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ABSTRACT

Vegetated coastal wetlands, including seagrass, saltmarsh and mangroves, are threatened globally, yet the need
to avert these losses is poorly recognized in international policy, such as in the Convention on Biological Di-
versity and the United Nations (UN) Sustainable Development Goals. Identifying the impact of overlooking
coastal wetlands in ecosystem assessment frameworks could help prioritize research efforts to fill these gaps.
Here, we examine gaps in the recognition of coastal wetlands in globally applicable ecosystem assessments. We
address both shortfalls in assessment frameworks when it comes to assessing wetlands, and gaps in data that limit
widespread application of assessments. We examine five assessment frameworks that track fisheries, greenhouse
gas emissions, ecosystem threats, and ecosystem services. We found that these assessments inform management
decisions, but that the functions provided by coastal wetlands are incompletely represented. Most frameworks
had sufficient complexity to measure wetland status, but limitations in data meant they were incompletely
informed about wetland functions and services. Incomplete representation of coastal wetlands may lead to them
being overlooked by research and management. Improving the coverage of coastal wetlands in ecosystem as-
sessments requires improving global scale mapping of wetland trends, developing global-scale indicators of
wetland function and synthesis to quantitatively link animal population dynamics to wetland trends. Filling these
gaps will help ensure coastal wetland conservation is properly informed to manage them for the outstanding
benefits they bring humanity.

1. Introduction

2009) so is their biodiversity, and the goods and services these ecosys-
tems provide (IPBES Secretariat, 2019). Rates of coastal wetland

Vegetated coastal wetlands — seagrass, saltmarsh and mangroves —
sustain biodiversity, support fisheries production, protect shorelines,
mitigate climate change, and improve water quality (Alongi, 2012;
Carrasquilla-Henao and Juanes, 2017; Nordlund et al., 2016; Sievers
et al., 2019; Silliman et al., 2019). As coastal wetland ecosystems are
being lost (Davidson, 2014; Hamilton and Casey, 2016; Waycott et al.,
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degradation are high in many tropical nations, such as Myanmar,
Bangladesh and Indonesia, where mangrove forests are cleared for
aquaculture, agriculture and urban development (Hamilton and Casey,
2016; Richards and Friess, 2016). These are nations where the liveli-
hoods of people are most vulnerable to the loss of ecosystem services
(Unsworth and Cullen, 2010), and they often benefit from international
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funding for conservation actions. Rates of coastal wetland degradation
are also high in some temperate regions, whereas in other areas man-
agement has been partially successful at recovering these habitats (de los
Santos et al., 2019; Lefcheck et al., 2018). These declines in coastal
wetlands are often overlooked in international policy agendas (Cullen-
Unsworth and Unsworth, 2018; Duarte et al., 2008; Unsworth et al.,
2019).

Conservation priorities for governmental and non-governmental or-
ganisations are increasingly driven by generalized ecosystem assessment
frameworks, including those recognized by the UN Sustainable Devel-
opment Goals (SDG) (e.g. Potter Foundation; Global Innovation Fund
Hak et al., 2016; Ian Potter Foundation, 2020; Zwane, 2017). SDG Goals
14 (Life below water — Conserve and sustainably use the oceans, seas and
marine resources for sustainable development) and 15 (Life on land -
Protect, restore and promote sustainable use of terrestrial ecosystems)
recognize the benefits of ecosystem services but do not identify coastal
wetlands, and no specific targets or indicators have been developed in
the Global Indicator Framework (UN, 2017). Similarly, the UN
Convention on Biological Diversity’s (CBD) Aichi Biodiversity Targets,
which are used to prioritise funding, do not explicitly mention coastal
wetlands. The challenge of including coastal wetlands in ecosystem as-
sessments stems, in part, from their location at the transition zone be-
tween terrestrial and marine ecosystems. Assessment of their status
therefore requires considering terrestrial, coastal and marine pressures
and processes. There are also large gaps in global scale data for coastal
ecosystems, and this is a problem because assessments often rely on
global databases to fill gaps in areas lacking local measurements. Rela-
tive to other marine habitats, mangrove and saltmarsh ecosystems are
monitored by fewer observing programs (Miloslavich et al., 2018), and
many of the world’s coastal wetlands have never been mapped, or if they
have, the data is not widely available (e.g. seagrass, McKenzie et al.,
2020).

The gap in recognition of coastal wetlands has been repeatedly
documented in earlier studies (Cullen-Unsworth and Unsworth, 2018;
Duarte et al., 2008; Unsworth et al., 2019), and the need to enhance
their recognition because of their outstanding value to humanity is also
well recognized. Commonly cited impediments to recognition of coastal
wetlands are that they are not as charismatic as other habitat forming
ecosystems and that this has resulted in less public recognition and less
scientific interest (Duarte et al., 2008; Unsworth et al., 2018). However,
recent strides forward have been made through global scale studies
demonstrating the importance of wetland habitats (Adame et al., 2021;
Worthington et al., 2020; Zeng et al., 2021). Enhanced recognition
seems to be translating into new large-scale conservation initiatives to
address wetland declines, such as the Global Mangrove Alliance (Wor-
thington et al., 2020). The path forward for greater recognition of
coastal wetlands now requires work to identify the factors that hinder
greater recognition of the global scale importance of coastal wetlands.

In this article, we ask whether and how coastal wetland ecosystems
are included in prominent globally applicable ecosystem assessments.
For the purposes of this article we define ecosystem assessments as
conceptual or mathematical frameworks for assessing the status of
ecosystems relative to reference conditions. Assessments are made with
indicators and possibly indices, where indices are multivariate combi-
nations of indicators (sometimes termed ‘ecosystem health’), though we
acknowledge there are multiple definitions of indicators and indices in
the literature. We first elaborate on the role of assessments in guiding
continental and global scale conservation actions. We then highlight
several case-studies of how assessments have dealt with coastal wet-
lands. We identify where there are gaps that relate to: (1) shortcomings
in assessment processes when applied to coastal wetlands, and (2)
insufficient global scale indicators and indices. We also consider
whether those gaps apply to all, or just some of the wetland types. We
then discuss the impact that the inclusion or exclusion of coastal wet-
lands has on potential conservation outcomes. Finally, we highlight
opportunities for improving coastal wetland representation in
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assessments and the likely benefits for these threatened ecosystems.
Ultimately, this article provides the global conservation science com-
munity, non-governmental organisations (NGOs), practitioners and
government officials an overview of the importance of recognising
coastal wetlands in global assessments and conservation initiatives.

2. How global assessment frameworks guide scientific research
and conservation action

We propose that ecosystem assessments exist in a life-cycle that
couples scientific development of the assessment with policy decisions
and conservation actions (Fig. 1). Starting at the top left of Fig. 1, in-
dicators help to identify knowledge gaps, which motivate science to fill
those gaps (e.g. Halpern et al., 2017). This can then lead to both iterative
improvement of indicators, but also assessments of ecosystem health
(bottom loop in Fig. 1). Assessments guide action to improve the status
of ecosystems and if those actions work then assessment outcomes
should eventually improve (e.g. McQuatters-Gollop et al., 2019; Orth
et al., 2017). As a result of these feedbacks, environmental outcomes are
related to assessment processes and data gaps affecting those
assessments.

Policy-makers need assessments of the natural world to inform the
effect of past decisions and to motivate new actions. Poor assessment
outcomes can prompt governments and managers to conduct research
that informs improved management actions (Fig. 1) (McQuatters-Gollop
etal., 2019). Examples of policy motivating development of assessments
are the European Union’s Water Framework Directive (WFD) and Ma-
rine Strategy Framework Directive (MSFD), which assesses ecosystem
integrity relative to reference conditions. The WFD specifies broad
guidelines for what should be assessed, but not specific indicators (Birk
etal., 2012). Almost 300 indicators were created by 2012, including 134
indicators for coastal and transitional waters (Birk et al., 2012) and
indices specific to marine angiosperms (e.g. seagrass; Neto et al., 2013).
Both frameworks have been implemented at the European Union level,
meaning a framework that is applicable for coastal wetlands at a global
scale is still missing. The MSFD applies adaptive management strategies,
meaning changes in indices feed back to affect management priorities
(EU, 2008). The WFD and MSFD guided the creation of new research
programs that will support monitoring and index calibration and are
funded by the European Commission (e.g. FP7, H2020, Horizon Europe;
the latter to be launched). At the global scale, impetus to report on the
UN Convention on Biological Diversity’s (CBD) Aichi Biodiversity Tar-
gets has motivated science to develop numerous biodiversity indicators
that are now used within assessments of ecosystem status and trends
(Butchart et al., 2010; McQuatters-Gollop et al., 2019).

