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Editorial on the Research Topic

Structure, Functioning and Conservation of Coastal VegetatedWetlands

Coastal vegetated wetlands—mangroves, saltmarshes, and seagrass beds, hereafter called coastal
wetlands—are marine ecosystems constituted of rooted macrophytes living intertidally or
subtidally (Hopkinson et al., 2012, 2019). They occupy a narrow fringe along the shores of all
continents except Antarctica (Duarte et al., 2013; Hopkinson et al., 2019). Their global cover is
small, yet they are profoundly important to human livelihoods and the regulation of physical,
chemical, and biological processes (Borja et al., 2015), and thus for coastal resilience. Mangroves
and saltmarshes contribute 2,000–215,000US$ ha−1 yr−1 to coastal economies through the delivery
of numerous ecosystem services (Costanza et al., 2014; Gopal, 2016; Macreadie et al., 2019). The
equivalent value for seagrass and algae beds is 29,000 US$ ha−1 yr−1 (Costanza et al., 2014;
Dewsbury et al., 2016), while climate regulation alone contributes 1,250 US$ ha−1 to >90,000
US$ ha−1 (graphical estimates), with variation depending on the valuation approach and type
of coastal wetland (Macreadie et al., 2019). Coastal wetlands have a central role in nature-based
flood and erosion protection, much to the interest of mitigative coastal zone planning (Bouma
et al., 2014). Up to 10% of all oceanic carbon passes through coastal wetlands (Jennerjahn and
Ittekkot, 2002; Dittmar et al., 2006) and their “blue carbon” burial rates, on a per area basis,
exceeds that of most terrestrial forests (Howard et al., 2017). Coastal wetlands are important filters
of coastal pollutants and pathogens and provide habitat to a wide array of species, including
commercially important fisheries stocks and threatened birds and mammals (Borja et al., 2015;
Lamb et al., 2017). Unfortunately, land reclamation, deforestation, eutrophication, and other
anthropogenic perturbations threaten coastal wetlands. Although area losses are contextually and
geographically variable, with some regions showing gain in wetland cover (Ladd et al., 2019),
global declines were 25–50% over the past five decades (Lotze et al., 2006; Duarte et al., 2013;
Telesca et al., 2015) and 54–87% if including the pre-1900s (Davidson, 2014). The array of
functional processes—biological, chemical, physical—which in combination give rise to natural
benefits, such as coastal protection and carbon storing, are not always well-understood (Macreadie
et al., 2019; Rendón et al., 2019). Nevertheless, ongoing declines in the cover of coastal wetlands
will undoubtedly diminish the ecosystem services they provide (Waycott et al., 2009) and could
initiate a new source of greenhouse gas emissions through remobilization of carbon they store
(Belshe et al., 2017). The current concern is that climate change will affect the functioning and
future distribution of coastal wetlands (Wernberg et al., 2016), for instance through poleward
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migration (Sorte et al., 2010), rainfall-driven changes to carbon
capturing (Sanders et al., 2016) and shifts in the lateral extent of
wetlands due to sea level rise (Pergent et al., 2015; Spencer et al.,
2016; Schuerch et al., 2018).

While coastal wetlands were understudied in preceding
decades (Orth et al., 2006; Duarte et al., 2008) they are
now in vogue and are commonly used as model systems to
address globally important research frontiers, such as CO2

emissions after disturbance (Lovelock et al., 2017). Numerous
methods and metrics have been used to assess their ecological
status (Best et al., 2007; Gobert et al., 2009; Marbà et al.,
2013; Faridah-Hanum et al., 2019). Yet, the understanding
of their functioning and the use of resultant environmental
indices is often inconsistent or not practiced, and/or it is
reliant on the knowledge of reference conditions and long-
term assessment programs, which may or may not exist
(Duarte et al., 2017). Conservation and restoration programs
carried out worldwide alongside environmental assessments
have yielded both encouraging and disappointing impacts on
ecosystem functioning and human welfare (Gittman et al., 2019).
Restoration successes depend primarily on the habitat type, site
selection and the techniques applied (Bayraktarov et al., 2016).
It is essential to have a thorough understanding of the causes
for variation in the functioning of coastal wetlands to inform the
practices that receive considerable global investment for wetland
restoration (Simenstad et al., 2006; Bayraktarov et al., 2016).
Lack of research knowledge in many areas of coastal wetland
functioning hampers decision-making processes concerning
their management and the implementation of successful
mitigation programs.

