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EXECUTIVE SUMMARY

Introduction

The Coral Triangle Initiative on Coral Reefs, Fisheries and Food Secw@#BCand its six
member countrie€{T6) have committed to establishinQaal Triangle Marine Protected Area
Systemapplying an ecosystem ragh to fisheries management, andymgptlimate change
adaptation measures. Developing a robust and practical set of principles to underpin
establishment of marine protected area networks that contribute meaningfully to food security,
biodiversity coresvation and climate change resilience is an important part of contributing to
that challenge.

Fisheries are one of the most important ecosystem services benefiting the communities of the
Coral Triangle (CT). Overfishing and loss of key habitatsredysemelermining the long term
sustainability and food security of the region. This trend, if allowed to continue unabated, will
result in escalating hardship and economic instability. It will also impact the globally significant
marine biodiversity of ¢hregion and reduce resilience to climate change and other external
impacts. Developing improved methods for applying marine protected areas to contribute to
food security and livelihoods is a key challenge for all concerned with managing the fisheries and
biodiversity of the CT.

The USAID funded Coral Triangle Support Partne(ShipP) is a fivgear project tprovide

technical support to the Cir6achieving theirgopalf he CTSP i s the part of
to the CT| along with the US National Oceanic and Atmospheric Adminis{fd@aA), the

US Department of State, and additional contract support through a Program Integrator. One of
the primary objectives of the Regional Blan of Action (RP%) is the establishmieof a

regi onal Cor al Triangle Marine Protected Ar
nearshore habitat type within the Coral Triangle Region (e.g. coral reefs, seagrass beds,
mangroves, beaches, coastal forests, wetland areas and mariee/offeharb i t at ) 6 .
objective is mirrored in each CT coynirs Nat i on al ). dnnlineonith thec t i o n
RPoAandNPOA, CTSPO6s support for t hshore@abithz Afshef oc u s
CT.

Biophysical principles are presented in this répdrelp nearshore marine protected area
networks achieve fisheries sustainability, biodiversity conservation and ecosystem resilience in
the face of climate change. These principles can be considewdedhuhels to help guide
decisionrmaking. In thepast, such principles and associatedafitbtemb have focused on

only one or two of these objectidasot all three simultaneously.

Effective management of marine resources that achieves resilience and sustainable production
requires carefudpplication of a wide range of tools and methods, which includes marine
protected areas. Management interventions are likely to be most effective if they are applied as
part of an ecosystelpased approach. Marine protected dretieeir various forms gaif well

designed and effectively implemented, play a significant role in achieving sustainable use at
multiple scales.



The principles developed in this report are designed to contribute to a larger process that
includes implementing networks of mapirteected areas in ways that complement human uses
and values and align with local legal, political and institutional requirements. All of these factors
play into an overarching requirement: to achieve fisheries or any other benefits, management
actions rast be complied with. It is beyond the scope of this report to set out essential political,
governance and so@oonomic principles to guide marine proteeea network design
processestsi purpose is to identify biophysical principles. Realistionempdtion of any

marine protected area network would require that these biophysical principles be coupled with
welldeveloped guidelines dealing with the local human contextual factors.

Marine protected areas, in this re@od,definedsany clearkgdineated managecdarinearea
that contributes to protection of natural resources in s@neer They include, but are not
limited to: netake areas; communliitgised protected areas; dn@sed restrictions upon gear,
species, size, and take of aqadati sex of species or access.

Networks of marine protected areas, for the purposes of this report, retellézteon of
individuaimarine protected asghat are ecologically connected. For the same amount of spatial
coverage, networks of marinetpoted areas can potentially deliver most of the benefits of
individual marine protected areas but with, potentially, less cost due to greater flexibility and
diversity in size, shape, distribution and location options. Because of their flexibifty in des
and application, marine protected area networks are particularly suited to addressing multiple
objectives within various contexts.

Theoreticallymultiple locabr subnational networks within adjacent ecosystems, ecoregions or
seascapgecan be scalegh into regional networks by ensuring adjacent networks are ecologically
connected as per the princiglesein Such scaliagp has already been planned for parts of the
CT(e.g.SUksul awe s Marine Ecoregi on, L eSeaseape Sund:
and others).An early objective faach countristo contribute at least one wadisigned and

effectively managed marine protected area network that contributes to aG@Dweaailhe

protected aresystemThese principles will help wittese and future scaling up efforts.

In developing biophysical principles to guide the design of networks of marine protected areas,
many informatioaps weréund regarding, for example, the ideal design, the CT ecosystems,

and how the socipolitical, economic and natural environments currently operate and will
change. These uncertainties are not unique to the CT but apply globally. Thus, the principles
are designed to embrace this uncertmidliyding the spreading of risk. Their implementation
requires refinement through use of local knowledge (for example target species life histories and
habitat use), community uses and values. It also requires an adaptive management system, whict
managers can use to improve protection as more informatiorebes@iable.



Biophysical Principles for Designing Resilient Networks of Marine Protected
Areas to Integrate Fisheries, Biodiversity and Climate Change Objectives in
the Coral Triangle

Biophysical principles for designing resilient networks of marteetgaoareas to integrate
fisheries, biodiversity and climate chabgectives in the Cdre provided in the table below

The main rationale for each principle is also provided. These principles each contribute to five
broad categories that relate silient marine protected area network design: 1) risk spreading;

2) protecting critical areas; 3) incorporating connectivity; 4) threat reduction; and 5) sustainable
use.

Many of the principles traditionally proposed as necessary to provide adequate pfotec
biodiversity are also applicableh®design of marine protected areas to enhance resilience in
the face of climate change and to support sustainable fish@sas.because, although a good
deal of previous work on design principles focosefisheries species, the results apply to
unfished species as wé&lhe main differences between principles for the different goals of
sustainable fisheries, biodiversity conservation and climate change resilience are that:

1  For fisheries goalsndividualmarine protectedreas should be smaller to allow for
spillover, to maintain access to more areas yet protect examples of altchabéaats,
flexibility to fishers needs

1  For fisheries goals, marine protected area shapes should allow for maeos$pillov
especially, adult fished spetiesalso larval and juvenile fished species

1  For biodiversity goals, some special, unique, isolated ®tihasitontain species and
ecosystem functions not commonly found elsewhere are more important to include;

1  For biodiversity and climate change goalgk&oareas are more importastthe more
holistic conservation benefits far outweigh those of other types of prptection

1  For biodiversity and climate change goals, lergerprotection is more important

because this will allow the full range of species and ecosystem functions to be restored

and maintained in an ongoing manner

For climate change goal s, (fiortimed;t e change

1  For climate change goals, emphasis should desl mla building connectivity among
sourceaefugiand susceptible sink reefs to enhance recovery; and

1  For climate change goals, emphasis should be placed on including at leddtlthree
separatetkplicates of all major habitat types into networkseaadspisk

=

Currently, nowhere in the CT has enough information (or resources to obtain the information)
to enable comprehensive implementation of all the principles presented in the table below.
Everywhere in the CT there will be enough information tenmept some of the principles.

The more sparse the information, the more important is the application of the principles
regarding prohibition of destructive activities, minimum amount of protection (representing
each habitat where known) and replicdtefer to principles 1 through 3 below). Even where
information is sparse, application of these three principles increases the likelihood of protecting
the entire range of known and unknown species, habitats and processes of importance and of
insuring agast the impact of unpredictable disturbances including large scale catastrophes. In
addition, recommendations about minimum size requirements, spacing of marine protected

8



areas and critical habitats, where known, are also often implementable widvdsvef |

information (principles 4, 7 and 8 below).

Besides limits in knowledge, there are often-soaimmic, cultural, political and other reasons
that prevent full application of all/l t he

experiene suggests, in the absence of local krgevlex guide decisions, priogtithe
principles in the order in the table

Threat reduction

Connectivity

Principle 1. Prohibit destructive activities throughout the managed area.

Prohibit as many destructive activitiepassible, for example, blast fishing, poison fig
spearfishing on scuba, bottom trawling, -lmmgg, gill netting coral mining, fishing @
hookah, night spearigfer also to Principle no. 6 below

Rationale Coastal habitats and their vakresvulnerable to destructive activities wdaci
decrease the health and productivity of the ecosystem and consequently, all specig
targeted fish species) living within Restructive activities also decrease ecosystem re|
to otherimpacts.

