
University of Plymouth

PEARL https://pearl.plymouth.ac.uk

Faculty of Science and Engineering School of Biological and Marine Sciences

2022-02

The need, opportunities, and challenges

for creating a standardized framework

for marine restoration monitoring and

reporting

Eger, AM

http://hdl.handle.net/10026.1/19628

10.1016/j.biocon.2021.109429

Biological Conservation

Elsevier BV

All content in PEARL is protected by copyright law. Author manuscripts are made available in accordance with

publisher policies. Please cite only the published version using the details provided on the item record or

document. In the absence of an open licence (e.g. Creative Commons), permissions for further reuse of content

should be sought from the publisher or author.



1 

 

Eger et al., (2022). The need, opportunities, and challenges for creating a standardized framework for marine restoration 
monitoring and reporting. Biological conservation, 266. 10.1016/j.biocon.2021.109429 

 

The need, opportunities, and challenges for creating a 

standardized framework for marine restoration monitoring 

and reporting 

Aaron M. Egera*, Hannah S. Earpb, Kim Friedmanc, Yasmine Gattd, Valerie Haggere, Boze Hancockf, 

Ratchanee Kaewsrikhawg, Elizabeth Mcleodh, Abigail Mary Moorei, Holly J. Ninerj, Frida Razafinaivok, 

Ana I. Sousal, Milica Stankovicm, Thomas A. Worthingtonn, Elisa Bayraktarovo, Megan Saundersp, 

Adriana Vergésa, Simon Reevesq,r 

aCentre for Marine Science and Innovation & Evolution and Ecology Research Centre, School of 

Biological, Earth and Environmental Sciences, The University of New South Wales, Sydney, NSW, 

Australia 

bInstitute of Biological Environmental and Rural Sciences, Aberystwyth University, Aberystwyth SY23 

3DA, UK 
cFisheries and Aquaculture Department, Marine and Inland Fisheries Branch, Food and Agriculture 

Organization of the United Nations (FAO), Rome, Italy 
dCentre for Nature-based Climate Solutions, National University of Singapore, 14 Science Drive 4, 

Singapore 117543, Singapore 
eSchool of Biological Sciences, The University of Queensland, Brisbane, Australia 
fThe Nature Conservancy & URI Grad School of Oceanography, Narragansett, RI, USA 
gDivision of Biological Science, Faculty of Science, Prince of Songkla University, Hat Yai, Songkhla 

90110, Thailand 
hThe Nature Conservancy, 4245 North Fairfax Drive Suite 100, Arlington, VA, USA 
iGraduate School, Universitas Hasanuddin, Makassar 90245, Indonesia 
jSchool of Biological and Marine Sciences, Marine Building, University of Plymouth, Drake Circus, 

Plymouth PL4 8AA, UK 
kMadagascar National Parks, Antananarivo, Madagascar 
lCESAM–Centre for Environmental and Marine Studies, Department of Biology, University of Aveiro, 

Campus Universitário de Santiago, 3810-193 Aveiro, Portugal 
mExcellence Centre for Biodiversity of Peninsular Thailand, Faculty of Science, Prince of Songkla 

University, Hat Yai, Songkhla 90110, Thailand 
nConservation Science Group, Department of Zoology, University of Cambridge, Cambridge, UK 
oCentre for Biodiversity and Conservation Science, The University of Queensland, St. Lucia, 

Queensland, Australia 
pCSIRO Oceans and Atmosphere, St Lucia, Queensland 4067, Australia 
qThe Nature Conservancy, Carlton, VIC, Australia 
rAustralia & School of BioSciences, University of Melbourne, Melbourne, VIC, Australia 

 

 

 
* Corresponding author: aaron.eger@unsw.edu.au (A.M. Eger). 

 

mailto:aaron.eger@unsw.edu.au


2 

 

Eger et al., (2022). The need, opportunities, and challenges for creating a standardized framework for marine restoration 
monitoring and reporting. Biological conservation, 266. 10.1016/j.biocon.2021.109429 

 

Abstract 

Marine ecosystems have been used, impacted by, and managed by human populations for millennia. 

