
Ecosystem restoration is an 
increasingly popular response 
to the accelerating decline in 

the quality and function of marine 
ecosystems, which is occurring 
as a result of climate change and 
anthropogenic impacts. As a potential 
mitigation strategy, restoration promises 
positive outcomes and, if successful, a 
return to something close to the normal 
functioning of degraded habitats.

However, restoration requires 
significant investment, both for the 
initial restoration and its ongoing 
maintenance. In addition, outcomes 
have often been unsatisfactory due to 
a poor understanding of the ecosystem 
in question and a reliance on dated 

information. For effective decision-
making around ecosystem restoration, 
we need a detailed knowledge of the 
ecosystem that takes into account a 
wide variety of factors, past and present.

Professor Marcus Sheaves, of James 
Cook University, Australia, and 
his colleagues, have developed a 
framework that provides a clear pathway 
through the network of factors that need 
to be considered when making decisions 
about marine ecosystem restoration 
activities. This framework facilitates a 
context-specific understanding of the 
past and current situation, as well as 
potential future outcomes, which will 
ensure that various stakeholders and 
decision-makers can act based on 
accurate information. In this way, despite 
the difficulties involved, impactful 
and meaningful marine restoration is 
still possible.

UNPREDICTABILITY OF 
RESTORATION OUTCOMES
The main goal of restoration is to return 
degraded ecosystems to something 
resembling their normal function and 
quality. However, there are limits to 
what can be achieved and results are far 
from guaranteed. Undesired outcomes 
include a hybrid ecosystem – one that 
hovers between degraded and pristine 
states. This is caused by a variety of 
factors, including the unpredictability of 
the path and timing of restoration. 

Making better 
decisions for 
coastal ecosystem 
restoration

Reversing decline in marine 
ecosystems needs practical 
solutions, with ecosystem 
restoration proving to be an 
attractive strategy. This requires 
significant ongoing investment, 
however, and the outcomes are 
uncertain, with no guarantee 
of achieving the desired 
results. Distinguished Professor 
Marcus Sheaves, of James 
Cook University, Australia, 
proposes a framework that will 
facilitate better understanding 
of degraded ecosystems 
and potential outcomes for 
restoration activities, leading 
to better decision-making in 
the future.

Restoration action that is poorly 
focused can result in failure or loss of 

ecosystem function.
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But unpredictable outcomes should be 
expected, meaning decision-makers 
need to employ strategies to minimise 
any harmful potential outcomes. The 
likelihood of achieving desired outcomes 
is a key consideration in deciding whether 
to proceed with restoration actions or 
modify the proposed strategy. The focus 
should be on robust, responsive, and 
adaptable strategies that manage the 
risks caused by uncertainty.

Any assumptions made while forming 
a strategy need to be documented, 
validated, and updated as additional 
information becomes available. This 
allows as accurate a prediction as possible 
to be made for potential outcomes, 
which can then be passed on to decision-
makers. Finally, in the event of not 
achieving the desired outcome, it is 
necessary to consider what action, if any, 
should be taken to reach an alternative 
outcome that is beneficial.

THE ECOSYSTEM PAST 
AND PRESENT
The researchers emphasise that good 
knowledge of the historical situation is 
also required. Many issues relating to 
coastal ecosystems can only be resolved 
by understanding the events that led to its 
current condition. Investigating its history 
can highlight the specific issues that may 

interfere with restoration efforts for a 
specific coastal ecosystem and provide 
insight into the drivers of past change.

Understanding the current situation 
requires consideration of the full range of 
issues, including environmental, cultural, 
and commercial impacts. Special attention 

needs to be paid to the source and quality 
of the information available to ensure 
that out-dated or unreliable data are not 
used. It is also important to assess the 
transferability of the information so that 
an effective action plan can be designed 
that is widely applicable. For example, a 
framework for estuary repair has limited 
use if it is based on information that 
is relevant only to a specific area of a 
specific estuary, rather than information 
that is applicable to a number of estuaries 
across multiple regions. 

However, knowledge of the past 
and current situation of a degraded 
ecosystem only provides the foundation 
for recognising potential outcomes 
and the likelihood of achieving them. 

Understanding the possible outcomes 
also requires solid knowledge of the 
functioning of an ecosystem and the 
likely future environmental conditions, 
as well as possible drivers of future 
change. This is especially important given 
that continued changes are expected 
in coastal ecosystems due to ongoing 

human development and the impacts of 
climate change.

