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Bridging land and seascape restoration for
ecoscape recovery
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The escalating loss and degradation
of coastal habitats significantly affect
coastal communities, ocean
biodiversity, and planetary health. A
special Collection launched in npj
Ocean Sustainability on “Bridging
Land and Seascape Restoration for
Ecoscape Recovery” aimed to
establish a widely applicable
foundation for scalable approaches
that support integrated multi-habitat
coastal ecosystem restoration and
recovery. In this Editorial, we define
the concept of “ecoscape restoration”
and highlight the key themes
emerging from the Collection.

Scaling-up restoration
e escalating loss and degradation of
coastal habitats significantly affect
coastal communities, ocean biodi-
versity, and planetary health'”.
Coastal habitat restoration is now a vital tool
for regaining lost ecological functions and
associated  socio-economic  benefits"”.
Broadly, we define ecological restoration as
the practice of assisting in the recovery of
degraded ecosystems. Restoration encom-
passes varied goals and may focus on the
recovery of function or structure of species,
communities, or habitats of various scales,
typically relative to a chosen reference state’.
Policies and frameworks such as the Global
Biodiversity Framework, the United Nations
(UN) Decade on Ecosystem Restoration, and
the European Union’s (EU) Nature Restora-
tion Law emphasize the role of ecological
restoration in addressing the noteworthy
decline of coastal ecosystems and achieving
environmental sustainability goals’. Such
initiatives represent critical steps towards
restoring degraded ecosystems and, in some
cases, establishing legally binding require-
ments. Following these calls for policy action,
there is a need to ensure that the state of
restoration science and practice is ready for

implementation at scale to achieve ambitious
targets.

Despite the urgency, marine restoration
initiatives have been dominated by small-scale
and single-species initiatives with high failure
rates’. While there has been a recent shift towards
scaling-up, with a meta-analysis suggesting that
marine restoration is being tried at various scales
in certain ecosystems'’, progress has been slow.
Common barriers to successful restoration
include unsuitable restoration methodologies,
adverse environmental conditions'’, inadequate
governance arrangements, fragmented con-
servation policies', stressors not easily addressed
by local interventions"”, and limited sustained
financing". The linking of marine restoration to
the relatively more advanced restoration of ter-
restrial areas remains neglected, including where
synergies could exist to advance both'. The dis-
connect between marine and terrestrial research
and policy applications often reflects siloed poli-
tical units and overlooks the deeply inter-
connected and interdependent nature of these
systems'>'°, limiting the potential for effective
restoration across the land-sea continuum. This,
and the relatively high cost of marine
restoration”'’, have led to negative perceptions in
both the scientific community and the general
public about the viability and value of
restoration'”.

These barriers to restoration also allow unco-
ordinated restoration efforts occurring across
temporal and spatial scales to perpetuate. Few
programs evaluate ecological and social con-
sequences generated by restoration, particularly
over longer (i.e., over 1 year) timescales'"”. On a
national and regional scale, spatial management
processes, such as marine spatial planning
(MSP)™, seldom incorporate systematic restora-
tion opportunities into plans and thus do not
sufficiently address the recovery of inter-
connected habitats across ecosystems. As global
efforts to restore coastal ecosystems increase,
attention is turning to scaling-up restoration
efforts. A shift from the current predominant
focus on single-habitat restoration towards a
broader and more holistic multi-habitat restora-
tion across ecosystems is needed to maximize the
potential for ocean restoration, recovery, and
regeneration.

The need for ecoscape restoration
Multi-habitat restoration is essential for reco-
vering ecosystem functioning and resilience on a
degraded planet in which connectivity (the
interdependence of species and the services they
provide on heterogeneous habitats spanning
land-sea boundaries) has been damaged™ ™.
Conceptually, an ecoscape fits with the hier-
archical array of ideas that describe how our
world is structured (i.e., biosphere, ecoscape,
ecosystem, community, population, organism).
The biosphere is composed of ‘scapes’ (ie.
landscapes, seascapes) that are, in turn, com-
prised of ecosystems including a variety of natural
habitats and linked human communities™**
(Fig. 1). An ecoscape has elements of seascapes,
landscapes, or both, and may go beyond them in
size and scope, as defined by ecological and social
processes. The concept of ecoscapes, was descri-
bed by Backhaus and Murungi” as “the geo-
graphicity of ecosystem”, and later considered in
relation to restoration law by Telesetsky™’. At its
core are the interconnections between human
activities and nature in offshore, nearshore,
coastal, estuarine, watershed, and land-based
habitats™.

