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Abstract
Coral reef systems are at the point where passive restoration measures may have to be complemented by active restoration to
protect global reefs. No longer is habitat conservation enough with the level and frequency of reef disturbance. This review
explores the ecosystem-based adaptation (EbA) approach of active coral restoration, with people at the centre of analysis. This
paper undertakes a perspective review that collated (n = 37) academic papers and develops a ‘Human Dimensions of Coral
Restoration Technology Adaptation’ framework that helps position the wide range of human dimensions of coral restoration
studies. Seven phases were considered including assessing risks, assessing cost/benefits, understanding the socio-cultural con-
text, implementing and technology transfer, managing conflict and maintaining success and scale-up of coral restoration. With
every new restoration technology, calculating the micro- and macro-risks of such interventions is critical, followed by weighing
up opportunity costs of such new technologies. People in situ hold the power to shape these restoration projects including the
scientists envisioning these interventions, communities at grassroots, leaders that act as gatekeepers and businesses and tourists
alike. Stakeholder management as well as the enabling governance arrangements are also critical strengthening opportunities to
managing any potential underlying conflict that is possible between stakeholders.
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Introduction

Coral reef ecosystems are amongst the most productive sys-
tems on earth and provide habitat to over a million species
(Hoegh-Guldberg et al. 2018). In addition, they deliver invalu-
able ecosystem services, such as food and coastal protection
(Wilkinson 2004), tourism and recreational opportunities
(Brander et al. 2012) and intangible benefits such as identity
and social and cultural connections (Westoby and McNamara

2019). Yet, despite their value, anthropogenic impacts and
pressures placed on coral reefs such as overfishing, pollution
and coastal development have risen exponentially over the last
40 years. Coral bleaching is a growing catastrophe for reefs
(Hughes et al. 2017a; Sully et al. 2019), and the rate of decline
of reefs has been accelerating over the last decade (Hoegh-
Guldberg et al. 2018). With the last 40 years of pressure, such
as overfishing and pollution, coupled with warming waters
due to carbon dioxide being emitted into the atmosphere, the
reefs are in a rapid decline (Morrison et al. 2019). The sheer
magnitude of the problem has even called into question
whether systems such as the Great Barrier Reef will survive
such pressures in the future (Heron et al. 2018).

Multiple approaches are being taken to reduce pressure off
coral reef ecosystems or adapt to inevitable changes.
Traditionally, marine conservation has focused on habitat
maintenance and management, but more recently, active in-
terventions into coral reef ecosystems have been advanced
(e.g. Rinkevich 2014), leading some experts to conclude that
a multipronged approach is required to ensure the long-term
health of reefs globally (Van Oppen et al. 2017; Possingham
et al. 2015). Chronic or repeated disturbances to reefs are
placing pressures on ecosystems beyond natural recovery
thresholds in many locations, requiring a move beyond just
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passive conservation to more active interventions (Boström-
Einarsson et al. 2020). Coral restoration is one intervention
that has gained momentum to assist the recovery of degraded
or destroyed coral ecosystem. In a review of 329 coral resto-
ration case studies around the world, Boström-Einarsson et al.
(2018) identified different types of intervention, with the most
common ones relating to coral gardening (transplantation of
coral fragments involving a nursery plus transplantation
phase), direct transplantation (e.g. using broken coral after a
storm to transplant themwithout a nursery phase) and artificial
reefs.

Coral restoration is a form of ecosystem-based adaptation
(EbA), meaning it rebuilds natural capital and ecosystem ser-
vices to adapt to environmental change and addresses the crit-
ical links between sustainable resource management, biodi-
versity and climate change. Its central purpose is to preserve
and enhance ecosystems, using a broad suite of tools, to en-
able co-benefits to mitigate and adapt to climate change
(Munang et al. 2013: 27). The main concepts of EbA are to
focus on community scale, be participatory and involve mul-
tiple stakeholders. The fundamental idea of EbA is to deliver
co-benefits, whilst managing trade-offs. It can be enabled by
appropriate governance arrangements that supported inclusive
approaches and at the same time build on robust evidence base
(Nalau and Becken 2018). Coral restoration has gained trac-
tion amongst donor agencies who see this intervention as an
opportunity to protect or restore ecosystem resilience, whilst
delivering social benefits to local communities (e.g. USAID
2017). Conceptualising coral restoration as part of the grow-
ing EbA knowledge field aligns well with the aim of this
article to understand the human dimensions of this marine
ecosystem intervention.

Whilst a burgeoning research field with a significant in-
crease in publications in the last 10 years, and with some
success in practice at least in the short term and at a small
scale (Boström-Einarsson et al. 2018), active coral reef resto-
ration is not without controversy (Obolski et al. 2016). Some
marine scientists caution that restoration detracts from ad-
dressing the root causes of marine degradation and loss in
coral cover (e.g. Hughes et al. 2017b). In contrast, supporters
consider restoration as a necessary mechanism to protect or
recover endangered coral species as well as marine biodiver-
sity that now has insufficient time for recovery between dis-
turbance events (Anthony et al. 2017). It has also been sug-
gested that social benefits might derive from projects that in-
volve citizens or local communities (Marshall et al. 2012).

