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Abstract :

To meet the Convention on Biological Diversity's Aichi Target 11 on marine biodiversity protection and
Aichi Target 6 on sustainable fisheries by 2020, as well as the Sustainable Development Goal (SDG) 2
on food security and SDG 14 on oceans by 2030, there is an urgent need to rethink how best to
reconcile nature conservation and sustainable development.

This paper argues for effective governance to support processes that apply principles of sustainable
development and an ecosystem approach to decide about economic activities at sea such as
aquaculture. It describes opportunities, benefits and synergies between aquaculture and MPAs as a
basis for wider debate. The scope is not a comprehensive analysis of aquaculture and MPAs, but rather
to present examples of positive interactions between aquaculture activities and MPAs. The unintended
negative consequences are also discussed to present balanced arguments.

This work draws from four workshops held in 2015 and 2016 and used to collect information from about
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100 experts representing various sectors and perspectives.

It is recognized that aquaculture is an important activity in terms of sustainable development. It can play
a role in providing food security, poverty alleviation and economic resilience, in particular for MPA local
communities, and contribute to wild stock enhancement, as an alternative to overfishing and for
providing services to the ecosystem.

This study showed that there is a need from both aquaculture and MPA sides for clarity of objectives
and willingness for open and extensive dialogue. The paper concludes by describing a number of tools
and methods for supporting greater synergies between aquaculture and MPAs.

The results from this work have already helped to build a common understanding between conservation
and aquaculture and initiate a rapprochement for increasing synergies.

Keywords : aquaculture, ecosystem approach, environmental impact assessment, littoral, marine
protected area, ocean, sublittoral



1. Introduction

Around 85% of world’s fisheries are either beinghfd at full capacity or already overexploited, and
depleted (FAO, 2016a). As the world’s populatioexpected to reach 9.7 billion by 2050 (according
to the 2015 United Nations revision of world popigia prospects (United Nations, Department of
Economic and Social Affairs, Population Divisior15)), global fisheries will continue to be under
pressure in order to meet this future demand fod fish. Attention is gradually being drawn to
aquaculture as one option to meet this anticipsiedtfall. It is projected that aquaculture in 20@8
supply 52% of fish for human food (FAO, 2016a)tthe meantime, the need for ocean conservation
becomes more acute as the expansion of some hutigities directly threatens ocean biodiversity,
ecosystem services and aquatic food security (leaff& Baxter, 2016). Moreover, global changes,
including climate change, have been shown to samifly impact ocean systems. The creation of
Marine Protected Areas (MPA) is a key tool that magble the various Aichi targets to be met (CBD,
2010). However, to be truly successful, they neelde integrated within local contexts; they need to
embrace where at all possible and appropriateaisadtie economic activities to be managed in
accordance with conservation objectives. Aquaceltenight meet these requirements under some
conditions and situations, and indeed may be moeteble than other uses, such as fisheries that
could and are proposed in multiple-use MPAs. Thegse of this paper is to explore what kind of
synergies and opportunities might look like to griklPAs and aquaculture closer together whilst
respecting their individual ideas and ambitionsdatribute to ecological and human well-being.

For the nature conservation community (e.g. NorfilPf@rganizations, scientists, MPA managers,
policy makers, etc.), aquaculture has often begarded as a source of coastal pollution, habitat
degradation or local conflicts with the differemicél users. However, it may be argued that, if
industrial aguaculture is deemed as polluting, staoable, and source of social conflicts, on the
other hand, traditional aquaculture has very ofteen addressed as livelihood activity for small and
poor communities. The link between shrimp farmimgl anangrove deforestation is one example
where inappropriate farming practices have led #bitht loss and pollution, as have some
circumstances associated with intensive net-catpeféirming causing localized inshore eutrophication
(Soto et al., 2012). In addition, rearing fish withmpound feeds containing high levels of fish nieal
fish oil derived from small wild pelagic fish issal considered unsustainable in the long-term (le
Gouvello & Simard, 2017). Considerable progressiieen made in recent years to reduce the levels
of fishery-derived feedstuffs in the feeds usedffoming fish and shrimp. There is also the issue o
escapees from fish farms, which may affect marimggliersity. In general, public criticism and
negative perceptions of environmental impacts amgetiments to the creation of new aquaculture
activities (Kaiser & Stead, 2002). This criticismashbeen reinforced by a number of public campaigns
focusing on negative impacts of some aquacultustegys (Alexander, Freeman, & Potts, 2016).
However, much progress has been made globally velage and disseminate good (and “best”)
aquaculture practices (FAO, 2016c; Fezzardi ekall3; IUCN, 2007, 2009a, b; Massa, Rigillo, et al.
2017; Rey-Valette et al., 2008). Moreover, nonifinfaquaculture represents a large proportionef th
world’s seafood production (FAO, 2016a) and cartrioute positively to ecosystem services such as
carbon sequestration and nitrogen utilization (Figa et al., 2015; Jiang et al., 2015). Additibnal

2



most marine aquaculture operations are locatedoastal areas and have a strong overlap with
conservation interests as both MPA and aquaculineehighly dependent on good water quality.
Therefore, based on the intertwined relationshippveen aquaculture, the environment and MPAs
(Massa, Rigillo, et al., 2017), the potential exiébr aquaculture farms to serve as early warning
systems for the ecological status of coastal etesys Thus, with appropriate site selection and
management, for example through the establishmérdllocated zones for aquaculture “AZA”
(Sanchez-Jerez et al., 2016), aquaculture intecestd be directly aligned with MPA objectives.

Aquaculture is much diversified in terms of the tn@mof aquatic species being farmed, the types of
technologies used and the degree of intensificattn Between the two extreme situations, on one
hand intensive industrial fish farming, and, on titber hand, extensive low density aquaculture
driven by communities, there exists a wide rangagefaculture practices, types and scales that could
provide opportunities for greater synergies witmaltiple-use MPAs. Such multiple-use MPAs could
also provide alternative livelihoods, moving awagnh destructive practices and develop sustainable
financing opportunities for the MPA management.

If this vision is to become a more plausible rgalihe assessment of the sustainability of aquault
will need to be examined in detail. In particulmomprehensive full cost/benefit and impact
assessment analyses of farms should be conducted aase-by-case basis to provide solid case
studies of good practices.

