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FOREWORD
Indonesia is located in the heart of the Coral Triangle, a region that contains high marine coastal biodiversity,
including the second-largest coral reef area in the world and diverse mangrove ecosystems. The Government of
Indonesia thus recognizes the need, and really wants to step up, to apply proven methods and approaches to
manage and conserve our country’s rich marine diversity for the benefit of the Indonesian people and economy,
and the sustainability of its marine heritage and environment. This work underpins our national conservation
commitments related to the Convention on Biological Diversity (CBD) and the Coral Triangle Initiative on Coral
Reefs, Fisheries and Food Security (CTI-CFF).
Since the Coral Triangle countries formed the CTI-CFF in 2009, addressing multiple issues and objectives to
effectively sustain marine and coastal resources has become of paramount importance for our government One
of the primary strategies being used almost everywhere to serve the needs of marine conservation and marine
resource and fisheries management is the design and implementation of MPA Networks. However, MPA
Networks will not be effective unless they can combine the multiple objectives important to stakeholders,
including fisheries, tourism and other economic and social benefits that result from effective MPAs and their
Networks. For this reason the Ministry of Marine Affairs and Fisheries is initiating the development of MPA
Networks in several priority main regions in Indonesia, namely, West Sumatra, Riau Islands, Nusa Tenggara (East
and West), and West Papua.
The USAID Sustainable Ecosystems Advanced Project (USAID SEA), together with the Directorate for Marine
Conservation and Biodiversity of the Directorate General for Marine Spatial Management in the Ministry of
Marine Affairs and Fisheries, has developed this document, Biophysical Criteria: Designing Marine Protected Areas
and Marine Protected Area Networks to Benefit People and Nature in Indonesia, to guide the identification, design and
evaluation MPA Networks in Indonesia. This document can help MPA managers in Indonesia to determine critical
MPA and MPA Network design inputs, and thus support the implementation of existing national regulations on
MPA Networks. It also provides an integrated set of biophysical criteria to help practitioners design MPA
Networks to achieve fisheries sustainability, biodiversity conservation, and ecosystem resilience in the face of
climate change in Indonesia.
This document is tailored to the Indonesian marine environment, providing a succinct, graphic and user-friendly
synthesis of the best available scientific information for practitioners who may not have access to, or the time to
review, the increasing amount of research literature on this topic. It will serve as an excellent reference for our
ongoing work in Indonesia on MPA Network design.
We fully endorse this technical guide and encourage all MPA planners and practitioners to make good use of it as
a reference in improving our Indonesian MPA Network design and implementation

Andi Rusandi
Director for Marine Conservation and Biodiversity
Directorate General for Marine Spatial Management
Ministry of Marine Affairs and Fisheries
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PREFACE
The aim of this document is to provide the scientific rationale for the biophysical criteria required to design
marine protected areas (MPAs) and MPA Networks to achieve their biophysical goals and contribute toward
achieving their socioeconomic and cultural goals in Indonesia. The document provides a synthesis of the best
available scientific information for MPA practitioners who may not have access to, or the time to review, the
extensive literature on this issue. It also provides examples and case studies of best practices for applying these
design criteria in Indonesia and elsewhere.
This document supports the biophysical design criteria incorporated in the document A Guide, Framework and
Example: Designing Marine Protected Areas and Marine Protected Area Networks to Benefit People and Nature in
Indonesia (Green et al. 2020), which provides supplementary information to support the Technical Guidelines
(Juknis) of Ministerial Regulation No. 1 3/201 4 on Establishing and Managing MPA Networks. It also complements the
supplementary information on socioeconomic and cultural design criteria in the said guidance document.
This document is a detailed guide intended for senior technical staff in the Ministry of Marine Affairs and Fisheries,
staff in the Ministry of Forestry and Environment (marine units), universities, non-governmental organizations and
others interested to learn how to plan for effective marine conservation through MPAs and MPA networks. It
provides a succinct, graphic and user-friendly synthesis of scientific information based on previous work produced
for the Coral Triangle Initiative on Coral Reefs, Fisheries and Food Security (CTI-CFF) through the USAID Coral
Triangle Support Partnership, particularly the report Designing Marine Protected Area Networks to Achieve Fisheries,
Biodiversity and Climate Change Objectives in Tropical Ecosystems: A Practitioner's Guide (Green et al. 201 3) and
associated scientific publications (e.g., Abesamis et al. 201 4, Green et al. 201 4a, 201 5: available at
http://nature.org/MPANetworkDesign).
CTI-CFF is a multilateral partnership of six countries working together to address urgent threats to one of the
world's most biologically diverse and ecologically rich regions: the Coral Triangle. Recognizing the need for
concerted action at the regional scale for marine conservation and resource management, the six Coral Triangle
countries endorsed in 2009 a 1 0-year (201 0-2020) Regional Plan of Action (RPOA) that defines the establishment
and effective management of MPAs as one of the primary goals. There is one target under this goal: A regionwide Coral Triangle MPA System (CTMPAS) in place and fully functional. A first step toward achieving this target
is to scale up the initiatives of each of the national MPA network programs. This guide for Indonesia is fully in line
with the CTMPAS and will help the country move toward improved MPA Network design and contribute directly
to the system of MPAs for CTI-CFF.
The United States Agency for International Development Sustainable Ecosystems Advanced Project (USAID SEA)
is a five-year project (201 6-2021 ) that supports the Government of Indonesia to improve the governance of
fisheries and marine resources and to conserve biological diversity in Indonesia through fisheries management and
MPAs in target areas in Indonesia. We in USAID SEA are proud of our contribution to the improvement of MPAs
in Indonesia. We hope that this document will serve to build more and better MPA Networks in the country to
achieve fisheries management and biodiversity conservation, and to enhance the resilience of our coastal
resources amid climate change and local human pressures. We thank all those who contributed to this work and
look forward seeing the results in action.

Alan White
Chief of Party
USAID Sustainable Ecosystems Advanced Project
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EXECUTIVE SUMMARY
Indonesia comprises some of the world’s most diverse tropical marine ecosystems, which are a global priority for
conservation. These rich marine resources provide important ecosystem goods and services, particularly for
coastal communities who rely on these resources for their food security and livelihoods. Unfortunately, these
critically important resources and the ecosystem services they provide are threatened by local anthropogenic
threats (e.g., destructive or overfishing, coastal development and runoff from poor land use practices) and global
changes in climate and ocean chemistry.
Marine Protected Areas (MPAs), particularly no-take zones (NTZs), can be powerful tools to address local
threats and enhance fisheries productivity, protect biodiversity and adapt to changes in climate and ocean
chemistry. They can also enhance food security and sustainable livelihoods for communities and other
stakeholders. MPA Networks can deliver additional benefits, such as by acting as mutually replenishing networks
to facilitate recovery after disturbance. However, MPAs and MPA Networks can only achieve these objectives if
they are well designed and effectively managed.
MPAs and MPA Networks play a major role in conservation and resource management in Indonesia, and the
national government is committed to establishing 20 million hectares (ha) of effectively managed MPAs by 2020
and 30 million ha by 2030. To date, there are 1 77 national and local government MPAs established (and no MPA
Networks), covering an area of 22.8 million ha. The Ministry of Marine Affairs and Fisheries (MMAF) is now
identifying and establishing new MPAs to achieve their target of 30 million ha in MPAs by 2030, and is interested in
reviewing the design of existing MPAs. Local communities have also established Locally Managed Marine Areas in
many locations, particularly in eastern Indonesia. Unfortunately, many of these MPAs are not yet managed
effectively. More scientific advice is required to ensure that MPAs and MPA Networks are well designed to
achieve their goals.
In 201 9, The Nature Conservancy and the USAID Sustainable Ecosystems Advanced Project (USAID SEA)
provided technical assistance to MMAF to develop the document A Guide, Framework and Example: Designing
Marine Protected Areas and Marine Protected Area Networks to Benefit People and Nature in Indonesia (Green et al.
2020). This document provides a logical framework (goals, objectives, design criteria and performance indicators)
for designing MPAs and MPA Networks, which takes biophysical, socioeconomic and cultural considerations into
account. This framework will provide supplementary information to support the MMAF’s Technical Guidelines
(Juknis) of Ministerial Regulation No. 1 3/201 4 on Establishing and Managing MPA Networks.
Indonesia has both biophysical goals and socioeconomic/cultural goals in establishing MPAs and MPA networks:
• Biophysical goals include protecting biodiversity, maintaining or enhancing coastal fisheries, rehabilitating
habitats and species, and adapting to changes in climate and ocean chemistry; and
• Socioeconomic and cultural goals include minimizing conflicting use of marine resources and fisheries,
supporting sustainable community livelihoods, and promoting active community participation and support
in MPA or MPA network management.
The aim of this document is to provide the scientific rationale for the biophysical criteria required to design MPAs
and MPA Networks to achieve these goals (Table 1 ). The document provides a synthesis of the best available
scientific information for MPA practitioners who may not have access to, or the time to review, the extensive
literature on this issue. It also provides examples and case studies of best practice for applying these design
criteria in Indonesia and elsewhere.
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These biophysical design criteria will contribute to a larger process that includes implementing MPA Networks in
ways that complement human uses and values, and align with local legal, political and institutional requirements.
To make sure this is the case, they should be used in conjunction with the socioeconomic and cultural design
criteria for Indonesia provided in the document A Guide, Framework and Example: Designing Marine Protected Areas
and Marine Protected Area Networks to Benefit People and Nature in Indonesia (Green et al. 2020).
Table 1 . Biophysical criteria for designing MPAs and MPA Networks in Indonesia
Please note that many of these criteria are designed to consider the ecology of focal species, including key fisheries species,
endangered, threatened and protected species, migratory marine biota, large charismatic marine fauna, and species important for
maintaining ecosystem function.

Biophysical Criteria for Designing MPAs and MPA Networks in Indonesia
Represent Habitats

Protect at least 20% of each major habitat in NTZs.

Replicate Habitats (Spread the Risk)

Protect at least three examples of each major habitat in NTZs; and
Spread them out to reduce the chances they will all be affected by the same disturbance.

Protect Critical, Special and Unique Areas

Protect critical areas in the life history of focal fisheries species in NTZs.
Protect critical areas or habitats for charismatic, endangered, threatened or protected species.
Protect special and unique natural phenomena in NTZs.
Protect areas that are important at the national, international or global scale for conservation or management of focal species.

Incorporate Connectivity:Abiotic Factors

Consider variations in oceanography that affect the spread of biological and non-biological material.

Incorporate Connectivity: Biotic Factors Movement of Adults and Juveniles

Ensure NTZs are large enough to sustain adults and juveniles of focal fisheries species within their boundaries.
Ensure NTZs are large enough to contain all habitats used by focal species throughout their life history; or establish networks of
NTZs close enough to allow for movements of focal species among protected habitats.
Include whole ecological units in NTZs. If not, choose larger rather than smaller areas.
Use compact shapes for NTZs, except when protecting naturally elongated habitats.

Incorporate Connectivity: Biotic Factors Larval Dispersal

Establish NTZs large enough to be self-sustaining for focal species; or networks of NTZs close enough to be connected by larval
dispersal.
Protect spatially isolated areas in NTZs.
Protect larval sources in permanent or seasonal NTZs or by using fisheries closures during spawning times.
Locate more NTZs upstream relative to fished areas if there is a strong, consistent, unidirectional current.

AllowTime for Recovery

Establish NTZs for the long term (more than 20 up to 40 years), preferably permanently.
Use short-term (less than 5 years) or periodically harvested NTZs in addition to, rather than instead of, long-term or permanent
NTZs.

Protect Healthy Areas and Avoid LocalThreats

Protect areas where habitats and populations of focal species are in good condition with low levels of local threats.
Avoid areas where habitats and populations of focal species are in poor condition due to local threats. If this is not possible:
reduce threats; facilitate natural recovery; and consider the costs and benefits of rehabilitating habitats and species.

Adapt to Changes in Climate and Ocean Chemistry

Protect sites that are likely to be more resilient to global environmental change (refugia) in NTZs.
Protect ecologically important sites that are sensitive to changes in climate and ocean chemistry.
Increase protection of species that play important functional roles in ecosystem resilience.
Consider how changes in climate and ocean chemistry will affect the life history of focal species.
Address uncertainty by: spreading the risk; and increasing protection of habitats, critical areas and species most vulnerable to
changes in climate and ocean chemistry.
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RINGKASAN EKSEKUTIF
Indonesia mempunyai beberapa ekosistem laut tropis paling beragam di dunia, yang merupakan prioritas global
untuk konservasi. Sumber daya laut yang melimpah ini menyediakan produk dan jasa ekosistem yang penting,
terutama bagi masyarakat pesisir yang menggantungkan hidupnya pada sumber daya ini untuk ketahanan pangan
dan mata pencaharian mereka. Sayangnya, banyak dari sumber daya yang sangat penting ini dan jasa ekosistem
yang mereka berikan telah hilang, terdegradasi serius atau terancam oleh kombinasi ancaman antropogenik lokal
(yaitu aktivitas penangkapan ikan yang merusak atau berlebih, pariwisata masal, pengembangan pesisir dan limbah
dari daratan), ancaman perubahan iklim dan perubahan kimia laut global.
Kawasan Konservasi Perairan (KKP), terutama zona larang tangkap (ZLT), dapat menjadi cara yang ampuh untuk
menangani ancaman-ancaman lokal, meningkatkan produktivitas perikanan, melindungi keanekaragaman hayati,
dan meningkatkan ketahanan terhadap perubahan iklim dan kimia laut global. KKP juga dapat meningkatkan
ketahanan pangan dan mata pencaharian berkelanjutan bagi masyarakat dan pemangku kepentingan lainnya.
Dengan dibentuknya jejaring KKP1 dapat memberikan manfaat tambahan (misalnya dengan bertindak sebagai
jaringan yang saling mendukung pada saat pemulihan setelah gangguan). Namun, KKP dan jejaring KKP hanya dapat
mencapai tujuan tersebut jika dirancang dengan baik dan dikelola secara efektif.
KKP dan jaringan KKP2 memainkan peran penting dalam konservasi dan pengelolaan sumber daya laut di
Indonesia. Pemerintah Indonesia berkomitmen untuk menetapkan 20 juta hektar KKP yang dikelola secara efektif
pada 2020 dan 30 juta hektar pada 2030. Hingga saat ini, terdapat 1 77 KKP yang dikelola Pemerintah Pusat dan
Daerah di Indonesia (tanpa jejaring KKP) (Gambar 1 ), dengan total luas 22.786.1 83 hektar. Kementerian Kelautan
dan Perikanan saat ini sedang dalam proses mengidentifikasi dan menginisiasi KKP baru untuk mencapai target 30
juta hektar pada tahun 2030, dan tertarik untuk meninjau desain KKP yang telah ada. Masyarakat lokal juga telah
mendirikan Daerah Perlindungan Laut (DPL) yang dikelola secara lokal di banyak lokasi, khususnya di Indonesia
bagian timur.
Sayangnya, banyak KKP di Indonesia belum dikelola secara efektif. Saran ilmiah diperlukan untuk memastikan
bahwa KKP dan jaringan KKP dirancang dengan baik untuk mencapai tujuan dan sasaran mereka.
Baru-baru ini, The Nature Conservancy melalui Proyek USAID Sustainable Ecosystems Advanced (SEA)
memberikan bantuan teknis kepada Kementerian Kelautan dan Perikanan untuk menyusun dokumen Merancang
Kawasan Konservasi Perairan dan Jaringan Kawasan Konservasi Perairan: Panduan, Kerangka Kerja dan Contoh untuk
Indonesia. Dokumen ini memberikan kerangka kerja logis (tujuan, sasaran, kriteria desain, dan indikator kinerja)
untuk merancang KKP dan jaringan KKP, yang mempertimbangkan aspek biofisik, sosial ekonomi, dan budaya.
Kerangka kerja ini akan memberikan informasi tambahan untuk mendukung dokumen Petunjuk Teknis Peraturan
Menteri No. 1 3/201 4 tentang Pembentukan dan Pengelolaan Jejaring KKP.
Indonesia memiliki banyak tujuan untuk membentuk KKP dan jaringan KKP yakni:
• Tujuan biofisik, antara lain untuk melindungi keanekaragaman hayati, mempertahankan atau meningkatkan
perikanan pesisir, merehabilitasi habitat dan spesies, dan beradaptasi dengan perubahan iklim dan kimia laut;
dan
• Tujuan sosial ekonomi dan budaya, antara lain untuk meminimalkan konflik pemanfaatan sumber daya laut
dan perikanan, mendukung mata pencaharian masyarakat yang berkelanjutan, dan mendorong partisipasi
dan dukungan aktif masyarakat dalam pengelolaan KKP dan Jejaring KKP.
___________________________________
1

Jejaring KKP: kerja sama pengelolaan dua atau lebih KKP secara sinergis yang memiliki keterkaitan biofisik atau sosial ekonomi dan
budaya
2 Jaringan KKP: hubungan antara beberapa KKP secara biofisik atau sosial ekonomi dan kultur
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Tujuan dari dokumen ini adalah untuk memberikan dasar pemikiran ilmiah untuk kriteria rancangan biofisik yang
diperlukan untuk merancang KKP dan Jaringan KKP untuk mencapai tujuan-tujuan tersebut (Tabel 1 ). Dokumen
ini merupakan sintesis informasi ilmiah terbaik yang tersedia untuk praktisi KKP yang mungkin tidak memiliki akses,
atau waktu untuk meninjau, literatur yang banyak tentang topik ini. Dokumen ini juga memberikan contoh dan
studi kasus praktik terbaik untuk menerapkan kriteria rancangan ini di Indonesia dan di tempat lain.
Kriteria rancangan biofisik ini akan berkontribusi pada proses yang lebih kompleks, yang mencakup penerapan
jaringan KKP dengan memperhatikan pemanfaatan dan nilai-nilai manusia, sejalan dengan persyaratan hukum,
politik dan kelembagaan lokal. Untuk memastikan hal ini terjadi, kriteria rancangan biofisik harus digunakan
bersama-sama dengan kriteria rancangan sosial ekonomi dan budaya untuk Indonesia yang disediakan dalam
dokumen Merancang Kawasan Konservasi Perairan dan Jaringan Kawasan Konservasi Perairan: Panduan, Kerangka Kerja
dan Contoh untuk Indonesia.
Table 1 . Kriteria biofisik untuk merancang KKP dan Jaringan KKP di Indonesia.
Sebagai catatan bahwa sebagian dari kriteria ini dirancang untuk mempertimbangkan aspek ekologi spesies penting termasuk
spesies perikanan penting, langka, terancam, dan dilindungi, biota laut yang bermigrasi, biota laut kharismatik besar, dan biota yang
penting untuk menjaga fungsi ekosistem.

Kriteria biofisik untuk merancang KKP dan Jaringan KKP di Indonesia
Mewakili Habitat

Melindungi setidaknya 20% dari setiap habitat utama di dalam ZLT.

Mereplikasi Habitat (Menyebarkan Resiko)

Melindungi setidaknya tiga contoh dari masing-masing jenis habitat utama di dalam ZLT; dan
Menyebarkan habitat-habitat utama tersebut untuk mengurangi kemungkinan dipengaruhi oleh gangguan yang sama.