Analyses of global scale priorities for funding are informed by as-
sessments of indicators and indices (Waldron et al., 2013). Global in-
dicators and indices are necessary for measuring progress towards
internationally agreed conservation goals, for holding nations account-
able for their actions and for evaluating the effectiveness of past policies
(e.g. Butchart et al., 2010; Rowland et al., 2019). Notably, the Aichi
Biodiversity Targets do not name specific indicators that should be used
to assess progress on these targets (Leadley et al., 2014). Many of the
targets have not been assessed due to lack of monitoring of conservation
actions, and those that have been assessed suggest the targets are not
being met (IPBES Secretariat, 2019; Mcowen et al., 2016; Tittensor et al.,
2014). Evident shortcomings in indices and conservation progress have
become instrumental in debates over goals and indicators for the Post-
2020 Global Biodiversity Framework and the European Green Deal,
including the EU Biodiversity Strategy for 2030 which aims to imple-
ment the SDGs.

In contrast to the global frameworks where monitoring gaps hinder
assessments, local examples highlight the power of indices as tools for
communication. The score card for Chesapeake Bay water quality and
submerged aquatic vegetation, for instance, synthesises multiple in-
dicators in a way that is accessible to policy makers and the general
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Fig. 1. Idealized life cycle of an ecosystem assessment, emphasizing the connection between ecosystem health assessments and funding priorities. Thick arrows
represent major pathways from conception to on-the-ground outcomes and thin arrows represent feedback loops that may optimise the index and overall outcomes.
There are many potential starting points on this graph, hence it is titled a ‘life-cycle’.

public. As such, the score card has been important for raising public awareness about water quality issues and creating the impetus for
Table 1
The five assessment frameworks and their key strengths and gaps when applied to coastal wetlands.
Assessment framework Objective Key strengths Challenges
Assessments of fish stock To inform managing fisheries for productive - Has clear reference points for management action - Change in coastal nursery habitats can have
status and long-term sustainability of fish - Emphasises the role of managing fisheries in complex effects on stock status
populations and fisheries improving stock productivity - Limited data to link habitat change to stock
status
TUCN Red List of Assess the risk of ecosystem collapse The framework is holistic in its consideration of - Preferable to have long-term (>50 years) data
Ecosystems multiple pressures, ecological interactions and on ecosystems.
foundational habitats - Not clear how to incorporate cross-ecosystem
connections
Nationally determined Commit to actions that reduce greenhouse gas ~ Carbon storage in coastal wetlands is accounted for ~ The definition of ‘forest” used by some nations
contributions emissions by many nations may exclude many mangrove forests
Ocean Health Index (OHI)  Quantify the health of ocean ecosystem Comprehensive consideration of ecosystems and - Misses some ecological interactions wetlands
services ecosystem services support (fish nurseries)

- Current assessments mostly dependent on
habitat area data and lack data on ecosystem
structure and function

System of Environmental- ~ Track the value of ecosystem services Systematic framework for reporting on the value of - Same as for OHI
Economic Accounts ecosystem services in coastal wetlands - Quantifying the monetary value of natural
assets
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management to improve water quality (Orth et al., 2017).

Ecosystem types that are not fully represented by global assessments
may be undervalued by policy-makers (Nicholson et al., 2019). Incom-
plete representation of an ecosystem means it may receive less man-
agement and scientific attention than its true status warrants. For
example, many conservation funds use lists of threatened species to
prioritise projects, including the IUCN Save Our Species grants (htt
ps://www.saveourspecies.org/), Australia’s Threatened Species Recov-
ery Fund (https://www.environment.gov.au/biodiversity/threatened/
threatened-species-recovery-fund) and the Mohammed bin Zayed Spe-
cies Conservation Fund (https://www.speciesconservation.org/). Sup-
port for actions to avert declines in coastal wetlands depends, therefore,
on how coastal wetlands are represented in ecosystem assessments.

The large gaps in monitoring of coastal wetlands, combined with the
challenge of monitoring ecosystems that are highly interdependent,
suggests that incorporating them into indices for ecosystem assessments
will be challenging. To identify how ecosystem representation in indices
affects conservation priorities, we now consider five existing assess-
ments as global-scale case-studies (Table 1). We chose the five case
studies to represent assessments that: (1) represent some of the diversity
of objectives in conservation science, ranging from biodiversity focused
to human-centric and monetary outcomes (Evans, 2021) (2) have evi-
dence of impact on policy. Three of the assessments are specific to
particular outcomes (fisheries, ecosystem collapse and decreased
greenhouse gas emissions) and two (the Ocean Health Index and the
System of Environmental-Economic Accounts) are hybrids in that they
address multiple different types of goals. Finally, we picked these five
frameworks because all are well established in the international litera-
ture and are the subject of significant ongoing scientific work to improve
their representation.

3. Case-studies for how representation of coastal wetlands in
ecosystem assessments affects conservation actions

3.1. Assessments of fish stock status

Decisions by fishery managers to permit increased catches, or to
reduce catch and rebuild stock biomass are informed by indicators of a
stock’s status. Stock status is also an indicator for the Sustainable
Development Goal 14.4 that aims to restore overexploited fish stocks to
productive levels (Food and Agriculture Organisation — FAO, 2018).
Stock status therefore has a central role in informing advice on global
scale fishery policies (FAO, 2018). A fishery’s status is determined by
classifying stock biomass and exploitation rate against reference points
for safe limits (Mace, 2001). Reference points are commonly set relative
to the stock biomass and exploitation rate that maximize long-term
catches, while also considering economic productivity and ecological
sustainability. Globally, 33.1% of fish stocks are estimated to be fished at
biologically unsustainable levels, whereas 59.9% are fished at maximal
sustainable levels (FAO, 2018).

The assessment of fishery status against reference points based on
fishing exploitation puts the emphasis on the management of fisheries as
the solution to poor stock status. But habitat change also determines
stock status indirectly through effects on fish life-histories. Almost 25%
of stocks in the key global assessment database (Ransom Myers Legacy
database) are associated with threatened coastal wetland habitats
(especially seagrasses) (Brown et al., 2019). The global stock database is
biased towards temperate regions, with relative paucity in tropical re-
gions. If tropical regions were included then significantly more stocks
would also be associated with mangrove habitats (Sheaves, 2017). In
any respect, global degradation of wetland habitats may explain why
some stocks are not recovering, despite reduced fishing pressure (Brown
et al., 2019). The exclusion of fishery-habitat linkages in the assessment
of fishery status may mean opportunities are missed to use habitat
restoration and protection to rebuild fisheries. For example, manage-
ment recommendations for improving the status of fisheries, and thus
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achieving SDG 14, do not acknowledge the widespread contribution that
habitat restoration could play in supporting productive fisheries (FAO,
2018). Thus, the global policy agenda for recovering productive fish-
eries continues to overlook the habitat role of coastal wetlands.

The exclusion of fish-habitat linkages likely stems from both insuf-
ficient understanding of fish-habitat linkages and insufficient global
data. We lack a sufficiently complete synthesis of how the population
dynamics of fishery species respond to habitat loss (Brown et al., 2019).
Habitat responses of fish species can be highly species specific and
depend on multiple contextual factors, including life-history and habitat
arrangement (Nagelkerken et al., 2015). To date only mangroves have a
global synthesis of dependent fishery catch (Table 2), we lack truly
global assessments of habitat presence and areal trends for saltmarsh
and seagrass. Further, across ecosystems, the best global scale data for
habitat trends is for area of habitat (Table 2), but seascape connectivity
and the intertidal zone of mangrove forests are more important for fish
productivity than a forest’s overall area (Nagelkerken et al., 2015).

3.2. Assessing ecosystem collapse with the IUCN Red List of Ecosystems

The International Union for the Conservation of Nature (IUCN)
recently developed the Red List of Ecosystems (RLE) to assess the risk of
ecosystem collapse (Keith et al., 2013). It defines criteria for ecosystem
collapse based on changes in the distribution and extent of the
ecosystem, and changes in environmental and biotic components
important for ecosystem persistence. The RLE posits that “an ecosystem
is collapsed when all occurrences lose defining biotic or abiotic features,
no longer sustain the characteristic native biota, and have moved
outside their natural range of spatial and temporal variability in
composition, structure and/or function” (Bland et al., 2017). The
framework has been applied to more than 2500 cases of ecosystems
across 100 countries, with clear evidence of management and conser-
vation outcomes (Bland et al., 2019). The RLE framework’s consider-
ation of ecological interactions, including persistence of plant species as
well as their foundational role as habitat for other species, and inte-
gration across multiple pressures, means the framework has better
coverage of the conservation issues facing wetlands than other reduc-
tionist indicators.

Previously, the RLE framework encouraged the assessment of
ecosystem types in isolation from each other. But simultaneous assess-
ments of multiple ecosystem types can begin to account for the con-
nections between coastal wetlands (Sievers et al., 2020b), such as the
movement of fish between mangrove and seagrass habitats (Olds et al.,
2016). More recently, the development of a new global ecosystem ty-
pology (Keith et al., 2020) allows RLE assessments to more easily be
conducted across higher hierarchical levels than ecosystems delineated
by the habitat forming species (e.g. mangrove forests). The typology
’permanently open riverine estuaries and bays’, for example, explicitly
includes areas of mangroves, saltmarshes and seagrasses, and thus in-
corporates aspects of connectivity and influences outside of immediate
management control. There is a need now to test the hierarchical
application of typologies to coastal wetlands to ensure it can capture
ecosystem connections and their influence on risk of ecosystem collapse.