A key aspect though is the need to focus on crgatimmon understanding and dialogue. There is
much suspicion about conservation objectives, wigome on the aquaculture side consider are
contrary to their business interests. For many egjusre producers, MPAs are viewed as places
where no farming is allowednbd take/no usezones, which is a wrong perception, as a red¢oiN
MPA guide pointed out (Day et al., 2012). The itgais that IUCN has defined six categories of
MPAs (Tables 1 and 2) whereby the two most commaplylied types (Categories V and VI) allow
some aquaculture activities (Day et al., 2012)e@aty VI reflects multi-purpose MPA aiming to both
preserve biodiversity and enhance a sustainableoety by managing related impacts and synergies.
However, by looking into details, most MPA categsrimay allow some type of aquaculture as
discussed later in this paper. Quite how approp@auaculture should be within a MPA category is,
in fact, the essence of this paper.

This is a very timely debate as there is much gre@cognition that aquaculture needs good quality
water and space (European Commission, 2012; HofNatrle, & Trujillo, 2015; Sanchez-Jerez et al.,
2016) and that multiple-use MPAs need environmgntampatible economic activities in order to
help provide sustainable financing. This debaterie that is already happening in the context of
delivering sustainable development, as Dempsteil. €2006) outlined by sayingajuaculture and
conservation can work togettielThe debate does, however, raise significant tquresincluding how
can MPAs support aquaculture development, how shaguaculture activities support MPAs and
how can negative interactions be minimized andtgresommon trust be achieved? Beyond the fact of
recognizing that aquaculture may be compatibleiwitiertain types of MPAS, it also raises the caitic
issue whether all aquaculture types of productiould be adapted to MPAs. Alternatively, would it
be possible and indeed practical to define a s@ppecific approach or insist upon a set of ppiesi

to accompany the process of making sure that aacatiure type fits into a MPA type, for reconciling
aquaculture and MPAs?

This work aims to explore the relationship betweasitiple use MPAs and compatible activities. If
the Aichi Target 13, Aichi Target 6, the Sustainable Development Goahdd SDG 1Z(CBD, 2010;

2 Target 11 By 2020, at least 17 per cent of terrestrial andnid water, and 10 per cent of coastal and marniaasa
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United Nations, 2015) are to be met, then the aspirs of nature conservation and development need
to be reconciled and in particular, aquaculture iMRGAS.

2. Building a picture of MPA and aquacultureinteractions

This paper is the result of a project initiatedtbg IUCN Commission on Ecosystem Management
Ecosystem-based Aquaculture Group and supporteBooydation Albert 1l of Monaco and was
developed, from June 2015 to November 2016. Foukstop$ on the subject were organized and
coordinated by the IUCN team. In total, the workshaathered around 100 people from various
nationalities, sectors and perspectives (scientititutions, consulting offices & private compesy
intergovernmental or national organizations). Tkmre organized as open discussions between the
organization team and all participants. For thiggsaa first preliminary (but not exhaustive) ldarre
review was conducted, to illustrate some of thedassraised by the participants, each of whom was
also invited to provide the most relevant artideghis topic to further enrich the paper.

Eight case studies were presented by institutiggaatners and non-governmental organizations
(NGOs). These case studies were not limited tdbkskeed experience on aquaculture farms within
MPAs but offered a broader scope to show diverditgquaculture systems that have, were or might
be settled within MPAs. Mostly from Europe and A&j these examples offered a variety of
approaches and situations that highlighted somengiat synergies or critical issues to be further
investigated. They followed the same framework, elgnpresenting the project location, socio-

environmental issues and contexts, the MPA and affuse respective objectives, the site

management and stakeholder’s overview. As a coilacldsr each case, an analysis of the strengths,
weaknesses, opportunities and threats (SWOT) wasoped, as this tool has been widely used in
various situations to analyse projects and stragsegb gather opinions of a panel of people from
various backgrounds, so that the context can kerbetptured (Glass, Kruse & Miller, 2015; Helms

& Nixon, 2010; IUCN, 2017a; Stead, 2005).

The results of these discussions and exchanggsegented in the following section and highlighd th
main issues and outcomes. This is supported by tBWWOT analysis case studies and many other
examples from around the world to illustrate keantts observed. One SWOT analysis case study is
from the NGO Blue Ventures and focuses on sea cheurgdolothuria scabrd and carrageenan
seaweedKappaphycus alvarezifarming in the Velondriake locally managed mararea (LMMA)

in Madagascar. The second case study is providdtiebyfremer-Parc Marin de Mayotte team from
the island of Mayotte, in the French Indian Ocearrifories and the third summarizes the aquaculture
production in Madeira and Canary Islands.

especially areas of particular importance for bredsity and ecosystem services, are conserved ghreifectively and
equitably managed, ecologically representativevaell connected systems of protected areas and effestive area-based
conservation measures, and integrated into therwadescapes and seascapes.
3 Target 6: By 2020 all fish and invertebrate stoakd aquatic plants are managed and harvestedrmaldiailegally and
applying ecosystem based approaches, so that shiagi is avoided, recovery plans and measuresnamdace for all
depleted species, fisheries have no significaneisgyimpacts on threatened species and vulnerabkystems and the
impacts of fisheries on stocks, species and ecasigsare within safe ecological limits.
* Sustainable Development Goal 2: End hunger, aehifead security and improved nutrition, and promststainable
agriculture
® Sustainable Development Goal 14: Conserve and sablgi use the oceans, seas and marine resourcssid@minable
development.
® As follows: a 2 day workshop conducted in Paridten24-25th of June 2015 as part of the Monaco Blitiative (MBI),
a 1 day workshop on the 23 of october 2015 in Radé@® as part of the Annual Congress of the Eurogearaculture
Society (EAS), 1 knowledge coffee on the 4th oft8eyber 2016 as part of IUCN World Congress in Honplahd a 1 day
workshop in Edinburgh, September 2016 (EAS).
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3. Identifying syner gies between M PAs and aquaculture

The two topics that can frame the exploration afesgies between MPAs and aquaculture are the
compatibility of aquaculture and MPA conservatiobjeatives, and the intended purpose of
aquaculture projects within the MPA.

3.1 Can aquacultur e production be compatible with conservation objectives?

To achieve better opportunities for positive syfesgMPA management should include an evaluation
of the potential impacts of aquaculture on the meagnvironment and socio-economics of those that
interact or depend on MPAs for their livelihoods recreational pursuits. Different aquaculture

systems may cause diverse effects on the natukdtoement, such as habitat deterioration and
ecosystem functions disturbance. However, somecadjuge systems may have positive effects for

the biodiversity of the site (European Commissipfl12) and their objectives be compatible with

MPA targets. Several key questions arise:

e Can aquaculture play a role for wild stock faunaldtora restoration/conservation?

