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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.

16



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/

20



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
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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.
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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
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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

33



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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This section?) and the following section§, dnd 4), are organted into sukheadings that
explore different aspects of marine protected area network design fojfl@vizacal heading

within which all this information is used to define biophysical operational principles to guide
decisions on design, in this case, for fisheries objectives.

2.2.1 Why a network for fisheries?

There is general consensus tarine protectedreanetworks are mer desirable than
individual marine protected aréislbred et al. 2006A network of marine protected areas has
been identified as a desired outcomalldhe CTI NPoA aswell as other national plans
(Philppine Republic Act 7586 "National Integrated Protected Areas System" Act 1992,
Philippine Marie Sanctuary Strate@QREMAP Il Ministry of Marine Affairs and Fisheries
2006. While one marine protected area, particulariekearea, can be imparit in helping

to stabilze or enhance adult marine populations locally, if they are too small it is possible they
camot sustain the population of interéSaines et al. 20)L0If there isonly a single ntake
areathenit will likely need to be at least as large as the average dispersa(atidtzuiet

home rangdpr the each of the species of intetestenerate benefits in terms of protection of
each specig&aines et al. 20110 Larval and adult movement of target species cangbe |
enough that this may require reserves of tens to hundreds ofekdevits (Shanks 2009
Gaines et al. 2000 Few reserves are this laf@anes et al. 2010 Large netake areas
particularly can be so@oonomically unacceptable and therefore unviable in terms of
implementatiorespecially in smaltale fisherietQUCN-WCPA 2008 For these reasons, a
connected network of smaller-taie marine protected areas can prowateyof the benefits

of a larger area without as many of the mtonomicand political hurdles to implementation
(IUCN-WCPA 2008see Sectiors2.20 2.2.4.

In addition,within a networkif a natural or human disturbance damages or dessingge
protectecharea, there is still a likelihood that the objectives of the management action can still be
attained due to the remaining marine protected (Ahie&s 2001 Gaines et al. 2010 Thus
networks offer a greater level of insurance against disasitdiare a common feature in most
marine environmengallison et al. 200&aines et al. 20110

Because of the redundancy or replication inhereant ®cologically connected network of
marine protected areas, survival of parts of the network after a disaster mean that a network can
also contribute to replenishment of areas of the ecosystem that are (zaraegedt al. 201L0

This can include replenishment of damaged protected areas within the network or other parts of
the damaged ecosystem.

Networks are also effectivecausthey can better encompass a range of marine hitlaitats

single marine protected are@his is important because marine species tend to segregate by
habitat and often use different habitats during different life ¢Raests et al. 2003a
Therefore, placing protected areas in examples ofcalhmaaine habitat types is important for
meeting fisheriemnd conservatiogoalgdGaines et al. 20L0ONetworks can achieve this without
including swaths of marine ecosystem covering ténmareds of kilometswithin no take
areagGaines et al. 2010
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2.2.2 Proportion of aregion to include in a marine protected area network

2.2.2.1 Research

Fisheries rely on abundant and persistentgagmg(Gaines et al. 200.0Many of the models
exploring optimal percentages of ecosystems to protect in marine protecteithare@s
presumehat the fishing effodutside protectedr@a boundarias so high that the external fish
stock cannot contribute to replenishment of target species midiine protected area
boundariesor (b)find that marine protected areas are most useful, in terms of contributing to
fisheries objectiveshen fishing pressure is hi@@otsford et al. 2009bThese models also
presume that the marine protected areas aske@reaBotsford et al. 2009bSectionl.2
discussed the fact that nshore fisheries throughout much of @leareeither fully mature or

over exploitedvith often inadequate fisheries managenibog the modelling worlapplies

well tothese parts ahe CT situation.

A population, including a fish population, banmaintainedf each individual reproduces
enough replace itself in the next generafnisford et al. 2009However, ér mostmarine
populationsthe number of eggs or larvae required to produce one reproductive offspring that
survives the larval and early juvenile stage is poorly (Buigford et al. 200RBecause of
these dficulties in establishirtbe actual minimum threshold value of lifetimepegduction

(LEP) for each species, marine ecologmsiserned with fisheries have expressed LEP as a
fraction of the unfished, pristine value (fraction of lifetime pegducton, or FLEP), and
examined empirical informatittndetermine a general safe value of that pargiMeiss and
Sissenwine 199Ggerber et al. 200Botsford etal. 2009p Metaanalyses suggésat keeping
FLEP above 3%ercentensures adequate replacenoget a range of speci@erber et al.
2003 Botsford et al. 200paThis has been otherwise referred to at the level the population
must remain at, compared to unfished stock levels, to achieve Maximum Sustairi@ldekYield
1990, Myers, Brown andrBowman 1999, Ralston 2002 in FAO R0IRAis recommendation

has incorporatedata showingxample®f fisheries collapse when FLEFbelow35 percent
(Clark 199180 percentMace and Sissenwinel1988percentClark 1993, Mace 19935:60
perent(Dorn 2002, for rockfishgsll in Botsford 2030

For marine practed areas to contribute to fisheries outside their bourttiesienusfirst be

able to sustaimarget species within their boundafléastings and Botsford 2006 This
requires oa of two things: {lindividual marine protected areas with a diameter greater than the
average dispersal distance of the spetiateres{Botsford et al. 200par (2 if the marine
protected areia smaller than theverage larvdispersatlistancethen species will persist only if

a certain fractio~35 percent of the coastline is covered withnnectednarine protected

area (Fogarty and Botsford 20Q07This fraction is the same as th&F required for a single,
non-spatial population of that species to persist pe3éent;Botsford et al 2001, 2008
Botsford et al. 2009b For species characterized by delayed maturation and low reproductive
output, the required fraction may be considerably Ifigigarty and Botsford 2007
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Table 1 Additional recommendations for amounts of area to protect in ntake marine
protected areas

Suggested percen| Details Reference

no-take

~30 percenbf reef | To achieve fisheries (and conservatig (Jones et al. 2008

area objectives in the CT

20percent Generic advice (Roberts and Hawkins 200
NRC 2001Roberts et al.
2003h

30-50percent Generi c Thethval c e vy | (Friedlander et al. 2003

replenishment offered by-teikke areas i| Halpern and Warner 2003
most effective for more depleted

fisheries.
10 to 5Qpercent Neededo sustain fisheries outside the (Gell and Roberts 2003
reserveg exact amount varies Kaiser 2005n Skilbred et a

dependingn the objectives considere| 200§

8to 80percent Depends on the fisheyythereis not (NRC 2D0)
one figure that will suit all species
perfectly in terms of maximising yield

21-40percent Summaries of data for reef fishly (NRC 2001

The biologidabasis forany ofthese numbers have not been empirically tested in relation to
specific habita{Sale et al. 2005

2.2.2.2 Other marine protected area zones

The discussion above is mainly restricted tak® areasand recommendationfor target

species of interesdther kinds of manie protected areas which allow take of target species can
contribute to both maintenance of the fishery and EAFM objectives by reducing impacts on
habitat, reducing impacts ordagch andimiting access or ge&AO 201(. There igyeneral

advice that all types of management of any fishery should extend throughout the spatial extent
of the habitat of the fished stoaksing, ideallyan EAFM frameworkFAO 2003. Beyond

this we could find no advice as to proportions of this area that should be included in other types
of marine protected area zones or categories. Despite this, some managers have implemented
multipleuse zoning within their marine parks as indicated below.
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2.2.2.3 Examples
Sites being mplemented

Percentage targets fortake area®r marine protected arehave been implemented in a few
cases. For Karimunjawa National Park and Wakatobi Marine National Park in Indonesia, 100
percentof both parks are zoned for protection to some degodeding 0.4ercentand 3.16
percenin notake areas respectivi@yeen et al. 2009(reen et al. 2011In the Philippines,

in the Southeast of Cebu, a network om22ine protected aeaxist that include about 6
percenf reef habitat in ntake areas with surrounding buffer zones which allow hook and line
fishing only(Green et al. 20096reen et al. 201L1In the Verde Passage, aboutpkfsentof

the 1.4 million hectares is included in marine protected areas (an incfe2@eeotdntsince

2006 ClI - Philippines 20QTCI 2010. Tubbdaha Reefs National Park and World Heritage Site
is the largest marine park in the Philippines (B88.2ind is 10percenino-take(Green et al.
2009h Greeret al. 201)1In the Solomon Islands, f@hoiseul Province, a target ofp&@cent

of the original extent of each ecosystem type is included in protected gre@erfRthen
considering climate changgsettMoore et al. 20).0

In the Clannel Islands, off Californig)SA, 30 to 50 percentof each habitat in each
biogeographic region was recommended to be includakienmarine protected aréasame

et al. 2008 The Scientific Advisory Panel for the Channel Islands pestiessted that this

would conserve §kercenpf the species of concgiirame et al. 2003n 2004, 2percenpf

the Channel Islands National Marine Sanctuary was included in 11 marine reserves distributed
among the 5 islds comprising the island grq@yrame and Ugoretz 2008

On the Great Barrier Reef, in 2004, at leape&@ntof every bioregion (3srcet overall)

was included in a network of-takke areas where the remaining area of marine park
(encompassing most of the Great Barrier Reef ecosystem) is included in other categories of
marine protected ar@areat Barrier Reef Marine Park Authority 2B@¢handes et al. 2005

North central CalifornidJSA recently implemented a network of marine protected areas using
scientific advice that led to @ércentof the region in marine protected greaduding 11
percentbeing netake areas and much of the remainder allowing limited take of selected species
only(Gleason et al. 2010

Planned intervention

The CTI Regional and soM@0A state ultimate targets of (@rcenbf each major neahore
habitat type within th€T region within netake areaplus a much larger amount imgoform

of designate protected statu@Coral Triangle Secretariat 20@EC and the NFA 2009
Republic of Philippines 2Q0fhterimno-take aretargets for 2020 have been set in soase
(e.g.PhilippineslO percentwith ultimate targets of Z&rcentRepublic of Philippines 2009
For the Solomon Islandthe target i$0 percentof Solomon Island coastal, watershed and
inshore area under improved management thi@agimunityBased Resource Management
and htegratedCoastalManagemenépproaches by 201Solomon Islands CTlI NCC 2009
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Il ndonesi aod ssfo€20Imilibhhecaresanfanne protected aehy 202QNational
Secretariat of the GOFF Indonesia 209

In PNG, a planning process for Kimbe Bay wsédrget of 2@ercentof each habitaand
recommended that a total of gé&rcentof coastal part of thglanning areé<200m deeppe
included in marine protected ar@aseen et al. 2007In Timor Leste and Indonesia, the
scientific design for the Lesser Sunda ecoregion of the CTI inclygeree2in marine
protected areas of each of the ssbareshallowhabitats andor the deep sea yet nshore
habitats the targets varied frorto3.00 percentdepending on the conservation feature to be
protectedWilson 2006 The draft Indonesian Grand Strategy for Marine Conservation Area
Networks also calls for at least a core gie2fentno-take within each Marine Conservation
Area (COREMAP Il Ministry of Marine Affairs and Fishe2€€§. In Indonesia, further,
examples include Berau Marine Conservationvwitrieh is planning to includep8rcentf its

entire area in Aake marine protected ar¢aseen et al. 2009brhe systematidgnning for

the SuleSulawesi Marine Ecoregion includes the establishment of functional integrated
networks ofmarine protected ameavithin priority conservation areathough planning does

not invove numeriomarine protected arespatial targetéStakeholders of th8uluSulawesi
Marine Ecoregiofiechnical Working Groups of Indonesia Malaysia and the Philippines and the
WWF SSME Conservation Progragaimh 2003

Other suggestions ftire proportion of a region to proteeithin a marine protected ateave
been provideden percent is committed to by CBD party stateEP-WCMC 2008 5 to 20

or 30percent of critical habitaérplanning are@Govan et al. 200Bowry et al. 200930to 70
percentaveraging 3t 40 percentPet and Mous 2002he Ecology Centre The University of
Queensland 2009 to 66 percentfor Tabina in the Philipping®er demersahndpelagic fish
respectivelyLicuanan et al. 2006L8to 30 percentdepending on the target species in the
Florida KeygDahlgren and Sobel 2000 in Licuanan et al); 20D 48 percentfor the
Seaflower marine protected area in the Cariffrézoiander et al. 2003

Other studiesprovide geeral advice about the appropriate propotiomcludein marine
protected aredsut stop short of suggesting any amo(Riberts et al. 200Foberts et al.
2003hIUCN-WCPA 2008Sale et al. 2010

Given the extremely wide ‘eyi of species exploited in the Philippamesthe broadeZT (e.g.

350 species in Bolinao, NW PhilippifdsManus et al 1992 in Licuanan et al. 2006; Sea
Around Us Projed), it is unlikely that sufficient data will be available to allow for each species
to be modelled to determimkzallevels of protection in each ciseuanan et al. 2006

One way forward is to implement the advice most likely to apply to the majority of species of
interest; another may be to group fished species into taxa with simighoriés and patterns
of habitat use and determine the different requirements per group of taxa. This report largely

17www.seaaroundus.org
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adopts the former approach. The latter avema®explored at an inaugural Marine
Conservation Think Tankeld in Auckland, New Zealanéd2mber2011.

2.2.3 How big should the individual protected areas be within a network?

2.2.3.1 Research

If one is implementing singlemarine protected area, especially-akeareayhere there is

little other effective marine resource managetoesrisuremaintenance dhe target species

the size of the marine protected area should be at lkeageas the average dispersal distance
of the larvagand home range of adulte) ensure persistence of the population within its
boundariegHastings and Botsford 2Q08NVhere local information on target specigsedial
distancesind adult home ranges existan be used to describe ideal marine protected area
sizes for those species.

To date, kown dispersal distances vary from a few hundredstochundredsof kilomeers

or evengreater(Shanks 2009 Shanks (2009) hypothesisar functional types of larval

dispersers:

1. Organismswith propagule durations of less than half athdeydisperse in the order of
meersto tens of madrs These are maintplonialorganismge.g.some corals, ascidians,
bryozoans, algae

2. Organisms with propagule durations of greater than or etpad#fiday togreater thaB0
days but with dispersal distances of less theam.1 $eciesn thisgroupappear to be
inhabitants of shallow coastal environmsoth a®rnamental and othemalleicoral reef
fisheqJones et al. 199%%Imany et al. 200Jones et al. 2010b

3. Organisms with propagule durations of more tm&week and somalispersal distances
greater than 20m andadults that inhabit shallow coastal wathrsh includénigherorder
coral reef fishggdones et al. 2010and

4. Species with longropagule duratien@reater thammne month), long dispersal distances
(greater tha@0 km), and adults that inhabit the waters over the continentallbieedfis
theleastamount ofdata for this group.

These kinds of data have led to advice thagénsure persistendgeglividualno-take areas

should be 40 6 km in diameter foghort distance dispersers, which are many of the coral reef
speciegShanks et al. 2B)0 As the size adin individuaho-take areancreasg longer distance
dispersers meet the replacement criterion, and their catch exceeds that of tHestsimoeer
dispersers because of the greater area of sgfogarty and Botsford 200There is advice

that at least some individual marine protected areas should be relatively large (from several to
tens ofkm alongshore length) beetteraccommodate mobile didiish (Palumbi 20Q8otsford

et al. 2009&aines et al. 20110

Other modelling studies have found that recruitment benefits outside bouredpasisiae for

no-take areas from 1, 5, 10 to kB0in diameterlandthat the benefits increase with the size of
no-take are@Pelc et al. 201BPelc 2011
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However, if one is relying upon a network ofake areas to help maintain stocks of fished
species within and outside the marine protectedhemeahe individual size of earka can be
much smallefGaines et al. 20[.0Palumbi (2004) suggestsariation in reserve sizesd1100

km in diameterfo accommodatihe large variance in dispersal distances a@sSubject to
considerations of the overall proportion of a habitat range wakenareas (Secti2r2.2 and
distances between thetalieareasJection2.2.4, other work suggests thatividual mane
protected areas can small and still effective terms of contributing to fishes objectives
(Russ and Alcala 19®eneck 2006o0garty andotsford 200,/Jones et al. 2008 ster et al.
2009. In some cases, including only Kt of reef habitat in ntake areas sufficien{Russ

and Alcala 199&ester et al. 20P9

The htest coral reef studies show that smakkeareas (from 0.Ki#? to 4.23 krhor 77 to

423 ha) containing even smaller arefasoral reef habitat (from 0.kf to 0.77 kn or 11 to

77 he) can also be demographically connected, via larval dispersal to themseles (self
recruitment), to other Aake areasnd to the fished reef habitat outside théake areas
(Jones et al. 2010b, unpublished data Great Barrier Reef Marine Park, AMitiaritgon
201). These data are for targeted reef dgrieseg. coral trout Plectropomus macaladus
stripy snapper_utjanus carponatatoses et al. 2000lWork in New lIreland, PNG, has
confirmed these results: smaktaioe marine protected aredsiround 0.%n? or less (in this
case protecting spawning sitePlettropomus aereakatukelp protect fish spawning biomass
(Hamilton pers. comm.) Thisalsodue to the connectivity between protected spawning sites
as well as the unprotectsids outside the siake areas (Hamilton pers. comm.)

Other factors lend weight to the need for a minimum sizeke@rea: species interactions, if
considered importar(and with ecosystebased fisheries managemney are considered
important)increase the likely required minimum @Baeskett et al. 2007This is more likely to
be true for longlistance dispersetop predatorsspecialists and inferior colonigBaskett et

al. 200y

The persistence and increased hea#lttmal no-take areas has been well explétadpern

2003 Alcala andRuss 20Q@_ester et al. 200Maliao et al. 20R9The fact that it is possible

that these smatio-take areas contribute positively to local coral reef fisheries has also been
shown(Alcala and Russ 2006 he evidencef larvaldemographic connectivity to other areas
beyond théboundaries of even smalarine protected area boundaries is new and support
large body of theoffPalumbi 2004, Hamilton pers. comlones et al. 20k Sale et al. 2010

The literature reviewesthows the utilitpf small netake marine protected areas; not just large
ones.

Single large or several small protected areas

For fisheries, to maximei recruitment beyond boundarigsyeral small protected areas are
likely to be btterthan a single large area of the saméHaatings and Botsford 2003 his
may bemoreaccuratéf there are high levels of local retantwhich latest studies aggealing

for nearshore coastal environments including corafdeaés et al. 200Bhanks 2009ons et

al. 2010p
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Where habitat is discontinuous, the optimal reserve size to lansalmetention may be
constrained by the size of habitat pat(fresmbi 2004

Overall, current research suggests either a range of sizes of marine protgft@doai€as
km in diameterpr a system of ediumsized marine protected areas would be most effective
for fisheriegHalpern and Warner 2Q@3alumbi 20Q4Jones et al. 200Jones et al. 2008
Although, Halpern and Warner@pconsider reserves oftt@00km to bemoderately sized

2.2.3.2 Examples
Sites being mplementation

The waylocalresource tenure systeaasishape conservation outcorh@sbeen identified as
one ofthe top100 questions of conservatiorportancgSutherland et al 2009 in Weeks et al.
2010h. Within many coastal communities of the CT6, letalré arrangements impact
resource management options and decisions including size of marine prote¢tdnareas
and Aswani 200%Govan 2009Weeks et al. 2010 his means that the size of many marine
protected areas have heerd are likely to continue tq likeked to the size of local tenure areas
whicharevariable (frontess tharl to 5 km longshore extent to an offshore extent tf £6

km; Johanne2002 Aswani 2003V eeks et al. 2010b

A primeexample of small slake areas, albeidt in amarine protected areatwork, thahas
been shown teontribute to fisheries are Sumilon and Aptake aream the Philippines.
Thetwo marine protected arem®0.375kn? (37.5 hacontaining 2Percentof the corareef

of the islandSumibn) and0.22kn? (22.5 hagcontaining 1(®ercentof the coral reef oApo
island Alcala and Russ 200&umilon Island is also inohaldin a broader initiative in SE Cebu
encompassing2b0kn? of water includng an intermunicipal integrated coastal management
partnership. The area has 22 #mkemarine protected asewith an average sizeOof4kny
(14ha) and totalling an are&3 knv* (which is percenpf the reef habitat in the ar&aeen et

al. 2009p The entire Tubbataha Reefs Natural Park and World Heritage Sitethadso in
Philippines, is a 9687 no-take areéGreen et al. 2009bn the Philippinesverall of the 852
marine protected agewith known area, 3rcentare less than 1@ size and 48percent

are within 110 100 la (Arceo et al. 2009Thisis significant since, in 2000,p@3centof the
311marine protected aeaith known areaere less than 10ain size(Alino et al 2000 in
Arceo et al. 20091In the Solomon Islandsiarine managed areas averad@ (1100ha)in
sizeand in PNG they average k# (2300 h); these include mulise areas and-ake areas
(Govan 200p No-take areas in PNG varnyrn 0.012to 6.5 kn? (1.2 to 650 &), and in
Solomon Islands from 0.0@1157.8&nv (0.1to 157 800 &;Govan 2009

Kurimunjawa National Park in western Indonedid @6kn¥, of which 1101kn? is sea The
entire area is zoned for some level of protedticludingfour no-take areas summing to an
area of 44%&n7 (of which one comprises ov&lf the total are&reen et al. 200RiWakatobi
Marine National Park, Indonesia, i®a3kn¥ and is a multiplase marine protected aveish
439knrin notake areagaryngin size from 36&nr to 13kn*(Green et al. 2009bThe seven
new marine tected areas Raja AmpatporthwestPapua, Indonesi@ncompass about 45
percenf the shallowvater coastal ecosystems of the Raja Ampat C¢@idzii1l). Overall,
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Indonesia has 100 marine conservation areas which vary enormouskomesiample, just
the 30 District Marine Conservation Areas range from 2(¥y49 ta (2 to12717.49 k)
Mulyana and Dermawan 208

Scientific advice given to the Califdrnia D
best protect adult populations, based on adighbourhoodize$ and movementaiterns,

marine protected aseahould have an alongshore extent of at léa&05m of coastline, and
preferably 1@ 20 km. Largemarine protected aseaould be required to fully protect marine

birds, mammals, and migratorydisAnd many of th@o-take areas, especially when combined

with other protected zones fulfilled these criteria when implemented (€&00& al. 2010

Gleason et al. 20110

On the Great Barrier Restientific recommendations weredachno-take area® bel10 or

20 km across at some pdiRernandes et al. 2003ust éss than half th&46 no-take areas
implemented¢onformed to these requirementsd a large number of the individual areas were
relatively smaéispecially in more heavily used geegs0.7kn?, 1.47kn¥; Fernandes et al.
2005, unpublishedath Great Barrier Reef Marine Park Authoridata collected to date show
these ndake areas are workimgthat both numbers and biomass of key target species have
increased significantlyhis isalso likelyinfluenced byhe inclusion ofat leas®0 percentof

locally available reef habitat within ti{Eernandes et al. 20@uss et al. 2008ones et al.
2010bWilliamson 2001

Planned intervention

Berau Marine Consation Area in Indonesia is ) kn, and plans are to zone the entire
area for different levels of protection, includingake areas of a minimum size oft@.20
km? (Green et al. 200Rb

White et al (2006) advise that to help maintain coral reef fishetéd® amas should be at
least0.1 to 0.&n7 (10 t020 ha). Ten hectareno-take areas have been reported in the past to
show increases in the size and number of prized fish speabiesCaribbeafRoberts and
Hawkins 1997 in Roberts and Hawkins R0@hd Friedlander et al (2003) recommended a
minimum size of 1Rn¥ for no-take areas to be located in Seaflower Biospbseev®, now
declared as a,880kn¥ multiple use marine giected arefHoward 2006 Govan et a{2008)
recommend at least a&ih longshore area of at least D@vide as a minimum size for an
LMMA. IUCN-WCPA(2008) recommenrdharine protected areas that areo@Dkm across

at their minimum dimension.