Although the RLE assessment methodology is amenable to the re-
quirements of coastal wetlands, accurate assessments need much data.
Most criteria that contribute to assessing risk of collapse are based on
temporal trends in indicators, with data series of 50 years being
preferred, although shorter timeframes can be extrapolated. As for
fisheries stock assessments, the substantial lack of data on saltmarsh and
seagrass presence and trends prevents globally comprehensive assess-
ments. The advent of several global mangrove datasets has provided
important information for region-specific assessments (e.g. Sievers et al.,
2020a) and may facilitate assessments at larger scales. As products
similar to those for mangroves become available for saltmarsh and
seagrass, global assessments can begin to be produced, supplementing
local-scale assessments and supporting global conservation initiatives.
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Table 2
Examples of global scale datasets that have been used within the assessment frameworks we discuss.
Data type Wetland Strengths Caveats Source
ecosystems
Cumulative human All Globally comprehensive, multivariate, time Poor overlap with coastal wetlands (e.g. 88% of Halpern et al. (2019)

impacts to the
world’s oceans
Human footprint Non-specific

Habitat extent Mangrove

Seagrass

Seagrass

Saltmarsh

Trends Mangrove

Seagrass

Saltmarsh
Mangrove soil
carbon
Mangrove above
ground biomass

Ecosystem services
and functions

series allows evaluation of trends.

Globally comprehensive, multivariate, time
series allows evaluation of trends.

Globally comprehensive, multiple sources
created with different methods enables
comparisons.

Global observations, combine different data
sources.

Most comprehensive global scale mapping,
includes an assessment of data quality.

Most complete synthesis of saltmarsh extent to
date, high data quality for important saltmarsh
regions of Europe, USA and Australia.

Globally comprehensive and possible to
compare trends across different methods.

Most complete global trends data available.

High-spatial resolution, globally accessible.

High-spatial resolution, globally accessible.

mapped mangrove habitats do not overlap with
these layers).

Terrestrial focus, so not directly relevant to sub-
tidal wetlands.

Discrepancies between different data sources, see
Worthington et al. (2020)

Many observations are points, many polygons are
incorrect McKenzie et al. (2020), large geographic
gaps, no time series available to evaluate trends.
Not open access, geographic gaps, no time series
available to evaluate trends.

No time series available to evaluate trends, many
observations are points only, not globally
comprehensive, large geographic gaps in many
countries.

Discrepancies between different data sources.

Not recently updated, geographic bias, linear rates
of change miss high inter-annual variability of
seagrass meadows.

Overestimates low soil carbon and underestimates
high soil carbon locations.

High uncertainty at small scales (30 m?) and may
mis-represent some mangrove forests on Pacific
Islands.

Only sites that are advertised in specific online
searching tools.

Geographic gaps would have to be filled through
model predictions.

Many species associated with coastal wetlands are
not recognized as such in assessments (Sievers et al.,
2019).

Missing areas of mangroves (e.g. southern
Australia), validation of the storm model only in the

Venter et al. (2016)

Bunting et al. (2018);
Hamilton and Casey
(2016); Giri et al. (2011)
Assis et al. (2020); Short
(2018)

McKenzie et al. (2020)

McOwen et al. (2017)

Multiple e.g. Bunting et al.
(2018); Hamilton and
Casey (2016);

Waycott et al. (2009)

None yet available
Sanderman et al. (2018)
Simard et al. (2019)
Spalding and Parrett
(2019)

zu Ermgassen et al. (2020)

TUCN (2020)

Menéndez et al. (2020)

Mangrove Globally comprehensive.

tourism

Mangrove Global scale meta-analysis for fish and
fisheries catch invertebrate catch (and density).

Threatened Synthesis of expert assessments from 100 s of
species experts across 100 s of species globally.
Coastal Globally comprehensive for larger mangrove
protection patches, model considers local processes
(mangroves) affecting protection benefits.

Philippines.

3.3. Nationally determined contributions on greenhouse gas emissions

The Paris Climate Agreement includes contributions from each
member country to reduce their greenhouse gas emissions (United Na-
tions Framework Convention on Climate Change, 2020). The Nationally
Determined Contributions (NDC) can include protection, restoration
and improved management of forests as actions for reducing emissions.
The definition of ‘forest’ has important implications for whether con-
servation of mangroves can be counted towards the NDCs. For the
purposes of the now lapsed Kyoto Protocol under the UNFCCC, forest is
defined as a minimum area of land of 0.05-1.0 ha with tree crown cover
of more than 10-30 percent with the potential to reach a minimum
height of 2-5 m at maturity in situ (UNFCCC, 2001). In arid regions or in
poor-nutrient soils, mangroves are dominated by short trees <2 m in
height, excluding them from National Forest Inventories and Global
Forest Assessments (FAO, 2015). Nearby, the same mangrove species
could form forests of trees as high as 40 m and would be included
(Adame et al., 2018b). In Mexico, many mangrove areas in the country
are short-statured and were not included in the National Forest In-
ventory. The exclusion of short-statured forests contributed to Mexico
under-estimating emissions from mangrove deforestation by 31 times in
their NDC (Adame et al., 2018a).

Recently, some countries are reporting coastal wetlands in their
National Greenhouse Gas Inventories (Lovelock et al., 2018). In 2016, at
least 28 countries’ NDCs included a reference to coastal wetlands in
terms of climate mitigation and adaptation (Herr and Landis, 2016). The
inclusion of wetlands can have top-down effects on ground activities for
wetland conservation and restoration. For example, in Australia, all

coastal blue carbon ecosystems (mangroves, seagrass and tidal marshes)
are now recognised through the International Partnership for Blue
Carbon and the Ramsar Convention as important to the climate change
agenda (“Conservation, restoration and sustainable management of
coastal blue carbon ecosystems”, 13th COP, 2018). As a result, funding
for coastal wetland restoration has increased, for instance, through the
Land Restoration Fund for carbon farming (LRF, 2019) and Australia’s
Climate Solutions Fund to reduce carbon emissions (Department of
Agriculture, Water and the Environment 2019). In Africa, work done
decades ago to establish improvement in ecological indicators following
mangrove restoration (e.g. Kairo et al., 2001) has facilitated the Abidjan
and Nairobi Conventions that recognize coastal wetlands and provide
financial and practical mechanisms for funding conservation (Feka and
Morrison, 2017; Maina et al., 2020).

3.4. Ocean health index

The Ocean Health Index (OHI) is a global index that quantifies ocean
health based on the potential benefits derived from ecosystem services
that healthy systems provide (Halpern et al., 2012). The OHI provides
annual health scores (since 2012) at the national level for all countries
with coastlines, allowing trends to be assessed and compared with
changes in on-the-ground drivers and pressures. The focus on ecosystem
services as the definition of health for OHI puts the management focus
on potential changes that may directly benefit biodiversity as well as
humans and society. In this respect, the OHI has great potential to
trigger valuable legislative changes that may conserve or improve out-
comes for coastal environments. For example, OHI has been integrated
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into environmental plans for multiple jurisdictions as they track prog-
ress towards SDG 14 (“Life below water”) (Halpern et al., 2017).

The OHI assessment process does allow for multiple contributions of
coastal wetlands towards its goals, including habitat condition, carbon
storage and coastal protection (Halpern et al., 2017). Important gaps for
coastal wetlands are in the fisheries and biodiversity goals, because the
OHI assessment process does not recognize the role of wetland habitats
in supporting animal populations. OHI assessments of coastal wetlands
are also affected by data gaps. For example, OHI scores are linked to
IUCN Red List of Threatened Species™ assessments (Halpern et al.,
2017), so they perpetuate the same data gaps (such as coastal wetland
dependence) that afflict IUCN Red List assessments (Table 2). Further,
habitat condition indicators are primarily based on trends in habitat
area and so may misrepresent, for instance, animal-habitat relationships
that depend on structural complexity. These shortcomings in the OHI
reflect gaps in global datasets for habitat degradation and gaps in un-
derstanding of links between habitat change and animal population
dynamics. The precision of the OHI at capturing changes in wetlands
could therefore be improved in the future through greater access to in-
dicators for change in wetland ecosystem functions, such as quantifying
how the productivity of fisheries species relates to wetland habitat
condition. Adding condition would better capture the full contribution
of coastal wetlands to ecosystem services.