Aquaculture is often limited to food production poses, however some aquaculture can present a
positive opportunity for MPAs such as restocking waflnerable species and enhancement of
biodiversity. Aquaculture of the dusky group&p(nephelus marginatyigor conservation purposes
undertaken in Italian MPAs is one example (Donaddllongobardi, Finoia, & Marino, 2015). The
objective of the programme was to restore the pdjoul of groupers after years of overfishing and
evaluate the success of restocking related to uhavsl rate of juveniles in the wild (the original
population was reduced by 88% between 1990 and)2Bl@dvever, in such cases, caution should also
be exercised and levels of genetic differentiatiorwild stock be determined beforehand to avoid
unwanted genetic impacts (Jgrstad & Farestveit9lFarming coral reefs also appears an appealing
option in tropical MPAs (Pomeroy, Parks, & Balb@f06). A study on community-based coral
aguaculture in Madagascar showed that profit caeady be made by the second year - marine animal
wholesale companies and NGOs being the main cli@fadinanahary et al., 2017). It could be a
source of material for reef restoration in MPAs aidhe same time reduce the pressure on wild
populations. More than 80% of traded corals atkcstilected from the wild, farming techniques have
become inexpensive and adaptable on a small-segjevillage production), for some specific cases,
as Todinanahary et al. (2017) recently emphasizestertheless, Edwards & Gomez (2007) pointed
out that reef restoration may be costly and lefisigfit than coral reef preservation which shoutd b
considered as the first priority option and, intigatar because of coral reef vulnerability to dita
change.

There is, however, a lack of guidelines for a resjide approach to stock enhancement through
aquaculture which will hamper future progress. Sgaidelines would need to cover the need for

appropriate management tools such as risk assesameenefits analysis, pathogen free specimens
and genetic monitoring, relevant to each local exint

e Can aquaculture be designed for fisheries enhannerard/or as an alternative to excessive
overfishing of vulnerable fisheries?

Even though restocking for fisheries based on aguae has been well developed in many countries
5



for decades such as Japan (all fisheries) andeitU®A (salmon fisheries), these kinds of aquaceiltur
depend on specific national and local traditionsial governance mechanisms, markets, and rely on
appropriate monitoring tools, in order to avoid anfs on wild stocks.

Some MPAs are established in order to alleviate pghessure on wild fish stocks and restore
population health. Aquaculture cages or farmingrastfuctures may serve as potential
nurseries/feeding grounds and shelters for wildufans under controlled conditions (Dempster et
al., 2006; Yang et al., 2015). Tropical seaweedpction trials undertaken in Costa Rica showed that
cultivated seaweed plots rapidly and significarglyhanced local biodiversity compared to control
areas, notably for a large humber of fish spedresi(@lovich, Umanzor, Cabrera, & Mata, 2015).
Kenya's coastal areas, small scale aguaculturextwwéaive species is being developed to provide
alternative livelihoods and diminish fishery prassin coral reefs (FAO, 2016b). Traditional coastal
lagoon management in some particular areas of gditbtranean (e.g. thallicoltura in North Italy)

is also a good example where traditional extensiggaculture (mainly based on restocking and
hydraulic management) and artisanal fisheries mm@eimented in sensitive ecosystems, and these
have remained unchanged for centuries and cordributthe livelihood of coastal communities
(Cataudella, Crosetti, & Massa, 2015).

Aquaculture activities can also be an alternatorefihing especially in regions of great povefga
cucumber Kolothuria scabra)and red “cottonii” seaweedéppaphycus alvareziifarming in the
Locally Managed Marine Area of Velondriake in Madagar helps reduce the pressure on natural
marine resources (Table 3) (IUCN, 2017a). In tm&saathe small-scale fisheries employ 87% of the
adult population and generate an average of 82%lldiousehold income. Aquaculture diversifies
livelihoods among farming communities, reducing alodependence on over-exploited capture
fisheries. However, a quantification of these impashould be further investigated as increased
incomes from aquaculture activities may also leadhigher investments in fishing gear and
consequently to a greater exploitation of fisheries

A socio-economic marine livelihoods study condudgte®odrigues in 2015 showed that most fishers
were willing to do other work than fishing per dmjt 56% stated that they did not have other
alternatives to fishing to secure food or incomar(ilton, Stubber, & Stead, unpublished data).
Access to appropriate aquaculture training mightthee key factor for future transition in fishing
communities interested in considering aquacultdmvever, as outlined in the SWOT analysis for the
Blue Ventures case in Madagascar (Table 3) (IUGN,73), the usual animosity between fishermen
and aquaculturists may constitute a serious thoeidte project’'s success. On the other hand, wéiere
MPA has led to the displacement of fishers andteckéensions between MPA rangers and fishers
with the latter arguing there are few alternatiessor it is more expensive to find new fishingas,
then considering particular types of aquaculturBiPAs might offer an alternative source of food and
income to fishers among other benefits.

Additionally, aquaculture may become an incredgirignportant provider of work for women
(Monfort, 2015; Slater, Mgaya, Mill, Rushton, & &tk 2013). Thus, to counter any reduced access to
marine resources through creation of MPAs, theusioh of aquaculture in these areas especially
when managed effectively could offer women a chaticgenerate income and food under the
protection of rangers. For example, in Madagascaore than 50% of Velondriake LMMA
aquaculture farmers are women (Table 3) (IUCN, 2017

e Can aquaculture play a major role for food securppverty alleviation and economic resilience
of MPA local communities?



Even a limited access to seafood products (algafsH, crustaceans and shellfish from fisheries or
aquaculture) for local consumption was demonstredddcrease resilience in vulnerable populations.
In particular, it helped people face food and mutishortages by providing a source of unsaturated
omega-3 fatty acids, high-value and easily digéstipoteins, carbohydrates, fiber and a wide rafge
micronutrients (Msangi et al., 2013). In a soctabdy conducted in five countries, over 50% of 2,520
respondents were considering aquaculture as aaviaiyprove health and nutrition and for being part
of a reliable and affordable food source (Alexanéeral.,, 2016) The impressive increase in
aquaculture production has contributed to maimagirthe overall low price of fish and increase the
average availability of seafood per capita to carens around the world (FAO, 2016a).