Advice onfactors to consider when determirapgropriate sizes ofarine protected aseaan
also be found elsewhened offer suggestions on siaeying from 1ha to 450 ha up t@an
admittedly urealistic minimum diameter of 175 or 3R, if truly aiming fora diameter at
least 1.5 times the dispersal distance of larvae of the entire suite of residéNRPXHEL

18 A neighborhood, in this sensenteron a set of parendd is an ardhat is large enough to retdiem (i.e.
includes the adult range) anaist of the offspring dhose parents An oOadultoé neighbour hoo
movements and range (Palumbi 2004).

47



Salm et al. 200Roberts et al. 20Q3Roberts et al. 20038hanks 200%A0 2010 USAID
Program Integrator 2010

2.2.4 How far apart should individual marine protected areas be within a
network?

Research into the question about spacing of marine pratesdseds, again, entirely fedus
upon netake areas. We vakplore this body of warkut also attempt to discuss implications
for otherlevels ofmarine protean.

2.2.4.1 Ecosystem canectivity

There are different types of marine connectivity: ontogenetic connectivity between different
habitats (where different létages use different habjat®nnections between the land and

the sea; diurnal, tidal or other regular movements of adults between habitats; connections
between different locations of the same habitat because of larval dispersal and recruitment
patterns(Sale et al. 20L0AIl types of connectivityareimportant to ecosystem functioning
including the distribution and abundance of plants and aflimdenmayer et al. 2Q08it

has been argued that strong connectivity within antecposysd between Aake protected
areashelps populations to recover from disturbances through the links between populations,
processes dood webge.gMumby and Hastings 2Q0@le et al. 20110

In this section we explore the implications of larval connectivity on marine protected area
network design. In Secti@?2.6implications of other pgs of connectivity on design are
discussed.

2.2.4.2 Research

The distance betweemarine protected areas is important bedausterminesin part,the

degree to whicktocks of the same species are connected to eacldatbet al. 200L.0There

are different types of connectivity between adjacent marine protectedinaréagorotected
areasadultscan move into adjacent ar@dalpern et al. 20L0Data show that these distances,

for mainlysedentary or mobile (versus high mobile sg&cies)in the order of 606 800m,

assumi ng gt htahte dfiinsehdi nof t he mar hohpreclygletht ect e C
movemen{Halpern et al. 2010

Ontogenetic corattivity exists, for example, when different life stages of a species use different
habitats within an ecosystéhanes et al. 20304df protecion is offered to the entire suite of
habitats used by a species throughout its life, and the protected areas are located dimse enough
each otheto allow access to individsiadoving between thenthen multiple marine protected

areas can offenolistic (in terms of life gf@s) protectiomo the species involvg8ale et al.

2010. Individuals can also use different habitats on a daily basis (e.g. day awdcoiglat)

19 As defined by Fishbase: www.fishbase.org
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also potentially benefit from appriately spaced protected areas that include different habitats
(Sale et al. 20110

The larval connectivitypertaining tospacing of marine protected areas is called population
connectivity and has two fornig:gendéic connectivity and?) demographic (or ecological)
connectivitySale et al. 20L0Genetic connectivity refers to the amount of gene flow occurring
among populations over generations and determines the gerextncedf among those
populations. A very low level of gene trar(siee or two individuals per generaticen) be
enough to result in genetically similar populafBaie et al. 20L0At much higher rates of
larvd connectivitypopulation demographics such as recruitment qawshieelyimpacted and

so influence population growale et al. 201L0This is termed demographic connectanty

is of mostconcerno fisheriesnanagers asdaninvolve the greatest contributionstgstaining

or enhancin§ished stock8Vard and Hegerl 200BA0 2010.

Both types ofpopulation connedtity between spatially separated popukatiocated in

sepaate marine protected arezster becae theyxan help:

f maintain or build the overall population within a region;

{1 the regional population as a whole withstand external impacts within any one part of its
range;

1 maintain adequate gene flow throughout the extent of the population; and

1 replenistdepleted areas of thepulationSale et al. 201L0

Optimal spacing of marine reserves in a network is strongly influenced by the spatial scale of
movement of the target spedi@alumbi 20Q4Gaines et al. 200L0In particular, the scales of

larval movementan determinghe distances between marine protected #naasllow for
demogaphic connectivityBotsford et al. 2003Palumbi 20Q4Kaplan and Botsford 2005
Botsford et al. 20098hanks 200%aines et aR01(Q. If each protected area can enhance the

rate of population growth in the other ar@as being adequately connefteéden this
population synergy potentially can resuitareased numbers both witlpirotected arsaand
outside(Neubert 20035anes et al. 2010

Shanks (2009) gathered data on the larval dispésdtagical and temperatearinespecies
(includingalgaginvertebrates and fishea)d found it to vary frortess than 1 rto 500 km.
On average, actual dispersal distaneagynificantly less than potential distaasemight be
indicated by larval (propagutielration(Botsford et al. 2009shanks 2009 For example,
some fisHarvaewith a life of 1Qo 48 daysmight only travel 10@ 500m (Jones et al. 1999
Almany et al. 200Zvhile others travel up to aboutksf (Shanks 2009 For somecoral trait
and snappdarvaewith a duration of 28 42 dayshave been shown tavel from 10@ 500
m up to ~30km (Jones tal. 2010p Recent work in Manus, PNG, confirms tlzaval
dispersal distances of ~130km (and adult movements from ~11i@km) are common for
the coral troutPlectropomus aerdblatadton perscomm.). This confirms that spacingof
take areas from at least 1 tdkB0apart can be effective in terms of demographic connectivity
for this species (Hamilton pecsmm.). The latter pieces of work anearticularly interesting
from a fisheries management point of view as these lanzdtehstics would allow for self
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recruitment within a relatively small protected ascavell adarval spillover to outside a
protected area.

In the CT, manyspecies can be important in the satale, nearstefisheries that matter to

coastal comaonities (Nanola Jr et al. 2010 Eachspecieswill have its own life history
characteristics and behaviours that impact upon, for example, larval dispersal distances and,
thereforewhatspaang of marine protectedeas would be effective fafShanks 2009

Data are not available ornvirdispersal distances for all the species of importance taXbastal
communities and if they were, they would likely be different for different Gloewe=t al.

2007. The possibility of grouping taxa with similar life histories and habitat requirements to
consider common marine protected area network desigrnpeegasupwasexplored at the
inaugural Marine Conservation Think Tank in Auckland, New Zealand in December 2011.

This lack of information is not unique to &, and scientists have consolidated existing
information into advice about optimal spacing of marine otactagiven the uncertainty
(Sale et al. 200L0Sale et al (2010) suggest locatiigkeomarine protected areasdl80 km

apart. Gaines et al (2010) recommentb 100 km distance between protected ar€ébs.
lowerthanexpected dispersal distances found for larvae stiggetite distances between
adjacent marine protected areas need to béJtews et al. 2007/Shanks et al. (2003)
recommend a spacing oftd@®0 km for species with typical pelagic larval durations to promote
connectivity among adjacent reserves.

At high fishing rates and small reserve sizes, variable reserve plaveragnodigve local
effect on catch and recruitment when several resered®catedlose to each othéfaplan

and Botsford 2005 Variable reserve spacing can offer additional protection to overfished
populations(Kaplan and Botsford 2005 Palumbi (2004Halpern and Warner (200&)d
Roberts et al (2008)so arguéor variation in spaayn(10to 200 km Palumbi 2004 but the
reasoning i® reflect the likely variation in the dispersal abilitiesnoérous species tairget

fish and invertebrates.

Where habitat is discontinuous, the optimal spatimgrine protected aremsensurdarval
connectivity may be constrainedh®spacing of habitat patc@slumbi 2004

2.2.4.3 Examples
Sites being mplemented

As with the issue of size of marine protected area (SBQi@® for many coastal
communities of the CT6, local tenure ing@obnoptions ad decision$or spacing of marine

protected areg€inner and Aswani 200Govan 2009Weeks et al. 2010bSome largescale
conservation efforts are explorthg inclusion of one marine protected area within each area
under local community tenyeeg. Slomon Islandd.ipsettMoore et al. 20)0 Others are also

aiming tospread the costs and benefitsnodtiple (potentially networks afiarine protected

areas across | ocal (e.g mlippinesj Ihdoresad TimoreLester NG ar e a
SolomonIslands Govan 2009 Green et al. 2009&Veeks et al. 2010rantham and
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Possingham 201Wilson et al. 2011 In terms ofspacing of marine protected areas within a
region of interest, thisastranslatd to spreading the location of marine protected areas across
the units of area under local tenure.

This means that spacing of any marine protected(@seger sizd)asbeen and islikely to
continue to be linked to the sizkelocal tenure areasnd other governance and jurisdictional
boundariegJohannes 200&swani 2003Neeks et al. 2010b

In the Phlippines,SE Cebu, individuaharine protected aseare located at a distancées$

than1 km toless thariO km apartas this matches local government area boun@df@as-

WCPA 2008Green et al. 2009bdn Wakatobi Marine National Park, Indonesiadakearea

were located within the larger marine park using rules of thumb for larval dispersal and
between 10 to 20 km apé@reen et al. 2009dn Raja Ampat, however, the seven marine
protected areadeclared in 2007, are located fronkrhzo ~50km to just over 100m apart

(Cl 2011 Grantham and Possingham 2011In the Verde Island Passage there are
approximately 70 marine protected areas separated by distances of lessahdruf to ~10

km apart at mos(Partnerships in Environmental Management for the Seas of East Asia
(PEMSEA) 2009CI 201Q. Larval dispersal was explicitly considered, through application of
rules of thumb, in the most recent zoning plan for Karimunjawa National Park, Indonesia
leading to protection zones fréess tharl km to ~10km apar{Green et al. 2008b

From elsewhere in the wqnide can see that desired distances between marine protected areas
(or notake zones) wesmsmetimesiot specified in detail (e.gre@t Barrier Reef Marine Rark
Airame et al. 200Bernandes et al. 200%n the case of the Great Barrier Reef, a huge variety

of distances between-take zonegfrom a few k to tens of kn) was implemented in 2604

In the Channel Islands off Californid$SA scientists recommended no more thato 300km

between marine protected areas which was then implemented suqd&ssiully Marine
Sanctuary Program 2D0Fhe recent marine protected area planning process in north central
Californiaimplementedcientific recommendations of distances betareas of 56 100km

in 2009Gleason et al. 2010

Plannedintervention

In Berau Marine Conservation Aremlonesiano-take zors within a largeonservation area
were proposed to be 500 to 40km from each othdiGreen et al. 2008bGreen et al (2007)
proposed that marine protedtareas for Kimbe Bay, PNG, be located 2 to 35 km amart
with only one separated by more tharkh3o the next nearest areBor the Lesser Sunda
Marine Ecoregion, Wilson et al (2011) designed a network of ras#ipterine protected
areas (includg existingnarine protected ameand areas of interest) of 1 ®@00km distance
between individual ardasmaintain genetennectivity.

IUCN-WCPA (20083uggesta spacing of 1@ 20 km, up to 50to 100km between individual
marine protected aremsdrecommendsariable spacings opposed to even spacidgnes et

20www.gbrmpa.gov.aaccessed 5/18/11

51



al (2008) also advocate varying distance betw&semoarine protected areas for@fein
particular.

2.2.5 What shape should individual marine protected areas be within a network?

Two factors inform decisions about the idgbalpeof any marine protected argpthe concept
of edge effectand 2)the need tdacilitae compliance with simpleoundariesdentifiable by
landmark or, in some casesith simplecoordinategFriedlander et al. 2Q@3ovan et al. 2008
IUCN-WCPA 2008 Coordinatebased boundaries are probadggusefulin locations where
compasses or GPSs are not commonly used.

The more edga reserve has, the faster it will export or spillawere, especially aduétkative

to the total protected ar@Roberts et al. 20P1For fisheries objectives, the marine protected

area shouldhaximizaheo edge ef fect 6 by great deakf edgehparprets t h a
volume(Halpern and Warner 28)0Marine protected areas that are rectangular will offer a large
edge per unit volume (compared to a ¢chélete et al. 2006 In theory, aectangle caalso

offer a relatively simple border to enhance comp(iafe-WCPA 2008

Realworld exampkeshow somesuccess igreaing marine protected areas, or zones within
them, with simple boundarigsainly using straight lines, squares or rectdioglesjnpliance
purposege.g. Karimunjawa National Park, Indonesia; Tubbataha Reefs Natural Park and World
Heritage Site, Philippind8aja Ampat, Indonesi@reat Barrier Reef Marine Park, Australia;
north central CaliforniaUSA Green et al. 2009l&5leason et al. 201 Grantham and
Possingham 201GBRMPA 2011 The logic of using simple and identifiable boundhaaies

align with knowandmark$as been applied often in the creation of marine protected areas in
theCT, but very little has be@locumente@dboutthe applcation ofthis design principle.

The authorsawuld find no references of rearld examples of implementing specific shapes of
marine protected areas with g@tedpurpose of enhancirgpillover despite the few written
examples identified having shapes thatstithat(as discussed abave)

There aralso newplanning processes undenti@t areaimingto supportimplemenrdation of
simply shaped marine protected atedester complian¢ceas opposed tcedgeeffects(e.g.
Kimbe Bay, PNGLesser Sunda Ecorag Indonesia and Timor Lestéreen et al. 2009a
Wilson et al. 20).1

2.2.6 Where should the marine protected areas be located?

For fisheries, ibphysicaldctors taconsider irterms of location of marine protected areas in a
network include:
1 Representation of the diversityisi habitats within the region of interest
1 Different butcontiguous fish habitatghere possible
1 Spawning and other types of aggregation sites
1 Juvenile and nursery areas
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Breeding areas

Migration routes
Movement of currents
Larval source areas
Existinguses and threasnd

Marine protected area boundanéhlin habitagdto encourage spillover

(NRC 2001 Roberts et al. 20Q3&/hite et al. 2008UCN-WCPA 2008 Mumby and
Hastings 20Q8.owry et al. 20Q09%aines et al. 2018ale et al. 2018ecretariat of the
Pacific Community 20110

=A =4 -4 4 4 4

These factors are considered in more detail Qdlemy. other socieconomic, political and
governance factors will also influence the location ohanmye protected areas (e.g. tenure or
jurisdictional boundaries; enforcement; complemdntimgnuses and valsie These are not
within the scope of this report.

2.2.6.1 Represent the diversity of fish habitatand contiguous habitats

The tropicalcoastasmalscalefisheries in th€T target multiple specjend some of these
species use different coastal half&eses et al. 201cConney and Charles 20R0meroy
and Andrew 201 5ea Around Us Project 2011n addition, different life stages of the same
species may use different hab{iatsrd et al. 200Palumbi 20045aines et al. 201Bale et al.
2010. Because the number of species that are impartamy of theCT nearshore fisheries
may belarge(Nanola Jr et al. 2018ea Around Us Project 2Dlthere is an extremely high
likelihood that every coastal habitat will be important for at least iheetafget species at
some stage in their lifesSomestudieshave found thatto maintain the connectivity of the
habitats for different spegcidisis also important to protect different but adjacent fish habitats
within a marine protected ai@ umby and Hastings 2Q008amauag et al. 2Q@®nes et al.
2010asee Sectio.2.4.2

For these reasos it is important to try to protect adequate examples of all coastal habitats
within a region(ideally multiple, contiguous habi@to from inshore to offshgre marne
protected area@alumbi 2004IUCN-WCPA 2008Lowry et al. 2009Gaines et al. 2010
including within theCT (Jones et al. 2008 Where biological data area inadequate,
geomorphological datar even more simple surrogatesid be used to help define habitats
(Roff and Taylor 2000, P. Alino pers.conioff et al. 2003 errigan et al. 2011 Simple
surrogates may include: deplistance m shore hard seabed substrates (e.g. coral reefs)
versus soft seabedareas under river Inénces current type andyjeographic spacing.
Representing the range of habitatsmilar totaking a systemmide approach to designing a
network of marine pretted areas which alignsvellwith an ecosystem approach to fisheries
managemerfChristie et al. 2009dcCook et al. 2009

This conforms with CT6 intentions stated in &Ejgional andNational PAs (e.g.Coral
Triangle Secretariat 20@EC and the NFA 200Republic of Philippines 200@nd other
linked planning processes in the regeg.l ndonesi ads dr aft Gr anc
Conservation Area Networksimbe Bay,PNG; Lesser Sunddndonesiaand TimorLeste

53



Choisel, Solomon Island®erau Marine Conservation Area, Indon8si&Sulawesi Marine
Ecoregion Malaysia, Philippines and Indond®ga Ampat, Indonesiand advice about the

LMMA process Stakeholders of th&ilu-Sulawesi Marine Ecoregidmechnical Working

Groups of Indonesia Malaysia and the Philippines and the WWF SSME Conservation Program
Team 2003COREMAP Il Ministry of Marine Affairs and Fisheries 2@6van et al. 2008

Green et al. 2009@reen et al. 2009hipsettMoore et al. 201@rantham and Possingham

2011 Wilson et al. 2011

Many places in th@T are or have alreagdymplemented marine protected areas or networks
that encompass a diversity of coastal hafgtgtsRaja Ampat, Indoneszhoiseul, Solomon
IslandsBerau Marine Conservation Area and Wakatobi Marine National Park in Indonesia; SE
Cebu Network and Tubbataha Ré&ftural Park in the Philippin€reen et al. 2009bipsett

Moore et al. 201Grantham and Possingham 2011

2.2.6.2 Include critical habitats

Spawning and other types of aggregationjsitesile and nursery ardagsedingand foraging
areasnd migration routes between these aigeall important logahs for fished species and,

at some of these locations, gathered individuals are disproportionately vulnerable ,to impacts
such adishing oftenleading to stock declifleowry et al. 200%ale et al. 2018adovy and

Clua 2011l Reef fish are particularly well known to aggregate for spamciuding fish

found in theCT such as grouper, snapper, coral trout, wrasse aftd Wdsat many of these

types ofontogenetically criticaites share is the seadoand sometime predictablature of

their importancéSadovy and Clua 2011

For these reasons, scientific advice is to protect all sites that are important to cramges life st
of targeted speci¢SAO 2006 IUCN-WCPA 2008FAO 2009 Lowry et al. 20Q0%ale et al.
2010 Sadovy and Clua 201This type ofreasoning for marine area protectias, in part,
beenapplied for decadéanot hundreds of yeaiis different locations in theT (Cinne and
Aswani 2007 In particular, documented examples ingiudeection ofspawning aggregations

in Newlreland, PNG andpawning aggregatian Wakatobi Marine National Park, Indonesia
(Green et al. 2009Hamilton et al. 20).1

Other planning processes in tB€ are taking into account critical habifatg.] ndonesi a0 s
draft Grand Strategy Marine Conservation AreadledvBerau Marine Conservation Area,
IndonesiaKimbe Bay, PNG; Lesser Sunda Marine Ecoregion, Tste, Indonesia; Sulu

Sulawesi Marine Ecoregion, Malaysia, Indonesia, Philispakefolders of the St8ulawesi

Marine Ecoregion Technicab¥Wing Groups of Indonesia Malaysia and the Philippines and

the WWF SSME Conservation Program Team Z@DREMAP Il Ministry of Marine Affairs

and Fisheries 260Green et al. 2009@reen et al. 2009W/ilson et al. 201

2Lhttp://w ww.scrfa.org/accessed 5/24/11
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Once again, given the diversityanfietspecies in the nearsh@e€ environmentgNanola Jr et

al. 2010Sea Around Us Bject 201}, it is likely that anylocations within coastal habitats will

be used, at some time, for some aspect of the lifecycle of at lefishexhspecies.
Comprehensive data on all sites that are important for all stages of the lifealtyspeciés
targeted withinCT smallscale coastal fisheriese absent Where locals do have this
information it can be used to priomti locating protected areas to accord with the local fishery
specific objectives of the marine protected. Aibare this information is not available,
protecting examples of every habitat is recommended

2.2.6.3 Accommodatecurrents and larval source areas

Sometimesnformation isavailable abouhe areas within a regidhat are a source of larval
recruitment andvhich are giks (Sale et al. 2010 Sink populations are those that fail to
replenish themselvaad arestockedby dispersing surpldsom other populationsvhich serve

as sourcetSale et aR01Q. It is likely that few populations can be permanently labelled as
sources or sinkSale et al. 20l0However,Sale et al (2018)ggesthat source populations
should be considered more important andldhmei considered the priority for protection in
marine protected ared¥otecting a source population can help compensate for harvest lost
from a netake marine protected gredapending on the life history and demography of the
specis of interesfHart and Sissenwine 2009, Kaplan 2009, White 2009 in Gaines 6t al. 2010

Others agrethat protection of source populations in marine protected areas should be a priority
(Allison et al. 1998Vard et al. 200dones et al. 200UCN-WCPA 2008McCook et al. 2009
Gaines et al. 201Lincluding in theCT context(Jones et al. 2008t is particularly important

for fisheries to protect the source populations as opposed to displacement oitéitongce
areagCrowder et al. 200

Interestingly, Gaines et al (2010) considerahfslieriest is important to protect the greatest
sourcesndsinks as well as intermediary ar@aaccount for heterogeneity in larval dispersal

This viewis particularly relevant in muggiecies fisheriewhich are data poor (in terms of
knowkdge of the location of sources and sinks), as is the case in most tropical, developing
country smakcale coastal fisherieemeroy and Andrew 2Q1The implications dhe advice

from Gaines et g[2003)is that protecting replicate examples of every habitat type is likely to
account for heterogeneity of larval source and sin& sitesh is useful to know for data poor
situations. Obviously, where local knowledgelentify larval sources, this im@tion should

inform marine protected area design.

Currens caninfluence the direction and degree to which larvae from any source are dispersed
(Gaines et al. 200Balumbi 2004althoughperhapsiot as infliential on the distances travelled

as originally thoughCowen et al. 200Bhanks 200%ection2.2.4. Nonetheless, larvae

released are more likely to move down cum@adtfactoring such potential movements into
reserve design can be impori@udines et al. 2003ale et al. 201L0 Therefore, within the
management area being considered, potential source areas which are at the downstream end of
the management boundanyay beless likely to contribute to larval recruitment within the
management area nhgources located at the upstream end of the manageméGaares et

al. 2008
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It has been broadly agreed that consideration of oceahagrprocesses and currents is
important in marine protected area design and that, in parpicoected areas should be
locatedupstream of unidirectional curre(@owder et al. 2000Vhite et al. 2008UCN-
WCPA 2008Lowry et al. 200%AO 2010 Sale et al. 20L0However, if currents and oceanic
processes are complex, or reversible or unknownnteeamspread of marine protected areas
throughout the management area is recomm@itfeld-WCPA 2008see Sectio?.2.3.

In the CT, protection has been afforded to some sites identified as larval sulncksg
consideratiahito currents and other water movemdetg. Tubbataha Reefs Natural Park
someareagCalamianes and Talawi)within the Philippines, USAID FISH Projé€isheries
Improved for Sustainable Hary&3SH, Project 2010

In CT planning processe$e issue of prevailing currents and sources versus sinks of larval
recruitment is éing considereg.g.LesseiSunda Marine Ecoregion, Timor Leste, Indonesia;
SuluSulawesi Marine Ecoregiodalaysia, Philippines, Indones{anbe Bay, PNG; Tun
Sakaran Marine Park, Malgy&tiakeholders of the St8ulawesi Marine Ecoregidrechnical

Working Groups of Indonesia Malaysia and the Philippines and the WWF SSME Conservation
Program Team 2008/0od 2006Green et al. 20094/ilson et al. 20).1

2.2.6.4 Consider «isting uses and threats

This discussion assumes that marine protected areas are being considered for areas that are usel
for fisheries and other purposes and have suffered impacts from those anthnogEsgyenic

this way, the marine protected areas will be contributing to restoration and rehabilitation of
habitats, fisheries and biodiversity. Beyond this, however, there will always be difference in the
degree to which areas have been danaagkthis has implicahson decisions about where to

locate them.

