V )

) A é-ASE:;éflJDY FdR .REGENI-ERA;I"IVE AND RESTORATIVE AQUACULTURE
‘Marine Finfish Farming

- January 2024

TheNature ‘ ,
: Conser..vancy

aquaculture.science@tnc.org

© Forever Oceans



CASE STUDY: MARINE FINFISH FARMING

o e . 0
"ﬁ" © Forever Oceans

Juvenile Kanpachi, Seriolia rivoliana,

in a marine net pen.
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INDUSTRY OVERVIEW @iB

In 2020, total global production of aquatic animals
from marine and inland environments was an
estimated 178 million tonnes (FAO, 2022a). Of this
production, 63% (112 million tonnes) was harvested
in marine and coastal areas, split 70/30 between
fisheries and aquaculture (FAO, 2022a). For more
than 60 years consumption of fish globally has been
increasing at a rate greater than that of population
growth, and it is possible that global demand for
fish could double by mid-century (Naylor, Kishore,
et al., 2021). If this trend is to continue, the growing
demand for aquatic foods will need to be satisfied by
an increased contribution from sustainable marine
farming. The Food and Agriculture Organization of
the United Nations (FAO) is encouraging at least
35% growth in sustainable aquaculture globally by
2030 (FAQ, 2022b).

Fifteen species currently make up 77% of marine
finfish production via aquaculture. Atlantic salmon
(Salmo salar) makes up 33% of this volume,
followed by milkfish (Chanos chanos) at 14%, with
13 other species each contributing 3.5% or less.
Yet, 72 million square kilometers of ocean could be
environmentally suitable for the cultivation of one
of the 102 most farmed marine species, finfish and
others (Oyinlola et al,, 2018), illustrating it will be
possible to markedly expand production of finfish

farming in some regions.

To achieve sustainable expansion, marine finfish
farming faces constraints, especially resource
gaps through limitations to the availability of
sustainable sources of feed, the need to continue
overcoming the negative impacts of waste from

intensive farming, and social acceptance of farmed

products and systems (Costello et al, 2020).
Whether or not marine finfish aquaculture can
be regenerative and restorative - providing direct
benefits to the surrounding environment (The Nature
Conservancy, 2021) - remains to be tested. The
dependence of this sector on feeding and its greater
concentration of waste means that, in comparison to
seaweed and unfed mollusc species, there will also
be some fundamental differences that likely negate
the capacity for some environmental benefits to be
provided, such as improvements to water quality.
However, ongoing improvements in the capacity to
control and mitigate practices that have negative
environmental impacts provides the opportunity to
critically examine whether there are practices that
could be used to enhance or create positive effects.
This case study provides an initial exploration of
several prospects for offshore marine finfish farms to
employ regenerative farming practices to generate

benefits to biodiversity and the broader environment.

ENVIRONMENTAL CONTEXT

Farming of finfish in marine and coastal areas can
have a range of well-known negative environmental
impacts, including increased occurrence of
pathogens, parasites, and pests; impacts on
wild populations from escapes, waste and other
pollutants; and the use of unsustainably farmed
or fished ingredients in aquafeeds (Froehlich et al.,
2018; Naylor, Hardy, et al., 2021). However, because
these impacts are well known, they are increasingly
considered and managed through strict regulation,
risk assessment and mitigation, investments into
advancing best practices, and monitoring (Fletcher
et al., 2004; Lauer et al., 2015). For example,
good progress has been made in recent decades
on improving the efficiency of feed use and fish
health and nutrition, which has lowered the food
conversion ratio for many fed species (Naylor,

Hardy, et al., 2021). Also, capabilities to model site

Offshore marine finfish farming net pen supported by
afeed barge and maintenance vessel.

and area suitability and to set effective biomass
and aquaculture zone criteria (e.g. Middleton and
Doubell, 2014; Middleton, Luick and James, 2014)

are expanding.

