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Keywords: Everyone agrees that the oceans should be used in a sustainable way, but there is no agreement on what this
SusFainability means, and this critically important concept has been devalued to the extent that it is typically a generic term for
Policy . “greenness”. Problems include the lack of clear criteria for ecological sustainability, and that the definitions used
;;;T:;Z:;l: for fisheries and other ecosystem components differ.

Philosophy The defining feature of “sustainability” as a concept is that it includes judgements about the future, as well as
Ocean the present. Sustainable use can be assessed based on whether uses have impacts which would constrain future

generations by preventing recovery of the environment, to a pre-use state, in a societally acceptable timescale.
We present a practical approach to the assessment of ecological sustainability, based on its original roots in

Marine environment

intergenerational equity, and which use the same criteria for all uses of the oceans.

1. Introduction

It is a truth universally acknowledged, that a country in possession of
marine resources, must want to use them sustainably. “Sustainability” is
a universal “good” and in present-day use can mean almost anything. As
a result, it means nothing. This is an important problem, because “sus-
tainability” is an incredibly important idea, rooted in intergenerational
equity and essential to the fair and rational use of natural resources. The
seas are the last area where most of our activities still use wild species
and ecosystem services. The requirement that uses of marine systems be
sustainable is written into national laws and international agreements,
and universally agreed to be a key principle of ocean management.
Specifically referring to the marine environment, UN Sustainable
Development Goal 14 is to “Conserve and sustainably use the oceans, seas
and marine resources for sustainable development”. But what does "sus-
tainable" mean in practice and how should it be assessed? Can we ever
know whether an activity type and intensity level represent sustainable
use before it is too late? It is the aim of this paper to explain a way of
assessing sustainable use in a consistent way across different uses of the
sea. Our core concept is that uses of the sea should not be considered
sustainable if they have effects that are irreversible within a societally-
acceptable timescale. We explore the logic behind the possible base-
lines, metrics, and timescales below, but first we need to go back a step,
to the origins of the idea of sustainability.

The nearest to an official definition comes from the World
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Commission on Environment and Development (WCED), hereafter
referred to as the “Brundtland definition” [2]: “sustainable development is
development that meets the needs of the present without compromising the
ability of future generations to meet their own needs”. Any process, which is
to be labelled as “sustainable”, must be able to demonstrate that it meets
this clear definition. We argue that most statements about sustainability
are unfounded, as they do not address the core of the concept — that uses
today should not take opportunities away from future generations by
leaving them an environment which can provide fewer services.
Present concepts of sustainability typically encompass issues such as
equity and economics [3], adding enormously to the challenge of setting
objective criteria. A wide range of metrics for these socio-economic
factors already exist and are beyond the scope of this article, and
there are no universal rules for what balance of social and economic
value is right for all societies. Previous authors such as Kuhlman and
Farrington [4] set out the historical development of sustainability con-
cepts from simple persistence of renewable resources, through the
splitting of sustainability into social, economic and environmental “di-
mensions”. An important subsequent development was the consider-
ation of “weak” and “strong” sustainability [5,6]. In strong
sustainability, “the next generation should inherit a stock of environ-
mental assets no less than the stock inherited by the previous genera-
tion”, whereas weak sustainability allows consideration of “wealth,
comprising man-made assets and environmental assets”. Weak sustain-
ability allows declines in environmental assets to be traded-off against
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material gains. Difficulties arise when “Strong” sustainability is com-
bined with a need to trade-off between the different dimensions, espe-
cially where there are no explicit rules for how the balance should be
struck [6]. Kuhlman and Farrington [4] describe a need to separate
“well-being” from “sustainability” to prevent “sustainability from
becoming an empty phrase indistinguishable from ‘goodness’”. We
completely agree with this assessment but seek to go further in terms of
defining sustainability. We also argue that the “strong” sustainability
concept of a “constancy of natural capital rule” (CNCR) [6] is unnec-
essarily strict, without accepting that permanent damage to the envi-
ronment can be considered sustainable, whatever the economic and
social benefits.

The current situation has been described as the “post-Brundtland
quagmire” [7], and while we agree with their diagnosis, we would
disagree with their cure, that we should “...embrace a plurdlity of ap-
proaches to and perspectives on sustainability, accept multiple in-
terpretations.”. Ecological sustainability can be defined in a universal
way, and we should at least do this, even if socio-economic factors
include more substantial value judgements.