The first ever reference to coral restoration was Maragos
(1974) who developed a method to kick start the recovery
process for reefs through coral transplantation. Maragos and
latter work by Gomez (1983) in the Philippines cited the need
for active coral restoration as a response to declining reefs due
to anthropogenic change over three decades ago. Gomez’s
(1983) paper traced humans as central to the problem and thus

also pivotal to the solution. Despite this early recognition, and
evidence that many restoration projects are poorly designed
and do not facilitate adaptive learning (Boström-Einarsson
et al. 2018), social science perspectives and papers, with the
exception of socio-cultural benefits of coral restoration (Hein
et al. 2019), are generally scarce in the field (Lirman and
Schopmeyer 2016; Kittinger et al. 2016).

At times of fast changing marine environments, and con-
siderable government investment into active restoration
(Great Barrier Reef Foundation 2018), it is pertinent to take
stock of social science–informed knowledge and research ac-
tivity that vitally informs decision-making and ultimately
could determine failure or success of individual projects.
The primary objective of this study, therefore, is to present a
review of academic peer-reviewed literature that explores the
human dimensions of active coral restoration, to highlight the
key knowledge in this emerging field and potential gaps, and
whether the literature provides opportunities to develop a
framework for analysis. Potential challenges and points of
contestation will be identified and evaluated with respect to
future research agendas.

Method

Search strategy

The review process followed Crisps’ (Crisp 2015) three fun-
damental review principles. First, explicit inclusion and exclu-
sion criteria were established. Second, each collected paper
was objectively reviewed to determine its inclusion or exclu-
sion. Lastly, when papers required subjective judgement for
inclusion or exclusion (e.g. the extent to which a natural sci-
ence paper contained sufficient social science insights), then
the whole original text of the paper formed the basis of inclu-
sion and exclusion. Given that a wide range of disciplinary
backgrounds informs research on coral restoration, it became
obvious that the terminology to describe this adaptation mea-
sure varied. To ensure that all relevant papers were gathered,
the search was iterative and new keywords were added as they
emerged in papers or on project websites (e.g. referred to in
papers). Artificial reefs and shipwrecks were excluded from
the review, as these have a distinct body of separate work
attached to them which focuses on providing a rough and
stable artificial substratum in which marine organisms includ-
ing fish and corals can colonise and habitat (Ng et al. 2017).

Review method

A review was performed using a methodology similar to the
systematic quantitative review techniques outlined by
Pickering and Bryne (2014) and Pickering et al. (2015). This
method has been found to be reliable and robust in areas that
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cross the natural and social sciences (Guitart et al. 2012;
Steven et al. 2011; Turner et al. 2018; Nikulina et al. 2019).
During the first stage, all papers were in the search results (n =
487). Through the screening stage, duplicates were removed,
and all papers were screened using their abstracts to determine
if the paper focused on the human dimensions of coral resto-
ration (n = 37). From that process, the majority were excluded
(n = 318) and 60 papers were deemed to contain relevant
insight into the human dimensions of coral restoration. In
the eligibility stage, the full texts of the 60 papers were
assessed to determine inclusion or exclusion in the study with
reasons noted around the lack of human focus in a database.
The final studies included in the synthesis formed the point of
analysis (n = 37) (Fig. 1). Following this, summary tables
were produced, revised, adapted and reproduced and finally
analysis.

The thirty-seven papers (see Supplementary table) were
analysed using content and thematic analysis. Content analy-
sis can be used to examine any artefacts of social communi-
cation, ranging from historical documents to transcriptions of
recorded verbal communication. The essential process of con-
tent analysis is to attach codes to statements, phrases or pas-
sages in categories or themes drawn from the content itself, the

research questions or from the theoretical framework (Flick
2002;Minichiello 1995). Codes are a means to reorganise data
to enhance analysis (Minichiello 1995). A thematic analysis
was also conducted to identify prevailing research themes
within the studies building on the codes. This involved care-
fully reading and re-reading the data in the process of theme
identification (Fereday and Muir-Cochrane 2006). Thematic
summary tables were constructed and reworked to ascertain
similarities and differences in the studies (Jesson et al. 2011).

Theoretical framework

A theoretical framework to inform coding and interpretation
was adapted fromwork on EbA, noting that ‘ecosystem-based
approaches […] by preserving and enhancing ecosystems,
enable society to better mitigate and adapt to climate change’
(Munang et al. 2013: 27). The ‘life support systems’ (ecosys-
tem services) that coral reefs provide to humans is at the core
of what EbA seeks to protect or restore. Thus, the ‘people’
element is prominent in both EbA-related theory and practice.
Within the socio-ecological system, understanding the role
that various stakeholders play is central. Stakeholders whether
they be the scientists, communities, NGOs, businesses,

Fig. 1 Flowchart detailing the
steps followed in selection of
studies
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government agencies or the funders are sources for benefits to
be actualised or trade-offs to transpire.

Using the work of Nalau and Becken (2018), who analysed
over one hundred EbA policy and practice documents, the
main concepts, constraints and enablers of EbA were
identified. Focusing specifically on constraints, Nalau et al.
(2018) suggest that the following dimensions require further
attention:

& Economic and financial: relates not only to financing ad-
aptation measures (including analyses that compare EbA
with mainstream alternatives) but also to the wider eco-
nomic context of development and poverty alleviation.