3.5. System of economic environmental accounts

A System of Environmental-Economic Accounts (SEEA EEA) is used
by governments to keep track of the provision of ecosystem services.
Thus, the SEEA is a form of ecosystem assessment that seeks to quantify
indices of environmental condition and ecosystem service value. At the
highest level, they intend to be an environmental complement to eco-
nomic indices like the Gross Domestic Product, which are used world-
wide to track policy outcomes and inform on future policy actions. The
UN Statistical Commission has endorsed a standardised framework
called the System of Environmental-Economic Accounts — Experimental
Ecosystem Accounting (SEEA EEA). The SEEA-EEA standardises envi-
ronmental accounting across nations and ecosystems. These accounts
are intended to become long-term records that inform decision making
on environmental issues (Obst and Vardon, 2014). A SEEA-EEA case
study in Guatemala, for example, identified agriculture, urban devel-
opment, and timber harvesting as key drivers of forest loss over a 60-
year period and that 95% of the commercial logging was illegal, ulti-
mately resulting in policy reform including the approval of a new Forest
Incentive law (Banerjee et al., 2016).

The SEEA EEA assessment framework expands definition of a re-
gion’s production (i.e. human benefits) to include ecosystem services.
SEEA EEA thus includes the diverse ecosystem service values provided
by coastal wetlands, including biodiversity, coastal protection, fisheries
production, water filtration and climate regulation through carbon
storage. However, actual assessments will likely suffer from the same
data gaps that inflict the OHI. For example, SEEA is like the OHI in that it
proposes to use IUCN Red List of Threatned Species™ as one of its in-
dicators (Bogaart et al., 2019), but has gaps for wetland associated
species (Sievers et al., 2019). Further, both the OHI and SEEA are
challenged to account for the role of wetlands in supporting fishery
catch, for the same reasons that fish stock assessments do not consider
this link (Table 2). Since SEEA (like GDP), are used as indices of eco-
nomic performance, gaps in the processes they represent could bias the
importance of coastal wetlands in policy debates.

Another challenge is quantifying the monetary value of ecosystem
assets. This is because ecosystem goods and services are generally not
transacted on the market and welfare valuation methods are not
appropriate for accounting the value of natural assets (Obst and Eigen-
raam, 2017). SEEA EEA’s recommendation is to approximate the value
of an ecosystem through the present value of expected future profits
(resource rent) or calculating the net present value (NPV) (Edens and
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Hein, 2013). However, the challenge lies in quantifying a relevant cost
share to all the ecosystem assets involved in a producing single
ecosystem service or good (Obst and Eigenraam, 2017).

4. Opportunities for improving recognition of coastal wetlands
in global ecosystem assessments

Based on our case-studies, we identify opportunities to fill the gap in
recognition of coastal wetlands in globally applicable ecosystem as-
sessments. These relate to gaps in the assessment process and gaps in
data availability.

4.1. Gaps in the assessment process

The primary gap in the assessment process that we identified was
lack of the consideration of animal-habitat linkages. The consideration
of animal-habitat linkages would improve fish stock assessments and
ecosystem services assessments, which commonly use the IUCN Red List
of Threatened Species™ as an indicator. Global scale synthesis of link-
ages exists (Brown et al., 2019; Sievers et al., 2019), but they do not
provide quantitative synthesis of functional relationships between
population parameters and wetland indicators. Quantitative synthesis is
needed to inform how assessment outcomes should change in response
to wetland degradation (Brown et al., 2019; Sievers et al., 2019).

Quantitative indicators linking habitat and animal function would
put greater emphasis on the role of coastal wetland conservation in
managing fisheries and preventing species extinctions. Making the link
between fisheries catch and fish population habitats at a global scale is
possible now for mangroves, because of global meta-analysis of
mangrove dependent fish catch (Table 2, Fig. 2). Global assessments of
fish catch dependence on saltmarsh and seagrass are held back by
incomplete maps of seagrass distribution and trends, and lack of global
synthesis linking fishery production to these wetlands (Fig. 2). Synthesis
of foodweb and survival studies will help fill this gap (Janes et al., 2020;
Lefcheck et al., 2019), particularly when combined with habitat maps to
produce global summaries of catch dependence (Fig. 2).

4.2. Gaps in data availability

For all five case-studies we found lack of suitable data was creating
gaps in the ability of assessments to represent coastal wetlands. Data
gaps are a common issue for assessments, but are not insurmountable.
Coastal wetland extent crosses both land and sea, but many indicators
are developed for either land or sea, and are not intended to cross the
coastal transition, so there is a gap at the coastal interface. The coastal
gap, also termed the ‘white ribbon’ may often stem either from gaps in
even the most basic geographic data, which require specialist techniques
to fill (e.g. Leon et al., 2013). For example, the global threat maps that
support the OHI assess only ‘marine’ habitats, so they miss much
mangrove and saltmarsh habitat (e.g. 88.4% of the mangroves in Bun-
ting et al. (2018) do not overlap with the threat maps in Halpern et al.
(2017)). Important threats to coastal wetlands like aquaculture are also
not mapped at a global scale, which has contributed to misconceptions
about the human causes of wetland loss (Hamilton, 2015). Regional
scale indices, such as in Europe (Neto et al., 2013) and the US (Orth
et al., 2017) have met the challenge of monitoring the coastal transition.
We now need to scale-up these approaches to global scales.

Recent progress in synthesizing global data layers for mangroves
(Worthington et al., 2020) provides hope that similar rapid advances
could be made for seagrass and saltmarsh. Mangrove scientists have
applied advances in analysis of remotely sensing datasets and analysis
techniques to produce globally comprehensive maps of mangrove area,
rates of loss, forest condition and ecosystem services (Table 2).

Global datasets for seagrass and saltmarsh lag behind those available
for mangroves (Table 2). There are global databases for the extent of
seagrass (McKenzie et al., 2020; Short, 2017) and saltmarsh (McOwen
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etal., 2017), but these maps have large geographic gaps. Data on habitat
trends for saltmarsh and seagrass are biased towards a few well moni-
tored regions, like the USA (Halpern et al., 2012) and Europe (de los
Santos et al., 2019). The gap in saltmarsh and intertidal seagrass trends
would be feasible to fill by applying new remote sensing techniques for
analysing intertidal areas (e.g. Murray et al., 2019). The gap in subtidal
seagrass trends may be impossible to fill completely, but past global
scale syntheses could be updated (Waycott et al., 2009). A nascent global
seagrass working group can hopefully fill these data gaps for seagrass
(Duffy and Weatherdon, 2020), and we propose a similar effort is needed
for saltmarsh habitats. These global syntheses then need to be commu-
nicated and distributed to decision-making and funders. For instance,
the Global Mangrove Alliance, which brings together researchers, global
conservation agencies, policy-makers and practitioners, has supported
networks and data portals that are facilitating the use of big data for
mangroves conservation (Worthington et al., 2020).

A key gap for all wetlands is that many indicators are derived from

habitat extent data, yet extent is only weakly correlated to ecosystem
functions and ecosystem services (Lee et al., 2019). Indicators of
ecosystem function and services could be more accurate if they were
informed by datasets of ecological condition (Lee et al., 2019), such as
important indicators of eutrophication like plant nitrogen content (Wan
etal., 2020). The relative ease of monitoring mangroves has meant there
are now global scale indicators for tree biomass, height and soil carbon,
and these indicators will improve carbon stock estimates (Worthington
et al.,, 2020). The analogous indicator in seagrass, density, has been
mapped at large scales (Europe) (de los Santos et al., 2019), but not yet
globally. Further work is needed to develop global scale condition in-
dicators and indices for saltmarsh and seagrass. Ideally, these could be
created in conjunction with animal habitat models, to ensure that
mapping captures the conditions that are relevant to animal population
dynamics, such as seascape connectivity (e.g. Nagelkerken et al., 2015).

Many indicators overlook the role that connected coastal wetland
habitats play in supporting biodiversity and ecosystem services (e.g.
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Sievers et al. 2019). Connectivity is an important driver of ecological
functions and services, and is thus an important indicator to consider in
ecosystem assessments. Given the highly connected nature of coastal
wetlands (Olds et al., 2016), future health assessments need ways to
incorporate connectivity. Incorporating connectivity will be challenging
because there is no agreement on globally-relevant metrics to quantify
connectivity. Syntheses of coastal animal movement patterns could help
inform new indicators of connectivity, as past syntheses have done for
informing on marine reserve design on coral reefs (Green et al., 2015).
Global maps of habitat fragmentation partly address this problem (e.g.
Bryan-Brown et al., 2020), but the impact of fragmentation on biodi-
versity and ecosystem services likely varies region to region (Bostrom
et al., 2006). Further work is needed to map fragmentation or connec-
tivity of saltmarsh and seagrass habitats, and to link changes in con-
nectivity to ecological outcomes.

We propose that in addition to filling specific data gaps, we also need
to recreate existing global data layers with different techniques and
source data. Most global indices reuse the same data layers, such as data
on global mangrove trends (Hamilton and Casey, 2016) and a synthesis
of seagrass trends (Waycott et al., 2009). If more diverse data-sources
were available, global indices would have different strengths and
weaknesses and therefore be complementary (e.g. Table 2).