Melindungi Area Penting, Khusus, dan Unik

Melindungi area-area penting dalam sejarah hidup spesies penting di dalam ZLT.
Melindungi area-area atau habitat penting untuk spesies yang kharismatik, langka, terancam, atau dilindungi.
Melindungi fenomena alam khusus dan unik di dalam ZLT.
Melindungi area-area yang penting di skala nasional, internasional, dan global untuk konservasi atau pengelolaan spesies penting.

Memasukkan Aspek Konektivitas: Faktor-faktor Abiotik

Mempertimbangkan variasi osenografi yang mempengaruhi penyebaran materi biologis dan non-biologis di laut.

Memasukkan Aspek Konektivitas: Faktor-faktor Biotik Pergerakan Dewasa dan Anakan

Memastikan ZLT cukup besar untuk menopang spesies perikanan yang penting dalam batasan ruang hidupnya selama fase
kehidupan dewasa dan anakan.
Memastikan ZLT cukup besar untuk menampung semua habitat yang digunakan oleh spesies penting selama sejarah hidupnya;
atau menetapkan jejaring ZLT yang cukup dekat untuk memungkinkan pergerakan spesies penting di antara habitat-habitat
yang dilindungi.
Memasukkan keseluruhan unit-unit ekologi di dalam ZLT. Bila tidak, pilih area yang lebih besar dibandingkan dengan yang lebih
kecil.
Menggunakan bentuk-bentuk sederhana untuk ZLT, kecuali saat melindungi habitat memanjang yang alami.

Memasukkan Aspek Konektivitas: Faktor-faktor Biotik Penyebaran Larval

Menetapkan ZLT cukup besar agar dapat mandiri menampung spesies penting; atau jaringan ZLT terhubung cukup dekat oleh
penyebaran larva.
Melindungi daerah yang terisolasi secara spasial di dalam ZLT.
Melindungi sumber larva dalam ZLT yang permanen atau musiman atau dengan penutupan perikanan sementara selama periode
pemijahan.
Menempatkan ZLT lebih ke hulu arah arus relatif dari area penangkapan ikan jika ada arus yang kuat, konsisten, dan searah.

Memberikan Waktu untuk Pemulihan

Menetapkan ZLT untuk jangka panjang (20-40 tahun), sebaiknya permanen.
Menggunakan ZLT jangka pendek (< 5 tahun) atau yang bisa dipanen secara berkala sebagai tambahan untuk ZLT yang
berjangka panjang atau permanen.
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Kriteria biofisik untuk merancang KKP dan Jaringan KKP di Indonesia
Melindungi Area yang Sehat dan Menghindari Ancaman Lokal

Melindungi daerah-daerah dimana habitat dan populasi dari spesies penting dalam kondisi baik dengan tingkat ancaman yang
rendah.
Menghindari daerah-daerah dimana habitat dan populasi dari spesies penting dalam kondisi buruk karena ancaman lokal. Bila
tidak dimungkinkan: mengurangi ancaman; memfasilitasi pemulihan secara alami; dan mempertimbangkan biaya dan manfaat
dari merehabilitasi habitat dan spesies.

Adaptasi terhadap Perubahan Iklim dan Kimia Laut

Melindungi lokasi yang cenderung lebih tangguh terhadap perubahan lingkungan global di dalam ZLT.
Melindungi lokasi penting untuk ekologi yang sensitif terhadap perubahan iklim dan kimia laut di dalam zona larang tangkap.
Meningkatkan perlindungan spesies yang memiliki fungsi peranan penting bagi ketahanan ekosistem.
Mempertimbangkan bagaimana perubahan iklim dan kimia laut akan mempengaruhi sejarah hidup spesies penting.
Menangani ketidakpastaian dengan: menyebarkan resiko; dan meningkatkan perlindungan habitat, daerah penting, dan spesies
yang paling rentan terhadap perubahan iklim dan kimia laut.
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INTRODUCTION
Tropical Marine Ecosystems in Indonesia
Indonesia is the largest archipelagic country in the world, spanning 5,1 20 km from east to
west and comprising nearly 1 8,1 00 islands, 1 08,820 km of coastline and 5.8 million square
kilometres (km 2) of water3 (Asian Development Bank [ADB] 201 4).
The archipelago lies between the Pacific and Indian Oceans and is divided into several shallow
shelves and deepsea basins (ADB 201 4), as shown in Figure 1 . These waters comprise a wide
variety of marine ecosystems of high value for conservation and management, including both
shallow-water habitats 4 less than 200 meters (m) deep, such as coral reefs, mangroves and
seagrass beds, and deepwater benthic and pelagic habitats at least 200m deep, including
seamounts and persistent pelagic features.
As shown in Figure 1 , Indonesia comprises 1 2 marine ecoregions, areas of relatively
homogeneous species composition clearly distinct from adjacent systems (Spalding et al.
2007). Species composition in each ecoregion is likely determined by the ecosystems present
and/or a distinct suite of oceanographic or topographic features. The dominant
biogeographic forcing agents defining the ecoregions vary from location to location but may
include upwelling, nutrient inputs, freshwater influx, temperature regimes, exposure,
sediments, currents, isolation, and bathymetric or coastal complexity.

____________________________
3 2.8 million km 2 of archipelagic waters, 0.3 million km 2 of territorial sea, and 2.7 million km 2 of exclusive
economic zone (ADB 201 4).
4 The 200 m depth contour is often used as a proxy for the edge of the continental shelf where there is a
dramatic ecotone between shallow and deepwater habitats (Spalding et al. 2007).
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From Spalding et al. 2007,
redrawn by Huffard et al. 201 2

Figure 1 . Indonesia has several shallow shelves and deep-sea basins, comprising 1 2 marine ecoregions.

Indonesia has one of the largest coral reef areas in the world, and the largest in Southeast Asia at 39,500 km 2,
which is 1 6% of the world’s reefs (Burke et al. 201 2). Indonesia’s coral reefs are also among the most biologically
diverse in the world (Figure 2), particularly in eastern Indonesia, which is the heart of the Coral Triangle and a
global priority for conservation (Allen & Erdmann 201 2, Veron et al. 201 5).
Global Diversity of Scleractinian (Hard) Corals (from Veron et al. 201 5)

Number of Species
Global Diversity of Mangroves (from Spalding et al. 201 0)

Number of Species

Figure 2. Indonesia comprises some of the highest marine diversity on Earth.
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Indonesia is also the center of global diversity for mangroves (Figure 2) and seagrasses, and hosts one-fifth of the
world’s mangrove forests and extensive seagrass ecosystems (Burke et al. 201 2, Spalding et al. 201 0). Indonesia’s
mangrove forests comprise 45 species occupying about 3.2 million hectares (ha), mostly in West Papua,
Kalimantan and Sumatra (Spalding et al. 201 0, ADB 201 4). Mangrove forests are productive ecosystems that
provide habitat for hundreds of species, support commercially important coastal finfish and shrimp fisheries,
export energy and organic matter to adjacent systems, and act as physical barriers against storm waves (Spalding
et al. 201 0, ADB 201 4).
Indonesia’s seagrass beds comprise 1 3 species spread over at least 30,000 km 2 in four main habitat types 5 (Short
et al 2007, ADB 201 4). Little is known about the distribution and current condition of seagrasses in Indonesia,
although the most expansive seagrass beds are found in the Arafura Sea, Papua, Sunda Shelf/Java Sea and Lesser
Sundas (Huffard et al. 201 2). Seagrass beds provide critical habitats for many commercially important species of
fish, shrimp and shellfish, and play important roles in fisheries production (Short et al. 2007). They also play
important roles in sediment accumulation and stabilization, filtering sediments from land-based runoff, serving as
daytime refugia for corals from ocean acidification, and providing critical habitat for endangered, threatened or
protected species (Short et al. 2007, Roberts et al. 201 7). Coastal wetlands (including mangroves and seagrasses)
also play a critical role in climate change mitigation through carbon sequestration and storage (Roberts et al.
201 7).

Mangroves and seagrass beds provide critical habitats for many species, and important food and livelihoods for coastal
communities. Images (left to right): South Sorong (© Alison Green, TNC) and East Sumba (Yusuf Fajariyanto, TNC).

Indonesia also has significant deepwater benthic and pelagic habitats. The pelagic environment is characterized by
physical processes that are highly dynamic in both space and time (e.g., ocean currents, thermal fronts, upwelling
and eddies), which largely control the abundance, distribution and composition of biological life (Game et al.
2009). Many pelagic species are also highly mobile, often covering thousands of kilometers (Green et al. 201 5).
Consequently, pelagic ecosystems are defined by the physical, chemical and biological features of the water
column (Game et al. 2009).
Indonesia has many deepwater bathymetric features, such as seamounts, canyons, ridges, trenches and sills
(Wilson et al. 201 1 ). In some locations, the seafloor drops to thousands-meter ocean depths close to shore, so
deep-sea features like seamounts and canyons occur within kilometers of the coast, e.g., in the Lesser Sunda
Ecoregion (Wilson et al. 201 1 ). These deepwater bathymetric features influence physical processes, generating
persistent pelagic habitats, such as areas with elevated productivity from consistent seasonal upwelling driven by
wind patterns and steep bathymetry close to shore (Game et al. 2009, Wilson et al. 201 1 ). These ‘deep-sea yet
nearshore’ habitats provide important feeding grounds and migratory pathways for commercially important
____________________________
5 Estuarine, shallow coastal, reef flats and deepwater, mostly found in waters less than 1 0m deep (Short et al 2007, Mangubhai et al.
201 2).
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pelagic fishes and large marine fauna such as cetaceans (whales and dolphins), turtles, sharks, manta rays and Mola
mola (Wilson et al. 201 1 , Huffard et al. 201 2).
Indonesia also provides other critically important feeding and breeding habitats for endangered, threatened or
protected species, including at least 22 cetacean species, dugong (Dugong dugon) and 6 species of sea turtle
(reviewed in Huffard et al. 201 2, ADB 201 4).

Ecosystem Goods and Services

More than 300 ethnic groups comprise Indonesia’s population of about 238 million (BPS 201 4), each with their
own culture and beliefs (ADB 201 4). Fifty-seven percent of the population lives on Java (7% of the land area),
while only 2% lives in the eastern Indonesian provinces of Maluku, North Maluku, Papua and West Papua, which
occupy 24% of the land area (Badan Pusat Statistik [BPS] 201 0, ADB 201 4). Their health, nutrition, food security,
economic growth, and welfare all depend upon the sustainable use of marine resources.
Indonesia’s rich marine resources generate important economic and social benefits from capture fisheries
(commercial and subsistence) and aquaculture, tourism, minerals, oil and gas, transport and shipping (Mangubhai
et al. 201 2, ADB 201 4). Coral reef, mangrove and seagrass ecosystems provide critical habitats for many
commercially valuable fisheries species, and are important sources of food and livelihoods for coastal
communities 6 (reviewed in Spalding et al. 201 0, ADB 201 4). The physical structure of coral reefs and mangroves
is vital for shoreline protection, as it dissipates wave energy, stabilizes shorelines, reduces erosion, and lessens
inundation and wave damage during storms, thus protecting human settlements, infrastructure and other habitats
like seagrasses (Burke et al. 201 2, Roberts et al. 201 7). Intact reefs and coastal wetlands can also help safeguard
people and infrastructure from the adverse effects of rising sea levels (Roberts et al. 201 7).

Coral reefs provide important ecosystem goods and services for people, including from tourism and fisheries. Images, left to
right: Raja Ampat Islands MPA (© Jeff Yonover) and Wakatobi National Park (Bridget Besaw).

Indonesia’s fisheries play an important role in national food security, since fishery products are generally
consumed by poor households (Food and Agriculture Organization [FAO] 2009). Indonesia has the highest total
fish and seafood consumption of any country in Southeast Asia, and the fifth highest in the world (FAO 201 0 in
Burke et al. 201 2). About 70% of the county’s protein sources come from fish, and in some poor coastal
communities, this figure approaches 90% (Huffard et al. 201 2).
Twenty-one percent of Indonesia’s agricultural economy and 3% of the country’s Gross Domestic Product (GDP)
are from the fishing industry (FAO 201 1 a). In 201 7, GDP from marine capture fisheries was valued at 1 4.8 billion
USD and the total national production was 23.3 million tons (BPS 201 4). More than one-third of the population
lives in coastal areas and depends on nearshore fisheries for their livelihood (ADB 201 4). About 95% of fishery
production is from artisanal fishers, with 28% of the marine fleet (620,830 vessels) using non-powered boats
(FAO 201 1 a). Women play a crucial role in fishing activities, although their involvement varies across ethnic
groups, cultures and religions, and with economic status (ADB 201 4).
____________________________
6 For fish farming and harvesting charcoal. firewood, construction materials, bed mattresses, handicrafts, animal feed, tannins and
medicines.
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Coral reefs are particularly important sources of food and income for coastal communities in Indonesia (ADB
201 4). Nearly 60 million people live on the coast within 30 km of coral reefs, which is the largest reef-associated
human population of any country in the world, and more than one million fishers depend on coral reef fisheries
for their livelihoods (Burke et al. 201 2).
In 201 0, the annual net economic benefit in Indonesia from coral reef-related goods and services alone was
estimated to be approximately $2 billion USD, comprising $1 27 million from tourism, $1 .5 billion from fisheries
and $387 million from shoreline protection (reviewed in Burke et al. 201 2). Indonesia is among the top five
exporters of reef products globally, and marine tourism is growing rapidly and contributing more to the economy
at the local and national levels. Reefs are also valuable for research to develop potentially life-saving
pharmaceuticals, e.g., to treat cancer, HIV, and other diseases (Burke et al. 201 2).
However, Indonesia’s reefs face high levels of threats, and because people are highly dependent on reefs and have
a limited capacity to adapt to reef loss, the country is considered to have very high social and economic
vulnerability to coral reef degradation and loss (Burke et al. 201 2).

Status and Threats
H abitats

In Indonesia, many marine ecosystems and the services they provide have been lost or seriously degraded, or are
threatened by a combination of local anthropogenic threats including overharvesting, destructive fishing, coastal
development, mass tourism, watershed- and marine-based pollution, and mineral, oil and gas exploration and
mining (Burke et al. 201 2, ADB 201 4). Changes in climate and ocean chemistry also represent a serious and
increasing threat to these ecosystems, and the goods and services they provide (Burke et al. 201 2).
Heavy reliance on marine resources across Indonesia has led to marine resources being overexploited and
degraded, particularly those near major population centers (ADB 201 4). For example, nearly 95% of Indonesia’s
coral reefs are threatened by local human activities, with more than 35% at high or very high risk from overfishing,
destructive fishing, marine and watershed-based pollution and coastal development (Burke et al. 201 2) (Figure 3).
When the influence of thermal stress and coral bleaching is combined with local threats, the area of high- or veryhigh-risk reefs increases to more than 45% (Burke et al. 201 2).

From Burke et al. 201 2

Figure 3. More than 35% of coral reefs in Indonesia are at high or very high risk from local threats.
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Mangrove forests also continue to be degraded by coastal erosion and sea level rise, impacts of rapid economic
development in coastal areas 7, and unsustainable forest practices (reviewed in Spalding et al. 201 0, ADB 201 4).
Consequently, the total mangrove area in Indonesia is estimated to have decreased dramatically over a 20-year
period to about 30% of the previous area (ADB 201 4). However, despite extensive losses in western parts of the
country, Indonesia still has the largest area of mangroves in the world, encompassing 31 ,894 km 2, or 21 % of the
world total (Spalding et al. 201 0).
The distribution, diversity and health of many of Indonesia’s seagrasses are also severely threatened by local
anthropogenic threats such as coastal construction and reclamation, mineral mining activities, marine pollution and
land-based runoff8, and natural stresses such as storms, tidal waves, volcanic eruptions, high temperatures, and
radiation exposure during low tides (Short et al. 2007, ADB 201 4).

Endangered,Threatened or Protected Species
Overexploitation over the last few decades has degraded coastal and marine biodiversity, leading to rareness or
local extinction of species and destruction of their critical coastal habitats, particularly mangroves and coral reefs
(Spalding et al. 201 0, ADB 201 4). Some coastal and marine species are now considered endangered or
threatened on a global scale (see IUCN Red List of Threatened Species: https://www.iucnredlist.org/), prompting
the national government to issue Regulation No. 7/1 999 legally protecting all species of sea turtle, crocodile and
cetacean (dolphins and whales) that occur in Indonesia, as well as dugong, the coelacanth (Latimeria manadoensis)
and 1 5 species of invertebrate (Huffard et al. 201 2, ADB 201 4).
Six of the world's seven species of sea turtle occur in Indonesia9 (reviewed in Huffard et al. 201 2) that are
considered endangered (green), critically endangered (hawksbill), vulnerable (leatherback, loggerhead and olive
ridley) and data deficient (flatback). Despite being protected species, they are still threatened in Indonesia by
illegal trade and consumption for food and curios, habitat destruction and alteration from coastal tourism and
industrial development, pollution, disease, climate change, and fisheries bycatch from trawlers, longlines and gill
nets (ADB 201 4).
Dugong are found in the coastal waters of Indonesia, particularly where there are large tracts of seagrasses,
mangroves and coral reefs (reviewed in de Longh et al. 2009). They obtain 90% of their food from seagrass beds,
and the loss of this habitat is a major threat to the species. Dugong are protected in Indonesia by a decree of the
Minister of Agriculture (Decree No. 327/Kpts/Um/1 972.), but they are still hunted for food and body parts
(teeth and skeleton), accidentally caught by fishing activities, and killed or injured by boat propellers. No reliable
estimates of dugong populations are available for Indonesia, although important dugong populations are believed
to still occur in North Sulawesi, West Papua, Maluku, East Nusa Tenggara and Bintan 1 0.
There are at least 22 species of cetacean (dolphins and whales) in Indonesia, including 1 8 species of toothed
whale and four species of baleen whale (reviewed in Huffard et al. 201 2). Two main habitats are important for
these species: deep-sea habitats, which sustain great whales and oceanic dolphins (e.g., in the Banda Sea), and
nearshore waters, particularly those that are relatively undisturbed, that coastal species rely on 1 1 . Coastlines that
provide deep-sea yet nearshore habitats are especially rich in marine mammal diversity and food sources (e.g., in
the Lesser Sunda Ecoregion). However, the population status of cetaceans is largely unknown in Indonesian
waters. Although all cetaceans are protected, they face increasing threats and stressors from ship strikes,
entanglement in fishing nets, loss of coastal habitats and plastic pollution, undersea mining, and seismic testing
(Mangubhai et al. 201 2). Commercial whaling was banned in 1 986, but indigenous harvesting of whales and other
____________________________
7 From conversion/reclamation of land for agriculture, aquaculture, mining, port expansion, urbanization, tourism and infrastructure
development, overharvesting, and coastal pollution due to oil spills and domestic and industrial waste.
8 From human settlements, industrial and urban developments, logging, and land clearing.
9 Green (Chelonia mydas) , hawksbill (Eretmochelys imbricata) , olive ridley (Lepidochelys olivaea), leatherback (Dermochelys coraicae) ,
loggerhead (Caretta caretta) and flatback (Natator depressa).
1 0 From Arakan Wawontulap to Lembeh Strait (between Lembeh and the mainland, North Sulawesi), on the east coast of Biak Island, in
western Cendrawasih Bay Marine National Park (Papua Barat), around the Lease and Aru Islands (Maluku), and around the FloresLembata Islands (East Nusa Tenggara), in Ujung Kulon National Park, Sunda Strait, Banten Bay, Bangka Belitung and Trikora Beach
(Bintan).
1 1 Such as those on the southern coast of Papua and eastern coast of Kalimantan.
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megafauna (manta rays and whale sharks) continues in Lamalera and
Lamakera Villages in East Nusa Tenggara1 2 (Dewar 2002).
Four species of crocodile are found in Indonesia including saltwater
(Crocodylus porosus) and freshwater (Crocodylus novaeguineae)
species. They have been hunted for their skins and their habitats
threatened by coastal development like filling in brackish streams and
destroying nesting beaches for road construction, but very little
information is available regarding their distribution and population
status (Mangubhai et al. 201 2).
Populations of large vulnerable reef fishes (e.g., sharks, large
groupers, Napoleon wrasse and bumphead parrotfishes) have also
been overexploited in many locations, particularly species targeted
by the live reef food fish trade, including coral trout, Napoleon
wrasse and barramundi cod (ADB 201 4).
Fifteen species of invertebrate are protected in Indonesia, including
the black coral (Antiphates spp.); two species of crustacea, namely,
horseshoe and coconut crabs; and 1 2 mollusks, including giant clams,
trumpet triton, horned helmet, top shell, turban shell and pearly
chambered nautilus (Huffard et al. 201 2, ADB 201 4). Even so, some
of these species are still widely exploited, e.g., giant clams and large
snails, which are harvested for food and sale as curios (ADB 201 4).

