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Summary 

Indonesia is a nation that will be crucial to coral reef restoration efforts as the effects of 

human-induced climate change intensify. It has the most coral restoration projects running 

of any country worldwide and is situated at the heart of the world’s most biodiverse marine 

area in the Coral Triangle. At the same time, restoration efforts remain disparate and diverse 

in nature. The creation of a formal network of reef restoration practitioners to develop and 

implement a national restoration roadmap could be effective in consolidating and focusing 

reef restoration efforts. Such a network can help to build on past successes and extant 

networks, authorities, and programmes. This dissertation will not only explore the 

possibilities for the creation of a national reef restoration network in Indonesia, but also look 

at the potential to create transferrable actions for the wider Coral Triangle region. One major 

aspect of coral reef restoration globally is the use of fast-growing but vulnerable branching 

Acropora species transplanted or outplanted in degraded reef areas using techniques 

formulated under the concept of “coral gardening”, now more commonly referred to as active 

reef restoration. With the importance of branching Acropora in mind, the dissertation 

presents a major warning sign for the Indo-Pacific region: the suppressed recovery of 

branching Acropora in Indonesia’s Wakatobi Marine National Park (WMNP) following a mass 

bleaching event in 2010. It will go on to explore the varied survival rates exhibited by 

expansive and compact branching Acropora morphologies attached to sediment stabilisation 

structures on shifting rubble slopes in the WMNP. It will also look at the benefits of 

incorporating a modular mid-water floating nursery phase into restoration efforts, in order to 

create a closed nursery cycle that can function as a biomass production system. The findings 

of the dissertation suggest the need for greater quantification of Indonesian reef restoration 
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efforts; the preservation and restoration of functionally important, structurally complex 

branching Acropora corals, which have been a historically dominant component of Indonesian 

reefs; and further investigation into the morphologies of branching Acropora being used in 

reef restoration, as well as the efficacy of outplanting fragments in single-species 

aggregations to mimic the historical presence of expansive single-species thickets on mid-

depth reef slopes across Indonesia. 
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Chapter 1: Introduction 

The aims of this dissertation are twofold. Firstly, it seeks to advance the understanding 

of and approaches to coral reef restoration in Indonesia, because of the country’s pivotal 

placement at the forefront of international coral reef rehabilitation and restoration efforts. 

Secondly, it provides a specific focus on branching Acropora as a functionally important and 

historically dominant component in the make-up of Indonesian coral reefs, within the context 

of the impacts of mass bleaching events on the genus, as well as its ongoing value for reef 

restoration efforts despite (and indeed, because of) its vulnerability to external stressors.  

The work done here is also expanded on to discuss potential transferrable actions for the 

wider Coral Triangle (CT) region. The CT has long been acknowledged as a priority area for 

coral conservation and restoration because of its exceptional biodiversity and the ongoing 

presence of some of the most severe anthropogenic threats worldwide (Williams et al. 2019).  

It is not always straightforward to distinguish between what should be considered as 

“rehabilitation” or “restoration”, especially where specific scientific aims or goals are absent 

from coral reef rehabilitation and/or restoration efforts. This should not detract from the 

majority of analyses, as regardless of the ultimate aims of active management interventions, 

considerations and protocols that will maximise the success of a project are usually the same 

(Edwards 2010). The primary focus of this dissertation encompasses the reversal of coral reef 

ecosystem degradation, regardless of the specific aims (elucidated or not) of any particular 

project. For this reason, the terms “rehabilitation” and “restoration” are mostly treated as 

interchangeable. 

The countries of the CT contain the largest repository for marine biodiversity on the 

planet, and Indonesia specifically is – by number of projects – the largest coral restoration 

nation worldwide, meaning that it has the potential to become a major force in international 
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restoration efforts. To do so, however, will require a concerted effort to consolidate the wide 

variety of projects across this expansive archipelago and make sure that government officials, 

park authorities, restoration practitioners, and local communities are all reading from the 

same script and pulling in the same direction. In this way, all stakeholders can benefit from 

the advantages restoration can provide – not only in ecological terms, but also in relation to 

socio-economic upliftment, community sustainability, the protection of cultural values, and 

the ongoing health of ecosystems and human populations. 

This Introduction provides an overview of coral reef restoration in the CT leading up to 

the Covid-19 pandemic outbreak in March 2020, to provide context for the main body of the 

dissertation. Chapter 2 reviews the status of Indonesian coral reef restoration post-pandemic, 

compared to international current best practice (CBP) and standards for ecological 

restoration (SER). Suggestions are provided for the creation of a formal network of reef 

restoration practitioners to develop and implement a national restoration roadmap with an 

increased focus on climate change adaptation goals (CCAGs), including a tiered system to 

standardise project planning, monitoring, and reporting. Chapter 3 analyses a long-term data 

set to examine how the suppressed recovery of branching Acropora has driven coral 

community composition changes in the Wakatobi Marine National Park (WMNP) following a 

mass bleaching event in 2010. This illustrates the importance of further studies on branching 

Acropora recovery trajectories post-bleaching, due to the critical implications for this 

functionally important and vulnerable taxon. Chapter 4 looks at varied survival rates of 

branching Acropora morphologies within a restoration context and offers further evidence of 

the efficacy of using floating mid-water coral nurseries as systems to produce higher volumes 

of coral for outplanting in reef restoration. Chapter 5 presents a general discussion and 
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conclusion on the dissertation findings, and recommendations for the future, including 

potential transferrable actions for the CT region. 

1.1. Geographic and biological characteristics of the Coral Triangle 

Ecologically, the CT centres on the geographical area formerly known as the Indo-Malay 

Archipelago, which spans all or part of Indonesia, Malaysia, Papua New Guinea (PNG), the 

Philippines, the Solomon Islands, and Timor-Leste (Burke et al. 2012). Spread along the 

equator between the Indian and Pacific Oceans, this core zone, or hotspot, (Fig. 1.1) is the 

world centre for marine biodiversity, encompassing roughly one-third of the world’s coral reef 

areas (Burke et al. 2012). The CT harbours 76% of all identified scleractinian corals. Of its 605 

species of zooxanthellate corals, 66% are common to all CT ecoregions and over 80% are 

found in at least 12 of 16 ecoregions. By way of comparison, Australia’s Great Barrier Reef 

(GBR) is home to fewer than 500 species, and the Caribbean Sea only 61 species (Veron et al. 

2009, 2015). The CT also boasts a higher number of coral reef fish species (2,228) than any 

comparable marine area (Allen 2007) and is the centre of diversity for the vital mangrove and 

seagrass associated shallow coastal ecosystems (Polidoro et al. 2010; Short et al. 2011). 

 

Figure 1.1 Contours of zooxanthellate coral species diversity. The clearly defined global hotspot for 

coral biodiversity rests in the central regions of the Coral Triangle in the heart of the Indo-Pacific, 

predominantly comprising central and eastern Indonesia and the Philippines. 
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This marine biodiversity is threatened not only by global climate change, but also by local 

anthropogenic influences including growing populations, marine resource overexploitation, 

destructive fishing practices, coastal development, pollution, and increased disease (Bruno 

and Selig 2007; Burke et al. 2012; Williams et al. 2017, 2019), while the most recent regional 

surveys rate over 90% of CT reefs as threatened – significantly higher than the 75% global 

average (Walton et al. 2014). Over 85% of CT reefs are threatened by local anthropogenic 

stressors, also well above the global average of 60% (Burke et al. 2012), further highlighting 

the pressing importance of conserving, managing, and restoring the region’s marine 

ecosystems, particularly in light of the increasingly immediate global threat of climate change.  

In the more populous nations, Indonesia and the Philippines, growing coastal populations 

and associated pollution and marine plastics pollution are significant threats. Singapore faces 

major challenges from land reclamation and sedimentation caused by the dredging of 

shipping channels. Indonesia, Malaysia, and Brunei have major offshore oil and gas operations 

with the potential to cause extensive marine ecosystem damage. Reefs in PNG, the Solomon 

Islands, and Timor-Leste are threatened by runoff and sedimentation from forest clearing for 

the oil palm industry, logging and mining operations, and conversion of forest to agricultural 

land respectively. The two former nations also have a long history of substantial live coral 

harvesting activities for lime production. Across the CT, overfishing and the prevalence of 

blast fishing remain the most immediate localised threats, affecting over 85% of reefs, 

although intensity varies with local cultural values and practices (Burke et al. 2012). 

1.2. Historical conservation and restoration efforts in the CT 

The economic and ecological importance of coral reefs within the Coral Triangle has been 

well-established (e.g. Burke et al. 2012; Williams et al. 2017): roughly one-third of populations 

in the CT live within 30 km of the coast (Burke et al. 2012), while at least 120 million people 
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in the region rely on the natural resources produced by coral reefs (Hoegh-Guldberg et al. 

2009; Green et al. 2012; Foale et al. 2013; Cruz-Trinidad et al. 2014), in line with the norm for 

developing countries worldwide (de Groot et al. 2012). 

Formed in 2009, the Coral Triangle Initiative on Coral Reefs, Fisheries, and Food Security 

(CTI-CFF) has been central to CT marine conservation and the interaction between coastal 

populations and the marine environment (Wilkinson 2010), as a mechanism to conserve key 

ecological and economic components of the region (Veron et al. 2009). This political 

agreement is perhaps the most ambitious international marine resource management and 

conservation project to date (Clifton and Foale 2017), and includes the adjacent nations of 

Brunei Darussalam and Singapore (Burke et al. 2012). Its ratification came with the specific 

focus of securing the immense economic and social value of coral reef resources in signatory 

countries for many millions of people into the future; it represents a unique model of 

collaboration amongst developing countries and is of paramount significance to regional 

conservation efforts (Wilkinson 2010). Initial goals included designating priority seascapes, 

establishing a marine protected area (MPA) system, protecting threatened species, 

facilitating coordinated action on climate adaptation, and implementing an ecosystem 

approach to fisheries management, with much being accomplished since its establishment 

(Weeks et al. 2014). For example, the CTI-CFF produced the CT MPA System Framework and 

Action Plan in 2013, as a major cross-regional programme laying out minimum standards for 

national reporting on MPA status and a common set of indicators for tracking progress and 

evaluating management effectiveness. The regional framework allows countries to compare 

progress and generates healthy ‘peer pressure’ and incentives to improve national MPA 

budget allocations, and many regional programmes also exist within the CTI-CFF framework 

(Wells et al. 2016). 
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In 2011, Indonesia, Malaysia, and the Philippines set up the Sulu Sulawesi Marine 

Ecoregion (SSME), an ambitious cross-border agreement for a seascape management plan of 

action in the highly diverse Sulu-Sulawesi Seas region (Ambo-Rappe and Moore 2019). Timor-

Leste also committed to seven national MPA establishment actions, including the declaration 

and zoning of the Nino Konis Santana (NKS) Marine Park (Edyvane et al. 2012).  

 

Figure 1.2 Effectiveness of the Raja Ampat Marine Protected Area (MPA), represented by green polygons. The 

reduction in overfishing and destructive fishing in the MPA is illustrated by Low to Medium Threat ratings (blue 

and yellow areas) prevalent within its boundaries, compared to High Threat (red) areas in neighbouring waters. 

* Note: All maps created on the CT Atlas represent data based on the World Resources Institute’s 2011 global 
report, Reefs at Risk Revisited, supplemented with more recent and detailed data for the Coral Triangle region.
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Another conservation success story is Indonesia’s first legally established co-management 

system and effectively managed MPA network in the Southwest Papuan Bird’s Head 

Seascape. This encompasses the Raja Ampat islands and boasts the country’s highest MPA 

management effectiveness scores, averaging 73% (Fischborn and Levitina 2018). MPA patrol 

teams have reduced destructive fishing practices to less than 1% of fishers within Raja Ampat 

MPAs (Fig. 1.2), while illegal overfishing from outside poachers has been reduced by over 

90%. Live coral cover across MPAs has been ~12% since their establishment and the average 

increase in fish biomass across MPAs is ~114%. Combined with a government ban on shark 

and ray fishing and mining, this has resulted in an average annual tourism growth rate of 30%. 

The CTI-CFF, supported by the US Agency for International Development (USAID), regularly 

runs regional and national workshops to increase transferable knowledge on sustainable 

fisheries and other topics. In Sabah, Malaysia, for example, the Department of Fisheries 

incorporates elements of the Ecosystem Approach to Fisheries Management (EAFM) into 

planning and policies, aiming for a more inclusive approach to encompass diverse 

stakeholders in fisheries management and evaluating the long-term effect of different 

methods on the sustainability of fish populations (USAID, CTSP 2013). 

More than 1,900 MPAs have been listed or established across the six main signatories of 

the CTI (Walton et al. 2014; White et al. 2014), although just 920 of these were listed in the 

CT Atlas at the time (Cros et al. 2014). This number subsequently rose to 1,202 (CT Atlas 2018). 

The number of MPAs within the region is likely even higher now, with the Philippine MPA 

Database alone having concurrently listed 1,800 MPAs (Cabral et al. 2014) and the CT Atlas 

listing 1,268 MPAs at the end of 2023 (CT Atlas 2023). 

A wide range of different types of protected areas with different management approaches 

and dynamics are represented across the region (White et al. 2014). Indonesia is notable for 



Chapter 1: Introduction 
 

8 

establishing mostly large MPAs (Walton et al. 2014), while in the Philippines, there has been 

a substantial focus on creating a variety of different MPAs managed by both national and local 

government entities, with the primary objectives being biodiversity conservation, fisheries 

sustainability, and tourism (Cabral and Geronimo 2018).  

In PNG and the Solomon Islands, there is a proliferation of community-based resource 

management (CBRM) and/or locally managed marine areas (LMMAs), the successes of which 

are reported in several studies (Mills et al. 2010; Cohen et al. 2012; Sulu et al. 2014; Walton 

et al. 2014; White et al. 2014; Rutherford 2015; Sukulu et al. 2016; Jupiter et al. 2019). The 

approach to restoration activities throughout the CT has been similarly diverse. 

One of the precursors to the CTI-CFF was the Coral Reef Rehabilitation and Management 

Project: Coral Triangle Initiative (COREMAP–CTI) in Indonesia, aiming to manage coral reef 

resources, associated ecosystems, and biodiversity in a sustainable manner to increase 

incomes for coastal communities (CTI-CFF 2013). Phase I ran from 1998 to 2004 (with 

investment of US$7 million) and Phase II from 2004 to 2011 (with investment of US$36 

million), piloting a viable national coral reef management system framework before 

successfully strengthening national institutions and policies to increase the capacity for coral 

reef management.  