& Governance and institutions: includes institutional ar-
rangements, policy environment and community
participation.

& Social and cultural: considers values and beliefs of local
people and community, their socio-economic context and
local knowledge.

& Knowledge constraints and gaps: addresses methods used
as an intervention and lack of knowledge in particular
areas (e.g. monitoring)

Clearly, there are linkages between these dimensions, but
nevertheless, they provided useful starting points to inform the
coding in this review. They were adapted and enhanced as
new themes emerged or as it became apparent that some di-
mensions were covered with considerably more detail than
others in the existing literature. The existing literature in ad-
dition to the insights gained from this review informed the
development of a new framework presented in the
‘Discussion’ section.

Findings

From the 37 articles coded, 19 sub-themes emerged borne
largely from the EbA literature. Whilst risk is a key element
in the EbA literature, it is often associated with a broader
(climate) risk assessment process. In this research, risk
emerged as an important aspect of the intervention itself, and
it was therefore added as a theme in its own right. The 19 sub-
themes were further coded resulting in seven clearly defined
themes which captured the major human dimensions ‘senti-
ments’ of the 37 papers and form the basis of the results.
Table 1 summarises the major findings which are discussed
in detail in this section.

Cost/benefit

A significant focus (n = 23) of the review papers was on better
understanding the economic parameters of coral restoration as
an EbA approach, particularly the economic costs, potential

co-benefits and scalability issues (Okubo and Onuma 2015).
Lack of robust insights into scalability (Boström-Einarsson
et al. 2018) would require data on establishment and mainte-
nance costs of the intervention, as well as information on the
true value of corals and their potential as a tradable and non-
tradable commodity (Rinkevich 2015). The need to consider
all cost and benefits of alternative interventions, including
restoration projects, was also highlighted by Douglas (2010)
who notes that marine protected areas, as a key habitat protec-
tion strategy, are associated with a wide range of benefits.
These often involve excluding fishing, changing operators’
practices, reducing runoff into the marine environment and
zoning recreational use.

The literature provides an indication on the costs of coral
restoration (Table 2). Whilst estimates and methodologies dif-
fer vastly, coral restoration is not cheap and preserving reefs is
more cost-effective than restoring them (Douglas 2010). The
economics of restoration depend considerably on the particu-
lar project. Based on their study of reefs in the Coral Triangle,
Williams et al. (2019) suggest that coral rehabilitation in se-
verely damaged areas under constant anthropogenic distur-
bances is achievable over large scales. The establishment of
11,000 structures covering 7000 m2 over 20,000 m2 of reef
comes at a cost of US$174,000. The wide range of cost esti-
mates provided by Spurgeon (2001) confirms more recent
figures being in the order of US$471,621/ha (at base year
2010) (Boström-Einarsson et al. 2018).

There was evidence in the literature of cost differences
of restoration in different economic contexts. Bayraktarov
et al. (2016: 1055) argue that restoration is up to 30 times
cheaper in developing economies due to lower cost
through community or volunteer participation, although
costs in developed countries could also be reduced by
using volunteers in the process (Toh et al. 2017). The im-
pact of drawing on local participants to not only reduce
costs but also enable long-term benefits in the face of
funding constraints was confirmed for case studies in
Indonesia, Panama and Palau (Goreau and Hilbertz 2008)
and in the Philippines (De la Cruz et al. 2014).

Two studies illustrate a unique co-benefit potential of
restoration work, beyond the immediate reef function and
the direct ecological services reefs provide (Ferrario et al.
2014; Reguero et al. 2018). Ferrario et al. (2014) under-
took a meta-analysis of the effectiveness of coral reefs for
coastal hazard risk reduction. Reefs reduce energy waves
by 97%, and with over 100 million or more people benefit-
ing from these processes, it may be more cost-effective to
restore reefs including active ‘silviculture’ than building
tropical breakwaters. Moreover, not only reefs reduce
coastal erosion, an impact which will only increase as sea
levels rise, but also the impacts of low-frequency, high-
energy events such as storms and cyclones are significantly
reduced compared with artificial structures.
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Socio-cultural context and benefits

EbA is often considered to be particularly effective when live-
lihoods are wedded to ecosystems. This is often more present
in developing economies where benefits of an environmental
intervention support livelihoods and reduce poverty (Munang
et al. 2013). Seven studies (Goreau and Hilbertz 2008;
Kittinger et al. 2016; Lirman and Schopmeyer 2016; Hein
et al. 2017; Trialfhianty and Suadi 2017; Hein et al. 2019)
placed people centre stage by examining the socio-cultural
and socio-economic aspects of active coral restoration pro-
jects. The majority of case studies in the papers reviewed were
contextualised within developing economies (see Table 3).
Research on human aspects of coral restoration broadly re-
flects the geographic distribution of case studies as found by
uptake of coral restoration as found by Boström-Einarsson
et al. (2018), where 40% of identified projects were in the
USA, the Philippines, Thailand or Indonesia.