To mitigate negative impacts, the selection of a
growing site that aligns with the characteristics and
sensitivities of the natural environment can make a big
difference. When situated in unsuitable locations that
may stress sensitive habitats, such as rocky bottom,
coral reefs, and seagrass, or within important areas
for fishing or tourism, aquaculture can have negative
effects on the environment and create conflicts
with other ocean users. The FAO and United States
National Oceanic and Atmospheric Administration
(NOAA) have developed foundational technical
resources that strongly encourage the development
of comprehensive spatial plans for aquaculture to
ensure long-termeconomic, social, and environmental
sustainability, particularly in light of potential climate
change impacts (Aguilar-Manjarrez, Soto and
Brummett, 2017). These foundational principles can
be built upon through the use of local environmental,

operational, and geospatial data to generate high
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resolution aquaculture suitability analyses
and support decision-making (Longdill, Healy
and Black, 2008; Yin et al, 2018). Studies
of ecological carrying capacity can also be
used to calculate the appropriate quantity
of organic materials that can be added to an
ecosystem. This approach is most effective in
nearshore environments and can be difficult to
employ in open ocean areas due to technical
and modelling uncertainties in accounting
for waste guantities and dispersal, which can

then present a challenge to setting regulatory

requirements. This approach is also highly
site specific; the dispersal or deposition of
dissolved and suspended solids is dependent
on the farm site and variables such as local
currents, water temperatures, erosional
thresholds, the rugosity of the seafloor, and the

composition of the benthic community.

To reduce the point source and cumulative
effects of finfish farming in coastal areas,
offshore marine finfish farming is also being
developed. Offshore environments have
distinct advantages that reduce both the
likelihood and extent of negative impacts
from fish and feed waste, namely the greater
depth and often stronger currents in these
environments, which naturally assist the
dilution and dispersal of farm wastes. Yet
moving farms offshore can influence the extent
and efficacy of maintenance and associated
resources. Where maintenance is intensified,
(i.e.  through more resource-intensive
infrastructure or greater distances from port
for vessels to travel to maintain sites) the
reduced environmental impacts from waste
could be “traded off” against increases in
other impacts, such as increased greenhouse
emissions from transport to service the farm
infrastructure (Fujita et al., 2023). Ensuring
offshore facilities are operated autonomously
using renewable energy can overcome this
challenge and is becoming an important
opportunity for expansion of aquaculture
activities to meet the demand-supply gap (Cai
and Leung, 2017). With automation, there will
also be less pressure to consolidate feeding
into a smaller area to suit manual handling

and the on-site operation of workers, which

Aquaculture sites, Ly Son Island,
Quang Ngii Province, Vietnam.
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can concentrate feed waste. Infrastructure
can, instead, be spaced to best align with the

carrying capacity of the local environment.

POTENTIAL PATHWAYS FOR
ENVIRONMENTAL BENEFITS

Aggregation of a range of fauna, in particular
fish, crustaceans, and echinoderms, at net pens
for finfish farming is a common occurrence.
A range of species are attracted for food,
shelter, or merely orientating toward the built
structures. These populations can be more
abundant and larger than fish at reference
sites; however, farm-associated fish can also
have also higher levels of parasitic infection
(Barrett, Swearer and Dempster, 2019), if
disease is not mitigated through effective fish
health management (e.g., approved veterinary
medicine treatment). Where the occurrence
of ecological traps, such as poorer population
health due to transfer of parasites and
pathogens or behavioural changes that result
in higher rates of predation, can be mitigated,
net pens could provide viable additional
habitat for a range of life cycle requirements
(Dempster et al., 2004; Sudirman et al., 2009).
Primary production can also be enhanced by
finfish farming. It has been suggested that
in sites where the addition of waste-related
nutrients is moderate, carrying capacity is not
exceeded, and nutrient limitation exists, there
may be a positive effect on primary production.
(Rensel and Forster, 2007; Price et al., 2015).
These effects require greater attention and
research to better understand the ecological
and farming characteristics that determine
whether an environmental benefit might occur.
For example, mild anthropogenic nutrient
sources in nutrient-poor areas may enhance

seagrass growth, but excess anthropogenic

nutrients are also a major driver of negative
impacts to seagrass meadows (Vieira et al.,
2022). Therefore, understanding the general
principles by which dissolved nutrients can be

a benefit to these systems is important.