Aquaculture helps in several ways, directly andraadly, by reducing poverty and food insecurity
(Toufique & Belton, 2014). Some aquaculture farresagveed, sea cucumber, corals, etc.) operate
with low running costs and no feed inputs (Table(lB)CN, 2017a; Todinanahary et al., 2017).
Production methods may be simple, easily tranddawoeartisanal fishers (Radulovich et al., 2015) an
require minimal technical support after initialitiag.

Direct collaboration with fish farms may lower cosind improve logistics of MPAs. In a pilot project
fish farm in Madeira from 1990s (IUCN, 2017a), lteh nearby a remote terrestrial protected area
(TPA), there was a close collaboration betweerfahm management and the conservation authority.
Park rangers would often come on board the fisim flaoat during routine work and take the ride to
survey the protected coast. Besides, TPA rangedutn once on land would “keep an eye” on any
unwanted boat approaching the cages. MPA managemghorities may also receive fees from
aquaculture since it benefits from a specific lmratand clean environment. This opportunity is,
however, dependent on Small and Medium Enterp(S&¥Es) and industrial production rather than
on community-based small scale aquaculture.

e Can aquaculture provide services to ecosystems asi@mhanced carbon sequestration, nutrients
or phytoplankton consumption and is this beneftial

Certain types of aquaculture have the potentiabupport local ecosystem services through their
interactions with such services, though this issu@etimes leads to conflicting results and hagoyet
be demonstrated at scale. A potential carbon st&gtiea function was demonstrated for seaweed
fields and shellfish farming in several studieddireira et al., 2015; Jiang et al., 2015; Massafdn

& Fezzardi, 2017). A nutrient-related bio-mitigaticdunction is also proposed for non-finfish
aquaculture. Cultivated seaweeds can use nitraggnotv and therefore can mitigate eutrophication
episodes (Wu et al., 2015). According to Filgueital. (2015), farmed bivalves contribute to nuttie
regulation in coastal areas. Other authors suggesia cultured shellfish could mitigate coastal
eutrophication (Cranford et al., 2007; Lindahl, 20Petersen et al., 2014; Rice, 2001) and alsoplay
role in benthic restoration (Dumbauld, Ruesink, &niill, 2009).

This nutrient-related bio-mitigation function prdes the basis for the recent development of
Integrated Multi-Trophic Aquaculture (IMTA) (Chopiet al., 2012; Martinez-Espifieira et al., 2016;
Soto, 2009). For instance, within the same coastal, cultivated shellfish and seaweeds could lienef
from the organic and inorganic effluents generdedinfish farms and thus, reduce the impacts ef th
latter on the surrounding environment. The ovegaibss nutrient balance of this diversified
aquaculture production system is almost neutraliekavever, on the downside, attention should also
focus on the potential interference with the hytcapatterns of the area, exposure to pathogens and
impacts on benthic communities through increasemtdbposition loadings (Jiang et al., 2015;
Lamprianidou, Telfer, & Ross, 2015).



Some forms of aqua-silviculture are also possipledmbining aquaculture with mangrove replanting
and landscaping (Soto, 2009). In this directiorw perspectives are also in development concerning
integrating artificial reef and multi-trophic aquéitire to improve local biodiversity and
environmental integration, mixing environmental egreengineering and aquaculture performance
(Medioni, et al.,, 2013). MPAs may offer field oppaorities under the right circumstances to
investigate and test such innovative aquacultuséesys and approaches on a pilot scale.

To conclude, whatever the objective of aquaculproaluction is, compatibility with MPA objectives
and conservation targets relies on an integratet emosystemic approach. Joined-up thinking on
producing species adapted to local conditions, amyimg capacity concept, and on different rules
related to best practices for site selection (IU@809a; Sanchez-Jerez et al.,, 2016) need to be
considered alongside one another, as discussdtifolowing sections. Efforts are hampered by
lack of mutual knowledge, lack of good documentedneples and associated guidelines for the
industry to follow.

3.2 Defining aframe for enhancing syner gies between M PAs and aquaculture
3.2.1 Providing clarity on purposes and managenobipgctives?

What is evident is that clarity of purpose and nmtéoth for MPA managers and aquaculture
operations will be critical in creating greater ogpnities and synergies in the future. For aquacel)

this means being clear from the outset and havisgudsions as early as possible on the type and
location and intensity of the proposed operationdéftaking this in the knowledge of the MPA
objectives should mean a better basis for infornadggtussion and debate. For MPAs clear
management objectives should be defined, discusleddited and agreed among the stakeholders of
the MPA, as a prerequisite for each project of agltare within an MPA. If the Aichi targets are to
be met, the majority of MPAs designated are likelype, on current performance, multiple-use MPAs
in the IUCN categories V and VI. Only a small miiypare currently IUCN category IA or IB, i.e. no-
take zones. Once designated, governance and nmeagsystems should be set up for each MPA.
More than a debate on MPA categori@'také zone or multiple-use zone), the crucial challeisg®
make sure that the right management tools are aoepln order to satisfactorily meet the MPA
objectives. This reflects the perennial challengaghorities face with delivering effective
management and why IUCN has created the Greerptosess of well-managed protected areas — to
invoke clear standards for management (https:/Niwen.org/theme/protected-areas/our-work/iucn-
green-list).

3.2.2 Understanding the practical relationship beén aquaculture and MPAs. Which comes first, the
aquaculture production or the MPA?

Within the broad topic of defining a framework #mhancing synergies it is evident that, in practice
three different broad contextual situations ocamoerning the MPA and aquaculture relationship:

e Development of a multiple-use MPA in an existingiaculture area.
e Development of aquaculture farms in multiple-useAdP
e Joint Creation of multiple-se MPAs with associaaegiaculture operations.

The distinction between the situation where one eoivefore the other is already in place in some
national legislative frameworks, for example in $aoed. Here, there is a coherent and pragmatic
framework for managing aquaculture activities wittMPAs which is based on raising the basic
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simple question, which existed first, the aquageliactivity or the MPA.

a. Development of a multiple-use MPA in an existhugiaculture area.

The first situation is where aquaculture farms telsefore the MPA is actually declared and set up by
the authorities. This situation is well illustrategt Scottish cases, where many salmon or shellfish
farms existed before MPA declarations. A similauaiion takes place in The Estero Real Nicaragua
where the shrimp farms, both intensive and extenskisted before the area was declared RAMSAR
(FAO, 2014). Those situations appeared to be vadespread on all continents leading to various
options. For instance, in Scotland, when planningesv MPA, the Scottish Government must
undertake a Partial Business Regulatory Impact gsssent (PBRIA). This must outline the case for
the MPA and identify sectors which will be impacteih the designation of the MPA. The PBRIA
must identify specific costs to any industry wittanproposed MPA and balance this against the
conservation objectives of the proposed MPA tossstee likely impact of designation.