As ecosystem degradation has been a common outcome of these activities, marine management 

increasingly considers ecosystem restoration. Currently, there is no coherent data recording format 

or framework for marine restoration projects. As a result, data are inconsistently recorded and it is 

difficult to universally track progress, assess restoration's global effectiveness, reduce reporting bias, 

collect a holistic suite of metrics, and share information. Barriers to developing a unified system for 

reporting marine restoration outcomes include: reaching agreement on a framework that meets the 

needs of all users, funding its development and maintenance, balancing the need for ‘ease of use’ and 

detail, and demonstrating the value of using the framework. However, there are opportunities to 

leverage arising from the United Nation Decades of Ecosystem Restoration and Science for Sustainable 

Development and with existing processes already developed by restoration groups (e.g. Global 

Mangrove Alliance, Society for Ecological Restoration). Here we provide guidelines and a roadmap for 

how such a framework could be developed and the potential benefits of such an endeavor. We call on 

practitioners to collaborate to develop such a framework and on governing bodies to commit to 

making detailed reporting a requirement for restoration project funding. Using a standardized marine 

restoration monitoring framework would enable the application of adaptive management when 

projects are not progressing as expected, advance our understanding of the state of worldwide marine 

restoration, and generate knowledge to advance restoration methodologies. 
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Highlights: 

• The field of marine ecosystem restoration is growing rapidly. 

• Currently projects are failing to systematically record the outcomes of restoration. 

• This gap hinders the field and prevents knowledge sharing and refined methods. 

• Developing a restoration reporting framework will help address this issue. 

• We present a roadmap for creating a restoration reporting framework. 
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1. Global state of marine ecosystem restoration 

Humans have undertaken restoration-like actions, including hydrologic modification, transplanting, 

and weeding in coastal and marine ecosystems to maintain and enhance culturally important natural 

resources for millennia (Saunders et al., 2020). However, modern ecosystem restoration, i.e. “the 

process of assisting the recovery of an ecosystem that has been degraded, damaged or destroyed” 

(SER, 2004), was only conceptualized by Aldo Leopold in the 1930s. Ecosystem restoration has since 

evolved into a robust body of research and practice and has expanded from terrestrial into freshwater 

and marine systems. Restoration is now recognized as vital to support the recovery of the abundance, 

structure, and function of marine life due to catastrophic declines in marine species, habitats, and 

ecosystems (Appendix 1 - “Awareness” Duarte et al., 2020). 

While there is evidence from the 18th century of ecosystem restoration of oyster reefs and the 20th 

century in coral reef, kelp forest, seagrass meadow, mangrove, and saltmarsh ecosystems, the field 

remains relatively small compared to terrestrial restoration and grew slowly over the 20th century 

(Saunders et al., 2020). This lag is thought in part due to marine ecosystems being ‘invisible’ to much 

of the population (Crowder and Norse, 2008), but also due to the large spatial scales of impacts, the 

decentralized ownership of marine ecosystems, and a perception that passive conservation 

approaches such as marine reserves could reverse habitat and biodiversity losses (Elliott et al., 2007; 

Hawkins et al., 2002). Despite these challenges, new approaches, a greater awareness of the degraded 

state of marine ecosystems (Lotze et al., 2006), and a growing appreciation of the services provided 

by marine ecosystems has meant that marine restoration has increased since 1990s (Saunders et al., 

2020). Indeed, scientists, governments, industries, aboriginal governments, and non-profit groups 

worldwide are interested in marine ecosystem restoration (Basconi et al., 2020; Bersoza Hernández 

et al., 2018; Saunders et al., 2020; Zhang et al., 2018) to restore biodiversity, enhance ecosystem 

services, offset development, answer scientific questions, or improve society (Hagger et al., 2017). 

There are now more new marine restoration projects than ever before, and as we move into the 

United Nations Decade on Ecosystem Restoration (2021–2030) and the UN Decade of Ocean Science 

for Sustainable Development, there is an impetus to scale up marine and coastal restoration to restore 

critical ecosystem services such as food production, climate control, and coastal protection (Appendix 

1 – “Partnerships”). 

A major challenge that scientists, practitioners, and policy makers face is to fully determine the 

biophysical, political, and socio-economic drivers influencing restoration success and track progress 

towards global restoration and conservation targets. Further, while the scientific community has 

produced considerable research on marine and coastal restoration, there has been limited success in 

translating this science into information that can be used by policy makers and practitioners. While 

ecosystem restoration is a human endeavor and project success is determined by more than the 

ecological attributes of a system, a recent review of marine restoration projects found that projects 

most often used only ecosystem attributes such as growth/productivity and survivorship to measure 

success, while failing to record ecosystem functions and associated socio-economic benefits 

(Bayraktarov et al., 2020). Monitoring and reporting of restoration outcomes against objectives should 

enable more reliable assessments of restoration success (Hagger et al., 2017; Seddon et al., 2020), and 

improve restoration strategies for the future (Suding, 2011). 

