aquaculture is regarded as one of
the most important pathways for the global spread of non-
indigenous species (Verlaque 2001; McKindsey et al. 2007).
Ruesink et al. (2005) estimated that more than 40 percent of
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exotic marine species in Europe, the western United States
and North Sea may have been introduced through oyster
aquaculture. Consequently, international transfers of shellfish
for aquaculture are now subject to rigorous risk assessment
procedures.

Domestic pathways in New Zealand that pose biosecurity

risks involve industry vessel movements and the movement of
reproductive material, spat or seed shellfish and associated
growing equipment. The propensity for shellfish aguaculture
activities to spread risk organisms stems from the fact that
intertidal and subtidal cultivation methods, and their associated
structures and materials (e.g. racks, ropes, floats, pontoons,
baskets and trays), provide habitats that allow such organisms
to proliferate at high densities (Clapin & Evans 1995; Floc’h

et al. 1996; Handley 1997a, 2002; Carver et al. 2003; Lane &
Willemsen 2004; Coutts & Forrest 2007). From a biosecurity
perspective, and for subtidal farming in particular, ecological
risks arise because the farm may become infested and/or

farm structures act as “reservoirs” for the further spread of
pests. While a number of farm-related mechanisms have been
described (Forrest & Blakemore 2002), transfers of green-
lipped mussel (Perna canaliculus) seed stock within and
between farming regions are of particular significance, and have
already resulted in the spread of a number of high profile pests
in New Zealand (e.g. the kelp Undaria pinnatifida and tunicate
Didemnum vexillum) (Keeley et al. 2009). Alfaro et al. (2011)
provides an up-to-date description of the mussel spat industry.

Between-region transfers of unwanted pests, parasites or
diseases can occur via movement of aquaculture vessels, stock
or equipment (Keeley et al. 2009). Transfer may also occur
through the movement of recreational vessels that become
infected after mooring in the vicinity of marine farms or marine
farm equipment (Floerl et al 2009). Based on studies of pests
associated with mussel culture in New Zealand (Forrest &
Blakemore 2006; Forrest et al. 2007a) and oyster culture here
and overseas (Handley 2002; Mineur et al. 2007), there is a
high likelihood that associated fouling organisms will survive

if such transfers occur without the application of antifouling
treatments.

At local scales, the spread from reservoirs can take place via
microscopic life stages (e.g. seaweed spores or animal larvae)
that are released into the water column (Forrest et al. 2008).
Alternatively, dispersal can occur via fragmentation and drift
of viable fragments of the pest (Forrest et al. 2000; Bullard et
al. 2007). Marine farms, jetties and vessel moorings can then
act as “stepping stones” enhancing spread even if the source

was not from aquaculture operations (Bulleri & Airoldi 2005,
Forrest et al. 2008). The shellfish farm may not be the source,
but may exacerbate the risk of spread from another source.
Intensification of farming operations could lead to increased
risk of the spread of parasites, pests or pathogens at a local
scale. If farm space is limiting, options to intensify can include
increasing stock levels or utilising unsuitable sites. For example,
growing Pacific oysters on subtidal mussel farms can increase
fouling and mudworm infestation levels (Handley 19973,
1997D).

Poor farm management practices can amplify fouling and pest
populations leading to marketing issues, stress and potential
disease issues (Handley & Jeffs 2002; Handley & Bergquist
2007; Handley 1997b, 2002).
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7.3.2 Descriptions of main effects and their significance

Table 7.7: Ecological effects from marine pests due to filter-feeder aquaculture.
A. General biosecurity risks from marine pests

i. Shellfish culture pathways lead to infection of farm sites by marine pests.
ii. Infected farm acts as a reservoir for pest spread to wider environment.

iii. Shellfish farms alter environmental conditions and facilitate establishment of marine pests. For
example, organic enrichment on seabed may favour non-indigenous soft-sediment species.
Removing fouling waste in situ adds to the latter process.

iv. Spat transfers may spread pest from spat catching sites or hatcheries.

B. Specific risks relating to pest and disease interactions

i. Fouling increases drag on farm infrastructure, posing risks from gear failure and/or drop-offs,

Description of effect(s
P (©) posing threats from disease transmission and fragmentation/spread.

ii. Fouling smothers stocks or clogs baskets/trays, and slows water exchange resulting in poor
oxygen exchange (especially in summer) and waste removal, increasing the likelihood of
disease outbreak/transmission.

iii. Pests pose biosecurity risks as potential intermediate hosts for pathogens and parasites.

iv. Fouling attracts wild fish species that could become parasite/pathogen vectors or intermediate
hosts.

v. Farming Pacific oysters increases their propensity to proliferate and colonise hard and soft
substratum with potential for adverse ecological effects.

Spatial scale Localto national scale.

Duration Irreversible if pest establishes a viable population and eradication is not feasible.

A. Consenting and infrastructure considerations
e Farm spacing, zoning, staged development, identification of epidemiological units and so on.
B. International: Import health standards
e |mport health standards, for example, for juvenile yellowtail kingfish from Australia
C. Domestic: Development of industry Codes of Practice to address
i. Management of pathways to reduce the risk of infection of culture sites and/or the subsequent
spread of marine pests, including:

: e risk reduction procedures for domestic stock transfers (including associated transfer water)
Management options that are consistent with MPI border standards;
e procedures for vessels and/or the transfer of equipment to minimise the risk of marine pest
transport with shellfish culture pathways (e.g. vessel antifouling, cleaning, inspections).
ii. On-farm management to reduce risk to the wider environment, including:

e education and surveillance to facilitate early detection of pest species;

e routine farm management procedures for cleaning of oyster racks or mussel floats and
backbone ropes on longlines between crops;

e application of pest response and containment procedures where feasible;

e farm site selection and management practices that maximise growth and condition but
minimise risks of pest infestations.
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Table 7.7: Ecological effects from marine pests (continued)

¢ |mplications for natural habitats of the development of marine pest populations on aquaculture
structures.

e The direct and indirect ecological effects of marine pests in the wider New Zealand
environment.

e Effective and environmentally friendly mitigation methods for anthropogenic pathways, and
established pest populations on shellfish farms and in natural habitats.

¢ Intermediate host status of fouling organisms for parasites and pathogens and interactions/links
with other aquaculture species.

¢ Fouling waste recycling technologies.

o Links between benthic effects/nutrient loadings and exacerbation/facilitation of marine pests
and HABs.

e Fragment or larval dispersal distances of some fouling species.
e Subtidal oyster culture techniques that minimise pest infestations.

e Environmentally friendly antifoulants for ropes/cages that can prevent settlement of fouling
SpECies.

e Remote setting methods to control oyster spat density to prevent overcrowding.

Knowledge gaps

* |talicised text in this table is defined in chapter 1 — Introduction.

Table 7.8: Ecological effects from parasites and pathogens due to filter-feeder aquaculture.

A. General biosecurity risks from marine pathogens and parasites

i. Shellfish culture pathways lead to infection of farm sites by pathogens or parasites.
ii. Infected farm acts as a reservoir for pathogen or parasite spread to wider environment.

iii. Shellfish farms alter environmental conditions and facilitate establishment of pathogens or
parasites.

B. Specific risks relating to shellfish aquaculture

Description of effect(s) i. Pathogens and parasite infestations reduce growth, condition and health of stocks, increasing
likelihood of spread to wider environment.

ii. Increased handling associated with parasite/disease intervention may lead to heightened risk of
stock loss/drop-offs or increased stress on stock, both enhancing risk to the wider environment.

iii. Therapeutants and other interventions could affect non-target species in the wider environment.

iv. Increased waste production (mortalities), leading to land disposal and associated environmental
effects, including disease transfer risk.

Spatial scale Local to national scale.

Duration [rreversible if pest establishes a viable population and eradication is not feasible.

A. Consenting and infrastructure considerations
e Farm spacing, zoning, staged development, identification of epidemiological units and so on.
B. International: Import health standards
e |mport health standards used to control equipment transfers.
Management options C. Domestic: Development of industry codes of practice to address:
i. Management of pathways to reduce the risk of infection of culture sites, and/or the subsequent
spread of pathogens or parasites, including:

e risk reduction procedures for domestic stock transfers (including associated transfer water)
that are consistent with MPI border standards. Quarantine procedures.
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Table 7.8: Ecological effects from parasites and pathogens (continued)

e procedures for vessels and/or the transfer of equipment to minimise the risk of pathogens or
parasites with finfish culture pathways (e.g. vessel antifouling, cleaning, inspections).

ii. On-farm management to reduce risk to the wider environment, including:

¢ education and surveillance to facilitate early detection of stock infected by pathogens or

Management options parasites:

e application of parasite or pest response, including therapeutant treatment, isolation/
quarantine/culling of infected stocks;

e farm site selection and management practices that maximise growth and condition but
minimise risks of disease and parasites.