Proposals for locations of new marine protected areas should factor in existing and future uses
and threatssuch asxisting protected areas and other existing management frameworks, existing
fishing areas,xisting tourism uses, mining activities, the threat of climate change (this is
discussed more in Sectidn shipping, marine and adjacent land tenures, adgacentse,
catchment quality and consequebbundwater qualitfKelleher 1999Jameson et al. 2002
Cinner et al. 20058rmada et al. 200BA0 2009 Lowry et al. 20QMcConney and Charles
201Q Agady et al. 201)b From a biophysical design point of view, factoring in existing and
potential future uses and threats helps achieveitpasps:

1. Increasthelikeihood of survival gbrotectedareas from impacts ekternal threatsy,

where possible, locating them to minimisingrbigabilityor degreef impac(s) and

2. Encouragcomplancedue to complementarity with existing uses
(Jameson et al0@2 Allison et al. 20QRoberts et al. 200360CN-WCPA 2008The Ecology
Centre The University of Queensland 288 et al. 20110

22ywww.tubbatahareefs.pegcessed 5/25/11
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In addition, (Smith and Wilen 2003nd Sanchirico 200&oth in Gaines et al. 2010
recommend that if the local fishery has beenesydoited then locate notake marine
protected areasear portsand other heavily fished areas to foster rehabilitation of the fishery
and also early spillovercsess They also suggest that if the fishery is notesydsited and
spillover effects are not expectdten place ntake areaurther from port to minimize
displacemer{tGaines et al. 20).

Accounting for existing and potential future uses and threats intertwines planning for networks
of marine protected areas with broader planning frameworks such as marine spatial planning,
ocean zoning or ecosystbased fisheries managen{Ehter and Douvere 2008gardy 2010

FAO 2010.

Designingmarine protected areagth consideration of existing uses and threats is cqmmon
especially with regard to fishing uaéigeit more often teninimizeconflict thanto avoid
degraded habita@@/ard et al. 200White et al. 2006 Complementing fishing uses and other
uses and threats occurred, for example Kaitimunjawa National Park, IndoneSig; Cebu,
Philippinesthe Great BarrieReef Marine Parldustralia; as well as in Califqrhi§A(Great
Barrier Reef Marine Park Authority 2@xen et aR009h Gleason et al. 2010

Some documented examples of accounting for existing uses and threats in planning include the
Lesser Sunda Marigeoregion, Timor Leste and Indonesia; Kimbe Bay, PNG; Raja Ampat,
IndonesiaBerau Marine Conservation Area, Indon(&ieen et al. 200Green et al. 2009b
Grantham and Possingham 20¥ilson et al. 20).1

2.2.6.5 Uselocal knowledge

The generaprinciplesaboutplacemenbf marine protected areas will often be informed by
detailed species and taxa specific informttadniocal resource users habeutfishes and
information abouhumanuse patterngithin any local arddohannes 1998swani and Lauer
2006.

2.2.7 The importance of replication

The threemost important reasons to replicate representation of habitats within a network of

marine protectedeas are:

1. Severalmaller marine protected areas, especiathkaaareas, arsore likely to deliver
greatebenefits to areas available to fisthag one large ardAllison et al. 199&aines et
al. 201D

2. To provideinsurance against human or natural disturbances in the hope that some of the
protected areas will escape damage and be a source of replenishment for impacted protected
and other adjacent argablsson 1998 ifKelleher 1999Ward et al. 200Taines et al.
2010; and

3. To manage for the uncertainty associatedhaliitatheterogeneityHabitat diversity and
complexityis often poorly understogdand replication of protected areas incsetse
likelihood that all aspects of all habitats and communities are represented within any network
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of protected ared€rowder et al. 200Boberts et al. 20037220 2010NRC 2001IUCN-
WCPA 2008

Another reason to replicate marine protected areas within habitats is to support adaptive

management. This occimsprovidng enoughreplicatesand thereforeanalytical power for
studies omarine protected areffectivenessuch as changes in populations and communities
inside and outsidearine protected asg@lilborn et al. 2004UCN-WCPA 2008

The desigriterion of replication lseing andhas beerapplied both explicitly and implicitly in

the CT and beyond. Br exampleit has been apptl in the Verde PassadgeE Cebuand
elsewhere in thehilippineswhereadjacent municipalitibaveincludel coastal habitats within
marine protected areasn 2007 the Raja Ampat government declared six additional (seven
total) marine protected areas within its jurisdidiio@hoiseul, Solomon Islantwee to five
replicates weriggested ardrgelymplementedandalso in the Great Barrier Reef, California
Channel Islands and Nor@entral CalifornigFernandes et al. 200&tional Marine Sanctuary
Program 20Q7%Green et al. 200961 2010 Fisheries Improved for Sustainable Harvest (FISH)
Project 201(Gleason et al. 20ll0psettMoore et al. 201Grantham and Possingham 2011

Currently PNG and Solomon Islands have 166 and 127 marine managed areas of which some

may serve as replictiis function of the sites has not been expl@edan 200P Similarly,
Indonesia has 100 marine conservation areas, some of which noaydsmeplicates of each
other(Mulyana and Dermawan 208

Replicate marine protected areas are also planniéanioe Bay, PNG; itthe more detailed

plannirg of Raja Ampat; in the Lesser Sunda marine ecoregion; in the brosSiela®aki

marine ecoregicend elsewhe(&takeholders of the St8ulawsi Marine Ecoregion Technical
Working Groups of Indonesia Malaysia and the Philippines and the WWF SSME Conservation
Program Team 2003reen et al. 200Grantham and Possingham 20¥ilson et al. 20).1

2.2.8 Type of protection possible within the marine protected area network

Many types and levels of protection can be offered within marine protected aseas and
discussed iAttachment2. That discussion is not repeatad,the types of protection that
could be useful to achieving fisheries objectives are presented here.

2.2.8.1 No-take areas

Much of the research and advice dsszlsbove pertains either explicitly or implicitly to no
take areage.g.Lubchenco et al. 20QBnes et al. 200Gaines et al. 2018ale et al. 20110
Gaineseta( 2010) state that eexWlbiedorwhenfenvgdmreentsl ori s
management uncertainty exists ti@ake area&gnefit fisheries across a greater set of species
(Hart 2006, Stefansson and Rosenberg 2005, Grafton et.alf2@d&fpre, in th€T, no-take

area should bene of the types of protection offered within a marine protected area network
designed to achieve fisheries objectives

58

b



2.2.8.2 Seasonal ngake areas

In theory, some of the seasonal and ontogenetic lzeduitaitaises by fished speciesuld be

protected with temporary #iake areas such as seasonal or other temporal (NREe2001

Hilborn et al. 2004 ogarty and Botsford 2Q0UCN-WCPA 2008 Seasonal closures (e.g. for
spawning) are well known management tools in many traditional Socigie€T and
elsewheréCinner and Aswani 2Q07A0 2010. Anot her approach to use
seasonswvhere a specified area is available for fishing only dwésigaatedime of year

(FAO 2010. Seasonal Aake areas have been identified at tools of potential use within the
context of theCTl (e.g.DEC and the NFA 200%Republic of Philippines 2Q0BNC et al.

2010.

Seasonal nake areasequireknowledge ofwhichtarget speciemrethe most important (and
assumptions that thveill remain constantnd about their temporal habiiteor migratory
requirements (and assumptions thatwhislso remain constattjCN-WCPA 2008Sadovy

and Clua 20)1 It assumes that the current tagpecies are the most desiradnbel that no

of i shi ng dmwehange th & lowealue ar@et species over time due to overfishing

of the preferred specidémss occurre(Pady 2010. Seasonal riake areasssume thdhere are

few target species so that only a few seasonal clasresgiired to be useful to the fisheries;
otherwise the implementation of multiple different seasonal closures to protected different
stage of different species become¥easible

2.2.8.3 Other temporal closures

Longterm, but not permanent, closures can have significant and positive impacts upon fished
(and otherppeciesn the CT, for example in remote, low population communities with well
defned tenure rightand local manageme(€inner et al. 2005&Linner et al. 2005b
McClanahan et al. 2006’ hey might be put in place to align with: a particularsgasonal)
lifecyclephaseof a locally important spegiadocal feasa death; replenishment of ovished
species; whesthool fees are duar a range of other reas@g@mner and Aswani 200They

can potentially help maintain stocks or even help to recover or restore sencitenf tish
species.In one example, reefee opemrd to fishing for 2to 3 hours, three times per year
(Cinner et al. 200paOften the rate of exploitation upon openofgthe protected area has a
significantlongtermand extremely detrimental effects on fished populaggpecially longer
lived speciefRussell 199&o0ale and Manele 2004cClanahan et al. 200Bhe impacts of
short periodsf fishing can, for examplemove stocks thaave taken up to a decade to build
(Russell 199&Russ 20QRuss and Alcala 2004cClannahan 2000, McClanahan and Graham
2005 in Cinner etl. 2005p

Temporary closureghich are mobile in space and tieve also beeronsiderediseful in
ecosysterbased fisheries managemienterms of reducing unwanteddatchat least cost to

the fishergGrantham et al. 20P8However, the benefits of this approach need to be weighed
against the potentiabnfusion and costs of implementing a spatially and temporally variable
spatial management regii@eantham et al. 2008
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2.2.8.4 Rotational closures

Rotational closurésvolve the relocation of fiake areas from one (or ong séfocation(s) to

another at set timé&ame et al. 200Baplan et al. 2018ompas et al. 20L0Rotational ne

take areas are well known to both conventional and traditional fisheries resource users and
managergCinner and Aswani 200HFAO 2010 Kaplan et al. 20),0and are now a tool within

the broader ecosystem management toqId®C 2001 IUCN-WCPA 2008 They are
receiving more attention due to the political realities associated with permiakerdaneas and

can also potentially deliver fisheries belg@ttsie et al. 20D9Fisheriedenefitscan be reaed

with rotational closurethoughpotentiallyat the cost of ecosystem bendfisuet al 2008 in
Kompas et al. 2010 Some argue that this requitesrotational period$o be at leasiong

enough to beommensurate with the life history of shecie®eingprotectedso that there can

be anncreasén biomass (and eggs) per re¢Botsford et al. 1993 Kaplan et al. 20L.0With

this provision fisheries benefits would be mealieven if effort is fully redistributeaitside

closure aredblart 2003 in Kaplan et al. 2DA1®nger rotational period reducesdependence

of results on fishing effort, limititige impacof overfishingKaplan et al. 20)0In fact,some

dataare showinghatshortterm @nnuglrotational closuresan be iaffective at contributing to

fished stocksout rather that stocks, and average size of fish, have been shown to continue to
decline when rotational closures are in placé&edespovery of the stocks during periods of
closurgWilliams et al. 20D6

2.2.8.5 Gear restrictions

Anothertype of marine protected afeaspatial fisheries management teae that restricts

the amount or type of fishing gear permitted to be used wilkCt2010. Already, within

the CT, fishingwith destructive fishing gear is prohibitedmiast areas(e.g. fishing using
cyanideor dynamitg although it often still occuSesar 20QG-A0 2011 see also the Fisheries

Law [Law 31/2004[ndonesiaFisheries Law Malaydia Phi | i ppi ned%$ axRepubl i
FAO Country Fisheries L& Gear restrictions are often perceived as more beneficial than
implementation of ntake area@icClanahan et al. 200®meroy 20)%nd can help improve

catch insome instancebut maynot necessarily contribute to broader goals of an ecosystem
approach to fisheries managen{@mner et al. 200ba Unfortunately, in many srsdhle

coastal fisheriegear restrictions have been found to be ineffective for the same reason other
effort controls have been ineffeetipoor fisheries management ov@atheroy 20)1

2.2.8.6 Access restrictbns

Marine protected areas, as well as other spatial tools (e.g. local government boundaries in the
PhilippinesWhite et al. 2006can be used to restrichfisy access to reduce negative impacts

on resources andilgance sustainabili@@uidetti and Claudet 2Q09cConney and Charles

201Q Stephenson and Lane 20BROmeroy 20)1 The restrictions may applyfavor local

ver sus 0 o0 uPauly @)dThid sonsetimesocsursin the case of LMMAS the

23 http://lwww.agc.gov.my/Akta/Vol.%207/Act%20317.pdf
24 http://lwww.lawphil.net/statutes/repacts/ral998/ra_8550 1998.html
25 http://lwww.fao.org/docrep/010/ag115e/AG115E05.htm
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boundaries of which often align with loeaslute system@&ovan 200P In PNG and the
Solomongapproximately 9@ercentand 87percentof land tenure is estimated to reside under
customary tenunehich may be amenable to these kinds of cofBolan 2009Weeks et al.
2010b.

An alternative form of limiting access could be through licalle@tng some users access to
particular spatial areaszones(as promoted in the FISH project in the Philippi@ksstie et

ad. 2007, such access coubd conditioral upon, for example, ongoirdgmonstration of
ecologically sustainable practigas Guidetti and Claudet 2008r anotherexample see
Australian Government Department of Sustainability, Environment, Water, Population and
Communitie¥).

2.2.8.7 No-go areas

From a fisheries point of view, the benefits ofgonareanclude-

1 Easier enficement which provides more certainty of compliatzeno fishing
regulations (enforcemntas simpleif access is nallowed within an areand

T Relatively opristined referemapstflang.a f or

These mageen to be relativelyminor benefits until one considers the Great Barrier Reef
Marine Park finding significant differences in shark populations witiake ncersus Rgo
zones(Robbins et al. 20P6 These studies fourmb significantdifference between +iake

areas and fished aréaissharkon the Great Barrier Reahd an order of magnitude more
sharks in areas that allowed no access (except for research with Ropbinstet al. 20D6

It is very liky these findings point to an amount of illegal fishing in the no take areas as
compared to the rgo areds

Furthermore, noextractive uses of coral re@dg. divinghave been found to have negative
impacton habitatvith likely limits to sustainla usgHawkns et al. 1998arriett et al. 1997
Thus, having the ability to ensure effectiveness of anytiprogstablished can be useful, and
no-go areas can help with teffort.

2.2.8.8 Relationship tolUCN categories of marine protected areas

TheWCPAOJ Marine (2010) is working on a draft document that desstisbandarded list of

different levels of protection that could be offered within any marine protected area. This list
complies with the IUCN categories of protected dPemkbey2008 and is discussed further in
Attachmeng®.

26 http://w ww.environment.gov.au/coasts/fisheriastessed 31/5/11
27 Enforcement activities on the Great Barrier Reef have, while this study was being conducted, been reviewed and
improved(Bishop 2009
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2.2.8.9 Applying multiple use zoning within marine protected areas

One way taeap the entire range different fisherie@nd otherpenefitsfrom different types

of marine zonings to include many different levels of protection within one, usually larger,
marine parkKelleher 1999Christie et al. 200Alino et al. 2008¢UCN-WCPA 2008The

Ecology Centre The Univeaysof Queensland 2009This approach also allows for greater
flexibility h accommodating human uses and vaodsalso helps mitigate against the failure of

any one type of zoning being chosen to achieve all the desired ojeetrdgs199Great

Barrier Reef Marine Park Authority 200&tional Marine Sanctuary Program 2608en et al.

2009h Agostini et al. 201Gleasoret al. 201,0Grantham and Possingham 201This way of

using marine protected areas is consistent with an ecosystem approach to fisheries management
(Christie et al. 200lUCN-WCPA 2008

Multipleuse zonings beingplanned ormpplied in theCT in many place@.g. Berau Marine
Conservation Area, Karimunjawa National Park, Wakatobi Marine National Park, Raja Ampat,
Indonesia; SE Cebu NetwotlanuzaBay, Calamianes, Tavawi, Danajon Bank, Philippines;

Tun Mustapha ParRun Skaran Marine Park, Malaysidse of LMMASs (e.g. in PNG and
Solomon Islands) often allows for different types and levels of use an@\swoesz006

Govan et al. 200&ovan 2009Green et al. 2009Armada 201,1Grantham and Possingham

2011 Jumin et al. 2011

2.2.9 Duration of protection to offer within the marine protected area network

Different types of protection may require different durations of protection.

Seasonal closures that protemdwn aggregation sitef®r(spawning or other reasons) or
protect habitats used by vulnerable life stages of target species can help maintain or even
improve fished stock$UCN-WCPA 2008Sadovy and Clua 2011This assumes the areas

used and the seasons/life histoars knowrnto ensure protection of the correct sites at the

right times for all the species of interdsalsoassumes thaemporary protectioat these
sites/timescan be effectively enforced.

For notake areas thptotect a sulset of the overall stock of target species, the longer the areas
are protected, on averathe larger the individuals within thevill becomeAlsothe more of

them leadto greater likelihoods of adult spillpwgeater numbers of larvae being produced
and higher rates of larval survdia to larger egg skfuss and Alcala 192004 Russ et al.

2005 Evans et al. 200BJCN-WCPA 2008Lester et al. 200®laliao et al. 2009Testing of a

model explicitly exploring the idemigth of netake protection for two fished species (one fish
and a scallop) found that i fish mortality is greater than nmaxm sustainable yieR),the

level of protectionn notake areas low (e.g. ~10 percentind3) there is a low spawning
biomassthen longerm protection is be@tart 200§

In many situations ithe CT, these three criteria will apply (see SetiihnFor these reasons,
and for reasons of enhancing compliance throomgiticsty of rules, permanent-take areas
are advocated by many as part of the spatial management (f¢RIBoX0O0]L Gaines et al.
2010.
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Rotational closuresan haveequal amounts of time available to fishing as to protection from
fishing. Annual rotations of fishing closures have not worked inbtdaviae level afecline

in fished stocks during the year of fishing is greater than the level of enhancement of fished
stocks during the year of protectiilliams et al. 20p6 Other studies have shown that
previously fished stocks, after many years of protection, can be reducprbteqpien levels

within maters of weeks to a yesdter longterm protection is remove@ussell 199&uss and

Alcala 2004 Kaplan et al (2010) suggest that fishbeersfitscan be reaed with rotational
closures if theotational periodare long enoilgto becommensurate with the life history of the
speciedeingprotectedso that there can be imcrease biomass (and eggs) per ré@@atgford

et al 1993 in Kaplan et al. 2GH® also Secti@2.8.3

Temporary closures may be more flexible allowing for the possibility of longer periods of
protection than the periods of access teffsthus enabling ongoing contribution to the fished

gocks (e.g. in Ahus Island, PN&inner et al. 200pba Combining knowledge of theelif

histories of target species (as suggested above) with knowledge of the speed of decline in
protected stocks once available to fishing could lead to a combination of temporary closures
with fishing periods that could benefit fisheriEsr longer livedaixa (e.g. some shagsl

groupery it may take up to one decade or more for new recruits to reach maturity and
contribute to recruitment in the populat{brisk et al. 2005

Areas zoned to restrict certain gears can be permanent or temporary with consideration of the
specific goals of ¢h area under managemetite species of matter amwmpliance
considerationsFor any nego or neaccess aas to achieve logrmand endurindisheries
benefitsfor even the lontived specietheyshouldbe permaner{Robbins et al. 20P6

Any chosen level of protection can, in theory, be applied for any period of time and with any
pattern of change. The more complicated any changetettign@oth in time and typghe

more difficult for people to understand and corfigrd et al. 200McClanahan et al. 2006

Bishop 2009 However, the benefits are oftanre flexibility to humarmuses and values and

thus a greater willingness to coni@ipner et al. 2005ainner et al. 2005McClanahan et al.

2006 McConney and Charles 2p1®omestudiesadvocate community partnerships in the
process of establishing (any variety and combination of) marine protected areas coupled with
longterm protection to ensure the full economic, social and biological benefits can accrue
(IUCN-WCPA 2008

2.2.9.1 How long is long-term protection?

No-take areas can only benefit fishérasthe targeted fish spediase time to grow, so there

is increased biomassd thentime to reproduce, so there is increased egg prodwsitn
recruitmen{Claudet et al. 2008lolloy et al. 200¥Kaplan et al. 2018elig and Bruno 2010

To maximze benefits, the mdy recruitedish to the stock within the ntake areahouldalso

have time to grow to reproductive size and then, in turn repfbithusecontributing further to
enhancing fished stocksSharks are prime target species inCthend can be lorlgred
(commonly ~10 years to maturigyisk et al 20053;ield et al. 200WWhite and Kyne 2010

Where there has been significant fishing effort, the remaining standing stock may also take
several generations to recdeeg.Russ and Alcala 20@Russ et al. 2008lolloy et al. 2009
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This is especially true for the larger, predatory coral reeistiesan take 20 40 years
(Russ and Alcala 19%81ss and Alcala 2Q1GClaudet et al (2008) also discovered no asymptote
when looking atncreases in density ofgeted fishes ithe nmany marine protected areas
studiel (the oldest being 33 years s&k also Claudet et al. 2010 restore entire ecosystems
through allowing enough time for the trophic cascade effects of protection to be Zatly reali
takes even longer than thené for target species to recof@maham et al. 200Babcok et al.
2010.

This information must be coupled with the fact that the fisheries (and other) beeedéis of
longterm no-take areas can be remowgdshort periods of fishingrRussell 1998&Russ and
Alcala 2003Viapstone et al. 200/illiams et al. 20D6

To accommodate teefactors, in the casetbéCT,
londerm protection should be inp@éGgearpreferably permanently.

Note, however, that some of the benefits of thtak® areas are likely to start accruing after
only 3to 5 years or soonerspecially effective management of fisheries occurs outsitddkeo
areagRuss and Alcala 19%vans and Russ 20®uss et al. 200Buss et al. 20P8

2.2.10 Adaptive management

Adaptive management meamsnitoring and evaluayj to test the effectiveness the
management actioasd improving them over tinf@alafsky et al 2001IWCN-WCPA 2008

D'Agrosa et al. 200Parks 20D1 In fisheries managemeiricluding theuse of marine

protected areathere is much uncertainty, both in teohsurrent knowledge and in terms of

changes in the situation being mangGedfton and Kompas 200Barks 201)1 Adaptive
management is a mechanism whereby the network of marine protected areas can be refined in
responsed increases in information or a changing environment (Grafton and Kompas 2005). It
requires that the management regime established is flexible enough to accommodate any changes
(IUCN-WCPA 2008and robust enough to ensure that the flexibility is not abused to erode
managememffectiveness

Any improvements in a management regime, however, must be balantéttagamsement

that any management efforts usually require a lengthy period of time before resulte materiali
(see SectioB.2.9. This type of adaptive management is not new and is already being applied
within theCT in Indonesia, Solomon Islan@silippinesand elsewher&(een, Meneses et al
2009; Aswani, Albert et al 2007).

2.2.11 Scaling up

The ecosystem approach to fisheries maeage®s agreed by the CTélls for an ecosystem

wide framework for managemantsi ng oOecol ogi cal | ¢AON2608ni ngf u
Ecolagically meaningful boundaries are rarely at the small scale of many coastal communities of
the CT. Ratherecosystems are defined as habitats and their associated communities of species
who interact, more or less, as a functiona(daxt2006 in Costello 2R09They are connected
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through their use of space, food or other resources at the sarakthiough they will exchange
materials and individuals organisms with externalteoog@ostello 2009 Most localénure
and jurisdictional arrangements do not support broader (ecesidg@mmanagement
approaches famplementingnarine protected areas or other managemen{Agalsly 2010
Mills et al. 2020

Providing guidance tor@rcone the sociaepolitical challenges to addressnsgtutional legal,

gover nment and other governance hurdles to
protected areas is beyadhe@ scope of the repofibut sed UCN-WCPA 2008Weeks et al.

2009 Agardy 2010Neeks et al. 2010tHere the discussion explores the biophysical aspects of
scaling up.

2.2.11.1Scaling down and up

Biophysically, to scale up networks of marine protected areas, especially in the coastal
environmenbf the CT sothatthey are functionally connected requires a combinatiao of
approachefMills et al. 2090 One is tdbring thebroad scalbiogeographic overview of G&

to the lowest scale possible. The other is multiplication (or replication)-stamafarine
protected araainto networks throughouthe lowerscale geographi€d/eeks et al. 2009
Pomeroy et al. 20L0These smallescale groups of marine protected areas must canfam

least, the spacing requirements discussed above totleegtwenm functionally connected
networks (Sectidh2.4.

Coral Triangle
Ecoregions
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-
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. ¢ . Banda Sea

Figure 6. Eleven eoregions of the Coral Triangle.
(Green and Mous 2008
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To el aborat e o0n cobsier the elevem lecoregions defined coCihby

Green and Mous (2008) the phylogeographic management units defin€drpgnter et al.