Here we propose an approach to address some of the challenges facing marine ecosystem restoration, 

namely outlining a roadmap for the development of a restoration monitoring and reporting 

framework (Appendix 1). Such a framework would provide a mechanism to measure the progress of 

a restoration project, stimulate adaptive management, capture its success level, and measure 

restoration impact. This information will then inform more effective decision making for future marine 
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restoration projects and will assist further development in the field of ecosystem restoration, 

particularly given its growing societal importance and need. 

 

2. Why is a standardized marine restoration framework needed? 

We suggest that a restoration reporting framework (RRF) is needed so that we can learn from past 

and present restoration projects in an efficient way to inform better evidence-based decision making 

for future marine restoration (Fig. 1). The proposed RRF is achievable in the short- term and we argue 

that its creation should be prioritized before the number and magnitude of restoration projects 

accelerates further. A RFF will enable the standardization of reporting, so that restoration outcomes 

from projects applying different methodologies become comparable. We define a RRF as a cohesive 

set of tools (a structured set of activities, guidelines, and standards) for the planning and management 

of reporting success and failures for restoration projects or programs. Therefore, it is important that 

an RRF includes a standardized set of information, i.e., ‘metrics’, that are recorded for all restoration 

projects. This standardization would encompass the metrics that are recorded (e. g., duration, actors, 

extent, costs), their units (e.g., days, m2, or specific categories), as well as a standardized protocol for 

storing and accessing the information. This framework could encompass all coastal, habitat forming 

ecosystems because they share several key characteristics (i.e., biotic marine environments in the 

photic zone) and monitoring requirements. We believe it is beneficial to encompass all marine 

ecosystems as lessons learned in one system may be applied to another and because many marine 

ecosystems are in fact mosaics and are not independent in the seascape (Gillis et al., 2014; Saunders 

et al. 2014; Nagelkerken et al., 2015). 

The proposed RFF would provide a number of advantages over currently uncoordinated and disparate 

efforts, including to: 1) consolidate the metrics being recorded 2) facilitate progress tracking and 

project synthesis to advance our quantitative understanding of restoration success 3) ensure collation 

of wider set of metrics to ensure socio-economic and cultural aspects are taken into consideration 4) 

reduce reporting bias, and 5) facilitate greater information sharing between projects. Below we 

expand on each of these concepts. 

2.1. Project tracking and synthesis 

Understanding the drivers of restoration project success is a complex process that currently involves 

hundreds of disparately collected metrics. When standard data (i.e., the same metrics collected across 

many projects) are available, large scale meta-analyses allow us to identify the overall impact of 

restorative actions and the factors driving the impact (Benayas et al., 2009). However, Bayraktarov et 

al. (2020) found that in 275 publications on marine restoration, of the 465 different metrics recorded, 

only the survival of the restored organism was universally recorded. As a result, syntheses often have 

data gaps with only partial information recorded by all projects (Bayraktarov et al., 2016; Eger et al., 

2020a) or incompatible formatting that results in their exclusion from a larger analysis altogether. The 

wide array of metrics used and the lack of standardization and comparability hampers our ability to 

draw conclusions about restoration success across multiple projects using different methodologies. 

Having a RRF that standardizes the data collected will greatly increase the statistical rigor of analyses. 

Cumulatively, these improvements should allow for better predictions of what drives restoration 

success, better project planning, and ultimately, more successful restoration projects (Christie et al., 

2020). 

Multiple national or international organizations have restoration targets or goals. For instance, the 

Global Mangrove Alliance has a target of 20% of mangrove areas restored by 2030 (Waltham et al., 
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2020) and the European Union has a goal of restoring ‘significant areas’ by 2030 (European 

Commission, 2020). Yet, it remains difficult to track restoration progress towards these goals. The RRF 

would help increase data reporting and comparability across projects, such that we are comparing 

like-to-like and produce a comprehensive understanding of the national, regional and global state of 

restoration (i.e., quantification of the area that has been restored or how much progress has been 

made towards restoration targets and the delivery of ecosystem services, Greiner et al., 2013; Zu 

Ermgassen et al., 2020). Consistent and accurate monitoring of these restoration targets will be 

essential for meeting governmental goals as well as for potential industries such as blue carbon credits 

(Wylie et al., 2016). 