In these cases, the general presumption has baeth¢éhaquaculture farm should not be displaced but
an impact assessment of the farm should be cortlag&inst the objectives of the MPA. According
to the results, trade-offs should be set up in rottat both the farm operation and the MPA
management can each meet their objectives. Whisr@rtbves not possible and in extreme cases this
could lead either to displacement of the farm orréedefinition of the MPA limits. There is
nevertheless a clear opportunity for MPA managed the nature conservation sector to try and
achieve the MPA objectives by including a broadase of interesting habitats within the new MPA
boundaries, and around the aquaculture conces$lamig the planning of MPA creation, issues for
the aquaculture farms such as extension capaaéyptibest practices, new species/new aguaculture
production technologies such as Integrated Multiphic Aquaculture (IMTA) should be discussed
clearly.

b. Development of aguaculture farms in multiple-igeAs.

The second situation illustrates the case whene tisean existing multiple-use MPA and there is a
call to develop aquaculture within the area in otdaneet some of the local community’s objectives.
In this situation, the type of aquaculture systevosild need careful selection to meet the needbeof t
community and be compatible with the managemergativies for the MPA.

In Scotland, planning permission is required fotl aew shellfish and finfish aquaculture
developments, change of use, and alterations stiegiapproved sites (Nimmo, MacLaren, Miller, &
Cappell, 2016). As part of this process ScottishuNé Heritage, Scottish Environment Protection
Agency and Marine Scotland Science are statutongultees. This process involves the production
of an Environmental Statement which will determiin@n Environmental Impact Assessment (EIA) is
required. An EIA is required if the developmentagake place in a sensitive area (such as an MPA),
or if a finfish production site exceeds a certanes In the case where the aquaculture developreent
within an MPA of a Natura 2000 type, the EIA willgger a Habitats Regulation Appraisal (HRA).
This is undertaken under the Conservation Reguabtb 1994 which requires all Competent
Authorities to carry out an Appropriate Assessmednere activity within a protected area is likely to
have a significant impact on a protected areaa$t been deemed that the HRA is the Appropriate
Assessment for aquaculture development in MPAsotl&nd. The HRA must ‘provide, and analyse
sufficient information to allow a competent autltyptio ascertain whether the plan or projedt not
adversely affect the site's integrity’. There ispresumption against aquaculture use within MPAs as
long as the conservation objectives of the MPArertecompromised.



The question of site selection is well documentedhe literature and should take into account
environmental as well as aquaculture technical sowlo-economic issues (IUCN, 2007, 2009a). If
socio-economical sustainability of local fisherascepts levels of sustainable capture on wild stock
within MPAs, these levels of compliance dependingtlee sensitiveness of coastal habitats should
similarly allow aquaculture co-development in soMiBAs. Clearly the species being considered for
cultivation will be a major issue if it is non-nati or could disrupt native populations. Some gugan
on aquaculture and MPAs for the Natura 2000 sites been developed within the European
community and can be an example of interest fogrotbuntries as it explains in details a step-ey-st
procedure for a full impact assessment (Europeann@ission, 2012).

c. Joint Creation of multiple-use MPAs with asstmieaguaculture operations.

In the third situation, the MPA is established ahne associated aquaculture production(s) are set up
almost at the same time, as simultaneous and/@ostipg developments. Such a situation requires:

A proper management system in place for the MPA.

Clarity on the aquaculture objectives.

Methods and tools in place to evaluate and motti@iaquaculture production impacts.

A good governance system in place for both the MWl the aquaculture operations,
including involvement of all local stakeholderseansure effective and meaningful on-going
discussions and agreed decisions.

This situation is illustrated by the French Mayatéese (Table 3; IUCN, 2017a) although the fact may
be argued that some aquaculture productions onanative carnivorous fish (at a very small scale)
existed in this area, prior to the Mayotte mariaekdeing founded. The pre-existing situation @& th
farm is in fact the main reason why such an aqia®uproduction system was authorized within the
multiple-use MPA. The key critical issues are redato how the decisions are made to allow such
aquaculture production, how it will be monitoreddamplemented, what is the development plan of
such aquaculture production on a short, mid angd term.

These two last contextb &ndc) are very similar in the sense that the establstirof an aquaculture
farm in the MPA requires a clear rationale and cijes. The selection and advantages of a specific
aquaculture project against other economic aatiwit{e.g. tourism, fisheries, etc.) should be
underpinned and acknowledged by the MPA manageatdteeir stakeholders. Comparison between
aquaculture and other activities in terms of impawtrisks is necessary to address informatiorhen t
best choice of economic development within an MRPArious options of aquaculture types, systems,
purposes and scales should be studied to optiradiypt the specificity and needs of each potential
site and minimize adverse effects and the overalirenmental footprint. The way an aquaculture
project interacts with a MPA is related to the eluderistics of the project, its design and its
management as well as the scale of the operatimurs, | small scale aquaculture facility poorlydsite
in a multiple use MPA (category IV through to Vihough most likely the latter category) may be
more damaging to nature conservation than a wellight-through larger scale operation. For the
Scottish and French authorities, for instance, igaraus fish productions are acceptable, provided
that “good practices” are applied within the faramel a good monitoring of the aquaculture impacts is
on place (e.g. Mayotte and Scotland).

Similarly, the location and level of coverage, theation of the sites should be discussed withlloca
stakeholders and aquaculture professionals in aeectad approach binding sustainable development,
social integration and environmental consideratidl®A managers should be trained by visiting

diverse type of aquaculture farms to reach a batiderstanding on aquaculture concerns and limiting
factors.
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3.2.3 Can the development of a matrix on MPA tgpelsaquaculture help to improve synergies?

It is evident that at the strategic level thera i®lationship between the different types of agliace

and their general compatibility with the differdgpes of MPAs as defined by IUCN. The question
arises as to whether it is therefore possible tthéw develop this idea beyond the general advice
already provided by IUCN.