¢ |dentification of potential pathogens and parasites that could become problematical to cultured

bivalves.

e The direct and indirect ecological effects of parasites and pathogens to non-cultured species in

the wider environment.

e Natural prevalence and distribution of disease agents in the New Zealand marine environment.
Knowledge gaps * The natural transmission mechanisms and farm-to-farm dispersal potential of many disease

agents.

¢ Links between pest infestations and susceptibility to disease.
o Links between hatchery-produced shellfish spat and disease spread (e.g. ostreid herpes virus).

¢ Breeding for disease resistance.

e Rapid assessment tools for diseases like the ostreid herpes virus.

* Italicised text in this table is defined in chapter 1 — Introduction.

A. General biosecurity risks from marine pests, parasites and
pathogens

In the New Zealand summer of 2010/11 an invasive ostreid
herpes virus-1 (OsHV-1) was identified to cause 50-80 percent
of oyster spat in most North Island harbours (MAFBNZ 2010a;
http://web.oie.int). It appears that this virus may have been
present in New Zealand waters since at least 1991 where it
caused mass mortality of oysters in a hatchery in the Mahurangi
Harbour (Hine et al. 1992, Forrest et al. 2009), but then did
not manifest in farmed or wild stocks until 2010, possibly
mediated by stress related to unusually high summer water
temperatures (MAFBNZ 2010a). Until that time, there had
been no documented (OIE listed, OIE 2011) serious parasites
or pathogens of Pacific oysters for the approximately 30-year
culture history of this species in New Zealand (Diggles et al.
2002).

Several less serious diseases and parasites associated with
New Zealand Pacific oysters have also been reported, most of
which are also globally ubiquitous and pose some commercial
threat to oyster production. These include various species of
predatory flatworm and commensal mudworm species that
can elicit parasitic effects (Handley 2002; Handley & Bergquist
1997). The wider ecological effects of these risk organisms are
unknown but could be potentially positive in locations where
amenity values are compromised by Pacific oysters.

New Zealand farmed Pacific oysters have not suffered
significant or unexpected affects from indigenous pathogens
such as Apicomplexan X (APX), Bonamia exitiosa Rickettsia
and digestive epithelial virosis. The Pacific oyster has, however,
been shown to be a potential reservoir and carrier of the
protistan Bonamia ostreae contracted from Ostrea edulis

but does not express the pathogen (Lynch et al. 2010). This
supports findings reported elsewhere that Pacific oysters appear
more resilient to some diseases (Elston 1993) suffered by other
oysters. Previous to the herpes virus outbreak in 2010, and

in the light of extensive pathology surveys on New Zealand
Pacific oysters (with negative results) it was inferred that culture
of pre-existing Pacific oysters in New Zealand is unlikely to
pose a pathological threat (Keeley et al. 2009). However, any
new importation of Pacific oyster stock should be subject to
examination and be sourced from a documented disease-

free area governed by a specific import health standard, for
which there is currently none available. This is suggested
because observations from overseas indicate that there is a

risk of spreading disease via introduction of oysters for culture,
particularly from Pacific oysters (Keeley et al. 2009).

Although New Zealand may lack some of the Pacific oyster
diseases and parasites identified overseas, congeneric diseases
of shellfish and others of close taxonomic affiliation do occur in
New Zealand waters and could affect Pacific oysters. It follows
that, should New Zealand Pacific oysters suffer an incursion
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by an exotic disease or parasite, it is possible that oyster
farms could assist in the spread of disease to other mollusc
species. However, the effect of non-native species can be
unpredictable. For example, Thieltges et al. (2008) reported
that the presence of introduced Pacific oysters and American
slipper limpets (Crepidula fornicata) mitigated the effects of a
trematode parasite on blue mussels (Mytilus edulis). It appears
that the introduced oysters diverted the trematodes from their
usual native hosts, thus reducing infection levels. Other less
significant diseases are discussed by Keeley et al. (2009). The
apparent advantage to aquaculture of Pacific oysters being
relatively disease resistant also presents a liability in that this
species potentially provides an asymptomatic reservoir of
pathogens that could be more damaging to other oysters and
bivalves (Forrest et al. 2009).

Green-lipped mussels are not highly prone to disease (Keeley
et al. 2009). New Zealand mussels have not been reported with
any pathogens appearing on the OIE list of important diseases
(Webb 2007). The risk of transmission of pathogens or parasites
from cultured to wild P. canaliculus and then to other species
can be considered minimal or unknown at present. With the
exception of the protozoan parasite APX, all other diseases
reported in cultured mussels usually have lower prevalence and
intensities than in wild mussels (S Webb, Cawthron Institute
pers. obs.). Previous studies have not found disease associated
mortalities in P. canaliculus (Hine 1989) or the presence of
potentially serious pathogens within the mussels (Hine 1996).

A recent review on mytilids with particular emphasis on P,
canaliculus (Webb 2007) indicates that there have been no
particularly destructive diseases of mussel species identified
in New Zealand, with the exception of a digestive viral disease.
Digestive viral disease (digestive epithelial virosis) was first
noted by Jones et al. (1996) who reported mortalities in
cultured green-lipped mussels in the outer Marlborough
Sounds, of which the majority were associated with virus-like
particles and digestive tubule damage. Other less significant
diseases are discussed by Keeley et al. (2009).

i. Filter feeder culture pathways lead to infection of farm sites
hy pests, pathogens or parasites

Effects from naturalised populations of Pacific oysters
throughout their New Zealand distribution can arise where high
densities occur in natural and artificial habitats of estuaries,
ports and harbours. While Pacific oysters may be invasive,
primarily in rocky habitats and artificial structures, there is also
evidence that they can invade soft-sediment estuarine habitats
both overseas (Cognie et al. 2006) and within their distributional

range in New Zealand (Jenkins 1997; Forrest B pers. obs.;
Handley S pers. obs.). Pacific oyster reefs in New Zealand can
accumulate mud, and sharp oyster shell can degrade coastal
recreational values (Hayward 1997). Naturalised Pacific oyster
populations may also displace native species in New Zealand
(Dromgoole & Foster 1983). Based on these studies, it can be
expected that dense aggregations of naturalised oysters have
the potential to lead to significant ecological changes, including
displacement of indigenous oyster species in habitats where
they establish (Escapa et al. 2004; Sousa et al. 2009; Melo et
al. 2010).

Awareness of biosecurity issues related to mussel farming in
New Zealand was largely precipitated in the late 1990s by
concerns regarding the human-mediated spread and ecological
effects of the Asian kelp Undaria pinnatifida (Sinner et al. 2000;
Keeley et al. 2009). Around this time, fouling also became
recognised as a significant threat to the mussel industry when

a population explosion of the sea squirt Ciona intestinalis
resulted in mussel crop losses in parts of the Marlborough
Sounds. Subsequently, other fouling pests have emerged whose
potential for adverse effects on the mussel industry and the
wider ecosystem have been recognised, such as the sea squirts
Styela clava and Didemnum vexillum (Coutts & Forrest 2007;
Gust et al. 2007; Keeley et al. 2011). While many of these pest
organisms have reached problematical densities only on mussel
farms and other artificial structures in New Zealand, overseas
evidence also reveals their potential to be highly invasive in
natural habitats (e.g. Didemnum; Bullard et al. 2007; Lengyel
et al. 2009: Mercer et al. 2009; Smith et al. 2010; Cohen et

al. 2011). While a number of farm-related vector mechanisms
have been described (Forrest & Blakemore 2002), transfers of
mussel seed stock within and between mussel farming regions
are of particular significance, and although aquaculture is not
linked to the importation of pests in New Zealand, aquaculture
practices have been linked to the spread of Undaria and
Didemnum.

ii. Infected farm acts as a reservoir for pest, pathogen or
parasite spread to wider environment

Internationally, a number of pest algal species, such as Codium
fragile sp. tomentosoides, Sargassum muticum and Undaria
pinnatifida, have been associated with oyster cultivation
(Trowbridge 1999; Verlague 2001; Mineur et al. 2007). In

New Zealand, the translocation of tunicates Styela clava and
Eudistoma elongatum has been associated with oyster culture
(Coutts & Forrest 2005; Smith et al. 2007; Morrisey et al. 2009).
The firm substratum offered by racks, oysters, ropes and the



various containers that growers use to protect their crop from
predators, provides an ideal habitat for fouling organisms that
may include seaweeds, shellfish, barnacles and many species
of tunicates and bryozoans (Handley pers. obs. Inglis & Gust
2003). This fouling, as for green-lipped mussels, has the ability
to slow water transfer rates and, hence, feed supply, increasing
the risk of predators, pests, and further fouling (Handley 1997b;
Ross et al. 2001). In contrast, traditional wooden-stick culture
techniques used in New Zealand are open to the water column
and less prone to fouling. Intertidal and subtidal structures
(and associated shellfish crops) provide ideal habitats for

some fouling species to proliferate at high densities (Carver

et al. 2003; Lane & Willemsen 2004; Coutts & Forrest 2007),
potentially acting as reservoirs for the subsequent spread of
pest organisms as described for mudworms and flatworms (see
“Mussels” section below).