The boundaries of an ecoscape should thus
define the working unit for coastal restoration,
including the sources of manageable pressures on
land, freshwater, and sea that need to be addres-
sed through restoration. Here, we define “ecos-
cape restoration” as an approach that considers
the interconnected recovery of landscapes and
seascapes in tandem at large geographical and
long temporal scales (Box 1). Related approaches
across the literature use a range of terms, from
wholescapes to landscape-scale restoration or
seascape restoration (Box 1). But despite a pro-
liferation of terms related to ecoscape restoration,
a unifying approach has not emerged to date.
Efforts to advance these related concepts typically
focus only on one side of the land-sea interface. In
addition, practical applications of broad-scale
restoration across the land-sea interface are few
and far between. Ecoscape restoration goes
beyond a seascape or a landscape; it includes
both, connected by multidirectional flows of
water, nutrients, organisms, and other ecological
material across land, sea, freshwater, and
atmosphere.
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Ecoscape restoration is conceptually rooted in
both ecosystem-based management (EBM)”**
and landscape-scale conservation principles”. Tt
acknowledges the importance of considering
ecological connectivity that dictates the flows of
nutrients, energy, materials and organisms,
including humans, across multiple habitats.
Further, ecoscape restoration prioritizes enhan-
cing ecosystem function across the broader sys-
tem in ecological restoration planning and
implementation. By focusing on coordinated
restoration action at a broad scale, ecoscape
restoration is not simply the recognition that
‘bigger is better’. Instead, an ecoscape restoration
approach necessitates strategic analysis of where,
when, and how coordinated multi-habitat
restoration across the land and sea interface can
catalyze the recovery of ecosystem function when
more reductionist approaches fail. Ecoscape
restoration is thus the holistic restoration of
multiple, interconnected, and interdependent
social-ecological systems across the land-sea
continuum.

The special collection
In June 2023, we launched the topic Collection
Bridging Land and Seascape Restoration for
Ecoscape Recovery in npj Ocean Sustainability™".
The goal was to establish a widely applicable
foundation for scalable approaches that support
integrated multi-habitat coastal ecosystem
restoration and recovery. The Collection wel-
comed submissions until August 2024, and in the
end, it accepted eight pieces: four original
research Articles, two Review Articles, and two
Comments.

The pieces featured in this Collection come
from the combined work of 88 authors from
institutions across 10 countries. Of those 10

countries, four are in the Global South, repre-
sented by 17 authors (19%). Researchers affiliated
with institutions in only three countries (United
Kingdom, United States, and Australia) com-
prised 77% of all authors, and 75% of lead
authors. While many authors’ own nationalities
are not reflected in the location of their institu-
tion(s), this skew in where research is funded and
produced. This highlights the need for procedural
equity, particularly where studies require place-
based context or seek to influence policy. In terms
of reflecting other under-represented perspec-
tives in the Collection, 45 authors (51%) are
women, including five of the eight lead authors
(63%). This Collection also includes papers led by
teenage and early-career researchers (38%) and
others working primarily beyond academia on
advocacy or practice.

The publications in the Collection are pio-
neering examples of ecoscape restoration.
They reflect a variety of biophysical and social
contexts across a range of scales and highlight
the promises and challenges of designing and
implementing ecoscape restoration. By show-
casing work focused on ecoscape recovery with
goals uniquely tailored to specific contexts,
this collective work establishes a vision of what
is possible in the recovery of interlinked
habitats, ecosystems, and human commu-
nities. Indeed, the eight publications together
reveal that the emergent idea of ecoscape
restoration is becoming a reality. Four key
themes emerged from this Collection, and we
address each of these elements in more detail
below. We further note that while these four
key elements are common to all pieces, this
Collection acknowledges that using a diversity
of interdisciplinary approaches will prove
most resilient and impactful in the long-term

and the best way to tailor and sustain
restoration to ensure it is maximally effective
and just.