What are MPAs and MPA Networks?

Marine Protected Areas (MPAs) are clearly delineated marine
managed areas that contribute to the protection of natural
resources in some manner (Dudley 2008). They include, but are not
limited to, areas with a variety of regulations, including no-take zones
(NTZs: areas of ocean protected from extractive and destructive
activities) and areas with restrictions on access and activities (e.g.,
for fisheries or tourism). MPA Networks are a collection of
individual MPAs that operate cooperatively or synergistically and are
connected ecologically (Dudley 2008, International Union for
Conservation of Nature-World Commission on Protected Areas
[IUCN-WCPA] 2008).

What can MPAs and MPA Networks
Achieve?

Fifteen species of invertebrates are
protected in Indonesia, although some are
still harvested. Images, from top to
bottom: Giant clam, Dampier Strait MPA
(© Awaludinnoer, TNC); black coral, Savu
Sea MNP (© Rizya Ardiwijaya, TNC); and
trochus harvested at sasi opening in Raja
Ampat (© Awaludinnoer, TNC).

MPAs, particularly NTZs, can be powerful tools to address local threats and
enhance fisheries productivity, protect biodiversity and increase resilience to
changes in climate and ocean chemistry (Green et al. 201 4a, Roberts et al.
201 7). For example, NTZs can increase the diversity, density, biomass, body
size, lifespan and reproductive potential of coral reef fishes (particularly
fisheries species) within their boundaries (Lester et al. 2009, Gill et al. 201 7).
They can also provide significant conservation and fisheries benefits to other NTZs and fished areas through the
export of eggs, larvae, juveniles and adults (Halpern et al. 201 0, Harrison et al. 201 2, Roberts et al. 201 7).

MPAs can also support fisheries and sustainable livelihoods for communities and other stakeholders. For
example, effectively managed MPAs with NTZs can enhance fishing yields outside of no-fishing areas and attract
____________________________
1 2 http://thecoraltriangle.com/stories/is-there-a-place-for-traditional-whale-hunting-in-the-modern-world
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visitors to the protected sites for snorkeling and scuba diving opportunities (e.g., see Russ et al. 2004). These
visitors support community livelihoods by creating a demand for boat rental and dive guides, purchasing locally
made handicrafts and food items as well as paying user fees for MPA entry (e.g., the Raja Ampat tourism entrance
fee). Community-based MPAs that have a degree of local autonomy and control can not only enhance economic
revenues, but also provide an incentive for community cohesiveness of purpose and pride in their resource areas
of jurisdiction. In turn, once they realize the benefits derived from their protected areas, the communities
become effective stewards of these areas (Walmsley & White 2003, White & Rosales 2003, Leisher et al. 201 2).
MPA Networks can provide even more benefits. For the same amount of spatial coverage, networks of MPAs can
potentially deliver most of the benefits of individual MPAs, but with less costs due to greater flexibility in the size
and location of individual MPAs (IUCN-WCPA 2008). They can also deliver additional benefits by increasing the
chance of protecting multiple examples of features of interest, spreading the risk from local and global threats
across larger spatial scales, and enhancing the probability of overall persistence of habitats, populations and
species, e.g., by acting as mutually replenishing networks to facilitate recovery after disturbances (IUCN-WCPA
2008, Roberts et al. 201 7). Because of their flexibility in design and application, MPA networks are also
particularly suited to addressing multiple objectives in different contexts (FAO 201 1 b, IUCN-WCPA 2008).
However, MPAs and MPA Networks can only achieve their objectives if they are well-designed and effectively
managed (Green et al. 201 4a, White et al. 201 4, Gill et al. 201 7). For example, a global review by Edgar et al.
(201 4) demonstrated that MPAs with five key characteristics – no-take, well-enforced, well-established (at least1 0
years old), large (at least 1 00 km 2) and isolated by deep water – produce the greatest ecological benefits.
However, large NTZs may not be appropriate in many instances, particularly where coastal communities rely on
fishing for their subsistence (Green et al. 201 4a). In that situation, networks of smaller, well-connected NTZs may
be more feasible, and can produce tangible benefits for some species (e.g., see Russ et al. 2004).
Furthermore, for MPAs and MPA Networks to be effective, they need to have support from local communities,
and adequate staff capacity and resources to perform monitoring, enforcement, administration, community
engagement, sustainable tourism activities and other tasks (White et al. 201 4, Gill et al. 201 7). They also need to
be embedded within broader management frameworks that address all threats to ensure the long-term
sustainability of marine resources and the ecosystem benefits they provide (see Integrating MPAs within Broader
Management Frameworks).

MPAs and MPA Networks in Indonesia

MPAs play a major role in conservation and resource management in Indonesia, and the national government is
committed to establishing 20 million ha of effectively managed MPAs by 2020 and 30 million ha by 2030. To date,
there are 1 77 national and local government MPAs established (and no MPA Networks), covering an area of 22.8
million ha (MMAF 201 8). The Ministry of Marine Affairs and Fisheries (MMAF) is now identifying and establishing
new MPAs to achieve their target of 30 million ha in MPAs by 2030, and is interested in reviewing the design of
existing MPAs.
Coastal communities have also established Locally Managed Marine Areas (LMMAs) in many locations,
particularly in eastern Indonesia (LMMA Network, see http://lmmanetwork.org). LMMAs are often used to
enhance traditional methods to regulate the use of specific marine resources by closing access to these resources
at a certain time or place (ADB 201 4), although only a few coastal communities continue these traditions, such as
the sasi system in the Moluccas and West Papua (ADB 201 4) (see below).
Unfortunately, many of the existing MPAs are not yet managed effectively (Burke et al. 201 2). More scientific
advice is also required to ensure that MPAs and MPA Networks are well designed to achieve their goals.
In 201 9, The Nature Conservancy (TNC) and the USAID Sustainable Ecosystems Advanced Project (USAID
SEA) provided technical assistance to MMAF to develop the document A Guide, Framework and Example: Designing
Marine Protected Areas and Marine Protected Area Networks to Benefit People and Nature in Indonesia (Green et al.
2020). This document provides a logical framework (goals, objectives, design criteria and performance indicators)
for designing MPAs and MPA Networks in Indonesia, which takes biophysical, socioeconomic and cultural
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considerations into account.
The framework provides seven goals for establishing MPAs and MPA Networks in Indonesia where:
• Biophysical goals include protecting biodiversity, maintaining or enhancing coastal fisheries, rehabilitating
habitats and species, and adapting to changes in climate and ocean chemistry.
• Socioeconomic and cultural goals include minimizing conflicting use of marine resources and fisheries,
supporting sustainable community livelihoods, and promoting active community participation and support
in MPA or MPA network management.
This framework will provide supplementary information to support the Technical Guidelines (Juknis) of Ministerial
Regulation No. 1 3/201 4 on Establishing and Managing MPA Networks (MMAF in prep.).

Women in Kapatchol Village, West Misool (Raja Ampat) used traditional methods (sasi) to temporarily close a 1 00 ha area to
improve the harvest of sea cucumbers with scientific advice from The Nature Conservancy. Images: © Awaludinnoer, TNC (left)
and Nugroho Arif Prabowo, TNC (right).

What are MPA Network Design Criteria?

Design criteria are guidelines that provide advice on how to design MPAs and MPA Networks to achieve their
goals (Green et al. 201 3). The framework for designing MPAs and MPA Networks in Indonesia (Green et al.
2020) provides two types of design criteria:
• Biophysical criteria aimed at taking key biological and physical processes into account; and
• Socioeconomic and cultural criteria aimed at maximizing benefits and minimizing costs to local communities
and sustainable industries.
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BIOPHYSICAL CRITERIA
FOR DESIGNING MPAS
AND MPA NETWORKS
IN INDONESIA
The biophysical criteria for designing MPAs and MPA Networks in Indonesia are provided in
Table 1 (Executive Summary . Here we provide the scientific rationale for each of these design
criteria, which address the need to: represent and replicate habitats; protect critical, special and
unique areas; incorporate connectivity; allow time for recovery; protect healthy areas and avoid
local threats; and adapt to changes in climate and ocean chemistry.
)

Many of these criteria are designed to consider the ecology of focal species, including:
• Key fisheries species (particularly demersal fish, small pelagic fish and crustaceans);
• Endangered, threatened and protected species and/or migratory marine biota (sea
turtles, marine birds, cetaceans, dugong and crocodiles);
• Large charismatic marine fauna (sharks, manta rays, whale sharks and Mola mola); and
• Species important for maintaining ecosystem function, i.e., habitat-forming species (e.g.,
corals) or species important for reef resilience (e.g., herbivores).
Most of these design criteria relate specifically to NTZs because they provide the greatest
ecological benefits for enhancing fisheries productivity, protecting biodiversity and adapting to
climate change (Edgar et al. 201 4). These criteria can also be applied to other types of zones,
although they are likely to be less effective in achieving these objectives (Knowles et al. 201 7).
They will need to be adapted and refined when designing MPAs and MPA Networks in different
locations, based on local and scientific knowledge of the biophysical characteristics of the area.
To assist with this process, we provide examples of best practices for applying these design
criteria in several locations in Indonesia and elsewhere in the Indo-Pacific Region.

Represent Habitats

Protect at least 20% ofeach major habitat in NTZs.
Different animal and plant species use different habitats (Figure 4). Therefore, adequate examples of each major
habitat should be protected within NTZs to protect all species (including focal species) and maintain ecosystem
health, integrity and resilience (McLeod et al. 2009, Gaines et al. 201 0, Green et al. 201 4a).
In Indonesia, major habitats for protection include: shallow and coastal marine habitats at depths of less than
200m, including coral reefs, mangroves forests, seagrass beds and estuaries, and deepwater benthic habitats at
200m depth or deeper (e.g., seamounts). Deepwater pelagic habitats are also important to protect (e.g., see
Wilson et al. 201 1 ), although discrete habitats can be difficult to identify and are likely to be transient in space and
time (see review in Game et al. 2009, Wilson et al. 201 1 ).
A key consideration is how much of each of these habitats should be included in NTZs. To determine how much
of each habitat to protect, it is important to consider that a population can only be maintained if it produces
sufficient eggs and larvae to sustain itself (reviewed in Green et al. 201 4a). This threshold is unknown for most
marine populations, so fisheries ecologists have expressed it as a fraction of unfished stock levels and examined
empirical evidence to determine a general safe value of that parameter. Meta-analyses suggest that keeping this
threshold above approximately 35% of unfished stock levels ensures adequate replacement over a range of
species.
To approximate the level of protection of this threshold, about 35% of the habitats used by focal species should
be protected in NTZs in heavily fished areas, where habitat protection is a proxy for protecting fisheries stocks
(reviewed in Green et al. 201 4a). While lesser levels of habitat protection (but not less than 1 0%) may be
sufficient in areas with low fishing pressure, higher levels of protection (40%) may be required where fishing
pressure is high to protect species with lower reproductive output or delayed maturation, such as sharks and
some groupers. Higher levels of protection may also be required in areas vulnerable to severe disturbances (e.g.,
typhoons) and climate change impacts (Allison et al. 2003) (see Adapt to Changes in Climate and Ocean Chemistry).
Therefore, to maximize benefits for enhancing fisheries and conserving biodiversity in the face of climate change
in Indonesia, at least 20% of each major habitat should be included in NTZs (Green et al. 201 4a, 2020). The
recommended percentage will vary in different locations, depending on several factors including fishing pressure
and if there is effective fisheries management in place outside of NTZs (Green et al. 201 4a). If fishing pressure is
high and the only protection offered to fisheries species is in NTZs, then the proportion of each major habitat in
NTZs should be at least 30%. If effective fisheries management is in place outside of NTZs, or if fishing pressure
is low, then a lesser level of protection (20%) may be needed. Percent habitat representation should also consider
the vulnerability, diversity or rarity of each habitat, and the ecosystem services it provides (Green et al. 201 7).
These recommendations are supported by empirical studies showing that 20-30% habitat protection in NTZs can
achieve conservation and fisheries objectives in areas with different levels of fishing pressure in the Indo-Pacific
Region (Green et al. 201 4a). Furthermore, a recent modeling study in the Coral Triangle demonstrated that
networks of NTZs that protect 20-30% of fished habitats should benefit biodiversity conservation and the longterm productivity of coral reef fisheries, and be unlikely to diminish fisheries catch (Krueck et al. 201 7a).
It is important to note that this design criteria should be applied to protect at least 20% of each major habitat
type, such as for instance, each type of coral reef, mangrove or seagrass community (see Appendix 1 ), because
each habitat will comprise different floral and faunal communities. Furthermore, for large MPAs or MPA networks
that include more than one marine ecoregion (see Figure 1 ), at least 20% of each type of major habitat type
should be protected in NTZs within each ecoregion (Munguia-Vega et al. 201 8).
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Figure 4. Different species use different habitats. For example, some species use river mouths, estuaries and mangroves (1 to 3), some use sandy bottoms (4), others use seagrass beds (5 and 6), and
others, coral reefs (7 and 8).

Replicate Habitats (Spread the Risk)

Protect at least three examples ofeach major habitat type in NTZs, and
Spread them out to reduce the chances they will all be affected by the same disturbance.
Large-scale disturbances can have serious impacts on tropical marine ecosystems, including mass coral bleaching
events, major storms, and outbreaks of coral predators like crown-of-thorns starfish (West & Salm 2003).
Indonesia’s coral reefs can also be adversely affected by natural phenomena such as earthquakes and tsunamis
(Hopley & Suharsono 2000). For example, the 2004 tsunami caused massive damage to coral reefs in Aceh,
North Sumatra and the western islands (BAPPENAS 2005).
Since it is difficult to predict with certainty which areas are most likely to be affected by these and other
disturbances (e.g., ship groundings and oil spills), it is important to protect at least three examples of each major
habitat in NTZs and spread them out to reduce the chance that all examples will be adversely impacted by the
same disturbance (McLeod et al. 2009, Green et al. 201 4a). This will promote the likelihood that, if one example
of a major habitat is severely damaged, others will remain to provide the larvae required to replenish the affected
area. Since variations in communities and species within major habitats are often poorly understood, habitat
replication also increases the likelihood that examples of each are represented within the same MPA Network
(McLeod et al. 2009, Gaines et al. 201 0, Green et al. 201 4a).
For example, this criterion was used to design a resilient network of MPAs for the Lesser Sunda Ecoregion
(Wilson et al. 201 1 ) (Figure 5). Where possible, the design includes at least three widely separated examples of
each major habitat type in existing or proposed MPAs or Areas of Interest (to be considered as potential areas
for establishing new MPAs). The same design criteria were used to develop the zoning plan for the Savu Sea
Marine National Park (Balai KKPN Kupang 201 4).

Protect Critical, Special and Unique Areas

Protect critical areas in the life history offocal fisheries species in NTZs.
When animals aggregate, they are particularly vulnerable and, often, the reasons they aggregate are crucial to the
maintenance of their populations (see reviews in Green et al. 201 4a, 201 5). For this reason, the main areas where
they aggregate must be protected to help maintain and restore their populations (Green et al. 201 4a, 201 5). In
Indonesia, critical areas for protecting fisheries species include:
• Fish or invertebrate spawning areas and nursery grounds; and
• Breeding or aggregation sites for large vulnerable reef fishes (e.g., sharks).
For example, some focal fisheries species form fish spawning aggregations, which generally fall within two
categories, namely, resident and transient (see review in Green et al. 201 5). Some of these species, including
groupers, snappers, emperors and rabbitfishes, travel long distances to form transient fish spawning aggregations
for relatively short periods of time (days or weeks). Others are resident spawners which tend to spawn
frequently throughout the year and travel short distances (meters to hundreds of meters) to spawning sites that
are considered part of their home range.
Preliminary information indicates that several large, vulnerable fisheries species aggregate to spawn in Indonesia,
including Napoleon Wrasse and some groupers, jacks and snappers 1 3 . Spawning seasons are still unclear, although
best available information indicates that October to November and May to June may be peak spawning seasons
for these species (Purwanto & Muljadi pers. comm. ).
Fish spawning aggregation sites, and associated migratory corridors and staging areas where fish aggregate prior
to and after spawning, are particularly important to protect, because they are spatially and temporally predictable
____________________________
1 3 Epinephelus fuscoguttatus, E. polyphekadion, Plectropomus areolatus, Caranx sexfasciatus, Lujanus bohar, Macolor macularis and M. niger.
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Figure 5. Protecting at least three examples of each major habitat in widely separated MPAs helps reduce the chances they will all be impacted by the same disturbance (i.e., in
the Lesser Sunda MPA network design).