Disease prevention, including good farm
biosecurity and a ‘one health’ approach, which
acknowledges the interdependency of animal
health and the health of the environment
(Stentiford et al., 2020), is critical to reducing
the need for treatment of farmed finfish
stock with chemicals, therapeutants, and
antibiotics to reduce parasites and pathogens.
Therapeutic veterinary medicines are an
important tool to maintain aquatic animal
health and welfare, but they should be used in
association with other disease management
and biosecurity measures (Roberts et al.,
2021). These treatments can be extensive and
persistent (Miranda, Godoy and Lee, 2018),
and if not appropriately regulated, ongoing
use can exacerbate antimicrobial resistance
(Reverter et al., 2020). Net pens that can be
sited in deeper waters and submerged can
be positioned at a depth that improves fish
survival and reduces the potential for disease
amplification and retransmission (including
to wild populations). This will decrease the
need for chemical treatment, thereby creating
more favourable conditions with less stress
on the surrounding ecosystem as well as
the farmed stock (O'Shea et al., 2019). The
strategic advantage of positioning net pens at
an optimal depth within the water column also
has the indirect benefit to waste treatment
through reduction of marine ecotoxicity and
can lead to more efficient fish production,
increasing profitability and creating a business

incentive (Box 1).
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Box 1. Offshore finfish farming
of Seriola rivoliana - Charco

Azul, Panama

Forever Oceans raises Seriola rivoliana in net
pens in the open ocean off the Pacific coast of
Panama. The farmer is using a unique design
that employs a single-point mooring, rather
than a grid of moorings, such that net pens
can be raised and lowered in the water column
in waters of 75 to 100 meters deep. Feeding
is fully automated and monitored remotely
rather than by personnel on a feed barge at
the offshore site. Ocean modelling of carrying
capacity has established that this approach
is highly unlikely to generate impacts to
the benthic environment (i.e., from fish and
feed waste), which is confirmed through
monthly sampling. The greater depth has also
proven helpful for reducing parasite loads,
which allows the company to run operations
with only hydrogen peroxide treatment to
reduce flukes instead of the environmentally
harmful chemicals commonly used in parts
of the industry. Forever Oceans has already
reduced Scope 1 and 2 carbon emissions
largely due to automation and has a strong
interest in reaching carbon neutrality. In 2022,

they conducted an Environmental Footprint

| S
FOREVER OCEANS

Assessment to estimate their environmental
impacts, including greenhouse gas emissions

and a suite of mitigation strategies.

Due to the company'’s interest in regenerative
practices throughout the lifecycle, this
assessment also explores the likely effects
of operations within the context of the
current health of the local environment - the
reference situation - and the opportunity for
Forever Oceans to implement sustainability
strategies that could have a positive effect
on biodiversity - the target reference situation
(Vrasdonk, Palme and Lennartsson, 2019).
This approach enabled practices specific to
fed finfish aquaculture and their effect on
biodiversity to be recognized, and then the size
of the positive effect that could be achieved
through certain mitigating measures to be
qualitatively estimated. Six strategies were
identified as having the potential to generate
both a negative impact to biodiversity, and
a positive impact if specific, identifiable

strategies were put in place (Figure 1).

Yellowtail Kingfish (Seriola laland).

BIODIVERSITY Hatchery

REFERENCE
SITUATION

Actions generating negative
impacts to biodiversity:

Clearance or disturbance of habitat
for infrastructure development, and

Growout

B

decreased ecosystem services

Discharge of poor quality water
from land-based facilities

changes to behavior, entanglement)
to vulnerable or endangered

| Increased risks/impacts (e.g.
species, including marine mammals

Attraction of fish to infrastructure,
changing behavior or increasing risk of
mortality (natural and anthropogenic)

Risk of marine ecotoxicity from
chemical treatments

NEGATIVE

BIODIVERSITY
IMPACT

Increased risk/impact from eutrophication
through additional organic deposits

BIODIVERSITY
TARGET
SITUATION

POSITIVE,
RESTORATIVE OR
ENHANCED
BIODIVERSITY
IMPACT

Actions repairing negative
impacts/generating positive
impacts to biodiversity:

I Restore more habitat than disturbed and
repair or enhance ecosystem services

Treat water and discharge at a higher
quality than that in receiving environment

Mitigate risks and actively use the site
to provide refuge

Include wild fish biomass occurring near
the farm in regional fisheries management
(e.g. fish sanctuaries, fishing limits)

Avoid the use of chemical treatments, favour
operational approaches to manage parasites

Minimize organic waste and adopt
ecosystem-based mitigating measures
(e.g. farming of seaweed)

Figure 1. Conceptual model of biodiversity interactions associated with
fed finfish aquaculture that could generate either a positive or negative
impact, depending on the practices implemented.