If there is a need for a matrix of risk to asse$3Ad types and aquaculture types, then a simplexnatr
may prove most effective, similar to those usedU$N in its marine guidelines illustrated in Talde
(Day et al, 2012). Such a relational table couldcmalifferent types of aquaculture with the diffetre
categories of MPAs. This should, however, be doitk @onsiderable caution. Table 4 is provided as
an example of such potential approach that coelditdertaken and has not been ratified through
consultation by IUCN. Such a matrix could only etsergeneral guidance, as so many of the specific
issues are related to local conditions and discusadier. It could however provide a flexiblerfra

to further explore potential synergies between agitiare and MPAs, and help all concerned identify
specific issues that should be monitored. Everdealsions to proceed or not or to modify ideas will
depend on the overall case assessment. In additv@m where the illustrative example of Table 4
shows compatibility (i.e. green) this does not prévthe need for comprehensive discussions and
evaluation of siting and impacts.

3.2.4 Could integrated multi-trophic aquaculturd{TA) provide opportunities for synergies
with MPA management objectives?

By definition, integrated multi-trophic aquacultu(@MTA) provides an interesting perspective on
achieving the implementation of an ecosystem ampr@ad the integration of aquaculture within its
environment, while reducing negative externalitiaead maximizing its capacity to develop
biodiversity and resilient ecosystems. In this eghsome applications of IMTA could be of interest
within MPAs providing enhanced opportunities tolsecmanagement synergies.

IMTA could certainly be deployed in various casesraTable 4 (e.g. high density fish cage cultures,
shellfish culture, sea cucumber culture...), algioa specific assessment of the proposed local IMTA
system must be conducted to define the level ofpatifility according to the MPA category. For
instance, there are interesting cases in EuropeCaméda where IMTA is implemented on a pilot
scale, but this type of aquaculture has not betnyah to expand for broader application for a namb
of reasons, including blocking regulations or pobperception (Alexander et al., 2015, 2016;
Martinez-Espifieira et al., 2015, 2016). Sufficiatiention should be drawn toward biosecurity issues
and a full risk analysis should be undertaken (Nebral.,, 2004; Troell et al., 2003). Innovative
designs should be validated outside MPA boundaefere applying into MPAs. Fisheries and
Oceans Canada (DFO) is examining the developmeahpal for IMTA operations and how this type
of aquaculture could help fish farmers improve figalth and the environmental performance of their
operations while maintaining economic viability (OF 2016). Various IMTA researches are
underway regarding optimization of combined specigsecies interactions and environmental
management.

3.2.5 Do non-native species aquaculture operatipose difficulties in achieving greater synergies
with MPAs?

The acceptance or non-acceptance of the aquacytadeiction of a non-native species within an
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MPA is also a critical point. For the nature conaéibpn community, it seems unacceptable that within
an MPA, an aquaculture production of non-nativecesecould be allowed. From a pragmatic point of
view, however, this strong positioning is diffictdt maintain in all circumstances. Non-native spgci
are widespread, even in MPA marine ecosystems.oifdvaquaculture, it has been a major trend for
decades (Gollasch, Cowx & Nunn, 2008; Gollasch, N&nCowx, 2009). Global oyster production
has been based on the introduction of new spetiegsters in order to overcome epidemic outbreaks
of the local oyster species. Even in the situatibiere the aquaculture production is based on d loca
species like Atlantic salmon in Scotland and Norwiaymay also be argued that the domesticated
farmed fish are genetically distinct the local widecies. Consequently, each case of aquaculture
should be contextually analysed with regard to plaidicular issue of non-native species, and whethe
in particular the species concerned is already ddrtiim the local or national context. Clearly new
introductions into an entire ecoregion of the wanlduld need far greater scrutiny. This is not just
from the conservation standpoint but also link wafuaculture and fisheries issues because of
unfortunate episodes in the past, where one inttaziu has inadvertently led to other pests gaiging
foothold in new regions of the world to the disaotage of all concerned. The frame provided by the
European Union with a risk analysis, and usingdlezautionary principle, may provide a very valid
approach, as it has been approved and validatédebscientific expert community (European Union,
2008, 2011). But this issue is obviously a vertical point that needs to be further investigated.

4. Discussion

Many potential synergies exist between MPAs anchagjture and vice versa. Indeed, if these were
explored more fully greater options for sustainigltiple-use MPAs in cooperation with aquaculture
may be found providing more environmentally frigndlternatives to other types of developments
now being proposed in MPAs.

In the coming years MPA managers and their stakiehslshould come together more to better
understand the aquaculture sector, its constreongsroduction, and its needs for water quality tiAe
same time, MPA managers should always work to redcanflicts, and should also explore
optimizing advantages, especially in the area qfpsetting conservation efforts, restocking, and
lowering environmental footprint and intensity ebguction systems.

In this context, the concept of an ecosystem aghré@aquaculture provides a set of very validgpol
as it aims at integrating human activities withiie wider ecosystem so that it promotes sustainable
development, equity and resilience of interlinkedis-ecological systems (IUCN, 2007, 2009a; Ross,
Telfer, Falconer, Soto, & Aguilar-Majarrez, 2013it& et al., 2012). It includes the carrying capacit
concept defined as the maximum biomass of a fagpedies that can be supported without violating
the maximum acceptable impacts to the farmed stanKsits environment (Stigebrandt, 2011). Both
ecosystem approach and carrying capacity concegtgosted by model tools such as FARM or
MERAMOD, can help investigate the various impacftsaopotential project of aquaculture and
determine its most relevant scale (Ferreira et28i09). The development and application of marine
spatial planning together with integrated coastalezmanagement (ICZM) are also dynamic processes
facilitating site selection - with the correct watguality and siting measures - for aquaculture
applications (European Commission, 2012).

From those approaches, whatever the situatiorhésatuaculture producers and MPA management
bodies should develop dialogue with other stakedrsldSWOT analysis as illustrated by Table 3 may
provide a valid tool, shared with stakeholdersatalyse on-going projects of aquaculture within an
MPA and identify the actions to correct weaknessesprevent failures.
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Alongside the traditional view of MPAs, more optiofor cooperation may open in the future through
new guidance IUCN will develop for the Convention Biological Diversity to further elaborate
achieving Target 11. This will focus on ‘Other Kffiwe Area-based Conservation Measures’ or
OECMs as they are becoming known (IUCN, 2017b).I8Vlthe guidance on what may be an OECM
is still under development, the underlying prinegphre clear. The origin and governance may be very
different but the ultimate outcome of an OECM skowuésult in the same nature conservation
protection and the security achieved by MPAs. Efadoration of guidance, available from 2018, will
expand opportunities to embrace a wider range dhees in the delivery of effective marine nature
conservation and this may indeed represent fupgortunities for synergies and cooperation with
the aquaculture industry.