From Wilson et al. 201 1

and concentrate reproductively active fish in a manner that enhances their vulnerability to overfishing (see reviews
in Green et al. 201 5, 201 7). For these species, such gatherings are the only opportunities to reproduce, and they
are crucial to population maintenance. Unmanaged fishing of these areas can rapidly deplete their populations.
Some fish and invertebrate species also group together in
feeding or resting areas, or in nursery areas where juveniles
use different habitats than adults (Figure 6). In Indonesia, many
species of coral reef and coastal pelagic fishes 1 4 use different
habitats like mangroves, seagrass beds or shallow turbid
waters as nursery grounds before moving to their adult habitat
on coral reefs (reviewed in Green et al. 201 5). The presence
of these juvenile habitats can have profound impacts on
community structure on reefs by increasing the biomass of
these species, some of which may be absent or have lower
densities on reefs where their juvenile habitats are lacking
(reviewed in Green et al. 201 5). In view of this, it is important
to protect the range of habitats that focal species use
throughout their lives, particularly areas used during critical life
history phases (reviewed in Green et al. 201 4a, 201 5).
Fish spawning aggregations are crucial for population
If the temporal and spatial locations of the focal species’
maintenance, and should be protected in NTZs
critical habitats are known, these areas should be protected in
with other fisheries management
permanent or seasonal NTZs. If their locations are unknown, or combined
approaches. Image: Napoleon wrasse spawning
the scale of the focal species’ movement is too large to include in aggregation in the Banda Islands (© Andreas Muljadi).
individual NTZs, they can be protected within a network of NTZs
in combination with other management approaches, such as
seasonal capture and sale restrictions during the spawning season. NTZs protecting each critical area should be
spaced to allow for movements of focal species among protected habitats (see Consider Movement of Adults and
Juveniles). (Green et al. 201 4a, 201 5)

Protect critical areas or habitats for charismatic, endangered, threatened or protected
species.
Charismatic, endangered, threatened or protected species aggregate and use habitats that are crucial to their
population maintenance. In Indonesia, these critical areas include:
• Nesting, breeding or calving areas (e.g., for sea turtles, seabirds, sharks, cetaceans and crocodiles)
• Feeding, resting or cleaning areas for large, vulnerable and charismatic marine species (e.g., cetaceans,
dugong, manta rays, whale sharks and Mola mola)
• Movement corridors for migratory biota (e.g., marine birds, sea turtles and cetaceans).
Critical areas for sea turtles include nesting beaches and foraging and resting areas on, for instance, seagrass beds
and coral reefs. While these critical areas span the entire archipelago, different species use different areas. For
example, sea turtles use many nesting beaches throughout the country, with different beaches important for
different species (reviewed in Huffard et al. 201 2, ADB 201 4). Some of these nesting beaches are of national and
international importance for maintaining the populations of these species and thus a high priority for protection
(Huffard et al. 201 2) 1 5 .
____________________________
1 4 Including some parrotfishes (e.g., bumphead parrotfishes), snappers, surgeonfishes, jacks, barracuda, emperors, sweetlips, groupers,
goatfishes, wrasses (e.g., Napoleon wrasse), rabbitfishes and sharks, among others.
1 5 Including the largest leatherback turtle rookery in the Pacific (the north coast of West Papua, including Jamursba Medi), the largest
remaining green turtle rookery in Southeast Asia (Derawan and Sanggalaki Islands, East Kalimantan), the most important hawksbill
rookeries in Southeast Asia (in Anambas and Natuna Islands), one of the most important green turtle rookeries in Indonesia at Aru
Island, and a major nesting beach for olive ridley turtles in East Java..
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Figure 6. Some species use different habitats at different times throughout their lives (e.g., for home ranges, spawning or nursery areas).

Critical areas for charismatic, endangered, threatened or protected species are crucial for their population maintenance, and
should be protected. Images, from top left clockwise: sperm whales in a migratory corridor in the Savu Sea (© Yusuf Fajariyanto);
leatherback sea turtle nesting at Jamursba Medi beach, West Papua (© Andreas Muljadi); Mola mola cleaning station at Nusa
Lembongan, Bali (© Marthen Welly); and whale shark aggregation in Cenderawasih Bay (© Awaludinnoer).

Critical areas for dugong are primarily coastal waters with large tracts of seagrass and mangroves, particularly
seagrass beds that provide 90% of their food (ADB 201 4), while critical habitats for crocodiles include brackish
streams and nesting beaches (Mangubhai et al. 201 2).
Critical areas for cetaceans in Indonesia include (e.g., see Huffard et al. 201 2, Wilson et al. 201 1 , ADB 201 4):
• Nearshore-yet-deep-sea migration corridors for cetaceans traveling between the Indian and Pacific
Oceans, massive high productivity upwelling sites that provide foraging habitats for great whales and
oceanic dolphins, and mating and calving areas for sperm whales and oceanic dolphins in the Lesser Sunda
Islands;
• Calving areas for sperm whales in the Bird’s Head Seascape and Sangihe-Talaud Islands;
• Blue whale aggregation areas in the Banda Sea;
• Resting areas for dolphins (e.g., in Barate Bay, Kupang and Kalabahi Bay, Alor); and
• Coastal whale habitats e.g., mangrove areas in rivers for Irrawaddy dolphins and finless porpoises in East
Kalimantan, Southwest Papua and the Arafura Sea.
Several other large, charismatic marine species also form aggregations in Indonesia, which makes them vulnerable
to overexploitation by fishing and mass tourism. For example:
• Manta rays (Mobula alfredi) aggregate at feeding grounds where there is high zooplankton biomass due to
strong currents or high productivity associated with seasonal upwelling, or at cleaning stations, such as in
Komodo or Raja Ampat (Dewar et al. 2008, Setyawan et al. 201 8).
• Whale sharks (Rhincodon typus) are consistently sighted in some locations, e.g., in Cendrawasih Bay and
Kaimana, where they are often associated with lift net ‘ bagan ’ fisheries targeting anchovy aggregations
(Mangubhai et al. 201 2).
• Giant sunfishes (Mola mola) visit cleaning stations, where they are cleaned by coral reef fishes, such as in
Nusa Lembongan, Bali (Konow et al. 2006).
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Areas where manta rays, whale sharks and Mola mola aggregate are popular destinations for tourism, where
visitors can dive or snorkel with these charismatic species. Thus, protecting their aggregation sites is important
both for maintaining the populations of these species and protecting an important economic asset1 6 (O’Malley et
al. 201 3). Unfortunately, these species are at risk from mass tourism at some of these aggregation sites, where
there is the potential for boat and propeller strikes and disruptions to their social behavior (O’Malley et al. 201 3,
Setyawan et al. 201 8).
Movement studies have also shown that while some charismatic, endangered, threatened or protected species
like manta rays may exhibit high site fidelity to, and seasonal movements between, their aggregation sites
(Setyawan et al. 201 8), many are highly migratory and move hundreds to thousands of kilometers between
breeding and feeding areas both in Indonesia and other countries. For example, olive ridley sea turtles nesting in
West Papua feed in other provinces in Indonesia, such as Maluku (Figure 7); green sea turtles move between
important nesting and feeding areas in Indonesia, Malaysia, the Philippines and Australia (Figure 7); and
leatherback turtles nesting in West Papua move as far as the California coast (reviewed in Huffard et al. 201 2).
Many different approaches, therefore, are required to protect critical areas for charismatic, endangered,
threatened or protected species in Indonesia, as follows:
• Some critical habitats (e.g., mangroves or seagrass beds) should be protected in NTZs combined with
other management approaches to address all of the threats to these habitats and species 1 7 (see Integrating
MPAs within Broader Management Frameworks).

Figure 7. Olive ridley sea turtles nesting in West Papua (left) and green sea turtles nesting in East Kalimantan (right) travel to feeding
areas in other Indonesian provinces or countries in Southeast Asia.

____________________________
1 6 For example, manta ray watching is estimated to provide over US$1 5 million in direct economic benefits to Indonesia per year.
1 7 Such as habitat destruction and degradation from coastal development and land-based runoff of sediments and nutrients, and
unsustainable fishing or hunting practices.
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Special and unique natural
phenomena are important to protect
to maintain biodiversity, e.g.,
(clockwise from top left) areas with
very high biodiversity, manta cleaning
stations, marine lakes, and endemic
walking sharks. Images from Raja
Ampat Islands MPA (©
Awaludinnoer, TNC).

• Some critical areas like migratory corridors may be protected using other types of zones or management
frameworks that address the main threats to migratory species in these areas, such as by managing fishing
gear type, vessel traffic or seismic testing.
• Aggregation areas for charismatic species should be protected in permanent or seasonal MPAs with strict
controls on visitor management1 8 (Dewar et al. 2008, Setyawan et al. 201 8, Rigby et al. 201 9).
A transboundary approach to management may also be required to protect species that move long distances
both within and outside Indonesia (Mangubhai et al. 201 2) (Figure 7).
Effective management remains a concern for managing these species in Indonesia. For example, manta rays are
protected nationally by MMAF Decree No. 4/201 4, and locally in the Raja Ampat Shark and Ray Sanctuary and
Komodo National Park (Dewar et al. 2008, Setyawan et al. 201 8), but they are still harvested unsustainably in
some areas, with associated population declines (Dewar 2002, Dewar et al. 2008, O’Malley et al. 201 3).
Nevertheless, there are some success stories. For example, in 201 2, Raja Ampat was declared Indonesia’s first
shark sanctuary (Mangubhai et al. 201 2). This appears to have been an ecological and socioeconomic success,
with the abundance of reef sharks now significantly higher in well-enforced, large NTZs (more than 400 km 2 in
size) compared to areas open to fishing, primarily due to a partnership between the private sector and local
communities, where communities receive benefits in return for protecting the NTZs (Jaiteh et al. 201 6).

Protect special and unique natural phenomena in NTZs.
Some areas have special and/or unique natural phenomena, which should be conserved to ensure that all
examples of biodiversity and ecosystem processes are protected (McLeod et al. 2009, Green et al. 201 4a). In
Indonesia, these include areas with:
• Very high biodiversity, particularly in eastern Indonesia (i.e., Raja Ampat), which has some of the highest
diversity of corals and coral reef fishes in the world (Allen & Erdmann 201 2, Veron et al. 201 5) (Figure 2).
• High levels of endemism: Indonesia has the highest number of endemic reef fishes in the Coral Triangle
(1 59 species), with most endemic species occurring in the Lesser Sunda Islands, West Papua and North
Sulawesi (Allen & Erdmann 201 2) 1 9.
____________________________
1 8 E.g., the Codes of Conduct for diving or snorkeling with Mola mola in Nusa Penida MPA and manta rays in Raja Ampat Islands MPA.
1 9 Most are found from Bali to Komodo, Flores to Alor, and in Cenderawasih Bay, the Raja Ampat Islands, Triton Bay and Fakfak
Peninsula, Tomini Bay and the Banggai Islands.
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• Unique marine communities, i.e., marine lakes in Berau, East Kalimantan and Raja Ampat, West Papua
(Becking et al. 201 1 );
• Habitats for charismatic, endangered, threatened or protected species (see above); or
• High productivity, e.g., persistent pelagic habitats – areas of upwelling, fronts or eddies (Game et al. 2009)
– such as those in the Lesser Sunda Islands (Wilson et al. 201 1 ).
These areas should be protected in NTZs or other zones that address key threats to their habitats and species,
e.g., by managing fishing gear or vessels in persistent pelagic habitats (Game et al. 2009).

Protect areas that are important at the national, international or global scale for conservation
or management offocal species.
Some areas are important to protect at the national, international or global scale in Indonesia because they
include:
• Areas with critical habitat important for maintaining populations of globally endangered or threatened
species;
• Areas that are ecologically and geographically important transnationally; or
• Areas that have potential as world or regional natural heritage sites.
Indonesia has many critical areas that play important roles in maintaining populations of globally endangered or
threatened species, like sea turtles and cetaceans (see Endangered, Threatened or Protected Species). Some of these
areas are both national and international priorities for conservation to ensure the long-term survival of these
species. They include habitats like breeding areas, feeding areas and migratory corridors, which should be
protected in NTZs combined with other management approaches to address all of the threats to these habitats
and species (see Protect critical areas or habitats for charismatic, endangered, threatened or protected species).
Indonesia also shares populations of many other species with other countries, including fisheries species. For
example, Figure 8 shows how populations of a focal fisheries species in Indonesia appear to be connected to
Timor Leste, Malaysia and the Philippines through larval dispersal. Therefore, it will be important to protect
ecologically important areas like spawning or nursery areas for maintaining these populations in each country.
Given their movement and larval dispersal patterns (see Incorporate Connectivity: Biotic Factors), areas important
for maintaining transnational populations of coral reef and coastal pelagic species are likely to be geographically
located less than 1 0 km to tens, hundreds, or even thousands of kilometers from national boundaries, depending
on the species of interest.
This information can be used to design MPAs and MPA networks at the national scale in Indonesia, or
transboundary MPAs or MPA networks with adjacent countries such as Timor Leste, Malaysia or the Philippines.
For example, Beger et al. (201 5), demonstrated how to use critical areas (grouper spawning aggregations and
important turtle habitats), movement patterns of sea turtles, and larval dispersal of two coral reef species (a coral
trout and sea cucumber) across national boundaries to identify priority areas for MPAs in the Coral Triangle.
Areas that are, or have potential to be, world or regional natural heritage sites should also be protected in MPAs.
For example, most of Indonesia’s existing or tentative marine World Heritage Areas 20 are already protected in
Komodo National Park, Bunaken National Park, Berau MPA (Derawan Islands), Raja Ampat Islands MPA,
Wakatobi National Park and Taka Bonerate National Park. The exception is the Banda Islands, where only a few
islands are currently protected as MPAs, i.e., Banda Sea Marine Tourism Park and Ay-Rhun MPA. Indonesia also
has three coastal Wetlands of International Importance (Ramsar Sites) 21 , which are already protected in the
Rambut Island Wildlife Reserve, Sembilang National Park and Tanjung Puting National Park.
____________________________
20 https://whc.unesco.org/en/statesparties/id
21 https://www.ramsar.org/
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Unpubl. data, modified from Beger, et al. 201 3

Figure 8. A larval dispersal model shows how coral trout (Plectropomus leopardus) populations are shared among Indonesia and other
countries in the Coral Triangle. The arrows show the direction of larval dispersal, and the numbers indicate the relative number of
larvae moving between the countries.

Incorporate Connectivity:Abiotic Factors

Connectivity refers to linkages between geographically separate areas through the movement of organic and
inorganic matter, larvae, juveniles and adults, which may occur through passive dispersal in currents, or active
dispersal and migration (Jessen et al. 201 1 ). Each of these abiotic and biotic components of connectivity should
be considered when designing MPAs and MPA networks.

Consider variations in oceanography, substrate and bathymetry that affect the spread of
biological and non-biological material.
Abiotic factors, including oceanography22, substrate and bathymetry, affect the spread of biological and nonbiological material in the sea (Wendt et al. 201 8). These abiotic factors play important roles in determining the
distribution and abundance of species, and the structure of biological communities (Game et al. 2009, Wendt et
al. 201 8).
In offshore pelagic environments, large-scale environmental dynamics 23 drive the distribution and abundance of
primary producers and consumers (plankton), as well as secondary consumers such as fishes, seabirds, turtles,
jellyfish, tuna and cetaceans (reviewed in Wendt et al. 201 8). Some pelagic species (sharks and other fishes) are
also associated with coastal habitats (Allen & Erdmann 201 2).
Deepwater oceanic habitats can be characterized by geomorphological and oceanographic features 24 (reviewed in
Wendt et al. 201 8). The physical, biological and ecological characteristics of the deep ocean vary dramatically
with depth, especially with respect to light, temperature and pressure, across at least five major layers or vertical
zones, and with latitude and longitude (Wendt et al. 201 8). The coupling between surface and deep waters also
seems to be important, so primary productivity at the surface can influence the habitat and species that occur in
much deeper oceanic layers (Wendt et al. 201 8).
____________________________
22 The physical and biological properties of the ocean, i.e., currents, tides, temperature, salinity and acidity.
23 Such as patterns of El Niño-Southern Oscillation (ENSO) and variations in sea surface temperature, thermocline characteristics,
primary productivity, photosynthetically available radiation (a measure of light) and nitrate concentrations.
24 Such as seamounts, rises, shelf breaks, canyons, ridges and trenches (Harris et al. 201 4), currents, fronts, eddies and upwelling.
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February
(from Wyrtki 1 961 )

From Gordon 2005

Figure 9. Major ocean currents in Indonesia include the Indonesia
Throughflow and the Halmahera and Mindanao Eddies (above). Surface
currents in eastern Indonesia reverse direction twice a year (right).

August
(from Wyrtki 1 961 )

Where there is little or no biological information regarding the distribution and abundance of marine habitats and
species, unique combinations of these abiotic factors can be used as surrogates or proxies for marine biodiversity
in MPA network design (Game et al. 2009). One approach is to use abiotic and/or biotic factors to classify marine
environments into bioregions 25 , which can provide spatially explicit surrogates of biodiversity for marine
conservation and management (e.g., see Wendt et al. 201 8). These bioregions can then be used to apply the
principles of habitat representation and replication in MPA network design.
In deepwater environments more than 200m deep where there is little or no biological information available,
abiotic factors have been used to classify marine bioregions for conservation planning. For example:
• Bathymetric and oceanographic features were used to identify ‘deep-sea yet nearshore habitats’ to design
an MPA network for the Lesser Sunda Ecoregion (Wilson et al. 201 1 ).
• Geomorphology and depth classes (200m to more than 6,000m deep) were used to classify deepwater
benthic habitats for the National Marine Conservation Assessment for Papua New Guinea (Green et al.
201 4b).
• Environmental variables, including depth, salinity, sea surface temperature, pH, chlorophyll-a
concentrations, and distance from land, were used to classify deepwater bioregions to support marine
spatial planning in the Southwest Pacific (Wendt et al. 201 8).
In shallow-water habitats less than 200m deep, marine classification schemes are often based on specific
taxonomic groups occurring in the region, including coral reef fishes or scleractinian corals (e.g., see Kulbicki et al.
201 3, Veron et al. 201 5). However, these habitats also vary with changing environmental parameters and coastal
morphology (Wendt et al. 201 8). Therefore, where there is little or no biological information available, shallowwater habitats have also been classified into bioregions using a mix of species distributions, environmental
parameters, models and expert opinion (e.g., see Beger & Possingham 2008, DeVantier et al. 2009, Kerrigan et al.
201 0, Wendt et al. 201 8). Such bioregions have been used to apply the principles of habitat representation and
replication in MPA network design in, for instance, Australia and Papua New Guinea (Fernandes et al. 2005,
Green et al. 2009).
____________________________
25 Areas with relatively similar assemblages of biological and physical characteristics (Spalding et al. 2007).
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Abiotic factors vary extensively throughout Indonesia (ADB 201 4), and a brief overview of broad-scale patterns
of bathymetry and oceanography is provided in Appendix 2 . This information may be useful for designing largescale networks of MPAs at the national, regional or provincial scale. However, local variations in these broad-scale
patterns should be considered when designing MPAs at finer spatial scales. An example of how a habitat
classification for coral reefs was developed and used to design an MPA in Indonesia is provided in Appendix 1 .
Ocean currents (Figure 9) can also play an important role in influencing larval dispersal patterns, and should be
considered when determining the location, size and spacing of NTZs (see Figure 9, Consider Larval Dispersal).
I n corporate C on n ecti vi ty: B i oti c Factors

The demographic linking of local populations through the dispersal of individuals as adults, juveniles or larvae is a
key ecological factor to consider in designing networks of NTZs, because it has important implications for the
persistence of metapopulations and their recovery from disturbance (reviewed in Green et al. 201 5).
Most benthic marine species have a bipartite life cycle where the larvae are pelagic before settling out of the
plankton and spending the rest of their lives more closely associated with the seabed (Green et al. 201 5). For
example, adult coral trout (Plectropomus leopardus) live on coral reefs (Figure 1 0). When they reproduce,
hundreds of thousands to millions of eggs are released into the water column (Goeden 1 978), where they are
fertilized and become larvae. The larvae spend about 26 days in the plankton (Williamson et al. 201 6), before
settling onto a reef where they will generally stay for the rest of their lives. However, the vast majority of larvae
die during their planktonic larvae stage, many eaten by other animals.
Species vary greatly in how far they move during each life history stage, although larvae of most coral reef species
tend to move longer distances (tens to hundreds of kilometers) than adults and juveniles, which tend to be more
sedentary (reviewed in Green et al. 201 5). Exceptions include species where adults and juveniles exhibit large-

Modified from G. Almany, ARC CoralCOE

Figure 1 0. Most coral reef fishes (such as the coral trout P. leopardus) have two life history phases. Adults and juveniles are benthic and
live on coral reefs, while larvae are pelagic and live in the plankton.
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scale ontogenetic habitat shifts 26 or spawning migrations of tens to thousands of kilometers, and pelagic species
that tend to move hundreds to thousands of kilometers.
When adults and juveniles leave an NTZ, they become vulnerable to fishing pressure. In contrast, larvae leaving
an NTZ can generally disperse without elevated risk because of their small size and limited exposure to the
fishery (Gaines et al. 201 0). For NTZs to protect biodiversity and enhance populations of species in heavily fished
areas, they must be able to sustain adults and juveniles of focal species (particularly fisheries species) within their
boundaries, and be spaced so they can function as mutually replenishing networks while providing recruitment
subsidies to fished areas (Green et al. 201 5).
Therefore, movement patterns of focal species at each stage of their life history is an important factor to
consider when designing networks of NTZs. Where movement patterns of focal species are known, this
information can be used to define size, shape and location of NTZs to maximize benefits to both fisheries and
conservation (see reviews in Green et al. 201 4a, 201 5), as described below.