In addition to the net pen design deployed,
Forever Oceans is unique in the total area
of concession for which it is a steward,
having a total 46,000 hectares within its
single Panama concession, the smallest of
its concessions globally. The farmer intends
to develop a maximum of 10% of this
concession, raising an important question
about how large offshore concessions could
be proactively used for other environmental
gains. Where risks to fauna (e.g., fish, marine

mammals, seabirds), such as entanglement,

changed behaviour and migratory patterns,
can be mitigated, these ocean areas
could provide critical refuge from other
disturbances, such as mining and destructive
or illegal fishing practices. In early 2023,
Forever Oceans sponsored the start of a
Fisheries Improvement Program for an area
exceeding their concession in partnership
with the local fishing association and
international consultants. This management
scheme may further offer a positive shift in

environmental outcomes.
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Offshore marine finfish farming net pen.

Where farms can be designed, sited, and
operated to not negatively affect wild
populations or exceed natural carrying
capacity, an operator could choose to protect
the waters between growing sites and zones
to provide more area for marine protection
or conservation. Marine resource rights
currently issued by most governments are
not often of long enough time frame (many
permits for finfish farming are provided for
several years or up to a couple of decades)
to justify inclusion under most environmental
protection schemes, such as Marine

Protected Areas. But alternative models to

achieve global targets, such as protecting
30% of ocean area by 2030, are needed.
To build a bigger toolkit for conservation,
(Gurney et al., 2021) examining the value of
marine finfish farm areas as other effective
area-based conservation measures (OECMs)
is warranted, particularly where aquaculture
could also be used as a pathway to equity or
to bring to the fore other positive impacts for
nature and people, such as empowerment,
increased responsibility and action, and
improvements in governance (Alves-Pinto et
al., 2021). According to the Convention on

Biological Diversity,

“An OECM is a geographically defined
area other than a Protected Area,
which is governed and managed
in ways that achieve positive and
sustained long-term outcomes for the
in-situ conservation of biodiversity,
with associated ecosystem functions
and services and where applicable,
cultural, spiritual, socio-economic,

and other locally relevant values.”

Testing operating circumstances for marine
finfish aquaculture farm areas as OECMs may
see the benefits of a model whereby for-profit
aquaculture production funds long-term

marine protection.

To better understand the potential for offshore
marine finfish farms to employ regenerative
and restorative aquaculture practices, and
to generate environmental benefits, rigorous
sampling and monitoring will be needed.
Real-time observation and adaptive response
and management systems will be most
appropriate. Machine learning approaches
that can iteratively improve and guide feed
application, management, and maintenance
practices, so that they are appropriate to local
environmental conditions and variability in
environmental conditions should be applied.
Underwater video monitoring and automated
detection of critical events such as stock
escapes (e.g., through net pen damage),
mortalities, and increasing parasite loads, will

be highly beneficial.

Offshore marine finfish farming net pen supported

by a feed barge tethered to the main net pen.
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POTENTIAL BENEFITS OF FINFISH FARMING

Habitat and biodiversity

Fish are commonly attracted to net pens and can be more abundant and larger around
aquaculture sites, using these areas for range of life cycle needs, including recruitment. This
can have a positive effect on wild fish populations. However, it can also create an ecological
trap (reducing the fitness of the population through predation, disease, parasitism, or fishing)

that must be avoided.

Marine finfish farm areas (permitted areas, lease areas, concessions) are often large, and
regulatory requirements for mitigation of negative environmental impacts means net pens
can be required (by law or best practice) to occupy only a small portion of this area. This
provides an opportunity for the area to be actively managed for positive environmental or
community outcomes, potentially reflecting OECMs that could enhance or expand protection

areas for local biodiversity.

Water quality and climate change adaptation

Marine finfish species are unlikely to directly provide ecosystem services associated with
waste treatment, biological control, or climate adaptation. But these services could be
indirectly associated with coupling marine finfish farms with species that do, e.g., co-culture
of seaweeds or bivalves, using the same area and supporting infrastructure, and co-location
of other industry activities and infrastructure, such as energy facilities or artificial reefs. In
the absence of having physical space and supporting infrastructure these services might not

otherwise be made available.