2. A framework for thinking about the ecological dimension of
sustainable use

Our proposed approach allows extractive and non-extractive in-
dustries to be compared fairly, and for sustainable use of fish stocks, the
seabed and marine wildlife to be measured in the same units. The core
principle (Table 1) is that uses of the marine environment should not
have irreversible effects, such that cessation should allow ecosystems to
return to a pre-use state within a societally acceptable time period. We
consider the length of this time period in detail later on in the paper, but
precedent in existing policy points to a range of 5-20 years [8,9]. Users
of the marine environment do not have to demonstrate that the envi-
ronment is currently in a natural state, or even close to it, for their uses
to be sustainable. Users would, however, need to demonstrate that the
system can return to a pre-use state. Such an approach allows for
human-induced change but does not remove options from future
generations.

Pre-use means different things for individual users and governments.
A user would need to convince regulators that cessation of their use
would allow the ecosystem to return to the state before their use began
(which might not be a natural state if other impacts pre-dated the newer
use). For governments seeking to say that their management of the
entire system represented sustainable use, they would need to provide
evidence that if all uses were removed, the entire system could return to
a natural baseline (bearing in mind the climatic context). We describe
below some of the experiments and other data sources available to help
provide such evidence.

We argue that uses which have irreversible effects cannot be

Table 1
Core principles of our proposed approach to the assessment of environmental
sustainability.

1) We do not know what future generations will need from the environment and so
the onus should be on us to give them the maximum range of options. “Conservation
of options” principle[1].

2) Uses with irreversible impacts remove options from future generations

3) At a user level, the end of a use should allow the area affected (and its ecosystem
services) to return to its pre-use state.

4) Atan ecosystem level, the end of use should allow the ecosystem affected to return

to a natural state.

Sustainable uses are therefore those which do not affect the environment in ways

which would prevent a future return to a natural state, or transformation to any

other state desired by future generations. “Conservation of equality” when applied
at an intergenerational level[1].

There is no requirement that the exploited environment be in a natural state, or

even close to it, in order to demonstrate that the exploitation is sustainable, as long

as principle 3 or 4 is met.
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described as ecologically sustainable. If society deems the uses sulffi-
ciently important that they should proceed anyway, then the consequent
impacts on future generations may be considered “acceptable” losses.
The important thing is to be honest about the difference between “sus-
tainable” and “acceptable”.

Most human uses of the natural environment are composed of many
smaller activities. For instance, fin-fish aquaculture requires the provi-
sion of food for the fish, control of disease, transportation, the holding of
fish during growth, and protection from predators. If even one of these
individual activities has effects which cannot be reversed in a societally
acceptable timescale the aquaculture operation as a whole cannot be
considered sustainable.

In the context of marine systems, there are two broad categories of
sustainable use — the maintenance of commercial stocks and the suc-
cessful management of impacts on non-commercial species and the
wider marine environment. Under the Marine Strategy Framework
Directive [9], a use is considered sustainable if its effects are reversed if
the use stops, allowing a “rapid” return to a “natural” state. Being in a
state of sustainable use therefore does not necessarily imply that it is
currently in a natural state, or even close to it. This criterion of revers-
ibility is applicable to any use, allowing different uses to be compared in
the same terms.

Similarly, the FAO guidelines on deep-sea fisheries management [8],
the definition of Significant Adverse Impacts, includes criteria for
whether the effects on productivity, habitat provision, species richness
and ecosystem functions are “temporary”. The concept of recovery as a
criterion for assessing the effects of human activities in the sea is
therefore within policies of both the EU and UN.

An approach based on the ability of systems to recover would allow
the ecosystem effects of fishing to be considered in the same way as the
yields of stocks. This is not typically how this has worked in the past, for
instance in Marine Stewardship Council (MSC) certification, the scoring
systems for stock sustainability and for the effects of fishing on ecosys-
tems, used different methods [10]. While the sustainability of fishing on
the stock has always been assessed using quantitative metrics such as
MSY, the effects on biodiversity and the seabed were scored based on
qualitative measures [10]. We argue that this is not necessary and that a
system which seeks to recognise sustainable fisheries ought to measure
whether impacts on non-target species and the environment are sus-
tainable using the same criteria as are applied to the stock species. In a
welcome development, the MSC’s new standards move towards a system
where at least Endangered, Threatened and Protected (ETP) species are
treated more like stocks, with targets for the recovery of populations to
“50% of unimpacted levels within three generations or 100 years, whichever
is shorter” [11]. We would argue that this approach should be applied to
seafloor integrity, biodiversity, and ecosystem functions, not just ETP
species, but this is a welcome development. It is also more consistent
with EU [9] and UN guidelines [8], helping build a consensus on
recoverability as an essential metric.