Principle 2. Represent 3(percent(or at least 20 percentdf each habitat within notake
areas

Represent the range of types of coral reefs, seagrass, mudflats, algal beds,
communities, rocky shores, coastal forbsts;hes, mangroves, other wetlands and
habitats in ndake areas.

If the only protection offered is #@kearea, then the proportion of Aake areas needs to
higher (4(erceny; if additional effective protection is offered (e.g. input/ oetmitols,
other spatial controls) then applyp@écenior at least 20 percent)-takearea.

Rationale.Protection of all fish habitats, all plants and animals and of entire ecosyste
integrity and resilience can be achieagdf adequatexamples of every habitat are incld
in notake areas.

To ensure achievement of fisheries objectives in areas where fishingihtshseand of
biodiversity conservation and ecosystem resilience where any local stressors have (
impactsno-take areas should encompass at legsr88ntof the management area. Le
levels (but not less than d€rcent can apply in areas with historically low fishing prelés
aiming to protect species with lower reproductive output or delayeatioraf{erg. sharks
some goupers) more area will be required.

1 For example, adequate and effective restrictions on type and qugedty effort, and capacity; limits on catch
or landings; limits on sizes; limiting catch of a given sex, or animals in a particular stage of the breeding cycle;
regulating discards; daily bag or possession limits.

2 While this percentage of-take areaoverage is a goal to strive for, the reality in the CT countries is that dense
populations of resource users make it difficult to achieve. Thus, opportunistic placemaké @fraas is often
the default approach which provides varying percentagesaofithin ndake areas. While not ideal, working
within and around the local context for interventions that are feasible and acceptable is oftentithe.bottom
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Risk spreading

Critical areas

Sustainable use

Principle 3.Replicate protection of habitats
Include at least thresidelyseparatedeplicates of every habitat within a protected
network, ideally, in Aiake areagSee also Principle 8 on spacing)

Rationale Replication of protection minineiz risk that all examples of a habitat wi
adversely impacted by the same disturbance. If some protected habitat areas surviys
thenthey can act as a source ofda for recovery of other areas. Replication alpe
enhance representation of biological heterogeneity within habitats libed understaod

Principle 4.Ensure that no-take areas include critical habitats
Include importantggregation sites (e.g. spawning, feeding, brgemling$, juvenile fish
habitat areaandlarval sources.

Rationale. When animals aggregate they are particularly vulnerable and, often, th
they aggregatre crucial to the maintenance of pbeulation. Therefore the main s
where animals aggregate must be protected tanamifain andestore natural balascef
populations in communities.

Principle 5. No-take areas, prohibitions on destructive fishing gear, othdishing gear
and access limits should be in place for the lontgrm, preferably permanently.

Rationale.Longterm protection allows the entire range of species and habitats toarsd
maintain natural ecosystem health and associated fishery. [Sonaditbenefits can
realzed in the shorter term (& 5 years)especially if fishing pressure has not been.|
However, 20o 40 years protection allows heavily fished species andlioedeéargete
predator species (e.g. shark, other coral ezkHtprsjhe opportunity to grow to maturignd
therebyincrease in biomass atiten contribute more, and more robust, eggs to §
recruitmentand regeneration. This time period alkws for maintaining theseosysten
and fishery productivityeneits. In heavily fished situations, shorter term protection m4
to achieve fisheries, biodiversity and ecosystem resilience objectives. Necessary
protection may also be influenced by the life history characteristics of the Spawriss of

If no-take status reverts to open access in heavily fished areas, the benefits of
ecosystem function and increased biomass of fishery species can be quilcidy logtbke
areas should be maintained as long as possible.

Seasonal closures have an inhdrentseasonal@mporal timeframeand other tempora
closures will be applied for reasons that will have their own temporal requirements.
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Connectivity

Connectivity

Principle 6.Create a multiple use marine protected area thatas large as possiblé
Include as much as possible of the coastal ecosystem Vagatorotherwise formaid
multipleuse management boundary.

Rationale To apply an ecosystem approach to fisheries management, to maximise
of biodiversg and habitats protected, to mitigate against any risks, including climat
impacts, the best advice is to include all of the ecosystem within a-usaltiplaring
protected aredl'he different leveklnd type®f protection offered within a multgalse are;
can offer synergistic benefits seen within ecosystem based fisheries management

Principle 7. Apply minimum and a variety ofsizes to protected areas within thg
network.

7.a. For no-take areas If no additional effectivprotection is in placée.g.no fisheries
input/output controls for wide ranging species: refer to Pringipée rAixture of small

minimum of 0.&n7 or 40 hy and large (e.g.téd 20 km across) ntake areais required tg
achieve biodiversity, climate change and fisheries objectives. If there is additional
for wider ranging species, then networks of sm#dlkeoareas can achieve most objec
particularly regarding fisheries management (dobjaplementing Principle Rjealsizesto
use will depend on movement patterns of the species of key importance in any situat

7.b. For temporal closure®f any kind should be, ahinimum theentire area of site plag
100m buffer (or ® ha minmum if these details are unknawn)

Rationalefor 7(a) and 7(b):To help build resilience into fisheries as well as ecolgsién]
and to contribute meaningfully to biodiversity protedtierminimum recommended size
all goals is largée.g. 10 t@0 km across) thdar fisheriesalone(e.g.0.202 kn¥ or 10to 20
ha) For resilience and biodiversity conservatanger aresashould beprotected Soms
consider ~40 6 km or more to be the minimum diameter to be viable in terms of con
lanal dispersal distances of most species (as well as adult movement); but others
smaller effective dispersal distan@fscourse, using networks of protected areas is on
to increase connectivity between sites without mattieirgljze okach site with adult a
larval movement patterns. The recommended minimum size here assatweskaf no-
take areas; atloe applicatioof principle 2across thoseo-take areas

Where larval dispersal patterns and/or adult movement patterrtscafgraarget species §
known, this information can infordecisionsabout ideal sizes of protected areas. Ma
and other neashore pelagic species, for example, will need much larger marine |
areasas their ocean neighthoods are larger

7.c. For zones with gear restrictionsas large an area as posgiipldo the entirenarine
managed areand all areas where gear interferes with threatened species.

7.d.For zones with access restrictionsas appropriate throughout tharine managedea

Rationalefor 7(c) and 7(d) Gear and access restrictions can be insadditionto no-take
areas (lagpterm and temporal), to miniraignpacts upon habitats and species.

3 This may also be known as a marine managed area or a multiple use marine park.
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Connectivity

Risk spreading

Sustainable use

Principle 8. Separate netake areas by 1 to 20 kmpart (with amode of ~1 to 10 km)
Apply a variety of spacing of individuataile areas throughout the entire managemen
Inshore netake areas should be located closer togé&hém{ apart) than offshore -take
areas<20 km apatrt).

Principle 8. cont.Spacing of other longterm protected areas either not applicable OF
same as for netake areas

Other types of protected ardagy. spatial gear or access restrictiugh} be quite large
extent throughout the management &ea Principle 73p it might notbe logicato have
specified o0distancesdé between t hem.

However, i f ot her per manent protected
same spacing rules should apply astakecareas.

Rationale. Connectivity between protectagtas is important for maintaining diversity,
stocks and especially important for maintaining ecosystem residattemovement i
generally at a smaller scale than larval mov&aeent studies are showing huge variabi
larval dispersalafances and lower dispersal distances than previously ta@udit0 m to
km to 30 km).Mackerel and other nehore pelagic species may need marine protecte
spaced further apart as their ocean neighborhoods are larger

Because th€T is thecener of marine biodiversity and has msjiecies coastal fisher
there are likely, commensurate diversity in adult movement ranges and larva
distances in species of interest. For these reasons, varying theoSpeeiake area
betweerl to 20 km apar$ useful

Spacing at the higher end of the rang&r@part) helps with risk spreading andudagt
the range of biodiversity.spacing is less than 20, khesebenefits magtill occur.See als
principle 3, replication.

Where loal knowledge exists on connectivity of locally important species, it should b
inform this principle on spacing.

Principle 9. Include an additional 15percentin shorter-term no-take protectionwithin
the network.For example, seasonal, rotational or other temporally variable zones.