Sustainable food, resources, and livelihood

When farmed efficiently, with the inclusion of renewable sources of fuel and energy and
distributed to market without using greenhouse gas emissions-intensive transport (such as
air freight), marine finfish can be a source of high-quality protein and nutrition produced with

lower emissions and other environmental impacts than terrestrial food sources.

Downstream handling and processing of finfish are important sources of employment and
livelihood in seafood industries, including for women in certain segments of the supply chain
(The World Bank, 2012). Perpetuated inequality and a lack of effective policy, however,
can lead to women in this sector being poorly paid or predominantly used in unstable or
lower quality work conditions (FAO, 2022b). Attention to the availability but also quality
of employment for women in processing and increasing their participation in farm-side

activities could be a valuable ecosystem service.

Aquaculture activities provide a pathway for existing fisheries or other maritime sectors
to engage in new or diversified economic opportunities and employment. Comparable
equipment can be required between these sectors and activities that is compatible with

other economic activities, such as seasonal fisheries.

LOW  RELATIVE EXTENT OF BENEFIT HIGH

Habitat and biodiversity Figure 2. Potential

extent of environmental

Climate change adaptation

Sustainable food, resources and livelihood

similar systems.

O
©

IMPLICATIONS FOR MONITORING AND EVALUATION FOR
REGENERATIVE AND RESTORATIVE AQUACULTURE

Pre-assessing and monitoring the suitability of sites to identify the best locations, ecologically
and logistically, can support effective management of these considerations. Appropriately
siting marine finfish aquaculture is one of the most important factors determining whether
environmental impacts will be negative or positive. Siting finfish activities in areas that have
sufficient carrying capacity, or in areas with sufficient flushing rates or deeper water, reduces
the risk of waste (from feed and faeces), but can introduce trade-offs, such as increased

demands on energy.

Comprehensive and effective monitoring programs are required, regionally and internally (farmer-
scale), to support continual improvement and rapid detection of negative environmental impacts
or unanticipated effects, including effects from trade-offs that might be associated with offshore

operations, such as increased demands on energy or displacement of other users of the area.

Environmental benefits should be considered and valued across the entirety of the farm area and
supply chain but have a particular focus on activities associated with net pens given the increased

risk of negative environmental impacts at these sites.

Farmers and feed providers should work together to identify opportunities for regenerative
farming practices upstream, so that these can be embedded within the production of wild caught

and terrestrial ingredients for aquafeeds, e.g., increasing the use of deforestation free soy.

Water quality finfish farming.

Extent of benefits is
indicative only and
relative to each other and

benefits from marine
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Habitat and biodiversity

Attraction of fish to net pens and their use of this habitat (i.e., for foraging, shelter,
recruitment) should be monitored through easy-to-use methods such as underwater video,
and the biomass attracted estimated using approaches that are consistent with regional stock
assessment methods, so that the implications of fish attraction and potential refuge can
be considered in fisheries management. Synonymous sampling of parasites and pathogens
in wild populations, while difficult, can be advantageous to rule out impacts or transfer of
impacts from farmed to wild stock. Thorough documentation of farm health and practices

(e.g., veterinary medicine use, stock health assessments) are imperative.

The use of the farm area by fauna, including marine mammals and migratory fish species,
should be monitored regularly to establish an accurate record of species using the site and
to reduce the risk of negative impacts, such as entanglement in farming or fishing gear and

disturbance from shipping.

Sustainable food, resources, and livelihood

Data on activities and inputs throughout the life cycle of production should be regularly
collected, particularly information on fuel, energy and feed use, to support monitoring and
responsiveness to life cycle impacts and to assist in the delivery of high-quality finfish protein

with low emissions and environmental impact.

Gendered data on employment should be collected by operators and government
jurisdictions to support appropriate and effective policies for livelihood, such as support for

new employment or improvements in the type or quality work for women.

© Forever Oceans

References

Aguilar-Manjarrez, J., Soto, D. and Brummett, R. (2017) Aquaculture zoning, site selection and area management under the ecosystem
approach to aquaculture. ACS113536. Rome, Italy and Washington, D. C.: FAO and The World Bank, p. 395.

Alves-Pinto, H. et al. (2021) ‘Opportunities and challenges of other effective area-based conservation measures (OECMs) for biodiversity
conservation', Perspectives in Ecology and Conservation, 19(2), pp. 115-120. Available at: https://doi.org/10.1016/j.pecon.2021.01.004.