A second restructuring phase began in March 2019, with the general aim of strengthening 

institutional capacity for coastal ecosystems monitoring and research, to inform and improve 

the effectiveness of coastal ecosystem management (BAPPENAS 2019). However, the 

effectiveness and sustainability of alternative livelihoods, so critical for establishing effective 

MPA management (CTI-CFF 2013) and support for restoration initiatives, is yet to be fully 

attained.
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Figure 1.3 MPAs in the Coral Triangle Initiative on Coral Reefs, Fisheries, and Food Security (CTI-CFF) implementation area. Marine Protected Areas (green polygons) 

covered almost 18% of the CTI-CFF implementation area (blue bordering line) pre-pandemic.
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Prior to the outbreak of Covid-19, MPAs covered over 200,000 km2 of marine area within 

the CT (Fig. 1.3), including 7,757 km2 of coral reef habitat, representing 17.8% of the regional 

total (Cros et al. 2014). The six primary signatory countries endorsed the Coral Triangle MPA 

System Framework and Action Plan (CTMPAS) supported by scientific data (White et al. 2014), 

which set a target for 20% of critical habitats to be inside some form of MPA by 2020 (CTI-CFF 

2013). Superficially, the almost 18% of CT coral reefs already protected in 2014 (the latest 

updated data from the region available pre-pandemic, including from the Coral Triangle Atlas) 

would seem to indicate that this goal had already nearly been achieved six years ahead of 

schedule. 

There are differing views on the level of success achieved, however. Only about 1% of the 

reef area in the Philippines was deemed to be under truly effective protection just two years 

earlier in 2012, while it has been claimed that many MPAs are not achieving their 

management objectives, and “no-take marine reserves” (with a regional target of 10%), make 

up only a small proportion of protected areas (Burke et al. 2012). Numerous studies highlight 

the prevalence of ‘paper parks’ – theoretically but not practically protected – particularly in 

the developing world (e.g. Saporiti 2006; Tam 2015; Arias 2016; Bender 2018), where 

countries receive on average less than 30% of the estimated funding needed for basic 

conservation management (Saporiti 2006). These countries may consequently find it difficult 

to bridge the gap between regional planning and local implementation (Mills et al. 2010). 

Primary considerations for the effective implementation of both protected areas and coral 

restoration initiatives within the CTI-CFF framework are the enormous geographic extent of 

the region and its complex social, political, and ecological structures (Fidelman et al. 2012; 

Treml et al. 2015). These considerations will have various levels of influence over the long-

term success of any attempted restoration projects or wider-ranging programmes. 
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The numerous factors that can hamper protection enforcement usually lead to increased 

non-compliance with and/or non-enforcement of protection rules (Pieraccini et al. 2016). 

Failure to involve local communities in decision-making processes usually results in a lack of 

support for conservation efforts due to feelings of disenfranchisement, marginalisation 

and/or resentment at having restrictions on traditional resources imposed by outsiders (Ferse 

et al. 2010). Tensions over different understandings among stakeholders (e.g. fishers, dive 

operators, and conservationists) about MPA goals may also undermine their success (Fabinyi 

2008), so incorporating stakeholders into the goal setting process early on is crucial (Barber 

et al. 2008). This is equally true for coral restoration projects, as discussed in Chapter 2. 

Within the CT, several case studies highlight issues with the active implementation of 

conservation strategies and management, which tend to reflect the situation in many areas 

(Tam 2015; Mudge 2018). Now more than ever, protection and restoration efforts should 

follow a holistic, rights-based approach that integrates ecological, economic, social, and 

political considerations (Bender 2018) without promoting certain considerations to the 

detriment of others (e.g. conservation over food security). There are already a number of 

successful protected areas across the region, particularly linked to work done by the USAID-

funded Coral Triangle Support Partnership (CTSP), including the Raja Ampat MPA network in 

Indonesia, the Tun Mustapha Park in Malaysian Borneo, the work of WWF-Philippines and 

Conservation International alongside local governments and communities in the Philippines 

(e.g. Palawan), and the running of LMMAs in PNG (e.g. Milne Bay and Mane Province) and the 

Solomon Islands (e.g. Gizo Island) (Read, 2014). Funding from CTSP also supported drafting 

and implementation of the Timor-Leste National Plan of Action (NPOA). Working with three 

coastal communities in NKS, the country’s first and only national park, established in 2007, 

this community-based process led to communities and government establishing MPAs, 
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passing local regulations to guide management and enforcement, and agreeing to jointly 

manage marine and coastal areas in NKS (Read 2014). This should bode well for the future 

establishment of restoration initiatives if and when required, with the groundwork for marine 

conservation already having been established with stakeholders. 

Private management can be an effective way to conserve biodiversity in MPAs and 

facilitate the implementation of restoration initiatives, and may well succeed regionally in 

suitable scenarios. Situated 80 km northwest of the mainland town of Sandakan in north-

eastern Sabah, Malaysia, the Sugud Islands Marine Conservation Area (SIMCA) covers roughly 

467 km2 in the Sulu Sea, encompassing three islands: Lankayan, Billean, and Tegapil. SIMCA 

has seen positive results from private investment and management by the organisation Reef 

Guardian, with sustainable financing generated by visitor conservation fees, and funds 

reinvested into training and surveillance technology. Threats such as illegal fishing and turtle 

egg poaching have been reduced, and coral reefs and seagrass rehabilitated (Teh at al. 2008).  

The success of private ventures can usually partly be attributed to stakeholders receiving 

monetary incentives to protect environmental resources. This sometimes means that they 

are more motivated and adept than governments at handling the economics of running a 

specific protected area (Wilkinson et al. 2006). Donor funding represents an alternative setup, 

but is usually short-term (McClanahan 1999) and consequently fails to provide the long-term 

funding necessary to support ongoing operations (Depondt and Green 2006; Subade 2007). 

These commercial initiatives represent one useful mechanism for delivering restoration in the 

CT.  

An increasing focus on the region’s importance as a repository for coral biodiversity, the 

rise of ecotourism and popularity of recreational SCUBA diving, and a growing understanding 

amongst the general public about the importance of coral reefs have the potential to support 
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this model in the future. However, it is imperative to ensure long-term sustainability of these 

types of ventures, with the key usually being cross-sector cooperation and cultivating a sense 

of ownership in local communities, rather than simple monetary incentives (Bottema and 

Bush 2012; Westoby et al. 2020). Marrying the diverse agendas of wide-ranging ecosystem 

services, varied stakeholders, and the centrality of the region to international trade networks 

is a singularly complex and constantly changing difficulty, particularly in light of the vast size 

of the CT (Fidelman et al. 2012). While there has been significant progress, very real 

challenges still face marine conservation and restoration in the region. Increasing MPA 

effectiveness (White et al. 2014) and solving the multi-faceted complexity of multi-national 

fisheries and marine commons throughout the CT are vital to ensuring the effectiveness of 

coral reef restoration efforts. Furthermore, these efforts need to be supported by the removal 

of local stressors to marine and associated ecosystems.  
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Abstract 

Indonesia is the global coral reef restoration leader by number of projects, yet these remain 

diverse and disparate. This chapter reviews the status of Indonesian coral reef restoration 

within a framework of international common best practice (CBP) that incorporates 

internationally recognised standards for ecological restoration (SER). This framework is used 

to formulate recommendations for a formal network of reef restoration practitioners with 

the purview to develop and implement a national restoration roadmap. Forty-five projects 

were surveyed to determine how projects have been planned and implemented. This was 

compared with recommendations from CBP. There is particular scope to increase quantitative 

data collection, reinforce community involvement, improve ecological data collection, and 

standardise monitoring protocols. While 84% of projects reported quantifiable goals, 64% did 

not quantify goals during planning and 61% did not incorporate climate-smart design 

features. Quantitative reef monitoring surveys were absent in 22% of projects. The majority 

of projects did not quantify important ecological metrics like coral community 

composition/diversity (96%), coral health/bleaching (89%), benthic community (62%), and 

coral survival (62%). Indonesia has the capacity, regulations, and networks to position itself 

as a driver of reef restoration in the Coral Triangle region, but this will require increased 

coordination, alignment, and quantification of restoration. A structured, collaborative, and
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iterative national network of various stakeholders would facilitate the development of a 

national restoration roadmap based on adaptive management strategies. This would in turn 

aid in standardising project planning, monitoring, and reporting. Efforts to develop 

restoration efforts should include an increased focus on climate change adaptation goals. 

2.1. Introduction 

The economic and ecological importance of coral reefs in the Coral Triangle (CT) is well 

established; the region is recognised as the world centre for marine biodiversity and one of 

the primary biodiversity storehouses on the planet (Burke et al. 2012; Williams et al. 2017). 

Indonesia harbours more than 39,500 km2 of coral reef area (16% of the global total), 

including the world’s most biologically rich coral reefs in eastern Indonesia. At the heart of 

the CT, these reefs are home to approximately 590 of the region’s 605 recorded hard coral 

species and 2,200 reef fish species (Burke et al. 2012). Indonesia also has the world’s largest 

reef-associated population: around 60 million people (26% of the population) live within 30 

km of a reef (Burke et al. 2012). The nation is among the top five global reef product exporters; 

more than one million fishers depend on reef fisheries for their livelihood. Tourism revenue 

is closely linked to reefs, while the annual net economic benefits of the shoreline protection 

reefs provide are estimated at US$387 million (Burke et al. 2012). The country’s reefs are, 

however, under severe pressure. 

While efforts have been made to increase marine conservation awareness, Indonesia is 

rated in the highest category of vulnerability to coral reef degradation and loss globally. Over 

90% of its coral reefs have been impacted by various local activities (Burke et al. 2012). A more 

recent report on the status of Indonesian coral reefs surveyed 1,153 sites across the country. 

Only 6.4% of reefs were in an excellent state (>75% healthy hard coral) and 71.2% had less 

than 50% healthy hard coral (Hadi et al. 2020). Widespread Marine Protected Area (MPA) 
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implementation and restrictions on reef ecosystem utilisation have not been enough to halt 

ongoing reef degradation in the face of persistent threats.  

Ongoing overfishing (Larsen et al. 2018) and blast fishing (Saragih and Trencher 2020; 

Veloria et al. 2021) remain two of the most immediate localised threats. Destructive fishing is 

widespread (e.g. Simmons and Fielding 2019; Shafira and Anwar 2021); this is partly due to 

ineffective enforcement of legislation banning illegal practices (Gorris 2016) and mild 

penalties for those prosecuted (Renggong et al. 2021). The combination of high biodiversity 

and high prevalence of localised threats means that effective coral reef restoration is widely 

perceived as valuable and important. Ongoing attempts to support, improve, and scale up 

active coral reef restoration efforts are therefore imperative (Lamont et al. 2022). The 

assertion that Indonesia is one of the most important countries for coral reef conservation 

and restoration is supported by the “50 Reefs Initiative”. This identified an optimum portfolio 

of 50 areas within which reefs have a higher potential to survive climate change impacts and 

the ability to repopulate neighbouring reefs over time – almost one quarter of these are 

located in Indonesia (Beyer et al. 2018). 

Indonesian coral reef restoration has a long history: the first artificial reefs (ARs) were 

deployed in 1979 (Sukarno 1988). ARs and coral transplantation are popular techniques, 

although restoration projects incorporate diverse materials and methods. These include piles 

of volcanic rocks, custom-designed concrete structures, branching ceramic modules, 

electrolytic deposits on shaped wire mesh templates, hexagonal steel structures, and direct 

attachment of coral fragments to consolidated ocean substrate (Razak et al. 2022). Many 

different sectors are involved in coral reef restoration; prominent stakeholders include 

national and local government, local and international non-governmental and non-profit 

organisations (NGOs and NPOs), the private sector, and coastal communities.  
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Indonesia’s coral reef restoration regulations promote wide community participation; 

local governments are encouraged to share ownership and responsibility with local 

communities living near and benefiting from reefs. There are 17 Indonesian reef restoration 

policies and regulations: four national laws, three government regulations, two presidential 

regulations, and eight ministerial regulations (Razak et al. 2022). There have also been various 

long-term regional and national initiatives focused on coral reef health and other marine 

conservation priorities. 

The Coral Triangle Initiative on Coral Reefs, Fisheries, and Food (CTI-CFF) has been a 

significant regional mechanism for collaborative marine resource management and 

conserving key ecological and economic components (Veron et al. 2009). A precursor to this 

was Indonesia’s Coral Reef Rehabilitation and Management: Coral Triangle Initiative Project 

(COREMAP–CTI). This was aimed at sustainably managing coral reef resources, associated 

ecosystems, and biodiversity to increase coastal community incomes. The CTI-CFF and 

COREMAP have achieved some major conservation successes. Southwest Papua’s Raja Ampat 

MPA network, for example, has significantly reduced destructive and illegal fishing and 

improved live coral cover and fish biomass. Communities catch more fish, traditional practices 

are being revitalised, and new livelihood opportunities are appearing in the growing tourism 

sector (Fischborn and Levitina 2018). Despite individual success stories, however, there 

remains a need to bolster passive conservation efforts with active ecological restoration (ER) 

interventions.  

Effective and sustainable ER should not only focus on protecting biodiversity, but also on 

addressing socioeconomic concerns and supporting climate change mitigation, resilience, and 

adaptation (Gann et al. 2019). Restoration is a complex undertaking requiring substantial 

time, resources, and expertise; despite the best intentions, restoration projects regularly 
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underperform (Gann et al. 2019). International standards for ecological restoration (SER) 

provide a foundation on which to build well-designed, planned, and implemented restoration 

projects. These standards recognise the need for appropriate knowledge and resources, an 

understanding of different contexts and risks, ongoing stakeholder involvement, and 

monitoring programmes that allow for adaptive management. Applying clear and carefully 

considered SER principles can therefore lead to improved outcomes from high-quality 

initiatives amenable to monitoring and assessment (Gann et al. 2019). 

The sheer number of projects and diversity of organisations involved in Indonesian coral 

reef restoration presents various challenges for standardisation: mismatches between 

programme objectives and the metrics used to assess their effectiveness hamper current 

efforts (Hein et al. 2020b). While COREMAP has previously introduced a set of standardised 

practices for reef managers, these focused primarily on passive conservation efforts centred 

around the creation of MPAs, rather than providing a specific focus for active restoration 

efforts. There remains a widespread lack of effective ecological monitoring and consistent 

reporting in Indonesia’s coral reef restoration efforts: only 16% of projects since 1990 have 

incorporated a post-installation monitoring programme to gauge ecological responses to 

restoration (Razak et al. 2022). Standardised approaches to and monitoring of restoration 

activities would greatly benefit Indonesia’s efforts to protect its valuable coral reef resources. 

Meaningful comparisons between sites across the country and evaluations informing the 

direction of conservation and restoration efforts would enable Indonesia to maximise its 

substantial coral restoration footprint. 

This chapter reviews the planning stages of coral reef restoration projects in Indonesia. It 

identifies how project planning corresponds with international CBP (Goergen et al. 2020; 

Shaver et al. 2020) and restoration projects (e.g. Boström-Einarsson et al. 2020; Ferse et al. 
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2021), and the SER underpinning coral reef restoration CBP (McDonald et al. 2016; Gann et 

al. 2019). These principles inform recommendations on how Indonesia can further adopt and 

adapt international CBP based on SER to minimise inappropriate, unbalanced, and/or 

ineffective interventions and scale up coral restoration nationwide.  