(201Q Figure6 andFigure7). These ecoregionsmanagementnitshave divided th€T into
slightly mor e oworkabl eo geographies t hat
management at that scale, including implementation of functional networks of marine protected
areas (e.g. Lesser Sunda, Tlmete and IndonesiBismarckSolomon Seas Ecoregion, PNG,
Solomon Islands and Indonesia; Suwilawesi Marine Ecoregion, Malaysia, Indonesia and
PhilippinesStakeholders of the StBulawesi Marine Ecoregidiechnical Working Groups of
Indonesia Malaysia and the Philippines and the WWF SSME Conservation Program,Team 2003
Wilson and Hitipeuw 20021 201QWilson et al. 20).1
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Figure 7. Coral Triangle management units based upon phylogeographic breaks
(Carpenter, Barber et al 2010).

Biophysically32 finerscaledseascapdsmve beedefinedwithin ecoregios as wellGreen and

Mous 2008 These finescaled geographies are closer, in size, to a scale at which marine
resource management can be implememiadcombining local action with higher level
government supportSomework has been dorat this scalée . g . iHead, Bhdaneakja s

TNC et al. 2011 201).

Within these, even smaller scaledgbmgraphic sysns have been defingdgotentially
oecosystemsd within which coordinatdcagan, col |
are leading tanetworks of protected areas (e.g. Raja Ampat, Indonesia; Bohol, Verde Passage,
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Cagayan Ridg8E Cebu, Phppines; Kimbe Bay, PNG; Choiseul, Solomon Islahcda and
Russ 206, CI - Philippines 20QGreen et al. 200Green et al. 200961 2010 LipsettMoore
et al. 201,GGrantham and Possingham 20¥ilson efl. 2011

Coral Triangle
Functional Seascapes

gD ! Northbuzon 12. Southeast Suluwesi 23. Kimbe-Witu Isiands \‘ g
2. Central Philippines 13. Banda Sea 24, Madang-Dampier Svait —\—rL
3. Visayas 14. Haimahera 25, Southern New Britian
4. Mindinao 15, Birds Head 26, Trobriand and Woodlark Islands
5. Palawan-Sulu-Sea-North Bomeo 16, Fak Fak Region 27, Huon Gulf and Coastal Mine Bay Islands
6. Northeast Borneo 17. Western Islands 28. Louisiade Archipelago
7 Sulawesi 18. Sepik 29. Toar-Lahir Islands
8, Makassar Strait/Flores Sea 19 Manus 30. Ontong Java-Tasman Islands
9. Lesser Sunda 20. New Hanover-Mussau  31. Solomon Archipelago

10. Tomini Bay 21. West New Ireland 32. Rennell Islands and Indispensible Resfs
11. Sula Spur Area 22. St George's Channel

QI—IKM
Figure 8. Functional seascapes of the Coral Triangle.
(Green and Mous 2008
I n some cases, the oO0scaling downobashéemn he si
instance of | ocal communities O0scaling upo f

by collaborating with each other and coordinating with higher level government a(ghprities
Bohol, SE Cebu, Verde Passage, Philippines; Choiseul , SslandgAlcala and Russ 2006

Green et al. 2009Partnerships in Environmental Management for the Seas of East Asia
(PEMSEA) 2009 ipsettMoore et al. 200 Some works being done tmform these efforts

by modelling regional scale conneciMstbourneThomas et al. 201 Thiscommunitybased
approach to o0scaling upo i swhiehar aweindiniwelnsi on
in the Solomon Islands and Papua New Giif@avan et al. 200&ovan 200pand are
increasingly being used elsewfeege Eastern Indonesia

28www.Immanetwork.orgccessed 6/4/11
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The Regional CTPoA calls for a CT marine protected area system which implies networks of
protected areas beyond most tenure and other jurisdictional boundawieently, e focus

of each country is toontribute at least one Wweé¢signed and effectively managedine
protected areaetworktowards an overall CT marine protected area system. This might require
some combination of scaling up and dowrewpplying the principles suggested in this report.

2.2.11.2Multiple use marine parksto help scale up

One tool thatg only partly being applied to assist in scaling up marine protectadl areas
multipleuse marine parks pltipleusemarine protected areas. While multiple zoninghwith
marine protected areas (or marine parks) is well known (see B2@idheir utility in
potentially scaling up to larger scale and functional networks of marine protectesinateas ha
oftenbeen explicitly discussed.

The advantage of largad multizoned marine parks is that sreedlle zoning issues can be
addresseavith less risk to fisheries objectives if couatiddn a larger, more ecologically
holistic frameworKAgardy 1997Kelleher 1999Great Barrier Reef Marine Pakuthority
2004. The disadvantage, in t6& and elsewherésthe multiple laye@nd sectorsf higher
level government thatayneed to be engaged to provaskeadequate legislative framework for
an ecosystemide approach to marine protected a(R3SN-WCPA 2008 Christie et al.
2009aAgardy 2010

2.3 Guiding principles

Here we use all of the information presented above to offer biophysical guiding principles to
apply if one is only interested in fisheries objectives, albeit within an ecosysteimtapproac
fisheries management.
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Table 2. Biophysicaldesignprinciples for aresilient marine protected area network for fisheries

Principle

Detail

Rationale

Create anultipleuse
marine managed area
that isaslarge as
possiblg

Include as much as possible of the coq
ecosystem within a legal or otherwise
formalisedr functionalnanagement
boundary.

For an ecosystem approach to fisheries management th
emsystem should, as far as possible, be managed as or
within which different levels of protection can afs#yD
2003 Christie et al. 200%®eSection®.2.12.2.8.%nd
2.2.1)

Prohibit destructive
activitiegshroughout the
managed area

Communities and managers must deci
which activities will not be allowed with
their coastaharine managed aadaall
(e.g. blast fishingpison fishing,
spearfishing on sculimttomtrawling,
longlining gill netting, coral mining,
fishing on hookah, night speajing

Coastal habitatad their associated valaesvulnerable to
destructive activities, some of which may be conducted
people coming in from outside which brings no benefit to
local communities but impacts their livelihgtadl 1999
Cesar 20QCesar et al. 20083A0 2003 Metuzals et al. 201
FAO 201).

Represerdt least 20
percenbut best 35
percenpf each habitat
within notakearea’.

Represent the range of types of coral r
seagrasses, mudflats, algal beds, soft
seabed, rocky shores, coastal forests,
beaches, mangroves, other wetlands-ir
take areas.

Protect different agiguous habitats
within notake areas where possible.

If there is little or no other managemen
placethen include ~3percenpf the
management area in léegn netake
areas.

Different fished species use different habitats sometimes
different times of the day or at differentditegyesherefore it
is important to offer refuges of each kind of habitat
possibledo this where they are contigu(Relumbi 2004
IUCN-WCPA 2008Lowry et al. 20Q0%aines et al. 20,10
Jones et al. 201Bae Sectio?.2.6.1L

Thisrecommendedmount of netake protection is the
minimum required to help contribute to fisheries especia
where mortality j®r has begmreatethan maximum
sustainable yie{d.g.Gerber et al. 200Balpern and Warner
2003 Fogarty and Botsford 2Q@btsford et al. 2009a
Botsford et al. 2009bee also Secti@r.2. If aiming to
protect species with lower reproductive output or delaye
maturatior(e.g. sharks or some groupersje area will be
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If other kinds otffective fisheries
management is in pl&ar if othe types
of spatiaprotection (e.g. rotational,
seasonal or other temporal closures)
encompass ~1percenpf the area then
haveat leasROpercenin longtermno-
take areas

required; in areas with lower fishing pressssearemay be
requirecout not less than Xercen{Fogarty and Botsford
2007.

Implement gear and/or,
access restrictions in
other parts of the
marine managed area
(that arenot notake
areas)

If gears are used that impact too heavi
the fished stocks, other species or hab
theni t s use sihgpel d
volumeand/or spatially restricted.

If the volume otype of fishers accessin
the managed area&nhesvng excessive
impacts upon fished stocks, other spec
or habitats, their access to the area sh
be restricted.

To help ensure the sustainability of the fished stocks
address particular fisheries needs where targeted stocks
to be restored oecovere@dnd tominimizeimpacts upon the
environment and other species, gear and access restrict
should applwithin the managed alieaaddition to ngake
areas and temporal closyfes0 20032010.

Ensure tatno-take
areas (or seasonal
closures) include critics
habitat sitesf fished

speciest critical times

Includeimportantaggregation sites (e.g.
spawning, feeding, breedgigunds
migration corridojsandjuvenile habitat
area®f fished species longterm or
seasonal ntake areas.

Larval sourceshould be in lorterm no
take areas

When animalaggregate thieare particularly vulnerable to
fishing and, often, the reasons they are aggregating are
to the mainteance of the stockTherefore thenain
aggregatiogtesmust be protectetd help maintain or rebui
fished stockéSadovy and Clua 20%&eSectiong.2.6.2and
2.2.6.3

29 For example, adequate and effective restrictions on type and quantity of gear, effort, and capacity; limits onngmchnatdandsizes; limiting
catch of a given sex, or animals in a particular stage of the breeding cycle; regulatidailgtibeay ds;possession limits.
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Apply minimumand a
variety ofkizes to
protected areas

No-take areasinshoré should be i
minimum of0.2 kni (20 ha e.g. 500m
from shore to deep water x ~400
longshore lengthpffshore no-take area
(i.e. outside 50) should be aminimum
of 2 km longshore length and 3 |
offshore width; ideally offshore areal
should be10 to 20 km in diameter
Beyond tlese minimumsvary the sizess
much as possible

Temporal closures of arkind should
include, atminimum the entire area of sit
of interestplusa 100m bufferarea(or 20
haminimumif these details are unknow

Gear restrictionsis large an area as
possiblaup to the entirenarine managed
area

Access restrictions: as appropriate
throughout thenarine managed area

The largr the area protected the more likely to encompa
mean larval dispersal distance of all targeted szeviel a
adult ocean neighborhoo@Balumbi 20Q4Hastings an(
Botsford 2006 Shanks 2009 For this reason son
recommend 3 to 20 km in lorgshore extenbr more
(Halpern and Warner 2Q@3aines et al. 20lMHowevemo-
take areas arour®d2 kmi (20 ha have been found to brin
benefits to nearshore fisher{@oberts and Hawkins 20(
Alcala and Russ 20Qfster et al. 2009ones et al. 2010
and allow for more spillovédastings and Botsfd 2003
These minimum sizes have only been showrcompiedkh/
20 to30perceant reef areainetworkmftakeares.

Where larval dispersal patterns and/or adult move
patterns of target species are known, this can inform de|
about the ideal size of protected arédackerel and othe
nearshore pelagic species examplewould benefit morg
from larger areasf protectiondue to their larger oceg
neighbohoods(Palumbi 20Q4eeSectior2.2.3.

Gear and access restrictions have particular fisheries p
for which communities and managers must decide the
extent within which to implement these controls. The
stocks will respond best to the greatest spatial ext
protection offeredd and should,at least, include ad
neighbohoodsof target species
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7 Separate ntake areas | Apply avariety of spacingf individual Data are showingpth huge variability in larval dispersal
by 1 to 20 knfwith a no-take areas throughout the entire distances and lower dispersal disgti@an previously
mode of~1to 10km management ardashore netake areas | thought(e.g. 100n to 1km to 30km; Pelc et al. 2008hanks
apart) should be located closer togetldkm | 2009 Jones et a2010h. And adult movemestire generally

apart) than the mordfshore netake at a smaller scale than larval moveni@alismbi 2004
areas<20km apart).
Given the multspeags nature of inshore CT fisheries with
Other types of protected aréag. spatial likely, commensurate variety in larval dispersal and adul
_ access or gear restrictiomgdht be quite | movement patterngarying the spacing betweerale area
Spacing of othdong | |arge in extent throughout the 1to 20km aparts also useful.
termprotected areas | management arésee Principle @nd so
eithernot applicabler | jt might not make sense to have specifi Where rore details about ocean neighbods are known
same as for ntake o0di st atweemtset. b for locally fished species, this information can be used tg
areas refine this recommendation about spacing.
However,fiother permanent protected
areas are isol at e (Seealso Sectigr2.4
then the same spacing rules should ap
as to netake areas.

8 Have protected areas | Use more rectangular or triangular sha] These shapes enhance spillQrite et al. 20Q06ection
redangular or triangula (versus square or circular shapes) subj 2.2.5.
shapes to considerations of complian(@&cluding

use of landmarks).

9 Have boundaries withii Place protected area boundaries well | Adult spillover will be enhanced if individuals traversing t

habitats within each habitat being protected same habitat mevrom protected to neprotected areas
(Gaines et al. 201€keSectior?.2.6.
10 | Locatemoreprotection | If currents are known and cistant then | Protected areas, especiallyake areaspuld become a

upstream of currents

a greater number of the protected area
especially ntake areas, should be locat
towards the upstream end of the

management area. If currents are not

source of larvae coittuting disproportionaiemoreto
population recruitmeii@aines et al. 2003 Thedegree that
currents influence larval dispevgllinfluene genetic
connectivity angopulation recruitment much more in
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known or nottonstantthen this principle
does not apply and protection should b|
distributed evenly throughout the
management boundar{sabject to the
principles on size and spacing)

locations downstream of protected areas thus maximisin
popul ation oOr et ur (Baleegba 2O1QU
seeSectior2.2.6.3

11 | Minimizeexternal All else being equal, choose areas thatl To optimizeprotection of areas that are more likely to sur
threats beenand are likely to continue tg be | other threatsrecoveand be complied thi, aimto avoid
subjected to loerlevels of damaging areas which have beenare likely to henostdamaged from
impactge.g. areas with high water qual| external threats or human usee Sectich2.6.4
no miningno shippingareas where
fishing is likely to be regulated and It takes time for marine protected areas to deliver fishery
managedindexisting functionaharine | benefits Thereforet is usually advantageous to include
protected areh existing marine protected areas within a new ngtwQrk-
WCPA 2008Green et al. 2008b
For overexploited species, locatetake
areas nedishing villages/portand other | By bcating netake areas near heavily fished aoeas
heavily fished aredfsfisheries are not spillover effects start to be realised they will immediately
overexploited, then locate the-take benefit local fishers (Gaines et al 2010). If fisheries are
areas away from fishing villages/ports. | overexploited, then locate the-take areas away from fish
villages/portso minimizedisplacement of fishing effort
12 | Replicate protection of| Include at least three replicdtgsto five) | Replication of protection allows for risk minimisation in tf
habitats of every habitat within a protected areg event of extreme evemitscause surviving protected areas
network ideallyn no-take area function as larval sourceshlp restae impacted areas.
Replication alskeelps enhance representatiohaifitat
diversityor biologicaheterogeneity that we dot know
about(IUCN-WCPA 2008Gaines et al. 2019ectiorR.2.7.
13 | No-take areagreas No-take areas can, aftedob years, start to show some

with prohibitions on
destructive gear, other
gear and access limits

benefitfRuss and Alcala 1998ard et al. 20Q0Russ et al.
2008 Hamilton et al. 201 $ectiorl.§. However,n heavily
fished situations, shorter term protection may fail to achi
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should be in place for
the longterm (i.eat
leas20to 40years)

Rotati onal
duration shouldat least
match the generation
time of the target
species

fisheries objectives by not allowing enough time for remg
stocks to grow and reproduce to the degree where they
positively impact stocks outside the protectedRwea and
Alcala 1992004 Hart 2006Russ and Alcala 2Q10onger
term protection is also important for fished species with
delayed maturation (e.g. shark and some grdugrerterm
protection allowthe full range afpecies and habitats to
recover and associated fisheries benefits to andrbe
sustaine@UCN-WCPA 2008

If no-take status reverts back to open access in heavily f
areas, the benefits of improved ecosystem function and
increased biomass of fishery species can be quickly lost
(Russell 1998Villiams et al. 20p6Thus, nedake areas

should be maintained in-take status as long as possible.

Where tlere is local knowledge about target species life
histories, this can inform decisions about duration of
protectionSeeSectior2.2.9

Fisheries benefits can be realised with rotational closure
rotational periods are long enough to be commensurate
the life history of the species being protected so that the
be an increase biomass (and eggs) per (Kaplén et al.
2010 seeSectior2.2.9.

Seasonal closures have an inh@renseasona®mporal
timeframe and other temporal closures will besddphi
reasons that will have their own temporal requirements.
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2.3.1 More uncertainty leads to less flexibility

The less information there is available about the multiple species targeted in the CT inshore and
coastal fisheries, the less flexibility there is around the choice of level and typ&asf forotec

offer. For example, dritical habitat areas and times of spawning for targeted fish species are
not known, if their responses to various access restrictions or gear restrictions areafunknown,
the effectiveness of existing fisheries manag&naemtnown (or poorthen it will be more
important to include ~3percentof the area in loAggrm (versus seasonal or othertake

area so that the overall level of protection can lead to a positive impact on the fish stock and,
hence, the fishery (Sectih@.2.

2.3.2 Prioritising the principles

As discussed (SectidrB, it is quite likely that there will be conflicts between some of these
principles and equally important sedonomic, polital, institutional and cultural
considerations. There may be a requirement for mangg@stine thebiophysical principles

to implement. Local needs, context and objext should drive the priordation of
implementing the biophysical principlBemetimes, however, these decisions will benefit from
additional guidance.

The authors have been unable to find literature that pemnitiinciplesuch as those given
abovedespitanany othemhave been presented and even used elsé€sdefectiors2.2.3
2.2.3.22.2.4.3nd2.2.§. Our experience leads uségommend thain the abseswcof other
drivers for prioritiing principlesremoval of all destructive fishing practices from within the
boundaries of the multiple usarine managed aisthe first priority (Principle 2 frable2).

We know of one example wheggternal experts have priogtiz11l biophysical design
principledor marine protected area netwpsgksl they gave priority to ensuring minimum levels
of notake protection per biological region (or bioregofes et al. 20P1In this case, the
Great Barrier Reef Marine Park, destructive activities were alreadyaatedbrrier Reef
Marine Park Act 19Y5-or those seeking further advice on priorifiesauthorgecommend

the @me priority tananagers in the CT

ensure minimum levelsaké ravedper habitathere knowmithin the management area under
consideratfBninciple 3 iMable2).

In additionwerecommengbrioritizng:
1 replicatiorof notake area@rinciple 12 abovgnd
1 inclusion of critical habitatsthin notake area@rinciple 5 imable2).
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3 DESIGN PRINCIPLES FOR ACHIEVING BIODIVERSITY OBJECTIVES

3.1 Biodiversity objectives

Marine protected areaould contribute to some of the biodiversitgted objectives identified
in the Natonal and Regional CTI Re(Sectiorl.4.) for example:

Increase lonterm benefit to human wdléing (of current and future coastal communities
especially) ohe use of marine resources including

1 Sustaining the full range of marine ecosystem goods and services
1 Improved quality of marine and coastal resources
- Better habitat condition
A Coral reefs
Mangrove forests
Seagrass beds
Beach and/or coastal forests
Wetlands
Marine/offshore habitats
Mudflats
Algal beds
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 Ecologicaprocesses
- Improved status (e.g. Population, distribution, diversity and economic value) of:
A Sharks, rays and other cartilaginous fishes
Threatened fish (e.g. Napoleon wrasse)
Corals
Sea turtles
Seabirds
Marine mammals
Crocodile
Other species on the IUCN dREist
Other identified species
1 Address local and global threats to marine resources
- Mitigation of effects of fishing in an ecosystem including:
A Excessive exploitation
A By-catch
A Discards

DD D> D>

D> > D> P

76



A Destructive fishing practices (e.g. use of dynamite, noxious ssbstanc
destructive gear)
A Protection of juvenile/nursery areas
A Discarded fishing gear
- Mitigation of effects of tourism
1 Reduce vulnerability of coastal and marine resources to
- External and local threats

Comparing these objectives with those that the CTédleatsied which relate to an ecosystem
approach to fisheries management, one sees a vast overlap (se2.Ipedtiamy of the
objectives are the same. This is not surprising doupeof reasons: species targeted by
fisheries comprise part of the biodiversity of the marine enviroim@eziore,n some ways,
biodiversity objectives must overlap with fisheries obje(tit®Is et al. 20),0and the
ecosystem approath fisheries management must, by definition, include objectives that are
broader than those to do oalyd directlyvith fished speci¢SAO 20(3).

3.2 Literature review and lessons learned

The literature reviewed in Sec@o®that pertains to the proportiospacingand replicatioof

marine protected eais is the best available and, althoughymefstrs mainly to models, data

and experiences that include explicit consideration of fished species and fisheries, the
conclusions and recommendations are the same for thegnatelstodiversity more generally
(Halpern ad Warner 20Q35aines et al. 20L0Salm and Clark (198#jer advice that pertains

to maintenance of coral species diversity in particular (suggesting a minimum size of a marine
protected area as 3B8) This advice falls within the parameters discussed fortathar
Sectior2.2.3

Threatened species

Threatened species are defined as those on the IUCNsRefdTlhreatened Species of listed

under CITES and includes threatened cetaceans, turtles, groupers, threatened wrasses, and
elasmobranchd€oral Triangle Secretariat 2008ome of these species are also fished, and
therefore considered under SecBloBeyond thisadviceandexperenceexistsregarding what

propottion and spacing marine protected areas should have pheithexaddresseother

threatened specjdbis discussion is beyond sleepe of this repofsee

Attachmentl). Where some clear and useful advice, knowledge or experiences with threatened
species and marine protected areas are known to the authors, this information will be included in
anad hdoasigfor example, seé¢oyt 2005Hamann et al. 20P8

For exampleit is considered that the recommended spacimgaohe protected amedor
fisheriesand biodiversity more generahe toocloseto accommodate the migration patterns
and/or ocean neighborhoods wfost marine mammals, turtleseabirdand many ocean
sharksaandother large pelagic fighg. tungPalumbi 20Q4Carr et al. 201Gaines et al. 20110
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3.2.1 How big should individual marine protected areas be within a network?

If the CT6 biodiversity objectives as listed in Segtiomere the priority, then best available
scientific dvice is to make any marine protected areas larger than one would for fisheries
purposegHalpern and Warner 2Q@ines et al. 20L0Any choicen size of marine protected

area will support some species and not otleppending on the aduéinge and larval dispersal
distance The larger the area protegttdh e mor e s p glibohead willobe e a n
accommodatedndtherefore the more biodiversity will be prote(fadimbi 2004Gaines et

al. 2010Section 3.2)3

It should be notedthat the Census of Coral Reef Ecosystems suggests th&0&000t to
ninemillion marine species of plants and animals inhabit coralaesd ecosysterfaisance

et al. 2001 Most of these species are from phyla such as Mollusca, Porifera, Cnidaria,
Arthropoda, Echinodermat®&Jatyhelminthes, Nematoda, Annelida or are plaviemy of
these although not alhaverelatively small ocean neigifamds according to theerylimited
research conducted on such spd8ikanks 2009 Coral andChordata, which comprise fish
and megafauna, are a small percentage of the biodiversity of cqRlhissmise et al. 2011

Of these, the largwdied and/or wideanging pelagic fish species, turtles mathmals
comprise an even smalbeoportion of the total coral reef biodiversithis small proportion

of coral reebcosysterassociatednimalften have large ocean neigtiimnds although this
may exclude sonaxa such as magyoupergWilliams et al. 20p4nd perhaps even one or
two of the nearshore pelagic spdeigs Spanish mackerel and longtail &tapley et al. 2004
Animals with a laggocean neighbimood may only benefit from very large-take marine
protected areasp-take areas that protect key habitats, seasetaddenmarine protected areas
that protect the animals at key times (e.g. spawning or migration sites) or venyalgege ma
areas within which controls on take afipgiypus and Chatto 2008aalfeld antarsh 2004
Freon et al. 2005

To accommodate these larger animaise ssuggest fake marine protected ardhat are
several to tens dflometersin alongshore length aedtend offshore to encompass depth
related movement of adul{Palumbi 20Q4Botsford et al. 2009&aines et al. 20110
Knowledge on larval dispersal distancesstiegirthe ideato-takemarine protected area size
should be at least once to twioe diameter of the larval dispersal distanise afsmany to
tens of kilometeraongshore conforms with this ideal for mahyhe largerspecieswith,
potentially, greater larval dispersal dist§S8eetion 3.2.3Almany et al. 200Pelc et al. 2009
Shanks 200%aines et al. 201Ibnes et al. 201,0kelc et al. 2010

Larger marine protected araésohelp reduce the amount of adult spilldwereducing the
edge per unit of area protedthus increasing the maintenanceiahassithin theprotected
aregGaines et al. 20110

3.2.2 What shape should individual marine protected areas be within a network?

For fisheries, it isnportant to facilitate adult spillovas well as persistence ofgteek within
the protected areaotFbiodiversity purposes it is best to reduce spilldaggern and Warner
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2003 Gaines et al. 2010herefore tiis important to considéne ratio of edge habitat versus
coreinterior habitat. &ges omarine protected ameare often extensively fished, and therefore
do not offer the same refuge to fish speciesrasinterior protected areas offéalpern and
Warner 2003Willis et al. 20030 IUCN-WCPA 2008 Shapes that might hefpinimize
spillover includsquars or circles(although théattermay be difficult to enforceather than
rectanglesr trianges(White et al. 2006

3.2.3 Where should the marine protected areas be located?

The criteria discussed for locating marine protected areas for fisheries2(3€ctapply to
objectives to do with protection of biodiversity as Walkkre aredditional criteria thabald
be applied biodiversity conservation whe priority.