Rationale Shorter termspatial management tools should be applieatditionto the
minimum level of ntake prote&d areas; these can help address particular fisherig
wheretargeted stocks need to be restored or recovB@dtional closures, seasonal clo
and most other temporal closures can be beneficial for fisheries (e.g. protecting criti
critical times if not included in leteym notake areas; allowidimited fisheries access
culturally important timesHowever, thegreusuallyless useful for conserving biodiversit
building resilience where part of the aim is to build and maintain healthy, natural cof
and sustain ecosystem services

These areamayalso function as a partial insurance fabyoenhancing overall ecosys
resilienca@gainst catastroph&sch as cyclones, oil spills.

4 Partiabecause the best available science refergakenareas.
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Sustainable use

Sustainable use

Threat reduction

Critical areas

Principle 10.Have a mixture of protected area boundaries: both within habita@snd at
habitat edges.

The relative mix of boundary locations will depend upon management priociik
knowledge@ndthegeograpy and resources of a site

Rationale To build resilience to external impaitt$s best to retain the integrity of 3
protected area as much as possible by locating boundaries at habitat edges to
spillover However, to encourage fisheries benefits, some boundaries slhuocdteda the
middle of fish habitats

Principle 11. Have protected &as in more guare or circular shapes
Use square or circular shapgebject toconsideratian of compliance(including use @
landmarks)

Rationale. These shapes allow for limited adult spillover which helps maintain the int
the protected areaand, therefore, the sustainability of their contribution to fish
biodiversity and ecosystem resilience

Principle 12. Minimize external threats

All else being equal, choose areas for protection that have been, and are tikalyetoo
be, subject to lower levels of damaging imfeagtsareas with higher water quality; no m
no shippingactivity areas where fishing is likely to be regulated and managed and
functional potected areps

Rationale. To optimiz protection of areas that are less likely to be exposed to loca
and most likely to recover, it is wise to avoid Hratdsave been or are likely to be dama
from threats including damaging human. usesm a resilience point of vigiivese geas arg
also more likely to be in better conditiohherefore they wile more resilient to extery
threats such as climate chaage contribute more and more quickly to overall ecos
health and fisherigsoductivity It takes time for marine peated areas to improve ecosys
health It is usually advantageous to include exfsticjonalmarine protected areas withi
new network

Principle 13.Include resilient sites inthe network
Protected areas shouhtlude areas thate most likely to survive climate change impal
indicated by either previous survival or conditionsnidies them more likely to resist, recq
or migrate from impacts.

Rationale. Areas with historically variable sea surface tempeaatligeancarbonatg
chemistry(e.g.aragonite saturation leydesvels appear likely to withtachanges in thos
parametersimilar toareas known to have withstood such environmental changes in
Networks should alsadlude coastal habitgésg.mangoves which have adjacent,-lging
inland areas that they can expand into as sea lekel rises

Principle 14.Include special or unique sites irthe network.

Protected areas should include sitas are important forare or threatenedpecieqe.g.
turtle nesting siteslareor threatenethabitatspeing highly biodiverse aespecially those
risk; endemic species or habaats$ also isolated sites

Rationale. Inclusion of these sites within-takeor other protectedreas can help ensure

13



Connectivity

examples of the biodiversignd processe®f the ecosystem are protectd®keing
comprehensive in this wiaigreasethe chance that all the crucial parts of the system a
able to contribute to ecosystem health and resilienc

Principle 15.Locate more protection upstream of currents
If currents are known and consistémena greater number of the protected areas, esp)
no-take areas, should be located towards the upstream end of the managemen
currents are not knowor not constantthen this principle does not apply and proteq
should be distributed evenly throughout the management boundaries (subject to the
7 and 8 on size and spacing).

Rationale. Protected areas, especiallytake areas, could become a source of |
contributing disproportionately more to population recruitriienthe degree that currer
influence larval dispersal, they will influence genetic connectivity and population rg
more in locationsalvndream of protected areas. In this way, one can nmaximitikely
popul at i on und areatproteated ang eptimithe return to natural populati
levels which are genetically connectefdrmation about specific target species |
movementsan also inform this principle.

Application of the principles provided in this report will only work if those implementing the
marine protected area network have clear, locally relevant, management objectives and align
those objectives with tla@propriate principles. As the report shows, each set of management
objectives require slightly different principles, and local needs may identify different priorities
than those indicated above. Local knowledge is crucial to inform prioritizatizatjcapphd
adjustment of these principles.

There is no single method or approach that is able to manage the wide range of pressures and

threats to sustainable use. Solutions rest in flexible adoption of integrated management built on
sound governance frawarks which are responsive to local needs and aspirations.
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PREFACE

Commitments under the Coral Triangle Initiative

In 2007, the six countries of the Coral Triangle (GEBablished the Coral Triangle Initiative
on Coral Reefs, Fisheries and Fooclig (CTICFF). Eighteen months later, the &T
approved a Regional CTI Plan of Action (RBdAatincludes fivgoals There are aspects of
all five goalso whichresilient networks eharine protected@ascould, potentially, contribute
In summarythe parts of the RPoA which pertain to marine protected areas are

1 Goal 1. Priority seascapes designated and effectively managed. Target 2. Marine and coastal
resources are being sustainably managed and are contributing to environnenteble sus
development benefitting coastal comtresiand broader economies (marine protected
area can, and to date have been, part of managemeimglksiforts [e.gsrantham and
Possingha 2011 Wilson et al. 20])1

1 Goal 2. Ecosystem approach to management of fisheries (EAFM) and other marine
resources fully applieMarine protected aieare an essential tool to achieve effective
EAFM, while EAFM is an effective framework for implemenisngne protected aga
thereby enhancing their contribution to broader ecosystem resilience

1 Goal 3.Target 1 Regiewide Coral TriangMarine Protected Ar&ystenfCTMPAS)n
place and fully ftional that includes three actiongoihfly establish overall goals,
objectives, principles and operational design elements for a Cdiiké&round
prioritymarine protected araatworks; 2pomplete and endorse a comprehensive map of
marine proteted areaetworks to be included in CTMPAS; anoLi3)l capacity for
effective management of the CTMPAS.

! Goal 4. Climate change adaptation measures achieved. Target-Mideegzoly action
plan for climate change adaptation for the neatshanme and coastal environment and
small island ecosystems developed and implemented. This includes the need to maintain
biological diversity and ecosyssemviceswo outcomes that marine protectedsaega
well suited to achieve, particularly ifgihesl for resilience to climate change and buffered
by EAFM.

1 Goal 5. Threatened species status improving via ConservatinrPhets which could
include marine protected area

Therefore, aritical step in achieving the goals of ggidhal anthe sixNational CTIPlansof
Action (RPoA, NPoAsyill be toimplement resilient networks rofirine protected aethat

5Indonesia, Philippines, Malaysia, Timor Leste, Papua New Guinea and the Solomon Islands (see cover page).

6 www.ctisecretariat.net

7www.ctisecretariat.net/abowati/plan-of-actions

8 Nearshore refers to marine habitats relatively near the shoreline. This includes those areas with habitats that are
contiguous with the coastline (which we have called inshore habitats) and deeper water pelagic habitats further from
shore but not yet oamic environments. These deeper, but still nearshore habitats that are not adjacent to the
coastline, we term offshore for the purposes of this report.
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are specifically designed to integrate fishdmediversityand climate changeesilience
objectives within an ecosysteased mamggment framework.

Project description

Given the sigioff of the six member countriés Pr i me Mi ni ster €Tlband Pr
theseeaderhave committed to establishinG BMPAS to applying an ecosystem approach to
fisheries managemepitotectionof threatened speciasdto building climate change resilience
in their ecosystegn A critical step in that process will be designing resilient netwoekgef
protected aresathat integrate biodiversity, fisheries and climate change objectiveanwithin
ecosystem based management framework.

The USAID Coral Triangle Support Partnersfipl SP)is focussed on supporting country
priorities for regional action. One of the many country suggestions for support at a regional
scale is tprovide assistanéar largescale planning oésilientmarine protected area networks.

In 2011,the CTSPfunded a projecbProvidingtechnicalsupport for integratingfisheries
biodiversityandclimatechangeobjectives intoesilienimarineprotectedareanetworkdesignin

the Coral Triangte.