iii. Exacerbation; shellfish farms alter environmental conditions
and facilitate establishment of marine pests, parasites or
pathogens

In the summer of 2004-05 an elongate tunicate infested
oyster racks in the Houhora Harbour, Northland, and was later
identified as Eudistoma elongatum originating from Queensland
(Handley 2005; Smith et al. 2007; Morrisey et al. 2009). While
the ecological effects of intertidal and subtidal populations

of Eudistoma are unknown, Eudistoma is well established

in intertidal and subtidal areas and is particularly prominent

in summer, dying back in winter to small buds. Recently,
populations of this ascidian have rapidly expanded, creating
conspicuous fouling on oyster racks, marina infrastructure,
rocky shores and soft subtidal benthic habitats. All of the
locations in which Eudistoma elongatum has appeared

contain oyster farms, and it seems likely that its spread, if

not its introduction, may be associated with movement of
aquaculture equipment or stock (Morrisey et al. 2009). There
is, consequently, potential for transfer of Eudistoma with oyster
stocks or equipment moved to other oyster-growing areas in
northern New Zealand that are currently uninfected, including
Mahurangi, Whangaroa, Whangarei and Kaipara Harbours.
Forrest & Blakemore (2002) cite an example of oyster stock
being moved to Kaipara, Mahurangi and Parengarenga
Harbours in response to degraded water quality in the Bay

of Islands. In the case of Eudistoma in Northland, spread via
natural dispersal between harbours is unlikely since Eudistoma
does not appear to occur on exposed coasts and the dispersal
capability of its larvae is probably small (M Page, NIWA pers.
comm.).
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Spionid polychaete worms, commonly referred to as
“mudworms” are another example of risk organisms that can
proliferate and potentially spread to and from aquacultured
shellfish, (Handley 1997b). Mudworms infest a range of
shellfish by boring through their shells, and if they are
numerous or penetrate the host shell-cavity, they can cause
parasitic effects including stress-induced poor growth and
condition, potentially contributing to mortality (Handley 1997a;
1998; Diggles et al. 2002). Mudworms occasionally infest
green-lipped mussels in New Zealand, with outbreaks recorded
in Coromandel and the Marlborough Sounds (Handley unpub.
data; Read & Handley 2004). Overseas, mudworms have been
described infesting Mytilus species in the United Kingdom (Kent
1979; 1981), in Australia (Skeel 1979; Pregenzer 1983), and
in the USSR (Murina & Solonchenko 1991). Compression tests
showed that high levels of Polydora ciliata infestation tended

to weaken the shells of Mytilus edulis in the United Kingdom
(Kent 1981). Green-lipped mussels in New Zealand have been
infested by both Polydora and Boccardia species, with up

to 20-30 percent of crop unsuitable for sale in the half shell
(Handley unpub. data; Read 2010). Mudworms can spread

to cultured shellfish from infested wild shellfish populations
including cockles, dredge oysters, scallops, paua and horse
mussels (Diggles et al. 2002), but links between increased
infestation of wild shellfish and shellfish, farming are unknown
and difficult to quantify.

Predation by flatworms can also affect wild and farmed
shellfish, including juvenile and adult mussels. Outbreaks
appear to occur in mussels when they are seeded at very high
densities that allow flatworms to settle and avoid being eaten by
fish, for example, at the top of droppers where they are tied off
to the back-hone and looped over, creating a mass of mussels
(Handley 1999a, b and 2000, Handley pers. obs.). Again, the
exacerbation risks stemming from reservoir effects of flatworm-
infested shellfish aquaculture stocks to the wider environment
are unknown.

Deposition of fouling biota may also contribute to seabed
enrichment beneath mussel farms when fouling organisms
reach high densities on farm structures and fall to the seabed
either naturally or during defouling by farm operators (Keeley
et al. 2009). The fouling biomass may intermittently be a
substantial component of the organic material deposited to
the seafloor, as appears to be the case for the recent spread
of the invasive sea squirt Didemnum vexillum at mussel farms
in the Marlborough Sounds. In such situations, the deposited
fouling biomass may exacerbate enrichment effects (Keeley et
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al. 2009). Limited research has been undertaken by the mussel
industry to collect and market fouling species, including blue
mussels, Mytilus edulis (e.g. by the Marlborough Mussel Co),
Undaria (see Section 7.3.4.2) and other seaweeds

(S Handley and M Kelly, NIWA, unpub. data) that could reduce
the potential spread of pest species and reduce benthic effects.

iv. Spat transfers may spread pest from spat catching sites or
hatcheries

When the mussel spat reaches an appropriate size, it is seeded
onto grow-out longlines. Spat and seed mussels (spat seeded
onto growing ropes) are susceptible to fouling from tunicates,
especially Didemnum vexillum, that smother and restrict water
flow (A Pannell, pers comm). The floating subtidal culture
methods used for mussels appear particularly prone to fouling.
There is considerable interest in spat supply from mussel
hatcheries, to take advantage of selective breeding technologies
and to overcome threats associated with biosecurity risks
stemming from wild spat collection. Pathway treatment options
have been developed and tested for the control of Undaria

on mussels and for spat transfers using freshwater, heat

and a range of other treatments (Forrest & Blakemore 2006;
Forrest et al. 2007a). Efforts to develop robust and reliable
secondary treatment tools to eliminate pest transfer risks that
are also operationally feasible and affordable have been elusive
(Forrest & Blakemore 2006; Denny & Hopkins 2007; Forrest
et al. 2007a; Keeley et al. 2009). Hence, at times, voluntary
bans on aquaculture transfers have been implemented by the
industry to reduce the risk of spreading target pest species. For
example, in May 2000, a bloom of the paralytic shellfish poison
producing Gynodinium catenatum led to a voluntary halt to
transfers of Kaitaia spat (MacKenzie & Beauchamp 2000) until
treatments were developed.

B. Specific risks relating to pest, parasite and pathogen
interactions
Pests, parasites and pathogens are commonly overlooked or
under-appreciated as key drivers shaping local community
structure and biodiversity (NRC 2010). Internationally, the
introduction or transfer of marine molluscs has resulted in the
inadvertent introduction of several pathogens (e.g., Elston et
al, 1986; Burreson et al, 2000; Naylor et al, 2001; Friedman &
Finley, 2003; Wetchateng, 2008), however, ecological effects to
the wider environment of such outbreaks are poorly described.

A detailed description of diseases known to affect non-finfish
aquaculture species both in New Zealand and overseas is
provided in Appendix 2 of Keeley et al. (2009).

i. Fouling increases drag on farm infrastructure, posing risks
from gear failure and/or drop-offs, posing threats from
disease transmission and fragmentation/spread

Fouling pests have the ability to slow water exchange through
associated drag and clogging of trays or baskets, resulting in
poor oxygen exchange, which may become critical at sites
with low oxygen levels during summer months, when oxygen
demand and shellfish metabolism is greatest (Beveridge
2004). The process of cleaning of farm structures, however,
could potentially lead to increased likelihood of fragmentation
and spread of some fouling species that could subsequently
reproduce and/or reattach, re-colonising the farm structures or
natural substrata (e.g. Hopkins et al. 2011). For example, the
in-situ removal of the seasquirts Didemnum vexillum in mussel
lines or Eudistoma elongatum on intertidal oyster racks could
lead to the fragmentation and spread of these species (Handley
pers. obs).

ii. Fouling smothers stocks or clogs haskets/trays, and slows
water exchange, resulting in poor oxygen exchange
(especially in summer) and waste removal, increasing the
likelihood of disease outbreak/transmission

The clogging of baskets or growing trays for oysters, or
overgrowth of fouling organisms, impairing oxygen exchange in
mussels may result in undue stress (Beveridge 2004), which
may increase susceptibility to disease and subsequent potential
transmission to conspecifics and the wider environment.

iii. Pests pose biosecurity risks as potential intermediate hosts
for pathogens and parasites

There is limited evidence that shellfish predators, such as
flatworms, may be intermediate hosts for pathogens (Jennings
1997). Farmed stocks often exhibit lower infection levels than
wild mussels or other bivalves, so the risk of them acting as
reservoirs for transfer of disease therefore appears low, unless
farmed mussels become vehicles for the spread of introduced
exotic diseases (see Keeley et al. 2009).

iv. Fouling attracts wild fish species that could become
parasite/pathogen vectors or intermediate hosts

As farm structures can act as fish aggregation devices (FADs)
(Dempster et al 2009), fouling pests by providing increased
habitat complexity, can also lead to fish recruitment and
enhance the attractiveness of structures, potentially enhancing
the FAD effect. These fish could predate shellfish, become
parasite/pathogen vectors or intermediate hosts of disease or
parasite transmission.



v. Farming Pacific oysters increases their propensity to
proliferate and colonise hard and soft substratum with
potential for adverse ecological effects

The farming of Pacific oysters could potentially exacerbate
the spread of Pacific oysters as a pest fouling species and
competitor on native substrata and assemblages. While the
Pacific oyster proliferates on hard substrata in the intertidal
zone, it can also colonise muddy substrata and alter shoreline
characteristics if the larvae settle on exposed shells or stones
and, then on conspecifics (Jenkins 1997). This can lead to
extensive oyster reefs forming on soft sediments, altering
sediment characteristics and hydrodynamics in shallow
estuarine areas (Handley pers. obs).