Marine protected area sites tatmizebiodiversity conservation should be areas that:

Are relatively natural, that is, in relatively good condition;

Have high diversity of species and/or ecosystems;

Include important habitats for vulnerable/threatened species;

Include existing marine protetereas where biodiversity benefits have already accrued;
Are vulnerable to disturbance or destruction and contain rich resources or rich biodiversity;
Protectisolated populations/sites;

Include rare ecosystems, habitats or biogeographies (either nlatavglhlimits to their
extent or humanaused reduction of natural extent);

1 Are wique sites

(Agardy 1997Kelleher 1999Salm et al. 200White et al. 200@ones et al. 200lUCN-
WCPA 2008Lowry et al. 200%ale et al. 20110

= =4 4 -4 8 -8 2

For biodiversity conservation, to redioss of biomass from the praest area which, in turn,
maximizes thentegrity of the natural community within the ptett@reaspillover ofadult
fished stockshould be minimexd (Lowe et al 2003, Popple andrite 2005 in Gaines et al.
2010. To help with thiswholebiological units/habitats should be included within a marine
protected area where possibdher than setting boundaries through the middle of habitats
(Lowe et al 2003, Popple and Hunte 2005 in Gaines et al. 2010

In the CT, there are many examples of how some of these batsibeen addresg&elleher

1999 Dobbs et al. 200Dobbs et al. 2008JCN-WCPA 2008Green et al. 2009@reen et al.
2009h LipsettMoore et al. 2010Grantham and Possingham 20Wilson et al. 20)11
Documented examples inclymietection of turtle and seabird nesting sites in Wakatobi Marine
National Park, Indeesia; seaki breeding and nesting siteayksbill and geenseaturtle
nesting sites at Tubbataha Reefs Naturaf;R@reen et al. 2009Hamilton et al. 20).IThere

are also suggestiohg someto close areas to fishing in locations whereatayp of, or
interactions with, threatened spe@éhigi{Grantham et al. 2008

sowww.tubbatahareefs.org, accessed 5/25/11
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3.2.4 Type of protection to offer within the marine protected area network

No-go (no accessparine protected areas trebesttype of protectiomo ensure conservation

of all aspects dfiodiversity If humans cannot accessta #ieir impacts will be miniratzand
compliance tdhe no access rule is relatively ém®nforce as entry into the area is not
permitted (see Secti@i2.8.Y. This type of protection is unlikely to be feasible in many
situationglUCN-WCPA 2008

However, ndake areas can also be extremely effective in protecting bio@@tsitgworth

1999 Roberts and Hawkins 200RC 2001Lubchenco et al0P3 Lester et al. 200Sale et

al. 201D Other kinds of protection that allow some types and levels of fishing offer less
protection tathe entirecommunitybecause thegllow amgoingimpacts on targeted species, by

catch, discards, cascading effects of the fishing through the community, impacts (e.g. of anchors,
lost lines or nets) on the habitat or even explicit damage to the habitat through damaging fishing
practices (e.g. wéng Hall 1999Hollingworth 1999Ward et al. 2001

Socioeconomically, multiplese zoning within thecesystemwide marine protected araiae
requiredwhen prioritimg biodiversitprotectionandneed to beonsistent with an ecosystem
based approach to marine resource manag@ietend et al. 2005

3.2.5 Duration of protection to offer within the marine protected area network

For biodiversity conservation objectiyEgmanenprotection is bestPermanent protection
provides time for the marine community to recover framan impacts as well as opt@asiz

the longterm, permaent potential biodiversity benefits beyond the protected area boundaries
(JUCN-WCPA 2008 Where populationsespecially of longkved specieswith slow
reproductive ratebave been severely depleteglevel of recovery may take a very long period
of time (up to decades); in other instances some populations may recover mdrotpetkly

and Hawkins 200@&vans and Russ 20@Russ and Alcala 200¥cala and Russ 2Q0%art

2006. Returning to a natutzlance under such scenarios is unlikely to occur quickly.

3.3 Guiding principles

For biodiversity conservation ollyh e accur ate but trivial 0s ol
design principles is to include the entire ecosystem withinaamenino-take marine protected

area. Quch a solution isocieeconomically undesirable aethtivelynorrimplementable and

has, thereforerarely beenfully applied. An alternative, more feasible set of principles is
provided inTable3. Note that some of th@stifications for the principles éine same as that

for the fisheries principles. This is because much of the science informing the definition of
biophysical design principles is the same for fisheries and biodkeradywere the

principles provigdbelow differ from those in the previous fisheries chapter (S &tanre

highlightedn yellow
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Table 3. Biophysical piinciples to design a marine protected area network for biodiversity conservation
Highlighted portions of the table indicate different advice than what applies to fisheries. objectives

Principle

Detalil

Rationale

Create anultiple use
marineprotectedarea
that isaslarge as
possibl&

Include as much as possible of the
coastal ecosystem viitla legal or
otherwise formalke management
boundary.

To maximizeprotection 6the full range dbiodiversity it is st
to include the entire ecosystenth all the compome habitats
and species within a broademaged arglicLeod et al. 2005
see Bction2.2.12.2.8.92.2.1).

Prohibit destructe
activities

To protect the entire range of
biodiversity, destructive activities
should be prohibite@.g.blast fishing,
poison fishing, spearfishing on scub
bottom trawling, longining, gill
netting, coral mining, fishing on
hookah, night spearing

Coastal habitats and their assoclatetiversityare vulnerable tg
destructive activitiespme of which may be conducted by pec
coming in from outside which brings no benefit to the local
communities but impacts thegosystertHall 1999Cesar 2000
Cesar et al. 2003A0 2003IUCN-WCPA 2008Metuzals et al.
2010, FAO 201).

Represerdt least 35
percenpf each habita
within notakeare&”.

Represent themge of types aforal
reefs, seagr@assmudflats, algal beds,
soft seabed, rocky shores, coastal
forests, beaches, mangroves, other
wetlands.

The full range of biodiversity can only be protected if examy
every habitat are included intake proteed area@alumbi
2004 I[UCN-WCPA 2008Lowry et al. 200%anes et al. 2010
see Bctiors2.2.6.1and3.2.3.

Rotational closures, seasonal clesamd most other temporal
closures can be beneficial for fisheries but are less useful fg
protecting biodiversity where part of the aim is to build and
examples of natural communities.

Therefore protection of biodiversity is best servengke
areagRoberts and Hawkins 2Q000RC 200} of which a

minimum of around 3percenis recommendedr most species
This excludes most threatened spadiesh require larger
amounts of protected arehge to their delayed maturation anc
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lower fecundity(e.gHalpern and Warner 20@®garty and
Botsford 200,/Botsford et al. 2009Botsford et al. 2009bee
Sectior2.2.2

Ensure thaho-take
areas include critical
habitat sites

Includeimportant aggregation sites
(e.g. spawning, feeding, breeding
grounds; juvenile habitat areas; larve
sourcedurtle nesting areasigration
corridors

Whenanimalsggregate they are particularly vulnerable and
often, the reasons they are aggregating are crucial to the
maintenance of th@opulatiortherefore thany sites where
animals group togetheraggregatmust be protecte@adovy
and Clua 201%eeSection2.2.6.22.2.6.2and3.2.3.

Apply minimumand a
variety ofkizes to
protected arsawithin
the network

No-take areasshoréshouldbe a
minimumof 5 kmin alongshoréength
thewidth should span the entire dep
profile if possible (at leaskim);
further offshorgaminimum diameter
of ~20km should apply to ntake
areasBeyond these minimums, vary
the sizes.

Gear restrictionshould apply tas
large an area as possible up to the ¢
marine managed agaalto allareas
where gear interferes with threatene
species

Access restrictions: as appropriate
throughout thenarine managed area

For biodiversity purposes, the larger the area protected the
as this will ac caduhmamgé@algem anoch
Warner 20Q3Hastings and Botsford 20@hanks 2009Gaines
et al (2010) advocate severgdie of km in longshore length fc
no-take areas for biodiversity protection (and fisheFak)mbi
(2004) identifies that mackerel and other baainot inshore
pelagic species may needh éager areaShank$2009and
others consider ~# 6 km in size to be a viable minimum; all
advocate a variety of sibait with these sizes being the
minimum. See Sectigr?.2.3and3.2.1

Gear and access restrictisinguldbe usedin addition to ndake
areasto minimizeimpacts upon habitats and species

Separate ntake areas
by 1 to 20 knfwith a
mode of~1to 10km
apart)

Apply a variety of spacing of individu
no-take areagrom 1 to 2&km apart)
throughout the entire management
arealnshore netake areas should be

located closer togeth€1(km apart)

Recent studieme showing huge variability in larval dispersal
distances and lower dispersal distances than previously thg
(e.g. 100n to 1km to 30km; Pelc et al. 2008hanks 2009ones
et al. 2010b
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Spacing of other long
term protected areas
either not applicable
OR same as for no
take areas

than the more offshore riake areas
(~20km apart).

Other types bprotected areds.g.
spatial gear or access restrictiomnght
be quite large in extent throughout tl
management arésee Principle and
so it might not make sense to have
specified o0dista

If other permanent protected areas &
i solated o0i sl and
the same spacing rules should apply
to notake areas.

Given that theCT is the centre of marine biodiversity, with, lik
commensurate diversity in larval dispersal distaaying the
spacing between #take areakto 20km aparis also useful. Se
Sectior2.2.4

Spacing at the higher end of the range (towakas 2part) also
helps with risk spreading and capturing the range of biodive
(IJUCN-WCPA 2008McLeod et al. 2008ut if spacing is less
than 20 kmthesebenefits magtill occur.See principlél

Have protected areas
in gquare or circular
shapes

Use more square or circular shapes
subject taonsideratiosof compliance
(including use of landmarks)

These shapasinimizeadultspillover(White et al2006see
Sectios2.2.5and3.2.2.

Place protected area
boundaries at habitat
edges

Match the edge of any habitat with tl
edge of a protected area.

To protect biodiversity from human impacts it is best to reta
integrity of any protected area as much as possible; locating
boundaries at habitat edges diminishes adult spillover (Gair
2010).

Locate more
protection upstream ¢
currents

If currents are known andnsistent
thena greater number of the protects
areas, especially-taie areas, should
be located towards the upstream en
the management area. If currents a
not known or not constant then this
principle does not apply and protecti
should be distributed evenly
throughout the management

Protected areas, especiallyake areas, should become a sou
of larvae contributing disproportiorgtgreateamount to
population recruitmeriGaines et al. 2003 Thedegree that
currents influence larval dispensdl influencegenetic
connectivity angopulation recruitment much more in locatiol
downstream gbrotected areas thus maxing population returt
per unit area protecté8ale et al. 20)L(bee Sectidh2.6.3
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boundariegsubject to the principle or
spacing)

10

Minimize external
threats

All else being equal, choose dmas
protectionthat have been, and are lik
to continue to be, subjected to éow
levels of damaging impa@g. areas
with high water quality; no minimg;
shipping areas whefeshing is likely tg
be regulated and managgetiexisting
functionalprotected areps

To optimizeprotection of areas that are more likely to survive
other threats, it is wise to avoid atkathave been or are likely
to be damaged from externaktis or subject ttamaging
human uses (see Secfidh6.)t From a biodiversity
conservation point of viethese areas are also mdedylitobe

in better conditiorthusbetter reflect the biodiversity of the arg
and offera better basis for restoration

It takes time for marine protected areas to deliver biodiversi
conservation benefit§herefore it is usually advantageous to
include extegfunctionalmarine protected areas within a new
network(IUCN-WCPA 2008Green et al. 200Rb

11

Replicate protection @
habitats

Include at least thréat best five)
replicates of every habitat within no
take aeas.

Replication of protection allows for risk minimisation in the ¢
of extreme evens® that surviving protected areas can help
repopulated impacted areas. Replichélps enhance
representation dfabitatdiversityor biologicaheterogeneity #t
we donot know abouflUCN-WCPA 2008Gaines et al. 2010
seeSectior2.2.7.

12

No-take areas,
prohibitions on
destructive gear, othe
gear and access limit
should be in place for|
the longterm (i.eat
leas20to 40years)
preferably
permanently

Longterm protection allowtbe full range adpecies and habita
to recoveto the point at which natural ecosystem health carn
maintainedlUCN-WCPA 2008 In heavily fished situations,
shorter term protection may fail to achieve biodiversity obje
(Russ and Alcala 2011® no-take status reverts back to open
access in heavily fished areas, the benefits of improved ecq
function and increased biomass of fishery species can be q
lost(Russell 1998Villiams et al. 20P6Thus, ndake areas
should be maintained in-take status as long as possg#e.
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Sectior2.2.9

13

Include special sites i
no-take areas

No-take areas shoufttludesitesthat
are inportant for rareor threatened
species; ra@ threatenetabitats;
being highly biodiverse agspecially
those at risk; endemic species or
habitatsand also isolated sites

Inclusion of these sites withintadke areas can help ensure al
examples of the biodiversityd processes the ecosystem are
protected SeeSectior3.2.3

14

Includesites with high
fisheryby-catch
speciefmteractionsgn
permanent or season
no-take areas

Some areaperhaps only seasonally, experience
disproportionately high levels of interactions betwéenidis
and threatened specid® diminish these impacts, these area
should be included in the netwOiKison et al. 199&rantham
et al. 2008
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4 DESIGN PRINCIPLES FOR ACHIEVING CLIMATE CHANGE OBJECTIVES

4.1 Climate change objectives

In this section, we look at climate chargéiencéreferGlossaryp.11J).

Marine protected areas can contributthéofollowing climate change objectivethén
Nationaland Regional CTI PoASectiorl.4.):

Increase lonterm benefit to human wélking (of current and full coastal
communities especially) of the use of marine resources including

1 Sustaining the full range of marine ecosystem goods and services
1 Improved quality of marine and coastal resources
- Better habitat condition
A Coral reefs
A Mangrove forests
A Seagradseds
A Beach and/or coastal forests
A Wetlands
A Marine/offshore habitats
A Mudflats
A Algal beds
A Rocky coasts
- Better functioning of marine and coastal ecosystems including
A Greater productivity
A Sustaining the full range of marine ecosystem goods and services
A Ecolodcal processes
1 Reduce vulnerability of coastal and marine resources to
- Climate change impacts including through
A Protecting refugia to reseed affected areas
A Reduction of noitlimate stressors
A Application of climate chge resilience principles to maring¢eguted
areanetwork design
- Other external and local threats

Many of these objectivase the same dlse objectives identified in the fisheries and
biodiversity sections of this report (Sectthhand3.]). This is a reflection of the fact
that theseddifferent objectives are not unrelated but rather, objectives that teelat
building resiliencer adapting to climate change ofen also objectives that hetp
enhanefisheries or biodiversity conservation\acel versa
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4.2 Lessons learned®

Strong resilience cdre due toboth intrinsic factors, such as biologicakaological
chaacteristics of apeciescommunity or ecosysten{e.g. potential for recruitment
success), and extrinsic factetgsh as physical features (@ugrent patterns that may

favaur larval dispersal @n effective management regi®a&m and West 2003F-or

example, certain environmental factors, such as those that cause cooling of heated surface
waters, caameliorate stress associated with théfeedhing of corals in tropical systems
(Mumby et al 200in IUCN-WCPA 2008

Potential climateand oceanchange impacts upon coastal ecosysteaysinclude:
increasing sea surface tempera{®83) sea level rise, ocean acidification, changes to
rainfall patterns and intensification of the severity @inaytiurricane eventdPCC
2007 Willis et & 2008 HoeghGuldberg et al. 20P9 There are consequent implications
of these changes on: the physical structure of hatatatd)leaching events;callcifying
organisms species compositionigyval survival andecruitment patterns and success
levels; species distributipsigeaes ranges and survivahter quality; mangrove forests;
photosynthesisometimes possibfgvouring algal communiti€ohnson andvarshall
2007; Hoegluldberg et al 200€arpenter et al. 200&illis et al. 2008/unday et al.
2009 Bell et al. 201®ell et al. 2031 The implications for fisheries, especially in smaller
island geographies, heavily exploited fisheries and in economiesdmEmeon fisheries
(such as many pamr$ the CT) are significanfPratchett et al. 200Bell et al. 2010
Brander 201 ®ell et al. 201 Pratdett et al. 2031

Of course, all of these impacts apply in addition to exwtagtressors such as over
fishing,destructive fishingoor water qualitgoastal developments, shipping, mining etc.
(Marshall and Schuttenberg 260feghGuldberg et al. 200Bell et al. 20)1

When designing networks of marine protected am@ancing the resilience of coral reef
ecosystems to climate change and other external icgactean application of some
generic strategies for which detailed, specific knowledge is not réjlim@d01]1
McLeod et al. submitted Other strategie$or climate change resilienoequire
information about impactkatare likely to be readid incertainlocations and why some
sites are more susceptible than of{$&isn and West 2Q@ame et al. 2008dcLeod et

al. 2009TNC 2011McLeod et al. submittedFor climate change, models are being used
to supportdecisiormaking for conservation includiiog design of marine protected area
networkgMcLeod et al. submittedAll these factors are discussed in more detail below.

3L As defined by the termsmafference of this proje@ttachmentl), themajority of thematerial presented

in this sectiomvas to havderivel from aworkshop held in Brisbane in 2010 titletgrating climate

change vulnerability into conservation planning for tropical marine ecosystems and cafiNDri0&4

McLeod et al. submitted Where other sources are cited in this section, these are being used in addition to
information derived from the workshop.

87



Looking at implications of consideration of resilience and climate change on marine
protected area network design, this projetdrgelyusirg the outputs of an expert
workshop" held in 201@TNC 2011 McLeod et al. submittedFor the renainderof this

chapter, all information presented can be referenced back& workshop unless
otherwise indicatediVhere other references are citeeglyarean additiomal sourcéo the
workshop report and associatedinpublished manuscrigT NC 2011 McLeod et al.
submittedl

4.2.1 Proportion of aregion to include in a marine protected area network

In the pastjt has beersuggested that to offer adequate risk reductictakecareas
should cover 3tb 60 percentof the management aréllfRC 2001 Allison et al (2003)
advocatesan additionak30 percentprotection in ndake areas to provide adequate
insurance against disturbancEsr exampleconsiderthe ~35percentof no-take areas
suggested in previous sectma multiple it by 1.3 (i.e. Bércentx 1.3 = 46percen,
which totals~46 perent of the management area intakearea. McLeod et al (2009)
provide a general recommendation to include a minim@® tof 30 percentof the
management areaamarine protected araatwork(but not necessarily #@ke areasd
ensure resilient networks in the context of climate change

Some effortén the real worlthaveincluded am i n s u fadonirdoedésigns of marine
protected area networlcshelp build resilience=or example, on the Great Barrier Reef,

the minimum remmmended levels of protection were significantly exceeded in many areas
(i.e. minimum recommendation wasp2@cent overall zoning included B&rcentof
management area intae zoned-ernandes et al 2005).

Someareasare explicitly accounting for thiely impacts of climate changderms of
proportion of area to protectFor example, in Choiseul, Solomon Islands, communities
have decided to double the proposed leveVertallprotection in response to the threat

of climate change impaetsd toincrease targets to protection ofp@scentfor critical
habitatgLipsettMooreet al 2010).

4.2.2 How big should the individual protected areas be within a network?

McLeod et al (2009) advocate including larger areas within marine protectedareas: 10
20km in diameter to help protect the full range of habitat types, the ecological processes
that they rely upon and to accommodatesselling by short distance dispersenss is
consistent wit some advice from other practition@fdC 2009 Sectior2.2.3.

For Kimbe Bay, PNGGreen et al(2007) did not specify a minimum siz@rotected

area but the principles did explicitigentify the need to incorpogapatterns of
connectivity, whit include seleeding of sitesodhsequent | vy, Ki mbe
protected area network design led tofli4he 15 areas of interest being greater than 10
kn?. In the Lesser Sunddimate change connectivity and other principles led to a coastal
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marine protected araatworkdesigrwhere72 of the86 areas of interest were larger than
10kn? (Wilson et al. 201

4.2.3 How far apart should individual marine protected be areas within a
network?

McLeod et al (2009) advocate ensuring connectivity between marine protected areas to
help build raBence to climate chanfe accommodate larval dispersal and movement of
juveniles and adults, and support replenishment following disturb@heg) suggest
locatingprotected aredsss thari5to 20km apart, which also matches with other advice
(McLeod et al 200FNC 2009 Sectior2.2.4.

This advice has been used in the implementation or planning for marine protected areas in
the CT, in some instances, hwparticular regard to climate change resilience (Green et al
2007, Green et al 200%ilson et al 201 Sectior2.2.4.R

4.2.4 What shape should individual marine protected areas be within a
network?

Use of simple shapes (e.g. squares) wihigmizeedge effectgéand adult spillovery
suggested to support internal integrity of marine protected areas which may then be more
resilient to climate change (McLeod 2069 TNC 2009.

This is also consistent with advice for protecting biodiversity (Setgon

4.2.5 Where should the marine protected areas be located?

The mostdvice about building resilience to clinaaie oceachangen marine protected

area desigpertaingo where to locatthe protected areassome of the advicedggneric
andthe same as provided ab¢Section2.2.6and3.2.3. For example, marine protected
area networks should include: speand unique sites; critical habitats (e.g. nursery
grounds, spawning sites, turtle nesting sites); areas of high biodkargtgs ef every
habitat type;afval source areasareas in upstream locations within the management
boundariesareas thdtave not suffered as much from local threats and human impacts
(Marshall and Schuttenberg 2@x&en et al 200KIcLeod et al 2009NC 2009. The
implemeration ofthese recommendatioisdikely to contribute to fisheries, biodiversity

as well as resilience and climate change goals.