There are different ways in which the local community can
participate in coral restoration projects, from aiding in the
planning phase to providing spiritual contributions throughout

the process (Trialfhianty and Suadi 2017). The effect of in-
volving local communities is clearly positive in the literature
(Kittinger et al. 2016; Trialfhianty and Suadi 2017; Hein et al.
2018; Hein et al. 2019). The community efforts are rewarded
in the form of employment, education, stewardship, recreation
and satisfaction in addition to other social and cultural benefits
(Hein et al. 2019). In Hawaii, for example, at least 160 tem-
porary and some permanent positions were created as a result
of the active restoration activities (Kittinger et al. 2016).

In order to implement a restoration strategy in a community
and to obtain the desired social benefits, it is necessary to
respect the customs and beliefs that some traditional commu-
nities have, as exemplified by Ulunihau (2009). In a case
study in Fiji, villagers showed a deep understanding of nature:
they believe that all living creatures are interrelated, and
everyone is responsible for them. Additionally, restrictions
on fishing grounds are only allowed by elders and chiefs
from the community, so earning their permission is
fundamental. By respecting these cultural nuances in Fiji,
the restoration project reported on by Ulunihau (2009) was
integrated in the society and it progressed until the

Table 1 Results of thematic
analysis Theme Major findings—sub-themes

Cost/benefit Cost of projects

Co-benefits

Socio-cultural context and benefits Local livelihoods

Different worldviews

Developed v developing economies

Education

People central for success Trust

Build capacity

Local ownership

Tourism and its complexities Tourism businesses maximising profit v environmental protection

Lack of local capacity

Outsider interest

Governance and regulations Finance

Policies

Enabling environment

Evaluation Measuring success

Indicators

Risk for managing reefs Opportunity/costs (systems thinking)

Ethics

Table 2 Various costing studies

Study Method Geographic context Estimated cost

Williams et al. (2019) Implemented project Coral triangle $24.85/m2

Spurgeon (2001) Benefit-cost analysis Hypothetical $1–500/m2

US National Marine Fisheries Service Focus on recovering 2 species Caribbean $255 million in total
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ecological results were obvious. Bottema and Bush (2012)
also explain the importance of respecting culture and gaining
the community’s support through encouraging their traditions.
In their case study in Bali, they reveal how some businesses
funded the rehabilitation of local temples and spiritual cere-
monies. By doing so, they gained the rapport and trust of the
religious leaders that exert a strong influence over the com-
munity and who subsequently consented for coral restoration
activities.

People central for success

The educational benefits of active coral restoration to tourists
who participate or engage with ‘restored’ reefs are highlighted
by Ulunihau (2009), Bottema and Bush (2012), Okubo and
Onuma (2015), Hein et al. (2018) and Hein et al. (2019). The
common theme in the papers is that there is an increase in
environmental awareness in those who decide to voluntarily
participate in restoration projects. Getting people physically
involved, in particular, increases understanding of the ecolog-
ical problems and encourages them to engage in the solution
(Hein et al. 2019). Fine et al. (2019) propose Citizen Science
as a method to educate people living around the Red Sea about
the need to protect and restore corals.

Voluntourism in coral restoration was pitched as one factor
to success by the authors in a project in Koh Tao, Thailand

(Hein et al. 2018). This project, as well as other initiatives that
have socio-cultural and economics outcomes for the host ini-
tiative as well as tourists (such as those discussed in Ulunihau
(2009), Bottema and Bush (2012) and Hesley et al. (2017)),
employs volunteers, most of whom are tourists, to implement
scientific-based activities for the restoration of coral reefs. As
noted earlier, the added benefit is lowering the costs of the
restoration efforts (Hesley et al. 2017; Hein et al. 2018; Hein
et al. 2019).

Gaining people’s trust is necessary to ensure their long-
term support since the suspicion of local groups or fishermen
(Bottema and Bush 2012) or loss of broader interest in the
project are known causes of failure (Lirman and
Schopmeyer 2016). Therefore, project managers of coral res-
toration, beyond establishing trust, need to maintain it and
meet community expectations (Hein et al. 2019). This can
be achieved by working with senior leaders who could act as
‘a bridge’ between governments, agencies or the scientific
community and members of the local community
(Trialfhianty and Suadi 2017). Hein et al. (2017) propose a
set of socio-cultural and economic indicators to monitor the
performance of the restoration projects, one of which would
be satisfaction. Perception of the project and satisfaction with
it are intimately intertwined with the degree of interaction in
the project, the demographic features of the region and overall
project results (Trialfhianty and Suadi 2017). Centrally, feel-
ing ownership over the project is likely to drive success.

Direct buy-in is paramount to people’s contribution and the
project’s success. Thus, local communities find their motiva-
tion to restore reefs in the same way that many private busi-
nesses participate to profit from the activities (Bottema and
Bush 2012; Meyers 2017; Okubo and Onuma 2015). This
viewpoint is backed by Goreau and Hilbertz (2008) who re-
flect on the value of nature in ‘modern’ ideologies. They de-
clare that these ideologies ‘…value nature not for its own sake
but only insofar as it is exploited to yield immediate returns’.
Thus, making sure that restoration projects are a suitable op-
tion to improve or maintain the local livelihood can be an
approach to ensure the durability of the project.