Barrett, L.T., Swearer, S.E. and Dempster, T. (2019) ‘Impacts of marine and freshwater aquaculture on wildlife: a global meta-analysis’,
Reviews in Aquaculture, 11(4), pp. 1022-1044. Available at: https://doi.org/10.1111/raq.12277.

Cai, J. and Leung, P.S. (2017) Short-term projection of global fish demand and supply gaps. FAO Fisheries and Aquaculture Technical Paper
No. 607. Rome: FAO.

Costello, C. et al. (2020) ‘The future of food from the sea’, Nature, 588(7836), pp. 95-100. Available at:
https://doi.org/10.1038/s41586-020-2616-y.

Dempster, T. et al. (2004) ‘Extensive Aggregations of Wild Fish at Coastal Sea-Cage Fish Farms', Hydrobiologia, 525(1), pp. 245-248.
Available at: https://doi.org/10.1023/B:HYDR.0000038870.13985.0f.

FAO (2022a) Blue Transformation - Roadmap 2022-2030: A vision for FAQ’s work on aquatic food systems. Rome, Italy: FAO. Available at:
https://doi.org/10.4060/cc045%en.

FAO (2022b) The State of World Fisheries and Aquaculture 2022. Towards Blue Transformation. Rome: FAO. Available at:
https://doi.org/10.4060/cc0461en.

Fletcher, W. et al. (2004) National ESD Reporting Framework: The “How To” Guide for Aquaculture. Version 1.1. Canberra, Australia: FRDC, p. 88.

Froehlich, H.E. et al. (2018) ‘Comparative terrestrial feed and land use of an aquaculture-dominant world’, Proceedings of the National
Academy of Sciences, 115(20), pp. 5295-5300. Available at: https://doi.org/10.1073/pnas.1801692115.

Fujita, R. et al. (2023) ‘Toward an environmentally responsible offshore aquaculture industry in the United States: Ecological risks,
remedies, and knowledge gaps', Marine Policy, 147, p. 105351. Available at: https://doi.org/10.1016/j.marpol.2022.105351.

Gurney, G.G. et al. (2021) ‘Biodiversity needs every tool in the box: use OECMs’, Nature, 595, pp. 646-649. Available at:
https://doi.org/doi: https://doi.org/10.1038/d41586-021-02041-4.

Lauer, P. et al. (2015) ‘Learning from the systematic approach to aquaculture zoning in South Australia: A case study of aquaculture
(Zones - Lower Eyre Peninsula) Policy 2013, Marine Policy, 59, pp. 77-84. Available at: https://doi.org/10.1016/j.marpol.2015.04.019.

Longdill, P.C., Healy, T.R. and Black, K.P. (2008) ‘An integrated GIS approach for sustainable aquaculture management area site selection’,
Ocean & Coastal Management, 51(8), pp. 612-624. Available at: https://doi.org/10.1016/j.0cecoaman.2008.06.010.

Middleton, J.F. and Doubell, M. (2014) ‘Carrying capacity for finfish aquaculture. Part I —Near-field semi-analytic solutions’, Aquacultural
Engineering, 62, pp. 54-65. Available at: https://doi.org/10.1016/j.aquaeng.2014.07.005.

Middleton, J.F., Luick, J. and James, C. (2014) ‘Carrying capacity for finfish aquaculture, Part Il - Rapid assessment using hydrodynamic
and semi-analytic solutions’, Aquacultural Engineering, 62, pp. 66-78. Available at: https://doi.org/10.1016/j.aquaeng.2014.07.006.

Miranda, C.D., Godoy, F.A. and Lee, M.R. (2018) ‘Current Status of the Use of Antibiotics and the Antimicrobial Resistance in the Chilean
Salmon Farms', Frontiers in Microbiology, 9. Available at: https://www.frontiersin.org/articles/10.3389/fmicb.2018.01284.

Naylor, R.L., Hardy, RW., et al. (2021) ‘A 20-year retrospective review of global aquaculture’, Nature, 591(7851), pp. 551-563. Available at:
https://doi.org/10.1038/s41586-021-03308-6.

Naylor, R.L., Kishore, A., et al. (2021) ‘Blue food demand across geographic and temporal scales’, Nature Communications, 12(1), p. 5413.
Available at: https://doi.org/10.1038/s41467-021-25516-4.