7.3.3 Pest, parasite and pathogen management
options

The choice of site-appropriate growing methods for shellfish can
strongly affect susceptibility to risk organisms, pest reservoir
risk and, hence, associated ecological effects (see Section
7.1.2). This section should be read in association with Section
7.1.5, which outlines management strategies relevant to all
aquaculture operations.

A. Consenting and infrastructure considerations

Within New Zealand, new aquaculture developments must

g0 through a consenting process. Currently, this is managed

in an ad-hoc fashion by regional councils. For example,

the Tasman District Council has discretion in its plan to
consider “management of biosecurity risk organisms, such as
Undaria”, and the new rules controlling filter feeding bivalves
and additive species, including finfish, require the council to
consider “managing risks of incursion, disease, biosecurity risk
organisms, and genetic risk to wild stocks” (R. Squires, Tasman
District Council, pers. comm.).

However, best practice internationally suggests that a more
structured approach considering factors such as farm spacing,
zoning, staged development and epidemiological units could be
considered as part of RMA consent requirements to minimise
biosecurity risks from pathogens and pests on a case-by-case
basis.

Site selection is clearly important for reasons outlined in
Section 7.1.2. The OIE’s online aquatic animal health code
suggests establishing zones and using compartmentalisation
(through geographical separation) of epidemiological units

to manage biosecurity risks (OIE 2011). They described the
concept of an epidemiological unit as “a group of animals that
share approximately the same risk of exposure to a pathogenic
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agent”. Creating defined areas based upon the concept of
the epidemiological unit will underpin biosecurity activities in
response and readiness work, which stakeholders both agree
with and understand the benefits of having (Morrisey et al.
2011).

Regional councils therefore have a particular interest in whether
farm spacing can be used as a management strategy to contain
marine pest populations and pathogen or parasite outbreaks
(see below).

In other countries, where finfish cage separation requirements
are specified, minimum distances vary widely; for example,
ranging from 300 metres in parts of eastern Canada, to Scottish
requirements for a minimum of 8 km between finfish farms
and 3 km between finfish and shellfish farms. These may be of
little use in a regional context, except to highlight that a robust
assessment of farm spacing requires considerable site-specific
information (Forrest et al. 2011).

Results of the Phase Il aquaculture readiness modelling
concluded that dispersion of pathogens and pests by water
movement occurs over relatively small spatial scales, and long-
distance dispersion (for example, from the top of the North
Island to the South Island) is unlikely over the period during
which the pathogen remains infectious. Human-mediated
movements of aquaculture stock and equipment, in contrast,
are capable of transmitting pathogens over much larger
distances and shorter time frames (Morrisey et al. 2011).

Within the consenting process, ongoing management options
should be established. Methods include staged development
coupled with surveillance programmes to detect incursions or
exacerbation of existing pests, parasites and pathogens.

MPI has recognised that there is a need for proactive systems
to limit the likelihood of entry and subsequent spread of pests
or diseases (Morrisey et al. 2011). Currently, New Zealand has
strict import controls in place to limit the potential for pest or
disease introductions. However, such systems are not infallible
and preparation is required to ensure (1) early detection

of any incursion and (2) that there are widely understood
response actions that can be implemented quickly when an
incursion is detected. MPI, in recognising the biosecurity
needs of the aquaculture industry, has commissioned
research (the Aquaculture Readiness Data project) to support
developing a readiness system for aquaculture. Phase | of

this research was designed to obtain fundamental information
on New Zealand’s aquaculture and fisheries enhancement
industries. Phase | produced (1) a geodatabase of aquaculture
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facilities (land, marine and freshwater based) from publicly
available information, (2) information on the movement of
stock and equipment between facilities, based on a survey of
the industry and, (3) a report on the current spatial knowledge
of New Zealand's aquaculture operations. Phase Il was
designed to develop, in consultation with stakeholders, defined
areas based upon the concept of an epidemiological unit.
Aquacultured organisms in each defined area have a similar
likelihood of exposure to a pest or disease. In the context of
disease and pest management, these areas may serve as
surveillance zones for the early detection of incursions, act

as predefined movement control areas, or serve as zones to
re-establish trade during or after an outbreak, in addition to
providing spatial information about farmed or enhanced species
for general animal health management.

B. International: Import health standards

International border protection for pest, parasites and
pathogens is controlled through import health standards. To
date, there are have not been any standards developed for
importation of shellfish seed, but the standard for kingfish
fingerling import may act as a useful reference (MAFBNZ
2010a).

C. Domestic: Development of industry Codes of Practice to

address:

i. Management of pathways to reduce the risk of infection of
culture sites and/or the subsequent spread of marine pests,
parasites and pathogens

For domestic biosecurity pathway management, development

of codes of practice will not necessarily ensure environmental

sustainability given the potential plethora of uncontrolled vector
pathways like wild animal and fish movements and public and
commercial boating activities, but they are a step in the right
direction. International border protection for pests, parasites
and pathogens is controlled through import health standards.

Such standards can include requirements for receiving facilities

to be of a specific standard, specified modes of transport to

be used, transport to occur in UV sterilised water, quarantine

periods and veterinary inspections (e.g. MAFBNZ 2010a).

The New Zealand Oyster Industry Code of Practice (NZOIA

2007) has specific sections on biosecurity management

including:

i. provisions to uphold the New Zealand Styela clava Code of

Practice and Biosecurity Code of Practice;

ii. notifying Ministry for Primary Industries of the finding of any
notifiable organism or organism not normally seen or
detected in New Zealand;

This code specifies that “biosecurity threats should be seen

in context, including other vectors, for example; equipment,
vessels, biota, currents, also that the key New Zealand
Biosecurity measures against undesirable aquatic organisms
are to keep them out of New Zealand and for early detection
(most probably at ports)”. Emergency biosecurity provisions are
also stipulated, including:

i. If the farmer is advised in writing of the requirement by
Aquaculture New Zealand, the farmer shall comply with
a biosecurity monitoring (and/or management) plan or
protocol regarding transfers/pests/diseases, or other
biosecurity considerations to the satisfaction of Aquaculture
New Zealand.

ii. Supervisors should be familiar with the list and with the
reporting procedures for new organism incidents as
required by Ministry for Primary Industries.

The New Zealand Mussel Industry Code of Practice (NZMIC
1999) advocates the onsite cleaning of floats and backbone
ropes (and turning cleaned floats over) to ensure that
encrusting biota and sediment are released within the permitted
area to help prevent the transfer of species between different
farming areas.

ii. On-farm management to reduce risk to the wider
environment
Oyster farmers are advised to be alert to any unusual or extreme
mortality, parasites and predators or fouling of oysters on
the farm, which should be reported to MPI (NZOIA 2007). If
possible, equipment with risk organisms attached should be
removed from the environment and transported ashore to an
area where it cannot contaminate the marine environment.
Equipment should not be moved between sites where risk
organisms occur, and the appropriate authorities should be
informed and advice sought on further action.

The transfer of wild and hatchery spat also provides pathways
for the spread of risk organisms that can be monitored or
controlled. For example, because of the recent herpes virus
outbreak, it would appear prudent for any new importation

of Pacific oyster stock to be subjected to examination and be
sourced from a documented disease-free area or hatchery.

This is suggested because observations from overseas indicate
that there is a risk of spreading disease via the introduction of
oysters for culture — particularly from Pacific oysters (see Keeley
et al. 2009).

Other threat-specific treatments may exist. For example, to
prevent the spread of tunicates like Eudistoma, Didemnum



vexillum and other fouling on green-lipped mussel spat and
stocks treatment of stock and equipment with acetic acid has
been trialled (Morrisey et al. 2009, Denny & Hopkins 2007;
Forrest et al. 2007a; Denny 2008). Further trials would be
required to determine effective concentrations and durations of
treatment that do not adversely affect the stock. Handley (2005)
noted that fouling by Eudistoma could possibly be avoided by
raising oyster racks to or above extreme low water neap as the
tunicate did not appear to survive well in the intertidal zone,
only on the undersides of the rails and on the vertical posts.