Four key emerging themes

Addressing land-sea connections (theme 1).
Efforts to protect and restore ecoscapes must
address multiple, complex, and interacting
stressors at the land-sea interface. Several papers
across the Collection consider land-sea connec-
tions as key to advancing ecoscape restoration
(Fig. 2). In their research Article, Delevaux et al.”
address land-based biocultural restoration in the
Pacific, offering a unique perspective by
extending the quantification of the benefits of
forest restoration, connecting the outcomes
across the land-sea interface and ultimately to
downstream reef fish production. This holistic
view of native forest habitat restoration ensures
that the landscape and adjacent coral reefs are
healthier, with fish populations rebounding,
enhancing human health and well-being. Simi-
larly, the Article by Kankam et al.” highlights the
connections between land management, land-
scape restoration, urban greening decisions, and
ecosystem services. These holistic views of
restoration are rare, however. The Article by
Preston et al.”* emphasizes the importance of
land-sea connectivity and stresses that this
approach may require a whole-system con-
sideration of both horizontal and vertical lin-
kages across the landscape and seascape. In most
places where policies and approaches such as
MSP and coastal zone management promote
restoration opportunities, a connection to ter-
restrial habitats and related land use planning is
often lacking. Preston et al.”* highlight that
restoration site selection could be improved by
approaching seascape restoration as being

Fig. 1 | Ecoscape hierarchy conceptual diagrams.
Ecoscapes are situated within the biosphere and
have elements of seascapes, landscapes, or both.
Ecoscapes are made up of ecosystems that are
comprised of communities, populations, and
individuals
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Box 1 | Ecoscape restoration definition and related concepts

Definition

Ecoscape restoration. The strategic design and implementation of
multi-habitat restoration along the land-sea interface to facilitate the recovery
of social-ecological functions and structures across interconnected land-
scapes and seascapes at large geographical and long temporal scales.

Related Concepts

Ecological connectivity. Links between and among habitats over
time and space that allow for the movement of organisms, nutrients, or
other ecologically relevant material®.

Ecosystem-based management. A holistic, place-based approach
that focuses on a specific ecosystem and the range of activities affecting
it, recognizing the existing connectivity amongst all of its elements,
including humans®.

Integrated watershed management. Consideration of connected
watersheds, generally regarding freshwater systems, acknowledging the
influence of land use, connection to the sea, and often including social
considerations®.

Landscape-scale conservation. The protection of ecological char-
acteristics across multiple habitats and scales, including interactions among

Landscape restoration. The process of regaining ecological function
or structure and enhancing human well-being across deforested or
degraded landscapes®.

Multi-habitat restoration. Reinstating the ecological function or
structure of multiple connected, interacting habitats, leveraging syner-
gies and co-benefits which exist among and between them***°.

Ridge-to-reef conservation. A way to view management as con-
nected from the highest points (ridges) to marine systems (reefs), marked
by an emphasis on sequential, unidirectional transport (e.g., of nutrients,
sediments, pollutants) through watersheds*®*.

Seascape restoration. The process of helping to recover damaged,
degraded, or destroyed seascapes is the physical mosaic of interacting
habitats occupying the coastal environment across time and space®“**°.
Can include watershed management, but extends to marine manage-
ment in nearshore areas directly influenced by land/ freshwater.

Wholescape. A way of thinking about the environment and society
that considers the interconnectedness of land, rivers, coasts, and seas.
Rather than restoration, wholescapes emphasize governance and insti-
tutional arrangements for partnerships®’.

habitats, that may be applied with or without consideration of social

context™.

driven by nature-based solutions within a larger-
scale climate-smart MSP framework to help
overcome short policymaking timeframes.

Restoring ecosystem function (theme 2).
Large-scale, multi-habitat restoration is essential
for maintaining and recovering lost ecological
functions. Studies in this Collection give insights
into the restoration design conditions that
facilitate functional recovery. They demonstrate
that coordinating multi-habitat restoration
enables practitioners to account for the ecologi-
cal roles of focal species targeted for recovery, as
well as the relevant scales at which these species’
functions play out across habitat mosaics™ ™.
For example, the Article by Preston et al.”!
demonstrates that ecosystem functioning relies
on a healthy, interconnected mosaic of coastal
habitats that enables the flows of matter between
them. Also, the comprehensive Review by Vozzo
et al.” highlights how the passive restoration of
fish species (i.e., their protection) at a seascape
scale enhances the movement of terrestrial
nutrients from restored nearshore habitats off-
shore. The authors highlight how ecological
functions depend on the orchestration of
habitat-specific processes carried by the biolo-
gical communities whose transport and move-
ment connect them across the ecoscape.
However, these facilitation processes require
practitioners to appropriately target interven-
tions at their operating scale. At the same time,
the Comment by Fitzsimons et al.” demonstrates