2.2. Capturing multiple dimensions of restoration 

Ecosystem restoration is a human construct, accordingly societal preferences and motivations dictate 

the future of restored and unrestored ecosystems (Bayraktarov et al., 2020). While ecosystem 

restoration has traditionally focused on its namesake, ecology, resulting in the collection of biological 

metrics, there is increasing recognition of the need to incorporate social, cultural and economic 

indicators when making restoration decisions (Cohen-Shacham et al., 2016; Fischer et al., 2020). 

Recording and reporting these metrics can help determine whether marine ecosystem restoration is 

meeting its true potential as a ‘triple bottom line’ activity that supports the environment, society, and 

the economy (Halpern et al., 2013). 

To date there has been less attention paid to the social than to the ecological outcomes of restoration 

projects. For instance, information to understand the socio-economic benefits (e.g. jobs, recreational 

opportunities, cultural value, wellbeing) generated by the project are often unrecorded. Without 

recording these metrics, we cannot determine how the restoration action is impacting people. This 

human dimension is outlined in the SDGs and UN decade guidelines (Claudet et al., 2020) and will 

become increasingly visible as ecosystems are managed to include and not exclude human activity 

(Mace, 2014). There is a particular need to ensure that communities that rely on these ecosystems 

(e.g. Indigenous persons) are not marginalized or disenfranchised from restoration activity. 

Through considered design, a RRF will help define what social, economic and governance metrics can 

be measured and reported. Additionally, the RRF can be supported by guidance on the best 

approaches and outline best-practice methods for measuring these metrics. While not all project 

teams will be able to complete the entire RRF, it is envisaged that by outlining the full suite of factors 

that could be considered when reporting on a restoration project, future project design processes will 

be stimulated to include a greater breadth of the metrics in the planning process. As such, a RRF will 

help to evaluate whether projects are achieving social outcomes and indeed benefiting local and 

global communities. 

The ecosystem services generated or enhanced through restoration are also underreported 

(Bayraktarov et al., 2016), yet recognition and enhancement of these benefits are vital to advancing 

the field. The quantification of the full set of benefits from restoration is a key component of the total 

economic value of restoration (Spurgeon, 1999). Decision makers and restoration practitioners need 

to be able to identify the benefits of restoration so that they can understand the real return on the 

investment (ROI). The field currently tends to focus on the habitat restored and presumes that benefits 

will flow from there. However, without adequate documentation of the benefits of restoration there 

will be less incentive to allocate the high level of resources needed for large scale restoration. A RFF 

can help to overcome this problem by capturing the metrics needed to parameterize and validate 

models estimating the ecosystem service benefits (both monetary and non-monetary values) from 
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restoration. These ecosystem service models can then be applied to any restoration projects as long 

as standard metrics are recorded. As data become more readily available, a greater understanding of 

the benefits and value of restoration will further motivate additional restoration projects, in particular 

by enabling ROI estimates and benefit-cost analyses (BCA) to support the case for the expansion of 

restoration in a growing range of ecosystems and situations (Knoche et al., 2020). 

Project financing is a major element of marine restoration (Eger et al., 2020b) that currently receives 

little focus. Both the cost and cost efficacy of projects influence the likelihood that a project will be 

attempted or completed. At present there are major inconsistencies in reporting project costs or the 

breakdown of these costs (Bayraktarov et al., 2016). A lack of cost reporting makes it difficult for future 

projects to formulate accurate budgets or understand the cost-benefit trade-offs of certain actions 

when undertaking ecosystem restoration (Iacona et al., 2018). As actors are often motivated to make 

decisions based on the premise of a net economic gain (Brent, 2006), the absence of accurate cost 

estimates may inhibit or even prevent investment in restoration projects. Further, as funding for 

restoration projects is limited (Evans et al., 2012) restoration practitioners need to make efficient use 

of the funds available to them. A RFF will standardize how costs are monitored and reported across 

projects and help generate an improved understanding of the costs of restoration and encourage the 

sharing of this kind of data. In turn, better restoration accounting will facilitate planning and cost-

effectiveness analyses. Combining the costs with the benefits will also enable the development of BCA 

models and allow for more nuanced restoration planning decisions to be made (Duke et al., 2013). 