Continuous funding for long-term ocean data observations is needed
to support high quality data inputs. Government funding is often
compromised during financial crises so it is important that scientists
continue to fight for the continuation of these programs (Edwards et al.,
2010). Therefore, opportunities for raising funding are necessary.
However, continuous funding alone will not solve everything. We need
to have institutions and adequate management to make the funding
effective into appropriate conservation actions, also aligned with in-
ternational policies and targets.

All of the above opportunities would be supported by comprehensive
mapping and identification of existing coastal wetlands indicators and
continuing to push for open access data (McKenzie et al., 2020; Wor-
thington et al., 2020). A synthesis of existing indicators for threats,
functions, services, extent and policy protection would aid in utilizing
these indicators, or a mix of them, to fill gaps in existing indices and
ecosystem assessments. Sufficient data are now available to initiate such
a synthesis. For example, global data on habitat distribution (Bunting
etal., 2018), pressures (Halpern et al., 2019), and governance and policy
effectiveness (info.worldbank.org/governance/wgi/) are all freely
available. These indicators could also be combined into an index tailored
to suit coastal wetlands, which would ultimately facilitate communica-
tion among all types of stakeholder, and allow direct comparisons
among management objectives in these habitats (McQuatters-Gollop
et al., 2019).

5. Conclusions

We found the recognition of coastal wetlands in global scale in-
dicators and ecosystem assessments is patchy. While we only considered
five case-studies for assessments, the case-studies represent a broad
range of assessment types, from biodiversity to economically focused.
Further, many of these assessments rely on the same underlying data, so
it is likely that other global assessments face similar gaps. Future pri-
orities for research are to expand global habitat trends data for seagrass
and saltmarsh, develop indicators of ecological condition and quantify
habitat-animal linkages. Filling these gaps will help track the success of
policy changes, keep nations accountable for declines in coastal wetland
status and motivate conservation action for these ecosystems.

CRediT authorship contribution statement
Christopher J. Brown: Conceptualization, Writing - original draft,

Writing - review & editing, Supervision, Funding acquisition. Maria F.
Adame: Writing - original draft, Writing - review & editing. Christina

Ecological Indicators 126 (2021) 107694

A. Buelow: Writing - original draft, Writing - review & editing. Marieke
A. Frassl: Writing - original draft, Writing - review & editing. Shing Yip
Lee: Writing - review & editing, Funding acquisition. Brendan Mackey:
Writing - review & editing, Funding acquisition. Eva C. McClure:
Writing - original draft, Writing - review & editing. Ryan M. Pearson:
Writing - original draft, Writing - review & editing, Visualization.
Anusha Rajkaran: Writing - review & editing, Funding acquisition.
Thomas S. Rayner: Writing - original draft, Writing - review & editing.
Michael Sievers: Writing - original draft, Writing - review & editing.
Chantal A. Saint Ange: Writing - original draft, Writing - review &
editing. Ana I. Sousa: Writing - review & editing, Funding acquisition.
Vivitskaia J.D. Tulloch: Writing - original draft, Writing - review &
editing. Mischa P. Turschwell: Writing - original draft, Writing - review
& editing. Rod M. Connolly: Conceptualization, Writing - original draft,
Writing - review & editing, Supervision, Funding acquisition.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

We acknowledge funding support from: CJB, RMC and MPT - Dis-
covery Project (DP180103124) from the Australian Research Council;
BM, CAB, MF, CJB MFA, MS, MPT, RMC, RMP and VJDT from The
Global Wetlands Project, with supported by a charitable organisation
which neither seeks nor permits publicity for its efforts. AIS was funded
by national funds through the FCT- Foundation for Science and Tech-
nology, L.P., under the project CEECIND/00962/2017 and by FCT/
MCTES through the financial support to CESAM (UIDB/50017/2020 +
UIDP/50017/2020).

References

Adame, M., Brown, C.J., Bejarano, M., Herrera-Silveira, J.A., Ezcurra, P., Kauffman, J.B.,
Birdsey, R., 2018a. The undervalued contribution of mangrove protection in Mexico
to carbon emission targets. Conservat. Lett. 11, e12445.

Adame, M., Najera, E., Lovelock, C., Brown, C., 2018b. Avoided emissions and
conservation of scrub mangroves: potential for a Blue Carbon project in the Gulf of
California, Mexico. Biol. Lett. 14, 20180400.

Adame, M.F., Connolly, R.M., Turschwell, M.P., Lovelock, C.E., Fatoyinbo, T.,
Lagomasino, D., Goldberg, L.A., Holdorf, J., Friess, D.A., Sasmito, S.D.,
Sanderman, J., Sievers, M., Buelow, C., Kauffman, J.B., Bryan-Brown, D., Brown, C.
J., 2021. Future carbon emissions from global mangrove forest loss. Global Change
Biol. https://doi.org/10.1111/gcb.15571 n/a.

Alongi, D.M., 2012. Carbon sequestration in mangrove forests. Carbon Manage. 3,
313-322.

Assis, J., Fragkopoulou, E., Frade, D., Neiva, J., Oliveira, A., Abecasis, D., Faugeron, S.,
Serrao, E.A., 2020. A fine-tuned global distribution dataset of marine forests. Sci.
Data 7, 119.

Banerjee, O., Cicowiez, M., Horridge, M., Vargas, R., 2016. A conceptual framework for
integrated economic-environmental modeling. J. Environ. Develop. 25, 276-305.

Birk, S., Bonne, W., Borja, A., Brucet, S., Courrat, A., Poikane, S., Solimini, A., Van De
Bund, W., Zampoukas, N., Hering, D., 2012. Three hundred ways to assess Europe’s
surface waters: an almost complete overview of biological methods to implement the
Water Framework Directive. Ecol. Ind. 18, 31-41.

Bland, L., Keith, D., Miller, R., Murray, N., Rodriguez, J., 2017. Guidelines for the
application of IUCN Red List of Ecosystems Categories and Criteria, version 1.1., in:
Nature, 1.U.f.t.C.0. (Ed.), Gland, Switzerland.

Bland, L.M., Nicholson, E., Miller, R.M., Andrade, A., Carré, A., Etter, A., Ferrer-Paris, J.
R., Herrera, B., Kontula, T., Lindgaard, A., Pliscoff, P., Skowno, A., Valderrabano, M.,
Zager, 1., Keith, D.A., 2019. Impacts of the IUCN Red List of Ecosystems on
conservation policy and practice. Conservation Letters 12, e12666.

Bogaart, P., Chan, J., Horlings, H., Keith, D., Larson, T., Sayre, R., Schenau, S., Soulard,
F., 2019. Discussion paper 1.1: An ecosystem type classification for the SEEA EEA.
Paper submitted to the SEEA EEA Technical Committee as input to the revision of the
technical recommendations in support of the System on Environmental-Economic
Accounting. Version of 29 April 2019.

Bostrom, C., Jackson, E.L., Simenstad, C.A., 2006. Seagrass landscapes and their effects
on associated fauna: a review. Estuar. Coast. Shelf Sci. 68, 383-403.

Brown, C.J., Broadley, A., Adame, M.F., Branch, T.A., Turschwell, M.P., Connolly, R.M.,
2019. The assessment of fishery status depends on fish habitats. Fish Fish. 20, 1-14.


http://refhub.elsevier.com/S1470-160X(21)00359-9/h0005
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0005
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0005
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0010
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0010
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0010
https://doi.org/10.1111/gcb.15571
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0020
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0020
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0025
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0025
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0025
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0030
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0030
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0035
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0035
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0035
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0035
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0055
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0055
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0060
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0060

C.J. Brown et al.

Bryan-Brown, D.N., Connolly, R.M., Richards, D.R., Adame, F., Friess, D.A., Brown, C.J.,
2020. Global trends in mangrove forest fragmentation. Sci. Rep. 10, 1-8.

Bunting, P., Rosenqvist, A., Lucas, R.M., Rebelo, L.-M., Hilarides, L., Thomas, N.,
Hardy, A., Itoh, T., Shimada, M., Finlayson, C.M., 2018. The global mangrove
watch—a new 2010 global baseline of mangrove extent. Remote Sens. 10, 1669.

Butchart, S.H.M., Walpole, M., Collen, B., van Strien, A., Scharlemann, J.P.W.,
Almond, R.E.A., Baillie, J.E.M., Bomhard, B., Brown, C., Bruno, J., Carpenter, K.E.,
Carr, G.M., Chanson, J., Chenery, A.M., Csirke, J., Davidson, N.C., Dentener, F.,
Foster, M., Galli, A., Galloway, J.N., Genovesi, P., Gregory, R.D., Hockings, M.,
Kapos, V., Lamarque, J.-F., Leverington, F., Loh, J., McGeoch, M.A., McRae, L.,
Minasyan, A., Morcillo, M.H., Oldfield, T.E.E., Pauly, D., Quader, S., Revenga, C.,
Sauer, J.R., Skolnik, B., Spear, D., Stanwell-Smith, D., Stuart, S.N., Symes, A.,
Tierney, M., Tyrrell, T.D., Vié, J.-C., Watson, R., 2010. Global biodiversity:
indicators of recent declines. Science 328, 1164.