Tourism and its complexities

The central role of coral reefs for tourism, and the associated
economic wealth created as a result, is well understood and
mapped (The Nature Conservancy 2017). Whilst marine en-
vironments and reefs provide multiple tourism opportunities,
snorkelling and scuba diving are the most common activity in
this environment (Garrod and Gössling 2008, cited in Meyers
2017). As such, the survival of reefs is a key driver of tourism
businesses and operators as their business depends on the reef
as a commodity, but possibly, the reverse is true as well.

Many of the studies in this review (Bottema and Bush
2012; Hein et al. 2018; Fine et al. 2019) support a view that

Table 3 Distribution of studies across the globe

Article case study sites Number of case studies

Global case studies 17

Developed economy case studies 10

Australia 2

Florida Keys 1

Hawaii 2

Hong Kong 1

Japan 1

Red Sea 1

Singapore 1

US Virgin Islands 1

Developing economy case studies 17

Caribbean 3

Indonesia 4

Fiji 1

Maldives 2

Palau 1

Panama 1

Philippines 1

Samoa 1

Thailand 3

Total case studies (out of 37 papers) 44
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the touristic attractiveness of reefs can be used as an incentive
to aid coral reef restoration efforts through visitors’ direct
involvement (Hesley et al. 2017; Hein et al. 2018; Hein
et al. 2019). Opportunities exist for tourists and related com-
panies to participate as a ‘workforce’ in accomplishing the
active restoration efforts (Meyers 2017; Fine et al. 2019), in-
creasing the durability and sustainability of the coral restora-
tion project (e.g. Trialfhianty and Suadi 2017). Involving the
private sector, including by stimulating entrepreneurial activ-
ity, not only is an effective form of local participation but also
contributes to the generation of local livelihoods (Ulunihau
2009). The lack of local partnerships and poor coordination
observed within case study communities, however, appears to
be a major barrier to the successful involvement of tourism
stakeholders (Bottema and Bush 2012; Meyers 2017; Hein
et al. 2019).

The literature does offer some insightful case studies, both
in terms of success, particularly in reference to the socio-
cultural benefits of restoration (Hein et al. 2019) and some
cause for concern. Fine et al. (2019), for example, show how
the development of touristic human activities around coral
reefs can be ecologically unsustainable if not carefully
considered and appropriately managed. Meyers (2017) also
questions the ostensible benefits of integrating restoration
and tourism, given that coral restoration involves further ma-
nipulation of the environment. The juxtaposition of tourists as
threat/opportunity is not new to tourism (Budowski 1976) and
indeed represents one key motivator for protecting the natural
resource in the first place.

The motivation of tourists engaging in such restoration
efforts can be critically questions as tourist might be relieving
their so-called environmental anxieties, fighting the same en-
vironmental problems that they are causing (Meyers 2017). In
this sense, tourist-related restoration projects are similar to
carbon offsetting programs where travellers buy themselves
out of their environmental responsibilities. In the coral context
‘…this type of restoration work achieves satisfaction by pro-
ducing a bundled experience rather than a guaranteed ecolog-
ical outcome’ (Meyers 2017: 210). This viewpoint suggests
that some projects could be motivated by commercial reasons,
and that means that the ecological integrity needs to be man-
aged with vigilance.

The notion that businesses are first and foremost about
profitability rather than conservation was levelled by
Bottema and Bush (2012), Meyers (2017) as well as Okubo
and Onuma (2015). The necessity to make profit highlights
the need to assess projects both in terms of ecological and
economic success. Relying only on ecologically conscious
businesses (like the example described by Okubo and
Onuma 2015) could negatively affect the effectiveness of
large-scale restoration efforts. Even if tourism businesses are
centrally about profit, their profitability is tied up in the eco-
logical health of the reefs they rely upon. By building and

establishing partnerships with scientists to ensure that any
resort reef restoration work is best practice will provide divi-
dends to the tourism businesses themselves and support the
ecological integrity of reef system.

Policy, governance and financing

The review identified a major gap in studies on the policy
environment as a key enabler or constraint to restoration work
(only n = 1 study directly identified with in reference to policy
and governance and only no study directly addressed financ-
ing in this theme). Given the momentum around coral resto-
ration, more research is needed to examine the policy, gover-
nance and institutional environment and how they interact.
The only paper exploring the regulatory environment was in
the context of the Great Barrier Reef (Fidelman et al. 2019), a
relatively highly regulated reef ecosystem. This study found
that coral restoration and emerging technologies may not en-
tirely fit in existing legislative or regulatory environments as
there is significant fragmentation and duplication in the con-
text of Australia. No research could be identified on the policy
context of coral restoration in those countries that appear to
lead in terms of number of projects implemented (see
Table 3).

Financing is complex, and the main private sources of
funding have been in-kind and financial donations for the
NGO sector (Goreau and Hilbertz 2008), but businesses are
increasingly relevant in financing restoration projects
(Bottema and Bush 2012). Resorts and dive operators play a
substantial role in this matter as is exemplified by Okubo and
Onuma (2015) in their case study in Okinawa where some
diving operators apply fees for the tour services provided that
are used to cover restoration expenses. Another example is
given by Ulunihau (2009) who reports a restoration project
in a Fijian resort where visitors were offered the option to
sponsor and plant corals. Rogers et al. (2015) propose that
coral restoration is most successful in low complexity reefs
and particularly in ‘house reefs’ where dive resorts and hotels
benefit from the positive impacts of the coral restoration
process.