Fisheries are an example where natural capital can decline over time
without this being evidence of unsustainable fishing. This is contrary to
the views of Ekins et al. [12] that “...sustainability depends on the main-
tenance of the capital stock”. A decline in the size of a stock is a normal
response to the start of fishing, and in fact considered necessary for
Maximum Sustainable Yield (MSY). Whether a decline is evidence of
unsustainable practices depends on its mechanism, rate and duration,
and it is simplistic to conflate any decline with unsustainable use. For
example, there could be a small but rapid decline associated with
damage to habitats, compared to larger, slower decline without other
damage. Are both unsustainable, and which is worse? The view that
capital stocks must never change [12] is the root of the problem and the
reason for the need for a “weak sustainability” concept as an escape.
Fishing is impossible under any definition of “strong sustainability”
where capital stocks cannot change. If we accept that under sustainable
use the natural environment can change then the problem evaporates
and the need to consider “substitution” of natural for financial capital is
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removed. Daly [13] allows for natural capital levels to vary, but all at
their optimum level (preferring Maximum Economic Yield (MEY) over
MSY). While this is a better position, it is unrealistic to expect all
competing uses of a shared environment to have the resource they
require at the optimum level at all times. Political judgements must be
made about how resources and space should be shared, but imbalances
between users do not imply that the resource is being used unsustainably
from an environmental point of view.

Hilborn et al. [14] describe criteria for fisheries sustainability that
include all three of the usual “pillars” and points out the conflicts be-
tween them. Examples given include “sustainable overexploitation”,
where harvesting can continue indefinitely at a level that would allow
recovery, but that does not achieve the full economic value of the fish-
ery. Other conflicts occur in decisions over quota allocation and con-
centration, where economic efficiency and social aims will often be in
direct conflict [15-17]. In such cases there will often not be a “right”
answer, because the best answer will differ greatly between cultures and
political viewpoints. Neumann et al. [6] argue that these trade-offs are
politically convenient, and often lead to weaker ecological protections
on the basis of economic and social needs, while still claiming to be
sustainable.

An example of this balancing act occurs in decisions about levels of
fishing effort. The question of what the “optimum yield” of each stock
should be has been a constant source of debate in the US, where this is
part of the first “National Standard” of the Magnuson-Stevens Act [18,
19]. Moving towards MEY (lower fishing effort, higher stock sizes and
more efficient fishing) rather than MSY would appear to be a synergy
between the economic and environmental dimensions of sustainability,
but the higher profits by fishermen could be associated with reduced
profits for processors who could suffer from the lower yields and higher
unit prices. The effect of a change in management target could be quite
different for different stakeholders and dependent on the spatial and
temporal scale under consideration.

Hilborn et al. [14] are critical of the idea that “warm and fuzzy”
feelings about fisheries should be incorporated into assessments of
“sustainable seafood”, and as they point out the many contradictions
between ecologically sustainable fisheries and their socio-economic
outcomes, they conclude that a return to the original concept based on
persistence of stocks makes the most sense. We would argue that this
type of approach can be easily extended to environmental impacts
beyond the stock without weakening this concept.

3. Applying our approach to the assessment of sustainable use

We consider three main categories of marine resource use. Firstly,
there are the targets of fisheries. Here, sustainability can be defined
simply as the use of gears and levels of exploitation which do not reduce
potential fishing opportunities for future fishers [10,14]. The political or
social decisions about whether to maximise total yield or to maximise
profits, and which sectors within the fisheries should benefit would be
made separately.

Secondly there are uses which either cannot deplete the resource
(marine renewable energy) or use a resource which is not replenished at
relevant timescales (oil, gas, seabed minerals). The only decisions here
are on when these resources will be used, based on market conditions.
These market conditions might be influenced by environmental con-
cerns if they affect demand. There is no sustainable level of use for these
resources, it is either irrelevant (wind), or impossible (oil).

The third and most complex case is where the taxa or biotopes are not
the target of any activity but the accidental victims of it. Damage to
these components of the environment is a form of collateral damage, or
economic externality. This category would include bycatch, effects on
the seabed and benthic flora and fauna, foodweb effects (e.g. on higher
predators). But can damage to non-target species and to the wider
environment ever be considered sustainable? The answer to this ques-
tion is yes. All activities in the marine environment have impacts and we
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cannot have fishing or energy industries without some effects.