Sharing practical and scientific knowledge is key to implementing restoration efficiently 

and effectively, and to achieving restoration at scale. The creation of a national network of 

reef restoration managers, policymakers, and researchers is recommended; this aligns with 

recommendations to develop and promote bilateral and multilateral cooperation among and 

within countries (Gann et al. 2019). Primary goals include to coordinate more projects with 

wider, integrated networks of diverse stakeholders and to develop a roadmap for Indonesia’s 

reef restoration efforts. This can help to realise Indonesia’s substantial potential, cement its 

leading role in global coral reef conservation and restoration efforts, and inform reef 

restoration in the CT. 

2.2. Methods 

2.2.1. International CBP and SER frameworks 

While efforts have previously been made under COREMAP to develop CBP approaches for 

coral reef rehabilitation in Indonesia, these have focused predominantly on public awareness, 

surveillance and enforcement of conservation efforts, and social development aspects 

(Kuehnast 2001), rather than how to plan and sustain active restoration projects.   

CBP for coral restoration is underpinned by eight general principles for ecological 

restoration: ER (1) engages stakeholders; (2) draws on many types of knowledge; (3) is 

informed by native reference ecosystems, while considering environmental change; (4) 

supports ecosystem recovery processes; (5) is assessed against clear goals and objectives, 

using measurable indicators; (6) seeks the highest level of recovery attainable; (7) gains 
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cumulative value when applied at large scales; and (8) is part of a continuum of restorative 

activities (Gann et al. 2019).  

With these principles in mind, Shaver et al. (2020) propose a six-step iterative planning 

cycle for coral reef restoration projects, including multiple entry points to which managers 

can refer. This facilitates integration into existing projects regardless of whether or not 

planning has previously been undertaken. Responses relevant to the planning cycle, 

restoration principles underpinning its various stages, and other considerations are detailed 

in the results. The first four stages focus purely on planning, while the final two stages 

encompass implementing and evaluating active restoration:  

1. Set goal and geographic focus. 

2. Identify, prioritise and select sites: Create a framework for prioritising sites and 

involving stakeholders in the planning and selection process. 

3. Identify, design, and select interventions: Identify diverse intervention options, apply 

climate-smart design considerations, and engage stakeholders to design and select 

applicable approaches. 

4. Develop Restoration Action Plan (RAP): Define SMART (specific, measurable, 

achievable, relevant, timebound) objectives (Table 2.1); develop a restoration 

timeline and strategic plan. 

5. Implement restoration: Ensure long-term project sustainability; identify control sites 

against which to evaluate restoration and measure successes and shortcomings. 

6. Monitor and evaluate progress alongside restoration implementation: Analysing 

monitoring data enables progress evaluations. Over time, short-term assessments of 

restoration interventions should switch to examining reef-scale effects over longer 

timeframes. 
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Table 2.1 Attributes and examples of the SMART Goals and Objectives to be considered by coral reef 

restoration projects [Adapted from Shaver et al. (2020) and CMP (2020)]. 

Monitoring and evaluation can incorporate universal and goal-based performance (GBP) 

metrics that quantify change to address goals identified during planning (Goergen et al. 2020). 

Universal metrics are assessed at reef-scale, population, and colony levels. They provide a 

basic, standardised description of restoration size, composition, and status that is accessible 

to practitioners – regardless of expertise or resources. This facilitates meaningful comparisons 

between sites: what and how much was restored, and the progress of restored sites over time 

(Goergen et al. 2020). GBP metrics should focus particularly on diverse ER categories. These 

should encompass coral population enhancement; community and habitat enhancement, 

including invertebrate and reef fish communities; reef structure and complexity; and habitat 

quality. Other categories for GBP include various ecological, socioeconomic, event-driven, 

climate change adaptation, and research metrics. 

A1ribute DescripUon (adapted from CMP 2020) Examples (adapted from Shaver et al. 2020) 

Specific Clearly defined so all involved share an 

understanding of what the objecUve means 

IdenUfies restoraUon site, species, or 

techniques for restoraUon 

Measurable Can be defined relaUve to a standard scale 

(e.g. numeric or all/nothing states) 

IdenUfies size of area for restoraUon / number 

of outplants / survival rate compared to a 

baseline 

Achievable PracUcal and appropriate in light of project 

site, poliUcal, social, and financial context 

Considers feasible numbers of corals / 

measurable outcomes within project scope; 

local/climaUc threats to restoraUon acUviUes 

Relevant Ensures the significance of the outcome 

within regional or local management 

context 

Coral species selected for specific resilience, 

ecological importance, or conservaUon status 

Timebound Achievable within a specific Ume period 

(usually 10-20 years for goals; 1-10 years for 

objecUves) 

IdenUfies deadlines considering biological and 

ecological parameters 
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2.2.2. Data Collection 

Using Google, Google Scholar, Ecosia, and YouTube search engines, extensive Boolean 

searches were conducted to identify active coral restoration projects in Indonesia. The terms 

“reef rehabilitation” and “reef restoration” were treated as interchangeable. Keywords and 

phrases acted as operators to narrow down or broaden search results, such as “active 

AND/OR coral AND/OR reef restoration”, “coral nursery/ies”, “coral conservation” and “coral 

transplantation”, in conjunction with “Indonesia”, and/or “Coral Triangle”, “Indo-Pacific”, 

“NGO”, “NPO”, “university”, “government”, and “dive centre OR center”. When compiling the 

final list of projects reviewed, those identified in online searches who were contactable were 

added to projects sourced from extant networks of coral reef restoration practitioners within 

Indonesia, including the School of Coral Reef Restoration (SCORES), the national Indonesia 

Coral Reef Garden (ICRG) project, and the International Coral Reef Initiative (ICRI) online 

restoration database. 

A survey template was developed based on the planning cycle recommended in 

international CBP (Shaver et al 2020). Social desirability bias (SDB) was considered as a 

potential skewing factor on survey responses. This is the tendency to present oneself and 

one’s social context in a way perceived to be socially acceptable, but not wholly reflective of 

one’s reality (Bergen and Labonté 2020). In some situations, people may tend to portray 

themselves in a more favourable light (Podsakoff et al. 2003). There is evidence, though, to 

suggest it plays a relatively minor role in environmental psychology research (Vesely and 

Klöckner 2020). As this review is not concerned directly with environmental psychology, SDB 

was not deemed to be a significant confounding factor; measuring potential discrepancies 

was considered beyond the scope of the review. Nevertheless, measures were taken to 

minimise SDB. A combination of approaches was used to source data through various 
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channels: online media; project documentation and webinars; written survey responses; 

and/or conducting face-to-face interviews (online) whenever feasible to allow additional 

questioning and clarifications (Mooney et al. 2018). An introductory discussion established 

rapport, put participants at ease, and conveyed appropriate respect for the high standing of 

academics and government officials. This increased the likelihood of honest responses. It also 

allowed interviewers to contextualise their own involvement in Indonesian marine research 

and explain the review’s focus, purpose, and how data would be used. This aimed to reassure 

respondents that accurate responses would not cast them in a negative light (Bergen and 

Labonté 2020). Respondents were also informed that responses would remain anonymous to 

remove significant motivations for SDB, such as the potential for subsequent social 

sanctioning (Vesely and Klöckner 2020). Information provided in interviews was corroborated 

where possible by documented information and formal presentations. 

 Data were recorded using publicly available information, webinars, follow-up interviews, 

and/or email correspondence. Interviews were conducted in English, or in Bahasa Indonesia 

and translated into English. Data were extracted from 19 videos (25:20 hours) on 29 projects 

from the School of Coral Reef Restoration (SCORES) coral reef restoration knowledge-sharing 

platform’s webinar series hosted by IPB University and supported by the World Wide Fund 

for Nature (WWF) CT Programme. This included 20:25 hours in Bahasa Indonesia and 4:55 

hours in English. Twenty-six respondents were interviewed directly in September and October 

2022 (22 in English and four in Bahasa Indonesian) for a total of 15:45 hours (13:00 in English 

and 02:45 in Bahasa Indonesia) and 13 of these projects also provided further information by 

email. Between September 2022 and January 2023, 17 projects returned completed survey 

forms to provide responses, nine of which were in addition to data extracted from the 

webinars, and eight as the sole form of data provided. One project that delivered a webinar 
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declined to provide further data to inform the review. All data collected related to different 

aspects of project planning and implementation. Analysis was also conducted on projects 

surveyed for this review as well as the database of Indonesian coral reef restoration projects 

(1990–2020) compiled by Razak et al. (2022), to examine geographical project distribution 

and regional variations in the type of leadership for restoration initiatives. 

2.3. Results 

2.3.1. Data collected from surveyed projects 

Data from 45 respondents were analysed to examine planning, implementation, and 

monitoring stages of coral reef restoration projects, to make comparisons with international 

CBP and recommendations for monitoring and assessing restoration. 

2.3.1.1. Set goal and geographic focus 

Survey respondents defined a primary goal (Fig. 2.1a) best describing project aims, in line 

with eight global primary restoration goals (Boström-Einarsson et al. 2020). Thirty-one 

percent of respondents selected “reestablish a self-sustaining, functioning reef ecosystem”, 

followed by “promote coral reef conservation stewardship” (22%), and “accelerate reef 

recovery post-disturbance” (16%).  

The eighth principle of ecological restoration advocates a holistic approach as part of a 

continuum of restorative activities. This encapsulates four major approaches: reducing 

societal impacts, rehabilitating degraded areas, ecological restoration, and (where applicable) 

remediating contaminated or polluted sites (Fig. 2.1b). Goals related to reducing societal 

impacts were the most widely and frequently reported (71 citations of six goals across 82% of 

projects) followed by the rehabilitation of degraded areas (39 citations of two goals across 

87% of projects). Four ecological restoration goals were cited 42 times across 78% of projects. 

The most frequently reported goal encompassed rehabilitating degraded reef areas and/or 
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accelerating recovery post-disturbance (69% of projects). This was followed by reestablishing 

a self-sustaining, functioning reef ecosystem (62%); promoting reef conservation stewardship 

(60%); and developing alternative livelihoods and/or tourism (60%).  

Due to its limited specificity, remediation was excluded when looking at the extent to 

which projects approached restoration holistically. Twenty-seven projects (60%) included 

goals relating to all three of the other major approaches; nine projects (20%) included goals 

for reducing societal impacts and degraded reef rehabilitation; five (11%) had goals for 

rehabilitation and ecological restoration; three (7%) had only restoration goals; and one (2%) 

had only rehabilitation goals. 

In terms of measurable indicators, 84% of projects reported diverse medium- to long-term 

quantifiable and relevant objectives they aimed to achieve on a timescale of up to 10 years. 

These included increasing biodiversity; attracting fish to support local fisheries and reduce 

fishing pressure on other reef areas; mitigating beach erosion; developing tourism; promoting 

coral reef conservation; and protecting shores from wave damage. During the planning phase, 

36% of projects quantified at least one specific goal relevant to their overall objectives. These 

included identifying the size of reef area to rehabilitate; delivering a set number of coral 

restoration scholarships within a specified timeframe; setting timeframes within which to 

monitor and analyse success; and allocating 10% of farmed corals to restoration. 

Setting a geographic focus area involves identifying a broad area where conducting 

restoration interventions would be most appropriate or relevant to achieving the project’s 

goal, within which final site selection takes place. All projects bar one (which provided no 

response) followed this step. Appointing a technical advisory team is recommended for the 

goal-setting stage, including any experts or scientists that may be needed to complete any of 

the steps (Shaver et al 2020). This was done by 89% of projects. 
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Figure 2.1 Primary restoration objectives and goals related to ecological restoration (ER) principles. 

(a) ER was the most common primary objective identified by projects, followed by reef conservation 

stewardship. (b) Of the four major ER approaches applied in coral restoration, goals relating to societal 

impact reduction were most widely and frequently cited (71 mentions of six goals across 37 projects). 

The two goals focusing on degraded area rehabilitation were cited by the most projects (39) and four 

ER goals were cited across 35 projects. Rehabilitating degraded reef areas post-disturbance was the 

most commonly cited goal, followed by reestablishing a self-sustaining, functioning reef ecosystem. 
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2.3.1.2. Identify, prioritise, and select sites 

A documented site selection process that considered the potential to improve restoration 

site condition was described by 89% of projects. Criteria followed for identifying, prioritising, 

and selecting sites within geographical focus areas were grouped into six broad categories 

(Fig. 2.2a). Ecological considerations were most common, cited by 91% of projects. Other 

considerations were a site’s tourism value (64%); pragmatic considerations such as logistics, 

finances, and accessibility (58%); climate-smart design considerations, including potential 

temperature changes, storm intensity, and interactions with local stressors (38%); improving 

local fish stocks or sustaining fisheries (27%); and compliance with legislation that mandated 

the restoration of areas degraded by mining activities (7%). 

Ecological surveys were incorporated into site selection by 78% of projects; 16% also 

conducted reef user satisfaction and other socioeconomic surveys. Socioeconomic data were 

absent from projects where no ecological data were collected (Fig. 2.2b). Local expert 

knowledge was incorporated into site selection by 84% of projects. Sixty-one percent of 

projects ranked site importance to prioritise where to start restoration, while 68% discussed 

potential sites with local stakeholders before finalising selection. Two projects (4%) did not 

involve communities in planning. 

2.3.1.3. Identify, design, and select interventions 

Eighty-nine percent of projects implemented an evaluation process for determining 

restoration intervention type; 84% considered different restoration techniques during 

planning. Restoration techniques varied, and 80% of projects incorporated multiple 

approaches. When analysing projects’ restoration techniques, a distinction was made 

between substrate stabilisation methods and ARs. The former often include artificial 

structures similar to ARs but focus specifically on stabilising loose, shifting coral rubble in 
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addition to increasing habitat complexity. Coral fragment transplantation was the most 

commonly cited approach (84%), followed by ARs (58%); 16% of projects relied solely on 

natural larval recruitment on ARs. One bioacoustics study did not involve growing corals.  

Already-broken fragments, or corals of opportunity (CoPs), were the main source for 

fragments for projects actively sourcing corals. CoPs were used in 73% (n = 37) of projects and 

were the sole fragment source in 41%. Nursery or commercially grown fragments augmented 

or replaced CoPs in 41% of these projects; 11% exclusively used commercially farmed corals. 

Twenty-seven percent of these projects fragmented wild colonies alongside other fragment 

sources; 8% relied exclusively on wild donor colonies. This resembles international findings 

that CoPs are the most frequent source of fragments for transplantation projects (58%, n = 

50); although a higher proportion (46%) of global projects also sourced fragments from wild 

colonies (Ferse et al. 2021).  