In addition to local tourist ventures financing coral restora-
tion activities, non-local entities also contribute to coral resto-
ration as it is illustrated by Goreau and Hilbertz (2008) and
Williams et al. (2019) in their case studies. In these examples,
the Global Coral Reef Alliance, an international NGO, GCRA
andMars Symbioscience, a philanthropic foundation of Mars,
perform restoration efforts seeking to aid the local community
with coral restoration from a non-commercial angle. Yet, both
studies support the assertion made by Bottema and Bush
(2012) about the relevance of local participation since the lack
of significant funding needs to be compensated by voluntary
work (see above). Some authors doubt the capability of local
people to contribute in a meaningful way. Goreau and Hilbertz
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(2008), for example, raised concerns about communities’ abil-
ity to handle funds. In addition, scientists do not always trust
people to work on the reef effectively since community mem-
bers usually do not have specialist skills and experiences
(Hein et al. 2018).

The argument for coral restoration in small islands has been
put forward, where cost as a critical factor for scalability may
be reduced, where so many people live in such proximity to
the coast and reefs act as natural infrastructure. Reguero et al.
(2018) suggest that climate adaptation funds could even be
tapped into by developing countries for both passive and ac-
tive restorations of reefs due to their value to people, liveli-
hoods and poverty reduction.

Evaluation

A Restoration of Coral Reef Framework borne from combin-
ing Ostrom Framework for analysing socio-ecological sys-
tems and Kittinger et al.’s (2016) human dimensions frame-
work of coral reefs socio-ecological systems was developed
byUribe-Castañeda et al. (2018). Coral reef restoration project
designs and evaluations tend to be restricted to an ecological
perspective, and to address this gap, they added the social,
political and economic dimensions in the Restoration of
Coral Reef Framework. By doing so, better societal outcomes
from restoration activities are feasible if followed (Uribe-
Castañeda et al. 2018).

There is a need for credible and agreed metrics on measur-
ing success and return on investment and effort as well as
improved documentation of failures Hein et al. (2017,
2019). Their major argument is that too often only one or
two ecological indicators are used, and that measurement typ-
ically only occurs over the initial establishment phase (Hein
et al. 2019). What is needed is a consistent measurement of
ecological health over long-term post-establishment phase,
noting that ‘success rates reported in the scientific literature
could be biased towards publishing successes rather than fail-
ures’ (Bayraktarov et al. 2016: 1055). Such sentiments eluci-
date that consensus needs to be established to provide compa-
rable measures of success and failure and determine unit cost
of active coral restoration more effectively. Further to
proposed ecological indicators, Hein et al. (2017) argue for
four socio-cultural and economic indicators: reef user satisfac-
tion, stewardship, capacity-building and economic value.

Risks for managing reefs

Four papers explored the risks for managing reefs now and in
the future (Rogers et al. 2015; McLeod et al. 2019; Hughes
et al. 2017b; Hoegh-Guldberg et al. 2018). These risks include
those that arise at the macro-level when attempting to manage
the overall reef system. Micro-scale risks can also arise when

implementing EbA in place. These macro- and micro-risks are
discussed in turn.

The overarching, macro-scale risk for managing reefs is the
lack of consideration of underlying drivers of ecosystem func-
tion and coral degradation or loss that form part of accelerating
pressures in the Anthropocene. All four papers pointed to the
need for reef health to be examined in terms of the broader
socio-ecological systems in which they are situated, including
economies, places and complex relationships with people
(Rogers et al. 2015; McLeod et al. 2019; Hughes et al.
2017b; Hoegh-Guldberg et al. 2018). The socio-ecological
approach needs to be embedded within reef management by
linking resilience of the reef ecosystem to places, people, pol-
itics and economies (Hughes et al. 2017b). Understanding
drivers, dynamics systems and tipping points to avoid
collapse are crucial to such endeavours. McLeod et al.
(2019) argue for investment in experimental approaches to
support reef resilience (e.g. via assisted evolution).

In the context of future coral reef management, one risk is
that current strategies tend to set goals based on the past ‘state’
of reef functions and services, instead of anticipating and pre-
paring for future changes (Rogers et al. 2015). Returning to
the original state of reefs—a nostalgic past state—is unrealis-
tic, moving the focus onmaintaining essential biological func-
tions of reefs (Hughes et al. 2017b). Given the changes and
new conditions that reefs face, governance systems and the
management of reefs will need continuous adaptive manage-
ment (Rogers et al. 2015).

The papers in this review also raise several micro-scale
risks relating to coral restoration as an intervention. Any
EbA that involves some level of ecosystem manipulation
needs to ensure that new ‘technology’ does not create new
problems and instead ensure that the risk of unintended out-
comes is reduced (Meyers 2017). Additionally, the risk that
the perceived solution distracts from investing into more pro-
found or systemic interventions needs to be managed.
Restoration projects contain an emotional dimension as they
provide hope to some people, whilst others might see them as
a signal of triage and loss. Hughes et al. (2017b) argue that
‘[e]fforts are typically focused on restoring populations of
depleted species such as turtle or targeted corals, often without
adequately addressing the drivers that caused their decline in
the first place’ (p. 88). Such assessment implies both ethical
and political dimensions that would benefit from further re-
search to understand better how funds and efforts are
allocated.