7 

 

Eger et al., (2022). The need, opportunities, and challenges for creating a standardized framework for marine restoration monitoring and reporting. Biological conservation, 266. 
10.1016/j.biocon.2021.109429 

 

 

 

Figure 1. Overview of the opportunities, actions, benefits, and challenges for creating a standardized marine restoration reporting framework. Ecosystem icons 
represent all major marine ecosystems targeted for restoration icons (from left to right): corals, mangroves, shellfish reefs, kelp forests, tidal marsh and seagrasses.
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2.3. Reporting bias 

Reporting bias is the selective presentation of successful results. It limits our understanding of the 

causes of project failures, which are often not recorded and/or not reported (Catalano et al., 2019). 

This bias can be driven by many factors, including a tendency to only publish the information perceived 

to be most attractive to scientific journals, the desire to avoid admitting project failure, the desire to 

meet statutory or organizational environmental management targets, or other unknown factors 

(Cooke et al., 2019). Regardless of the underlying reasons, it is likely that failures in ecosystem 

restoration are underreported. Although these “failed” projects may not have succeeded in restoring 

an ecosystem, they can still provide essential information on what prevented success, as 

understanding and addressing the causes of failure is a key process in improving ecological restoration 

practices. Instituting a RFF from the beginning of a project will help guarantee that all the relevant 

information is recorded, not just the most positive or desired results. Projects could commit to using 

the RRF before starting and thus ensure that all available information will be used to determine the 

efficacy of the methodologies used. 

Restoration projects are also often funded for limited durations (Bayraktarov et al., 2016; Eger et al., 

2021), typically shorter than the ecological succession periods of marine ecosystems. A RFF could help 

establish recommended monitoring periods for observing the impact of a restoration activity and 

allow monitoring responsibilities to be easily shared between project partners, by clearly identifying 

what is being measured, when, how and by whom. Committing to recommended monitoring periods 

prior to a project's onset, will ensure that projects are adequately budgeted and improve recording of 

relevant information over a meaningful timeframe 

2.4. Enhanced information sharing 

Successful restoration projects are being conducted by many different actors across the world. 

Unfortunately, they are often undertaken in isolation and lessons are rarely shared between projects. 

Such an absence of knowledge transfer hinders new projects which might have benefited from the 

experience gained by previous projects. A RFF could adopt a FAIR (Findable, Accessible, Interoperable 

and Reusable) approach to data dissemination (Wilkinson et al., 2016). Such an approach would allow 

information to be easily communicated across regions, disciplines, and languages, enabling the RRF to 

enhance the dissemination of information, accelerate the uptake of valuable lessons learned, and 

work to build a stronger global restoration community. Making the RRF available in multiple languages 

and contextually applicable across cultures is a major challenge which could be turned into a 

significant opportunity to access and share knowledge with restoration practitioners around the 

globe. Translation or iterative coproduction of an RRF can help reduce some of the barriers associated 

with publishing biodiversity data (Amano and Sutherland, 2013) while also creating a more inclusive 

global restoration community for non-English speaking countries which are currently 

underrepresented in restoration (Bayraktarov et al., 2020). Similarly, a well-designed RRF would help 

create a common language between actors in differing fields and disciplines (e.g. practitioners, 

researchers, and policy makers). 
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3. What are the challenges to the framework? 

Despite the benefits arising from a standard framework for marine restoration monitoring and 

reporting, there are inevitable challenges to the development and the eventual uptake of a RFF. These 

challenges can be divided into technical, institutional, and financial barriers and will require 

consideration as the framework is developed to ensure its application meets user expectations and 

leads to the desired outcomes. 

3.1. Metrics to be included 

Creating a universal standardized framework, that is robust enough to present useful ecological and 

socioeconomic information across all marine environments, yet simple enough to be applied by non-

technical users and local communities is a major challenge. There are many different metrics that can 

be, and have been, recorded in marine restoration projects, which reflects the complexity of marine 

systems as well the multiple needs of different marine user groups. Deciding which of these metrics 

are essential and which are auxiliary will require careful consideration and require buy-in and 

collaboration from groups working in specific ecosystems and across some or all ecosystem types. An 

RRF will require a fine balance of including enough information to ensure the records are 

comprehensive and not recording too much information so that it becomes burdensome and creates 

an aversion to using the framework. 

3.2. RRF platform and repository 

After the RRF is developed, the data recorded will need to be collected, stored, and readily accessible 

(Wilkinson et al., 2016). These elements require an online home for the documentation describing the 

framework, a data portal for uploading data, and a reliable server to store and display the information 

(Ranjan et al., 2018; Siddiqa et al., 2017). While these elements are not exceptionally complex, they 

require due consideration, funding, and long-term support. 