A heat treatment procedure for oyster spat was developed

in an attempt to export pest-free live oysters to Australia to
satisfy stringent biosecurity import requirements (J Dollimore,
Biomarine Ltd pers. comm.). This treatment method was later
adapted by the oyster industry in response to the presence of
the toxic phytoplankton species Gymnodinium catenatum in
the Kaipara in 2000, but has not been used since and would
apparently be invoked only if a similar incident recurred in

a spat collecting area (Taylor et al. 2005). Trials involving
dipping oyster spat-catching bundles in freshwater or brine and
spraying with vinegar were unsuccessful in achieving complete
control of predatory flatworm infestations; and management
techniques for avoidance were recommended instead (Handley
2002). Likewise, direct control of mudworm infestations is not
recommended, rather, culture methods should be designed to
avoid infestations by growing oysters at or above extreme low
water neap tidal level at appropriate densities, or at sites free

of mudworms in the subtidal (Handley 1995, 1997b, 2002).
Adjustable intertidal longline systems have been developed in
South Australia to hold stocks lower in the water column during
periods when king tides coincide with hot weather

(e.g. www.bstoysters.com/). These systems can also be
adjusted to control mudworm infestations (Handley pers. obs.),
but it is unknown whether this has been tested for New Zealand
conditions.

Intertidal height can strongly influence oyster growth, condition,
fouling and susceptibility to mudworm infestations. Subtidally
cultivated oysters can suffer from fouling, mudworm and
flatworm infestations, and aesthetic smell issues (Handley &
Bergquist 1997; Handley 2002, 2005; NZOIA 2007; Morrisey
et al. 2009). In the past decade, intertidal longline and basket
systems developed in Australia have become popular for
growing “single-seed” (individual de-clumped or hatchery-
produced spat) product. Some of these systems have the
ability to adjust the intertidal level to lower growing levels in
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hot weather or elevate oyster baskets to kill fouling, unlike the
wooden rack and rails, which have a fixed level. A small amount
of subtidal cultivation occurs as single-seed oysters grown in
baskets, trays and “ren” culture in Auckland, Coromandel and
the Marlborough Sounds (Handley pers. obs.). To increase
returns and marketability, subtidally grown Pacific oysters are
typically “finished-off” in the intertidal zone before sale as half-
shell product rather than shucked for lower value meat-only
product (Handley & Jeffs 2002; Handley pers. obs.). However,
maximising intertidal exposure is likely to reduce biosecurity
and ecological risks.

Tasmania undertakes annual monitoring of oyster parasites

and disease as part of the Tasmanian Pacific Oyster Health
Surveillance Program run by the Department of Primary
Industries, Parks, Water and Environment (www.dpipwe.tas.gov.
au). Oyster spat suppliers must participate in the surveillance
programme. As all spat for the South Australian oyster industry
is supplied from Tasmanian hatcheries and, given that a
number of aquatic pests inhabit Tasmania, the potential exists
for these pests to be transferred with spat to South Australian
waters. Three exotic species of particular relevance to oyster
spat importation include: mudworm (Boccardia knoxii), seastar
(Asterias amurensis), and Asian kelp (Undaria pinnatifida) (EPA
2005).

Mussel farmers are also encouraged to minimise the settlement
of encrusting organisms and their transfer among farms and to
report any unusual or exotic species to the local marine farming
organisation. The New Zealand Mussel Industry Council also
developed a voluntary code of practice for the transfer of mussel
seed to minimise risk associated with mussel seed transfers
targeted at the pests: Mytilus galloprovincialis, Ciona intestinalis
and Undaria pinnatifida (NZMIC 1999; NZMIC 2001). When the
Gymnodinium catenatum blooms occurred on the west coast
of the North Island in 2000 (see above), methods of washing
mussel spat were developed to minimise cyst densities within
infected spat so that inter-regional spat transfers could resume
(Taylor 2000). The mussel industry has also previously been
active in regional pest management programmes for Undaria

in Big Glory Bay (Stewart Island) and in the Nelson region, and
led a multi-stakeholder working group that was formed to assist
in a Top of the South management programme for Didemnum
vexillum. These management programmes demonstrated the
considerable difficulties of effectively managing marine pests
once established on mussel farms, pointing to the important
need to focus on prevention of spread.
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7.3.4 Knowledge gaps

Please read this section in conjunction with Section 7.1.4.
i. Ecological effects and significance

The considerable growth in the aquaculture industry
anticipated over the next 15 years (NZAS 2006) will require a
better understanding of the wider ecosystem effects of shellfish
aquaculture. These include the cumulative effects including
biosecurity effects of additional aquaculture and aquaculture
development (combined with other anthropogenic stressors,
e.g. Kelly 2011), within the context of ecological carrying
capacity (Keeley et al. 2009). For example, outbreaks, host
specificity and transmission from cultured shellfish of diseases,
such as the oyster herpes virus, pose high levels of potential
risk, but also many unknowns. Hence, there is a need to
understand more about how intensification and diversification of
aquaculture may increase risk to the New Zealand environment.
A useful step would be to gauge the susceptibility of cultured
species by assessing novel disease loads in the same organism
growing in foreign waters. Other important information that
would allow better assessment of disease risk includes
identification of the parasite APX (see Keeley et al. 2009) to
species level and differentiating it (or otherwise) from the APX
in flat oysters. Also, life-cycle studies on Marteilia are needed to
ascertain the stringency of intermediate host specificity.

Exotic pathogen threats to green-lipped mussels can only

be speculated upon (Keeley et al. 2009). In this category,
Marteilia spp. and disseminated haemic neoplasia (a molluscan
leukemia) were identified by Webb (2007) as the most likely
non-native threats. Other threats to mussels appear to be posed
by parasites introduced by invading species of blue mussel (e.g.
Mytilus edulis). These common ship-borne fouling organisms
are a likely source of overseas pathogens. Hybridisation of
invasive indigenous blue mussels (M. galloprovincialis) presents
a further potential pathology hazard by the production of a
more susceptible reservoir host for these pathogens. The
physical coincidence of hybridising mussels and pathogens in
New Zealand waters is possible but unknown.

There is a clear lack of knowledge about the ecological effects
of many of the risk organisms that could be associated with
shellfish aquaculture in New Zealand. For example, there is
limited information on disease transmission to wild shellfish
and host specificity. Overseas, the aquabirnavirus infectious
pancreatic necrosis virus has also been detected in Mytilus
edulis (VPS 2000). It is a common virus of salmonids and

is also a suspected clam pathogen in Taiwan. Although not
detected in New Zealand mussels (Keeley et al. 2009), the
possibility of green-lipped mussels harbouring this virus, at
least temporarily, is suggested by the fact that polioviruses and
enteroviruses have been shown to persist in P. canaliculus
after experimental exposure (Lewis et al. 1986; Greening et al.
2001). Caution is clearly required in polyculture, as mytilids
might harbour viruses with consequent threat to susceptible
fish.

In the absence of space for expansion of the oyster industry in
Northland, Handley & Jeffs (2002) recommended that industry
should develop subtidal methods for culturing Pacific oysters
so that future expansion could take place in coastal or offshore
waters. However, subtidal cultivation poses more risks and
biological challenges that need to be addressed by research to
minimise fouling pests and disease. Similarly, with increasing
pressure on mussel culture space, there have been efforts to
farm offshore in more wave-prone locations, which may also
pose biosecurity risks in unpredictable ways. For example, wave
action damaging mussel shells in the Firth of Thames appeared
to facilitate mudworm infestations of mussels grown there
(Handley 2003). When new aquaculture areas are developed,
associated risk species may become more abundant locally,
and more widespread regionally. While such effects represent
an increased biosecurity risk, their ecological significance is
poorly understood (Keeley et al. 2009; Forrest et al. 2011).
Quantifying and monitoring such regional- scale changes can
be difficult and beyond the scope of the aquaculture industry
alone.

ii. Environmentally friendly therapeutants and mitigation
methods

There is a range of methods that can be applied to effectively
treat fouling on vessels and equipment, such as application of
biocidal antifouling coatings and treatment in-water by plastic
encapsulation and application of “eco-friendly” chemicals

(e.g. bleach, detergent, vinegar). Particular methods suitable
for different needs can be found in various documents cited

in a synthesis by Piola et al. (2009). However, until the fouling
pest species are known, whether a practical or eco-friendly
eradication method is available is also unknown. Screening of
eradication methods therefore may be required on a species or
taxonomic group level, for example the evaluation of eradication
methods for Eudistoma elongatum associated with oyster
culture (Morrisey et al. 2009; Page et al. 2011).



iii. Exacerbation risks

Similarly, research effort may be required to elucidate links
between aquaculture-related eutrophication and HABs, which
in the long-term may need to be accompanied by regional-scale
monitoring of target HAB species (Forrest et al. 2011). In terms
of pest, disease and parasite risks to the wider environment,
uncertainty regarding potential effects arises from the fact

that the suite of organisms associated with culture may not be
clearly understood until sites or regions are fully developed.
Furthermore, for some potential risk species, basic biology, life-
cycle characteristics (e.g. the intermediate host requirements
for some parasites) and mechanisms of spread are seldom
known (Forrest et al. 2011).

iv. Waste capture and/or recycling

Whilst research here and overseas has trialled in situ cleaning
devices for mussel culture, the process of cleaning farm
equipment and removing fouling organisms in-situ could also
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create significant but yet to be quantified ecological effects
(Keeley et. al. 2009; Handley pers. obs.). As the maintenance
and removal of fouling organisms may be most cost-effectively
achieved in situ, there appear to be research opportunities on
ways to contain, recycle and utilise the fouling organisms for
pharmaceutical or nutriceutical purposes, or for the nutrients
sequestered by fouling species.

v. Dispersal and/or infection mechanisms

Fragmentation of organisms during cleaning, or as an

innate organism dispersal mechanism, could potentially
contribute to the spread of pest species and pathogens

(if they are intermediate hosts) from farm structures. The
ability of organisms to disperse, reattach or survive following
fragmentation is currently being reviewed as part of in-water
cleaning of recreational and commercial vessels by MPI (Page
and Morrisey, NIWA pers. comm.).