In thisproject, the CTSP will provitexhnical support to assist the CT6 in establishing resilient
marine protected areatworks that are designedch&pachieve biodiversity conservation and
fisheries sustainability objectiwreshe face of climate chargedwithin anecosysterbased
managemeritamework.

Specifically, this project will deliver several key objectives that support each other to achieve the

project goal within the context of t&8d countries incoordination wh CTI partners. The

project objectives are to:

1. ldentify a set of principles which will enable marine protected area network design to
incorporate fisheries sustainability outcomes @Tla¢ various spatial scales

2. ldentify a set of principles whichlwnable marine protected area network design to
incorporate considerations for adaptation to climate change at various spatial scales

3. Document a clear assessment of CT6 priorities for marine protected area network design at
the local, national and regabscales of implementation, with a focus on USCTI priority
geographies and integration sites

4. Document CT6 requirements for assistance with respect to marine protected area network
design and evaluate against available capacity of partners astdleipeiders

5. Integrate and support an information system (e.g. CT Atlas) that will support the CT6 by
providing a source of information relevant for resilient marine protected area network design
and tracking of progress; and

6. Facilitate the provision ofert and technical support for the countries in their efforts to
design marine protected networks in a manner that devetopstirycapacity.
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This reporimplements the first of three project strategies:

Strategy lntegrating climate change and fisheries objectives into resitinatprotected area
network design principlesthin an ecosystebased management framework

Strategy 2: Conductiagscoping study to determuabattechnical assistanserequired by #h
CT6for resilientmarine protected areatwork designn the CT and how this can be
effectivelyprovided

Strategy :Providing technical assistance for resiiamine protected area network design and
information management support throGdhatlas

In implementing Strategy 1, this remantributeso objectives (1) and (2) thfe projectby

reviewing literature and accessing key workshop outcomes to identify principles that will enable
marine protected are®etwork design to incorporate fishergistainability outcomesdan
considerations for resiliencectonate changand other threatdor Terms of Reference see
Attachment 1)
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1

INTRODUCTION

1.1 Purpose

The purpose of this report and thiephysicadlesign principles preged isto inform plans and
opportunities teestablishor improve uponmarine protected area netwaosksthat thg more

directly address the issues of food security, livelihoods and long term sustainability of marine
and coastal resourase inthe Coral Triarlg (CT). The design principles are intended to be

use friendlyandlargelyymplementable despite the information constraints of many parts of the
CT.

1.2 Context

The marine and coastal resources ofCth@rovide beneftto 360 million residents of the

CT6, as well as millions outside the red@oral Triangle Secretariat 20@llectively the
resourcesupply about 1percenb f t he wor | dds rdiliamsand Staplgst ur e
2010 Sea Aound Us Project 2011 Most of this production is sourced from Indonesia, the
Philippines and MalaygWilliams and Staples 2P10hese three countries of the CT6 are
among the top 20 countries in the world in terms of marine capture fisberteton. Eighty

percent of Southeast Asian Biseexporedto developed countri€@/illiams and Staples 2p10

In all the CT6 countriethe consumption of protein from fish as a percentage of total animal
protein is among the highest in therld (i.e. over 3percen) and increasifig Burke et al.

(2011) rate the Philippines and Solomon Islands as among those countries in the world that are
most highly socially and economically dependent on their coral reef sydtatimg for food

and ivelihoods all other CT countriearerated as highly dependenthis conforms with

findings elsewhe(&illett 201(.

In addition to the important fisheries of @iE, it isalsothe global cent®f marine bidiversity

(Green andMous 2008 Barber 2009Veron et al. 2009 Naturally, the two features of
important and productive fish stocks and marine biodiversity are not mutually exclusive. Fish
form part of the biodiversity of ti&T and the broader biological communities and ecosystem
supports the fisheries resour&zen and Mous 20ell et al. 20)0And both fish diversity

and, therefore biodiversity more broadly, have been documented to decline due to fishing
presure in theCT (Coral Triangle Secretariat 20G8/ides et al. 2018anola Jr et al. 2010

Recent work has showow declines in fish stocks iargenerabiodiversitynegatively impact
ecosystem function of coral re@weatman 2008lora et al. 20);1a finding that would apply

to coral reef systems in @&.

9 http://www.unep.org/dewal/vitalwater/jpg/0312-fish-proteinrEN.jpg
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Much of the coastal area of Southeast Asia is overfished and no substantial stocks remain to be
exploited(Stobutzki et al. 200@/illiams and Staples 2D1Many of the fished shark species,

for example, have been listed as threatened by (EI€IN et al. 2009 The total catch has
continued to increaskie to increasing effptiut there has been a large shift tohcawith

increasing proportions of small, low vaitresto fish taken including juveniles of many
soughtafter speciegWilliams and Staples 2P1Uotal catch trajectories may be about to
stabilizeor trenddownwardsand catch per unit effort has declined signific@itlifams and

Staples 2016.g.Figurel).
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Figure 1. Trend of catch per unit of effortfor fishers using hookand-line from six
provinces in thePhilippines (Green et al. 2003

In the Pacific, dlett (2010) has fourttiat, n general, the coastal fishery resources are heavily
fished and often show signs of overexploitation, especially cicaeés population censeor
providingfishery products in demand by the ragjdbyving Asian econoesi(see also Gillett
and Cartwright 20L0Many parts of the Solomon Islands aagdudNew Guinea (PNGhare
not yet subject to such heavy pressures due to low population draséahdlternatives for
livelihoods and foodHowever, manwther areas, evewithin these countries, are heavily
exploited and the international demand for product (e.g. lifishdishery, &hede-mer) and
population growth will increase pressures into the {ifreston 20Q0%Gillett and Cartwright
2010Q. Thesefindings are supportesdhen looking amore detailedishing trendsand other
information on fished stocker individuaCT country® (Williams 20Q7Lavides et al. 2010
Nanola Jr et al. 2010

Part of the overfishing problem lies with illegal, unreported or unregulated (IUU) fishing which,
globally, is estimated to account fotolB0 percenbf catch Pauly et al 2003 Metuzals et al.

10http://www.seaaroundus.org/eez/
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2010 Agnew et al. 200&ills et al. 2091 In the CTI regionlUU estimates are greatBor

example, Agnew et al (2008) estimate 1UU pergéntin the central Watern Pacific (which

include PNG and Solomon Islangshd i n I ndonesiads Arafura Se
to be 50 to 100 times greater than repgNedhakim et al 2008 etuzals et al. 2010Vhile

these data refer also to illegal tuna fishing, they include, for example, unregulated @nd under
unreporting of coastal fisheries catcheett (2010)states thathe estimation of the
production of coastal fisheries by government fishery officers in about half of the Pacific Island
countries is largely guesswdhe focus is more on the income producing tuna &sheri
Typically, government fisherigemcies give low priority to estimating the amount of coastal
catchesdespite the importance of these fisheries to local communities (GillettF2010)
example, extrapolating from 36 case studies that included Philippines, Indonesia and Malaysia,
estimate are that marine smsdlale fisheries directly provide employment for over 47 million
people (an order of magnitude greater ldua@escale marine fisheries8a@million; Mills et al.

2012.

Another part of the overfishing problem is destructive fishing practices which, while often illegal
in CT countries, still occur and have negative environmental, social and economic impacts
(Mous et al. 200@etSoude et al. 200Desar et al. 2033 These data are coupled with the fact

that fisheries in Indonesia, the Philippines and Malaysia have developed too rapidly for marine
resource conservatigoractitionersto keep pee (Wiliams and Staples 2P10Fisheries

manages in the Pacific are also starting to face these kinds of ch&Bdlege2010).