Some of the advice is particular to climate chidMgesod et al 2009)This advice is
about choosing marine protettgeas with consideration of locations that are known, or
likely, to be eithemore resistant to (or more able to recovery fobmpateand ocean
change impactCoété and Darling 2010 The aimis to locate protected areas (and
networks) where they are most likely to survive clandteceamrhange impactsThe
longer the likely recovery time, the more important to protect the tolergi@asiteset

al. 2008a However, if the sites chosen arg politically feasibleor knowledge is
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insufficient to identify these sitesmepractitiones advocata higher overall level of
protectionto minimizerisk (Allison et al. 2008&ame et al. 2008aame et al. 2008b

To achievelimate change resilienbest scientific advicaaschoose sites to include in

the marine protected area network

1 With lower exposure tthermal stressuch as areasth: coldwater upwellings;
adjacent deep water; warmer wagergregularly exchanged for cooler water; more
exposure to high cloud coystrong currents; sha@eg. close to high cliffs; lower
chronic anfbr acute thermal strgss

1 With avariety of temperature reginesludirg high and low SSTs and high
variability in SST# account for uncertaintiesdimate impacts andeacological
responsew® those impacts

1 That have émonstrated resilience to climate change impacts (e.g. aneae that
resistedr recovered frorbleaching)

1 That enableoastal habitats to migrate inshore as sea level rises (i.e. where coastal

developmenrdnd/or topographyloes not impede landward migration of hahitats)

That have aatural variety of oceaarbonatehemistry regimes

That have iological, physical atodl chemical processes thah alleviatde impacts

of ocean acidificatior.. areas of high water mixing, areas with high biodiversity,

areas less vulnerable to other strgssanic

1 That buildsonnectivity among sounefugiandsusceptible sink reefs to enhance
recovery

(Salm and West 2Q038arshall and Schuttenberg 2006_eod and Salm 2Q06

McClanahan et al. 2003CN-WCPA 2008McLeod et al. 2009NC 2009 Sale et al.

201Q Oliver and Palumbi 20IINC 2011 McLeod et al. submitted

= =4

Unfortunately, there aeelack otools that provide reliable therpsddevel rise, ocean
chemistrydataat the necessary coverage andaspagolutior§i.e.less than about 16 Rm

to inform conservation plannifigcLeod et al. submitted Thereare however, models
and data that apply at an ecoregmnebuntryextentsyithin theCT that can, potentially,
inform higheiflevel management decisi¢@seen and Mous 2008efaflor et al. 2009
McLeod et al. 2010#McLeod et al. 201DbMcLeod ¢ al (201@ assessedhe
vulnerability o£T countries to selavel rise and found all the countries to be vulnerable
in different way§for more details sédtachment). McLeod et al (2010buggest that

in terms of avoiding thermal stréssm climate change¢he Palawan/North Borneo
ecoregion may be a good area for future investment in cbcalnssgvation, assuming
that protection is directed ateas witHow risk of thermal stres@Game et al. 2008,
McLeod et al 20b) Coral reef areas in the Solomon Sea and Banda esonegi@tso

be good choiceaccording to McLeod et al (2D(as these areas have moderate mean
annual maximurdegree heating wegkmoderately low local stresses, and ldegree

% Degree heating weeks is a meabateombines the intensity and duration of thermal stress in order to
predict coral bleaching.
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heating weelrojectionsby 2100 than surrounding ecoregioR®r more details see
Attachmen8.

At a finer scaleplannersand decisiomakersmust rely upon local, empirical data to
inform their management planning and this is occurring in somé ayegnbe Bay,

PNG; LesserSunda Marine Ecoregion, Indonesia and Timor ;L&d@ Ampat,
IndonesiaGreen et al. 2007, TNC et al. 2010, Grantham and Possingham 2011, Wilson et
al 201)

One expected impact inicreasedea surface temperatures is the latitudinal movement of
fish species distributions towards the poles (Bell et al 2010). This would imply that any
large scale network of marine protected areas shtefdl to as broad and as hagh
latitude as possilleAO 2006 Gaines et al. 20110

4.2.6 The importance of replication

From a riskmanagemenperspective, buildingcosystenresilience includes building
redundancy into management actions (e.g. marine protected area networks) so that the
management action can still achieve its objectives in the event of pleaf@dtison et

al 2003Sectior2.2.7. This logic extends also to risks associated with climate change with
best advice recommendiag leasthree widely separategplicates of each habitat in

marine protected areas (Marshall and Schuttenber$12086d et al 2009NC 2009.
SeeSectior?.2.4on spacing.

4.2.7 Type of protection to offer within the marine protected area network

Advice pertaining to climate change resilience is silent on the kind of protection that
should be afforded wih any network of marine protected areas aside from stating that it
should include high proportion oho-take areaBUCN-WCPA 2008 More generally,

advice on marine protected area design to insure against major disturbances or
catastrophes pertaionlyto notake area@.g. Allison et al 2003

4.2.8 Duration of protection to offer within the marine protected area
network

For resilient networks of marine protected aitd@N-WCPA(2008) advocate lotgrm
protection, including in A@ke areadt is safe to assume that this applies to resilience to
climate change impacts as well.

4.3 Guiding principles

Overall, thanformation gathered abownd building on previous sectidaads to a set
of biophysical guiding principles that can contribute to building ecosystem resilience
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includingresiliencéo climate change impafabled). Again, some of the rationale is the
same as for protecting fish stocks and biodiversity because some of the same science
informs a range of design principles.

Areas Werethe principles differ from the principles for fisheries objectives are highlighted

in yellow There are ndifferercesfrom only thebiodiversity objectiveAreas where the
principles diffefrom bothfisheries and biodiversdilgjectivesre highlightedrey.
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Table 4. Biophysical principles to design a marine protected area network fouilding climate changeresilience
Where the principles differ from the principles for fisheries objectives, they are highlighted no yefferencedrom
biodiversity objectivgsvhere different from both, they are highlighted grey.

Principle

Detail

Rationale

Create as large a
multiple use
marine protected
area possible

Include as much as possible of the
coastal ecosystem within a legal
otherwise formalised multiple use
management boundary.

To mitigate against any risks, including climate change impacts,
advice is to protect more of the ecosystem than one would otBer
thus include the whole ecosystem where possible within a broad
management framewdilison et al. 2003, McLeod et al. 2005,
McLeod et al. 2009eeSection®.2.12.2.8.92.2.11and4.2.2.

Prohibit
destructive
activities

For an ecosystem to be as healthy
possible, to withstand external
threats destructive activities should
be prohibitede.gblast fishing,
poison fishing, spearfishingsmuba,
bottom trawling, longining, gill
netting, coral mining, fishing on
hookah, night spearing

Coastal habitats and their associated values are vuloetateictive
activitieswhich decrease their resilience to external inspabtsas
climatechangdHall 1999Cesar 20QCesar et al. 200B3A0 2003
Marshall and Schuttenberg 200€N-WCPA 2008Metuzals et al.
201QFAO 2011 Pratchett et al. 20111

Represerdt least
30percenpf each
habitat within no

takeared.

Represent themge of types aforal
reef, seagrass mudflats, algal beds
soft seabed, rocky shores, coastal
forests, beaches, mangroves, othg
wetlands.

Entire ecosystem health, integrity and resilience can only be prot
examples of every habitat are inclini@dotected aregBalumbi 2004
IUCN-WCPA 2008Lowry et al2009 McLeod et al. 2009NC 2009
Gaines et al. 201€keSection®.2.6.1 3.2.3and4.2.5.

To build ecosystem resilience, including to climate change, a mir
of around 2@o 30percenno-take protection is recommended (e.qg.
ICN-WCPA2008; McLeod et al 2009) but only the higheofethis
range conforms with other advfeegHalpern and Warner 2Q03
Fogarty and Botsfor2D07 Botsford et al. 20098otsford et al. 2009k
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Sectiong.2.2and4.21).

Rotational closures, seasonal closures and most other temporal
can be benefali for fisheries but are less usefubtolding resilience
where part of the aim is to bundalthypatural communitieszor
building resilience these types of marine protected areas should
appliedn additionto no-take areas.

Ensure thaho-
takeareas includg
criticalsites

Include importantaggregation sites
(e.gspawning, feeding, breeding);
juvenile fish habitat areas; larval
sourcesturtle nesting arsa
migration corrids

When animals aggregate they are particularly vulnerable and oft
reasons they are aggregating are crucial to the maindétizece
population Thereforeghe mairsites where animals group together
aggregatmust be protectet help restore natairbalances of
populations in communitids&)CN-WCPA 2008MicLeod et al. 2009
TNC 2009Sadovy and Clua 20%&eSection®.2.6.22.2.6.33.2.3
and4.2.5.

Apply minimum
and a variety of
sizes to protecteq
areawvithin the
network

No-take areasshoréshouldbe a
minimumof 10to 20km diameter
further offshorethe minimum
diametepf no-take areashould
be~20km. Beyond these minimum;
vary the sizes.

Gear restrictionshould apply tas
large an area as possible up to the
entiremarine managed aead all
areas where gear interferes with
threatened species

To ensure resilience to climate chahgre is agreement that each
takemarine protected area needs to be |drgerfor fisheries or
biodiversity conservation aldne.10to 20km across}he larger the
area protected the bet(Rd CN-WCPA 2008MVicLeod et al. 2009
This is slightly larger th@aines et al (2010) advogcadeich isseveral
to tens of km in longshore length fortake agas for biodiversity
protection (and fisheriesyeeSectios2.2.33.2.1and4.2.2..

Gear and access restrictions can be used, in additiciake aoas, to
helpminimize impacts upon habitats and species.
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Access restrictioshiould be applieg
as appropriate throughout tnarine
managed area

Separate ntake
areas by 1 to 20
km (with a mode
of ~1to 10km
apart)

Spacing of other
longterm
protected areas
either not
applicabler same
as for netake
areas

Apply a variety of spacinf
individual netake areagrom 1 to 20
km apartthroughout the entire
management ardashore netake
areas should be located closer
together (more towar@ km apart)
than the more offshore riake areag
(more toward-20km apart).

Other types bprotected areds.g.
spatial gear or access restrictions)
might be quite large in extent
throughout the management gz
Principle 5)so it might nobe logical
to have speci fi
them.

If other permanent protected areag
arei sol ated o0i sl a
then the same spacing rules shoul
apply as to ntake areas.

Connectivity between protected areas is impdéotasiimate change
resilience (Marshall and Schuttenberg ROOBI-WCPA2008, TNC
2009McLeod, Salm et al@® Sectio.2.3. Recent studiege
showing huge variability in larval dispersal distances and lower d
distances than previously thauglg. 100n to 1km to 30km; Pelc et
al. 2009Shankf2009 Jones et al. 2010b

Becausthe CT is the centre of marine biodiversity, with, likely,
commensurate diversity in larval dispersal distances, varying the
between ndake aredsetween 1o 20km aparis useful. See Section
2.2.4

Spacing at the higher end of the rangkn@@lso helps with risk
spreading and capturing the range of biodivet$@N(WCPA2008,
McLeod et al. 200But if spacing is less than 2Q #msebenefits
maystill occur.See also principld, replication.
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7 | Have protected | Use more square or circular shape These shapes minmmadultspilloverWhite et al. 2008vhich helps
areas incgiare or | subject taonsiderations of enhance the integrity of the protected areas and, thereforeatleir
circularshapes | compliancéincludinguse of and resilience (IUGN/CPA2008 McLeodet al 2009seeSections

landmarks) 2.2.53.2.2and4.2.4

8 | Place protected | Match the edge of any habitat with To build resiliene to externampacts it is best to retain the integrity,
area boundaries | the edge of a protected area. any protected area as much as possible; locating boundaries at |
habitat edges edges diminishes adult spilloldCN-WCPA2008 McLeodet al

2009 Gaines et a2010).

9 | Locate more If currents are known andnsistent | Protected areas, especialljyake areas, should become a source o
protection thena greater number of the larvae contributing disproportionate amdaa population recruitment
upstreanof protected areas, especiallyake (Gaines et al. 20p3rhedegree that currents influence larval dispe
currents areas, should be located towards 1 will influence population recruitment muaobre in locations

upstream end of the managementftd ownstream of protected areasg
area. If currents are not known or| unit area protectezthd optimising the return of the ecosystem to
not constanthen this principleaks | natural population levels (Marshall and Schuttenberdl2086
not applyand protection should be| WCPA2008 McLeodet al 2009 Salestal 2010 TNC 2009see
distributed evenly throughout the | Sectior2.2.6.3
management boundar(esth
consideration of the principle on
spacing)

10 | Minimize externall Choose areas that have been, and To optimize protection of areas traat less likely tekexposed to

threats

likely to continue to be, subjected
lowerlevels of damaging impa@&sg.
areas with high water quality; no
mining;no shippingareas where
fishing is likely to be regulated ang
managedandexisting functional
protected areas

localthreats and more likelyrecover it is wise to avoid ardhat
have beeror are likely to helamaged frorthesethreatsncluding
damagingpuman uses (see Secfidh6.4 From aesilienc@oint of
view these areas arsoahore likely to be in bettmnditionand
therefore more resilient to external threats such as climate chang
thus contribute morand moreguicklyto overall ecosystem resilienc
(Marshall and Schuttenberg 2006C 200%
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It takes time for marine protected areas to improve ecosystem he
Therefore it is usually advantageous to include efistitignal
marine protected areas within a new nmktldCN-WCPA 2008
Green et al. 200Rb

11 | Replicate Include at least thregdely separate Replication of protection allows for risk mig&tion in the event of
protection of replicates of every habitat within a| exreme events and helps enhance representation of lietsisor
habitats protected areaetwork ideallyn no- | biodiversityheterogeneity thate unknowrfilUCN-WCPA 2008

take arem McLeod et aR009 TNC 2009 Gaines et al. 20l@eeSectios2.2.7
and4.2.6

12 | No-take areas, Longterm protection allowtbe entire range species and habitats t

prohibitions on
destructive gear,
other gear and
access limits
should be inlpce
for the longterm
(at leas20to 40
yeas), preferably
permanently

recoveto the point at whichatural ecosystem hea#thestored and
then maitainedI[UCN-WCPA 2008 In heavily fished situations,
shorter term protection may fail to achexa@systemresiliencdf no-
take status reverts back to open access in heavily fished areas, {
benefits of improved ecosystem function and increased biomass
fishery species can be quickly(Ratsell 1998Villiams et al. 20P6
Thus, netake areas should be maintained itake status as long as
possibleSee &ctiors3.2.5and4.2.8

13

Include specialr
uniquesites imo-
take areas

No-take areas shoufttlude sites
that are importarfor: rareor

threatenedpecies; ra@ threatened
habitats; being highly biodiverse a|
especially those at risk; endemic
species or habitats and also isolats
sites.

Inclusion of thes sites within ntake areas can help ensure all
examples of the biodiversityd processes the ecosystem are
protected (SectiorB.2.3. This type otomprehensive gtusion
increases thehance that all the crucial parts of the system are abl
contribute taclimate changesiliencel yJCN-WCPA2008 McLeod et
al 2009 TNC 2009.
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14

Include resilient
sitesn notake
areas

No-take aras shouldnclude areas
that are most likely to survive climg
change impacts due either to prev|
survival or conditions that will neak
them more likely to resistcoveror
migratefrom impacts.Sectiort.2.5

Areas with historically variable sea surface tempgi@8iFndocean
carbonatehemistrye.garagonite saturation leydédwvels appear likel
to withstad changes in thoparametersimilar toareas known to ha
withstood such environmental changes in théalst and West 2Q(
Marshall and Schuttenberg 200émby 2007 ilJCN-WCPA2008
McLeod et aR009,TNC 2009, TNC2011 McLeod et asubmittedl
Networks shoadl alsomclude coastal habitatg mangroves which
have adjacent, leying inland areas that they can expand into as ¢
level riseMcLeod and Salm 2Q@@eSectiort.2.5.
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5 BIOPHYSICAL PRINCIPLES FOR DESIGNING RESILIENT NETWORKS OF
MARINE PROTECTED AREAS TO ACHIEVE FISHERIES, BIODIVERSITY AND
CLIMATE CHANGE OBJECTIVES

5.1 Multiple objectives

There is significant overlap betwgamciples that contribute to larger fisheries goals and
objectives that contribute to larger biodiversity conservation goals (compare CT6 objectives list
in Sectiong.1and3.]). There is also much overlap between those two satimapes and

those that pertain to the goal of buildingsgstem resilience, including resilience to climate
change impacts (compare Sec@ohand3.1with Sectiort.]).

The overlaps because thwrerarchingoals oinecosysterapproach tdisheries management
(seedefinition inAttachment2), biodiversity conservation and ecosystem resilience (including
resilience to climate change impacts) areinelyr along many dimenssorAchievement of

many of the specific objectives within any one of the three goals also contributes to achieving
the other goals.

5.2 Linking objectives to principles

In establishing any network of marine protected areas, the priorities among diffeireas objec

and the details of the objectives (e.g. regarding which species, which fisheries are the priority and
what are the fishery targets you are aiming towards) wiktéalkdsvers to the degraed

manner in which any biophysical guiding princgkesmplemente(Pitiz and Riedel 1984

Clearly defined and specific marine resource management objectives will be essential to the
appropriateprioritized local application of the suggested biophysical guiding princijalee in

5 (Sectiorl.4).

5.3 Lessons learned

From the exploration of the literaty8ection&, 3 and4) and from tapping into climate change
expertise(TNC 2011 McLeod et al. submittedwe have learned thabshof the design
principles for marine protected area networks that help achieve fisheries objectives also help
achieve biodiversity and resilience objectives areersee In the case of cliate change
resilience, Sectigh2.50ffers some specific suggestions for locating marine protected areas in
sites that will withstand climate change impacts.thiBuatter also helps ensure ecosystem
survival through climate change, which helps achieve fisheries and biodiversity objectives.

Overall, there is much similarity in the design principles advocated to help achieve all three
goals.However, there arerse differences, whiafclude the following:
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1 For fisheries goalsdividuaimarine protected aresgtsould be smaller &dlow for more
spillover, to matain access to more areas wdtileprotecting examples of all habitats
andto enable flexibility to fishers needs

1 For fisheries goals, marine protected area shapes should allow for moreao$pillover
especially adult fished species but also larval and juvenile fished species

1 For biodiversity goals, some special, unique, dsaliéde that contain species and
ecosystem functions not commonly found elsewhere are important to include;

1 For biodiversity and climate change goalsak®o areas are importad the more
holistic conservation benefits far outweigh those of otheofypedection

1 For biodiversity and climate change gpalsnanenprotection is importaritecause

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

maintained in an ongoing manner

For climate change goals, climasngh resistant sites should be chosen

For climate change goals, emphasis should be placed on building connectivity among

sourceefugiand susceptible sink reefs to enhance recovery; and

1 For climate change goals, emphasis should be placed on incledstthegewidely
separateteplicates of all major habitat types into networks to spread risk

= =4

5.3.1 Applying the precautionary principle

An overarching common theme in much of the discussions above is that there exists inadequate
information to be certain tie best management approach to take, including when designing of
networks of marine protected areas for fishariether objectiveSale et al. 2008 cCook et

al. 2009Gaines et al. 201Grafton et al. 2010Wsmond et al. 2018ale et al. 2010This is
particularly true for smaitale, mulspecies fisheries in developing counti@sannes 1998
McConney and Charles 20R0meroy and Andrew 201 here are costs of waiting for more
information due to the ongoing decline of ecosygi@inannes 1998rantham et al. 2009

The entireCTIl, however, is a response to current (and deteriorating) conditions and is a call to
actiondespitethe inadequate information and uncertg@dyal Triangle Secretariat 208
practitionersn the field agree thatcomplete information should not be a reasomémtion;

rather, the precautionary principle should apphatnes 199Russ 2002UCN-WCPA2008

the CTI National Plans of Actig@oral Triangle Secagtat 2009Gaines et ak010).

In the context of the considerable uncertainty and lack of understanding associated with fish
stocks, natural physical cycles and impacts, fishing effort, ecosystem functionitty and
climate change effects, marine ptetearea networks can provide valuable insurance against
longterm overfishing and habittgmage (J. Tanzer, pers. cdmm

Even if complete information were available on every species of theetdstlihood of one
set of design principles perfectlyisg the needs of all of them would be close tthug we
are reduced to using approximations that can be applied across a range (3bspsaesl.
2007 Gaines et al. 2010
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Much of the research and advice discussed above pemaiysotee kind of marine protected
areano-take areag.g.Lubchenco et al. 200Bnes et al. 200Gaines et al. 2018ale et al.
2010. Thus, while thereemains somancertainty about the use of-taie areas in marine
protected area network desigmere is even less knowledge about combining a range of
different levels of protection within marine protected ateerk design (Gaines et al 2010).

5.4 Recommended and prioritized guiding principles

Factoringall of theinformation collated amahalyedin Section2.2 3.2 4.2through5.3 we

offer the following set ofbiophysical principles for designing resilient networks of marine
protected areas to integrate fisheries, biotjvarsl climate change objectives inGfieind
elsewhere

Each community will have local knowledge and values by which to apply their own priorities for
and adjustments dife principles. For examgt®ations wherbleaching has destroyed an area

or a community values a particularly special or unique area may become priorities in the network
design. In the absence of more detailed local information, and as discussed th3Sgction
based upon the experience of the authaprovide our suggestedority for application of

the principledy the order in which they are presemdable5. This priority recogees that

all of the principles contribute to all three goals (fisheries, biodiversity and climate change) in
some way.
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Table 5. Prioritized biophysical principles for designing resilient networks of marine protected areas to integrate

fisheries, biodiversity and climate change objectives

Principle

Rationale

Prohibit destructive activities throughout the
managed area

Prohibit as many destructive activities as pos
for exampleblast fishing, poison fishing,
spearfishing on scuba, bottom trawling,-long
lining, gill netting, coral mining, fishing on
hookah, night spearir(geferto Principle &

Coastal habitatad their valuemre vulnerable westructive activitieghich
can decrease the healtid productivitpf the ecosystem and, consequently
species (including targetesth §pecies) living within D.estructive activities
also decmese ecosystem resilience to other imfh#aitsl999Cesar 20Q0
Cesaet al. 200F-A0 2003Marshall and Schuttenberg 200€N-WCPA
2008 Metuzals et al. 20IA0 2011 Pratchett et al. 2011

Represent 3(ercent(or, at least 20percent)
of each habitat within notake areas®

Represent the range of types of coral reefs,
seagrass, mudflats, algal beds, soft seabed
communities,acky shores, coastal forests,
beaches, mangroves, other wetlands and oth
habitats in ndake areas.

If the only protection offered is 1t@kearea,
then the proportion of ntake areas needs to [
higher €.g40perceny; if additional effective
protedion is offered (e.g. input/ output
control$®, other spatial controls) then apply 3(
percen{or, at least, 3fercentno-takeares.

Protection of all fish habitats, all plants and animals and of entire ecosy|
health, integrity and resilience can only be achieved if adequate examp
every habitat are included intake area@®alumbi 2004UCN-WCPA 2008
Lowry et al. 20091cLeod et al. 2@0TNC 2009 Gaines et al. 201ske
Section?.2.6.13.2.3and4.2.9.

To ensure achievement of fisheries objectives in areas where fishing hg
heavyandof biodiversity conservation and ecosystem resilience where &
local stressors have (or have had) impaeisk@@reas should encompdss
leasBB0Opercenpf the nanagement aréa.g Gerber et al. 200Balpern and
Warner 2003-ogarty and Botsford @9 Botsford et al. 2009Aotsford et al.
2009h Section®.2.2and4.2.). Lesser levelbut not less than Xgrcentcan
apply in areas with historically low fishing pre@Botsford et al. 2001
Botsford et al. 2009blf aiming to protect species with lower repribpgeic
output or delayed maturation (e.g. sharks or some groupers) more areg
requiredFogarty and Botsford 2007

33 For example, adequate and effective restrictions on type and quantity of gear, effort, and capacity; limits onngmchnatdandsizes; limiting

catch da given sex, or animals in a particular stage of the breeding cycle; regulating discards; daily bag or possession limits.

102



Replicate protection of habitats

Include ateast three replicates of every habit;
within a protected areatwork, ideally, imo-
take arem(SeePrinciple 8 on spacing)

Replication of protectiaminimizesriskthat all examples of a habitat will be
adversely impacted by the same disturb&soené protectedabitatareas
survive an impact they can act as a source of larvae for recovery of oth
Replication alseelps enhance representatiohiological heterogeneitythin
habitatghatare not understooUCN-WCPA 2008VicLeod et al. 2009
Gaines et al. 201€keSection.2.74.2.6.

Ensure that no-take areas include critical
habitats.

Includeimportant aggregation sites (e.g.
spawning, feeding, breedgngund}; juvenile
fish habitat areas; larval sources

When animals aggregétey are particularlylmerable and often the reasor
they are aggregating are crucial to the maintenance of the population
Thereforghe mairsites where animals group together or aggregate mus
protected to help restore natural balances of populations in communitie
(IUCN-WCPA 2008, McLeod et al. 2008C 2009 Sadovy and Clua 2011
seeSection®?.2.6.22.2.6.33.2.3and4.2.5.