Consider Movement of Adults and Juveniles
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For NTZs to protect biodiversity and contribute to fisheries enhancement outside their boundaries, they must be
large enough to sustain fisheries species within their boundaries during their adult and juvenile life history phases
(reviewed in Green et al. 201 4a, 201 5). This allows for the maintenance of spawning stock, by allowing individuals
in NTZs to grow to maturity, increase in biomass and reproductive potential, and contribute more to stock
recruitment and regeneration (Green et al. 201 4a, 201 5) (Figure 1 1 ).
The size of NTZs should therefore be determined by the rate of export of adults and juveniles (‘spillover') to
fished areas (reviewed in Green et al. 201 4a, 201 5). While spillover directly benefits adjacent fisheries, if the NTZ
is too small, excess spillover may reduce the density of the protected biomass within the reserve. Where
movement patterns of focal species are known, they can be used to identify the minimum recommended sizes of
NTZs.
Since different species move different distances, different sizes of NTZs will be needed depending on the focal
species for protection (Green et al. 201 4a). Green et al. (201 5) recommend that NTZs should be more than
twice the size of the home range of focal species for protection (Figure 1 2), and that these minimum size
recommendations be applied to the specific habitats that the focal species use in all directions rather than the
overall size of the NTZ, which may include other habitats. For example, for coral reef species, minimum size
recommendations apply to the specific coral reef habitats that they use (e.g., for their home ranges), rather than
other habitat types (e.g., seagrass beds).
To facilitate using this approach, Green et al. (201 5) provide a summary of empirical measurements of movement
patterns of coral reef and coastal pelagic fish species, including 29 families and 1 43 species that occur in Indonesia,
which field practitioners can use to determine the size of NTZs based on the movement patterns of their focal
species (Figure 1 2).
Some species, including some groupers and surgeonfishes, move less than 1 00m to at most 500m, and thus can
be protected in small NTZs less than 0.5 to 1 km across. Some move less than 1 km to 5 km and can be
protected within NTZs 2-1 0 km across; these include most parrotfishes, goatfishes and surgeonfishes. Others –
the bumphead parrotfish and Napoleon wrasse, for example – may move up to 1 0 km a day, and thus require
large NTZs 20 km across. Still others move tens to hundreds of kilometers and require much larger NTZs tens to
hundreds of kilometers across, such as some groupers, emperors, snappers, jacks and sharks (e.g., see Rigby et al.
201 9).
____________________________
26 Where juveniles use different habitats than adults.
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Figure 1 1 . Larger individuals are more important for long-term health of populations than smaller ones, because they
produce a lot more offspring.
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Since some pelagic species (e.g., tuna and oceanic sharks) can move over thousands of kilometers, NTZs are
likely to have limited utility for these species unless they are thousands of kilometers across (Green et al. 201 5).
Species that move over larger distances than the size of an NTZ will only be afforded partial protection, although
NTZs can provide benefits for these species if they protect locations where individuals aggregate and become
vulnerable to fishing mortality, e.g., spawning aggregations (see Protect Critical, Special and Unique Areas). Thus,
NTZs will need to be integrated with other fisheries management tools to manage wide-ranging species that
cannot be fully protected within their boundaries (Green et al. 201 4a, 201 5, Rigby et al. 201 9).
Ideally, this approach to using the movement of focal species to determine the size of NTZs should be combined
with knowledge of key factors that influence their movement patterns 27, and information on how individuals are
distributed, to determine what NTZs of different sizes are likely to be effective (Green et al. 201 5). For example,
Krueck et al. (201 8) developed a simple model using home ranges, densities and schooling behavior of 66 coral
reef fishes (44 of which occur in Indonesia28) to quantify the effectiveness of NTZs of different sizes. They
predicted that NTZs 1 -2 km wide should partially protect29 56% of these species, while NTZs 2-1 0 km wide
should partially protect most species, including fisheries species. However, full protection of most species may
require NTZs 1 00 km wide.
Krueck et al (201 8) found that the size of NTZs required to protect fish species could be predicted using their
home range sizes and densities, or maximum lengths. They have provided an online tool that managers can use to
optimize the size of NTZs to support fisheries and conservation in Indonesia, even if no data on the movement
and density of resident species is available. This tool can be accessed at http://ccres.net/resources/ccrestool/mpa-size-optimization-tool.
Movement patterns of adults and juveniles can also be used to determine the size of NTZs required to protect
commercially important invertebrates (Figure 1 2). For example, the following invertebrates can be protected in
small NTZs less than 1 km across, provided the NTZs include the relevant habitats:
• Giant clams, which attach to the substratum and do not move.
• Sea cucumbers, including some that are sedentary to almost immobile and others that, although more
mobile, move less than 5m to hundreds of meters over several years (e.g., see Conand 1 991 , Purcell &
Kirby 2006, Purcell et al. 201 6).
• Trochus, which do not appear to move very far on a daily basis (less than 1 m up to 24m per day), but
move from shallow to deeper reef habitats as they grow (reviewed in Capinpin 201 8) (Figure 6).
In contrast, while spiny lobsters often have small home ranges – e.g., less than 500m wide for Panulirus versicolor
(Frisch 2007) – some like P. ornatus undertake long-distance breeding migrations of hundreds of kilometers
(reviewed in Dennis et al. 2004). Therefore, while small NTZs less than 1 km across may protect the home
ranges of these species, it may not be possible to establish NTZs large enough to encompass all of these species’
movement patterns, and they may need to be protected by NTZs combined with other management tools, such
as seasonal closures during spawning times.

Ensure NTZs are large enough to contain all habitats used by focal species throughout their
life history; or establish networks ofNTZs close enough to allow for movements offocal
species among protected habitats.
Some species use different habitats at different times throughout their lives, such as for home ranges, nursery and
spawning areas (Green et al. 201 5) (Figure 6). The location of NTZs should therefore be informed by the
distribution of key habitats used by focal species, and the movement patterns of adults and juveniles among such
____________________________
27 Such as fish size, sex, behavior and density, habitat characteristics, season, tide and time of day.
28 Including 36 fisheries species (8 surgeon and unicornfishes, 3 jacks, 3 sharks, 2 wrasses, 1 emperor, 2 snappers, 3 goatfishes, 6
parrotfishes, 5 groupers, 2 rabbitfishes and a barracuda).
29 Where 50-95% of individuals are protected.
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Figure 1 2. Different species have home ranges of different sizes.

Some Species Need Bigger Areas Than Others as Adults
to Eat, Live and Reproduce

habitats (e.g., by ontogenetic habitat shifts or spawning migrations) to include all of the habitats required by these
species to complete their life cycles.
For example, some coral reef fish species (e.g., bumphead parrotfish and mangrove red snapper) undergo
ontogenetic shifts where they use different habitats (e.g., mangroves and seagrasses) as nursery grounds before
moving to their adult habitat on corals reefs (reviewed in Green et al. 201 5). Trochus do so as well, moving from
nursery areas on intertidal reef flats to deeper water habitats like reef crests, pools or terraces as they grow
(reviewed in Capinpin 201 8). (Figure 6)
To provide adequate protection for species that undergo these ontogenetic habitat shifts, each habitat used by
juveniles and adults should be protected within the same NTZs. If this is not possible, e.g., for species that
undergo long distance ontogenetic movements that cannot be accommodated within individual NTZs, the
different habitats that focal species use at different times can be protected in different NTZs, provided that they
are spaced to allow for movements of focal species among protected habitats (Green et al. 201 5).
For species that undertake long-distance spawning migrations, including some economically important grouper
and snapper species in Indonesia, it is important to protect their spawning aggregation sites, migratory corridors
and staging areas (see Protect Critical, Special and Unique Areas), in addition to protecting the home range of a
sufficiently large proportion of their population by protecting at least 20% of their habitat (see Represent Habitats)
(reviewed in Green et al. 201 5). If the temporal and spatial locations of these areas are known, they should be
protected in permanent or seasonal NTZs (Green et al. 201 5). If the locations are not known, or if the focal
species’ scale of movement is too large to include in individual NTZs (e.g., for spawning migrations of tens or
hundreds of kilometers), other management actions will be required, including seasonal closures during spawning
times (see review in Green et al. 201 5).

Include whole ecological units in NTZs. Ifnot, choose larger rather than smaller areas.
Where possible, whole ecological units like coral reefs or seamounts should be included in NTZs (Figure 1 3). This
helps maintain the integrity of NTZs, because many species are likely to stay within their preferred habitat type
(Green et al. 201 4a, 201 7). Where whole ecological units cannot be included, larger rather than smaller NTZs
should be used to accommodate the movement patterns of more species (Green et al. 201 5) (Figure 1 2).

Use compact shapes for NTZs, except when protecting naturally elongated habitats.
In places where NTZ boundaries are heavily fished, compact shapes like squares should be used for NTZs
because they minimize edge effects by limiting the spillover of adults and juveniles more than other shapes, like
long thin rectangles (reviewed in McLeod et al. 2009, Green et al. 201 4a, 201 7). This helps maintain the ecological
integrity of NTZs, and therefore the sustainability of their contribution to fisheries production, biodiversity
protection and ecosystem resilience. An exception may be when protecting naturally elongated habitats such as
long narrow reefs, where elongated shapes may be more appropriate (Green et al. 201 7, Munguia-Vega et al.
201 8). (Figure 1 3)

Consider Larval Dispersal
Most benthic marine species have a planktonic larval phase (Figure 1 0). Depending on the environment and lifehistory characteristics of the species, this larval phase can last from minutes to months, with larvae moving from
less than a meter to thousands of kilometers (Treml et al. 201 2).
Larval dispersal is an important component of population connectivity that helps maintain fish stocks and
facilitates recovery of ecosystems and species after disturbance (Green et al. 201 5, Krueck et al. 201 7b). It is an
important factor to consider when designing networks of NTZs. However, there are several factors that should
determine when and how to take larval connectivity into account, including how populations persist, fishing
pressure and management effectiveness, and the larval dispersal patterns of focal species.
For populations to persist through time, the number of larvae reaching them must result in recruitment that
equals or exceeds mortality (reviewed in Green et al. 201 4a, 201 5). This is known as sustaining dispersal, which
takes place over an ecological timescale. Lower levels of dispersal may play an important role in maintaining

42

BIOPHYSICAL CRITERIA: DESIGNING MPAs AND MPA NETWORKS TO BENEFIT PEOPLE AND NATURE
IN INDONESIA

Figure 1 3. Where possible, whole ecological units (e.g., reefs) should be included in NTZs (top), and the
NTZs should be compact shapes (e.g., squares) (middle), except when protecting naturally elongated
habitats (e.g., fringing reefs) (bottom). All images are of NTZs in Misool MPA, Raja Ampat Islands.
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genetic (evolutionary) connectivity or helping populations recover after disturbances (seeding dispersal), but they
are not sufficient to sustain populations over time. Therefore, when designing networks of NTZs, it is important
to consider larval dispersal patterns that occur on an ecological timescale.
Population persistence of focal species in NTZs depends on recruitment to local populations from larval
production either within or outside NTZs (reviewed in Green et al. 201 5, 201 7, Munguia-Vega et al. 201 8).
Where fishing pressure is low or the fishery is well managed (at or below Maximum Sustainable Yield), larval input
from fished areas can be important in ensuring the persistence of focal species, so it may be less important to
take larval dispersal patterns into account in MPA Network design.
However, in areas where fishing pressure is high and other fisheries management tools are ineffective, most of the
larvae are likely to come from within well-designed and managed NTZs, so it will be important to consider larval
dispersal patterns when designing networks of NTZs. In this situation, population persistence of focal species in
NTZs will depend upon recruitment to local populations in one of two ways (reviewed in Green et al. 201 5,
201 7, Munguia-Vega et al. 201 8):
• Self-persistence, where populations in individual NTZs are self-sustaining through larval retention (where
over 1 0-20% of larvae return to their natal source). This is more likely where NTZs are larger than the
mean larval dispersal distance of focal species. However, even small NTZs can provide recruitment
benefits both within and close to their boundaries where self-recruitment30 is common.
• Network persistence, where populations of focal species are sustained within a mutually replenishing
network of NTZs that covers at least 20% of their habitat (see Represent Habitats). In this situation, each
NTZ contributes to the growth rate of the metapopulation, and larval connectivity among NTZs allows
the population distributed across the entire network to be sustained even if individual NTZs are too small
to be self-sustaining.
In Indonesia, the biophysical goals for MPAs and MPA Networks include enhancing coastal fisheries and protecting
biodiversity (see
). Therefore, where fishing pressure is high and other fisheries management tools are
not effective, networks of NTZs should be designed to (reviewed in Green et al. 201 7):
• Ensure enough larvae remain in the network so populations of focal species persist; and
• Maximize the movement of larvae to fishing grounds to benefit coastal fisheries.
However, the configuration of a network of NTZs that maximizes the benefits for one of these objectives may
not be the best design to maximize the other. So, both objectives should be considered in the design process
(e.g., see Krueck et al. 201 7b).
Introduction

Patterns of both population persistence and larval export from NTZs will depend on the connectivity patterns of
focal species in the region of interest (Green et al. 201 7). Where possible, comprehensive and detailed spatial
models of population persistence31 of focal species should be used to determine the optimal configuration for
networks of NTZs that will produce both conservation and fisheries benefits (e.g., see Green et al. 201 7).
Unfortunately, coral reef managers seldom have access to this type of information in Indonesia, although some
studies do provide a broad-scale understanding of geographic patterns of larval connectivity in the Indo-Pacific
region based on biophysical models, historical processes and population genetics (reviewed in Treml. 201 2). For
example, some coral reef studies identify dominant dispersal corridors along major ocean currents in Indonesia
(e.g., the Indonesia Throughflow, Figure 9), and potential dispersal corridors between Indonesia, Australia, Timor
Leste and other countries in Southeast Asia (Figure 8). They also identify potential dispersal barriers between
reefs in Papua (Indonesia) and Papua New Guinea, possibly due to the Halmahera and/or Mindanao Eddies
(Figure 9).

____________________________
30 Where recruits are the offspring of parents in the same population.
31 That take all relevant factors into account including larval dispersal and fishing pressure.
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One broad-scale biophysical model of larval dispersal of coral reef species (Treml et al. 201 2) has been adapted
and used to inform MPA network design for both conservation and fisheries management at regional or
ecoregional scales in the Coral Triangle and Indonesia. Beger et al. (201 5) demonstrated how to use larval
dispersal of a coral trout (Figure 8) and a sea cucumber to identify priority areas for establishing MPAs across the
six countries of the Coral Triangle. Krueck et al. (201 7b) used the same coral trout model to demonstrate the
importance of taking larval dispersal into account when designing a network of MPAs for the Sunda-Banda
Seascape in Indonesia, and they showed that MPA networks are likely to be more effective at preventing
metapopulation collapse and ensuring fisheries recovery if they are located in areas that are self-replenishing,
interconnected, and/or protect important larval sources.
However, the spatial and temporal resolution (and accuracy) of these biophysical models needs to be improved
to provide finer-scale estimates of larval connectivity (Treml et al. 201 2) before they can be used to inform the
design of networks of NTZs at smaller (i.e., provincial or local) spatial scales. For this reason, it will be important
to consider other information regarding larval sources and dispersal patterns of focal species to design networks
of NTZs in Indonesia.
To date, there have been no empirical measurements of larval dispersal of focal species in Indonesia, but there
have been studies of several coral reef fish species that occur in the country (e.g., see Figure 1 4). These studies
show that larval dispersal patterns vary with many factors, including planktonic larval duration, larval behavior, and
the direction and strength of ocean currents (reviewed in Green et al. 201 5). Many of these studies also show
how the magnitude of dispersal (i.e., the quantity of larvae reaching a particular site) declines with distance from
the source population. As the distance between NTZs increases, the quantity of larvae they exchange (larval
connectivity) decreases, resulting in reduced levels of connectivity between widely separated populations.
Empirical studies conducted to date show that larval dispersal distances of coral reef fishes vary widely among
and within species (reviewed in Green et al. 201 5). Some larvae move long distances of tens to hundreds of
kilometers, while many stay close to home, moving only tens to hundreds of meters. For species that occur in
Indonesia, mean larval dispersal distances range from about 5 km to 1 9 km for anemonefishes, about 7 km for a
snapper, about 36 km for a butterflyfish, and from under 9 km to about 1 90 km for three grouper species (Figure
1 4).
At the same time, self-recruitment is common, even to small areas of habitat with diameters of 0.5–0.9 km, and
can occur consistently through time, although the magnitude may vary (reviewed in Green et al. 201 5). Selfrecruitment of the above species ranges from 2-65% for anemonefishes, 1 4-1 6% for a snapper, 5-72% for a
butterflyfish and from 0-82% km for three grouper species (Figure 1 4).
This information can be used to inform MPA Network design in Indonesia as described below.
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To ensure the persistence of populations of focal species in NTZs and contribute to replenishing populations in
heavily fished areas (see above), a variety of sizes and spacing distances may be required for NTZs to
accommodate larval dispersal distances of a variety of species (see reviews in Green et al. 201 5, Munguia-Vega et
al. 201 8). NTZs should be either:
• Large enough (i.e., larger than the mean larval dispersal distance of focal species) for their populations to
be self-persistent. Based on the empirical data collected so far (e.g., see Figure 1 4), NTZs may need to
range from under 1 0 km to hundreds of kilometers in size for populations of coral reef species to selfpersist, depending on the focal species for protection; or
• Close enough (based on the mean larval dispersal distance of focal species) to allow for strong larval
connections among NTZs to facilitate network persistence. Using this approach, NTZs may need to be
spaced from about 5 km to tens or hundreds of kilometers apart, depending on the focal species for
protection (Figure 1 4).
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Another important consideration regarding recommendations for spacing between NTZs is the relationship
between the size of NTZs and the magnitude of larval export (reviewed in Green et al. 201 5). Large NTZs
produce more larvae than small NTZs because they protect larger populations and more breeding adults. The
number of larvae reaching a site at a given distance declines with the size of the source population, so the smaller
the NTZs are, the closer they should be.