Carrasquilla-Henao, M., Juanes, F., 2017. Mangroves enhance local fisheries catches: a
global meta-analysis. Fish Fish. 18, 79-93.

Cullen-Unsworth, L.C., Unsworth, R., 2018. A call for seagrass protection. Science 361,
446-448.

Davidson, N.C., 2014. How much wetland has the world lost? Long-term and recent
trends in global wetland area. Mar. Freshw. Res. 65, 934-941.

de los Santos, C.B., Krause-Jensen, D., Alcoverro, T., Marba, N., Duarte, C.M., van
Katwijk, M.M., Pérez, M., Romero, J., Sanchez-Lizaso, J.L., Roca, G., Jankowska, E.,
Pérez-Lloréns, J.L., Fournier, J., Montefalcone, M., Pergent, G., Ruiz, J.M.,

Cabaco, S., Cook, K., Wilkes, R.J., Moy, F.E., Trayter, G.M.-R., Aran¢, X.S., de
Jong, D.J., Fernandez-Torquemada, Y., Auby, 1., Vergara, J.J., Santos, R., 2019.
Recent trend reversal for declining European seagrass meadows. Nat. Commun. 10,
3356.

Duarte, C.M., Dennison, W.C., Orth, R.J., Carruthers, T.J., 2008. The charisma of coastal
ecosystems: addressing the imbalance. Estuaries Coasts 31, 233-238.

Duffy, J., Weatherdon, L.V., 2020. Coordinated Global Research Assessment of Seagrass
System (C-GRASS).

Edens, B., Hein, L., 2013. Towards a consistent approach for ecosystem accounting. Ecol.
Econ. 90, 41-52. https://doi.org/10.1016/j.ecolecon.2013.03.003.

Edwards, M., Beaugrand, G., Hays, G.C., Koslow, J.A., Richardson, A.J., 2010. Multi-
decadal oceanic ecological datasets and their application in marine policy and
management. Trends Ecol. Evol. 25, 602-610.

EU, 2008. Marine Strategies Framework Directive Official Journal of the European Union
2008/56/EC.

Evans, M.C., 2021. Re-conceptualizing the role(s) of science in biodiversity conservation.
Environ. Conserv. 1-10. https://doi.org/10.1017/50376892921000114.

FAO, 2015. Global Forest Resources Assessment. Food and Agriculture Organization of
the United Nations.

FAO, 2018. The State of World Fisheries and Aquaculture 2018-Meeting the sustainable
development goals. Licence: CC BY-NC-SA 3.0 IGO.

Feka, Z.N., Morrison, 1., 2017. Managing mangroves for coastal ecosystems change: a
decade and beyond of conservation experiences and lessons for and from west-
central Africa. J. Ecol. Nat. Environ. 9, 99-123.

Giri, C., Ochieng, E., Tieszen, L.L., Zhu, Z., Singh, A., Loveland, T., Masek, J., Duke, N.,
2011. Status and distribution of mangrove forests of the world using earth
observation satellite data. Glob. Ecol. Biogeogr. 20, 154-159.

Green, A.L., Maypa, A.P., Almany, G.R., Rhodes, K.L., Weeks, R., Abesamis, R.A.,
Gleason, M.G., Mumby, P.J., White, A.T., 2015. Larval dispersal and movement
patterns of coral reef fishes, and implications for marine reserve network design.
Biol. Rev. 90, 1215-1247.

Hék, T., Janouskova, S., Moldan, B., 2016. Sustainable development goals: a need for
relevant indicators. Ecol. Ind. 60, 565-573.

Halpern, B.S., Frazier, M., Afflerbach, J., Lowndes, J.S., Micheli, F., O’Hara, C.,
Scarborough, C., Selkoe, K.A., 2019. Recent pace of change in human impact on the
world’s ocean. Sci. Rep. 9, 1-8.

Halpern, B.S., Frazier, M., Afflerbach, J., O’'Hara, C., Katona, S., Lowndes, J.S.S.,
Jiang, N., Pacheco, E., Scarborough, C., Polsenberg, J., 2017. Drivers and
implications of change in global ocean health over the past five years. PLoS ONE 12.

Halpern, B.S., Longo, C., Hardy, D., McLeod, K.L., Samhouri, J.F., Katona, S.K.,
Kleisner, K., Lester, S.E., O’Leary, J., Ranelletti, M., 2012. An index to assess the
health and benefits of the global ocean. Nature 488, 615-620.

Hamilton, S.E., 2015. No evidence that shrimp aquaculture is responsible for minimal
mangrove deforestation. BioScience 65, 457-457.

Hamilton, S.E., Casey, D., 2016. Creation of a high spatio-temporal resolution global
database of continuous mangrove forest cover for the 21st century (CGMFC-21).
Glob. Ecol. Biogeogr. 25, 729-738.

Herr, D., Landis, E., 2016. Coastal blue carbon ecosystems. Opportunities for Nationally
Determined Contributions. Policy Brief. Gland, Switzerland: IUCN. Washington, DC:
TNC.

Ian Potter Foundation, 2020. Sustainable Development Goals. https://www.ianpotter.
org.au/knowledge-centre/sustainable-development-goals/.

IPBES Secretariat, 2019. Global assessment report on biodiversity and ecosystem services
of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem
Services, in: Brondizio, E., Settele, J., Diaz, S., Ngo, H. (Eds.). IPBES.

IUCN, 2020. The IUCN Red List of Threatened Species. Version 2020-2.

Janes, H., Macreadie, P.1., Nicholson, E., lerodiaconou, D., Reeves, S., Taylor, M.D.,
Carnell, P.E., 2020. Stable isotopes infer the value of Australia’s coastal vegetated
ecosystems from fisheries. Fish Fish. 21, 80-90.

Kairo, J.G., Dahdouh-Guebas, F., Bosire, J.O., Koedam, N., 2001. Restoration and
management of mangrove systems—a lesson for and from the East African region.

Keith, D., Ferrer-Paris, J.R., Nicholson, E., Bishop, M.J., Polidoro, B.A., Ramirez-
Llodra, E., Tozer, M.G., Nel, J.L., Mac Nally, R., Gregr, E.J., Watermeyer, K.E.,

Ecological Indicators 126 (2021) 107694

Essl, F., Faber-Langendoen, D., Franklin, J., Lehmann, C.R.L., Etter, A., Roux, D.J.,
Stark, J.S., Rowland, J.A., Brummitt, N.A., Fernandez-Arcaya, U.C., Suthers, .M.,
Wiser, S.K., Donohue, 1., Jackson, L.J., Pennington, R.T., Pettorelli, N., Andrade, A.,
Kontula, T., Lindgaard, A., Tahvanainan, T., Terauds, A., Venter, O., Watson, J.E.M.,
Chadwick, M.A., Murray, N.J., Moat, J., Pliscoff, P., Zager, 1., Kingsford, R.T., 2020.
The IUCN Global Ecosystem Typology v1.01: Descriptive profiles for Biomes and
Ecosystem Functional Groups, Adapted from: ‘Earth’s ecosystems: a function-based
typology for conservation and sustainability’. International Union for Conservation
of Nature, p. 128.

Keith, D., Rodriguez, J.P., Rodriguez-Clark, K.M., Nicholson, E., Aapala, K., Alonso, A.,
Asmussen, M., Bachman, S., Basset, A., Barrow, E.G., 2013. Scientific foundations for
an IUCN Red List of ecosystems. PLoS ONE 8, e62111.

Leadley, P., Krug, C., Alkemade, R., Pereira, H., Sumaila, U., Walpole, M., Marques, A.,
Newbold, T., Teh, L., van Kolck, J., Bellard, C., Januchowski-Hartley, S., Mumby, P.,
2014. Progress towards the Aichi Biodiversity Targets: an assessment of biodiversity
trends, policy scenarios and key actions. Technical Series No. 78, Secretariat of the
Convention on Biological Diversity, Montreal, Canada, p. 500.

Lee, S.Y., Hamilton, S., Barbier, E.B., Primavera, J., Lewis, R.R., 2019. Better restoration
policies are needed to conserve mangrove ecosystems. Nat. Ecol. Evol. 3, 870-872.

Lefcheck, J.S., Hughes, B.B., Johnson, A.J., Pfirrmann, B.W., Rasher, D.B., Smyth, A.R.,
Williams, B.L., Beck, M.W., Orth, R.J., 2019. Are coastal habitats important
nurseries? A meta-analysis. Conservat. Lett. 12, e12645.