7.4 Lower trophic level species (Undaria and sea cucumbers)

7.4.1 Descriptions of main effects and their significance

Table 7.9: Ecological effects from marine pests, pathogens and parasites due to sea cucumber aquaculture.

A. General biosecurity risks from marine pests

i. Sea cucumber culture pathways lead to infection of farm sites by marine pests, pathogens and

parasites.

ii. Infected farm acts as a reservoir for pest, pathogen and parasite spread to wider environment.

iii. Sea cucumber farms alter environmental conditions and facilitate the establishment of marine
pests. For example, farm structures facilitate fouling, and removing fouling in-situ may add to
organic enrichment on the seabed, favouring non-indigenous soft-sediment species.

B. Specific risks relating to pest and disease interactions

Description of effect(s)

iv. Fouling increases drag on farm infrastructure, posing risks from gear failure and/or escapes,
posing threats from disease transmission.

v. Fouling clogs baskets/trays, and slows water exchangg, resulting in poor oxygen exchange
(especially in summer), and waste removal, increasing the likelihood of parasite and disease

outbreak and transmission.

vi. Pests pose biosecurity risks as potential intermediate hosts for pathogens and parasites.

Vii.

Intensive land-based culture leads to outbreaks of parasites/disease, leading to risk of

transmission and adverse ecological effects.

Spatial scale Localto national scale.

Duration

Irreversible if pest establishes a viable population and eradication is not feasible.
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Table 7.9: Ecological effects from marine pests, pathogens and parasites (continued)

A. Consenting and infrastructure considerations

e Farm spacing, zoning, staged development, identification of epidemiological units and so on.

B. International: Import health standards

¢ |mport health standards used to control feed or equipment transfers.

C. Domestic: Development of industry codes of practice to address:

Management options

Management of pathways to reduce the risk of infection of culture sites and/or the subsequent

spread of marine pests, including:

e risk reduction procedures for domestic stock transfers (including associated transfer water),
that are consistent with MPI border standards;

e procedures for vessels and/or transfer equipment to minimise the risk of marine pest
transport with culture pathways (e.g. vessel antifouling, cleaning, inspections).

. On-farm management to reduce risk to the wider environment, including:

¢ education and surveillance to facilitate early detection of risk species;

e routine farm management procedures for cleaning of culture cages or floats and backbone
ropes on longlines between crops;

e application of response and containment procedures where feasible;

e farm site selection and management practices that maximise growth and condition but
minimise risks from pests, parasites or disease.

Knowledge gaps

Lack of knowledge of sea cucumber risk organisms and their significance in culture — unknown
farming methods hampers this assessment.

Implications for natural habitat of the development of reservoir populations of risk species.
Direct/indirect ecological effects of risk species in the wider environment.

Effective and environmentally friendly mitigation methods for established pest populations on
farms and in natural habitats.

Intermediate host status of fouling organisms for parasites and pathogens and interactions/links
with other aquaculture species.

e Fouling waste recycling technologies.
e Fragment or larval dispersal distances of fouling species, parasites and pathogens.

* |talicised text in this table is defined in chapter 1 — Introduction.

Summary

Sea cucumbers (Australostichopus mollis) are not cultured
commercially in New Zealand at present, but A. mollis is being
investigated as a potential co-culture species with green-
lipped mussels (Slater & Carton 2007; Slater 2009). Culture
techniques could take a variety of forms including land based,

seabed ranching, IMTA or co-culture or more natural reseeding.

Some methods require the addition of feed, whereas some
could mitigate impacts of other forms of aquaculture. Land-
based culture systems for sea cucumber may be conceptually
less prone to biosecurity risk as they could be isolated from wild
stocks and transport vectors associated with marine farms (e.g.
vessels, equipment transfers).

A. Pathways

Biosecurity risk pathways will be dependent on the culture
methods used, but some methods (e.g. off-bottom subtidal
culture) will be conceptually similar to other types of subtidal

culture for mussels and oysters, described elsewhere in this
report (see Section 7.3.1). Many of the risk species of pests
and pathogens associated with off-bottom culture also have

the potential to be similar to those described for other types of
subtidal culture operation. Ecological effects stemming from
pests, parasites and pathogens associated with sea cucumber
aquaculture in New Zealand are unknown as the industry is
currently undeveloped. However, as sea cucumbers are deposit
feeders and have been suggested as an ideal co-culture species
(Stenton-Dozey, NIWA pers. comm.), they may play a role in
mitigating some benthic effects of aquaculture (see Chapter 3
Benthic Effects).

B. Pests and diseases

The little that is known about sea cucumber pests relevant

to New Zealand is listed here. In New Zealand, a commensal
isopod was reported in A. mollis by Menzies & Miller (1954).
The new isopod superficially resembled a small louse. However,



lack of lesions and the fact that the mouth-parts of the isopod
were not modified suggest that the animal is a commensal

of the sea cucumber and not a parasite. The isopods were
quite common on the host. The only other ectocommensals
on holothurians, to our knowledge, are scale-worms, such

as Arctonoe pulchra, which live on the sea cucumber, and
Stichopus californicus, which cling to the host by hook-like
parapodial setae. Several endocommensals that live in the
cloacal chamber of various holothurians have been reported,
including a pea crab, Opisthopus transversus, often found in
Stichopus, and a small fish occurring in large West Indian sea
cucumbers (Menzies & Miller 1954). In a review of parasites
and diseases of cultivated sea cucumbers, of about 150
parasites identified in holothuroids, few caused signs of disease,
with bacterial diseases considered most pathogenic (Eeckhaut
etal. 2004).

Overseas disease issues appear especially prevalent in China
where the intensity of sea-cucumber culture is greatest (Ito

& Kitamura 1997; Chen 2003; Becker et al. 2004). The
expansion and intensification of sea cucumber culture in

China has led to the occurrence of various diseases, which is
limiting the sustainable development of this industry. New (or
not previously reported) diseases have been discovered, such
as syndromes of rotting edges, ulceration of the stomach in
auricularia stages and autolysis of young juveniles caused by
bacterial agents. Skin ulceration, erosion of epidermis and body
oedema was triggered by various pathogens including bacteria
(Vibrio and Pseudomonas; FAO 1991), fungi and parasites
during outdoor cultivation. Pathogens induced up to 80 percent
mortality. In more recent research in New Zealand, Archer
(1996) encountered bacterial infection problems in his culture
of A. mollis whereas Slater (2009) did not. However, Slater
considered that disease outbreaks were likely when culture

is further intensified, and this appears to be a reasonable
assertion given overseas experience.

For parasites and pathogens, the broad processes that

could lead to adverse ecological effects from sea cucumber
aquaculture are likely to be comparable with those for other
aquaculture species. However, the specific parasites and
disease agents are largely unknown. In fact, the species that
may be problematic in culture, or for the wider environment,
are unlikely to be clearly understood until the New Zealand sea
cucumber is farmed, either by itself or as part of co-culture
systems (e.g. with shellfish farming).
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C. Consenting and infrastructure

The methods for culture of sea cucumbers are currently unclear
but are likely to involve either pond structures onshore, seabed
ranching or seabed/suspended structures.

If sea cucumbers are cultured in land-based systems,
potential models for biosecurity management, developed by
the Australian Department of Primary Industries for abalone
aquaculture include:

i. the Victorian Abalone Aquaculture Translocation Protocol;

ii. the Abalone Aguaculture biosecurity protocol audit
guidelines;

iii. the Victorian Protocol for the Translocation of Aquatic
Animals to Recirculating Aquaculture Systems.