that when restoration is viewed through the lens
of recovering habitat-dependent species, ‘scaling
up’ is essential for recovering biogenic habitat-
forming populations to levels above which they
can, in turn, support the recovery of broad-
ranging resident species. Finally, Kizilkaya
et al’s.”® Article highlights a key opportunity in
restoring ecosystem function: using functional
traits to select target organisms for enhancement
during the restoration process. In their work,
restoring both apex predators and grazing fish
strengthens the resilience of food web structure
and mitigates the impact of invasive species.

Knowledge co-evolution (theme 3). From
participating in planning exercises to sustaining
the physical labor required to replant damaged
corals or mangroves, this Collection highlights
that ecoscape restoration requires going beyond
repairing frayed ecological relationships to
rebuilding the relationships between coastal
peoples and the biophysical environment. For
too long, scientists and managers have focused
on the ecological and environmental elements of
the seascape as separate from the people who live
and work by, in, or on the sea. Local and Indi-
genous peoples deeply understand the structure
and function of the ecosystems they depend on.
However, many scientists and managers have
focused too little attention on the value of Indi-
genous, local, and traditional ecological knowl-
edge when defining problems and pathways to
solutions. Several pieces in this Collection point

to the potential of engaging knowledges beyond
Western science to clarify fundamental pro-
blems and potential solutions in the pursuit of
restoration that achieves ecoscape recovery.
Drawing from varied perspectives—emphasiz-
ing under-represented and marginalized groups
—can build justice, improve scientific results,
and uncover alternative solutions. In this Col-
lection, a Comment by Kruesopon and
Kruesopon™ demonstrates that youth-led mar-
ine restoration initiatives can empower envir-
onmental stewardship in coastal communities
through engaged action, ranging from immer-
sive restoration activities to education. Fostering
collective awareness and building individual
accountability to restore degrading ecosystems
through place-based responsibility has been key
to rekindling the human-nature connection.
Furthermore, in a comprehensive Review,
Armstrong et al.”’ characterize knowledge co-
evolution as the process of listening and learning
among formally trained scientists, managers and
coastal residents. At the same time, the Article by
Kankam etal.” finds that expert scientific insight
is essential in shaping ecosystem service
restoration outcomes scenarios. In the case of
adaptive co-management, the authors find that
when scenario analysis is done via an equitable,
participatory, and respectful process, shared
knowledge can evolve toward a clearer under-
standing of fundamental problems and possible
solutions. Approaches to restoration can co-
evolve from the union of local knowledge and
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Fig. 2 | Four key themes emerging from the special
Collection. The special Collection publications
together reveal four key emergent themes related to
ecoscape restoration: (1) addressing land-sea con-
nections; (2) restoring ecosystem function; (3)
knowledge co-evolution and; (4) scaling in
restoration.
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Ecoscape recovery is not just about restoration at
larger spatial scales, but rather envisioning and
actioning restoration across a range of
hierarchical temporal and spatial scales that align

with social and ecological recovery goals.

formal scientific perspectives in a way that both
achieves shared restoration goals and benefits
local communities.

Scaling in restoration (theme 4). Ecoscape
recovery is not just about restoration at larger
spatial scales, but rather envisioning and
actioning restoration across a range of

hierarchical temporal and spatial scales that
align with social and ecological recovery goals.
For instance, the work by Fitzsimmons et al.”* on
continental-scale shellfish reef restoration in
Australia illustrates the temporal scale over
which such regional restoration initiatives must
be sustained to see true functional benefits.
Armstrong et al.”’ also stress the importance of

long-term investment in restoration projects,
including parallel long-term investment in
engaging local communities. Furthermore,
Kizilkaya et al’s.”” work in Gokova Bay, Turkey,
demonstrates how a multi-scale focus on
restoration is possible: the restoration action
itself is focused on a smaller scale, yet it occurs
across a network of no-take marine protected
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areas and harnesses existing and influences new
national policies. While Armstrong et al.” focus
on equitable local-scale community engage-
ment, we recognize a range of solutions that need
to be considered in a wider context and across
scales. For instance, the Australia case study by
Fitzsimons et al.”’, which may be regarded as a
top-down, big-picture approach, highlights a
place for large-scale restoration projects invol-
ving equitable national-scale governance over-
seeing broader action. Yet, the Collection also
highlights the key role that communities play on
averylocal scale—such as Kizilkaya et al.’s.” case
study in Turkey—to achieve restoration that has
reciprocal benefits for nature and human health.
Finally, Preston et al.”* synthesizes the scientific
evidence of temperate ecosystem recovery when
multi-habitat connectivity is considered across a
range of scales, and highlights policy opportu-
nities and avenues to deliver seascape benefits
from restoration at scale.