Thirty-eight percent of projects in the current study (n = 37) utilised a natural mix of local 

coral species in restoration, and 46% chose local corals based on specific factors, chiefly:  

 

Figure 2.2 (a) Criteria followed for identifying, prioritising, and selecting sites within geographical focus areas were 

grouped into six broad categories. Ecological considerations were the most commonly cited, followed by the site’s 

tourism value. (b) Ecological and/or socioeconomic surveys were incorporated into site selection by 78% of projects. 
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fast-growing corals, especially branching and mainly Acropora (24%); variety of ecological 

function (11%); and thermal resilience (8%). International reviews variously reported one-

third of projects incorporating Acropora and more than three-quarters of projects using 

branching corals (Boström-Einarsson et al. 2020), and the use of fast-growing, branching 

corals in 96% of transplantation projects (Ferse et al. 2021). There was no mention in these 

reviews of the investigation or incorporation of coral thermal resilience in coral selection. 

2.3.1.4. Develop Restoration Action Plan (RAP) 

Project responses were used to categorise the SMART features of their goals and 

objectives (Fig. 2.3). Timebound goals were the most lacking, with 51% of projects specifically 

outlining objectives within a contextualised timeframe (Fig. 2.3a). Fifty-one percent met the 

criteria for all SMART features and 80% met at least four of five criteria (Fig. 2.3b). Of the nine 

projects that met three or fewer SMART objectives, seven were small-scale or once-off 

projects driven by local communities, private resorts, or local NGOs. The other two projects 

were managed by local government authorities. Seven of these projects were not partnered 

with researchers; the other two were small-scale community projects driven by a local NGO 

and a city government authority respectively. 

Projects listed all measurable restoration objectives, with 18 reported across five broad 

categories (Fig. 2.4). Ecology/restoration success was the most common objective (54% of 

127 responses), ahead of alternative livelihoods/ tourism (18%), and local stewardship (12%). 

The most common metric, quantitative reef monitoring, was listed by 78% of projects, while 

semi-quantitative and qualitative reef monitoring surveys were used by 9 and 11% 

respectively. Post-impact change was measured by 38% of projects and 31% quantified local 

stewardship/community buy-in. The extent of alternative livelihoods provided was quantified 

by 27% of projects and 16% conducted socio-economic or reef user satisfaction surveys. 
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Figure 2.3 (a) The number of projects meeting SMART objectives for coral reef restoration planning. The 

biggest deficiency in project planning was the lack of timebound objectives in 49% of projects. (b) The 

number of the five SMART criteria fulfilled by each project. At least four of five criteria were met by 80% of 

projects. 

2.3.1.5. Implement restoration  

Shaver et al. (2020) propose five components for the RAP developed in Stage 4. Of these, 

a formal action plan was implemented by 55% of projects (n=44); 41% had an annual work 

plan; 50% had an operational plan; and a monitoring plan and restoration timeline were both 

present in 68% (Fig. 2.5a). While 36% of all projects implemented all five components, 36% 

implemented two or fewer, and 16% implemented none (Fig. 2.5b). The bioacoustics study 

was excluded due to the absence of long-term planning requirements. 
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Figure 2.4 Measurable objectives reported by projects. Most data were gathered on ecological/restoration success (54%, n = 127), followed by alternative 

livelihoods and/or tourism (18%). Reef monitoring programmes were run by 78% of projects and were the most common form of data collection, ahead 

of post-impact change (38%).
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Figure 2.5 (a) The number of projects to implement each of the five Restoration Action Plan (RAP) elements. (b) The number of RAP 

components implemented per project.
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Of 15 projects with no action plan, 67% were run on a local scale (one site location) by 

NGOs, local communities, the private sector, or (in one case) a once-off research intervention. 

Local projects also accounted for 47% (n = 17) of projects with no operational plan, 54% (n = 

13) with no rehabilitation timeline, and 57% (n = 21) with no annual work plan. Of the 13 

projects with no monitoring plan, 38% gauged success by visual observation and 8% by 

counting artificial structures without measuring coral cover or growth. The remaining 54% ran 

reef monitoring surveys with no formal monitoring plan. At two projects, outside researchers 

conducted surveys, and may have had monitoring plans that they did not share with partners. 

Forty-two percent of projects were local, 40% were regional (more than one location in 

the same area), and 18% were multi-regional or national programmes with multiple locations 

and/or projects (Fig. 2.6a). Projects involved varying degrees of cross-sector cooperation at 

different scales. Formal partnerships with local communities were present in 72% of projects 

not led by communities themselves (n = 43). NGO/NPO-driven (86%) and government-driven 

(82%) projects in particular secured partnerships with local communities. The private sector 

(17%) generally worked alongside, but did not partner with, communities (Fig. 2.6b). 

2.3.1.6. Monitor and evaluate progress 

Ecological monitoring data were collected by 84% of projects, compared to 80% of 

international coral transplantation projects (Ferse et al. 2021). Less than half the projects 

collected event-driven (49%), economic (44%), or socio-cultural (42%) data, and 36% collected 

climate change adaptation goal (CCAG) data (Fig. 2.7a). In terms of specific CCAG metrics, 16% 

of projects measured coral thermal tolerance, including growth and restoration success at 

different temperatures and depths; 16% monitored coral recovery post-bleaching 

(disturbance response); 7% monitored bleaching frequency and severity; and 13% monitored 

water temperature and/or quality (Fig. 2.7b).  
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Figure 2.6 Scale of restoration interventions and degrees of cross-sector cooperation at different scales. (a) Local and regional projects were more common 

than larger scale multi-regional and national programmes. (b) NGOs/NPOs frequently cooperated with other sectors (particularly local communities) at all 

scales. Government projects frequently cooperated with communities at local and regional scales.
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Not all universal metrics recommended by international monitoring CBP (Goergen et al. 

2020) were ascertained. Where possible, however, specific metrics were examined (Fig. 2.8a). 

Reef-level restored area was quantified by 27% of projects. Colony-level and population-level 

metrics were each quantified by 64% of projects; a further 11 and 9% respectively used visual 

observation to estimate these metrics. Only two projects (4%) specifically mentioned 

collecting water temperature measurements (the universal environmental metric), while the 

extent to which genetic and genotypic diversity were monitored was not ascertained. The 

prevalence of GBP metrics from international CBP was assessed by looking at whether metrics 

collected related to the types of goals specified by projects (Fig. 2.8b). The majority of projects 

that specified CCAGs (93%, n=14); event-driven goals (89%, n=37); and ecological goals (73%, 

n=45) collected metrics related to those goals. Roughly half the projects that specified 

economic (54%, n=26) and sociocultural (52%, n=33) goals collected goal-related metrics. 

Quantitative reef monitoring surveys were the main tool used to collect ecological data 

(76%); 9% of projects collected semi-quantitative reef monitoring data and 11% relied on 

qualitative visual observations (Fig. 2.9a). Coral cover/growth was the most commonly 

collected ecological metric and was measured in 64% of projects. Fish community data were 

collected by 51% of projects, while 38% collected benthic community/associated biota or 

coral survival data. Coral community composition/diversity data were only collected by 4% of 

projects, quantitative coral health/bleaching data by 11%, data on water quality/temperature 

by 18%, and data on recruits/juveniles by 20% (Fig. 2.9b).  
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Figure 2.7 Types of data and climate change adaptation goal (CCAG) metrics collected by coral restoration projects in Indonesia. (a) Ecological data 

were the most commonly represented metric, followed by event-driven data. Data on CCAGs were the most lacking. (b) In the 16 projects that 

reported specific CCAG metrics, the thermal tolerance of restored corals and their response following bleaching disturbances were the most common 

metrics.
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Figure 2.Error! Use the Home tab to apply 0 to the text that you want to appear here. Projects incorporating universal and goal-based performance metrics from 

international monitoring CBP. (a) Colony-level and population-level metrics were each quantified by 64% of projects; 11% and 9% monitored these respective metrics via 

visual observation. Restored area was quantified by 27% of projects. (b) The majority of projects that specified CCAGs collected goal-related data (93%). The same was 



Chapter 2: Coral reef restoration in Indonesia 

43 

true for event-driven goals (89%) and ecological goals (73%). Roughly half the projects that specified economic (54%) and sociocultural (52%) goals collected goal-related 

data. 
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Figure 2.9 Types of ecological data collected in restoration projects. (a) 80% of projects collected quantitative 

ecological data, mostly in monitoring surveys. (b) Coral cover/growth was the most commonly monitored 

ecological metric, with more effort put into monitoring the coral community than associated biota, habitats, 

or other ecological factors.
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2.3.2. Regional distribution of Indonesian coral reef restoration projects  

2.3.2.1. Regional distribution of surveyed projects 

In total, 76% of the projects surveyed in this review were located in Central Indonesia (n 

= 45). Nine percent were located in West Indonesia and 7% in East Indonesia, 7% had sites in 

all regions, and one project had sites in both Central and East Indonesia. Central Indonesia 

was the location for the majority of projects across all sectors, including both of the 

community-led projects, five of six private sector-led projects (83%), nine of 11 government-

led projects (82%), and three of five researcher-led projects (60%). Of the 21 NGO-led projects 

surveyed, 15 (71%) were located in Central Indonesia, two were in East Indonesia, and one 

was in West Indonesia; one had locations in both the central and eastern regions, and two 

were present in all regions (Fig. 2.10). 

2.3.2.2. Regional distribution of Indonesian coral reef restoration efforts (1990–2020) 

Of 533 coral reef restoration projects recorded in Indonesia between 1990 and 2020 

(Razak et al. 2022), 257 were located in West Indonesia (48%), 242 in Central Indonesia (45%), 

and 34 in East Indonesia (6%). Thirty-eight percent of these 533 projects were led by the 

Indonesian government, 22% by the private sector, 17% by researchers and/or university 

students, 13% by NGOs, and 10% by local communities. One percent were spearheaded 

primarily by foreign governments / international aid programmes.  

Government, private sector, and research projects were particularly weighted towards 

West and Central Indonesia (Fig. 2.11). Over half (53%) of the government projects and 60% 

of research projects were conducted in West Indonesia, while 54% of private sector projects 

were located in Central Indonesia, which includes high-profile tourist spots and SCUBA diving 

destinations such as Bali (including Nusa Penida, Nusa Lembongan, and other smaller islands), 

West Nusa Tenggara (including Lombok, the Gili Islands, and Sumbawa), East Nusa Tenggara 

(including Flores, Alor, and Komodo National Park), and Manado in North Sulawesi.
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Figure Error! Use the Home tab to apply 0 to the text that you want to appear here. Distribution of projects surveyed in the current study. (a) The distribution of surveyed 

projects by project leader/sector across Western, Central, and Eastern Indonesia as delineated in (b) a map of the country. The majority of projects were located in Central 

Indonesia, made up predominantly of Sulawesi; the islands of East and West Nusa Tenggara; and North, East, and South Kalimantan. 
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Figure 2.11 An analysis of 533 Indonesian coral reef restoration projects recorded by Razak et al. (2022) from 

1990–2020. Government and research projects in particular were conducted predominantly in West 

Indonesia, while over half the private sector projects were located in Central Indonesia. NGO-run projects 

had less variable distribution across the regions than other sectors.



Chapter 2: Coral reef restoration in Indonesia 

48 

 

Figure 2.Error! Use the Home tab to apply 0 to the text that you want to appear here. An analysis of sectors/stakeholders driving coral restoration for 

all recorded projects from 1990–2020 (Razak et al. 2022). Most projects in West and Central Indonesia were led by the Indonesian government (42% 
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and 36% respectively), followed by researchers in the West (21%) and the private sector in Central Indonesia (26%). Project leader sectors in East 

Indonesia were more evenly distributed, with NGOs leading the way.
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The government led 42% of projects in West Indonesia (n = 257), researchers accounted 

for 21%, and the private sector for 19%. In Central Indonesia, the government also led the 

most projects, accounting for 36% (n = 242), followed by the private sector with 26% (Fig. 

2.12). Conversely, the majority of East Indonesia’s 34 projects were led by NGOs (38%), 

followed by government (29%) and the private sector (18%). Excluding projects driven by 

foreign governments and/or aid organisations – and apart from the fact that no research 

projects were found in East Indonesia – projects run by local communities were the most 

underrepresented in all three regions, accounting for 9, 10, and 15% of projects in West, 

Central, and East Indonesia respectively (Fig. 2.12). 

Twenty-nine individual provinces accommodated at least one coral reef restoration 

project between 1990 and 2020. Projects were recorded in 13 West Indonesian, 12 Central 

Indonesian, and four East Indonesian provinces (Fig. 2.13a). There was a particularly high 

concentration of projects in Java and the Lesser Sunda Islands (Bali, West Nusa Tenggara, and 

East Nusa Tenggara), as well as in some provinces on Sulawesi. Bali had the highest 

concentration of projects for any province (14%, n = 533), followed by East Java (12%), Jakarta 

(10%), West Nusa Tenggara (6%), North Sulawesi (6%), and South Sulawesi (5%) (Fig. 2.13b).  

No records were found from four West Indonesian provinces: Riau, Jambi, and South 

Sumatra in Sumatra, as well as the Special Region of Yogyakarta in Java. In East Indonesia, 

projects in Indonesian Papua were grouped into the two provinces that were extant when 

restoration projects were started (namely, West Papua and Papua). These provinces were 

subsequently split into six new provinces in 2022. West Papua became West Papua and 

Southwest Papua, while Papua was split into four new provinces: Papua, South Papua, Central 

Papua, and Highland Papua.  
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Figure 2.13 Regional and provincial distribution of Indonesian coral restoration projects, 1990–2020. (a) Bali (74), 

East Java (64), and Jakarta (53) were the three provinces with the highest number of restoration projects recorded. 

(b) A particularly high concentration of projects was found in proximity to the main hubs of Jakarta and Bali, as well 

as in North and South Sulawesi. Lower concentrations of projects were found in many of the more remote provinces.
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2.4. Discussion 

This review chapter encompasses approximately 28% of documented extant Indonesian 

coral reef restoration projects (n = 159). This was estimated by excluding 374 projects from a 

database of 533 historical projects up to 2020 (Razak et al. 2022). The projects excluded 

comprised concluded projects, once-off installations, defunct restoration methods (e.g. tyre 

reefs), localised projects within the purview of wider-ranging projects or programmes in the 

current study, and time-specific academic projects, studies, and theses. Results highlight a 

number of important considerations, which are unpacked as they relate specifically to the six-

step planning cycle laid out in Shaver et al. (2020). Other general considerations are also 

examined, such as the early and continued engagement of all stakeholders, with a particular 

focus on local communities. 

2.4.1. Set goal and geographic focus 

The fifth principle of ecological restoration (ER) states that it should be assessed against 

clear goals and objectives, using measurable indicators (Gann et al. 2019). International 

monitoring protocols for coral restoration support this; the first step in developing a 

restoration monitoring plan is to clearly define goals and objectives aligned to the project’s 

capacity and restoration abilities (Goergen et al. 2020). This underpins the first phase in the 

six-step planning cycle.  