No-take areas, prohibitions on destructive
fishing gear, otherfishing gear and access
limits should be in place for the long-term,
preferably permanently

Longterm protection allows the entire range of species and habitats to
then maintaimatural ecosystem health and associated fishery i&i@hits
WCPA 2008 Some benefits can be mzealiin the shorter term (@5 years)
especially if fishing pressure has not been fW¢axy et al. 200Russ et al.
2008 Hamilton et al. 201 $ectiorl.8. However20to 40years protection
allows heavily fished species and the Hingdrtargeted predator species (
shark, other coral reef predatdinglopportunity to grow to maturignd
therebyincreaseni biomass antthencontributeincreasinglynore, and more
robust, eggs to stock recruitmand regeneratiqRRuss and Alcala 192604
Frisk et al. 200blart 2006Kaplan et al. 201Buss and Alcala 2QY@hite
and Kyne 20)0 Twentyto forty years protectiofor, best, permanent
protection)allows thesishery and ecosystdranefitsdo be sustaing@Russ
and Alcala 1998004 Frisk et al. 20Q05lart 2006Kaplan et al. 201Russ anq
Alcala 201,0/Vhite and Kyne 20).0n heavily fished situations, shorter terr]
protection may fail to achieve fisheries, biodiversity and ecosystem resi
objectives.

If no-take statuseverts back to open access in heavily fished areas, the
of improved ecosystem function and increased biomass of fishery spec
be quickly logRussell 1998Villiams et al. 206 Thus, netake areas shoulc
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be maintained in Amke status as long as possible.

Necessary duration of protection may also be influenced by the life hist
characteristics olfi¢ species of interest. Seetion2.2.93.2.5and4.2.8

Seasonal closures have an inhé@renseasona@mporal timeframe and otht
temporal closures will be applied for reasons that will have their own te
requirements.

Create a multiple use marine protected area
that is as large as possibl&

Include as much as possible of the coastal
ecosystem within a legal or otherwise formali
multiple use management boundary.

To apply an ecosystem approach to fisheries management, teentlaeimi
range of biodiversity and habitats protected, to miigainst any risks,
including climate change impacts, the best advice is to include all of the
ecosystem within a multjaplsemarine managed atbat offers a broader
management framewdilison et al. 2008A0 2003McLeod et al. 2005
Christie et al. 2009dcLeod et al. 2009 The different levels of protection
offered within a multiplese area can offer synergistiebenas seen within
ecosystem based fisheries managéhieh2010seeSection2.2.12.2.8.9
2.2.11and4.2.2.

Apply minimum and a variety ofsizes to
protected areaswithin the network.

No-take areaslf no additional effective
protection is in plade.g.nofisheries
input/output controls for wide ranging species
refer to Principle)2thena mixture of small (a
minimum of 0.4n¥or 40ha and large (e.gtd
20km across) ntake areas required to achie\
biodiversity, climate change and fisheries
objectives.

If there is additional protection for wider rang

To help build resilience into the fishetles ecosystem and to contribute
meaningfully to biodiversity protection the minimum recommended size
goals isnuchlargern(e.g. 1@o 20km acrossthan just for fisheriedone(e.g.
0.1 to 0.2 kfor 10to 20 haWhite et al. 2006for resilience and biodiversi
conservation the larger the area predeitte bettefHalpern and Warner 2QC
IUCN-WCPA 2008MicLeod et al. 200&aines et al. 20LBhanks (2009)
and others consider +d 6 km or more to be the minimwiablediameter in
terms of containing larval dispersal distances of massg@escwvell as adult
movementput others have found smaller effective dispersal digmgcé90
m to 1km to 30km;Alcala and Russ 20@8many et al. 200ester et al.
2009 Jones et al. 2000ANd, of coursaysing networks gfrotected areas is
onewaytoincese connectivity between

34This may also be known as a marine managed area or a multiple use marine park

104



species, then networks of smaltaie areas cal
achieve most objectivesyticularly regarding
fisheries management (subject to implementi
Principle 2)Exact sizes to use will depend on
movement patterns of the species of key
importance in any situation.

Temporal closuresof any kindgshould include,

at mnimum theentre area othesite plus100

m widebuffer (or40 ha minimum if these detai
are unknown)

Gear restrictions as large an area as possiblg
to the entirenarine managed aweal all areas
where gear interferes with threatened specie

Access restrictims: as appropriate throughout

themarine managed area

with adult and larval movement patt¢td€N-WCPA 2008Weeks et al.
2010& The recommended minimum size here assumasvakof no-take
areas; antthe application of principle 2 in terms of amounts -¢&ke areas

Where larval dispersal patterns and/or adult movement patterns of part
target species are known, this informatiomlsamform decisionsibout ideal
sizes of protected areasobt mackerel and other nesrore pelagic species,
for example, will need much larger marine protected areas as their oce;
neighbourhoods are largealumbi 2004eeSection®.2.33.2.1 and4.2.2.

Gear and access restrictions can beinsadtjitionto no-take areas (losigrm
and temporal), tminimizeimpacts upon habitats and species.
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Separateno-take areas by 1 to 20 krfwith a
mode of~1to 10km apart).

Apply a variety of spacing of individuatadce
areagfrom 1to 20 km apartthroughout the
entire management areshore netake areas
should be located closegethe(O1 km apart)
than the more offshore fiake areas-20km
apart)

Spacing of other longterm protected areas
either not applicableor same as for netake
areas.

Other types of protected aréag. gear and
access restrictiorma)ght be quite large in exter
throughout the management gssge Principle 7
and so it might ndie logicalo have specified
odi stancesoO6 between

However,fiother permandrprotected areas arj
i solated o0islandsod o
spacing rules should apply as ttake areas.

Connectivity between protected areas is important for maintaining diver
fish stocks and especially important for maintaining enosgsiigence
(Marshall and Schuttenberg 200€N-WCPA 2008McLeod et al. 2009
TNC 2009seeSectiort.2.3. Adult movement is generally at a smaller sc
than larval moveme(Palumbi 2004 Recenstudiesare showing huge
variability in larval dispersal distances and lower dispersal distances t
previously thougtfe.g. 100n to 1km to 30km; Almany et al. 200Pelc et al.
2009 Shanks 2009ones et al. 2000Mackerel and other nehore pelagic
species may needrma protected areas spaced &rrdpart as their ocean
neighbohoods are largéPalumbi 2004

Because the CT is the t#of marine biodiversity and has msjitecies
coastal fisheri¢&reen and Mous 2008eron et al. 2008lanola Jr et al.
2010Q there are, likely, commensurate diversity in adult movement range
larval dispersal distances in species oéshteg-or these reasons, varying th
spacing between #iake aredsetween 1o 20km aparis usefu(Jones et al.
2007 Jones et al. 200#€SectiorR.2.4.

Spacing at thegher end of the range (@@ apart) also helps with risk
spreading and capturing the range of biodivets@N(WCPA2008, McLeo(
et al. 2009But if spacing is less than 2Q #msebenefits masgtill occur.See
principle 3n replication.

Where lodeknowledge exists on connectivity of locally important specieg
should be used to inform this principle on spacing.

Include an additional 15percentin shorter
term no-take protection such as&asonal,
rotational or other temporally variable zones

Shortertermspatial management tools should be appletitiorto the

minimum level of ntake prote&d areas (principle Zotational closures,
seasonal closures and most other temporal closures can be beneficial {
fisheriege.g. protectingritical areas at critical times if not included in long
term notake areas; allowing limited fisheries access at culturally imports
times)out areusuallyess useful for conserving biodiversity or building
resilience where part of the aim is to lantll maintaihealthy, natural

106



communitiegnd sustain ecosystem services

These areasofunction as a partial insurance fatagainst catasphesby
enhancing overall ecosystem resili@gamst catastroph&sch as cyclones,
spills(Allison et al. 2003

10

Have a mixture of protected area boundaries
both within habitats and at habitat edges

The relative mix of boundary locations will
depend upon management priorifiesal
knowledgand on what is possible given the
geograpy and resources of a site

To build resilience to external impdtts best to retain the integrity of any
protected area as much as possidiecating boundaries at habitat edges
limit adult spilloveflUCN-WCPA 2008McLeod et al. 200&aines et al.
2010. However, to encourage fisheries benefits, some boundaries sho
the middle of fish habitats (Gaines et al. 2010).

11

Have protected areathat are more gjuare or
circular in shape

Use more square or cilmushapesubject to
consideratiogiof compliancéincluding use of
landmarks)

These shapes allow for limited adult spilWaite et al. 2008vhich helps
maintain the integrity of the protected areas and, therefore, the sustaina
their contribution to fisheries, biodiversity and ecosystem reglili€igde
WCPA 2008McLeod et al. 2009eeSection®.2.53.2.2and4.2.4.

12

Minimize external threats

Choose aredsr protectionthat have been, ang
are likely to continue to be, subjected to lowe
levels olamaging impacdfs.g. areas withdher
water quality; no mining; sapping activity
areas where fishing is likely to be regulated ¢
managedndexisting, functiomgrotected
areap

To optimize protection of areas that are less likely to be exposed to loca
and most likely to recovéris wise to avoid aresthave been or are likely,
to be damaged from threats including damaging human uses (see Sect
2.2.6.% From a resilience point of vj¢lmese areas are also more likely to
in better condition and theref@e=more resilient to external threats such
climate change; and thus contrilmitee and more quicklyo overall
ecosystem health and fishgpresluctivity(Marshall and Schuttenberg 200¢
TNC 2009). It takes time for marine protected areas to improve ecosyst
health Therefore it is usually advantageous to include elkistitignal
marine protected areas within a new net(iRurgs and Alcala 2004CN-
WCPA 2008Green et al. 2009b
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13

Include resilient sitesin protectedareas

Protected, ideally fiake areas should
include areas that are most likely to surviv
climate change impaetsindicated ksither
previous survival or conditions that make
them more likely to resistcoveror migrate
from impacts. & Sectiond.2.5

Areas with historically variable sea sutéacgerature (SSa@ihdocean
carbonatehemistrye.garagonite saturation leydédwels appear likely to
withstand changes in those parametarslar toareas known to have
withstood such environmental changes in th€Ssst and West 2Q03
Marshall and Schuttenberg 2006_eod et al. 2009NC 20092011
McLeod et al. submitteglumby 2007 ilJCN-WCPA200§. Networks
should alsinclude coastal habitats eagngroves which have adjacent,
low-lying inland areas that they can expand into as sea lefMtlised
and Salm 2006ee5ectiort.2.5.

14

Include special or unique sites in
protectedareas

Protected, ideally fiake areas should
include sitethat are importarior: rareor
threatenedpeciege.g. turtle nesting sites)
rareor threatenetabitatsbeing highly
biodiverse andspecially those at risk;
endemic species or habitats also isolated
sites

Inclusion of these sites witliire networlcan help ensure all examples ¢
the biodiversitgnd processed the ecosystem are protected (Sestixf.
Being comprehensive in this wayeases thehance that all the crucial
parts of the system are able to contribute to ecosystem health and re
(IUCN-WCPA2008, McLeod et al. 200WNC 2009).

15

Locate more protection upstream of
currents.

If currents are known and consisté®) a
greater number of the protected areas,
especially ntake areas, should be located
towards the upstream end of the manager
area. If currents are not known or not
constant then this principle does not apply
and protection should be distributed gvenl
throughout the management boundaries
(subject to the principles 7 and 8 on size &

spacing).

Protected areas, especiallyake areas, should become a source of lar
contributing disproportionately greater amount to population recruitm
(Gaines et al. 2003ale et al. 20)L0To the degree that currents influenc
larval dispersal, they will influence genetic connectivity and populatio
recruitment and much more icddions downstream of protected areas
this way, one canaximizé¢ he | i kel y popul ati g
protected andptimizethe return to natural population levels which are
genetically connected (Marshall and Schuttenberg 2006 MOEA 208,
McLeod et al. 2009, TNC 2009, Sale et al 2010). Information about s
target species larval movementsatsminform this principl&e &ction
2.2.6.3
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Incomplete information to implement the recommended principles

Currently, owhere in the&CT hasall the informatiorfor resources to obtain the information)
requiredo implement the recommended principMdisio et al. 2009d Everywhere in th€ET
therewill be enough information tariplement some of the principlds. particular, we know
that local communities and fishers will have important knowledge to cof@ianaes 1998

We do not knowvhatinformation is available in which locatioRer this reason, we include all
the principles thamight be potentially usefaind leave it to the managers to use existing
knowledged apply thenas far as possible given thdmrmation constraints.

The less the information, the more important are the recomnpealitioms oé giesimigt
activities)yinimum amount of profeetibabitathere knovany replication.

Thesethree design principlexrease the likelihood of protecting the entire range of unknown
species and processes of importance and insure against the impaetiicfable disturbances

and largescale catastrophés.addition, recommendations about minimum size requirements,
spacing of marine protected areas and critical habitats, where known, are also often
implementable with lower levels of informafiditsson 1998 irKelleher 1999Coles et al.

2001 NRC 2001Ward et al. 200IUCN-WCPA 2008Gaines et al. 2018ectior?.3.2

Besides being limited by knowledgediscussed in Sectidi®1.7and1.8 there ardroader,
additional economic, social, institutionanagemenipolitical, cultural, resource and time
constraints that will influence the degree to whe&principles can be appliafhen required

to compromise for these reasons, wemmewend prioriding the principles in the order
presented in the tablbovewhile realizing that local traditional use patterns and political
jurisdictions can make it difficult to achieve even the first principle completely.
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6 CONCLUSIONS

The principles developed in this repdralfle5) are one small, but important, part of a much
bigger process that includes implementing many local networks of megttedpeseas in

ways that complements human uses and values and aligns with local legal, political and
institutional requirementsThe complementaritieseessential for many reasons, not least is to
ensure the success of any marine protected aressiiiygecompliance; meompliance will

lead to no fisheries or ecological benefits.

Adjacentand ecologically connectedal networks can, theoretically, be scgledto regional
networks as has been planned for parts @@ The.g. Sukbulawesi Maré Ecoregion, Lesser
Sunda Marine Ecoregion Bi r d 6 s Haadh elsewBegcatakehalders of th8ulu
Sulawesi Marine Ecoregidrechnical Working Gr@s of Indonesia Malaysia and the
Philippines and the WWF SSME Conservation Program Teari2G0& al. 201,aCl 2011
Wilson et al. 201 %ectiorl.3.

Comprehensive netwarkf marine protected areas will be inadequate to the task of ensuring all
fisheries are sustainable, all biodiversity is conserved acakystems are resilisnongoing

local and external thats, including climate chan@dlison et al. 199&ilborn et al. 2004
IUCN-WCPA 2008 The CTI, and allpractitioners acknowledge that marine resource
management requires a broaoiegratedramework, such as ecosystersed management
(Alino et al. 2008BUCN-WCPA 2008Christie et al. 2009@oral Triangle Secretariat 2009
DEC and the NFA 20Q0%hler and Douvere 2008lational Secretariat of the GJFF
Indonesia 20QRepublic of Philippines 2Q@epublic of Timor Leste 2Q@olomon Islands

CTI NCC 2009 Agardy 201,0DEC and the NFA 2010FAO 2010Q Attachment2, see
definitions of EAFM, EBMSectior.?).

By acknowledging these broader issues and management frantesvagiors hope that
these practical, gahe-water, guiding principles offer at least one sensible foundation upon
which CT marine resource managers can move forward in implementing netwaakise
protected areas for fisheries, biodiversity and resdlgacsves
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7 GLOSSARY

Adaptive capacityisthe ability of a system ¢ope withor adapt tpenvironmental variability

and change (e.g. includamyironmental hazardspolicy chang@sThe adaptive capacity of an
ecosystem can refer to its intrinsic capacity to resist or adapt to change via physiological and/or
behavioural plasticity or evolutionary adaptation (i.e. through natural selection) of the species
that make up the systempart also determined by genetic, species, or ecosystem diversity and
ecosystem heterogeneity. Adaptive capacity may alsadexternal conditions (ggesence

of coastal development or natural barriers that limit the ability of a species emetmByste

inlandin response to sea level risehatural processes such as rates of geological uplift or
marsh accretion which can reduce the amount of localized sea level rise.

Design principlesar e bi ophysical orules of thumbd or
distributions etc. of spatial marine areas to include in protected area networks.

Ecosystem approach to fisheries management (EAFM)rhe CTI Regional and National
Plans of Actin all refer to the FAO definition BfAFM (strictly,FAO refesto an ecosystem
approach to fisheries) which is also used in this document:

0An ecosystem approachfigheries strives to balance diverse societal objectives, by taking into
accountthe knovedge and uncertainties about biotic, abiotic and human compahents
ecosystems and their interactions and applying an integrated appfca@rids within
ecologically meaningful bounddries

Ecosystembased management or EBM, is a managememtpproab that recognizes
ecological systerfr what they are: a rich mix of elememsluding humansyhichinteract

with each other in important wayganagement options are applied to each resource sector in a
holistic and integrated manner that accountalf@aspects of the ecosystem and each other
sector.

Exposurerefers to the rate and magnitude of climateoceanhange anthe variabilitythat a
systen{e.g.ecosystengommunity, resource, region, se@gperiences-or example, habitats
and communities lowlying coastal areas are likely to helatively higheexposure tsea
level rise

Locally managed marine areaLMMAS) can be defined as marine protected areas under the
IUCN definition if managers haagrimaryconcern forthe sustainability of their ecosystem
(including fish stocks) versus an intentioexploit the fisheries without concern astgo
sustainability or impacts upon the ecosystem.

Marine protected areasare definedas any clearbgelineated managednarine areathat
contributes to protection of natural resources in soammer No-take areas are one type of
marine protected area.

Nearshore habitats(comprising botlinshore andoffshore habitat9 refer to marine habitats
relatively near the shoreline. This includes those areas with habitats that are contiguous with the
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coastline (which weave referred to amsshore habitats) and deeper water pelagic habitats
further from shore but not yet oceaanvironments. These deepet still nearshore habitats
that are not adjacent to the coastismeterm offshore for the purposes of this report.

Networks of marine protected areasfor this report only, refer to group of individual
marine protectedreathat are ecologically connected

Ocean neighborhoodsare the area centred on a set of parents that is large enough to retain
most of the offspring dhose parentand the movement of the paremtsadults move widely,
neighborhoods are large adiffuse. If adults are sessile and larvae are restricted in their
dispersal, then a neighborhood might be small and distinct.

Resilience here, is defined as the ability of an ecosystem to maintain key functions and
processes in the face of (human or aBtstresses or pressures, either by resisting or adapting
to change.

The sensitivity of a system is the degree to which it is affectedvipnmentabariabilityor
changeSensitivity of ecological systemsnaronmentathange typically re$¢o physiological
tolerances to change and or variability in physical or chemical conditions (e.g., temperature, pH)

Vulnerability is defined athe degree to which a system is susceptible to, and unable to cope
with, adversenvironmental impactsicludingclimate variability and extrepesd isa function
of exposuresensitiity, and adaptive capacity.

See alddtachmeft
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Attachment 1 Terms of reference for this report

Introduction and overall scope of work

Design principles for networks of marine protected areas ihatiee past, focad on
achievement of biodiversity objectives and focussedtakenmene protected areas. While

some consideration has been given to the requirements of fisheries and adaptation to climate
change, the level of consideration has often been limited given the purposes for which the
networks of ndgake s were being designed.

This project aims to provide indigls to howo better tailor marine protected adesign
principles to accommodate fisheries aims and objectives. It will also incorporate latest thinking
on including basic climate change consideratiomsanitte préected areaetwork design.
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The scope of this work includes coral reefs, nearshore (coastal) benthic and small pelagic
fisheries and other coastal ecosystems that are particularly important to many coastal
comnunities in theCT. Large scale pelagic systewill generally not be includeubr
threatened specj&ghich can, hopefully, be included at a later date.

The combined biophysical design consideratiohsoasequent set of revised marine protected
areadesign principles will then be matched withl edfizats to accommodathuman uses and
values into marine protected atesign. The result will build on earlier efforts to lay smit a
of design principles for marine protectedsaa@@marine protected areatworks (ecological
and social) such,&sit not limited to IUCNWCPA (2008).

The document will also address the issues and challenges of going to scale, omscaimg up
protected arsamarine protected areetworks to address larger areas and concerns from a
fisheries management and lvediity protection perspective. The document, in addition to
dealing with generic issues of marine protected aneafisheries, will address the context of
scaling and linkages specifically withilCthelt will reference the context of the countaied

feedback from countries as relevant in the resulting guidelines. This will ensure that the result is
linked to the reality of coastal and marine resources managemeXzit megfen.

In this dbcument, marine protected areae intended to refer th igpes of marine protected
areas (e.g. marine managed areas (MMAS), local marine managed areas (LMMAs; etc.) and no
takemarine protected asewill be referred to, explicitly, as such.

This scope of workas been developed on the basis of informatmnded by Dr Alison

Green and DrAlan White of the Nature Conservancy, and Mr Maurice Knight, Chief of Party

for the Coral Triangle Support Partnership (CTSP). Implementation of this project will be
responsive to the timing of several workshops in the CT region and the availability of k
resource contacts in the countries and partner organizations of the CTSP. In this regard, a very
rigid timeline will not be possible so that the final product will be completed in its entirety until
important regional meetings have occurred and f&ddiacthe countries and various experts

is adequately reflected in the result.

Methods

The project will comprise seajesteps which are outlined in the table belbwe information

on duration does not indicate the amount of time that the consultapewndl on the task but

rather, the actions that will be required to complete the task given the need to seek input from
others, gather information from a variety of sources etc.
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Task
no.

Task

Detail

1 Canvas expert | Seek informal input and advice from local experts (e.g. Prof Garry Russ, Prof
input Jones) and input from CTI Working Group and other regional experts (facilitat
Project Managers).

2 Literature review Summariz&ey literature and knowledge about fisheries objectives and require
for MPA design. The literature review will sisomarizeecommendations from a
recent climate change workstop

3 Review MPA Review and revise existing MPAgteprinciples with consideration of fisheries

design principleg requirementas per the literature revievagk 2). Provide brief justifications for
same.

4 Canvas expert | Seek informal input and advice from local experts (e.g. Prof Garry Russ, Prof

opinion Jones) ahinput from CTI Working Group and other regional experts (facilitateq
Project Managers) as to revised principles.

5 Draft report Provide written report containing full literature review including revised princip
associated, brief, justificagon

6 MPA workshop | Consolidate expert input at CTI Regional Exchange MPA Workshop in April o
2011 in the Philippines afilalizereport after feedback has been received from |
CT6 experts as feasible.

7 Review report | CTSP/TNC to provide comment gaport.

8 Final report Respond to comments afiklizereport.

Project Deliverables

The deliverables for this project are as fallows

Task
no. | Deliverables
1 Literature review, and compilation of expert input and draft report outline
2 Consolidatedraft report
Review report
3 Canvas input at Regional Exchange MPA Workshop, Philippines & deliver final r¢

Project Management and Administration

This project is to be supervised byAhson Green and DAlan White of the Nature
Conservangyvith input from Mr Maurice Knight.

The project will be conducted in a flexible manner and in close consultation with the project

manager(s).

Project Extension

The purpose of this proposal extension is flotde

1. Extending the original, agreed coriguitdist from about 21 to over 40 experts with

attendant revisions of the project report;

2. Extend the original, agreed information source for the Climate Change chapter of the

draft report to include additional sources; and

35 This project will incorporate recommendationsigrfsom an expert workshop held by TNC in Brisban2 10

May

2010 ca

Il ed OoHow can climate change

recommendations provide advice in modifying principles for designing resilient netwehss of M
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3. Pursuing further input tand garnering support for, the messages of the report at a face
to-face meeting where key EAFM TWG players from countries are present and via TNC
communications on the report at an upcoming EAFM REX.