An activity which affects the environment is considered to be sus-
tainable if its method and intensity of use does not permanently preclude
any future uses of that environment. It does not mean that there is no
present impact and certainly not that the system is in a pristine state. An
activity might cause a small change to a system and yet be unsustainable
while another activity causes a large change but is sustainable. This is
because an important part of the decision on whether the activity is
sustainable is a judgement about the future and not just about the pre-
sent. As described by Hollins [20], “instability” in a population does not
demonstrate a lack of resilience, and in some cases may indicate the
opposite. A pressure might have a large effect, but the removal of the
pressure may result in an equally fast recovery [20].

Use of an ecosystem could be seen as operating within the “elastic
limits” of the system and this concept underpins the notion of sustain-
able use. An ecosystem whose resources are being used might look quite
different from its natural state, but the use would be sustainable if the
system retained the capacity to recover to its pre-use state. This is clearly
challenging, as we often do not have quantitative data about the pre-use
state of ecosystems, where activities have been taking place for many
years. But there are ways in which those who seek to claim sustainability
can provide evidence. These include experiments in the present, as well
as historical studies (see below).

For a proposed activity, a pilot phase, in which the use occurs and
ceases, with data before and after (e.g. the Beyond-BACI approach [21])
would provide useful information to determine whether a novel activity
is likely to be sustainable. Such pilot phases would be needed wherever
there is inadequate experience with the type or intensity of a proposed
activity, or it is an ecological context about which less is known.

At the level of the ecosystem as a whole the situation is more difficult
and will usually require assessment in the absence of complete pre-use
information, but many efforts have been made to identify such base-
lines and compare them to the present day [22-24]. There are, of course,
challenges here. In restoration ecology, or “rewilding", there is the issue
of what period in the past represents a suitable “target” state [25], and
similar questions arise here. The climatic context has changed, making
some previous states unreachable, and perfect knowledge of the past is
impossible of course. But, many sources of information do exist, in
fisheries data, stored otoliths, middens, and diaries which provide evi-
dence of the past abundances, size frequencies, and occurrences of taxa
which could be used as indicators (for a wider discussion see [24]). The
difficulty of this task should not deter us from expecting governments to
make their case and present their evidence if they wish to make state-
ments about sustainability. Where evidence is more uncertain, a greater
level of precaution will be required.

Spatial management and other fisheries measures can fortunately
also provide a test of sustainable use because they provide an opportu-
nity to assess the ability of the seabed and natural communities to
recover where uses are removed or modified. Marine Protected Areas
(MPAs) therefore do more than simply protect, they provide an oppor-
tunity to assess the wider sustainability of uses of the sea.

What the above sections should have demonstrated is that assess-
ments of sustainability are judgements about the future. In many cases a
“counter-factual” future which might never come about. Most of the
seabed might not ever return to its pre-use state, but the whole area
would be under sustainable use if it could return to this state if impacts
were removed or reduced. There is no necessity for use to actually be
stopped across the whole area, even if the seabed is measurably trans-
formed from its natural state. Maybe future generations will stop these
activities in order to meet different needs, we cannot know.

The most robust method for assessing sustainable use would be to
assess change when all use is reduced or removed in appropriately sized
and replicated trial areas representative of the wider area, compared to
change within areas which remain under use. In many cases spatial
management measures already exist which could be used as areas in
which to test the sustainable use of the wider sea. Unfortunately, most
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MPAs are chosen because they are special in some way and not because
they are representative. There is also often insufficient replication and a
lack of control areas, with notable exceptions such as the Californian
MPA network [26]. At present the study of MPAs currently provide
untapped opportunities to help us understand whether the uses to which
we put the wider seas are sustainable. While protected areas may not
have been fully exploited as tests of sustainable use, they retain their role
in supporting the wider ecosystem. As sources of larvae and mobile
adults they may increase the rate at which impacted areas can recover
from pressures [27]. The evidence for beneficial effects outside MPAs,
especially beyond the immediate “halo” where spillover is usually
detected, is less certain that the evidence for change within MPAs. Even
where good data exist, e.g. in California there is good evidence of local
spillover of lobsters [26] but not for changes to wider fish populations
[28]. In contrast, studies in New Zealand found that marine reserves
made major contributions to wider snapper populations [29]. While
MPAs have important roles, they clearly do not replace the need for
controls over the types and intensities of human activities in the wider
sea.