● The prominence of restoring the reef ecosystem, as a primary goal reported by surveyed 

projects, aligned with the sixth principle of ER: to seek the highest level of recovery 

attainable. As in this study, ecosystem restoration was the primary consideration 

identified by reef restoration practitioners interviewed during development of 

international guidelines for GBP metrics (Goergen et al. 2020). Reestablishing the reef 

ecosystem; accelerating recovery post-disturbance; reducing population declines and 
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ecosystem degradation; and ecological engineering accounted for the primary aim of a 

combined 58% of projects. This aligned with the fourth ER principle: that it supports 

ecosystem recovery processes (Gann et al. 2019). 

● A focus on reef ecosystem restoration implies an understanding that restoration must 

take a holistic approach that encompasses the reef community. Goals relating to reducing 

societal impacts (82% of projects), rehabilitating degraded areas (85%), and ecological 

restoration (78%) were defined by the majority of projects. Sixty percent of projects 

defined goals from all three of these aspects of a holistic approach.  

● The number of projects identifying goals related to alternative livelihoods and reef 

stewardship (each present in 60% of projects) compared well with a review of 12 

restoration projects in Latin America, which reported 15 and 13% of projects with goals 

relating respectively to alternative livelihoods and reef stewardship. Australia, on the 

other hand, reports the involvement of local communities and traditional owners in all 19 

restoration efforts on the GBR (McLeod et al. 2020). The quantification of socioeconomic 

goals is still lacking; this will be discussed further regarding  RAP development.  

● Indonesian projects should do more to set quantifiable goals during initial planning 

phases; these were totally absent from 64% of projects. A set of simple standards could 

be applied for determining desired aspects, including the size of area to be rehabilitated, 

coral cover and biodiversity increases, and socio-economic project functions. This could 

additionally be informed by universal and GBP metrics (Goergen et al. 2020). 

● Technical advisory groups were present in most projects. Although the exact composition 

of these groups was not always verifiable, projects should follow the ecological principles 

within international CBP in utilising all available scientific, practical, traditional, and local 

knowledge. This may include stakeholders from various sectors: local leaders and other 
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community members, scientists, engineers, the private sector, and national and local 

governments (Shaver et al. 2020). In Pemuteran, Bali, for example, the pivotal role played 

by community leaders in bridging the gap between global science and local awareness has 

previously been highlighted (Trialfhianty and Suadi 2017).  

2.4.2. Identify, prioritise, and select sites 

Improper site selection is one of the most commonly cited failures of coral reef restoration 

projects. Areas should be selected where stressors can be minimised; long-term survival of 

reefs can be achieved; and stakeholders, policies, and legislation support restoration (Hein et 

al. 2020a). Site identification and selection should also be done to meet goals specified within 

an agreed prioritisation framework. This should emphasise the site’s relevance to goals; 

restoration’s potential to improve site condition; and short- and long-term coral survivorship, 

encompassing vulnerability to climate change and other stressors. Selection should also be 

informed by the collection of various quantitative or semi-quantitative data depending on 

specified goals (Shaver et al. 2020). The first principle of ER stresses the genuine and active 

engagement of local communities and other stakeholders at the conceptual phase or prior to 

project initiation (Gann et al. 2019). Prioritising restoration sites can be significantly aided by 

local knowledge, and some of the most important takeaways from the analysis of Indonesian 

projects are as follows: 

● The utilisation of local knowledge in initial site selection could be better extended through 

the planning phases to include further discussions with local stakeholders prior to final 

site selection. This step was lacking in one-third of projects.  

● One in ten projects did not consider the potential to improve site condition during 

planning, and just under a quarter of projects did not employ ecological or social surveys 

to aid site selection. The absence of quantitative data collection largely reflected logistical 
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and/or budgetary priorities or constraints (cited by over half the projects); limitations in 

scientific training; and a reliance on local knowledge of the reefs, degraded areas, and 

pre-disturbance conditions. 

● There is a pressing need for greater emphasis on the future vulnerability of reefs: 62% of 

projects did not incorporate climate-smart design considerations into site selection. 

Prioritising restoration sites by considering their potential to withstand future climate 

change is increasingly crucial, yet 39% of current projects did not rank sites by order of 

importance in any way. This is, however, understandable when one considers everyday 

practicalities: 58% of projects cited logistical, financial, and accessibility considerations as 

important criteria for site selection.  

● While ecological considerations were by far the main driver of site selection, scientific 

standardisation of primary ecological data for site selection would help to improve success 

at a national scale. This should be informed by international CBP and universal monitoring 

metrics, potentially including metrics such as water circulation, natural recruitment levels, 

health of associated habitats, and the prevalence of local environmental stressors.  

● The absence in 22% of projects of any form of ecological surveys informing site selection 

– along with the ad-hoc nature of many smaller projects – suggests that a substantial 

number of projects are not comparing restoration efforts with baseline controls or 

reference sites. 

There are further opportunities to refine restoration site selection. Logistical, financial, 

and site accessibility considerations will remain critical, including minimising maintenance 

and long-term monitoring costs. It is worth considering the development and implementation 

of a national training element encompassing not only how to select areas for restoration, but 

also other elements of project design and implementation. A standardised and more 
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structured approach to assessing and prioritising sites, as per international CBP, can help to 

bolster holistic restoration that includes ecological, operational, and societal aspects. Other 

important aspects of site selection that can be improved via standardised protocols include 

more widespread evaluation of socio-economic benefits related to restoring a particular site, 

the incorporation of marine spatial planning principles (Viehman et al. 2023), and measurable 

assessments of the potential for local community buy-in and long-term ownership. ER 

standards adopted in international CBP stress the importance of reference sites representing 

approximate reef conditions in the absence of degradation (Gann et al. 2019). The standards 

highlight six key elements for selecting a reference site: absence of threats, physical 

conditions, species composition, structural diversity, ecosystem function, and external biotic 

and abiotic exchanges. The inclusion of reference sites would be greatly improved by 

standardised planning within a science-based framework. 

2.4.3. Identify, design, and select interventions 

Lamont et al. (2022) offer insights from Indonesian case studies to inform reef restoration 

management and policy interventions, recommending multi-dimensional approaches that 

include ecological, social, and economic processes. This aligns with CBP recommendations for 

a holistic approach to restoration. In the current study: 

● The majority of projects aligned with CBP recommendations to select a limited 

combination of priority interventions following an evaluation of potential choices (Shaver 

et al. 2020). However, climate-smart design considerations require more attention for a 

truly holistic approach; only 38% of projects included these in intervention design. 

● The use of ARs was almost three times higher than in international coral restoration 

projects (Boström-Einarsson et al. 2020). This may partly reflect the widespread structural 

degradation on Indonesian reefs (Burke et al. 2012; Razak et al. 2022). 
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● Coral transplantation was the most common restoration approach. This was substantially 

more common than international restoration projects involving coral fragmentation or 

transplantation (84% versus 68%) (Boström-Einarsson et al. 2020). Twenty-four percent 

of Indonesian projects focused primarily on fast-growing branching species, compared 

with 59% of international restoration projects (Boström-Einarsson et al. 2020) and 96% of 

transplantation projects (Ferse et al. 2021).  

● Indonesian projects have done well in reducing pressure on natural reefs when sourcing 

coral fragments. Only 8% of projects relied exclusively on wild donor colonies; 27% 

fragmented wild colonies alongside other fragment sources, compared to 46% of 

international coral transplantation projects (Ferse et al. 2021). Corals of opportunity 

(CoPs) were replaced or augmented by nursery-reared and/or commercially farmed corals 

in 41% of projects. 

● Just 16% of Indonesian projects focused on a single coral species, compared to 28% of 

international projects (Boström-Einarsson et al. 2020). This aligns with holistic approaches 

and universal metrics for achieving reef-scale restoration.  

● When selecting coral species, more projects should factor in thermal resilience and other 

climate-smart considerations like resistance to bleaching (Rinkevich 2019). 

The use of a nursery phase to grow corals for outplanting (‘coral gardening’) has been 

gaining in popularity across Indonesia for a number of years. Coral gardening principles have 

been developed and tested in a wide variety of studies over more than two decades (e.g. 

Epstein et al. 2001; Rinkevich 2006; Shaish et al. 2008; dela Cruz et al. 2015). Today, coral 

gardening is more commonly referred to as active reef restoration. Nevertheless, it remains 

one of the most popular approaches in Indonesia as well as in international coral restoration 

interventions (Rinkevich 2019). 
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A more structured evaluation of coral restoration techniques and approaches in Indonesia 

could be beneficial to identify and prioritise a list of broadly standardised interventions. There 

is scope to increase the use of coral nurseries to produce additional coral biomass for 

outplanting and reduce reliance on CoPs and parent colonies on the reef (Boström-Einarsson 

et al. 2020).  

The use of a closed cycle of nursery-reared fragments following an initial collection phase 

is one approach that has potential for wider implementation, with these corals supplemented 

or replaced in certain areas by corals sourced from commercial farms. This approach will be 

examined in more detail in Chapter 4, where it is suggested that the term “biomass 

production system” can be used to distinguish the approach from other types of coral 

nurseries.  

The selection of groups of corals with varying ecological functions can better align 

restoration projects with international CBP for reestablishing a fully functioning reef 

community, and this should incorporate climate-smart design considerations. The use of ARs 

relying solely on natural recruitment, meanwhile, would benefit from standardised site 

assessment protocols including scientific analyses of natural larval supply and recruitment 

levels. 

2.4.4. Develop RAP  

Specific, measurable, achievable, relevant, and timebound (SMART) objectives provide a 

framework within which to assess progress and apply adaptive management principles to 

improve coral restoration interventions. Project design should facilitate decision-making that 

involves a number of diverse stakeholders and be transparent about decisions made on 

interventions (Shaver et al. 2020).  
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● The reasons for projects failing to meet SMART objectives are multi-faceted. Indonesian 

policy encourages diverse practitioners to implement reef restoration (Razak et al. 2022), 

so, for example, ad-hoc projects undertaken in isolation could benefit from coordination 

with other restoration practitioners and scientists. A failure to set timeframes for specific 

quantifiable goals reflects varied approaches to project monitoring and evaluations. 

Historically, monitoring schedules have ranged from one month to 16 years (Razak et al. 

2022). Respondents in the current study highlighted financial and logistical constraints as 

challenges for conducting regular monitoring activities. As reef restoration is increasingly 

placed on government agendas worldwide, there may be further avenues for sustainable 

funding to improve restoration efficacy (Ferse et al. 2021) which could be augmented by 

national, regional, and international networks. 

● The preponderance of reef monitoring surveys – alongside the relative dearth of social, 

economic, climate change adaptation, and local stressor metrics – suggests more focus is 

needed on holistic approaches beyond basic measurements of coral cover, growth, and 

survival (Razak et al. 2022).  

● There remains a need to better incorporate explicit objectives during planning (Razak et 

al. 2022). The varied objectives reported exemplify the diversity of projects, thus further 

standardisation of ecological monitoring metrics would facilitate more effective 

evaluation of successes and failures and guide management decisions in different 

contexts (Vardi et al. 2021; Razak et al. 2022).  

● Long-term objectives can be consolidated by increasing the focus on the most pressing 

needs and aligning with ER goals identified in international CBP. Local stressors need to 

be reduced; restoration objectives should incorporate and evaluate socio-economic and 

cultural concerns; and restoration should be resilient to future climate change, as well as 
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produce quantified outcomes to inform and evolve best practice. Strengthening ties 

between reef restoration projects and regulators may help to address ongoing stressors 

(Ferse et al. 2021) and deliver large-scale restoration.  

2.4.5. Implement restoration 

A complete RAP includes descriptions of project scope, vision, and targets (restoration 

timeline); an analysis of project situation (work plan); and action, monitoring, and operational 

plans (Shaver et al. 2020). It is a highly effective way of planning, implementing, and assessing 

restoration progress. Many projects without a formal plan may informally adhere to aspects 

of a RAP, but this minimises accountability and the ability to meaningfully assess progress. 

Furthermore, ER principles emphasise the full utilisation of available scientific, traditional, and 

local knowledge (Gann et al. 2019), including CBP frameworks like RAPs.  

● The fact that over one third of projects used two or fewer RAP components may reflect 

the ad-hoc nature and small scale of many interventions. Concerns were raised by smaller-

scale projects regarding the added logistical workload of putting together and maintaining 

detailed documentation. Another point raised was the reliance on and uncertain 

availability of donor funding; in some instances, projects planned interventions as and 

when funds were received, rather than laying out a detailed annual work plan or 

operational plan.  

● The absence of a monitoring plan can be linked to various factors. These include a lack of 

sustainable funding or technical expertise, and a reliance on visual observation or other 

qualitative monitoring. The absence of various RAP elements from project planning 

emphasises the importance of promoting a simplified framework for implementing 

restoration. This would help to make effective restoration accessible to as wide a range 

of projects as possible, while still utilising a standardised framework.  
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● Nearly three quarters of projects had formal partnerships in place with local communities. 

The private sector in particular, however, tended to work alongside local communities 

rather than with them as equal partners. Merely involving the community does not 

guarantee an effective collaboration: focus group discussions and agreements with local 

community leaders are important in laying groundwork, as is ongoing community 

participation. It is also essential that communities recognise and understand the potential 

benefits of participation.  

● There is an opportunity to increase the focus on and assessment of local community 

involvement by standardising the quantification of sociocultural/socioeconomic metrics. 

This is illustrated by the low incidence of reporting and quantification of alternative 

livelihoods and local stewardship objectives compared to ecological and/or restoration 

success.  

Consistent minimum standards of accountability and monitoring for reef restoration 

projects can be highly beneficial (Ferse et al. 2021). Existing regulations seek to open up 

restoration to local communities – bolstering these regulations with complementary 

mechanisms based on international CBP would help to achieve this aim and improve overall 

project efficacy and sustainability. Standardisation would increase the potential to collate 

data from multiple projects and facilitate meaningful contributions from small-scale projects 

nationwide. Achieving meaningful community engagement and buy-in should be seen as 

imperative; this should ideally start prior to project commencement and seek to foster a sense 

of community ownership over restoration efforts.  

2.4.6. Monitor and evaluate progress 

Monitoring and evaluation of restoration are critical components of the adaptive 

management of restoration efforts (Gann et al. 2019). The variable quality of monitoring 
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programmes worldwide is one multi-faceted challenge that complicates attempts to 

characterise restoration effectiveness and quantify efforts on regional and national scales. 

Clearly defined indicators linked to specific objectives and the properties of the entire reef 

community are needed, as are appropriate timeframes; it is also critical to integrate ecological 

indicators with sociocultural, economic, and governance considerations (Hein et al. 2017). 