In addition,the CT region is also vulnerable to climate change impactechecked, it is
estimated that the impacts of climate change up@Tthél ultimately undermine and destroy
ecosystemand livelihoodéHoeghGuldberg et al. 200Bell et al. 2031 Already very high
increases in sea temperature have been measured in the northern p&T qHdsgh
Guldberg et al. 20P9 Ocean acidity will also rise and rainfall patterns will dffrboegh
Guldberg et al. 200Bell et al. 2031 Yusuf and Francisco (2010) provided information on the
vulnerability of Southeast Asian countries, regions, districts, provinces to climate change impacts
and found all regions of the Philippines, West and South Sumatra, West dadaHa be
among the most vulnerable. However, very few regions within an@ dtthentries achieved

low ratings in terms of exposure to clirnekated hazards (tropical cyclones, sea level rise,
floods, etcYusuf and Francisco 2010

Bell et al(2010Q consider that alterations to water temperature, depth of the surface mixed layer
and currents occurring as a resulth@nges in climate are having significant effects on the
distribution of both oceanand coastal fistsee also Bell et al. 2DIhe main patterns that

have emergeare: 1) expanded distributionsvairm watefish species towards the pdes;

2) latitudinal shifts in areas where species occur and contracted distributions atlaptsdes

to cooler watergBell et al. 201®ell et al. 20)1These issues are discussed in more detail in
Sectiord.

11 See alstttp://www.agc.gov.my/Akta/Vol.%207/Act%20317.pdhe Fisheries Law (Law 31/2004) Indonesia,
Philippineds R lettp: wiviv. lavephil. ndtéstatute Brépacts/ral998/ra_8550 1998.htmland
http://www.fao.org/docrep/010/ag115e/AG115E05.htm

21



Other, more local, pressures also threaten the manraerent of theCT, includingimpacts
on water qualityrom watershedgoastal developmesmdtourism impactiBurke et al. 2011
Figure3, Figureb).

Globally, on a comparative letleé combination abcaland globapressurgon coral reefs is
highest in Southeast Asia where neapgi@gntare threatengednd about 5@ercentre in the

high or very high threat categ®@urke et al. 201Figure2). Indonesiahome to the second

largest areaf coral reefs in the world, has the largest area of threatened reef, followed by the
PhilippinegBurke et al. 2011 Overfishing and destructive fishing drive much of threat in this
region(Williams and Staples 20BQrke et al. 201Eigure3).
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Figure 3. Reefs at risk in southeast Asia.
(Burke et al. 2011)

Even in the Pacific, on average almogiesfentof reefs are currently considered threatened,
with about 2(Qpercentrated as high or very highhreatenedspecially reefs associated with

high islands and areas of higher population such as in MéBumisiaet al. 201 Figure4,

Figureb). With the inclusin of thermal stress, the percentage of threatened reefs increases to
more than 65 percent (Burke et al. 2Bibiire5). This is the environmental and human context
within which marine protected area networks are being created under the umbrella of the CTI.
The development of guiding principles for marine protected area network design in this report
has occurred with a poignant awareness of this challenging mauree remnagement
context.
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1.3 Biophysical design principles are one part of the process

The biophysical design principles discussed in this report aneeqpdyt of the process of
establishing marine protected are@vorls. The other parts of the process address equally
important socieconomic, political and goveroa issuesOther documents provide
information and guidance about threader process one migidopt to implemeninarine
protected areasvhich can include networlesd this process is not discussed (reskeher
1999 Salm et al. 200COREMAP Il Ministry of Marine Affairs and Fisheries 2006te et al.
2006 Alino et al. 2008&ovan et al. 200BJCN-WCPA 2008Alino et al. 2001

The principles suggested here, when considered, will be implementadored manner
ideally by local communitiaad governmentand will need to accommodakecal social
economic, culturahstitutional and political reabrld factors.This should help lead to marine
protected area networks that are effective, in terms of fisheries and otherbesptasthe
limited scope of this wark is hoped that # biophsgical principlewill help inform decisions
to achieve the best possible outcomes.

25



1.4 Marine protected area network objectives in the CTIl National Plans of Action

Within the Reignal and National CTl PoA®arine protected areasdmarine protected area
networks are relevant in two wdyshey are mentioned specifically as tools to use and there are
goals, target@nd 2)objectivesor other outcome®sf the plas which either explicitly or
implicitly can be contributed to by establishmeoth@for moe marine protected aeaither in

an ecologicyl connectedietwork omotError! Bookmark ot defined.Many of the objectives

n the NPoAs that auld benefit from the application of a range of managemenintiote
welldesigned and implementedrine protected asedWVe assessed which of the objectives in
theNPoAsthatmarine protected areas could contribute.

A distinction exists between Igoabjectivesand outcomesas opposed to tools or outputs.

For example, statements of values, concerns, preferences, tools, processes and means which
contribute to achievement of eolojectives are not, themselves, objedtie=ney 1988 The

separation of means and ends is important because the degree to which any mechanism or tool
(like marine protected asjacan achieve any stated objective may be viRigblnd Riedel

1984. For example, implementin@rine protected ageaight be presented as an objective

when it might be one of the means to another objestiole,asmaximizing resilience a coral

reef communitywhich a raft of manageent tools can contribute.

More specifically, to optimize the design of a netwarlaohe protected areasie must first

be clear as to the objectitesvhichmarine protected areaserequired to contribute. The
design must follow the objectivesd the objectives must be developed in concert with
community and user engagement.

The prefacaliscusses releva@il-wide commitments and objectives the RPoAas they
pertain to the use afarine protected asf&oral Triangle Secretariat 2009ere wecombine
that information withnformationfrom theNational CTI Plans of Acticio determine, across
all these planthe stated goals and objectives (outcomes) that tHea@d 6ommitted tthat
are relevant tonarine protected aeanarine protected areetworks ananarine protected
areanetwork design

Objectives stated in tiRegional antational CTIPoAswhichmarine protected araatworks
could contribute twardsare importanbecausehe biophysicatiesign principledeveloped in
this report aréailored tocontribute taheachievement of those stated objectives.

1.4.1 Shared national CTI goals and objectives that pertain to use of marine
protected area networks

For the purposes of this @p, the focus is on tedmmongoals, objectives and outcomes that

a marine protected aretwork can contribute towards that the CT6 shi@resome cases,
NPoAs provide more detaibr examplan the meaning af h a b. iWhexd tiiis has occurred

it has been assumed tha t#iPoAs which were silent on the detail would encompass similar
aspirations. Where more specific objectives are not identiiidde NPoAsthey may be
provided in other, mometailed [anningor implementatiodocumentsot revewed here
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Reviewing the summary of the relevant components of the CTI ,NWofasind thathe main
sharedoverlapng CTI objectivegshat marine protected araatworks could contribute &ve
in no particular order

1 Increase lonterm benefit to hunmaweltbeing (of current and future coastal communities
especially) of the use of marine resources including:
- Income/employment
- Livelihoods including diversification
- Food security
- Poverty reduction
- Via ecetourisnt?
- Environmentally sustainable developmentiemic growth
- Sustaining the full range of marine ecosystem goods and services
- Resolution of tenure and resotuse conflicts
f Sustainable use of marine resources including:
- Coastal fisheri€s
Live reef fish fishery
Reefbased ornamental fishery
Tunafishery”
Small pelagic fishery
1 Improved quality of marine and coastal resources:
- Better habitat condition
Coral reefs
Mangrove forests
Seagrass beds
Beach and/or coastal forests
Wetlands
Marine/offshore habitats
Mudflats
Algal beds
Rocky coasts
- Better cadition of fish resources
A Increased tonnage of landings
A Increased average size of landed fish by species
A Viable population levels
A Healthy spawning aggregations
A High recruitment
- Conservation of biodiversity
- Better functioning of marine and coastal ecosystefuding:

oD D D B D D D D

12While most NPoAs referred to tourism, this does not mean that it is intended to be initiated everywhere.

13 We can assume this includes use of local species as well as harvested and collected speeilear{erg. béche
trochus, lobster, crabs, shellfish)

141f spawning, feeding or juvenile grounds for tuna are within the coastal inshore pelagic habitat, then a coastal
MPA network could contribute to their protection.
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A Greater productivity
A Sustaining the full range of marine ecosystem goods and services
A Ecological processes
- Improved status (e.g. Population, distribution, diversity and economic value) of:
A Sharks, rays and other cartilaginous fishes
Threatenedish (e.g. Napoleon wrasse)
Corals
Sea turtles
Seabirds
Marine mammals
Crocodile
Other species on the IUCN Red List
Other identified species
1 Address local and global threats to marine resources:
- Mitigation of effects of fishing in an ecosystem including:
A Excessive exploitation
By-catch
Discards
Destructive fishing practices (e.g. use of dynamite, noxious substances,
destructive gear)
A Protection of juvenile/nursery areas
A Discarded fishing gear
- Mitigation of effects of tourism
1 Reduce vulnerability obastal and marine resources to:
- Climate change impacts including through
A Protecting refugia to reseed affected areas
A Reduction of noftlimate stressors
A Application of climate chge resilience principles to marine protected area
network design
- Otherexternal and local threats
(DEC and the NFA 200QNational Secretariat of the GJFF Indonesia 200®epublic of
Philippines 20Q®Republic of Timor Leste 2Q@blomon Islands CTI NCC 2Q@EC and the
NFA 2010.