Future directions for ecoscape
restoration
Multidirectional flows of materials and organ-
isms across the land, coastal sea, and beyond
facilitate ecosystem functioning and resilience
across the ecoscape and ensure that nature’s
contributions to people continue. For example,
organisms moving nutrients from land-based
sources to ocean environments during ontoge-
netic habitat shifts can support fish biomass
production, as well as fisheries that harvest this
biomass. Understanding cross-habitat linkages
that facilitate ecosystem functioning requires
moving across boundaries and scales to investi-
gate the roles of facilitative processes at the land-
sea interface and their influence on restoration
design and practice. As multi-habitat restoration
proceeds at scale, considering complementarity
in the attributes (ie., traits) of focal species tar-
geted for restoration across individual habitats
will be essential for ensuring the sum is more than
just the aggregate of the parts**'. Key questions
to advance the recovery of facilitation processes
in multi-habitat restoration could include: How
might restoration scientists generate knowledge
around cross-habitat processes that facilitate
restoration project success? To what extent can
practitioners integrate knowledge of the temporal
and spatial scales of key facilitative processes across
an ecoscape into multi-habitat restoration design,
particularly when the ecoscape spans jurisdictions?
While restoration is often viewed as a technical
problem requiring technical solutions, with such
a mindset, we may be set up for ‘a surprise’ when
local communities and decision-makers oppose
restoration actions based solely on scientific
rationale. This is especially true when restoration

costs are high, and only some potential benefits
are communicated or realized. Further, stake-
holders may perceive the activities driving
degradation differently - placing different values
on different aspects of ecosystem recovery. Cur-
rent institutional fragmentation of restoration
mandates across government and regulatory
agencies impedes large-scale ecoscape restoration
by complicating the channels through which
stakeholders engage in planning processes, as
does the reliance on top-down frameworks that
limit meaningful opportunities for community or
individual engagement. We see the value of
progressive leadership that understands the
importance of stakeholder engagement, knowl-
edge co-evolution, co-management, and partici-
patory restoration®.

As we reflect on the latest advances in ecoscape
restoration in this special Collection, we can
speculate why there are so few examples. By
organizing the special Collection, we hope and
expect to reveal innovative examples, challenge
current practices, and inspire restoration action
in new ways that support the biodiversity, health,
and productivity of coastal social-ecological sys-
tems. For ecoscape restoration initiatives to be
fully implemented and meet their true potential,
partnerships and long-term financing are needed
to support and monitor the outcomes of these
efforts. There may be a universal reluctance
among agencies to tackle big, wicked environ-
mental problems, even though we now have the
experience of successfully using technology and
tools to restore many different marine and coastal
ecosystems altogether.

However, it might be the case that the most
important reason we do not yet see many
examples of ecoscape restoration is that people —
who are intricately connected with ecoscapes -
are rarely brought into the visioning, planning,
and implementation of restoration projects.
While many coastal ecosystems worldwide are in
‘crisis’, degradation can also be viewed as pre-
senting opportunities to consider actions to
ensure progress. We need to further include
social dimensions in restoration processes. To
seize such opportunities, time must be taken to
understand how degradation affects human
communities, why it concerns them, and how
those concerns can lead to the development of
political will and provide the necessary support
over the multiple years required to recover most
ecoscapes.

We hope the lessons from this special Collec-
tion offer practical pioneering case studies and
the needed conceptual framework for successful
implementation, helping to turn the tide and
inspire change in how we approach nature
recovery. As the practice of ecoscape restoration

matures, lessons learned from successes and
failures will improve the effectiveness of restora-
tion efforts, as is urgently needed. In the future,
we hope to be able to update the Collection with
many more examples of how ecoscape restora-
tion can be achieved in a timely, just, and effective
manner to support ocean sustainability.
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