For further information see: www.dpi.vic.gov.au/fisheries/about-
fisheries/Moving-and-stocking-live-aquatic-organisms

Seabed ranching is currently not a commercial option for
farmers without sea cucumber quota, but if this culture
technique is employed, it is likely to have the greatest potential
for interaction between wild stock and farm stocks. Potential
adverse effects of such interactions (genetic dilution and
disease transfer) must be fully considered before proceeding
with permitting this type of activity. Evaluation of existing
restocking/ranching programmes for paua and interactions
between farmed and wild mussels may assist in addressing the
potential issues raised here.

D. International import health standards

International border protection for pests, parasites and
pathogens is controlled through import health standards
(www.biosecurity.govt.nz/ihs/search). Such standards can
include requirements for aquatic equipment to be visibly clean
of contaminants, and if any biological material is to be imported,
receiving facilities to be of a specific standard, specified modes
of transport to be used, transport to occur in UV sterilised water,
quarantine periods and veterinary inspections (e.g. MAFBNZ
2010a). Once these industries are developed, industry codes of
practice may be developed to address such issues as pathway
risk management and wider environmental issues (as for
shellfish Section 7.3). As the aquaculture of sea cucumber is

in its infancy in New Zealand, and the resulting biosecurity and
ecological risks are poorly understood, staged development
accompanied by monitoring and research would be advisable.
This would appear especially prudent given overseas disease
experience in intensive culture situations for sea cucumbers.
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In the case of disease outbreaks, therapeutant interventions
include antibiotics such as terramycin, acheomycin

and sulphanilamides (FAO 1991). Given that the use

of therapeutants in New Zealand is now governed by

the EPA (formerly the Environmental Risk Management
Authority (ERMA), see Additives chapter), the use of such
interventions, inside and outside hatcheries is expected to

be strictly controlled. Ericksson et al. (2011) recommend

that, in developing aquaculture of the tropical sea cucumber
(Holothuria scabra), in the absences of any standards and
protocols for responsible sea cucumber farming, the operators
and legislators should use standards developed for other
aquaculture organisms as a benchmark for sustainable
management. For example, standards for inspection and
equipment to detect early signs of pathogens or disease, issuing
health certificates and quarantine measures that are outlined by
WWEF (2010) and the OIE 2011 for the abalone shellfish, should
be applied to sea cucumber farming.

Overseas, preventive measures used in China to limit sea
cucumber disease include:

i. good hatchery management operation;
ii. disinfection of tanks, plates and tools before use;
iii. removal of excess food, faeces and other organic matter;

iv. provision of high quality water (Yin-Geng et al. 2004).

Knowledge gaps

As a fledgling industry, the farming of sea cucumbers

presents many knowledge gaps in terms of biosecurity risks,
especially related to disease and pests, which are unlikely to
be addressed until preliminary culture trials using wild derived
stock have been undertaken. However, the knowledge gaps for
sea cucumbers are expected to be similar to other subtidally
cultured species (see Section 7.3) but confounded by the

lack of information on what systems may be economically

and ecologically viable in New Zealand for the culture of
Australostichopus mollis.

Key issues will include an analysis of the potential for wild and/
or farmed interactions and identification of the diseases and
pests associated with sea cucumbers.
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Table 7.10: Ecological effects from marine pests, pathogens and parasites due to Undaria aquaculture.

Description of effect(s)

A. General biosecurity risks from marine pests

i.  Undaria culture pathways lead to infection of farm sites by marine pests (including Undaria
itself).

ii. Infected farm acts as a reservoir for pest spread to wider environment.

iii. Undaria farms alter environmental conditions and facilitate the establishment of marine pests.
For example, organic enrichment on the seabed favours non-indigenous soft-sediment species.
Removing fouling in situ adds to this process.

B. Specific risks relating to pests, parasites and disease interactions

iv. Undaria is a highly successful invader to a range of habitats and capable of forming extensive
dense stands.

v. Fouling increases drag on farm infrastructure, posing risks from gear failure, crop loss and
fragmentation, posing threats from disease transmission.

vi. Pests pose biosecurity risks as potential intermediate hosts for pathogens and parasites.

vii. Fouling attracts wild fish species that may graze on Undaria or could become parasite/
pathogen vectors or intermediate hosts.

Spatial scale

Local to national scale.

Duration

Irreversible if pest establishes a viable population and eradication is not feasible.

Management options

A. Consenting and infrastructure considerations

e Farm spacing, zoning, staged development, identification of epidemiological units etc.

B. International: Import health standards

e |mport health standards used to control equipment transfers.

C. Domestic: Development of industry codes of practice to address:

i. Management of pathways to reduce the risk of infection of culture sites and/or the subsequent
spread of marine pests, including:

risk reduction procedures for domestic stock transfers (including associated transfer water),
that are consistent with MPI border standards;

procedures for vessels and/or the transfer of equipment to minimise the risk of marine pest
transport with culture pathways (e.g. vessel antifouling, cleaning, inspections).

ii. On-farm management to reduce risk to the wider environment, including:

education and surveillance to facilitate early detection of pest species;

routine farm management procedures for cleaning of culture floats and backbone ropes on
longlines between crops;

application of pest response and containment procedures where feasible;

farm site selection and management practices that maximise growth and condition but
minimise risks of pest infestations;

Undaria eradication: Heat treatment of infected structures (Chathams), physical removal of
sporophytes (Big Glory Bay).
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Table 7.10: Ecological effects from marine pests, pathogens and parasites (continued)

e | ack of knowledge of Undaria risk organisms and likely significance of effects in culture.

¢ Field validation of treatments for Undaria of aquaculture equipment and stock.

e Development and refinement of response protocols, including eradication methods.

¢ Implications for natural habitats of the development of marine pest populations on aquaculture

Knowledge gaps structures.

e The direct and indirect ecological effects of marine pests in the wider environment.

o Effective and environmentally friendly vector management tools, and mitigation methods for
established pest populations on marine farms and in natural habitats.

¢ |ntermediate host status of fouling organisms for parasites and pathogens and interactions/links

with other aquaculture species.

* ltalicised text in this table is defined in chapter 1 — Introduction.

Summary

Ecological effects of Undaria (as an introduced organism)
Undaria is a non-indigenous kelp regarded both as a fouling
nuisance on marine farms and a threat to the ecology of

high value coastal areas around New Zealand (Sinner et al.
2000), and is classified as an Unwanted Organism under

the Biosecurity Act 1993. In April 2010, MPI introduced
policy that allows for commercial harvesting of Undaria from
artificial surfaces and farming of Undaria in areas already
heavily infested. By retaining Undaria’s status as an Unwanted
Organism under the Biosecurity Act 1993, MPI maintains
control over permitting for the commercial use of Undaria.
Aquaculture of Undaria is common in Asia. Aquaculture
research in New Zealand conducted in the late 1990s
established “proof of concept” for Undaria farming, based

on laboratory investigations and field grow-out trials in the
Marlborough Sounds. The research was discontinued as the
public profile of Undaria as a pest species increased; however,
the interest in this species as an aquaculture candidate
remained. The exact cultivation methods for this species are
unknown; however, based on grow-out trials in New Zealand,
and overseas culture methods, it is likely that floating subtidal
cultivation methods will be used.

A. Pathways

The spread of Undaria between countries and regions has
mostly been attributed to vessel movements and transfer of
marine farming equipment and seed stock (e.g., Perez et
al. 1981; Hay 1990; Brown 1999). Natural spread occurs
predominantly at the scale of metres to hundreds of metres

annually (Brown 1999; Forrest et al. 2000; Russell et al. 2008).

The biosecurity risk arising from Undaria itself as a culture
species will be reduced to some extent by the fact that culture
will be restricted to localities where the kelp is already well
established. Nonetheless, in such locations, it is possible that
the widespread or intensive cultivation of Undaria (e.g. to a
level of biomass that by far exceeds naturalised population

levels) may exacerbate risks to adjacent natural habitats

within the limited dispersal range of the species. The basis

of this assertion is that increased “propagule pressure” (i.e.
more spores in the case of Undaria) could lead to increased
invasion success by Undaria (B. Forrest, unpubl. data), which
is a phenomenon well recognised in invasive species research
(e.g. Sylvester et al. 2011). Moreover, the greater the propagule
pressure the more likely it is that invasive species will overcome
factors (e.g. seabed predation) that might otherwise limit
establishment in rocky habitats in places like the Marlborough
Sounds (Forrest et al. 2011). A final consideration is that, if
Undaria culture takes place, additional thought may also need
to be given to whether any new Undaria risk pathways arise
that do not already occur as part of aquaculture operations
generally, and which are considered regionally or nationally
significant.