> > > > > >

> > > >

All the NPoAs (and the regional CTI Porefer tomarine protected asasencompassing a
range of types of protection either explici!H
the marine protected area to have aoning plan for thenarine protected are&ome refer

explicitly tdocal marine managed arédd\As) as being a type ofarine protected area

The NPoAscontainmuch detail regarding hamarine protected aseahould be implemented

with regard to governance, commubéged managemeldgal tenure, geographic priorities,
collection andise of information, legislation, linkages to other CTI goals and other national
programs, planning processes, targetsTleése are not discussed here.

In additon, the Regional and NatioalAs recognize thatarine protected aseare not the
only management tool that can contributideocobjectives listed aboviénd all the CTl PoAs
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refer to the need for a broader managnt framework, in this case EAFM, within which any
marine protected amewould sit.

1.5 Scope

Biophysicallynearshore coastal habitats are different to deeper oceanic envir@osegils

2009. The Regional CTI PoA refasaCTMPASt hat pr ot e ct shore kahitath maj
type within the Coral Triangle Region (e.g. coral reefs, seagrass beds, mangroves, beach forests
wetl and ar eas and;CoralTriamgke Seotdridt 209DForehese eedsons,at 0

the design principles presented in this report applies most readily to-shereeaabitats of

theCT.

This report does not address the myriad of extremely important and, usually, highly situation
specific sociapolitical, economic, institutional, management feasibility and cultural factors that
should be considered in designing networks of protected areas. These are discussed in other
works and the authors direct you to thggkite et al. 2006UCN-WCPA 2008Ehler and
Douvere 2009Agardy 2010Alino et al. 2001 Other work has developed semi@nomic

guiding principles but more for the particular geographies where they were applied
(e.gFernandes et al. 20@5reen et al. 200%Gleason et al. 2010ipsettMoore et al. 2010

Wilson et al. 20)1 Broadly, nay of the soci@conomic principlesoncerncomplemenig

human uses and valueBhe waythat translates into ghe-water principles will vaat each
locationand require casg-case assessment, ideally in colladroraith the local communities
(IUCN-WCPA 2008

The scope of this work is limited in the degree to which the literature is reviewedpoSke pu

of this report isto deliver useful, clear biophysical marine protected area network design
principles and to justify the bases and rationales of those principles. The hiteradere
reviewed to inform the development and provide the reabehimgl the principles. The intent

is not to deliver a comprehensive review of all work conducted on every aspecteof
protected area desighhus there is heavy reliance on recent reviews and recert.r8$earc
review is also limited to literatwetten in English.We also note that relatively few scientific
papers focus on areas such asCihd€Fisher et al. 20L.0However, he literature accessed
includes not onlpeer reviewed scientific papers but grey literaltie scope of information
accessed to incorporate climégnge factors into marine protected area design was limited by
the terms of reference of the projeuginlyto a workshop held for this purpose in 2010
(Attachmentl; TNC 2011 McLeod et al. submitted

This work is limited also by the fact that much of what is understood abauaticealesign
and functioningf networks of marine protected areas is known by practitionerEihvte

do not write publically accessible documemtwreinformationmay also be known to scientists
who have not yet disclosed their knowledge ir@dewed papers. This kindkabwledge is
not captured in this report.
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Threatened species considerations were not part of the terms of reference for this report
however the authors have attempted to include these factorsadh haenanney where
practicable.

For definitions used this report please refer to the GlossaryAdtatthmeng®.

1.6 Target audience

The primary audience for this work is tropical marine resoartagers in CT6 and beyold.
is intended to be useful and understandhalolkgroundor busy decisiemakers whonay have
neither the tim&or access to information to synthesvailable literatureThis may include
government poliesnakers, who haveesponsibility over real o#thewater decisions
conservation plannes community leadersWe expectthese practitionet® focuson the
bottomtline of this report (Executive Summary and SeB}ion

1.7 Marine protected area networks within a broader management framework

Marine protected areas andrine protected areatworks cannot function as effectively, or in
some cases, at all, outside ofcader management framew(RC 2001Jones et al. 2007
Ehler and Douvere 2008gardy 201,0Agardy et al. 201,1Alino et al. 20)1 In particular,
fisheryrelated objectives cannot be met nearly as welirine protected aseaompared with
marine protded ares in concert with other management tdotsexample, effort and output
controls on fishing, gear modifications (e.g. to enhance selectivity), controls on gear to limit
habitat damaggsee definition iMttachment2;. FAO 2003 Coral Triangle Secretariat 2009
DEC and the NFA 200National Secretariat of the GJFF Indonesia 200®Republic of
Philippines 200®Republic of Timor Leste 2Q@blomon Islands CTI NCC 2Q@¥EC and the
NFA 2010 FAO 2010 set within a broaderanagement framewofRuss 20QHilborn et al.
2004 Kaiser 2005Licuanan et al. 2008rmada et al. 200€hiistie et al. 2009&ice and
Ridgeway 201@omeroy and Andrew 2011Some efforts have beemedied to management
frameworks that support srasthle fisheries in the developing watddh as those in ta
(Foale et al. 2008mith et al. 2018ndrew and Evans 2QHvans and Andrew 2011

The CTI Regional and National Plans of Action are congrittian Ecosystem Approach to
Fisheries Management (EAEMAII the CT countrieshave adopted the FAO definition of
EAFM; this management approach offers a functional framework within wiaiche
protected arsaand, indeednarine protected arewtworls have a role along witbther
management toofas discussed above).
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1.8 How marine protected area networks can benefit coastal communities and
marine ecosystems

This report is not intended to evaluate the benefits and costs of marine protertathareas

this work focuses on design principlesgtimizemulti-objective benefits that marine spatial
zones can deliverA brief overview of some of the benefits and costs of marine protected areas
is providedto inform our decisiomaking about howedst to develop biophysical design
principles for marine protected areas and networks

Most of the literature refers to effects oftalee marine protected aredso-take marine
protected areasan benefitfish within the protected ardapdiversity conseation and the
ecosystem more gener@iyard et al. 200Russ 20Q2.ubchenco et al. 20Q08ester et al.
2009. Particular benefigthin a netake couldncludepositive impacts upon:

FISHING MORTALITY (drect shorterm benefits; readid immediately)

1 Eliminate mortality ttargeted species and size/age classes

1 Eliminate bycatch mortality

1 Eliminate incidental mortality directly caused by fishing gear/practices
1

Eliminate indirect mortality caused by the damage/destruction of habitats caused by fishing
gear/practices

1 Eliminateindirect mortality caused by fishing mortality of prey species

POPULATION SIZE (direct shorto mediumterm benefits)
1 Increase abundance, density and/or biomass of the focal species

1 Increase abundance and/or density spawning individuals, or spawmasg,mbthe focal
species

POPULATION STRUCTURE (direct shetdb mediuraterm benefits)
1 Increase mean size/age of individuals of the targeted species
T Restore/ maintain 6natural d size/ age struct

REPRODUCTION (direct shorto medumterm benefits)

1 Increase potential and actual reproductive output

T Protect portion of the stockds spawning bi
1 Enhance settlement/recruitment

HABITAT QUALITY (secondary mediuto longterm benefits)

T Protect and all ows hamaedasticsr y of o6énatural d h

1 Increase biodiversity

1 Protect against loss of keystone species, and cascading or indirect effects of fishing

' on community structure

T Reestablish 6énatural d community composition
processes

31



1 Improveamenities and resources for otherfisireries sectors of society
(Roberts and Hawkins 2000RC 2001Ward et al. 200Evans and Russ 2Q004illiamson et
al. 2004Russ et al. 2008ester et al. 20D9