Lefcheck, J.S., Orth, R.J., Dennison, W.C., Wilcox, D.J., Murphy, R.R., Keisman, J.,
Gurbisz, C., Hannam, M., Landry, J.B., Moore, K.A., Patrick, C.J., Testa, J., Weller, D.
E., Batiuk, R.A., 2018. Long-term nutrient reductions lead to the unprecedented
recovery of a temperate coastal region. Proc. Natl. Acad. Sci. 115, 3658.

Leon, J.X., Phinn, S.R., Hamylton, S., Saunders, M.I., 2013. Filling the ‘white ribbon’ - a
multisource seamless digital elevation model for Lizard Island, northern Great
Barrier Reef. Int. J. Remote Sens. 34, 6337-6354.

Lovelock, C.E., Sinclair, Z., Shribman, Z., 2018. Wetlands Exchange-Lessons Learned.
International Partnership for Blue Carbon, Commonwealth of Australia.

LRF, 2019. Land Restoration Fund. Queensland Government.

Mace, P.M., 2001. A new role for MSY in single-species and ecosystem approaches to
fisheries stock assessment and management. Fish Fish. 2, 2-32.

Maina, J.M., Gamoyo, M., Adams, V.M., D’agata, S., Bosire, J., Francis, J., Waruinge, D.,
2020. Aligning marine spatial conservation priorities with functional connectivity
across maritime jurisdictions. Conserv. Sci. Practice 2, e156.

McKenzie, L., Nordlund, L.M., Jones, B.L., Cullen-Unsworth, L.C., Roelfsema, C.M.,
Unsworth, R., 2020. The global distribution of seagrass meadows. Environ. Res. Lett.

McOwen, C.J., Weatherdon, L.V., Bochove, J.-W.V., Sullivan, E., Blyth, S., Zockler, C.,
Stanwell-Smith, D., Kingston, N., Martin, C.S., Spalding, M., Fletcher, S., 2017. A
global map of saltmarshes. Biodiv. Data J., e11764-e11764.

Mcowen, C.J., Ivory, S., Dixon, M.J., Regan, E.C., Obrecht, A., Tittensor, D.P., Teller, A.,
Chenery, A.M., 2016. Sufficiency and suitability of global biodiversity indicators for
monitoring progress to 2020 targets. Conservat. Lett. 9, 489-494.

McQuatters-Gollop, A., Mitchell, I., Vina-Herbon, C., Bedford, J., Addison, P.F.E.,
Lynam, C.P., Geetha, P.N., Vermeulan, E.A., Smit, K., Bayley, D.T.I., Morris-

Webb, E., Niner, H.J., Otto, S.A., 2019. From science to evidence — how biodiversity
indicators can be used for effective marine conservation policy and management.
Front. Marine Sci. 6.

Menéndez, P., Losada, I.J., Torres-Ortega, S., Narayan, S., Beck, M.W., 2020. The global
flood protection benefits of mangroves. Sci. Rep. 10, 1-11.

Miloslavich, P., Bax, N.J., Simmons, S.E., Klein, E., Appeltans, W., Aburto-Oropeza, O.,
Andersen Garcia, M., Batten, S.D., Benedetti-Cecchi, L., Checkley Jr., D.M., Chiba, S.,
Duffy, J.E., Dunn, D.C., Fischer, A., Gunn, J., Kudela, R., Marsac, F., Muller-
Karger, F.E., Obura, D., Shin, Y.-J., 2018. Essential ocean variables for global
sustained observations of biodiversity and ecosystem changes. Glob. Change Biol.
24, 2416-2433.

Murray, N.J., Phinn, S.R., DeWitt, M., Ferrari, R., Johnston, R., Lyons, M.B., Clinton, N.,
Thau, D., Fuller, R.A., 2019. The global distribution and trajectory of tidal flats.
Nature 565, 222-225.

Nagelkerken, I., Sheaves, M., Baker, R., Connolly, R.M., 2015. The seascape nursery: a
novel spatial approach to identify and manage nurseries for coastal marine fauna.
Fish Fish. 16, 362-371.

Neto, J.M., Barroso, D.V., Barria, P., 2013. Seagrass Quality Index (SQI), a Water
Framework Directive compliant tool for the assessment of transitional and coastal
intertidal areas. Ecol. Ind. 30, 130-137.

Nicholson, E., Fulton, E.A., Brooks, T.M., Blanchard, R., Leadley, P., Metzger, J.P.,
Mokany, K., Stevenson, S., Wintle, B.A., Woolley, S.N., Barnes, M., Watson, J.E.M.,
Ferrier, S., 2019. Scenarios and models to support global conservation targets.
Trends Ecol. Evol. 34, 57-68.

Nordlund, L.M., Koch, E.W., Barbier, E.B., Creed, J.C., 2016. Seagrass ecosystem services
and their variability across genera and geographical regions. PLoS ONE 11.

Obst, C., Eigenraam, M., 2017. Incorporating the environment in agricultural
productivity: applying advances in international environmental accounting. In: New
Directions in Productivity Measurement and Efficiency Analysis. Edward Elgar
Publishing, Massachusetts, pp. 151-172.

Obst, C., Vardon, M., 2014. Recording environmental assets in the national accounts.
Oxford Rev. Econ. Policy 30, 126-144.

Olds, A.D., Connolly, R.M., Pitt, K.A., Pittman, S.J., Maxwell, P.S., Huijbers, C.M.,
Moore, B.R., Albert, S., Rissik, D., Babcock, R.C., Schlacher, T.A., 2016. Quantifying
the conservation value of seascape connectivity: a global synthesis. Glob. Ecol.
Biogeogr. 25, 3-15.

Orth, R.J., Dennison, W.C., Lefcheck, J.S., Gurbisz, C., Hannam, M., Keisman, J.,
Landry, J.B., Moore, K.A., Murphy, R.R., Patrick, C.J., Testa, J., Weller, D.E.,


http://refhub.elsevier.com/S1470-160X(21)00359-9/h0065
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0065
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0070
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0070
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0070
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0075
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0075
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0075
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0075
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0075
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0075
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0075
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0075
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0075
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0080
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0080
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0085
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0085
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0090
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0090
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0095
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0095
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0095
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0095
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0095
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0095
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0095
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0100
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0100
https://doi.org/10.1016/j.ecolecon.2013.03.003
https://doi.org/10.1017/S0376892921000114
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0140
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0140
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0140
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0145
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0145
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0145
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0145
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0150
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0150
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0155
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0155
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0155
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0160
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0160
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0160
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0165
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0165
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0165
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0175
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0175
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0175
https://www.ianpotter.org.au/knowledge-centre/sustainable-development-goals/
https://www.ianpotter.org.au/knowledge-centre/sustainable-development-goals/
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0195
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0195
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0195
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0205
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0205
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0205
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0205
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0205
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0205
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0205
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0205
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0205
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0205
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0205
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0210
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0210
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0210
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0220
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0220
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0225
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0225
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0225
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0230
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0230
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0230
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0230
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0235
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0235
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0235
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0240
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0240
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0250
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0250
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0255
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0255
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0255
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0260
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0260
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0265
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0265
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0265
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0275
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0275
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0275
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0275
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0275
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0280
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0280
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0285
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0285
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0285
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0285
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0285
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0285
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0290
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0290
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0290
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0295
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0295
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0295
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0300
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0300
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0300
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0305
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0305
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0305
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0305
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0310
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0310
http://refhub.elsevier.com/S1470-160X(21)00359-9/h9000
http://refhub.elsevier.com/S1470-160X(21)00359-9/h9000
http://refhub.elsevier.com/S1470-160X(21)00359-9/h9000
http://refhub.elsevier.com/S1470-160X(21)00359-9/h9000
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0315
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0315
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0320
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0320
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0320
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0320
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0325
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0325

C.J. Brown et al.

Wilcox, D.J., 2017. Submersed aquatic vegetation in Chesapeake Bay: sentinel
species in a changing world. Bioscience 67, 698-712.

Richards, D.R., Friess, D.A., 2016. Rates and drivers of mangrove deforestation in
Southeast Asia, 2000-2012. Proc. Natl. Acad. Sci. 113, 344-349.

Rowland, J.A., Bland, L.M., Keith, D.A., Juffe-Bignoli, D., Burgman, M.A., Etter, A.,
Ferrer-Paris, J.R., Miller, R.M., Skowno, A.L., Nicholson, E., 2019. Ecosystem indices
to support global biodiversity conservation. Conserv. Lett. e12680.

Sanderman, J., Hengl, T., Fiske, G., Solvik, K., Adame, M.F., Benson, L., Bukoski, J.J.,
Carnell, P., Cifuentes-Jara, M., Donato, D., Duncan, C., Eid, E.M., Ermgassen, P.Z.,
Lewis, C.J.E., Macreadie, P.1., Glass, L., Gress, S., Jardine, S.L., Jones, T.G.,
Nsombo, E.N., Rahman, M.M., Sanders, C.J., Spalding, M., Landis, E., 2018. A global
map of mangrove forest soil carbon at 30 m spatial resolution. Environ. Res. Lett. 13,
055002.