Protect spatially isolated areas in NTZs.
Another consideration is that spatially isolated areas like remote atolls are largely self-replenishing and may have
high conservation value where they harbor endemic species and/or unique assemblages or populations (reviewed
in Green et al. 201 5). Low connectivity with other areas makes the assemblages, species and populations in these
areas less resilient to disturbance, so protecting a large fraction of their area in NTZs may be necessary to ensure
population persistence.
Populations or locations separated from their nearest neighbor by more than twice the standard deviation of
larval dispersal may be largely reliant on self-recruitment for replenishment (reviewed in Green et al. 201 5). In this
context and given the larval dispersal distances measured for coral reef fishes to date (Figure 1 4), a population or
area tens or hundreds of kilometers from its nearest neighbor should be considered isolated and afforded greater
protection, depending on the focal species for protection.

Protect larval sources in permanent or seasonal NTZs or by using fisheries closures during
spawning times.
Another consideration when placing NTZs is maximizing their potential to provide a source of larvae to other
NTZs and fished areas (reviewed in Green et al. 201 5). A common recommendation is to protect larval 'source'
populations, which can consistently provide larvae to other populations. In practice, identifying source populations
is difficult and typically relies on fine-scale oceanographic modeling. Furthermore, larval dispersal studies indicate
that the delivery of larvae from one site to another is likely to vary over time, such that a location might act as a
source in one year, but not another.
Consequently, NTZs should be located based on other considerations, i.e., to protect key habitats and fish
movements among these (see Consider Movement of Adults and Juveniles: Green et al. 201 5). However, where
consistent and important larval sources for focal species are known (e.g., fish spawning aggregations), they should
be protected in permanent or seasonal NTZs, or by fisheries closures during spawning times (see Protect Critical,
Special and Unique Areas).

Locate more NTZs upstream relative to fished areas ifthere is a strong, consistent,
unidirectional current.
Ocean currents are likely to influence larval dispersal patterns to some degree (Green et al. 201 5). In the absence
of detailed larval dispersal studies for focal species, more NTZs should be located upstream relative to fished
areas if there is a strong, consistent, unidirectional current (McLeod et al. 2009, Green et al. 201 4a, 201 5).
However, it is important to note that, in some areas in Indonesia, ocean currents change direction in different
seasons (Wyrtki, 1 961 ) (Figure 9). If focal species spawn in different seasons, their larvae may move in different
directions (e.g., see Munguia-Vega et al. 201 8). For example, preliminary information indicates that peak spawning
seasons for some large, vulnerable fisheries species in Indonesia may be from October to November and May to
June (see Protect Critical, Special and Unique Areas). Therefore, more NTZs should be located upstream of the
direction of the predominant current flow during the spawning season of the focal species (Munguia-Vega et al.
201 8).
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Figure 1 4. Different coral reef fish species have different larval dispersal distances.
Data sources: review by Green et al. (201 5), modified with new information from Williamson et al. (201 6), Abesamis et al. (201 7) and Pinsky et al. (201 7)].

AllowTime for Recovery

Establish NTZs for the long term (more than 20 up to 40 years), preferably permanently.
Use short-term (less than 5 years) or periodically harvested NTZs in addition to, rather than
instead of, long-term or permanent NTZs.
Focal species differ in their vulnerability to fishing pressure and in their recovery rates in NTZs (reviewed in
Abesamis et al. 201 4). Many life history characteristics affect the recovery times of populations of focal species in
NTZs, including maximum body size, individual growth rate, longevity, age or length at maturity, rate of natural
mortality, and trophic level. Populations of larger-bodied carnivorous fishes (e.g., groupers, snappers, emperors
and jacks) are more susceptible to overfishing and tend to take longer to recover than smaller-bodied species
lower in the food web (i.e., planktivores and herbivores). The rate of population recovery also depends on other
factors, including species composition, demographic and habitat characteristics, interspecific interactions, the size
of the NTZ, fishing intensity and the size of the remaining population.
Recovery can be achieved in several ways depending on management objectives (reviewed in Munguia-Vega et al.
201 8). For example, recovery of fish populations for biodiversity protection may be achieved when fish
populations have reached their full carrying capacity (K), or when populations have recovered to 90% of their
unfished reef fish biomass. Alternatively, recovery of fish populations for fisheries management could mean that
they have reached a level where they can sustain fishing pressure32. Another approach is to assess recovery in
terms of when populations have recuperated enough to maintain their functional role in the ecosystem.
How long do NTZs need to be in place to allow for the recovery of populations of focal fisheries species in
Indonesia? Several empirical studies of focal fisheries species elsewhere in the region have shown that fish species
in lower trophic groups that have smaller maximum sizes, faster growth rates, shorter lifespans, and faster
maturation rates are likely to recover more quickly than species in higher trophic groups that have larger
maximum sizes, slower growth rates, longer lifespans, and slower maturation rates (see review in Abesamis et al.
201 4) (Figure 1 5).
For example, in heavily fished areas in the Philippines, populations of planktivorous fishes like fusiliers and some
herbivores like parrotfishes recovered in less than 5-1 0 years when protected from overfishing in NTZs, while
populations of predators (e.g., groupers) took much longer to recover (20-40 years). Faster recovery rates of
reef fishes have been recorded in NTZs where fishing pressure is lower (e.g., Great Barrier Reef and Papua New
Guinea), and longer recovery rates have been recorded in heavily fished areas (e.g., Kenya). Several studies have
also provided insights into recovery rates of commercially important macroinvertebrates in the Indo-Pacific
region. For example, trochus populations appear to take 1 0 years or more to recover when protected in NTZs
or to reach commercially viable levels when introduced to new areas (reviewed in Capinpin 201 8).
Therefore, NTZs should be established for the long term (more than 20 up to 40 years), preferably permanently
(see reviews in Abesamis et al. 201 4, Green et al. 201 4a). This will allow the full range of species and habitats to
recover, and maintain, ecosystem health and associated fishery benefits. While benefits can be realized for some
species in the short term (less than 5 years) especially in areas with low fishing pressure, long-term protection
allows all species the opportunity to grow to maturity, increase in biomass and contribute more, and more
robust, eggs and larvae for population replenishment. Long-term protection will be particularly important to allow
longer-lived species like sharks and other large predators the opportunity to grow to maturity, increase in
biomass and contribute more to stock recruitment and regeneration. Permanent protection and strict
enforcement of NTZs will also avoid considerable delays in recovery times and ensure that the benefits for
fisheries productivity and biodiversity protection are maintained in the long term.

____________________________
32 For example, where ~35% of unfished stock levels of reproductive biomass is protected to ensure adequate replacement of stocks
for a range of species.
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Figure 1 5. Some species are more vulnerable to fishing pressure and take longer to recover when protected in NTZs.

In some areas in Indonesia, short-term or periodically harvested NTZs are a common form of traditional marine
resource management. These NTZs can help address particular fisheries management needs where stocks need
to be protected or restored. For example, the sasi system in the Moluccas and West Papua often involves
temporal closures of specific areas or fisheries resources (e.g., sea cucumbers or trochus) for periods ranging
from 6 months to 5 years (Mangubhai et al. 201 2).
While these short-term or periodic NTZs may provide some benefits in terms of increased biomass of fisheries
species and improved ecosystem health, the benefits can be quickly lost when the NTZs revert to open access,
unless the fisheries are managed carefully to ensure that the amount harvested is less than the amount built up
during protection (Jupiter et al. 201 2). Therefore, short-term or periodic NTZs are usually less useful for
conserving biodiversity or building resilience where the aim is to build and maintain healthy, natural communities
and sustain ecosystem services (Jupiter et al. 201 2). If shorter-term NTZs are established, they should be used in
addition to, rather than instead of, permanent NTZs. They may include seasonal closures to protect critical areas
at critical times, e.g., fish spawning aggregation sites or nursery areas (see Protect Critical, Special and Unique
Areas), or temporary closures to restore habitats or populations of focal fisheries species (see Appendix 3 ).
Areas with other fisheries restrictions (e.g., limitations on gear, catch or access) will also be more effective if they
are in place over the long term, and seasonal and shorter-term closures will deliver more sustained benefits if
they are implemented every year.
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Protect Healthy Areas and Avoid Local Threats
Protect areas where habitats and populations of focal species are in good condition with low
levels of threat.
Avoid areas where habitats and populations of focal species are in poor condition due to
local threats. If this is not possible, reduce threats, facilitate natural recovery, and consider the
costs and benefits of rehabilitating habitats and species.
Tropical marine ecosystems have been seriously degraded by local anthropogenic (human) threats in many
locations in Indonesia, particularly by unsustainable marine resource use (e.g., overfishing, tourism), destructive
activities (e.g., destructive fishing), coastal development, land-based runoff, and pollution (see Status and Threats).
These threats decrease ecosystem health and productivity, adversely affecting many species and severely
undermining the long-term sustainability of marine resources and the ecosystem services they provide (Cesar
1 996, Cesar et al. 2003). They can also decrease ecosystem resilience to other stressors like climate change
(Roberts et al. 201 7), and reduce the ecological benefits of NTZs (Gill et al. 201 7). Therefore, it is important to
minimize or avoid these threats in NTZs and prioritize areas for protection that are more likely to contribute to
ecosystem health, fisheries productivity and resilience to climate change (Green et al. 201 4a).
Local threats that originate within their boundaries, such as overfishing, destructive fishing and unsustainable
tourism, can be managed within MPAs, although effective management remains one of the greatest challenges
facing marine conservation and management in Indonesia and elsewhere in the Coral Triangle (White et al. 201 4).
Other threats that originate from beyond their boundaries (e.g., land-based runoff of sediments and nutrients
from poor land use practices associated with deforestation, agriculture, mining, and urban and coastal
development) must be addressed by integrating MPAs within broader coastal management frameworks (see
Integrating MPAs within Broader Management Frameworks).
To optimize protection of areas likely to contribute more to biodiversity conservation, fisheries management and
climate change adaptation in Indonesia (Green et al. 201 4a), observe the following guidelines where possible:
• Place NTZs in areas that have not been, or are less likely to be, impacted by local threats, where habitats
and populations of focal species are in good condition (Figure 1 6). This may include areas where local
threats can be managed effectively, and areas within or adjacent to other effectively managed marine or
terrestrial areas.
• Avoid placing NTZs where ecosystems have been, or are likely to be, degraded by local threats that cannot
be managed effectively, such as in areas where there is high human population density, coastal
development, land-based run-off, pollution, and shipping, mining, oil and gas industries (Figure 1 6).
Critical, special or unique areas facing high levels of threat, e.g., in estuaries with unnaturally high levels of
sediments and nutrients from poor land use practices, may still need to be protected in NTZs, where the aim
should be to:
• Reduce the threats as much as possible;
• Facilitate natural recovery, such as by protecting larval sources (see Consider Larval Dispersal) and species
like herbivores that play important functional roles in ecosystem resilience (see Adapt to Changes in Climate
and Ocean Chemistry); and
• Consider the costs and benefits of rehabilitating habitats and species (see Appendix 3 ).
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Figure 1 6. Healthy marine ecosystems provide abundant resources for people (top). Unhealthy ecosystems, damaged by local threats,
are unable to provide as many resources for people (bottom).
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Adapt to Changes in Climate and Ocean Chemistry

Changes in climate and ocean chemistry represent a serious and increasing threat to marine ecosystems in
Indonesia (reviewed in Hoegh-Guldberg et al. 2009, ADB 201 4, Roberts et al. 201 7). These include changes in:
• Sea surface temperatures causing mass coral bleaching;
• Sea levels increasing the frequency of erosion and inundation of coastal habitats like mangroves and turtle
nesting areas, some of which may disappear as sea levels rise;
• Ocean chemistry due to increased carbon dioxide levels (ocean acidification) that may inhibit the
formation of skeletons of calcifying organisms (corals, mollusks, echinoderms, crustaceans, etc.);
• Tropical storm and rainfall patterns that may lead to longer and more intense floods and droughts;
• Oceanography that may lead to decreased oxygen availability and productivity, including declines in
fisheries productivity; and
• Species distribution, which may lead to a decline in species diversity.
These changes will also increase the vulnerability of coastal communities because of the loss of coastal land,
inundation of freshwater supplies, and reductions in coastal protection, food resources and livelihoods
(reviewed in Hoegh-Guldberg et al. 2009). In addition, stresses arising from changes in climate and ocean
chemistry will amplify the impacts of local stresses, leading to an accelerated deterioration of coastal
ecosystems (Hoegh-Guldberg et al. 2009). For example, coral reefs have already experienced at least two mass
coral bleaching and mortality events in Indonesia33 , and these events are predicted to increase in frequency and
severity in the future. Consequently, Burke et al. (201 2) reported that the influence of thermal stress and coral
bleaching increases the area of coral reefs at high or very high threat in Indonesia from nearly 35% (from local
threats alone) to more than 45% (see Status and Threats, Habitats).
Climate change must be mitigated through direct action to reduce carbon emissions to ensure the persistence
of coral reefs and the ecosystem services they provide (Hoegh-Guldberg et al. 2009, Roberts et al. 201 7, Bruno
et al. 201 9). It is also important to protect coastal wetlands (e.g., mangroves and seagrass beds) that play critical
roles in carbon sequestration and storage (Roberts et al. 201 7).
NTZs cannot halt, change or stop many of the threats associated with climate change (Roberts et al. 201 7).
However, they can be powerful tools to help ameliorate some of the problems resulting from climate change,
slow the development of others, and improve the outlook for continued ecosystem function and the delivery of
ecosystem services (Roberts et al. 201 7). For example, managers can improve the outlook for their areas by
using the criteria described above to design networks of NTZs (Table 1 ) embedded within broader
management frameworks (see Integrating MPAs within Broader Management Frameworks) to build ecosystem
resilience to climate-related stresses by (McLeod et al. 2009, Gerber et al. 201 4, Roberts et al. 201 7):
• Protecting habitats, critical areas and species from local threats (e.g., habitat destruction, overfishing or
nutrient pollution) to decrease their sensitivity to, and facilitate their recovery from, climate-related
disturbances like floods or coral bleaching;
• Maintaining connectivity and genetic variability;
• Spreading the risk from disturbance events; and
• Promoting large fish stocks that can help sustain fisheries as conditions change.
To date, though, NTZs have had varying success in terms of their ability to protect corals from global threats
and facilitate recovery after disturbance, particularly where the effects of ocean warming have been so great
that they have swamped the benefits of managing local stressors like pollution and overfishing (reviewed in
Roberts et al. 201 7 and Bruno et al. 201 9). However, this may be partly because NTZs are rarely designed
____________________________
33 Mass coral bleaching has affected coral reefs across a wide area of Indonesia on at least two occasions in 1 997-1 998 and 2009-201 0
(International Coral Reef Initiative 201 0). The largest event recorded to date was in 201 0, where coral bleaching levels (and associated
mortality) were severe in Sumatra and Sulawesi, and mild to medium in Java, Bali, Lombok, Maluku and Raja Ampat..
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Figure 1 7. Some areas may be more resilient to changes in climate and ocean chemistry (refugia) and should be protected in NTZs including: mangroves that have space to move inland
with rising sea levels (1 ); and ecosystems that have resisted or recovered from damage (e.g., from coral bleaching) in the past (2) or have characteristics that indicate they may be more
likely to survive impacts in the future (e.g., heat-tolerant corals that may be more resistant to coral bleaching) (3).

From Gombos et al. 201 3 and Green et al. 201 3

specifically to address the effects of climate change (e.g., see Beger et al. 201 5), and therefore not able to
optimize their potential benefits for climate change adaptation (Munguia-Vega et al. 201 8).
To address these concerns, we provide five additional criteria for designing MPAs and MPA Networks in Indonesia
to specifically address changes in climate and ocean chemistry, as described below.

Protect sites that are likely to be more resilient to global environmental change (refugia) in
NTZs.
The effects of changes in climate and ocean chemistry on habitats and species are likely to vary based on different
internal (e.g., genetic) and external (e.g., environmental) factors, which will result in varying degrees of ecosystem
resilience (West & Salm 2003, McClanahan et al. 201 2). In this regard, resilience comprises two key components:
resistance, meaning the ability of an ecological community to resist or survive a disturbance, and recovery, or the
rate a community takes to return to its original condition (McClanahan et al. 201 2).
Where possible, sites where habitats and species are likely to be more resilient to global environmental change
(refugia) should be identified and protected in NTZs (Figure 1 7), because they are likely to be important for
maintaining biodiversity in the face of climate change (West & Salm 2003, McLeod et al. 2009, Green et al.
201 4a). Protecting these refugia in NTZs is also likely to provide fisheries benefits, since habitat loss is a major
threat to tropical coastal fisheries in the face of climate and ocean change (Bell et al. 201 1 ).
Refugia may include (McLeod et al. 201 2, Green et al. 201 4a, Roberts et al. 201 7):
• Areas where habitats and species are known to have withstood environmental changes (or extremes) in
the past;
• Areas with historically variable sea surface temperatures and ocean carbonate chemistry, where habitats
and species are more likely to withstand changes in those parameters in the future; and
• Areas where coastal habitats like mangroves and turtle nesting beaches can increase elevation over time
and keep pace with sea level rise, such as where there is an adequate supply of sediment and landward
migration is not constrained by steep topography or human infrastructure.
Other indicators can also be used to identify areas that may be more resilient to climate change, although the
relative importance of these factors will vary with habitats and species (McLeod et al. 2009). For coral reefs,
several studies have shown that the most resilient reefs appear to be those with high fish and coral diversity and
few human impacts (reviewed by McClanahan et al. 201 2). In particular, an abundance of heat-tolerant coral
species and past temperature variability appears to provide the greatest resistance to climate change, while high
coral recruitment rates and low macroalgae abundance appear to be most important in the recovery process.
Mumby et al. (201 1 ) provide a practical example of how to use such indicators to model and map coral reef
resilience to thermal stress to design a network of NTZs.

Protect ecologically important sites that are sensitive to changes in climate and ocean
chemistry.
Some sites may have ecologically important habitats and species that are particularly sensitive to changes in
climate and ocean chemistry. For example, coral reefs, particularly those with a high cover of Acropora and other
thermally sensitive corals, are some of the most vulnerable ecosystems to rising sea temperatures (see Roberts et
al. 201 7).
While changes in climate and ocean chemistry cannot be prevented at the local level, networks of NTZs can help
promote ecosystem resilience to these climate-related stresses by reducing local anthropogenic threats (see
above) and increasing protection of species that play important functional roles in ecosystem resilience (see
below), particularly if they are integrated within broader management frameworks to address all local threats (see
Integrating MPAs within Broader Management Frameworks). Therefore, ecologically important sites that are sensitive
to changes in climate and ocean chemistry should be protected in NTZs.
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Herbivorous reef fishes can play critical roles in coral reef resilience and should be protected in NTZs integrated with other
fisheries management tools. Images from the Raja Ampat Islands MPA © Awaludinnoer, TNC (left) and Andreas Muljadi (right).