 

3.3. User uptake 

Institutional challenges to a RFF relate to user uptake and support. As there are many elements to 

restoration, there are also many different projects being led by a wide variety of actors in different 

countries (Ounanian et al., 2018). For instance, many governments already have reporting frameworks 

established for service providers and funding recipients under governmental restoration programs, 

and there may be a lack of administrative flexibility to adopt new frameworks. The first challenge to 

uptake will be connecting the RRF to project practitioners, whether they are scientists, government 

groups, Indigenous peoples, businesses, non-profits, or other actors. 

Adoption of the framework will likely require a shift away from existing practices towards one that 

involves a greater degree of transparency. Existing ecological monitoring protocols have evolved to 

meet user needs and such a change could be perceived as a risk (Harries and Penning-Rowsell, 2011) 

which could lead to resistance to its uptake. These risks could relate to the explicit recording of 

restoration failure, which may threaten the legal (e.g. development consent) or social license of an 

organization (Niner and Randalls, 2021). Data ownership and sharing is also acknowledged as a 

contentious issue and a barrier to adoption. Issues of commercial interest may lead to further 

resistance to uptake or ‘trust’ in a new system. A short publication embargo period may help to 

address some of these concerns but, some projects or aspects of certain projects will never be publicly 

reported due to data privacy concerns (e.g. development projects). 
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3.4. Funding 

The last barrier to a restoration reporting framework is funding. Creating a RFF will require significant 

resources to review existing frameworks, consult users on the development of a new framework, and 

promote and disseminate the finished product. Because this framework aims to span multiple 

ecosystems, it may be difficult to entice any one group to fund it in its entirety. For instance, if a 

country has no coral reefs, they may lack the incentive to fund a project that partially aims to monitor 

coral reef restoration. Funding will also need to be continuous as the framework will need to be 

adjusted for changing future conditions, improved based on user feedback, and hosted in a permanent 

location to ensure sustained access. If funding were to fail, the framework would fail to be useful for 

future projects and any data hosted alongside the framework might become inaccessible. 

 

4. How do we make it happen? 

The success of a marine RRF will be dependent on funding, collaborative and participatory 

development, and uptake by the global restoration community. These requirements are not trivial, 

but we believe they are surmountable given the existing and emerging marine restoration landscape, 

in particular the growth and diversification of a marine restoration constituency. 

4.1. Identify existing initiatives and end users 

Given the increasing interest in ecosystem restoration (Basconi et al., 2020), nature-based solutions 

(Cohen-Shacham et al., 2016), payment for ecosystem services (Meyers et al., 2020), restoration 

standards and methodologies (Gann et al., 2019), and the growth in active participation from groups 

with substantial resources (e.g. national and international governments, businesses, and 

philanthropists), there are feasible funding streams to finance the necessary steps (UNEP-WCMC et 

al., 2020). For instance, the European Union's second environmental target is to “maintain and restore 

ecosystems” and requires millions of euros in contributions from member states (European 

Commission, 2020). Further recognition of nature-based solutions for climate change and 

sustainability will provide additional funding avenues, either through party contributions (European 

Commission, 2021) or from industries offsetting carbon emissions (Vanderklift et al., 2018) or meeting 

environmental sustainability targets (Barko et al., 2021). 

Much of the required work will be logistical and first requires the identification of existing resources 

to avoid unnecessary duplication of effort (Appendix 1 – “Synthesize knowledge”). After the state of 

the field in each ecosystem is established, efforts will be needed to generate a list of potential end 

users across the different sectors for each ecosystem (Appendix 1 – “Partnerships”). Ideally a key 

contact person(s) working in each ecosystem and/or region would make these connections. It will be 

important to ensure that representative end users are included in this step, local persons have a 

wealth of knowledge about their local ecosystems and can help identify the most important metrics 

to consider.  

4.2. Pilot project(s) 

A pilot project focusing on one or two ecosystems in select jurisdictions would help minimize the initial 

complexity and provide a proof of concept to help incentivize further partnership and uptake 

(Appendix 1 – “Pilot projects”). Mapping the state of marine restoration (section 4.1) will identify 

which groups have made the most progress in creating a community of practice and developing 
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reporting standards (e.g. the Global Mangrove Alliance), and which jurisdictions (e.g. countries or 

states) would be amendable to running a pilot project using those standards. 