Sheaves, M., 2017. How many fish use mangroves? the 75% rule an ill-defined and
poorly validated concept. Fish Fish. 18, 778-789.

Short, F., 2017. Global distribution of seagrasses (version 6.0). Sixth update to the data
layer used in Green and Short (2003). UN Environment World Conservation
Monitoring Centre, Cambridge.

Short, F., 2018. Global distribution of seagrasses (version 6.0). Sixth update to the data
layer used in Green and Short (2003), Cambridge (UK): UN Environment World
Conservation Monitoring Centre.

Sievers, M., Brown, C.J., Tulloch, V.J., Pearson, R.M., Haig, J.A., Turschwell, M.P.,
Connolly, R.M., 2019. The role of vegetated coastal wetlands for marine megafauna
conservation. Trends Ecol. Evol.

Sievers, M., Chowdhury, M.R., Adame, M.F., Bhadury, P., Bhargava, R., Buelow, C.,
Friess, D.A., Ghosh, A., Hayes, M.A., McClure, E.C., Pearson, R.M., Turschwell, M.P.,
Worthington, T.A., Connolly, R.M., 2020a. Indian Sundarbans mangrove forest
considered endangered under Red List of Ecosystems, but there is cause for
optimism. Biol. Conserv. 251, 108751.

Sievers, M., Pearson, R., Turschwell, M., Bishop, M., Bland, L., Brown, C., Tulloch, V.,
Haig, J., Olds, A., Maxwell, P., Connolly, R., 2020b. Integrating outcomes of IUCN
red list of ecosystems assessments for connected coastal wetlands. Ecol. Ind. 116,
106489.

Silliman, B.R., He, Q., Angelini, C., Smith, C.S., Kirwan, M.L., Daleo, P., Renzi, J.J.,
Butler, J., Osborne, T.Z., Nifong, J.C., van de Koppel, J., 2019. Field experiments and
meta-analysis reveal wetland vegetation as a crucial element in the coastal
protection paradigm. Curr. Biol. 29 (1800-1806), e1803.

Simard, M., Fatoyinbo, L., Smetanka, C., Rivera-Monroy, V.H., Castaneda-Moya, E.,
Thomas, N., Van der Stocken, T., 2019. Mangrove canopy height globally related to
precipitation, temperature and cyclone frequency. Nat. Geosci. 12, 40-45.

Spalding, M., Parrett, C.L., 2019. Global patterns in mangrove recreation and tourism.
Marine Policy 110, 103540.

Tittensor, D.P., Walpole, M., Hill, S.L.L., Boyce, D.G., Britten, G.L., Burgess, N.D.,
Butchart, S.H.M., Leadley, P.W., Regan, E.C., Alkemade, R., Baumung, R.,

Bellard, C., Bouwman, L., Bowles-Newark, N.J., Chenery, A.M., Cheung, W.W.L.,
Christensen, V., Cooper, H.D., Crowther, A.R., Dixon, M.J.R., Galli, A., Gaveau, V.,
Gregory, R.D., Gutierrez, N.L., Hirsch, T.L., Hoft, R., Januchowski-Hartley, S.R.,

10

Ecological Indicators 126 (2021) 107694

Karmann, M., Krug, C.B., Leverington, F.J., Loh, J., Lojenga, R.K., Malsch, K.,
Marques, A., Morgan, D.H.W., Mumby, P.J., Newbold, T., Noonan-Mooney, K.,
Pagad, S.N., Parks, B.C., Pereira, H.M., Robertson, T., Rondinini, C., Santini, L.,
Scharlemann, J.P.W., Schindler, S., Sumaila, U.R., Teh, L.S.L., van Kolck, J.,
Visconti, P., Ye, Y., 2014. A mid-term analysis of progress toward international
biodiversity targets. Science 346, 241-244.

UN, 2017. Global Indicator Framework for the Sustainable Development Goals and
Targets of the 2030 Agenda for Sustainable Development. United Nations A/RES/
71/313.

UNFCCC, 2001. Decision 11/CP.7: Land use, land-use change and forestry, Report of the
Conference of the Parties on its seventh session, held at Marrakesh from 29 October
to 10 November 2001. Addendum. Part two: Action taken by the Conference of the
Parties. Volume I.

Unsworth, R., Cullen, L., 2010. Recognising the necessity for Indo-Pacific seagrass
conservation. Conserv. Lett. 3, 63-73.

Unsworth, R.K., McKenzie, L.J., Nordlund, L.M., Cullen-Unsworth, L.C., 2018.

A changing climate for seagrass conservation? Curr. Biol. 28, R1229-R1232.

Unsworth, R.K.F., McKenzie, L.J., Collier, C.J., Cullen-Unsworth, L.C., Duarte, C.M.,
Eklof, J.S., Jarvis, J.C., Jones, B.L., Nordlund, L.M., 2019. Global challenges for
seagrass conservation. Ambio 48, 801-815.

Venter, O., Sanderson, E.W., Magrach, A., Allan, J.R., Beher, J., Jones, K.R.,
Possingham, H.P., Laurance, W.F., Wood, P., Fekete, B.M., Watson, J.E.M., 2016.
Sixteen years of change in the global terrestrial human footprint and implications for
biodiversity conservation. Nat. Commun. 7, 1-11.

Waldron, A., Mooers, A.O., Miller, D.C., Nibbelink, N., Redding, D., Kuhn, T.S.,
Roberts, J.T., Gittleman, J.L., 2013. Targeting global conservation funding to limit
immediate biodiversity declines. Proc. Natl. Acad. Sci. 110, 12144-12148.

Wan, S.-Z., Yang, G.-S., Mao, R., 2020. Responses of leaf nitrogen and phosphorus
allocation patterns to nutrient additions in a temperate freshwater wetland. Ecol.
Ind. 110, 105949.

Waycott, M., Duarte, C.M., Carruthers, T.J., Orth, R.J., Dennison, W.C., Olyarnik, S.,
Calladine, A., Fourqurean, J.W., Heck, K.L., Hughes, A.R., Kendrick, G.A.,
Kenworthy, W.J., Short, F., Williams, S.L., 2009. Accelerating loss of seagrasses
across the globe threatens coastal ecosystems. Proc. Natl. Acad. Sci. 106,
12377-12381.

Worthington, T.A., Andradi-Brown, D.A., Bhargava, R., Buelow, C., Bunting, P.,
Duncan, C., Fatoyinbo, L., Friess, D.A., Goldberg, L., Hilarides, L., Lagomasino, D.,
Landis, E., Longley-Wood, K., Lovelock, C.E., Murray, N.J., Narayan, S.,
Rosengqvist, A., Sievers, M., Simard, M., Thomas, N., van Eijk, P., Zganjar, C.,
Spalding, M., 2020. Harnessing big data to support the conservation and
rehabilitation of mangrove forests globally. One Earth 2, 429-443.

Zeng, Y., Friess, D.A., Sarira, T.V., Siman, K., Koh, L.P., 2021. Global potential and limits
of mangrove blue carbon for climate change mitigation. Curr. Biol.

Zu Ermgassen, P.S., Grove, T., Nagelkerken, 1., 2020. Global affiliation of juvenile fishes
and invertebrates with mangrove habitats. Bull. Mar. Sci.

Zwane, A., 2017. Financing the Sustainable Development Goals. Global Innovation Fund.


http://refhub.elsevier.com/S1470-160X(21)00359-9/h0325
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0325
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0335
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0335
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0340
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0340
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0340
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0345
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0345
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0345
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0345
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0345
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0345
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0350
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0350
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0365
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0365
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0365
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0370
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0370
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0370
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0370
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0370
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0375
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0375
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0375
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0375
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0380
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0380
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0380
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0380
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0385
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0385
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0385
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0390
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0390
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0395
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0395
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0395
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0395
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0395
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0395
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0395
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0395
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0395
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0395
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0395
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0400
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0400
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0400
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0410
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0410
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0415
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0415
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0420
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0420
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0420
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0425
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0425
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0425
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0425
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0430
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0430
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0430
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0435
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0435
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0435
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0440
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0440
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0440
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0440
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0440
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0445
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0445
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0445
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0445
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0445
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0445
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0450
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0450
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0455
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0455
http://refhub.elsevier.com/S1470-160X(21)00359-9/h0460

	Opportunities for improving recognition of coastal wetlands in global ecosystem assessment frameworks
	1 Introduction
	2 How global assessment frameworks guide scientific research and conservation action
	3 Case-studies for how representation of coastal wetlands in ecosystem assessments affects conservation actions
	3.1 Assessments of fish stock status
	3.2 Assessing ecosystem collapse with the IUCN Red List of Ecosystems
	3.3 Nationally determined contributions on greenhouse gas emissions
	3.4 Ocean health index
	3.5 System of economic environmental accounts

	4 Opportunities for improving recognition of coastal wetlands in global ecosystem assessments
	4.1 Gaps in the assessment process
	4.2 Gaps in data availability

	5 Conclusions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	References