O'Shea, T. et al. (2019) Towards a Blue Revolution: Catalyzing Private Investment in Sustainable Aquaculture Production Systems. Arlington, VA,
USA: The Nature Conservancy and Encourage Capital.

Oyinlola, M.A. et al. (2018) ‘Global estimation of areas with suitable environmental conditions for mariculture species’, PLOS ONE. Edited
by L. Bosso, 13(1), p. e0191086. Available at: https://doi.org/10.1371/journal.pone.0191086.

Price C. et al. (2015) ‘Marine cage culture and the environment: effects on water quality and primary production’, Aquaculture Environment
Interactions, 6(2), pp. 151-174.

Rensel, J.E. and Forster, J.R.M. (2007) Beneficial environmental effects of marine finfish mariculture. Final Report. Beneficial environmental
effects of marine finfish mariculture. NOAA Award # NAO40AR4170130. Washington, D.C.

Reverter, M. et al. (2020) ‘Aquaculture at the crossroads of global warming and antimicrobial resistance’, Nature Communications, 11(1),
p. 1870. Available at: https://doi.org/10.1038/s41467-020-15735-6.

Roberts, S., Bansemer, M., Landos, M., (2021) National biosecurity plan guidelines for the Australian sea-cage finfish (non-salmonid)
industry. Department of Agriculture, Water and the Environment, Canberra. ISBN 978-1-76003-447-4

13


https://doi.org/10.1016/j.pecon.2021.01.004
https://doi.org/10.1111/raq.12277
https://doi.org/10.1038/s41586-020-2616-y
https://doi.org/10.1023/B:HYDR.0000038870.13985.0f
https://doi.org/10.4060/cc0459en
https://doi.org/10.4060/cc0461en
https://doi.org/10.1073/pnas.1801692115
https://doi.org/10.1016/j.marpol.2022.105351
https://doi.org/doi: https://doi.org/10.1038/d41586-021-02041-4
https://doi.org/10.1016/j.marpol.2015.04.019
https://doi.org/10.1016/j.ocecoaman.2008.06.010
https://doi.org/10.1016/j.aquaeng.2014.07.005
https://doi.org/10.1016/j.aquaeng.2014.07.006
https://www.frontiersin.org/articles/10.3389/fmicb.2018.01284
https://doi.org/10.1038/s41586-021-03308-6
https://doi.org/10.1038/s41467-021-25516-4
https://doi.org/10.1371/journal.pone.0191086
https://doi.org/10.1038/s41467-020-15735-6

CASE STUDY: MARINE FINFISH FARMING

Stentiford, G.D. et al. (2020) ‘Sustainable aquaculture through the One Health lens’, Nature Food, 1(8) pp 468-474. Available at:
https://doi.org/10.1038/s43016-020-0127-5.

»'.
Sudirman et al. (2009) ‘Wild fish associated with tropical sea cage aquaculture in South Sulawesi, Indonesia’, Aquaculture, 286(3), pp.
233-239. Available at: https://doi.org/10.1016/j.aquaculture.2008.09.020.

The Nature Conservancy (2021) Global Principles of Restorative Aquaculture. Arlington, VA.

The World Bank (2012) Hidden Harvest. The Global Contribution of Capture Fisheries. Report Number 66469-GLB. The World Bank.
Washington, D.C.

Vieira, V.M.N.C.S. et al. (2022) Seagrasses benefit from mild anthropogenic nutrient additions’, Frontiers in Marine Science, 9. Available at:

Vrasdonk, E., Palme, U. and Lennartsson, T. (2019) ‘Reference situations for biodiversity in life cycle assessments: conceptual bridging
between LCA and conservation biology’, The International Journal of Life Cycle Assessment, 24(9), pp. 1631-1642. Available at:
https://doi.org/10.1007/511367-019-01594-x.

Yin, S. et al. (2018) ‘Selection of suitable coastal aquaculture SItes using Multi- Crlterla Decision Analysis in Menai Strait, UK’, Ocean &
Coastal Management, 165, pp. 268-279. Available at: https:,



https://doi.org/10.1038/s43016-020-0127-5
https://doi.org/10.1016/j.aquaculture.2008.09.020
https://www.frontiersin.org/articles/10.3389/fmars.2022.960249
https://doi.org/10.1007/s11367-019-01594-x
https://doi.org/10.1016/j.ocecoaman.2018.08.022