Once the confines of the pilot study are specified, and the users are identified they can then be 

engaged on how they monitor, evaluate, report on, and inform restoration projects in their respective 

ecosystems (Worthington et al., 2020). Minimizing complexity, regardless of the ecosystem, will be 

key to the success of any RRF – if the framework is too complex, users are unlikely to use it consistently 

and accurately. This consultation process could consist of multiple rounds, each going back to the end 

users for feedback (Appendix 1 – “Improved workflows”). Such work could be conducted virtually and 

in multiple language to encourage wide participation across geographies, although if funding and 

opportunity are available, the processes could be conducted, at least partially, through in-person 

workshops or field trials in the specified regions. 

Following this pilot project, the process could be repeated across other geographies and ecosystems, 

each time using the lessons learned from the collective marine restoration community. 

4.3. Hosting infrastructure 

After the RRF structure is agreed upon, the supporting infrastructure will need to be developed 

(Appendix 1 – “Hosting”). Specifically, it will need to be hosted online, with a simple data entry portal 

for users to submit new information. A recent example of such a system designed for coral reefs is 

MERMAID (Marine Ecological Research Management AID), which is an open-source data platform that 

aims to accelerate the transformation of data into decisions to save coral reefs. The development of 

infrastructure to support the RRF will require the development of data templates, user guides linked 

to best practice, a web page to access these materials, a data portal for entering new information, and 

a queryable database or data warehouse with an interface to visualize the information (Appendix 1 - 

“Improved Workflows”). As data are collected, it will be important that they are subject to quality 

control, either from QA/QC steps built into the data entry, a centralized team or from a peer-review 

process. After the data are uploaded, they should be freely available and downloadable to maximize 

their use in restoration practice and research. These are not technologically complex steps but will 

require adequate funding and resources to ensure their development.  

4.4. Release and publicization 

Once the RRF has been developed, the next task will be to publicize and ensure uptake (Appendix 1 – 

“Publicity”). The aforementioned UN Decades can both be leveraged to advertise the framework and 

encourage its usage. In particular, the UN Decade on Ecosystem Restoration or the Society for 

Ecosystem Restoration could be potential homes for the completed framework. Alternatively, the 

framework could be hosted across a range of ecosystem specific restoration groups and alliances, or 

a new group could be formed to host and promote the framework. Although subsequent discussions 

will be needed, it is important that these steps be considered and ideally a host confirmed, prior to 

the development of the actual framework. Therefore, once the framework is complete, there will be 

no delay in hosting and making it available. 

Regardless of the project's home, a well-publicized project launch and promotional materials will help 

increase uptake of the platform (Appendix 1 – “Launch”). Within this launch, it would be helpful to 

develop training materials on how to use the framework and the platform (Appendix 1 – “Capacity 

Building”). It will also be helpful to select one or a few key events to use as launch points for the RRF 

and provide demos to potential users such as the World Conservation Congress (iucn. org). Uptake 

can also be motivated by demonstrating the usefulness of the RRF. If users see that using the RRF has 
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benefits such as improved analysis, consolidated project tracking, and readily available data for 

improved adaptive management, they will be more willing to adopt the new framework.  

4.5. Multiple languages 

A key step to ensuring uptake and success of the RRF will be to ensure that it meets user needs, 

globally across all restoration contexts (Appendix 1 – “Partnerships”). This requires that it be available 

in multiple languages and that its development is ideally co-produced with members representative 

of the global restoration community. There are many logistical constraints to achieve this, and 

substantial investment will be required to support the development and maintenance of a multi-

lingual platform. Recognizing the current funding constraints within the marine restoration field (Bos 

et al., 2014) it is unlikely to be achieved from the outset and a reliance on English language for the 

first iteration will likely be necessary with an aim to translate to multiple languages as funding is made 

available. To support an equitable approach to this the English iteration should be produced in close 

collaboration with users of many contexts and languages to ensure representation and inclusion. This 

engagement will not only ensure that the RRF is inclusive in its application across the restoration 

community but also that appropriate terminology is applied that can translate across varying global 

restoration contexts. 

4.6. Incentives and requirements for use 

If high level partnerships are established, the framework could become a mandatory requirement for 

restoration projects published in academic journal or those funded by and associated with certain 

bodies. For instance, as is increasingly common, scientific journals require that data be open access 

and uploaded alongside publications or environmental data-sharing could become a stipulated 

condition of biodiversity offsetting resulting from human development and the RRF could be the 

specified standard. Similarly, project grants and funding could be contingent on a mandated level of 

restoration reporting as well as the release of data. A common theme for uptake and success is the 

decentralization of the framework and the buy-in of numerous partners, small and large, from 

different sectors around the world. Ultimately the success of the framework will rely primarily not on 

technology, but on societal buy-in.  