Benefits of ndake mane protected areas beyond thewndariesmainly upon harvested
species and the associditdteriesould include:

SPILLOVER OF ADULTS/JUENILES (direct mediurterm benefits)

1 Result in net emigration of juveniles and adults from reserves

1 Increase catches of larger, more valuable individuals near reserves
1 Increase abundance of trogiged fish near reserves

LARVAL EXPORT (direct mediwterm benefg)

1 Result in net export of eggs and/or larvae to fished areas

1 Enhance recruitment to fisheries (i.e. fished stocks) outside reserves
1 More robust larvae exported from larger females

FISHERIES (indirect medium to leteym benefits)

Increased catchdisheries yields, profits

Decreased variability in catches, fisheries yields, profits

Reduce conflict between fisheries/fishers

Reduce conflict between different users

Maintain diversity of fishing opportunities

Sustain fisheries for vulnerable species

Increase likelihood that existing fishing effort levels are sustainable

Increase lonterm stability of fisheries

(McCormick 1998Ward et al. 199%et and Mous 200&ell and Roberts 2008lcCormick

2003 Palumbi 20Q4Alcala and Russ 2Q@&rrell and Botsford 200Bogarty and Botsford
2007 McCormick and Gagliano (B) Jones et al. 200®laliao et al. 200®elc et al. 2009
Shanks 2008abcock et al. 201RA0 2010QHalpern et al. 201Rompas et al. 201Belc et al.
2010.

=4 =4 4 4 4 8 5 9

Fishery benefits afo-take areathatarenot est ri cted to inside or ou
couldinclude:

POPULATION (direct mediunto longterm benefits)

Increase size of stock available to fisheries

Possibly permit increased fishing mortality

Have greater success than traditional controls at maintaining sustainable fisheries
Reduce overfishing of vulnerable species

Protect species vulnerable to overfishing

Protect from incidental mortality on spawning or nursery grounds

Protect/buffer againstock collapse, or serious decline, from overfishing

=2 =4 -4 -4 _-2-5 -2
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Protect/buffer from natural recruitment failure

Improve probability and rate of recovery after serious decline or collapse
Reduce variance in stock size and, therefore, in fisheries yield

Improve prospeaaf longterm sustainability of stocks

Improve predictability of recruitment under environmental uncertainty

Reduce impacts of variation/extremes in natural conditions on stocks/fisheries

E R

=A =4 -4 -4

GENETIC STRUCTURE (indirect, mostly letggm benefits)

1 Protectgenetic diversity of focal species

1 Reduce risk of loss of genetic information from gene pool
1 Reduce effects of fishing selection

1 Select for beneficial behavioural changes

ECOSYSTEM (secondary, mostly kergn benefits)
1 Reduce risk of disruption of ecasgsstructure and function

MANAGEMENT (tertiary, shortto longterm benefits)

Simplify regulations making compliance enforcement easier

Avoid difficulties of observing and enforcing size and gear regulations
Allow violations to be more easily detected

Reluce need for data collection to support management

Provide resource protection without detailed stock/system data
Protect against management failure (precautionary approach)
Provide a basis for rebuilding stock-(leelging strategy)

Provide areas for sty of natural/anthropogenic processes in absence of fishing

mortality/effects

1 Provide sites with minimal disturbance for study of effects of fishing, natural/anthropogenic
environmental pressures, and/or harvest strategies

(Ward et al. 200Pet and Mous@®2 Russ 20Q2Palumbi 2004FAO 2010 Kompas et al.

2010, Alino et al. 201 Hamilton et al. 201Pomeroy 201 5adovy and Clua 2011

=4 =4 4 4 4 8 5 9

Where industries exist that depend on a hédattking marine environment withanyfish
(e.g. marine tourism),teike areas can directly contribute to mainteranttenhancemeat
economic benefitderived from ndake marine protected ar¢@arr and Mendelsohn 2003
White et al. 2008UCN-WCPA 2008

Temporaryincluding seasonal) rotational ndake areas could alsave fisheries benefits in
terms of increasing fish density inside and outside-thkenareasalthough these areas are not
necessarily beneficial to maintenance ofveisttyon abroadscalg(FAO 2003 Cinner et al.
2005h Game et al. 2009

Other types of marine protected acagimit particular types of gear suclatsom trawling,
purse seining, gillnettirdynamite or blast fishing, fishing using noxious chemicaslionit
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effort, by-catch and habitat impastsome way&.g. excluding ndocal fishers or limiting the
amount of gear permitted to be used pmson in an aregBAO 2003 Great Barrier Rée
Marine Park Authority 200@ovan et al. 2008VCPA- Marine 2010 These havalsobeen
shown to havpositive impactspon the marine environmeand thestockgPoiner et al. 1998,
Tanzer pers. compirox and Caldwell 20@8utchings et al. 20P8

Marine protected areas that restrict atakssn some wayncur managementostsand,
potentially, short or even long term costs to local fiBalmford et al. 2004A0 2010
Grafton et al. 2010Ban et b 201). If some or all extractive activities from an areaadan

are removedhere is lesarea w@ailable to the fishers and, potentiaffprt previously applied
within a newmarine parkcouldbe displaced to outside thetake aregHilborn et al. 2004

This could concentrate fishing efftwt some degreand may increase damage to adjacent
habitats, target species and-tanget specie&rafton et al. 201Da Fishers may therefore
experience a declinedatch per unit effort or, even, catch overall leading to a potential loss in
profit (Ward et al. 2001UCN-WCPA 2008 Fishing communitiemay havdimited and
complex spatiatructure and limited mobilifilborn et al. 2004 No-take areas, especially in
isolation from other management effartay cause hardship to fishing communitiestesh
fishing seasons and/farce fishers to travel much farther to unfamiliar grounds, increasing risk
to the smaller vessels and to pe(piafton et al. 201Da

There are also costs associated Mattkaf management action when a risk to the sustainability
of the marine resources in questarsts(Cesar et al. 20081 2008. Generally, @sts and
benefits become more difficult to meadine longer the time frame of tlassessment
However as a general yalee benefits will accrue over the longer tagmt takes time for a
newly implementecharine protected aréa produce optimunecological and soes@zonomic
benefitsespecially in terms of larger lodyed speeis(Cesar 2000

Whetherthe benefits of marine protecimeas to fisheries outweigh thecodt depend on
many factors includinguman population growth, distance to ma@npliancgwhich is
linked, among other things, to governance arrangendesgg)n features of thwarine
protected arég) and the surrounding management envirdniRess and Alcala 19%&Gnner
et al. 2005H-A0 2006 McClanahan et al. 2Q08CN-WCPA 2008Christie et al. 2009BA0

2010.

1.9 Why networks of marine protected areas?

For nearly all marine species, individual marine reserves pnoaidenefitsin terms of
species maintenance becdlusesize of the areas amiallysmall compared to the geographic
extentand home mageof the species it is aiming to sustRioberts et al 2001 8kilbred et al.
2006 Gaines et al. 201€ee also Sectiog2.1to 2.2.4. One solution is to scale up (e.g. the
Papahanuamokuaké&tional Monument that covers almost 880, knr), however such
solutions are socially, economically and politidfitylt along heavily populated coastal areas
such as those afuch ofthe CT (Gaines et al. 201L0
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Alternatively, netwks of multiplemarine protected aseaan have larger impadateluding
benefitsthat are greaténan the sum of the individual pgi&lpern et al 2001 Bkilbred et

al. 2006Gaines et al. 201Alino et al. 2001 The benefitsan include helping to increase fish
biomass and population s{@owder et al. 20p)0ncrease profif€ostello and Polasky 208
optimize harvest(Neubert 2008 hedge against uncertainty (Lauck et al 1998aiml et al.

200), improve stock esilience to external impacts upon fish stocks (Stephansson and
Rosenberg 2005 iIRAO 2010, protect different life stages, prot&oiger and/or more
migratory speci¢sAO 2010).