The authors offer multiple opportunities for action, includ-
ing active coral restoration which they believe is limited in its
potential scalability, including building institutions of gover-
nance, acclimatization and adaption of corals through assis-
tance, fostering innovative partnerships and changing social
norms. Crucially, they argue that human psychology needs to
be incorporated into any governance approach to bear ‘…the
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seriousness of the challenges without generating hopelessness
or despair’ (Hughes et al. 2017b: 88).

Hoegh-Guldberg et al. (2018) recognise that given the myr-
iad of challenges faced by the global reef ‘system’, it is nec-
essary to implement multiple and complementary manage-
ment measures of which restoration could be one, and conser-
vation of hot spots (and triage) might be another. Deciding on
these key spots is a human decision—and therefore presents
risks—highlighting the need for understanding priorities,
trade-offs and co-benefits. McLeod et al. (2019) suggest that
there is always risk with adaptation and triage, and how to
decide on what is needed when and where is a complex mat-
ter, but this must be evaluated against extinction and loss and
we must keep an open mind and evaluate all management
options as not to endanger agile responses in the
Anthropocene.

Discussion

The aim of this review was to ascertain the current state of
knowledge on the human dimensions of coral restoration as an
EbA initiative. From reviewing the relevant literature, 37 pa-
pers were identified that covered human aspects of coral res-
toration. In conjunction with broader literature on ecosystem-
based interventions (Nalau et al. 2018; Wamsler et al. 2016;
USAID 2017), a conceptual model emerged that usefully un-
derpins the themes identified in the coding process.

In an iterative process of coding and anchoring in literature,
it became clear that existing models from EbA need to be
complemented by drawing on models of technology transfer
and adoption of adaptation technologies. Whilst constituting
an ecosystem-based intervention, coral restoration also repre-
sents a manipulation of natural processes by means of new
‘technologies’. This means that the diffusion of such new
methods might follow a model developed by Biagini et al.
(2014) about technology transfer and adoption within the mit-
igation and adaptation context. By looking at the long-term
impacts of the adaptation as well as the larger social context,
markets, political systems, users, perceived usefulness, costs
and broader systems can greatly enhance transfer and adop-
tion. To integrate these aspects, theoretical models of environ-
mental decision-making (EDM) were found to be highly rel-
evant to conceptualising and categorising social science re-
search into coral restoration. The COBRA model of costs,
opportunities, benefits and risk analysis (NZ Ministry of
Environment 2017) was found to useful fill the remaining
gaps particularly in terms of risk and monitoring and evalua-
tion to arrive at our final framework.

The proposed conceptual framework is visualised in Fig. 2
and integrates the above three earlier models, as well as the
themes presented in Table 2 earlier. The Human Dimensions
of Coral Restoration Technology Adaptation framework

begins with conceptualising coral restoration as the new tech-
nology (1) that requires risk assessment (2) both in terms of
location-specific aspects, systemic risks and broader societal
considerations (e.g. Rogers et al. 2015). Whilst all risks may
not be readily identified, it is crucial that the policy environ-
ment and regulatory frameworks are anticipatory and agile. A
more detailed debate on the ethics associated with coral res-
toration is outstanding and presents an important research gap
that needs to be addressed in further research. In practice,
these issues are recognised, and attempts are made to ensure
high ethical standards of restoration projects, for example
through the Code of Ethics promoted by the Coral
Restoration Consortium (2020). This will become more sa-
lient with further engineered approaches such as designing
or assisted evolution of reefs (Van Oppen et al. 2017;
Mascarelli 2014; Hughes et al. 2017b; McLeod et al. 2019)
gaining traction in countries such as Australia.

The cost/benefits and co-benefits (3) are intimately con-
nected to the socio-cultural context (4) of coral restoration.
This review illustrates coral restoration is multifaceted—cost
and benefits varying considerably in different contexts and
debate exists in terms of reef value, traditional reef manage-
ment techniques and opportunity costs of coral restoration
(e.g. Okubo and Onuma 2015; Williams et al. 2019). Whilst
on face value coral restoration seems more viable in develop-
ing economies, due to reduced labour costs and significant co-
benefits such acting as tropical breakwaters, there is no simple
defined metrics to prove this. Whilst numerous authors argue
that it may be more realistic in these contexts with volunteers,
tourists and citizen scientists playing a role, scalability is pos-
sible in developed economies too.

‘House reefs’, which are those reefs boarding resorts, do
have the impetus to implement such initiatives for self-
sustainment as tourism operators have the capital, possible
volunteers and economic impetus to do so. Tourism stake-
holders have a core logic, drawing on the symbiotic effect
between healthy environments and thriving tourism industries
(Liburd and Becken 2017). The co-benefits in the context of
tourism are more directly apparent than large scale coral res-
toration costed out over huge areas. The findings provide fur-
ther evidence of the close relationship between tourism and
conservation (e.g. see also The Nature Conservancy 2017),
although—as in other contexts—sound management is re-
quired to harness the benefits that tourism might bring, whilst
minimising its negative impacts (Budowski 1976).