In fact, an analysis for identifying opportunitiean be developed based on socio-economical and
environmental criteria related to the existing MPés the local habitats and species. The local
situations are very dependent on the culture, thentries, the local political will and the local
environments. Further discussions should be deedlop clarify common visions and global criteria
that would not hamper initiatives and integrategrapches developed locally. An analysis should be
undertaken of the benefits of the aquaculture prolo within a multiple-use MPA, or/and around the
MPA versus other activities. Tourism may not bektion in many areas as it causes adverse effects
to the coastal social and ecological systems ipngperly handled (Davenport & Davenport, 2006).

An aquaculture production may represent a moressdile activity for the local community, but the
entire value chain (aquaculture farmers, processtiders, retailers, consumers and other
intermediaries of aquaculture sea products) hae @ddressed with regard to local players anestak
(Jespersen, Kelling, Ponte & Kruijssen, 2014; Tr8ajley, Wilson & Phillips, 2013). What are the
farm capital investors, and whether the MPA’s agitace product is intended to supply a local
market, or intended for export are crucial questitmbe answered as well as the whole value chain
structure and governance. For instance, in the Nestar and Mayotte cases, the productions are
destined exclusively for export (IUCN, 2017a). Heee they serve the local community interests by
providing them with an income. Obviously, it is @s8al to monitor and control potential impacts of
aquaculture activities, but it is also importantstiow how aquaculture can provide services to other
activities. Aquaculture within an MPA should work a win-win relationship and build greater
potential benefits with stakeholders such as fiskeand tourism. This will be essential to supplost
choice of aquaculture activities within an MPA.

Environment Impact Assessment (EIA) can be requipgdnational authorities. The European
Commission is proposing a flow chart step-by-stegc@dure to conduct an Appropriate Assessment
(AA) to assess the implication of the aquaculturejgzt in respect of the Natura 2000 site’s
conservation objectives (European Commission, 20D2pending on each MPA case and specific
related issues, special requirements for targetgghéts may be needed. Once in place, continuous
monitoring of practices and maintenance of thede&did production objectives are essential to avoid
deviation. The difficulty in assessing good praetieads to questioning the potential requirement of
existing aquaculture standards (Fezzardi et al320JCN, 2009b). In MPAs, aquaculture should be
developed on the basis of best practices. Thosd goactices may be recognized and controlled
through a certification process. However, existitgndards such as organic or ASC (Aquaculture
Stewardship Council), may not address the objestiiean MPA, though they may address some
nature conservation issues (Pelletier & Tyedmed67P New certification standards could be created
("certified MPA-friendly") but this may lead to auncertain and time-consuming process. The
relevance and validity of such a certification skaml for all cases would be questionable considerin
the diversities of MPAs and aquaculture. Moreowbe use of certification standards may even
actually create a gap between emerging and wealthustrial country situations. Indeed, most of the
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current western created standards (e.g. ASC) apmdsible to apply for local small incomes
communities (Jonell, Phillips, Ronnback, & Tro@013). In this sense, clarifying the potential atide
market value for aquaculture products coming outaefMPA and the benefits from developing
specific certification should be investigated ferth

Impact assessment tools such as Life Cycle Analysi®\) or Ecological Footprint (EF) are being
adapted for aquaculture activities (Hall, DelapoRahillips, Beveridge, & O’'Keefe, 2011; Pelletidr e
al., 2007; Pelletier et al., 2009). However, duethte diverse and multidisciplinary nature of the
environment issues and highly variable productimtesses, the implementations so far do not reflect
the full diversity of aquaculture activities andesf neglect social aspects of sustainability (S&mue
Fitwi, Wuertz, Schroeder, & Schulz, 2012). The samtd difficulty of finding the required scientific
data are also limiting. This monitoring activitycshd be developed with aquaculture professionals to
keep it operational and adapted to the realitidsbffarm operations.

Key in future processes will be the quantificatioheither benefits or impacts on MPAs and the
discussions have already raised many interestingntific questions which offer outstanding
opportunities to deepen understanding. There ieedl rior research concerning ecosystem services,
dynamics and functions but also considering thenectc impacts. The contextual approach to
analysing the social impacts of aquaculture is Esking and should be strengthened (Krause et al.,
2015). Where systems are in place, such as at #ta M Palma extensive and semi-extensive
aquaculture farm, located in the Donana Naturak,Rhey have provided data which already resulted
in more than 30 peer reviewed studies being putdigkvalton et al., 2015).

5. Conclusions

Undeniably, to meet Aichi’'s Targets of 10%, cousdriwill need to dramatically expand the
designation of MPAs, the bulk of which, on curremperience, will fall into the categories of
multiple-use MPAs. However, more than just a petags, it is conservation objectives that should be
reached and to do so, it will be essential thatrithiet types of governance and management systems
are in place. This is a critical issue as MPAs exip@ cover greater areas of the ocean. Similtly,

aim of the aquaculture projects should also berlgleset out alongside adequate governance and
management of the operations.

Understanding the relationship and options forrtiationship between aquaculture and multiple-use
MPAs is critical in developing opportunities foregiter synergies. This in turn has the potential to
develop a simple matrix of aquaculture systems PAB categories to support broader discussions in
both communities. However, there is a great chgearound setting rigid assumptions and rules
around the MPA and aquaculture relationship. Tkerdity of farming methods using a wide range of
technologies and species predicates against thisiolst cases, approaches will anyway need to be
adapted or applied according to the objectivegpetdic MPAs. A matrix may be useful for broader
discussions but a case-by-case and stepwise appreéicalways need to be taken through a
participatory approach, using tools appropriatéh® circumstances, available data and the specific
requirement of the specific MPA - with an equal sideration of ecological, social and economic
issues.

Examples do exist though. They include providingralative livelihoods for small-scale fisheries to
encourage them to shift to low impact aquacultstesh as sea cucumber ranching and rope-based
seaweed aquaculture. More broadly, where econamsmme is needed within a multiple use MPA
and choices can be made, options for properly salemquaculture site may be far more preferential
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and sustainable than other economic options whighldvinvolve destruction and/or permanent loss
of habitats and species. However, there is a l&¢kads to conduct comparative studies at the $ocia
and economical levels.