We felt the time was ripe for a special issue to bring
together recent research into the functioning of coastal wetlands.
The present Research Topic placed particular emphasis on
the functioning of seagrasses, saltmarsh plants, and mangrove
trees as engineering species, and on processes associated
with the ecosystem structure that they constitute. Five main
research themes were addressed: (i) biogeochemical fluxes
and balances of carbon, nutrients, and chemicals, (ii) coastal
and seascape ecology, interspecific relationships, and food
webs, (iii) patterns and processes of change in cover and
distribution of coastal wetlands, (iv) degradation and resilience
to environmental and anthropogenic disturbances, including
climate change, and (v) the monitoring, management, and
restoration of coastal wetlands. These themes are addressed
in this Research Topic e-book by 13 contributions from 67
scientists and 11 countries. Most contributions were made
by researchers from the United Kingdom (32), the USA
(9), Belgium (8), Spain (5), and France (5), with only two
from Africa (Kenya) and Middle East (Israel). All but two
of the articles concern seagrass beds and saltmarshes, given
the geographic origin of the scientists and research institutes
involved. These geographical and system associated biases
were unintended and purely a reflection of the manuscript
submissions received by the editorial team. The patterns and
responses presented in the 13 papers of the Research Topic e-
book still provide useful insights for other regions, as well as for
other wetland systems.

The Research Topic e-book starts with a review that
demonstrates how crucial positive species interactions of
mutualism, commensalism, and facilitation are to the restoration
and disturbance-recovery of mangroves and saltmarshes (Renzi
et al.). Following that is an experimental study on mangrove
tree seedling development, which outlines how mangroves could
mitigate climate change in the context of rising atmospheric CO2

and increasing tidal flood duration (Jacotot et al.). These first
two studies illustrate that successful protection and restoration of
coastal wetlands require in-depth knowledge of the biology and
dynamics of the species that underpin ecosystem functioning.
Sediment dynamics, in particular accretion and erosion, are
abiotic processes that greatly influence the distribution and
resilience of coastal wetlands, and thus the success of restoration
and environmental compensation measures—a point that is
exemplified in three saltmarsh papers (De Battisti et al.;
McCloskey et al.; Taylor et al.). The spatial complexity of
saltmarshes, as an integrated system of vegetated platforms,
tidal channels and ponds, gives rise to contextually variable
biogeochemistry and resilience to disturbance, as illustrated
by two studies (Huertas et al.; Hutchings et al.). Intuitively,
one would expect livestock grazing of saltmarshes to have a
negative impact on carbon stock; yet a broad-scale study in
the UK shows carbon stores were un-affected by variation in
the intensity of sheep grazing, probably because grazing has
minimal impact on carbon stores relative to the influence of
environmental context (Harvey et al.). The Research Topic e-
book includes five studies on seagrass beds. These explore an
array of topics, from degradation to restoration, at the scale
of individual species to whole ecosystems. An experimental,
in situ test validates a simple and cost effective method
for restoring Zostera marina beds, using seeds packed in
hessian bags (Unsworth et al.). In response to water quality
degradation, seagrasses exhibit various changes in morphology
and physiology. The response of Z. marina is tested in controlled
laboratory conditions to provide a consistent set of biological
response variables to light deprivation and to assign minimum
light thresholds for that species (Bertelli and Unsworth). A study
shows Posidonia oceanica is the highest marine producer of
two organosulfur compounds, dimethylsulfoniopropionate and
dimethylsulfoxide, that are central to the marine sulfur cycle
and which have mitigating influence on the greenhouse gas
effect (Richir et al.). Another study highlights the dichotomous
dynamics of seagrass seascapes, as influenced by natural and
anthropogenic (anchoring) factors (Abadie et al.). The final
paper of the e-book is an 18-month experimental study that
demonstrates that seagrass removal in a multi-species tropical
meadow causes surface erosion, the diminishing of carbon stock,
as well as changes in the local composition of faunal communities
(Githaiga et al.).

The novel research findings on the functioning of coastal
wetlands published in these 13 studies bring new insights into
several research gaps highlighted in this editorial. Although a
wide variety of topics have been covered, a common message
arises here, which is that we have many shortcomings in
our understanding of fundamental ecosystem processes, in
particular those associated with ecosystem service delivery.
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This common message is generalisable to all marine and
tidal wetlands worldwide. Thus, the e-book underscores the
need for continued effort to provide a solid knowledge-
base on coastal wetlands, in support of effective management
practice, conservation and restoration, and for the benefit of
future generations.
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