In short, for the same amount of spatial coverage, networks of marine peveagechn

deliver most of the benefits of individoarine protected ameas well or bettebut with
potentiallyless costs due to greater flexibility and diversity in size, shape, distribution and
location option UCN-WCPA 2008

1.10 How can systematic biophysical design of protected area networks help?

In the real worldsuccessful selection and implementafigmotected areas is the prodoica
complex suite of factors that arguallynot biological nor predictab{&night and Cowling
2007. Instead, drivers aexononc, availability of resourcesganizational and institutional
capacity, politicavillingnesstenureand governangeorruption, don@ andothers(Foale and
Manele 20Q&Knight ard Cowling 20QThristie et al. 2009kogina 2010

Current efforts, including th@ne are airad to inform opportunistidand planneédspatial
marine conservation initiatives with the best p®phl guidan@ailablgwhileacknowledging

the limitations of doing thalone Noss et a(2002in Pressey and Bottrill 2Q008fer to this
combination of pragmatiealities and best available science as informed opportLipisett
Moore et al(201Q andGame et a[2012 provideagoodexample of how to coupdgstematic
planning witrpolitical and sociapportunity with the case of the Province @hoiseul in the
Solomon I&nds. Work in Choiseul reconciles commudityen conservation opportunities
with a systematic and representdiased approach to prioritization and led to implementation
of one land and one marinefected area for each of the twelaeds of the iand(Lipsett
Moore et al. 201Game et al. 20)1

There are also a multitude of management activities which can contribute to biodiversity,
fisheries and climate change objectives that dovebte a spatial dimension. These include
input and output controls on fisheries, stopping of illegal fishing, enforcement of existing
legislation, reduction of water pollution, protection of wetlands and mangroves monitoring,
education and awarenessimgi, capacity building, community participagimn(Armada et al.

2009 Christie et al. 2009aThese activitieseamportant in providing effective marine resource
management outcomes.
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2 DESIGN PRINCIPLES FOR ACHIEVING FISHERIES OBJECTIVES

2.1 Fisheries objectives

An ecosystem appoh to fisheries management has been aduopdedefinedy the CT6 in
accordance with the UN FAO definitiofseeAttachmeng).

Marine protected areaspecially within an EAFM framewadyld contribute to some of the
fisheriegelated objectivessidentified inthe National and Regional CToRs Sectionl.4.),
for example:

1 Increase lonterm benefit to human waleing (of current and future coastal communities
especially) of the use of marine resources including
- Income/employment
- Livelihoods including diversification
- Food security
- Poverty reduction
- Environmentally sustainable development/economic growth
- Sustaining the full range of marine ecosystem goods and services
- Resolution of tenure ad resouuse conflicts
{1 Sustainable use of marine resources including
- Coastal fisheri€s
Live reef fish fishery
Reefbased ornamental fishery
Tuna fishery
Small pelagitshery
1 Improved quality of marine and coastal resources
- Better condition of fish resources
A Increased tonnage of landings
A Increased average size of landed fish by species
A Viable population levels
A Healthy spawning aggregations
A High recruitment
1 An ecosystemapproach to fisheries management includes broader considerations of
ecosystem health and habitat conditionAtaehment?). In this way, marine giected
areas can contribute to EAFM by contributing to:
1 Improved quality of marine and coastal resources
- Better habitat condition
A Coral reefs

15 See alshttp://www.fao.org/fishery/mpas/en
16 If spawning or juvenile grounds for tuar@ within the coastal inshore pelagic habitat, then a coastal MPA
network could contribute to their protection.
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Mangrove forests
Seagrass beds
Beach and/or coastal forests
Wetlands
Marine/offshore habitats
Mudflats
Algalbeds
Rocky coasts
- Conservation of biodiversity
- Better functioning of marine and coastal ecosystems including
A Greater productivity
A Sustaining the full range of marine ecosystem goods and services
A Ecological processes
- Improved status (e.gopulation, distoution, diversity and economic value) of:
A Sharks, rays and other cartilaginous fishes
A Threatened fish (e.g. Napoleon wrasse)
1 Address local and global threats to marine resources
- Mitigation of effects of fishing in an ecosystem including:
A Excessive exploitan
By-catch
Discards
Destructive fishing practices (e.g. use of dynamite, noxious substances,
destructive gear)
Protection of juvenile/nursery areas
Discarded fishing gear

oI D D D B B D

> > >

>

Sectior? derivesbiophysical design principles for different typesaoine protected amethat
contribute to achieving the objectives listed above.

2.2 Literature review and lessons learned

The vastmajority offishersin the CT and elsewherare involved in smaltale fisheries
(Pomeroy and Andrew 2Ql1Thesefisheriesare difficult to categogzbut mainly occur
nearshorewith local fishers who fish in relatively smalisowith relatively low technology and
on a daily basi@Pomeroy and Andrew 2011 These fisheries have been occurring for
generationgCinner 2005Cinner and Aswani 2007 that time permanent or temporang-

take areagor managed areas restricting access or lga@been part of thdraditional
management of the fished sto@Emner et al. 2005@&inner et al. 2005JCN-WCPA 2008
Game et al. 2009NC et al. 201,GGrantham and Possinghafil). Sometimes rAiake areas
have been implemented to help sustain fish stocks; otherwise they have been implemented to
enhancestocks to make exploitation ea@teale and Manele 20@inner and Aswani 2007

In either case, they form part of known and familiar traditional management (Caatees
and Aswani 200[lUCN-WCPA 2008Wilson et al. 2011
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For these fisheries, therelimited or no formal, quantified information on catch or effort
(Pameroy and Andrew 201 Therefore, angnanagemennethod use in smakscale fisheries

must require limitescientifically collected databe able to use local knowledged be simple

and coseffective(Preston 20Q%omeroy 2091 However, most smaltale coastal fisheries

are complex; theysually involvemultiple gears, multiple species, open access, seasonal
fluctuations in capacity and effartd interactions between divecaleand largescale fleets
(Crowder et al. 200Bomeroy 20)1 These factors oftdimit theusdulnessof manyavailable
approaches to measurement of fishing capaditgsuls inestimategvhen they exigtthat are
subjectd some uncertainfiPomeroy 2091

The desired response to tiveerainty insmalscale fisheriess i n ol i vi ng wi th
acknowledging the sheer gaps in human knowledge and understanding of these natural and
human system&harles 200ih McConney and Charles 20axemplifies failures to do this.

Today, convaional fisheries managers laking beyond single oljee, single species and

limited management toolbegto manage fisheribgtter especiallyn muti-gear multispecies

and datgoor fisheriegPomeroy and Andrew 2Q0Xalomon et al. 2001EAFM provides an
overarching basis fonanagement within which marine protected area can havéFA@le

2003 Attachment 2). Spatial fisheries management options have long been used for
sustainability purposes in fisheries around the world and have included seasonal or permanent
spawning closures, closures to protect nursery areas, breedinfisa aggregation sites and
habitat protection arelSAO 2003 2006 201Q. Under IUCN Guidelines, spatial closures
intended to ensure sustainability as a priority (versus intendexkinaizeyield) can be
considered marine protected af@&SPA- Marine 2010

Marineprotectedareag(of all kinds)n developing countries seem to work when combined with
traditional tenure systerasd other fisheries management tmig. EAFM), for example in
parts ofthe AsiaPacifi¢ such as the Philippines (Pomeroy et al BORIEConney and Charles
2010. As partof a broader management programrine protected area networks can be
attractiveto smahscale fishers because benefits can derive from much sneallerdévidual
protected areawhich also imposkess of aurden on the fishing commun{fy CN-WCPA
2008. But if, or how they assist in replenishing nearby feshatependsignificariy on
technical desiggnd compliancgRkuss and Alcala 19986cConney and Charles 2DFor these
reasons, and others, there is seen to be a rolarioe protected araatworls within the mix

of resource management to@lscluding EAFM)to address tropical, smsdble fisheries
management @xtives in countrigiike the CT@Preston 20Q®omeroy 20)1

Unfortunately, most of the research into designing networks of marine protected areas is
focused upon only Aake areasnd this limits the utility of this literature revieMarine

resource managers including fisheries marnzaers however, a suite of types of spatial
management regimes at their disposast(of whichcan be called marine protected areas
WCPA- Marine 2010 EAFM, which isbeing pursued in ti&T, promotes an ecosystante,

holistic approach to fisheries management which includes consideration of different types of
permanent and/or temporary marine protected &é&3 20032010 Attachment2). These

will be discussed below.
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