International CBP for monitoring programme implementation emphasises the need for 

quantifiable universal metrics as a minimum requirement for any restoration project, 

regardless of goals and objectives. Monitoring should happen simultaneously with restoration 

implementation and should shift over time from short-term effects of interventions to 

examining reef-scale effects over longer timeframes (Shaver et al. 2020). Measurable 

performance metrics should include SMART objectives identified in Planning Stage 3 and 

consider socioeconomic elements, as well as encompass climate-smart design considerations 

and CCAGs (Shaver et al. 2020; Goergen et al. 2020). 

● Ongoing monitoring of restoration efforts was varied: 76% of projects conducted 

quantitative reef monitoring surveys, with 64% quantifying coral cover or growth. Both of 

these metrics are able to provide simple and informative standardisable data on 

restoration successes. Data on the wider reef ecosystem were under-represented: 51% of 

projects collected fish community data, 38% monitored the benthic community and/or 

associated biota, and 4% quantified coral community composition/diversity.  

● Qualitative visual observations were conducted by 13% of projects. With some expert 

input, the adoption of simplified monitoring metrics, and/or an effective monitoring plan, 

the majority of these projects could likely achieve quantifiable outputs with minimal 

difficulty. 
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● Quantitative measurements of bleaching, coral health, coral thermal tolerance, and/or 

changes in restoration success relating to temperature and depth were also 

underrepresented. CCAG metrics are an imperative focus point, as fewer than 20% of 

projects quantified any of these metrics. 

● There is a decisive opportunity to better integrate climate-smart design considerations 

and CCAGs to increase meaningful and impactful long-term outcomes. To achieve this will 

likely require legislative updates, increased funding for scientific studies, standardised 

planning structures, and the adoption of innovative climate-smart reef restoration efforts 

(Camp et al. 2018a, 2018b; van Oppen et al. 2017). This will be especially pertinent if 

significant local threats persist. Accurate reporting of restored area in particular was 

underrepresented and the extent to which projects consider genetic/genotypic diversity 

warrants further investigation. While the extent of water temperature monitoring was 

unsubstantiated, this should be a standard approach as an entry point to climate-smart 

design and the integration of CCAGs. 

● Indonesia can play a significant international role in identifying reef degradation causes 

and using environmental assessments to inform reef restoration efforts. For comparison, 

a survey of coral transplantation projects mostly from the Caribbean and Indo-Pacific 

found that the majority of projects did not conduct environmental assessments prior to 

transplantation, no project reported an assessment of coral recruitment, and two-thirds 

of projects failed to assess initial causes of reef degradation. The researchers further 

noted that a lack of monitoring standards and guidelines has impeded measurements of 

social and ecological success (Ferse et al. 2021).  
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● The ongoing use of standardised socio-economic and reef user satisfaction surveys can 

help to inform interactions with community leaders and other stakeholders and help to 

improve relations in an adaptive approach.  

There are readily available ER tools developed for international CBP. The Coral Reef 

Consortium (CRC) Restoration Evaluation Tool, for example, has developed standardised 

guidelines for reporting progress in projects with varying expertise levels and goals (Goergen 

et al. 2020). The Five-Star System and Ecological Recovery Wheel (McDonald et al. 2016) have 

been increasingly adapted and utilised by practitioners and scientists in a wide variety of 

ecosystems globally, including coral reefs (Gann et al. 2019). Both tools offer potential 

standardised approaches for evaluating restoration effectiveness and applying adaptive 

management principles, which could add significant value to restoration efforts in Indonesia. 

2.4.7. Distribution of coral reef restoration projects 

The historic distribution of projects across the country shows that the restoration activities 

led by different sectors have been weighted towards certain regions. For example, if one 

excludes the Special Region of Yogyakarta – which has had no recorded coral reef restoration 

activities – the Special Capital Region of Jakarta (664 km2) and Bali (5,780 km2) are Indonesia’s 

two smallest provinces (BPS Statistics Indonesia 2024), yet have the third highest and highest 

provincial concentrations of restoration projects respectively. In Central Indonesia, the high 

percentage of projects run by the private sector and NGOs reflects the drawcard of Bali and 

the other Lesser Sunda Islands – as well as Manado in North Sulawesi and various locations in 

South and Southeast Sulawesi – for divers and other tourists. The same is true of the former 

province of West Papua, where the Raja Ampat archipelago (now in Southwest Papua) has a 

reputation as one of the world’s premier diving destinations. NGOs and the Indonesian 
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government are particularly active in the former West Papua province compared to the rest 

of East Indonesia.  

After Jakarta, the busiest regional hubs in Indonesia are Denpasar (Bali), Surabaya (East 

Java), and Makassar (South Sulawesi). The regions comprising East Indonesia in this review 

represent the most remote parts of the country from central government in Jakarta, as well 

as these travel hubs; this may go a long way to explaining the underrepresentation of coral 

reef restoration activities in these areas compared to central and western provinces. It may, 

however, simultaneously be true that not as much restoration is needed in these areas due 

to lower anthropogenic pressures, including sparser human populations and – in Raja Ampat 

in particular – the success of passive conservation efforts and reduction of local stressors 

(Fischborn and Levitina 2018).  

Furthermore, the high concentration of projects in Java’s provinces, especially Jakarta – 

alongside the high proportion of government projects in West Indonesia – may reflect an 

imbalance in government funding and/or attention towards areas close to the capital, similar 

to the lack of attention paid by national government to problems in regional MPA 

management in the provinces and regencies (Jompa et al. 2023). This may, however, be partly 

representative of higher levels of reef degradation in or near more densely populated areas, 

combined with the presence of cities larger than those in the more remote parts of the 

Indonesian archipelago (Baum et al. 2015; Riegl and Glynn 2020). It should be noted, however, 

that studies have also shown increased degradation of reef areas in more remote areas of 

Indonesia due to a lack of effective enforcement in reducing local stressors like destructive 

fishing (Ceccarelli et al. 2022). 
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2.4.8. Major challenges faced by Indonesian reef restoration practitioners 

A passage from the CTI-CFF State of the Coral Triangle: Indonesia country report (ADB 

2014) – although it refers to MPA management – is nevertheless particularly instructive 

regarding the challenges facing coral reef restoration in the country: 

“Lack of capacity at the national, regional, and local levels has been 

identified as one of the main bottlenecks for marine and coastal sustainable 

development in Indonesia. The issues include (i) shortage of qualified staff, (ii) 

limited resources and time for training activities, (iii) uncoordinated sector 

efforts, (iv) limited understanding of coastal biodiversity and links to 

development planning and management, and (v) weak and fragmented 

communication channels among the various stakeholders. Furthermore, there 

is a systemic lack of marine conservation education because of practitioners’ 

limited access to appropriate guidance and training in addressing local 

problems. Often, training is provided on an ad hoc basis without follow-up 

assistance or mentoring. Such training has used nonstandard modules; and, in 

many cases, curricula are duplicated or overlapped, target the same people, 

or omit basic competencies. Systematic and well-designed capacity 

development approaches are needed.” 

2.4.8.1 Engaging stakeholders 

A failure to include communities and other stakeholders in decision-making processes 

usually leads to a lack of support for conservation (Ferse et al. 2010). Definitions of 

community buy-in encompass a spectrum of interactions and participation levels. Direct buy-

in can be monitored by gauging community satisfaction with the project (Hein et al. 2017), 

which in turn is tied to the community’s degree of involvement, sense of ownership, and 
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perceptions of success (Westoby et al. 2020). Some responses received in the study reflect 

community integration challenges. Minimal community buy-in at one project likely arose 

from a disconnect between terrestrial farmers and marine environmental issues, as well as 

productivity and efficiency concerns regarding the removal of pesticide use (c.f. Coggan et al 

2021). Another mandated mining remediation project failed to establish long-term 

community support because of negative reactions to the mining company’s previous 

destructive activities, while ongoing destructive fishing practices at a third project reflected a 

gap in understanding about the sustainable use of coral reefs, despite attempts at community 

education and awareness campaigns.  

Amongst the challenges to be overcome when dealing with local communities is finding 

the best way to accommodate cultural norms to enrich collaboration. Failure to do this can 

cause divergent experiences of participation, a mismatch between efforts to involve the 

community and the true integration and representation of its needs, and gaps in 

understanding between communities and conservation authorities (Tam 2015). Establishing 

and maintaining trust is also a complex issue requiring more than simply “providing” 

alternative livelihoods. An increased focus on the potential for improving local fish stocks and 

sustaining local fisheries, for example, can be a significant driver for community support; 

however, restoration practitioners must respect, integrate, and actively encourage local 

customs such as traditional rules on access to certain fishing grounds (Bottema and Bush 

2012).  

Sociopolitical factors also present challenges in a country as culturally and ethnically 

diverse as Indonesia. Marginalised ethnic groups such as the Bajau, for example, have 

commonly been associated with destructive fishing practices and overexploitation of 

resources (Pet-Soede and Erdmann 1998; Exton et al. 2019). In Southeast Sulawesi, value and 
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belief systems of this traditionally nomadic ethnic group contrast with conservation aims, as 

the enforced sedentarisation of Bajau communities has led to intensified fishing effort, 

accelerating the impacts of their fishing practices (Crabbe and Smith 2005). Destructive 

fishing is often prevalent in more remote areas where alternative employment opportunities 

are low. In South Sulawesi, other complex societal issues perpetuate the problem. Here, 

fishers are economically dependent on patrons embedded in a complex governance network. 

These patrons supply fishing technologies like boats, bombs, and cyanide to reinforce their 

positions of power over socially marginalised and excluded individuals (Grydehøj and Nurdin 

2016). 

One vehicle for community involvement with potential for wider implementation is the 

creation of community surveillance groups (“pokmaswas”). As part of the CTI, MPA 

authorities in Nusa Penida and the Gili Islands consulted with stakeholders and drafted seven 

standard operating procedures to promulgate these groups, with resounding success. 

Community members reportedly benefit from employment, education, stewardship, 

recreation, satisfaction, and other social and cultural benefits (ADB 2022), although the report 

does not quantify successes or cover challenges faced by the surveillance groups.  

In a government-led programme in Gorontalo province, pokmaswas members were 

positive about the effectiveness of decision-making structures, chain of command, and 

available human resources. Some members, however, raised concerns about physical and 

psychological well-being, and a lack of support and facilities. The study noted that the group 

lacked written plans and could benefit from better organisational structures (Rohyani et al. 

2023).  

In Banten province, the main obstacles to a formal pokmaswas programme included 

conflicting interests across different provincial sectors; a lack of understanding of the reasons 
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to create the programme; the ability to enforce pokmaswas authority; and the need to 

improve understanding and perception of environmentally friendly fishing gear (Wicaksono 

et al. 2019). 

Despite these challenges, progress has been made in a number of areas. Lamont et al. 

(2022), for example, highlight several multi-dimensional community engagement success 

stories across the country, including:  

• the incorporation of threat reduction involving local communities into restoration 

initiatives in Raja Ampat by two NGOs; 

• strategic project placement in Bali to aid job creation in tourist areas heavily 

affected by the Covid-19 pandemic; and  

• site selection guided by a mix of ecological and social factors, allowing efficient 

scale-up of restoration efforts in areas of the Spermonde Archipelago where future 

success was most likely.  

Projects in north Bali surveyed during the current review, led by former cyanide and 

dynamite fishermen, have been exemplars of engaging diverse local community participants. 

The youth-driven nature of initiatives formulated by these projects have also made them 

particularly impactful in achieving societal change.  

Restoration at Gili Trawangan island, meanwhile, involves a collaboration of foreign 

businesses, academics, NGOs, and local government. Local leadership is maintained through 

the institutionalisation of traditional customary laws for regulating marine activities, which all 

stakeholders work together to uphold and implement, and the ongoing success of this 

particular venture highlights the prioritisation of within-community leadership as a key 

enabling principle of scalable restoration success.  



Chapter 2: Coral reef restoration in Indonesia 

70 

2.4.8.2. Funding  

A lack of sustainable funding is an ongoing challenge for coral reef restoration 

practitioners. Internationally, 60% of projects reported that funding received was associated 

with specific monitoring requirements (Hein and Staub 2021). Funding is essential for 

effective long-term monitoring programmes, yet funding timelines are predominantly 

between one and three years, which is inadequate for long-term planning, monitoring, and 

management (Hein and Staub 2021).  

Not only is donor funding usually short-term, but it often relies on monetary incentives 

for community buy-in (Depondt and Green 2006; Wilkinson et al. 2006), while any long-term 

funding that projects do manage to secure also has inherent dangers linked to its continued 

availability (Browne et al. 2022). Practitioners’ concerns include the linking of funding to 

specific outplanting requirements, rather than long-term goals associated with restoration 

success; and a disconnect between funders’ expectations of coral reef restoration and 

practical project realities (Hein and Staub 2021). Bearing these funding considerations in 

mind, detailed work plans and budgets are essential to gauge what is realistically possible and 

achievable under budgetary and capacity constraints. Cross-sector cooperation is usually key, 

to ensure that the interests of all stakeholders in the reef and its resources are being 

considered and met (Bottema and Bush 2012). 

Indonesia is an attractive location for international funding, NGOs, eco-tourism, and 

scientific study. Projects should aim to be self-sustainable, but should also focus on creating 

detailed, goal-oriented planning documents and regular reports on quantitative monitoring 

data. This will greatly improve their chances of securing and retaining meaningful external 

funds to supplement restoration activities. This is especially true as interest and support for 
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coral reef restoration continues to grow in the United Nations (UN) Decade on Ecosystem 

Restoration (Hein and Staub 2021).  

2.4.8.3. Ongoing reef degradation 

Despite the widespread implementation of MPAs and restrictions on reef resource use, 

the degradation of Indonesia’s reefs continues (Hadi et al. 2020) and many local stressors 

remain. Some of this is attributable to a lack of effective MPA and coral reef management. 

Less than 3% of existing MPAs worldwide are rated as effectively managed (Marine Protection 

Atlas 2022), while 65% of MPAs around the world have insufficient budget to cover 

management needs and over 90% lack staff capacity (Gill et al. 2017).  

A recent nationwide evaluation of Indonesian MPAs found an unequal distribution of staff, 

with provincial MPAs having fewer staff despite covering twice as much overall area as 

national MPAs. Less than one-third of 36 MPAs met minimum staffing requirements, and the 

study emphasised the need for collaborations with local stakeholders and NGOs to bridge 

resource gaps (Capriati et al. 2024). However, these collaborations raise their own challenges: 

divergent interests and understanding of MPA goals among diverse stakeholders, for 

example, is another factor that may undermine MPA success (Fabinyi 2008), once again 

reinforcing the need for effective cross-sector cooperation. 