Extending consultations and literature sources

Consultations around the draft report are important for two redytmsptimizethe quality

of thereport itself and2)to ensurdts relevance (and acceptability) to CT6 marine resource
managersncluding fisheries managérst thesereasos, broa@r consultations than originally
envisaged haveeén determined to be cruciBlhese consultations enable a widening of the
dialogue on the usefulness of integrating across fisheries, biodiversity and climate change divides.

To bolster these discussionss important that the Climate Change (CC) section of the report

is robust. To build a more robust CC section requires accessing more information sources than
originally agreed (originally, it was agreed that a dedicated CC Workshop in Brisbane in 2010
would be an adequate data source).

Provision of additional time to the consultant to address these issues will achieve:

1 A higher quality report due to
- More extensive expert input; and
- A slight broadening of the informatioaise used in the GEction othe report

to enhancésrobustness;
1 A broader dialogue across the CT about integrating fisheries with Sty ciret
climate change into marine protectedragt@ork design; and
1 Greater uptake of the report oriicelizel.

Target EAFM expert input

It isrecognize that electronic and telephonic means of communication are limited mechanisms
by which to gain meaningful dialogue and input i€Theetting. Faceto-face meetings are
significantly more productive in garnering the ideas, suggestiosgghtslohke T players.

To ensure the Uity of the draft report on marine protected axetmvork design principles it
requires substantial input from and acceptance of, especially, fisheries managers.

Two opportunities have presented themsdlvesecure this input. It is possible for the TNC

lead staff member on Ecosystem Approach to Fisheries Managemeni QEARNdrew

Smith) to present the report to an EAFM regional exchange in Sabah, Malaysia in September
2011. He will pursue input orhlaé of the project authors and direct input and comments back

to the reportds primary author.

I n addition, the reportds primary author C ¢
Technical Working Group meeting (TWG) in Jakarta, Indonesia. Thennsefatiaghe author

to set up meetings with key fisheries parties, at thidowgakeeting, to discuss the contents

of the draft report and seek feedback.

Responding to input from the EAFM REX and at
the EARM REX will achieve:
- Animproved and more useful report;
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- An improved understanding, on the part of the intended audience of the report, of the
purpose and intent of the report;

- Greater ownership of the report outputs (namely the design principles); and

- Wider distribution of the final report to practitioners in the field.

The scope of this work, therefore, entagssémior author of the draft marine protected area
network design report responding to feedback from the EAFM REX and TWG and travelling to
and from Jakarta at the time of the EAFM TWG to elicit, especialyntry (i.e. CT6)
fisheries expertise into and support for the report.

Methods
Extending consultations and literature sources

The contractor will increase the number of electronienoaications with CT stakeholders

from about 21 to over 40 as directed by the project supervisors. This consultation will lead to
commensurate input from these people and the consultant will revise the draft report
accordingly.

The contractor will enhaam¢he Climate Change section by accessing additional literature and
rewriting that section, and associated parts of the report, accordingly.

The methods for this part of the proposal are as follows:

Task no. | Deliverable Delivery date
1. List of additional Climate Change (CC) literature 3dOct 2011
2. Revised CC chapter 10" Oct 2011
3. Revised report including other relevant parts of the report fo| 171 Oct 2011

consistency with revised CC chapter
4, Additional electronicommunications with over 20 additional k Ongoing
CT players

Target EAFM expert input

The contractor will seek additional input to and wideratiorubf the draft report on marine
protected areaetwork design principles to achieve fisheries, bgtjivend climate change
objectives at the EAFM TWG in Jakarta, Indonesia and from experts at the EAFM REX (to be
attended by Dr Smith of TNC).

This input will be integrated into the final report in addition to the input already solicited as part
of the orginal contract (TNC Contract Ref: AP/Regional Marine/ETOC013111).

The final report will thebe delivered to all parties identified through the EAFM TWG in
addition to those already identified and contacted per email, skghenéehnd personally at
theMPA ME REX as well as via otHera

Implementation of this project will be responsive to the timing of the EAFM TWG. Therefore,
a very rigid timeline will not be possible so that the final product will be completed in its entirety
after the EAFM TWG haoccurred and feedback from the various experts attending that
meeting has been adequately reflected in the resulting report.
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The methods for this part of the project are as follows:

Task no. | Deliverable Delivery date

1. Preparation of powerpoint asdpport material for] By 16 September 2011
Dr Andrew Smith ahead of the EAFM REX in
September

2. List of proposed meetings at EAFM TWG 1 week prior to EAFM TWG

3. Participation in and summary minute of meeting 1 week postAFM TWG
outcomes

4, Maintaincommunications with EAFM TWG Ongoing after TWG meeting
members as necessary

5. Updated MPA design report based upon input f| 3 weeks post EAFM TWG
EAFM REX and TWG

6. Distribution of final report to all interested partiel 1 week postinal approval by

project team
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Attachment 2. Justification and explanation of definitions used in this report

Are marine protected areas really just no-take areas?

Marine protected areare not just ndake areas; they encompass a rdngpes of protection
(Alino etal. 2008c

The FAO define a marine protected aeagorotected marine intertidal or subtidal area, within
territorial waters, EEZs or in the high seas, set aside by law or other effective means, together
with its overlying water and associfited, fauna, historical and cultural features. It provides
degrees of preservation and protection for important marine biodiversity and resources
particular habitat (e.g. a mangrove or a reef) or species;popwakion (e.g. spawners or
juvenilesflepending on theéegree of use permitted. In marine protected avities (e.g. of
scientific, educational, recreational, extractive nature, including fishing) are strictly regulated and
could be prohited. FAO defines a fake marine protectedeasas one kind ofnarine

protected aréa

A marine protected area is includeAlclearlpy | UCN
defined geographical spaeepgnizé, dedicated and managed, through legal or other effective
means, to achieve tlmmgterm conservation of nature with associated ecosystem services and
cul t ur aDudley a00g EJENNYCPA (1994 inSale etla2010 explicitly defined

marine protected araa a means to protect part or all of the enclosed environnosetteer

areas are distinguished from other kinds of marine spatial zoning in that they have nature
conservation as a primary rather thaacondary aiCPA- Marine 2010 The category VI

protected areas explicitigve the sustainable use of natural resources@@nt achieve

nature conservatiofpudley 2008 In this way, then, any clearly defined, managed area that
contributes to protection of natural resources in some wapiga protected area

The Regional CTI Plan of Action and theQN&tionalPo As refer t o MPAs
range of marine protected area categories: strictly protected, multiple use, government m
managed marine areas (LMMAs), &etc. efThe ot
protected area use categories from strict protection to sustainab{€ardolneaglse areas
Secretariat 20P9

36 http://www.fao.org/fi/lglossary/ accessed 5/8/11
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Within different CT countries)arine protected areasl have different legaéfinitions tiat
will be important for the CTIFor examplen the Decree of th&overnment of th&epublic
of IndonesidNo. 60/2007egardindishery resource conservatjénticle 1) various pes of
marine protected aeare defined:

0 Arishery Corexvatio’ Area refers to a water area, which is protected and managed through
use of a zoning system, to create sustainable management of fishery resources and their
environment

An Aquatic National Park reféosan aquatic conservation area, with iggnadi ecosystem,
established for the purpose of education and scientific research as well as activities
supportive to sustainable fishery management, aquatic tourism and leisure

An Aquatic Protected Area refers to an aquatic conservation arelaaraitkeristic features,
established for the purpose of protecting the diversity of fish species and leisure

An Aquatic Tourism Park refers to an aquatic conservation area created for the purpose of
aguatic tourism activities and leisure

A Fishery Protded Area refers to a specific aquatic area, be it fresh, brackish or sea water, with
specific condition and features, serving as a nursery ground/feeding ground for a specific
species of fish, established to serve as a protected area

These kinds of deftions, agreements and lasmsate a broad definition wfarine protected
areg which can be categatzinto different levels of protectiWCPA- Marine 2010 Here
wesummarizéhe draft definitions aharine proteeid aresbeing considered for use by IUCN
(Dudley 2008NCPA- Marine 2010

3%"Fisheries conservation is defined to include O0sust
conservation is defined to include Oecosystem conser\
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Table 6. Summary of draft IUCN WCPAMarine categories for Marine Protected Areas
(adaptedrom: Dudley 2008NCPA- Marine 2010

Category Description: primary objective

la Strict nature reservé&p conserve regionally, nationally or globally outstanding ecosy
species (occurrences or aggregations) and/ or geodiversity features: these attribut
been formed mostly or entirely by #aman forces and will be degraded or destroye
when subjected to all but very light human impact.

Ib Wilderness are&o protect the longerm ecological integrity of natural areas that are
undisturbed by significant human activity, free of modern infrastructure and where
forces and processesgmainate, so that current and future generations have the
opportunity to experience such areas.

I National ParkTo protect natural biodiversity along with its underlying ecological st
and supporting environmental processes, and to predusi@tion and recreation.

i Natural monument or featur€o protect specific outstanding natural features and
associated biodiversity and habitats

v Habitat/species managed afl@amaintain, conserve and restore species and habitat

Y, Protected seascap€o protect and sustain important landscapes/seascapes &
associated nature conservation and other values created by interactions wit
through traditional management practices

VI Protected area with sustainable use of hatsurcesfo protect natural ecosystems
use natural resources sustainably, when conservation and sustainable use can
beneficial

Table7 indicats which activities could be permitted within the various categornesioé
protected arsa Note that categories V and &llow for fishingFishing/collecting may be
permissiblén category I\arine protected amsea&here the resource use does not compromise
the ecological/species management objectives of thEraitiional fishing and collection in
accordance with cultural tradition and use is suggestedlltmneel in all tagories of marine
protected aredn all cases, managemenmafine protected aedrrespective of the category,
should ensure that any resource extraction is ecologically sutéGidleMarine 2010

Carefully managedmmg affecting a small part of a marine protectedregde permissible
depending in national legislation relating to mining in protected areas generally or in a specific
marine protected area but these areas dhmualskigned as Category V oMMen applying a
categoryo a single protected area, phienary objectivef the categorghould apply to at least

three quarters of the protected area. rBmeaining 25ercentof land or water within a
protected area mebe managed for other purposs$ong as these are compatible with the
primary objective of the protected {¥W&PA - Marine 2010

Zoning is usually a management tool not generally identified by a caieg@igut different
zones in larger protected areas can have their own catelgergonesl) areclearly mapped;
2) arerecognize by legal or other effective means; 3nbave distinct and unambiguous
management aims that can be assigned to a particular protected are@\@goiviarine
2010.
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Table 7. Draft matrix of IUCN categories & activities that may be permitted in aVarine
Protected Area (WCPA- Marine 2010

Activities that may be permitted in a la Ib I 1 v \Y VI
Marine Protected Area

Habitation

Waste discharge

Mining (oil, gas, sand, gravel, coral)

Commercial fishing/collection

Recreational fishing/collection

Aquaculture

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

Research: extractive

Renewable energy generation

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

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

Shipping

Commercial tourism

Non-extractive recreation (e.g. diving)

Traditional fishing/collection in accordanct
with cultural tradition and use

Non-extractive traditional use

Research: neextractive

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

Key: =No
=Yes
* = Variable
= Generally npunless special circumstance apply
= No alternative exists and therefore special approval is needed

Locally Managed Marine Areas

Govanet al (2008) define an LMMAGa area of neashore waters and coastal resources that

is largely or wholly manageda local level by the coastal communitiesplaniehg groups,

partner organizations, and/or collaborative government representatives who reside or are based
in the i mmedi ate area. 6
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WCPAMarine (201()aveananalogoudigenous and Community Conserved Aveaish is
defined by |1 UCN as: onatur al and/ or modi fi e
values, ecological functions and benefits, and cultural values voluntarily conserved by indigenous
peoples and ¢@l communities both sedentary and m@éaiteough customary laws or other
effective meanso.

The revised definition of a protected area and associated principles in théCRDO8
Guidelines stipulate that to be a protected area means giving priaritiyéodity; other values
may be present at the same level of importance but in the event of conflict bia@ikesity
must be the most importaiudley 2008

We inerpret ths to mean that LMMAS can be marine protected aneler IUCN guidelines as

long as managers hagrimaryconcern foithe sustainability of their ecosystem including fish
stocks versus an intention égploit the fisheries without concern astdsustainability ro

impacts upon the ecosysteltdCN-WCPA Marine (2010) advises that areas set aside purely to
maintain fishing stocks, particularly on a temporary basis, should not usually be counted as a
protected area (although they certainly mmrg®od fishery management). But, as Dudley
(2008) statesit is up to individuatountries to determine what they describe as a protected
area

What are marine protected area networks

A marine protected areetworkhas beemefered to asa collectionof dindividualmarine

protected arsaoperating cooperatively and synergistically, at various spatial scales, and with a
range of protection levels, in order to fulfl ecological aims more effectively and
comprehensively than individual sitegdcaloné(lUCN-WCPA 2008 This means the marine
protected arsamust be ecologically connected, must badtitey in some wdiNRC 200}
Networksof marine protected areas, for the purpoéebi® report, refer to aollection of
individualmarine protected arethat are ecologically connecfACPA/IUCN 2007. They

can be connected through larval dispersal or adult movement of marine ofgahismhs

2004. For example, larvae mayrbleased at one marine protected aiteaand move to
anothermmarine protected area or adults may move from one marine protecteciaotaer

(Palumbi 2004 A group of marine protected aeaay be connected in this way for some
species but not for others or, for any one species, they may be connected via larval movement
but not via adult movemeirfiones et al. 200Th addition, it may be that organisms at different

life stages esdifferent habitats and, if marine protected ameain those different habitats, it

may led to a connection between them through ontogenetic movement &itenes et al.

2010.

Larval connectivity between marine protected s areaay be classified as
population/demographic or gait connectivity. Population or demographic connectivity
refers to the degree to which larvae fneanine protected aeaontribute to maintenance of

fish populations either outside thwarine protected area or within other nearby marine
protected arasgPalumbi 2003 This type of connectivity seems to be at the scale from less than
1 km to perhaps over Xim (Botsford et al. 2009i8hanks 2009 Genetic connectivity is
usually expressed over much larger spatial scales (from 100s to 1000sabki),@8@sover
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evolutionary timeframes where a relatively small level of larval success can influence patterns of
genetic diversity in populatiofalumbi 2004 This ecological connectivity is important in
considerations of reserve design and is discussed in more detalil ir2S3atidds

Networks ofmarine protected @ can also refer to learning networks and collectives of
governance and administrative arranggsntbat pertain to multiple marine protected areas
(White et al. 2008UCN-WCPA 2008 These social networks can be very important in terms
of enhancing management effective(éite et al. 2006UCN-WCPA 2008 however, are
beyond the scope of this report.

Resilience

Resilience her e, i s albilieyfof aneedosysiesn toombaimtain key functions and
processes in the face of (human or natural) stresses or pressures, either by resisting or adapting
to changé (Holling 1973 and Nystrom and Folke 20(Mdheod et al. 200Blolling et al 1995

and Nystrom and Folke 2001 Marshall and Schuttenberg 3008 hat is a system can

transfom and adapt to changdile still maintaining the same function, structure, identity and
feedbackgFolke et al. 2010 This definition incorporates two different processes: resistance

and recoverfCoté and Darling 20110

For coral reef ecosystemsjlimxe is the capacity to adapt to change and to maintain the
dominance of hard corals and/or morphological divékéitsshall and Schuttenberg 2006
includes the ability of the entire suite of faunal and florapomikations to persistespite
external impacts and thre@etsford et al. 2009b

"
& c-o--.---D o
= o* 2
s +* HIGH RESILIENCE |
£ o* g
E .. E‘E
3 o* E g
¢ E

- L]
v .t g
£ )
- < ®c
- > > :03
© ° * o 02
c 0’ .’ --.--nnch zZe2
2 - ¢ " Ry 8
- . K TE
- o . B <nae
° - * -
c * ¢ o
o N ¢ o
o saverity of the impact 0‘-" a .
e - N o

< o* .-"" e,
Disaster threshold o LT LA —— 'D
W MLt L

.
**cnnnnnnr”*

Recovery Time: Enhanced resilience accelerates recovery time

Figure 9. Different levels of resilience of natural communities and consequent responses
to disturbance events.
(IJUCN-WCPA 2008
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The I dea of buil ding mari ne ecosystem res
terminology as indicated by work conducted approximately ten yeaflsubglenco et al.

2003. OResilienced was not menti oned, rat her
ecosystem structure and function in the event of emardal disturbances, management
failures or other human impa&CEAS and the American Association for the Advancement

of the Sciences 2QQlubchenco etl. 2003National Fisheries Conservation Center)2004

These ideas conform vewell with current ideas of building or maintaining ecosystem
resilience.

Marine protected aieandmarine protected araatworks have been identified as tools to help
build marine ecosystem resiliefhcdchenco et al. 2003ughes et al. 2010This is because
heavy or ovelishing can redwc ecosystem resilience and marine protectes] hepacan
mitigate those impadtsubchenco et al. 20d3ughes et al. 20l herefore, consideratiorfs o
resilienceare importantin marine protected areetwork design, particularly in the face of
global climate chan@&CN-WCPA2008 McLeod et al. 20D9lf a marine protected area or
marine protected aremetwork is resilientthen it can rebound fromor withstangd
environmental fluctuations or unexpected catastrophes @mutt spopulations whiclean
potentially replenish othdamaged populatiofSalm and West 2003The implications of
consideration of ecosystaesilience irthe design of marine protected aneéworks are
discussed further in Secti@n8 and4.

Ecosystem Approach to Fisheries Management (EAFM)

The CTI Regional and National B@ refer to the FAO definition of an Ecosystem Approach
to Fisheries which is also used in this document to define EAFM:

0ANn ecosystem approachfigheries strives to balance diverse societal objectives, by
taking into accourihe knowledge and uncentas about biotic, abiotic and human
component®f ecosystems and their interactions and applying an integrated approach
to fisheries within ecologically meaningful bounddfa© 2003.

The CTI Regional and National Plans of Action (and F&@jer state the purpose of an
ecosystem approach to fisheges

oto plan, developnd manage fisheries in a manner that addresses the multiple need
and desiresf societies, without jeopardizing the options for future generations to
benefitfrom the full range of goods and services provided by marine e®system
(FAO 20036

Technically, then, an ecosystem approach to fisheries (as per FAO) encompasses the planning
and development of the fishery as well as the management; the CTI is more focussed on the
management aspects of the fisf@oyal Triangle Secretariat 2008 2010.

An ecosystem approach to fishermeduding theimanagementecognizs that fisheries have

the potential to alter the structure, biodiversity and productivity of marine ecosystems,
naturalresources should not be allowed to decrease below their level of maximum productivity

145



(FAO 2003). Thereforejsheries management under EAFM should respect the following
principles (amongst others):

fisheries should be managed to | imit the
A ecological relationships betaesshouldibbear vest
maintained;

A management measures should be compatible
(across jurisdictions and management plans); and

A the precautionary approach should be ap
incamplete FAO 2003).

Pacific Island fisheries agencies have already decided to implement an ecosystem approach to
fisheries management with communities and have initiatives on this approach (@mdidgrway
et al. 2010

Within the CTI Regional and National Plans of Action and with FAO6s definitio
marine protected ameaf various types are acknowledged to have an importafthese
factors are discussed in more detail in S&ction

Ecosystem-based management

The overarching framwerk for management in the CTI is proposed tedmsysterbased
managementEcosysterbased managent, or EBM, is ampproach that goes beyond
examining singlissues, species, or ecosystem functiosslation(Alino et al. 2008Agardy

et al. 201)alnstead it recognizes ecological sydtanwghat they are: a rich mix of elements
including humanghatinteract with each other important waygAgardy et al. 2011And the
geographic framework for management is the entire ecogysten201(). Management

options are applied to each resource sector in an holistic and integrated manner that accounts
for all aspestof the ecosystem and each other sfédtde 2010. EBM encompasses dtlet
subordinate CTI gtato do with marine protected a&eBAFM, climate change aiddion

measures and threatespdcies.

According to Agardy et al (2011alno et al. (2008nd Christie et al. (2007), instead of
focusing on fisheries, this framework calls for an integrated, comprehensive approach to
management of all human activities in the ocean (skichésml et al. 2008e la Mare 2004,
Browman and Stergiou0@ in Christie et al. 2007he approach has been trialled,
conceptually, with marine capture fishdtiask 200fta n d , to a degree in
however, this lattexeludes fisheries megement (Christie et al. 208ustralian Government
Department of Sustainability, Environment, Water, Population and Communities 2011).
Ecosystenbased management, arguably, aligns favourably with cadisrfespatialplanning

(Ehler and Douvere 2009) and ocean zoning (Agardy 2010) both of which consider the multiple
use Great Barrier Reef Marine Park as a case study (see aldo7?section

One value of this broader approach to marine resource management is thdacetedlti

more comprehensive approach is likely to be more robust to the considerable uncertainty and
lack of understanding that exists in managing marinenememts anywhere, including @ie
(Agardy2010, Tanzer pers. comm.
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What are design principles?

I n this report, design principles are biopt
shapes, locations, distributions etc. of spatial marine areas to include in protected area networks

(IJUCN-WCPA 2008FAQO 2009 Carr et al. 201@aines et al. 2000 The rules of thumb

presented here are those that are most likely to help achieve the stated marine resource

management objectives as defined in the RegionalteomhNaTI PoA and discussed the

Preface an&ectionl.4 They include advice about zoning to apply tarihene protected

area.

The design principles in this report are intended to provide one of the bases from which
managers can then determine, locally, what might work best in their particular situation. The
aim is that the biophysical design principiliébelp managers idegtiihany different potential

options for functiaing networks of marine protected sreany set of which can help achieve
stated fisheries, biodiversity, resilience and climate change olfjateds et al. 2008b

The various options for protection can then be assessed (and accejgetbdy based upon

social, political, economic, cultural mraciagement feasibiliRoberts et al. 2008b

The guiding principles are intethde help design networks of marine protected dnah are
likely to work better, in terms of the suite of desired CTI goals and objectives htbeanif ¢
based on other more narrowly focysearities

As already mentioned, othmon-biological reasons mégad to deviation from biophysical
design principle@night and Cowling 2007 This is inevitable and has occurred in almost all
instances where design criteria were used to guide dwaldimgn Even in the Great Barrier
Reef Marine Parknly two out of eleven biophysical design principles tailored to the needs of
the Great Barrier Reef ecosystem were adhered to completely due-doosonic and
political factorgFernandes et al. 2005, Tanzer pers. gomm.
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Attachment 3. Areas of high and low vulnerallity to climate change stressors in the
Coral Triangle, and recommendations for marine protected aragetwork design

This information isummarizeé from McLeod et #2010d). Please seeetloriginadocument
for more informatiorand original references

3.a.Vulnerability to sea level rise

The following four main séavel rise impacts are assessed in ecological, social and economic
terms over the twenfirst century: Jlcoastal wetland changgjrizreased coastal floodiny, 3
increased coastal erosion, arsh#fwater intrusion into estuaries and deltas. The results suggest
that sedevel rise will significantly affect coasgibns and habitats in the @untries, but the
impacts will differ across the region in ternpeople flooded annually, coastal wetland change
and loss, and damage and adaptation(bidisod et al 2010a)
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Figure 10 Average relative sedevel rise (m) 19982100 for Coral Triangle countries
under IPCC A2 and B1 scenarf

Indonesia is projected to be most affected by coastal flooding, with neailljob.people

expected to experience flooding annually in, 2€iming no adaptation. However, if
adaptation is considered, this number is significantly reduced.

148



People flooded (thousands/year)
jo-10 [ 201- 400
j11-50 [ s01- 800
[ 51- 100 I 201 - 1400
B 101- 200

Figure 11 Number of people flooded annually in 200 at the level of suimational
administrative units under the A2 scenario without adaptation

By the end of the century, coastal wetland loss is most significant for Indonesia in terms of total
area lost, but the Solomon Islands are projected to experience the greatest relative loss of coastal

wetlands.

Figure 12 Coastd wetland area in 2100 and wetland loss relative to 2010 at the level of
sub-national administrative units under the IPCC A2 scenario without adaptation
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