Increase protection ofspecies that play important functional roles in ecosystem resilience.
Some functional groups play important roles in ecosystem function and maintaining resilience to local and global
threats. For example, herbivores can be a key functional group that underpins the ability of coral reefs to recover
from disturbances such as mass coral bleaching, by preventing algal overgrowth that can inhibit coral settlement
and survival (reviewed in Chung et al. 201 9).
However, the evidence for the importance of herbivores in coral reef resilience is equivocal (reviewed in Green &
Bellwood 2009, McClanahan et al. 201 2, Bruno et al. 201 9). In some situations, herbivores appear to have been
important factors facilitating coral reef recovery, but in others, coral reefs have not recovered despite having
healthy populations of herbivores, possibly because the effects of ocean warming have been so great that they
have swamped the benefits of protecting herbivores (e.g., where there is a lack of coral larvae due to the mass
mortality of breeding adults).
Nevertheless, since herbivores can play an important role in reef resilience in some situations, increasing
herbivorous fish biomass has been a dominant recommendation of resilience-based management (reviewed in
Chung et al. 201 9). In view of this, we recommend taking a precautionary approach and protecting herbivores in
NTZs integrated within broader fisheries management regimes (see Integrating MPAs within Broader Management
Frameworks). Another approach may be to design a network of herbivore management areas 34 to build coral reef
resilience to climate change (e.g., see Chung et al. 201 9).

Consider how changes in climate and ocean chemistry will affect the life history offocal
species.
Changes in climate and ocean chemistry are likely to alter the ecology of species 35 , causing fundamental changes
in ecosystem function and dynamics 36 (Roberts et al. 201 7, Munguia-Vega et al. 201 8). Therefore, it is important
to consider how these changes are likely to affect major habitats and populations of focal species to be protected
in MPAs in Indonesia, and the implications for modifying the design criteria described above (e.g., see MunguiaVega et al. 201 8).
Climate change is expected to cause shifts in the distribution of focal species, marine ecosystems and the services
they provide (reviewed in Roberts et al. 201 7). For example, there may be a redistribution of species from
tropical towards more temperate waters, leading to a decline in diversity in tropical regions. Fisheries productivity
____________________________
34 Where the take of herbivorous fishes and invertebrates (e.g., sea urchins) is prohibited while other extractive and non-extractive
uses are allowed.
35 Their distribution, growth, abundance, reproduction, population connectivity and recovery rates.
36 Such as changes in the relative biomass of trophic groups, and changes due to variations in nutrient recycling/upwelling.
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is also predicted to decline as a result of warming and reduced dissolved oxygen, lower surface nutrients and
phytoplankton biomass, shifts in ranges and species abundance patterns, and acidification (reviewed in Roberts et
al. 201 7). Consequently, it will be important to take this into account when applying the design criteria regarding
habitat representation and replication, and protecting critical, special and unique areas (e.g., areas with high
productivity).
Climate change effects on habitat distribution are also predicted to affect biological interactions among species 37
(Roberts et al. 201 7, Munguia-Vega et al. 201 8). Areas likely to support or maintain important biological
interactions among species both now and in the future should be identified and prioritized for protection in
NTZs, e.g., nursery habitats for focal fisheries species (see example in Munguia-Vega et al. 201 8).
Climate change may also affect larval connectivity among NTZs by reducing reproductive output, shortening
planktonic larval durations, changing the speed and direction of ocean currents and causing habitat loss (Gerber et
al. 201 4). In that event, the design criteria regarding incorporating larval dispersal, such as with respect to the
location, size and spacing of NTZs (see Consider Larval Dispersal), may need to be adapted to accommodate
changes in larval connectivity (Alvarez-Romero et al. 201 8). Regional networks of NTZs can accommodate these
changes by providing stepping stones for dispersal, safe ‘landing zones’ for colonizing species, and possible refugia
for species unable to move (reviewed in Roberts et al. 201 8).

Address uncertainty by spreading the risk, and increasing protection ofhabitats, critical areas
and species most vulnerable to changes in climate and ocean chemistry.
There is still a lot of uncertainty regarding how changes in climate and ocean chemistry will affect major habitats
and focal species in Indonesia (e.g., see Hoegh-Guldberg et al. 2009). Until more information is available, it will be
important to spread the risk by protecting multiple examples of each major habitat in widely separated NTZs
(see Replicate Habitats [Spread the Risk]).
Allison et al. (2003) suggests that it may also be necessary to add a climate change buffer by increasing the level of
protection of habitats in NTZs by an ‘insurance factor’ in areas vulnerable to climate change impacts (see
Represent Habitats). The exact value of this ‘insurance factor’ should be calculated by considering the vulnerability
of Indonesia’s marine habitats and species to changes in climate and ocean chemistry38. Additional protection may
also be required for critical areas and species most vulnerable to changes in climate and ocean chemistry (see
Protect Critical, Special and Unique Areas).

____________________________
37 Such as predator–prey relationships, mutualism, competition, habitat use, etc.
38 For example, an ‘insurance factor' of 1 .65% was used to rezone the Great Barrier Reef Marine Park in Australia (Fernandes et al.
2005).
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DISCUSSION
MPAs can be effective tools for conservation and management in Indonesia, but only if they
are well designed and effectively managed (Green et al. 201 4a, White et al. 201 4). One of the
first steps in the design process is to clearly define both biophysical and socioeconomic
criteria required to design MPAs and MPA Networks to achieve their goals and objectives
(see Green et al. 2020).
General criteria exist for designing networks of MPAs in tropical marine ecosystems
worldwide (e.g., Green et al. 201 4a). Here we provide, for the first time, the scientific
rationale used to develop biophysical criteria for designing MPAs and MPA Networks in
Indonesia (see Green et al. 2020). These criteria are based on a review of the existing
national regulations, published literature and best practices used in Indonesia and worldwide
(see Green et al. 2020), and specifically adapted and refined to consider the unique biological
and physical characteristics of the marine ecosystems in Indonesia. Our rationale for adapting
these design criteria to the local context assumes that MPAs and MPA networks in Indonesia
will be more likely to achieve their goals (see MPAs and MPA Networks In Indonesia) using the
design criteria provided in this document, than if they were designed using general guidelines
developed elsewhere (Munguia et al. 201 8).
These biophysical design criteria should contribute to a larger process that includes
implementing MPAs and MPA Networks in ways that complement human uses and values,
and align with local legal, political and institutional requirements. Furthermore, for MPAs and
MPA Networks to be effective, they need to be embedded within broader management
frameworks that address all threats to habitats and species to ensure the long-term
sustainability of marine resources and the ecosystem benefits they provide.
These biophysical criteria for designing MPAs and MPA Networks in Indonesia should be
applied using the precautionary approach and best available information, while recognizing
that there are often information gaps that can prevent the full application of all these
principles.
Here we provide some advice on:
• Integrating biophysical, socioeconomic and cultural criteria to design MPAs and MPA
Networks in Indonesia;
• Integrating MPAs within broader management frameworks; and
• Research priorities for applying the biophysical design criteria in Indonesia.
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Integrating Biophysical, Socioeconomic and Cultural Design
Criteria

The framework for designing MPAs and MPA Networks in Indonesia (Green et al. 2020) provides biophysical,
socioeconomic and cultural design criteria, which should be used together in a comprehensive planning process.
At times there may be socioeconomic, cultural, political and other reasons that can prevent the full application of
all the biophysical design criteria in this document. When required to comply with other criteria, decision makers
and field practitioners should aim to achieve as many of the biophysical design criteria as possible. Failure to apply
these criteria may result in inadequate levels of protection to maintain ecosystem health, function and populations
of focal species (Edgar et al. 201 4), leading to biodiversity loss, population declines, delays in the recovery of focal
species, and increased vulnerability of habitats and species to climate change (Munguia et al. 201 8).
However, it is also very important to apply the socioeconomic and cultural criteria to ensure that MPA or MPA
Network designs consider human uses and values, and address the needs and aspirations of local communities
and other stakeholders (e.g., see Fernandes et al. 2005, Green et al. 2009, Mangubhai et al. 201 5). In many
situations, a bottom-up strategy that focuses on social justice, inclusion and human dimensions needs to be in
place and weighted equally with biophysical criteria so that the MPAs are legitimized and supported by users, both
for ethical and practical reasons (see Munguia et al. 201 8).
MPAs or MPA Networks also need to be aligned with legal, political and institutional requirements as described in
the Technical Guidelines (Juknis) of Ministerial Regulation No. 1 3/201 4 on Establishing and Managing MPA Networks
(MMAF in prep.).
The advantage of clearly stating the biophysical design criteria, and their rationale, is that it provides a sound
framework to explicitly discuss potential trade-offs and complementarities that will inevitably arise when
simultaneously applying both sets of criteria to design MPAs or MPA Networks in Indonesia. For example, some
stakeholders may prefer smaller, shorter-term NTZs to allow more access to fishing areas. However, such NTZs
will only provide limited ecological benefits for focal species, which will decrease the chances of the MPA
achieving its biophysical goals of protecting biodiversity and enhancing coastal fisheries (see Consider Movement of
Adults and Juveniles and Allow Time for Recovery). The Raja Ampat Islands MPA provides a good case study of how
to use both biophysical and socioeconomic design criteria simultaneously to design MPAs to benefit both people
and nature in Indonesia (Agostini et al. 201 2, Mangubhai et al. 201 5).
It may also be important to implement the biophysical design criteria in ways that minimize socioeconomic
impacts until the ecological benefits of NTZs accrue to benefit coastal communities, such as through the export
of adults and larvae from NTZs to support fisheries in adjacent areas (see Krueck et al. 201 7a). For example, the
number and size of NTZs can be increased gradually over a period of 1 0-20 years to help reduce the short-term
impacts on fishers while populations of fisheries species recover.

Integrating MPAs within Broader Management Frameworks

Well-designed and effectively managed networks of MPAs can play an important role in fisheries management,
biodiversity conservation and climate change adaptation. However, to maximize their contribution to achieving
these objectives, MPAs must be embedded within broader management frameworks that address all threats to
ensure the long-term sustainability of marine resources and the ecosystem benefits they provide (White et al.
2005, Christie et al. 2009, McLeod et al. 2009). For example, even if 20% of major habitats are protected within
NTZs (see Represent Habitats), sound fisheries management will still be required in the 80% of the area that will
remain open to fishing (Hilborn 201 6, Roberts et al. 201 7).
Therefore, where possible, all of the ecosystem (or as large an area as possible) should be included within a
multiple-use MPA that includes zones with a variety of regulations and restrictions regarding access and activities
(e.g., for fisheries or tourism). This way, different types of protection in different zones can offer synergistic
benefits to achieve multiple objectives simultaneously (FAO 201 1 b). For example, NTZs can be combined with
sustainable fisheries zones that may include harvest controls (i.e., catch, species, size, gear or effort restrictions)
to improve fisheries management (Green et al. 201 5) and provide tourism opportunities, e.g., for diving with
healthy fish populations.
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NTZs should also be embedded within broader fisheries management frameworks that enforce regulations and
laws outside MPAs (White et al. 2005, McLeod et al. 2009). For example, fisheries objectives can be addressed
more effectively if NTZs are integrated within an Ecosystem Approach to Fisheries framework (McLeod et al.
2009, FAO 201 1 b).
MPAs should also be integrated within broader spatial planning and management regimes (e.g., Ecosystem-Based
Management and Integrated Coastal Management) that address multiple threats including those arising from land,
such as runoff of sediment and nutrients (White et al. 2005, Christie et al. 2009, McLeod et al. 2009, AlvarezRomero et al. 201 1 ).
MPAs also need be integrated within Marine Spatial Plans to ensure protection and sustainability of marine and
fisheries resources in Indonesia,

Research Priorities

There are often information gaps that can prevent applying some of the biophysical design criteria. Here we
provide a summary of research priorities for applying these criteria to design MPAs and MPA Networks in
Indonesia (Table 2). These research priorities will need to be addressed with input from different stakeholders
with different types of expertise. For example:
• Some priorities can be addressed by expert mapping by field practitioners (MPA managers and nongovernmental organizations), with input from local communities and scientists who know the area, e.g., to
identify, map and classify major habitats; and identify critical, special and unique areas and local threats.
• Other priorities will need to be addressed by scientists and field practitioners with knowledge of the
ecology of focal species, e.g., regarding their movement patterns and population recovery times.
• Others may need to be addressed by university scientists with a high level of expertise, e.g., to model
connectivity or the potential impacts of changes in climate and ocean chemistry on major habitats and focal
species.
The biophysical design criteria in this document may also need to be adapted and refined as more information
becomes available or if the situation changes. For example, if changes in climate and ocean chemistry affect the
distribution and abundance of major habitats and populations of focal species, the design criteria may need to be
modified to reflect these changes to maintain ecosystem function in the future (Munguia et al. 201 8).
Table 2. Research priorities for applying biophysical criteria to design MPAs and MPA Networks in Indonesia.

Consideration

Research Priority

Represent Habitats
Replicate Habitats (Spread the Risk)

Identify, classify and map major habitats (see Appendix 1 . Habitat
Classification ).

Protect Critical, Special and Unique Areas

Identify and map critical, special and unique areas, particularly fish
spawning aggregations for large, vulnerable reef fishes.

Incorporate Connectivity: Abiotic Factors

Identify, model and/or map abiotic factors that affect the spread of
biological and non-biological material.

Incorporate Connectivity: Biotic Factors
Movement of Adults and Juveniles

Measure movement patterns of adults and juveniles of focal species.

Incorporate Connectivity: Biotic Factors
Larval Dispersal

Measure and/or model larval dispersal patterns of focal species.

Allow Time for Recovery

Monitor recovery rates of populations of focal species in welldesigned and managed NTZs.

Protect Healthy Areas and Avoid Local Threats

Identify and map local threats and the condition of major habitats.

Adapt to Changes in Climate and Ocean
Chemistry

Understand the potential effects of changes in climate and ocean
chemistry on the ecology of focal species and the associated
changes in communities, ecosystem function and dynamics.
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SUMMARY
In 201 9, TNC and USAID SEA provided technical assistance to MMAF to develop the
document A Guide, Framework and Example: Designing Marine Protected Areas and Marine
Protected Area Networks to Benefit People and Nature in Indonesia (Green et al. 2020). The
document provides a framework (goals, objectives, design criteria and performance indicators)
for designing MPAs and MPA Networks that take biophysical, socioeconomic and cultural
considerations into account. It will provide supplementary information to support the Technical
Guidelines (Juknis) of Ministerial Regulation No. 1 3/201 4 on Establishing and Managing MPA
Networks (MMAF in prep.).
In the current document, we have provided the scientific rationale (summarized in Table 3) for
the biophysical criteria for designing MPAs and MPA Networks in Indonesia outlined in the
framework document (Green et al. 2020). These biophysical design criteria address the need to
represent and replicate habitats; protect critical, special and unique areas; incorporate
connectivity; allow time for recovery; protect healthy areas and avoid local threats; and adapt
to changes in climate and ocean chemistry. They should contribute to a larger process that
includes implementing MPAs and MPA Networks in ways that complement human uses and
values, and aligns with legal, political and institutional requirements.
To make sure this is the case, the current document should be used in conjunction with the
Technical Guidelines (Juknis) of Ministerial Regulation No. 1 3/201 4 on Establishing and Managing
MPA Networks (MMAF in prep.), and the supplementary information on socioeconomic and
cultural design criteria provided in the document A Guide, Framework and Example: Designing
Marine Protected Areas and Marine Protected Area Networks to Benefit People and Nature in
Indonesia (Green et al. 2020).
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Protect Critical, Special and
Unique Areas

Protect at least three examples of each major
habitat in NTZs, and

Replicate Habitats (Spread the
Risk)

Protect special and unique natural phenomena in
NTZs.

Protect critical areas or habitats for charismatic,
endangered, threatened or protected species.

Protect critical areas in the life history of focal
fisheries species in NTZs.

Spread them out to reduce the chances they
will all be affected by the same disturbance.

Protect at least 20% of each major habitat in
NTZs.

(Continued on next page)

• Some focal species (e.g., fisheries, charismatic, endangered, threatened and protected
species) concentrate in areas that are critically important for their population maintenance
(e.g., spawning, nesting, breeding, calving or nursery areas) or habitats they use as migratory
corridors, resting, feeding or cleaning areas.
• While they use these areas, these species are particularly vulnerable to disturbance or
overexploitation. Therefore, these areas should be protected in permanent or seasonal
NTZs, in combination with other management approaches (e.g., fishing season or gear
restrictions or tourism codes of practice).
• Some areas may also have special and unique natural features that should be included in
NTZs to ensure that all examples of biodiversity and ecosystem processes are protected.
This may include areas with very high biodiversity, high levels of endemism, unique marine
communities (e.g., marine lakes) or high productivity (e.g., unique pelagic habitats, such as
areas of upwelling, fronts or eddies).

• Large-scale disturbances (i.e., major storms, coral bleaching and crown-of-thorns starfish
outbreaks) can cause serious impacts to major habitats, and it is difficult to predict which
areas are most likely to be affected.
• Therefore, it is important to protect at least three examples of each major habitat in
widely separated NTZs to reduce the chance that they will all be impacted by the same
disturbance (so damaged areas may be replenished by unaffected areas).
• Spreading the risk also increases the chances that variations in communities and species
within major habitats are represented in NTZs

• Different species use different habitats, so examples of each major habitat (e.g., each type
of coral reef, mangrove forest and seagrass bed) should be protected in NTZs.
• Percent habitat representation will vary depending on several factors, including fishing
pressure and if there is effective fisheries management in place outside NTZs. In heavily
fished areas where there is no effective fisheries management, at least 30% of each major
habitat should be represented within NTZs to sustain populations of focal fisheries
species. Where fishing pressure is low, or where there is effective fisheries management
outside NTZs, lower levels of protection in NTZs (20%) may be needed.
• Percent habitat representation should also consider the vulnerability, diversity or rarity of
each habitat, and the ecosystem services it provides.

Biophysical Criteria for Designing
MPAs and MPA Networks in Indonesia Scientific Rationale and Explanatory Notes

Represent Habitats

Consideration

Table 3. Summary of scientific rationale (and explanatory notes) for biophysical criteria for designing MPAs and MPA Networks in Indonesia.
Please note that many of these criteria are designed to consider the ecology of focal species, including: key fisheries species (fish and invertebrates); endangered, threatened and protected species
and/or migratory marine biota (sea turtles, marine birds, cetaceans, dugong and crocodiles); large charismatic marine fauna (sharks, manta rays, whale sharks and Mola mola); species important for
maintaining ecosystem function, such as habitat-forming species (e.g., corals) or species important for reef resilience (e.g., herbivores).

62

BIOPHYSICAL CRITERIA: DESIGNING MPAs AND MPA NETWORKS TO BENEFIT PEOPLE AND NATURE
IN INDONESIA

Movement of Adults and Juveniles

Incorporate Connectivity:
Biotic Factors

Incorporate Connectivity:
Abiotic Factors

Consideration

Ensure NTZs are large enough to sustain adults
and juveniles of focal fisheries species within
their boundaries.

Consider variations in oceanography, substrate
and bathymetry that affect the spread of
biological and non-biological material.

Protect areas that are important at the national,
international or global scale for conservation
or management of focal species.