The Indonesian government has focused on developing marine and coastal tourism to 

drive economic growth, and associated tourist pressure is another contributor to reef 

degradation across the nation. Small islands in particular are vulnerable to tourism pressures, 

and integrated small island management policies are essential (Kurniawan et al. 2016). On the 

other hand, tourism growth also increases opportunities for tourism-based restoration. This 

can create associated livelihoods, foster a sense of community stewardship, and aid economic 

security founded on reef health and restoration. ARs can help to ease diver pressure and 
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reduce damage on natural reef areas, serving as tourist attractions in their own right and 

helping to control the number of divers and snorkellers on natural reefs (Piskurek 2001; Fadli 

et al. 2012). 

The fundamental challenge facing widespread coral reef restoration success and the 

ongoing future maintenance of reef health comes from global human-induced climate 

change. As mass bleaching events become increasingly common and severe, a better 

understanding of which corals will survive best in particular areas and conditions will be vital 

to successful restoration, as will the prioritisation of environmentally buffered core refugia 

zones. These considerations can be addressed by more stringent scientific selection of viable 

sites and by adopting innovative management approaches that incorporate restoration in 

lower light conditions, focus on more resilient corals, and/or experiment with assisted 

evolution, hybridisation, and other potential solutions (van Oppen et al. 2015, 2017; Camp et 

al. 2018b; Chan et al. 2018). Proactive integration of emerging technologies – in an adaptive 

process of research and development (R&D), learning, consultation, risk management, and 

staged implementation (Anthony et al. 2017) – should also be fostered and encouraged. This 

will likely require financial backing and scientific training from national and/or international 

partners. 

2.4.9. Creating a consolidated coral reef restoration network 

While Indonesia’s legislative frameworks are in place and there is an abundance of coral 

reef restoration activity, the lack of standardised implementation and institutional 

arrangements has likely contributed to some of Indonesia's current problems with reef 

restoration effectiveness (Razak et al. 2024). There is now a need to bring these efforts 

together and consolidate efforts across the country within a solid framework of ER principles 

and CBP to deliver meaningful restoration at scale. The shortcomings in nationwide reef 
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restoration efforts that require attention do, however, also provide opportunities to learn, 

consolidate, and create a lasting legacy of sustainable coral reef restoration projects on a 

national scale. Greater efficacy in meeting target-driven outcomes, consistency in ecological 

monitoring, and intentionality in global knowledge exchange can help to reposition 

Indonesia’s restoration projects as a transformative resource for the region and an example 

for the world to follow (Razak et al. 2022). 

According to SER, sharing practical and scientific knowledge is key to implementing 

restoration efficiently and effectively, and to achieving restoration at scale. An important way 

to advance the science and practice of large-scale ecological restoration is hence to develop 

and promote forward-thinking cooperative networks. The Indonesian government has 

established a commendable framework for coral reef restoration, with legislation specifically 

requiring, for example, that local communities and stakeholders be directly involved in both 

the planning and implementation of restoration activities (Razak et al. 2022). The legislature 

contains a prevailing sentiment of community-driven restoration management and the 

management of fisheries resources. Razak et al. (2022) highlight Presidential Regulation No. 

121/2012 Article 12.1 (“Rehabilitation can be conducted through cooperation between 

government, regional government, person or community”) and Article 15.1 (“Community or 

persons can participate in the implementation and maintenance of rehabilitation 

voluntarily”), as well as Ministry of Marine Affairs and Fisheries (MMAF) Ministerial 

Regulation No. 26/2021, Article 67.1 (“Each person can participate in the rehabilitation of 

fisheries resources and their environment”). 

Centralised training hubs can substantially accelerate the establishment and scaling up of 

successful projects through knowledge sharing (Lamont et al. 2022). A formal national 

network of practitioners, experts, and decision-makers would add significant value and create 
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accountability. This should seek to consolidate and build on existing networks and knowledge 

sharing being forged by initiatives like IPB University’s School of Coral Reef Restoration 

(SCORES), the Coordinating Ministry for Maritime Affairs and Investment’s Indonesia Coral 

Reef Garden (ICRG) programme, the Coral Triangle Centre’s Coral Reef Restoration Task Force 

(CTC-CRRTF), the National Park authority-aligned Mars Sustainable Solutions (MSS) training 

programme, and the CTI-CFF and COREMAP programmes. It will also be important to foster 

connections with those outside the field of coral restoration. The socioecological resilience of 

coral reef restoration, for example, can be improved by diversified community-based 

management governance, better coordination and planning between fisheries and MPAs, 

fostering sustainable tourism, and planning for future conditions (Tranter et al. 2022). 

There is significant potential to standardise quantifiable, iterative goals (Hobbs and Harris 

2001) integral to adaptive restoration management. Greater efficacy in meeting target-driven 

outcomes, consistency in ecological monitoring, and intentionality in global knowledge 

exchange can help to reposition Indonesia’s restoration projects as a transformative resource 

for the region and an example for the world to follow (Razak et al. 2022). Efforts should be 

consolidated at a national scale to deliver more efficient and effective collective actions that 

provide balanced benefits to reefs and communities.  

A potential vehicle for improved project outcome reporting within a consolidated reef 

restoration network is the creation of a national database of reef restoration projects or 

similar platform (Fig. 2.14). Reports and project-specific data could be submitted and stored 

in such a repository, facilitating the evaluation of reef restoration progress, successes, and 

failures at a national scale. Any such repository would require a coalition or network of 

projects willing and able to ascribe to a set of CBP requirements encompassing project 

management, scientific monitoring, and outcome reporting. Within such a framework, 
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centralised skills and knowledge sharing from leading experts could be made available, 

helping to decrease the gap in disparate levels of project funding and logistical resources. 

Pooling nationwide data would facilitate more accurate national assessments of reef 

restoration, which would aid researchers and decision-makers to evolve restoration 

approaches and policies over time, with data informing scientific research and adaptive 

management strategies. This network could help projects meet logistical, financial, 

administrative, scientific, and reporting standards via training, support, and skills transfer. 

Feedback from experts within the network would enable a tiered system of project design 

and implementation; in line with adaptive management principles, projects could thus 

iteratively increase their efficacy over several years of implementation. 

Various guidelines and document templates from Shaver et al. (2020) and other resources 

could be used as a starting point to develop standardised documentation and protocols at 

different expertise levels (e.g. “Standard”, “Expert”, and “Multi-Dimensional”). Putting checks 

in place to monitor the extent to which guidelines are being followed would improve 

accountability. This should include:  

• forming and implementing reporting requirements for projects;  

• providing feedback to projects from restoration network members or a central board; and 

• creating procedures and channels for submitting project documentation to a central 

repository.  

This would also facilitate periodic assessments and the identification of projects in need 

of additional training and/or administrative assistance to improve intervention efficacy via 

adaptive management. 
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Figure 2.14 Potential functions and processes of a formalised coral reef restoration network in Indonesia. A formal network of coral reef restoration managers and 

decision-makers supported by centralised training hubs and data repositories can facilitate an iterative process of reef restoration project design and implementation. 

In line with ER principles of adaptive management, a tiered project design system can help to better implement a national reef restoration roadmap developed by 

this network. This roadmap should be based on knowledge sharing and the alignment of overarching national goals and objectives for coral reef restoration.
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The creation of a fully inclusive national network comprising all stakeholders would be a 

highly complex undertaking. If done well, however, it could increase the effectiveness, 

accountability, and longevity of restoration projects and develop increased funding 

opportunities for projects by creating links between restoration practitioners and the 

corporate sector; international, national, regional, and local NGOs; government agencies; 

research institutions; and regional programmes like the CTI-CFF. This would help to channel 

funding into supporting the restoration and protection of prioritised reefs nationwide to 

maintain Indonesia’s status as a hotspot for global marine biodiversity. 

2.4.10. Developing a national roadmap for restoration 

One of the primary objectives of a consolidated restoration network would be to 

cooperatively develop an iterative roadmap for coral reef restoration based on CBP principles 

(Table 2.2). The length and complexity of international CBP may be off-putting for projects, 

especially in countries where English is not the first language; there are, however, distilled 

resources available (e.g. Hein et al. 2020a, 2020c; Vardi et al. 2021). It is also recommended 

that authorities across the world aim to produce and disseminate resources in their countries’ 

official language(s) to aid practitioners. By becoming part of the network, new and extant 

projects with diverse goals and approaches would gain access to knowledge and skills transfer 

from a pool of experts. These experts could form part of project-specific technical advisory 

groups to assist practitioners in implementing the key objectives of the national roadmap. In 

this capacity, leaders in the field of coral restoration could provide consultation, feedback, 

and guidance on various processes, including adaptive management, project administration, 

monitoring, reporting, and community engagement.  

The national roadmap should include as a minimum requirement actions that: (a) assess 

the causes of reef degradation and whether environmental conditions are conducive to 
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restoration; (b) quantify and evaluate ongoing community engagement; (c) integrate climate-

smart design and CCAG metrics; (d) agree on high priority restoration areas; (e) standardise 

long-term reef monitoring protocols and project evaluation strategies; and (f) apply adaptive 

management principles. 

2.5. Conclusion 

While no single management objective is sufficient for coral reef ecological restoration 

(Williams et al. 2019), identifying certain policies, actions, and approaches can strengthen 

nationwide efforts, reducing the need for projects to “reinvent the restoration wheel” when 

dealing with complex reef ecosystems across varying conditions and levels of resource 

utilisation. Simple, standardised scientific methodologies can help Indonesia to play a leading 

role as a natural laboratory in which to make further advances in coral reef restoration 

methods and techniques. A well-developed network of knowledge sharing would allow 

scientific institutions to iteratively feed positive research outcomes into best practice to 

include CCAGs and other advances, such as (to give one example) the use of midwater 

nurseries to take advantage of enhanced reef function metrics (Baer et al. 2023).  

Coral reef restoration projects regularly commence with little by way of planning or 

framework. As noted by one NGO, “Project planning is evolving. With each site, the process 

is formalised more.” The adoption of international CBP approaches that incorporate SER, and 

adaptive management strategies within an iterative, tiered roadmap designed specifically for 

the Indonesian context should be a priority for the country’s authorities and restoration 

practitioners. This will enable effective, efficient, and successful restoration efforts with the 

potential for replication, adaptation, and upscaling. This roadmap can position Indonesia as a 

regional leader in coral restoration best practice and serve as a framework for the CT by taking 

country-specific and regional challenges into account. 
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Table 2.2 Proposed Indonesian coral reef restoration roadmap elements. These include actions to be taken by a 

consolidated network of practitioners, scientists, regulatory authorities, and decision-makers; actions to be taken by 

individual projects within the network; and important considerations to inform these actions. 

Project stage Network actions Project actions Considerations 

Set goal and 
geographic 
focus 

- Define overarching 
restoration goals. 

- Consolidate, 
homogenise, and expand 
participation in existing 
networks. 

- Emphasise CCAGs. 

- Identify refugia for coral 
diversity, including 
thermally resistant coral 
survivors of mass 
bleaching events. 

- Refine priority 
geographical areas 
based on existing 
restoration successes, 
sustainability, and 
potential for 
futureproofing.  

- Ensure and assist 
technical advisory 
groups; develop 
availability of technical 
expertise. 

- Establish skills and 
knowledge transfer for 
stakeholders and assist 
projects to follow SER. 

- Incorporate: 

• SMART characteristics 

• standardised goals and 
objectives 
• climate-smart design 

considerations 

• specific social 
contexts/risks 

- Focus on ecologically 
significant areas; identify 
priority areas linked to 
goals. 

- Utilise tiered project 
planning and 
development. 

- Maintain formal 
administrative 
standards. 

- Include any scientific, 
practical, traditional, and 
local knowledge 
available. 

- Promote community 
ownership and active, 
ongoing engagement in 
planning. 

- Remove local stressors. 

- Ecosystem-level restoration. 

- Provide socio-economic 
benefits. 

- Accessible documentation 
for varying expertise levels: 

• use distilled international 
CBP where necessary 

• develop resources in 
Bahasa Indonesia 

- Establish 
functionality/benefits of 
restoration:  

• management challenges 
and likelihood of success 

• biophysical context 
• unique opportunities of 

areas identified 

- Build on the “50 Reefs” 
Initiative to identify coral 
reef refugia and increase 
focus on coral thermal 
resilience. 

Identify, 
prioritise, and 
select sites 

- Identify priority areas 
conducive to natural 
recovery within MPAs. 

- Develop standards, 
strategies, and 
evaluation protocols for 
site selection. 

- Link site selection to 
restoration goals. 

- Follow a framework for 
prioritising sites for 
selection; base selection 
on standardised data 
collection. 

- Include CCAGs in site 
selection. 

- Evaluate natural recovery 
areas (lack of local stressors; 
larval supply; consolidated 
substrate). 
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- Identify control/ 
reference sites. 

- Ensure effective community 
engagement actions and 
stakeholder integration in 
planning. 

Identify, 
design, and 
select 
interventions 

- Develop list of 
complementary 
potential interventions 
to promote on regional 
and national scales. 

- Facilitate project access 
to expert advice; 
strengthen knowledge/ 
skills sharing networks. 

- Consider roadmap 
objectives within 
individual context to 
select applicable 
intervention(s) including: 

• sociocultural context 
• budgetary constraints 

- Foster consultation with 
restoration experts to avoid 
duplication of effort/ 
reliance on trial and error. 

- Promote coral biomass 
production in active 
restoration projects to 
reduce pressure on wild 
donor colonies. 

Develop RAP - Develop detailed and 
standardised RAP for 
projects based on 
international CBP. 

- Implement pilot phase 
assessments as standard 
practice. 

- Provide technical/ 
scientific guidance via 
representation in 
technical advisory 
teams. 

- Fully utilise all available 
knowledge and 
resources provided by 
the network. 

- Focus on primary goals; 
include SMART 
objectives. Use as a 
framework for funding 
applications/ 
stakeholder interactions. 

- Establish contextualised 
timeframe for goals. 

- Train community members in 
monitoring protocols. 

- Design plans to facilitate 
future upscaling. 

- Ensure transparency with 
stakeholders and the 
opportunity for input and 
feedback. 

Implement 
restoration 

- Encourage projects to 
utilise standardised RAP 
as a framework for 
restoration 
interventions. 

- Oversee minimum 
requirements for 
restoration projects, 
informed by 
international CBP. 

- Offer training, support, 
knowledge sharing, and 
skills transfer. 

- Quantify successes and 
shortcomings compared 
to control sites. 

- Implement adaptive 
management strategies 
to improve restoration 
efficacy over time. 

- Follow an achievable 
plan for ongoing 
community involvement. 

- Maintain accounting 
diligence using standardised 
RAP. 

- Ensure transparency, 
feedback, and 
standardisation within the 
network to engender 
accountability. 

- Potential for project 
inspection and assessments 
by regional network 
representatives. 
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Monitor and 
evaluate 
progress 

- Develop differentiated 
assessment and 
monitoring protocols; 
establish minimum 
monitoring 
requirements based on 
CBP universal 
monitoring metrics; 
oversee project 
monitoring to produce 
comparable results. 