CONSIDERATIONS FOR 
RESTORATION ACTIVITIES
Initial expectations for restoration 
activities are often based on popular 
beliefs of the likely outcomes, but these 
can be poorly aligned with current 
scientific knowledge. This mismatch tends 
to happen when the focus is on restoring 
the habitat itself rather than restoring its 
functions. Restoration action that is poorly 
focused can result in failure or loss of 
ecosystem function. Currently, mangrove 
restoration has had limited success, with 
poor levels of survival and uncertain 
broader value. This is because much 
information is still based on a flawed 
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Decisions about restoration are complex, needing careful consideration of the best approach 
to attain specific goals, and clear knowledge of the adverse outcomes that are possible. 
Removing a bund wall that has converted a natural tidal salt marsh into a permanent 
freshwater swamp can return natural salt marsh function, however it is likely to result in the 
loss of extensive habitat for waterbirds. Each outcome has its own unique ecological, social, 
and economic consequences.
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deliver restoration actions that are additively valuable and 
consistently meaningful. 
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Distinguished Professor Marcus Sheaves and colleagues have developed a framework that enables decision-makers to understand 
all the factors necessary for effective and meaningful marine ecosystem restoration.

Professor Marcus Sheaves

important to consider whether restoration 
is even the best action, or if a different 
pathway could be more beneficial.

In addition to restoration, there are 
two other general courses of action 
for ecosystem repair: mitigation and 
adaptation. Mitigation is suitable when 
the extent of ecosystem change is small 
enough that simple actions can still be 
taken to return the system to something 
close to its original state. Meanwhile, 
adaptation is suitable when a return to 
the original state is no longer possible; 
instead, it facilitates recovery to the most 
beneficial altered state of the system.

Due to the 
uncertainty of 
outcomes, such 
decisions need to be 
based on a robust 
framework that 

involves various stakeholders, including 
the community, government, and the 
scientific sector. Sheaves and his team 
previously formulated a set of principles to 
provide guidance for the development of 
climate change adaptation strategies. This 
filled a gap between generic frameworks 
and situation-specific tools, and they 
highlighted the importance of ensuring 
all stakeholders are well-informed and 
engaged with both planning and action 
in the face of uncertain outcomes. This 
is especially important, as well-informed 
decisions can be the determining factor 
in whether or not ecosystem restoration 
efforts are successful.

to recovery is likely to be quite different 
to the pathway that led to degradation 
in the first place, so its restored state and 
functioning could be quite different to 
how it was before.

Determining the extent to which the 
desired and possible outcomes align 
allows a set of acceptable outcomes to 
be defined. However, Sheaves and his 
team emphasise that the uncertainty 
of outcomes needs to be kept in mind 
and included throughout this process. 
All those involved in the planning and 
implementing of restoration activities 
must have a clear understanding of the 

uncertain scenarios and outcomes, so 
they can make informed decisions that 
manage both risks and expectations.

FACILITATING EFFECTIVE 
DECISION-MAKING
Once they fully understand the likely 
outcomes that are acceptable, decision-
makers will be able to visualise potential 
futures. A robust decision framework 
requires carefully considered trade-offs, 
with alternative possible actions balanced 
against the risks of those actions, 
providing a set of choices that take into 
account the risks, uncertainty, and rewards 
of recovery actions. It is particularly 

understanding of mangrove ecosystems, 
which, as Sheaves highlights, leads to 
unreliable decision-making regarding 
restoration efforts.

When considering possible restoration 
activities, expectations must be based on 
knowledge of achievable outcomes, with 
an accurate and complete understanding 
of the values of the ecosystem. If the 
presumed values and actual values are 
not aligned, the outcomes of restoration 
are unlikely to meet expectations.

CONSIDERATIONS FOR 
ECOSYSTEM FUNCTION
Ecosystem function 
is determined 
by interactions 
between its 
organisms, 
habitats, 
and physical 
environments – and by anthropogenic 
factors. For example, coasts tend to 
be heavily populated, which means 
human activity there continues to grow. 
Barriers, in the form of bund walls and 
levees, fragment coastal ecosystems 
and separate intertidal areas from their 
estuaries. This can block normal tidal 
influences, affect water quality, and limit 
access for aquatic life: issues that now 
require remediation.

In some cases, changes to the nature and 
function of a degraded ecosystem may be 
so profound that returning it to its original 
state is no longer possible. The pathway 

Effective restoration needs to focus on 
the values to be restored – not just on 

restoration itself. 
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Mangrove restoration has had limited success, because much information is still based on a flawed understanding of mangrove ecosystems which, as 
Sheaves highlights, leads to unreliable decision-making.
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