• NTZs need to be large enough to allow for the maintenance of spawning stock, by allowing
individuals to grow to maturity, increase in biomass and reproductive potential, and
contribute more to stock recruitment and regeneration in NTZs and fished areas.
• Different species move different distances as adults and juveniles (e.g., for home ranges,
ontogenetic habitat shifts and spawning migrations).
• NTZs should be more than twice the size of the home range of adults and juveniles of focal
species for protection, so NTZs of different sizes will be required depending on which
species require protection, how far they move, and if other effective protection is in place
outside NTZs. Larger NTZs will protect more species.
• Recommendations regarding the minimum size of NTZs must be applied to the specific
habitats that focal species use, rather than the overall size of the NTZs (which may include
other habitats).
• Species whose movement patterns are larger than the size of NTZs will only be afforded
partial protection, so NTZs must be integrated with other fisheries management tools to
manage wide-ranging species.

• Abiotic factors, including substrate, bathymetry and oceanography (physical and biological
properties of the ocean, such as currents, tides, temperature, salinity and acidity), affect the
spread of biological and non-biological material in the sea. These factors play important roles
in determining the distribution and abundance of species, and the structure of biological
communities.
• Where there is little or no biological information, unique combinations of these abiotic
factors can be used as surrogates for marine biodiversity in MPA network design (to
Represent Habitats).
• Ocean currents can also play an important role in influencing larval dispersal, and should be
considered when determining the location, size and spacing of NTZs (see Consider Larval
Dispersal).

• Some of these critical, special and unique areas may be important to protect biodiversity or
manage fisheries at the national, international or global scale (e.g., World Heritage Areas,
RAMSAR Sites, critical habitats for globally endangered species, or critical areas for
maintaining connectivity of fisheries species across national boundaries).

Biophysical Criteria for Designing
MPAs and MPA Networks in Indonesia Scientific Rationale and Explanatory Notes
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Larval Dispersal

Biotic Factors

Incorporate Connectivity:

• Compact shapes minimize edge effects and limit spillover of adults and juveniles more than
other shapes (such as long thin rectangles). This helps maintain the ecological integrity of the
NTZs.
• Therefore, compact shapes should be used for NTZs, except when protecting naturally
elongated habitats (e.g., long narrow coastal, or fringing, reefs).
• Larval dispersal plays an important role in ensuring that marine populations persist through
time.
• NTZs should be designed to ensure that populations of focal species persist within NTZs,
and to maximize larval dispersal to support fisheries outside NTZs.
• Where fishing pressure is high and fisheries are not well managed, it is important to take
larval dispersal into account when designing NTZs, because most breeding adults are likely to
be within well-designed and managed NTZs. This may be less important in areas where there
is less fishing pressure or where fisheries are well managed, and thus a substantial proportion
of larvae may come from fished areas.
• In heavily fished areas, population persistence of focal species within NTZs will depend on
recruitment to local populations through either self-persistence, where populations in
individual NTZs are large enough to be self-sustaining through larval retention (this is more
likely where NTZs are large), or network persistence, where populations of focal species are
sustained within a network of NTZs that covers an adequate fraction of the habitat (see
Represent Habitats).
• In heavily fished areas, larval dispersal patterns of focal species should be used to inform the
size, spacing and location of NTZs.

Use compact shapes (such as squares) for
NTZs, except when protecting naturally
elongated habitats.

Establish:
• NTZs large enough to be self-sustaining
for focal species; or
• Networks of NTZs close enough to be
connected by larval dispersal.

(Continued on next page)

• Including whole ecological units in NTZs helps maintain the integrity of the NTZs, because
many species are likely to stay within their preferred habitat type.
• Where whole ecological units cannot be included, larger rather than smaller NTZs should be
used to accommodate movement patterns of more species (see above).

• Some species use different habitats throughout their lives (e.g., for home ranges, nursery and
spawning areas).
• All habitats used by juveniles and adults of focal species should be protected within individual
NTZs.
• Where movement patterns among habitats (e.g., ontogenetic habitat shifts or spawning
migrations) cover distances too great to be included in individual NTZs, different habitats
used by focal species should be protected in multiple NTZs, provided that these NTZs are
located to allow for movements of focal species among protected habitats.

Include whole ecological units (such as reefs or
seamounts) in NTZs. If not, choose larger
rather than smaller areas.

Establish networks of NTZs close enough to
allow for movements of focal species among
protected habitats.

Ensure NTZs are large enough to contain all
habitats used by focal species throughout
their life history; or
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AllowTime for Recovery

Consideration

• Ocean currents are likely to influence larval dispersal patterns to some degree.
• In the absence of detailed larval dispersal studies for focal species, more NTZs should be
located upstream relative to fished areas if there is a strong, consistent, unidirectional
current.
• However, in some areas, ocean currents change direction in different seasons, and focal
species spawn at different times. Therefore, more NTZs should be located upstream of the
direction of the predominant current during the spawning season of focal species.

Locate more NTZs upstream relative to fished
areas if there is a strong, consistent,
unidirectional current..

• Populations of focal species recover at different rates in NTZs depending on their life history
characteristics and other factors (e.g., habitat quality and the size of the remaining
population).
• Recovery of populations of all focal fisheries species may take decades (over 20 to 40 years).
Therefore, long-term protection in NTZs is required for all species to grow to maturity,
increase in biomass, and contribute more robust eggs and larvae to replenish populations in
NTZs, enhance adjacent fisheries, and maintain ecosystem health and resilience.
• Permanent protection and strict enforcement of NTZs will ensure that these benefits are
maintained in the long term.

• A common recommendation is to protect larval ‘source’ populations that can consistently
provide larvae to other populations.
• In practice, identifying source populations is difficult and typically relies on fine-scale
oceanographic modeling or empirical measurements of larval dispersal.
• Larval sources can also vary over time, so that a location may act as a source in one year, but
not in another.
• Where consistent and important larval sources for focal species are known (i.e., fish
spawning areas), they should be protected in permanent or seasonal NTZs, or by fisheries
closures during spawning times (see Protect Critical, Special and Unique Areas)

Protect larval sources in permanent or seasonal
NTZs or by using fisheries closures during
spawning times.

Establish NTZs for the long term (more than 20
up to 40 years), preferably permanently.

• Spatially isolated areas such as remote atolls are largely self-replenishing and may have high
conservation value where they harbor endemic species and/or unique assemblages or
populations.
• Low connectivity with other areas makes these assemblages, species and populations less
resilient to disturbance.
• Protecting them in NTZs may be necessary to ensure their persistence.

Protect spatially isolated areas in NTZs (e.g.,
remote atolls).
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Adapt to Changes in Climate
and Ocean Chemistry

Protect Healthy Areas and
Avoid Local Threats

Protect sites that are likely to be more resilient to
global environmental change (refugia) in
NTZs.

Avoid areas where habitats and populations of
focal species are in poor condition due to
local threats. If this is not possible:
• Reduce threats;
• Facilitate natural recovery; and
• Consider the costs and benefits of
rehabilitating habitats and species.

Protect areas where habitats and populations of
focal species are in good condition with low
levels of threat.

Use short-term (less than 5 years) or periodically
harvested NTZs in addition to, rather than
instead of, long-term or permanent NTZs.

(Continued on next page)

• Changes in climate (e.g., rising sea temperatures) and ocean chemistry represent a serious
and increasing threat to major habitats (e.g., coral reefs, mangrove forests and seagrass beds)
and focal species.
• Effects of these changes will vary in space and time, and some areas will have habitats and
species more likely to be resilient to changes in climate and ocean chemistry (refugia).
Resilience comprises two key components: resistance (the ability of an ecological community
to resist or survive a disturbance) and recovery (the rate a community takes to return to its
original condition).
• Where refugia can be identified, they should be prioritized for protection in NTZs.

• Marine ecosystems have been degraded by local threats in many locations, including by
unsustainable fishing or tourism activities, destructive fishing practices, coastal development,
land-based runoff and pollution.
• These threats decrease ecosystem health, productivity and resilience to climate change,
adversely affect many species, and severely undermine the long-term sustainability of marine
resources and the ecosystem services they provide.
• Therefore, it is important to minimize or avoid these threats in NTZs and prioritize areas for
protection that are more likely to contribute to ecosystem health, fisheries productivity, and
resilience to climate change. It is also important to consider the cumulative effects of multiple
threats, and whether these 'threats' are natural or exacerbated by human activities (e.g.,
sedimentation).
• Where NTZs must be located in areas where habitats and populations of focal species are in
poor condition due to local threats, it is important to reduce these threats as much as
possible; facilitate natural recovery, such as by protecting larval sources and species that play
important functional roles in ecosystem resilience (e.g., herbivores); and consider the costs
and benefits of rehabilitating habitats and species.

• Short term (<5 years) or periodically harvested NTZs only provide short-term benefits for
some species. These benefits are quickly lost once these areas are reopened to fishing unless
they are managed very carefully (which is seldom the case). Therefore, they have limited
benefits for conserving biodiversity, enhancing fisheries or building ecosystem resilience.
• Thus, short term (<5 years) or periodically harvested NTZs should be used in addition to,
rather than instead of, long-term or permanent NTZs. Where periodic closures are used,
the timing and intensity of harvesting must be carefully controlled.
• The exception is seasonal closures that can be used to protect critical areas at critical times
(e.g., spawning or nursery areas), which can be very important to protect or restore
populations of focal fisheries species (see Protect Critical, Special and Unique Areas).
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Consideration

• Some ecologically important sites have habitats and species that may be particularly sensitive
to changes in climate and ocean chemistry.
• These sites should be protected in NTZs integrated within broader management
frameworks to promote ecosystem resilience by addressing local threats.
• Some functional groups play important roles in maintaining ecological resilience to local and
global threats (e.g., herbivorous fishes on coral reefs).
• These species should be protected in NTZs integrated within broader fisheries management
regimes.
• Changes in climate and ocean chemistry are likely to affect the distribution, growth,
abundance, reproduction, population connectivity and recovery rates of focal species, and
modify ecosystem structure, function and dynamics.
• These changes may require modifying the design criteria regarding habitat representation and
replication; protecting critical, special and unique areas; incorporating connectivity; and
allowing time for recovery (see above) in the future.
• There is a lot of uncertainty regarding the effects that changes in climate and ocean chemistry
will have on major habitats, critical areas and focal species.
• Until more information is available, it will be necessary to spread the risk by protecting
multiple examples of each major habitat in NTZs (see Replicate Habitats above).
• It may also be necessary to add a climate change buffer by increasing the level of protection
of habitats in NTZs (see Represent Habitats), critical areas and species most vulnerable to
changes in climate and ocean chemistry in NTZs.

Protect ecologically important sites that are
sensitive to changes in climate and ocean
chemistry.

Increase protection of species that play
important functional roles in ecosystem
resilience.

Consider how changes in climate and ocean
chemistry will affect the life history of focal
species.

Address uncertainty by:
• Spreading the risk; and
• Increasing protection of habitats, critical
areas and species most vulnerable to
changes in climate and ocean chemistry.

Biophysical Criteria for Designing
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APPENDIX 1
HABITAT CLASSIFICATION
When applying the design criteria to Represent Habitats and Replicate Habitats (Spread the Risk) , it is important to
apply these criteria to protect each type of major habitat which comprises different floral and faunal components
(e.g., to protect each type of coral reef, mangrove or seagrass community). Therefore, field practitioners may
need to develop habitat classifications for major habitats in their MPA. Here we provide an example of a coral
reef classification that was developed and used to design an MPA in Indonesia.
Coral reef seascapes were delineated for Raja Ampat using site-specific field data, expert opinion and best
available information, such as reef maps and atlases, aerial photography and satellite imagery, regarding
oceanography, bathymetry and physico-chemical parameters, and habitats and distributions of coral communities
and reef fishes (DeVantier et al. 2009) (Figure 1 8, next page). These coral reef seascapes were used to apply the
criteria to Represent Habitats and Replicate Habitats (Spread the Risk) when zoning the Raja Ampat Islands MPA
(Agostini et al. 201 2).
Other examples of how to use biotic and abiotic factors to classify habitats for MPA design are described in the
section on incorporating connectivity (see Incorporate Connectivity: Abiotic Factors) .

67

from DeVantier et al. 2009

Figure 1 8. Coral reef seascapes in Raja Ampat. Different colors show different types of coral reef communities, which should each
be protected in NTZs.
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APPENDIX 2
ABIOTIC FACTORS
A brief overview of broad-scale patterns of bathymetry and oceanography in Indonesia is provided below, based
on a review in ADB (201 4).

Bathymetry

The Indonesian archipelago is divided into several shallow shelves and deep-sea basins (see Figure 1 ). The shelves
in the west connect to Asia (Sunda Shelf) and in the east to Australia (Sahul Shelf). There are 27 deep basins and
trenches with extremely deep seas in the Banda Sea (7,440m deep) and the Celebes (Sulawesi) Basin (6,220m
deep). Sills form the shallowest areas bordering deep depressions and are important in ventilating the deep water.

Oceanography

Indonesian waters, especially in the eastern part of the archipelago, play an important role in the global water
mass transport system, in which warm water at the surface conveys heat to the deeper cold water in what is
known as the great ocean conveyor belt. Eastern Indonesia is also the only place where the Pacific and Indian
Oceans connect at lower latitudes, via mass water transport from the Pacific to the Indian Ocean through various
channels known as the Indonesian Throughflow (see Figure 9). Other dominant surface ocean circulation features
in Indonesia are the Halmahera and Mindanao eddies that feed the Northern Equatorial Counter Current.
Tidal phenomena in Indonesia are among the most complex in the world. Complicated coastal geometries with
narrow straits and many small islands, rugged bottom topography near wide shelves of shallow water, and
massive tidal power input from the adjoining Indian and Pacific oceans, all combine to form a complex system of
interfering three-dimensional waves.
Surface currents in Indonesia are more strongly influenced by circulation from the Pacific than the Indian Ocean
(see Figure 9). The currents are also greatly influenced by the winds of the prevailing monsoon, and tend to flow
in the same direction as the prevailing winds. The northeast monsoon season is generally from December to
February, and the southeast monsoon season is generally from June to August, with transition periods in between
(Wyrtki 1 961 ). Thus, ocean currents change direction (reverse) over large areas twice a year (see Figure 9).
Sea surface temperatures (sst) vary around the archipelago, although the variability is generally small compared
with other regions (e.g., the tropical eastern Pacific) because of the lack of strong equatorial upwelling. Sst
generally ranges from 26 to 29-30oC, and varies in response to seasonal monsoons and associated upwelling (e.g.,
in the Banda Sea and southern coast of Java), the inflow of water masses from higher latitudes, winds, currents,
and tides. These temperatures extend down to a depth of 25-40m depending on the action of winds, currents,
and tides. Over the shallow Sunda Shelf and Sahul Shelf, this homogenous temperature layer extends to the
bottom.
During the northeast monsoon, mixed oceanic and coastal waters extend from the South China Sea to the
eastern archipelago, pushing the oceanic waters eastward. During the southeast monsoon, oceanic waters from
the Pacific Ocean penetrate far westward, occupying most of the eastern part of the archipelago.
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APPENDIX 3
REHABILITATING HABITATS
AND SPECIES
In many locations in Indonesia, marine habitats have been degraded and populations of focal species have
declined due to local and global threats (see Status and Threats). Rehabilitating some of these habitats and
populations may be required for MPA Networks to achieve their goals of enhancing fisheries and protecting
biodiversity in the face of climate change. This may require identifying potential areas for rehabilitation in the MPA
Network, where rehabilitation methods are likely to be successful and cost-effective based on local environmental
conditions (i.e., depth and current), good larval supply, low exposure to local and global threats, available
materials and effective enforcement (Fox et al. 201 9).
It will also be necessary to identify appropriate methods required to rehabilitate important habitats and focal
species in these areas. Rehabilitation methods may include effectively managing local anthropogenic threats,

Example of a reef restoration project at Yaf Keru, where the Raja Ampat SEA Centre has installed over 30 artificial reefs
structures, and transplanted over 5,000 coral fragments to help reefs recover from destructive fishing practices. Images © Raja
Ampat SEA Centre. For more information see: https://birdsheadseascape.com/conservation-science/yaf-keru-reef-restorationproject-need-raja-ampat-lynn-lawrence/.
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restoring or adding new structures (e.g., coral reefs), transplanting habitat-forming species (e.g., corals) and
facilitating population recovery of focal species by restocking or using temporary closures (see Allow Time for
Recovery, Fox et al. 201 9).
For example, some important macroinvertebrates (e.g., sea cucumbers and giant clams) need to be in close
proximity to mates for successful fertilization, and may not reproduce effectively at low population densities
(Kinch et al. 2001 , Purcell et al. 201 3). Therefore, restocking or redistributing these and other species may be
required to revive depleted populations in areas showing no sign of recruitment, such as for giant clams or
trochus (Kinch et al. 2001 , Capinpin 201 8).
Hundreds of habitat rehabilitation projects have been undertaken in Indonesia (reviewed in ADB 201 4 and Fox et
al. 201 9). Coral reef rehabilitation efforts have generally focused on promoting coral colonization on reefs
damaged by destructive fishing practices or increased sedimentation, or promoting reef development where no
reefs existed previously. Reef rehabilitation methods have included providing stable, artificial substrate for coral
recruitment39, promoting chemical processes (Biorock®) and transplanting corals, primarily to increase fish
abundance.
Extensive mangrove rehabilitation initiatives have also been implemented throughout Indonesia, primarily
involving planting seedlings in Sumatra, Java, East Kalimantan and Sulawesi (reviewed in ADB 201 4). In contrast,
seagrass rehabilitation projects have been limited, primarily involving seagrass transplantation in the Seribu Islands
and Banten in Java (ADB 201 4).
However, while some of these rehabilitation efforts may have made good progress at the local scale, the impact
of these efforts over a wider area (or on overall habitat condition in Indonesia) is not known (ADB 201 4). Longterm monitoring is also required to assess if short-term successes have translated into sustained recovery (Fox et
al. 201 9).
Some rehabilitation efforts can also be high-tech, expensive and require a lot of effort (Fox et al. 201 9) and are
therefore not feasible in many locations in Indonesia, although low-cost, low-tech methods have been used
successfully in some locations (e.g., in Komodo National Park: see Fox et al. 201 9). Some methods may also not
be effective or necessary (Edwards & Clark 1 998, Edwards et al. 201 5). For example, coral seeding or
transplantation may be unnecessary in areas where there is rapid colonization by corals from natural recruitment
(Edwards & Clark 1 998).
Rehabilitation is also unlikely to be effective unless the threats that led to habitat degradation and the decline of
populations of focal species in the first place are managed effectively (e.g., see Fox et al. 201 9). Rehabilitation
methods should be used in conjunction with other management tools to address these threats (see Integrating
MPAs within Broader Management Frameworks).
In summary, it is important to carefully evaluate the long-term costs and benefits before proceeding with
rehabilitation initiatives to ensure that they are a practical and cost-effective management strategy that is worth
the investment (reviewed in Fox et al. 201 9).

____________________________
39 Using a range of materials including rockpiles, designed concrete structures (i.e., Reef Balls TM ), branching ceramic modules
(Ecoreefs®), tires, wood, metal and bamboo (ADB 201 4, Fox et al. 201 9).
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The Indonesian Sustainable Ecosystems Advanced
Project (USAID SEA) is a five-year initiative that supports
the Government of Indonesia to improve the governance
of fisheries and marine resources and to conserve
biological diversity at local, district, provincial, and
national levels. USAID SEA is implemented through a
consortium of partners and works in eastern Indonesia
in the provinces of Maluku, North Maluku and West
Papua. It has assisted to add more than one million
hectares of new and well-designed marine protected
areas across these provinces since 201 6.