- Integrate CBP 
principles/tools (CRC 
Restoration Evaluation 
Tool; Five-Star System 
and Ecological Recovery 
Wheel). 

- Clearly define metrics 
for success linked to 
ecological, social, and 
economic outcomes. 

- Prioritise quantifiable 
GBP metrics depending 
on available objectives, 
expertise, and resources. 

- Regular meetings to keep 
stakeholders abreast of 
progress. 

- Quantify alternative 
livelihoods, local 
stewardship, and other 
socioeconomic objectives to 
enable adaptive 
management of community 
relations. 

- Organise regional and/or 
site-specific training 
workshops to elevate 
scientific monitoring 
standards.  

Scale up 
interventions 

- Work towards 
establishing a multi-
dimensional and 
increasingly holistic 
approach in all projects. 

- Incorporate monitoring 
of CCAG metrics and 
evaluate climate-smart 
design objectives. 

- Increase GBP metrics 
monitored based on 
available expertise. 

- Develop evaluations to scale 
up over time from short-
term assessments to long-
term reef-scale effects. 

- Link with restoration in 
associated ecosystems. 

Utilise 
ongoing 
adaptive 
management 
strategies 

- Foster local, regional, 
national, and/or 
international reef 
restoration networks. 

- Promote reciprocity for 
continual improvement 
and upscaling. 

- Assess potential to scale 
up training/involvement 
of community members 
and/or other 
stakeholders. 

- Utilise expertise offered 
by knowledge sharing; 
supply data to the 
central repository. 

- Regular 
assessments/feedback to 
improve outputs. 

- Adapt approaches that fall 
short of expectations. 
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meeting and spending time with Dr Hawis when he brought university student groups to the 

Wakatobi. The loss of his influence in Indonesian coral reef restoration, his sunny personality, 

and the mentorship he provided for his students will be felt for many years to come. 
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2.8. Supplementary Material 

Table S2.1 Indonesian coral reef restoration projects surveyed 

Project 
Leader Project Sector Contact Position Location(s) Region Project 

Size Start 

Coral 
Triangle 
Initiative 

Coral Reef 
Rehabilitation & 
Management 

Gov RA Saputra IBF (project partner), 
marine biologist 

Nusa Penida NP, Gili Matra NP & Gili 
Balu NP (W.Nusa Tenggara) Central Regional 2020 

Indonesia 
Biru 
Foundation 
(IBF) 

Community 
Restoration & Coral 
Laboratory 

NGO RA Saputra Founder & director, 
marine biologist Lombok Utara (W.Nusa Tenggara) Central Regional 2008 

Gili Eco Trust 
Biorock, Reef 
Restoration & 
Protection 

NGO D Robbe 
Co-founder/ 
coordinator, project 
manager 

Gili Islands (W.Nusa Tenggara) Central Local 2019 

Yayasan 
Terumbu 
Rumpa 

ARTificial Reef Art 
for Corals NGO AH Arifin Chairperson 

Lombok (W.Nusa Tenggara); Wangi 
Wangi - Wakatobi (SE.Sulawesi); 
Seribu Archipelago (Jakarta); Bangka - 
Manado (N.Sulawesi), Ternate 
(N.Maluku), Banyuwangi (E.Java) 

West, 
Central, 
& East 

Multi-
regional 2014 

Yayasan 
Terangi 

Restoration of 
Indonesian Coral 
Reefs 

NGO Idris Idris Terangi coral reef 
management division 

Seribu Archipelago (Jakarta); Gili 
Matra NP (W. Nusa Tenggara); Tunda 
(Banten); Raja Ampat (SW.Papua); 
Belitung District (Sumatra) 

West, 
Central, 
& East 

Multi-
regional 2010 

BPSPL 
Denpasar 

Community-based 
coral reef 
restoration in 
Lombok 

Gov M Barmawi Marine and coastal 
ecosystem manager 

Pandanan NP - Lombok Utara 
(W.Nusa Tenggara) Central Local 2019 
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WWF 
Indonesia 

Rock piles as an 
effort to rehabilitate 
Indonesian coral 
reefs 

NGO ME Lazuardi 

National coordinator: 
marine science & 
knowledge 
management 

P. Kangge & P. Buaya - Alor Islands 
MPA (E.Nusa Tenggara); Derawan 
Islands MPA (E.Kalimantan); 
Jembrana Regency - Bali (W.Nusa 
Tenggara) 

Central Multi-
regional 2013 

Fish 
Resources 
Recovery 
Research 
Institute 

Bio-Transplants Gov Mujiyanto BRSDM KP – KKP expert 
researcher Tunda Island - Serang (Banten) West Local 2019 

Khairun 
University, 
Ternate 

Restoration of coral 
reefs around mining 
area 

Res N Wahidin Lecturer & researcher, 
Khairun University 

Central Halmahera Regency 
(N.Maluku) East Regional 2019 

Oceanara Initiating coral  
transplant growth NGO FR Hakim 

Oceanara founder, 
marine biologist & 
environmental scientist 

Kelapa Dua Island - Seribu 
Archipelago (Jakarta) West Local 2006 

IPB Centre 
for Coastal 
and Marine 
Resources 
Studies 

Coral Reef 
Rehabilitation Res N Rikardi IPB CCMRS researcher 

Seribu Archipelago (Jakarta); 
Indramayu (W.Java); Nyamuk, 
Madura, & Mandangin Island (E.Java); 
Kampung Yensawai - Raja Ampat 
(SW.Papua); Anambas Islands 

West, 
Central, 
& East 

Multi-
regional 2018 

Anambas 
Foundation 

Reef Restoration 
Programme NGO R Muharam AF marine conservation 

programme manager 

Yellit, Kaleg, Batbitim, Daram & 
Kelinci Island - Misool, Raja Ampat 
(SW.Papua) 

East Regional 2017 

Kapoposang 
Aquatic 
Tourism Park 
Authority 
(TWP) 

Reef restoration in 
Kapoposang 
National Park 

Gov I Mahmuda 
Kapoposang TWP 
management team 
coordinator 

Kapoposang National Park 
(S.Sulawesi) Central Regional 2014 
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Coordinating 
Ministry for 
Maritime 
Affairs and 
Investment 

Indonesia Coral Reef 
Garden (ICRG) Gov M Abrar 

National Research & 
Innovation Agency 
(BRIN) Research Center 
for Oceanography 
senior researcher 

Buleleng, Sanur, Serangan, Nusa Dua 
& Pandawa - Bali (W.Nusa Tenggara) Central Regional 2014 

Yayasan LINI 
National Reef 
Restoration 
Programme 

NGO RD Astuti LINI research and 
education manager 

7 sites in Bali (W.Nusa Tenggara); 
Banggai (Central Sulawesi); Selayar 
(S.Sulawesi); Banda Islands (Maluku) 

Central 
& East 

Multi-
Regional 2010 

PT Timah Tbk 
Mining Marine Reclamation Pvt 

Sector IA Syar'i Bangka Belitung 
University lecturer Bangka Island – Manado (N.Sulawesi) West Regional 2018 

Lancaster Uni 
bioacoustics 
research 

Applying bioacoustic 
techniques to coral 
reef restoration 

Res Dr. T Lamont Lancaster Environment 
Centre marine biologist Spermonde Archipelago (S.Sulawesi) Central Regional 2018 

PT Lombok 
Samudera 
Abadi 

Rehabilitation in 
ornamental coral 
farming industry 

Pvt 
Sector Z Arifin 

East Lombok Regency 
Agriculture and 
Livestock Service 

Pantai Pandanan, Pulau Moyo - 
Sumbawa (W.Nusa Tenggara) Central Regional 2014 

Candidasa 
Local 
Government 

Mendira Beach Reef 
Restoration Gov Dr. R 

Prasetyo 

Dean of Health 
Sciences, Science & 
Technology, Dhyana 
Pura University 

Mendira Beach, Candidasa - Bali 
(W.Nusa Tenggara) Central Local 2024 

Kuta Public 
Works  
Regional 
River Office 

Kuta Coral Reef 
Restoration Work Gov Dr. R 

Prasetyo Ibid. Kuta - Bali (W.Nusa Tenggara) Central Local 2003 

Benoa 
Harbour 
Authority 

Coral restoration in 
harbour dredging 
plot 

Gov Dr. R 
Prasetyo Ibid. Benoa Harbour - Bali (W.Nusa 

Tenggara) Central Local 2022 
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Bukti & 
Bondalem 
Community 
Groups 

Community-based 
Artificial Reef 
project 

Local 
Comm N Sugiarta Bondalem pokmaswas Bukti / Bondalem Village - Bali 

(W.Nusa Tenggara) Central Local 2015 

IndoOcean 
Project 

The Indo 
CorAlliance: A 
Social-Ecological 
Response to the 
Effects of Covid-19 

NGO P Sebastian 
IOP scientific director 
and lead marine 
biologist 

Prapat, Bodong, Sental - Nusa Penida 
(W.Nusa Tenggara) Central Regional 2015 

Gili Matra 
Bursama / 
Coral Catch 

Internship program / 
Empowering women 
in coral restoration 

NGO E Putri 

Coral Catch 
Superwoman;  
co-founder of Lombok 
Hidden Trip 

Gili Air, Lombok (W.Nusa Tenggara) Central Regional 2021 

Coral 
Triangle 
Centre / MSS 

Coral Reef 
Restoration Task 
Force (CRRTF) 

NGO M Welly CTC marine 
conservation advisor 

Bontosoa & Takabonerate - Selayar 
(S.Sulawesi); Wakatobi NP 
(SE.Sulawesi); Bunaken NP 
(N.Sulawesi); Bali, Nusa Penida & 
Nusa Lembongan (W.Nusa Tenggara) 

Central Multi-
regional 2017-21 

Ocean 
Gardener 

Restoration 
Programme & 
Courses 

NGO V Chalias Ocean Gardener Bali / 
coral mariculturalist 

Gili Islands, Bali, Nusa Penida 
(W.Nusa Tenggara); Manado & 
Bangka (N.Sulawesi); Bira (S.Sulawesi) 

Central Multi-
regional 2015 

Reef Check 
Indonesia 

Coral Restoration 
alongside LMMA 
Development 

NGO D Prabuning RCI chairperson Buleleng and Karangasem – Bali 
(W.Nusa Tenggara) Central Regional 2017 

Baubau city 
gov. / 
Ministry of 
Environment 

Coral reef 
restoration and 
fisheries programme 

Gov H Maswar Rock'n'Roll Divers 
(partner organisation) BauBau - Buton (SE.Sulawesi) Central Regional 2018 
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Coral 
Guardian / 
Yayasan 
Waka Eling 
Semeton 

Restoring Coral 
Reefs through 
Sustainable 
Financing 

NGO F Jacob 
Coral Guardian field 
and scientific project 
manager 

Hatamin Island, off Seraya Besar 
(E.Nusa Tenggara) Central Local 2015 

Livingseas 
Asia 

Padang Bai Reef 
Restoration NGO L Boey Coral conservation 

programme leader Padang Bai - Bali (W.Nusa Tenggara) Central Local 2009 

Mars 
Sustainable 
Solutions 
(MSS) 

Mars Assisted Reef 
Restoration System 
(MARRS) - stabilising 
coral rubble 

NGO P Mansell MSS R&D project 
manager Spermonde Archipelago (S.Sulawesi) Central Regional 2013 

CV Tumbak 
Island 
Cottages 

Rehabilitation of 
reefs on a private 
resort island 

Pvt 
Sector Y Parizot 

Marine biologist, owner 
CV Tumbak Island 
Cottages 

Tumbak Island (N.Sulawesi) Central Local 2016 

Loe Village 
Community 

Using local mountain 
rocks as new reef 
structure 

Local 
Comm S Garvin Togean Conservation 

Foundation Togean Islands (Central Sulawesi) Central Local 2020 

Fish in Air 
Tulamben & 
Heart of 
Ocean 

Transplantation of 
nursery-raised corals 

Pvt 
Sector D Daxhelet Fish in Air founder Tulamben - Bali (W.Nusa Tenggara) Central Local 2020 

Global Village 
Foundation 
Bali 

Kalanganyar Village 
Coral Reef 
Restoration Project 

NGO A Bracey GVFB founder Kalanganyar - Bali (W.Nusa Tenggara) Central Local 2020 

Nusa Dua 
Reef 
Foundation 

Artificial Reefs, Coral 
Transplantation & 
Local Management 
Interventions 

NGO P Hutasoit NDRF director/co-
founder Nusa Dua - Bali (W.Nusa Tenggara) Central Local 2016 
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Provincial 
gov. & 
Thalassa Dive 
Resort 

Single intervention, 
then successful 
natural recruitment 

Res Dr. KA 
Roeroe 

Sam Ratulangi 
University associate 
professor 

Manado (N.Sulawesi) Central Local 2020 

North Bali 
Reef 
Conservation 

Reef Restoration in 
Tianyar Village NGO Dr. Z Boakes NBRC co-founder, 

marine biologist Tianyar - Bali (W.Nusa Tenggara) Central Local 2011 

Blue Corner 
Dive Centre 

Rehabilitating a key 
tourist reef 

Pvt 
Sector A Taylor Co-founder, marine 

biologist 
Sental Reef - Nusa Penida (W.Nusa 
Tenggara) Central Local 2010 

Government, 
with support 
from South 
Korean gov. 

Rigs-to-Reefs 
Programme Gov A Rizal 

Dept of Environmental 
Science, Indonesia 
International Institute 
for Life-Sciences 

Bontang (E.Kalimantan) Central National 2019 

Mataram 
University 

Developing a Reef 
Restoration 
Roadmap for Uni 
Marine Dept 

Res MR Himawan 
Dept of Fisheries and 
Marine Science, 
lecturer 

Lombok Utara (W.Nusa Tenggara) Central Regional 2022 

Coral Reef 
Care 

Coral Restoration 
Amed CRC-P3A NGO Dr. R 

Voorhuis CRC chairperson Jemeluk Bay & Lipah Beach, Amed - 
Bali (W.Nusa Tenggara) Central Regional 2021 

MMAF 
Rubble area 
restoration with 
local communities 

Gov Dr. O Johan 

BRIN Research Group 
of Coral Reef 
Ecosystem 
Conservation 

Seribu Islands (Jakarta) West Regional 2004 

The SEA 
People 

"Yaf Keru" (coral 
garden) NGO A Brival SEA People director, 

marine biologist Rajah Ampat (SW.Papua) East Regional 2016 
(pilot) 

PT Amman 
Mineral Nusa 
Tenggara 

Reefball programme Pvt 
Sector 

W Prayogo / 
A Setianto 

PT Amman Mineral NT - 
Environmental 
Department 

Benete, Kenawa & Lawar Bay - Batu 
Hijau, W.Sumbawa (W.Nusa 
Tenggara) 

Central Regional 2004 