In terms of the socio-cultural context, furthering this work,
we postulate that issues such as gender, power and cultural
considerations should be more broadly embraced (McNamara
et al. 2020) by the scientific community engaging in active
coral restoration particularly because it is seen to be often
more feasible in developing Small Island State economies
(Reguero et al. 2018). This is apparent in the findings of the
role of community buy-in, local ownership and building
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trusting relationships and incorporating local knowledge sys-
tems into the restoration process. During the implementing
phase (5), managing conflict (6) and building trust and main-
taining expectations are essential (Bottema and Bush 2012;
Hein et al. 2019; Lirman and Schopmeyer 2016; Trialfhianty
and Suadi 2017). Building on Hein et al. (2017), if restoration
is to take place in developing economies or with indigenous
communities, then livelihood issues and analysis that incorpo-
rate power dynamics are culturally appropriate and gender
inclusive needs to be considered. The inclusion of local or
indigenous knowledge (Nalau et al. 2018) can also advance
trust and mutual understanding.

Particularly apparent in the reviewed articles were stake-
holders, the central zone of the model, and stakeholder’s per-
ceptions of active restoration. All stakeholders, the centre of
the model, play such a pivotal role in maintaining success and
scaling up (7) of coral restoration, from providing opportuni-
ties for scalability, their direct involvement as a community, as
a tourist or as a business that has impacts on increasing the

success rate of these projects (Hein et al. 2019; Boström-
Einarsson et al. 2020). Balancing competing demands and
l i v e l i h ood s t r a t e g i e s o f a l l s t a k eho l d e r s a nd
managing conflict between the diverse interests of stake-
holders becomes of paramount importance. Evident in this
review is that even if appropriately financed, the policy and
governance environment is struggling to keep abreast of this
fast-moving environment (Fidelman et al. 2019).

Success, determined by evaluation (8), is a difficult end
point to gauge, noting that success is yet to be systematically
defined and agreed and might carry some value judgement of
what is important (Boström-Einarsson et al. 2020). There is a
tendency in many fields, to highlight success and under-report
failure (Westoby et al. 2020, forthcoming). The lack of mon-
itoring and evaluation of EbA projects more broadly was iden-
tified as a key constraint to future success (Nalau et al. 2018).
What is clearly needed are parameters to benchmark success
and failure consistently and remember that success or failure
need to be measured beyond the immediate 2–3-year project

Fig. 2 ‘Human Dimensions of Coral Restoration Technology Adaptation’ framework
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cycle. For coral restoration, maintaining success and scalabil-
ity requires local community, stewardship, citizen science and
tourism (Hein et al. 2020). This can have the effect of both
providing hope and alleviating ‘anxieties’ that we are inter-
vening in their demise.Weighing up the ‘risk’ and considering
system-thinking and ethics suggests the need to address the
drivers of reef decline to complement active reef restoration.

The insights from this review are significant. We must
continue to better measure the true value of reef systems; in
terms of all the goods and services, they provide their whole
utility and value. We also need credible and agreed metrics on
measuring success and return on investment and effort as well
as improved documentation of failures. This needs to be
established and wholly determined, so that active coral resto-
ration may be contextualised and tested at various scales as an
EbA approach. As new physical science emerges, the poten-
tial exists for a wider adoption, particularly coupled with re-
sorts and in communities who can invest time in their reefs for
their own livelihood strategies.

Conclusion

This paper is the first to systematically explore the state of
knowledge across the whole loop of the Human Dimensions
of Coral Restoration Technology Adaptation. The framework
was developed by building on both theoretical and practical
knowledge advanced in the field of ecosystem-based interven-
tions to manage change. People are central to the
Anthropocene, are central drivers of reef decline and are ulti-
mately central to their protection and restoration. Ethically, we
need to weigh up from the start our role in driving solutions
prior to intervention and we need to place the diversity of stake-
holders in a balanced tension for success to become a reality on
the ground. The time for passive intervention is no longer via-
ble, but active does not mean reactive. It means replicable mea-
sures and cautions proactive approaches that not only ensure an
ongoing learning process but also function as beacons of opti-
mism and hope in a world of accelerating environmental crisis.

Understanding the human dimensions of coral restoration
is critically important and conceptualising this intervention as
a new technology provides a path for assessing the micro- and
macro-risks. Whilst the science of active reef restoration ap-
proaches was not the purpose of this review, there is a risk that
politicians support funding directions and scientist and practi-
tioners of coral restoration might seize the opportunity, with-
out however addressing underlying root causes (Hughes et al.
2017b). Within Australia, the government is investing in ac-
tive restoration efforts with $100 million being injected in the
Great Barrier Reef in 2018 (Great Barrier Reef Foundation
2018). Such investment needs to not only consider risks but
also carefully weigh the cost and benefits of such new tech-
nologies. Local people and communities, including leaders

that act as gatekeepers, are particularly influential in shaping
the success of these restoration projects, alongside the scien-
tists envisioning these interventions, financial supports, busi-
nesses and tourists to those sites. Managing these stakeholders
as well as the governance arrangements to enable long-term
restoration to be actualised without conflict is essential.
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