Thus, there is no simple answer to this issue of ttodeliver enhanced synergies between MPAs and
aquaculture. This is not a case of ‘banning’ agliace in multiple-use MPAs - except “badly
practised aquaculture” - but what does go forwdrouil be compatible to the conditions and local
setting. Benefits and limits of the combinationvieen MPA and aquaculture have to be further
explored and investigated. Closing these gaps whalk measurable benefits — creating a better
understanding all around, a better vision of regacts of aquaculture, a better understanding ®n th
role and importance of MPAs, and above all the oppity to develop new innovative projects and
perspectives for the common good.
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Table 1.The main types of management categories (Day ,e2@12) (noting that whilst 1.
and 1B encompass what is frequently referred tm@sake’ or ‘marine reserves’ the ot
categories reflect a wider range of uses alongsadservation of natur

1A

B

v

Vi

IUCN CATEGORY

Strict Nature
Reserve

Wilderness Area

National Park

Natural Monument

Habitat/Species
Management Area

Protected
Landscape/
Seascape

Managed Resource
Protected Area

MAIN OBJECTIVE OR PURPOSE

Managed mainly for science

Managed mainly to protect wilderness qualities
Managed mainly for ecosystem protection and
recreation

Managed mainly for conservation of specific
natural/cultural features

Managed mainly for conservation through
management intervention

Managed mainly for landscape/seascape
conservation and recreation

Managed mainly for the sustainable use of natural
ecosystems

22



Table 2. Matrix of activities that may be approteifor each IUCN management category (Day et al.,
2012).

Activities

Research: non-extractive

Non-extractive traditional use

Restoration/enhancement for conservation (e.g. invasive species control,
coral reintroduction)

Traditional fishing/collection in accordance with cultural tradition and use

Non-extractive recreation (e.g. diving)

Large scale high intensity tourism

Shipping (except as may be unavoidable under international maritime law)

Problem wildlife management (e.g. shark control programmes)

Research: extractive

Renewable energy generation

Restoration/enhancement for other reasons (e.g. beach replenishment, fish
aggregation, artificial reefs)

Fishing/collection: recreational

Fishing/collection: long term and sustainable local fishing practices

Aquaculture

Works (e.g. harbours, ports, dredging)

Untreated waste discharge

Mining (seafloor as well as sub-seafloor)

Habitation
Key: No
= Generally no, unless special circumstances apply
=Yes

= Yes because no alternative exists, but special approval is essential
* = Variable; depends on whether this activity can be managed in such a way that it is
compatible with the MPA’s objectives
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Table 3. SWOT analysis of three cases of aquaeudtativities within MPAs (noting that background
information of these cases is presented in thehomec“Aquaculture and Marine Protected Areas:
Exploring Potential Opportunities and Synergies” UGN, 2017a)
(https://portals.iucn.org/library/sites/libraryé#g/documents/Rep-2017-003.pdf))

Community based Aquaculture of carrageenan seaweed and sea cucumber in the Velondriake Locally Managed
Marine Area, Madagascar (Blue Ventures- A. Harris)

Weakness
and e Accessible to impoverished communities only
capital costs covered by donor funding, or throag
contract farming agreement with a private partner

Strength

e Increasing market price for sea cucumbers
steady price for seaweed,

e Strong, local commercial

f

> —.

partners  ahd

experienced NGO,

e Low running costs, low technical expertise g
no feed inputs,

e Little environmental impact of farming activitieg

Few best practice guidelines to inform t
development of the model,

Single provider of sea-cucumber juveniles limits
bargaining power of farmers,

e Hatchery production: No overfishing for larvae e  Profitability not yet high enough to encourape
from the wild, professionalization to full-time farming,
e Diversification reducing local dependence [on

over-exploited capture fisheries,
e Greater connectedness of previously isoldted
villages/ financially marginalized community
members,

Opportunities
e High level of interest and desire to participate
farming initiatives from other communitigs
allows for rapid expansion in suitable habitats, °
e  Profitability of both models increasing yearly,
e Developing community farming associations
increase the bargaining power of farmer, )

Storms and cyclonic activity damaging pens and
animals,
Epidemics of a disease with little understqod
aetiology / epiphytic algal infestations,

Theft and fishermen animosity,

Negligible policy framework to guide th
development of aquaculture activities and cont

farming initiatives in Madagascar,

1]

act

Finfish cagesin Mayotte marine park (IFREMER -M. Callier)

Weakness
e e lLack of general infrastructure (roads) anhd
specific (processing plant, cold chains),
Low local investment capacity,

Strength
e MPA framework for the development of sustainap
aquaculture/Marine Spatial Planning,

e  Current production compatible with the specificatign °

of organic farming (low density/no antibiotic), e Low number of species produced, non native
e Good expertise in aquaculture, selected species,
e Sheltered lagoon cyclonic storms, e Insecurity (installations),

e Lack of marketing strate,

Opportunities Threat
e Stable political system, °
e Growing demand for protein,
e Biodiversity: possibilities of diversification antTA,

Urbanization and demographic change,
Climate change,

Cost of labor,

Availability of shore land and competitig
with other coastal uses,

e o o
=]
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Aquaculture production in the ar chipelagos of Madeira and Canary Idands ( C.Andrade - R.Haroun)

Strength Weakness
e  Studies show no significant impact of fish farmg, e Lack of public awareness of aquaculture |as
e Aquaculture industry reaching maturation stage "clean" industry,
with economic, social and environmental issyjes e Lack of knowledge and cartography of marine
integrated into the business, biocenosis in MPAs may introduce a principle|of
e Marine Reserves zonation provide an exanjple precaution excluding fish farms from MPAs,

integration of MPAs and economical activities,

Opportunities Threat
e Marine Spatial Planning as a tool to integrpte e Implementation of single purpose MPAs
aquaculture activities in MPAs, (conservation) or other limiting regulatiofs
e The establishment of MSP may launch piot during the MPS process,
projects of fish farms in marine reserves — tesfing e Competition of aquaculture with tourism |n
farms interaction with conservation purposgs, MPAs,
local communities, tourism attractions etc. e Absence of political will to implement MSP

principles,

Table 4. Possible example of a risk matrix Aquagelsystems and MPAs categories.

Categories V|V

Restoration purpose aqguaculture

Medium density invertebrate (e.g. sea cucumbetycul

Low density shellfish culture

High density seaweed culture

Low density pond /lagoon fish culture

High density shellfish culture (table, long-lines

Medium density on-land circulating system fish pauntture

High density on-land close system fish culture

High density fish cage culture

Key: ] = Nofll =Yes

= Variable depends on whether this activity can be managsdéh a way that it is compatible with
the MPA’s objectives
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