 

5. What current opportunities can be leveraged? 

Given the global expansion of ecological restoration and its increasing recognition as a global priority 

we believe that there will be growing opportunities to develop a RFF. There are two ongoing United 

Nations led initiatives: the “UN Decade for Ecosystem Restoration – UNDER” (Waltham et al., 2020) 

and the “UN Decade of Ocean Science for Sustainable Development – UNDOSSD” (Claudet et al., 

2020). Further, national commitments to restoration are increasing (European Commission, 2021; 

Prime Minister of Australia, 2021) and countries have standing commitments to reducing CO2 levels 

(Paris Agreement, 2015) and are increasingly considering restoration as a tool to achieve these goals 

(Herr et al., 2017). Indeed, the success of these initiatives hinges on the ability to accurately track and 

monitor restoration projects, and with so much activity, a standardized approach is required. Creating 

a RFF and enhancing restoration efforts works to meet these goals and are thus valuable contributions 

to the decade. 

There are several promising existing frameworks that can provide valuable lessons learned and/or 

potentially be incorporated into the development of a comprehensive marine RRF. Chief among these 

is the Society for Ecological Restoration (SER) framework “International Principles and Standards for 
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the Practice of Ecological Restoration” (Gann et al., 2019). This comprehensive document details the 

principles for successful restoration projects, including the goals set, as well as the project planning 

and design stage. Within this framework is a 5-point star system that details how managers can 

evaluate the success of their restoration project. This framework relies on broad categorical goals such 

as “soils and waters repaired”, “cultures conserved”, or “science drawn upon”. Any new RRF could be 

specifically designed to inform these categories and further improve best practices in restoration. 

Some of the categories within the SER framework are focused on terrestrial systems (e.g. “soils and 

water repaired”) and will need to be modified for the marine and coastal environment. Importantly, 

SER is an internationally recognized body in ecosystem restoration and could help develop and-or 

promote the uptake of the RRF ensuring integration between marine, freshwater, and terrestrial 

ecosystem restoration. Therefore, a partnership with the SER would be beneficial for creating and 

promoting the RRF. 

There are several ecosystem-specific marine restoration guides which could be leveraged to develop 

a marine RRF. There are currently guides for restoration in coral reef ecosystems (Edwards and Gomez, 

2007; Goergen et al., 2020), shellfish reefs (Fitzsimons et al., 2020), seagrasses (Fonseca, 1998), 

mangroves (Global Mangrove Alliance, 2019), and a guide is in development for kelp forests (Eger et 

al., 2021). These guides provide some information on which metrics should be recorded (e.g., habitat 

cover, area extent, project dates) but none contain a comprehensive list across ecological, economic, 

and social metrics. Furthermore, the guides have not been developed with the intent of sharing 

information across ecosystems or even necessarily projects. Nevertheless, they can all support a 

strong knowledge base on which to develop a cohesive RRF. 

6. Conclusion 

Restoring marine ecosystems at a scale relevant to reversing ecological degradation and to meeting 

societal goals such as food security, water filtration, biodiversity conservation, and climate adaptation 

and mitigation, is necessary. This challenge will require iterative research, critical analysis of success 

and failures, informed decision making, and societal buy-in. A standardized restoration reporting 

framework will systematically advance the field and ultimately lead to increased efficiencies which 

can substantially increase the extent of restored marine habitats. The field is currently primed for such 

a framework with heightened interest, restoration activity, habitat specific restoration and monitoring 

standards to work from across marine systems, and increased recognition of the importance of 

ecosystem restoration. Nevertheless, there are logistical and societal hurdles that challenge the 

framework's development or hinder its adoption. These challenges can be overcome by developing 

relationships among end users, funding bodies, and regulatory groups. Funding could be a notable 

barrier, but ecosystem restoration is an increasingly fundable field that has demonstrated economic 

returns to society (De Groot et al., 2013; Edwards et al., 2013; Knoche et al., 2020). As we consider the 

need, opportunity, challenges, and steps for developing a framework, it appears that such an 

endeavor is feasible and will be a significant asset for the global marine restoration community and 

ocean users worldwide. 

 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 

org/10.1016/j.biocon.2021.109429. 
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