New Zealand studies have drawn varied conclusions about the
impacts of the establishment of Undaria, although the majority
of studies suggest that effects on native communities are
relatively minor. High densities of juvenile spotties (Notolabrus
celidotus) have been noted amongst dense stands of Undaria
(e.g., Battershill et al. 1998; Brown 1999). Battershill et al.
(1998) concluded that Undaria may displace multi-species
macroalgal communities, but Hay & Villouta (1993) suggested
that Undaria colonised bare areas outside beds of native
brown seaweeds, rather than the beds themselves. Hay &
Sanderson (1999) considered that there was very little evidence
that Undaria displaced native brown seaweeds in several

New Zealand harbours where it had been established for many
years, and a three-year study in Lyttelton Harbour found little
evidence of any impact on the low shore community structure
from colonisation by Undaria (Forrest & Taylor 2002). Russell
et al. (2008) highlighted Undaria’s ability to establish in a wide
range of environments and to form dense monospecific stands
as a potential threat to native reef communities. The ecological
effects of Undaria in New Zealand have been reviewed by
Sinner et al. (2000).



Internationally, studies of the impact of Undaria on indigenous
biotic communities are limited. Studies in Argentina found
increased species diversity and abundance associated with its
presence (Irigoyen et al. 2011b), but also identified transitory
habitat loss for reef fishes due to exclusion from the reef surface
by the dense stands of Undaria (Irigoyen et al. 2011a).

Interactions between Undaria and grazer populations have
been studied most extensively in Tasmania, where Undaria
successfully colonised areas of urchin barrens after grazers first
removed native macroalgae (e.g. Johnson 2001; Valentine &
Johnson 2003; Edgar et al. 2004; Valentine & Johnson 2004,
2005a, 2005b). In Argentina, high densities of urchin and
gastropod grazers were noted on Undaria in summer (Valeria
Teso et al. 2009).

B. Pests and pathogens

Ecological effects from pest species associated with Undaria
farming are likely to be generally similar to those of mussel

or subtidal oyster culture, given that the pathways, marine
pests (e.g. fouling species) and other processes are likely to

be generally comparable. However, as with the scant literature
regarding the ecological effects of Undaria, there is even less
known of the ecological effects of diseases associated with this
species. A range of potential diseases, pathogens and parasites
of Undaria are detailed by Neill et al. (2008) and Park et al.
(2008) and these may be considered as potential biosecurity
threats both to native seaweeds and also to the commercial
utilisation of Undaria in New Zealand. The pigmented
endophytic'® brown alga Laminariocolax aecidioides infects
Undaria in Spain and in Argentina (Neill et al. 2008). This
endophyte has been implicated in influencing the depth range
of thalli of Saccharina latissima, where increased infection
severity prevents host thalli surviving in water depths of 2m,

in contrast to deeper water, where growth of the endophyte is
light limited (Schaffelke et al. 1996). Although a related species
infects New Zealand kelps, it is unknown whether L. aecidioides
could infect New Zealand kelps (Neill et al. 2008). In contrast
with Undaria overseas, no known pathogens have so far been
observed infon Undaria in New Zealand, although populations
here have not been well screened for the presence of such
organisms. New Zealand Undaria hosts the endophyte,
Microspongium tenuissimum, but, this endophyte is also

found in the native Ecklonia radiata and various red algae. The
infection of Undaria with M. tenuissimum was not associated
with macroscopic signs (Heesch 2005).

13 An organism, especially a fungus or micro-organism, that lives inside a plant,
in a parasitic or mutualistic relationship.
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7.4.2 Management options

A. Consenting and infrastructure considerations

The choice of site-appropriate growing methods for sea
cucumbers and Undaria is expected to strongly affect
susceptibility to risk organisms, pest reservoir risk and, hence
associated ecological effects (see Section 7.1.2). This section
should be read in association with Section 7.1.5, which outlines
management strategies relevant to all aquaculture operations.

Management options of biosecurity risks are first indirectly
handled in an ad-hoc fashion by regional councils during

the marine farm consenting process. For example, the

Tasman District Council has discretion in its plan to consider
“management of biosecurity risk organisms, such as Undaria”,
and new rules controlling filter feeding bivalves and additive
species including fin fish, require the council to consider
“managing risks of incursion, disease, biosecurity risk
organisms, and genetic risk to wild stocks” (R. Squire pers.
comm., Tasman District Council). Such considerations as farm
spacing, zoning, staged development and epidemiological units
should be considered as part of RMA consent requirements on
a case-by-case basis.

B. International import health standards

International border protection for pests, parasites and
pathogens are controlled through import health standards
(www.biosecurity.govt.nz/ihs/search). Such standards can
include requirements for aquatic equipment to be visibly
clean of contaminants, and, if any biological material is to
be imported, receiving facilities to be of a specific standard,
specified modes of transport to be used, transport to occur
in UV sterilised water, quarantine periods and veterinary
inspections (e.g. MAFBNZ 2010a).

Once these industries are developed, industry codes of practice
may be developed to address such issues as pathway risk
management and wider environmental issues (as for shellfish
Section 7.3). As the aquaculture of Undaria is in its infancy

in New Zealand, and the resulting biosecurity and ecological
risks are poorly understood, staged development, accompanied
by monitoring and research would be advisable. This would
appear especially prudent given overseas disease experience in
intensive culture situations for Undaria.

As an Unwanted Organism under the Biosecurity Act 1993,
MPI maintains control over permitting for the commercial use
of Undaria. Strategies to minimise the spread of Undaria have
been investigated, and an overall strategy for managing Undaria
in New Zealand has been discussed (Sinner et al. 2000).
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However, national level management strategies for Undaria
are not envisaged, as the kelp is widespread in New Zealand.
Management options as part of farming Undaria may include a
range of generic conditions, for example (MAFBNZ 2010c):

e where Undariais sourced and how it is transferred to the
farm site to prevent inadvertent spread;

e how and where ropes are seeded to ensure that no viable
Undaria is returned to the marine environment;

e how Undaria is to be collected/harvested from the farm to
reduce the biosecurity risk of the activity;

e how any equipment (including vessels) used in the farming
or processing of Undaria is to be treated to prevent the
inadvertent spread of Undaria;

e how to transfer collected Undaria to prevent the inadvertent
transfer of Undaria;

e how the Undaria is to be disposed of, processed or used
to ensure that no viable Undaria is returned to the marine
environment; and

e thatitis the applicant’s responsibility to seek permission
under any other relevant legislation.

Further work is under way by MPI to identify selected heavily
infested areas where it would be appropriate to allow Undaria
farming, and to develop a standardised risk management

plan template to assist applicants with identifying potential
biosecurity risks associated with their farming operation and
how these risks might be mitigated (MAFBNZ 2010d). In terms
of Undaria’s pest status, there is still stakeholder interest in
managing the spread of Undaria to a few high value areas in
New Zealand, and in developing associated plans to manage
potential vectors of spread (e.g. vessels) or control/eradicate
established populations. One example is Fiordland, for which a
range of vector management measures have been investigated
for Undaria and other species (e.g. Sinner et al. 2009),
including vessel surveillance and plastic wrapping areas of
Bluff Port, and a population eradication attempt is under way
for Undaria in a small bay in Breaksea Sound, jointly funded by
MPI, Department of Conservation and Environment Southland.
This eradication attempt has included hand picking and
biological control with kina (Evechinus chloroticus).

As with any new aquaculture venture, it would be advisable to
develop appropriate management strategies for Undaria and
any associated risk organisms as the industry develops. To
address pathway risks, for example, a range of methods for
Undaria and other species has already been developed (Wotton
et al. 2004; Forrest & Blakemore 2006: Forrest et al. 2007a;

Piola et al. 2009). This industry has been slow to develop,
and industry standards or codes of practice have yet to be
developed (T. Haggit, pers comm. Seaweed Association of
New Zealand).

Overseas, there are three commercial carrageenan-bearing
seaweeds that have a long history as the preferred species for
farming: Kappaphycus alvareziiand Kappaphycus striatum,
both commercially known as “Cottonii”, and Eucheuma
denticulatum, commercially known as “Spinosum”
(www.marinalg.org). A position paper developed by Marinalg
International on the protocol for introducing non-native
seaweeds for culture, states that these three species and their
varieties have different habitat requirements and consequently
require separate risk assessments. They suggest feasibility
studies, baseline inventories, appropriate risk assessments and
developing contingencies for mitigation prior to introductions
taking place. They note that, in the last 40 years there have
been two reported cases where Kappaphycus plants have
spread from introduction sites and adversely impacted on native
habitats. It is unlikely that non-native macroalgal species will be
deliberately imported for culture in New Zealand

Knowledge gaps
Please read this section in conjunction with Section 7.1.4.

There is a need for basic underpinning surveys and research to
document the biodiversity and distribution of pests, pathogens
and parasites of algae in New Zealand to provide information

to managers about the risks of their spread (Neill et al. 2008).
Likewise, there needs to be assessment of risks like that for
introducing a significant algal disease agent associated with
reintroduction of Undaria via international shipping. There is
generally a need for better information on the ecological effects
of Undaria (including issues of propagule pressure in farm
areas) and associated species. There is also the need for better
mitigation tools for established pest populations, and refinement
and testing of treatment and novel eradication protocols (Sinner
et al. 2000; Forrest & Blakemore 2006; Forrest et al. 2007a).
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