Our proposed way of thinking about sustainability links to the
concept of “resilience”, in particular recovery rather than resistance
[30]. If activities overwhelm the resilience of the system, such that it
cannot “bounce back” even when pressures are reduced then the level of
pressure was unsustainable. This might be the situation with the Scottish
Firth of Clyde cod population, whose numbers failed to recover even
after directed fishing for this species was completely banned [31]. While
there are arguments over the roles of predators in preventing recovery,
the evidence is that it was an unsustainable level of fishing which drove
the fish population down to a level from which it is struggling to recover
[31]. The extent to which fishing effects have really been removed re-
mains highly contentious however, with some estimates of bycatch
mortality being extremely high (M. Heath, personal communication),
and protection of spawning aggregations being too weak[32].

Using a focus on the ability to recover as the core principle, the
competing uses of the marine environment can be compared fairly. If an
unsustainable activity was considered acceptable for other reasons, a
clear distinction should be drawn between “acceptable” and “sustain-
able” uses of the marine environment.

4. Sustainable use for future generations

Using our concept of recoverability as the metric for sustainability
still requires consideration of context and spatial and temporal scales. A
new use of the sea might be sustainable if conducted for a short time, or
over a small proportion of the seafloor, but not if continued for a long
period or over a large area. While it is possible to come up with technical
definitions of "natural" and statistical methods of detecting change to-
wards such a state, there remains a critical societal decision. How
quickly should a system be able to return to a natural state on cessation
of the impacts which are thought to have altered it? Some definitions
refer to a "rapid" recovery to a natural state, but give no actual timescale
[9]. Some definitions allow for different rates of recovery depending on
the taxon or process in question, e.g. the FAO allows “5-20 years, taking
into account the specific features of the populations and ecosystems” [8].
Damage to cold water corals [33] or coralline algae beds [34] in
temperate waters show little evidence of recovery after decades since
the impact is thought to have occurred, but this is to be expected given
the slow growth rates of the taxa involved. Should "rapid" recovery for
such taxa be considered in decades or even centuries?

We would argue that timescales of greater than a decade stretch any
common-sense definition of "rapid". Sustainable use should allow for
changes in use over time, and it seems unreasonable that alternative
users should have to wait more than 10 years before the effects of pre-
vious uses have gone. It is our contention that uses which damage sys-
tems to an extent from which they cannot recover within a decade,
cannot be considered sustainable.
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Such activities are now being considered in the deep ocean, where
mining of polymetallic nodules is under consideration. Recent evidence
suggests that there is no recovery of the biology of mined nodule fields
after decades [35] and this might not be surprising given the biology of
abyssal systems. It cannot be considered as a sustainable activity as the
collateral damage to the biology of the area appears permanent on
human timescales. Such activities might be considered "acceptable" and
this returns us to a societal question of how much permanent damage we
will allow.

Ultimately, sustainable use cannot be achieved unless we support the
survival and prosperity of future generations. Current uses of the terms
“sustainability” and “sustainable” obscure the real issue and we suggest
that a definition which focuses on the future is needed. The unsustain-
able use of natural resources in past generations inflicts an inherited
burden on children born today. The concept of environmental inter-
generational equity is not new [1], but its growing presence in the col-
lective public consciousness is evidenced by the Youth Strike Movement
for Climate Action. There is a growing awareness of the unfairness of
unsustainable use of Earth’s resources across generations. By focusing
on the future availability of resources, our proposed approach and
means of assessing sustainability inherently acknowledges intergenera-
tional equity.

This proposed approach aligns with the UN report on “Intergenera-
tional solidarity and the needs of future generations” [36] in that we agree
“the vision of sustainable development does not endorse the sacrifice of the
legitimate aspirations of the poorest in the name of future generations”. Our
approach allows for human-induced change of ecosystems in the present
generation but does not remove options from future generations. We do
not need to identify these options, which would in itself be an impossible
task, we need only demonstrate that we have not irrevocably damaged
the ecosystem beyond the point of rapid recovery for a use to be sus-
tainable. It will then be a societal judgement as to whether this gener-
ation pursues actions and uses that could incur large losses for future
generations but in no way can this be deemed sustainable.

5. Conclusions

We have moral and legal obligations to ensure the wellbeing of
future generations. We argue that current uses of the terms “sustain-
ability” and “sustainable” obscure the real issue and that a return to a
definition which focuses on the future is needed.

It is very difficult to meet “...the needs of the present without
compromising the ability of future generations to meet their own needs”, but
this should be the standard we aim for, and it is much more likely to be
achieved if we stop allowing unsustainable activities to claim this
standard.

As a society we continue to use marine systems and are continually
discovering new uses for them. At the same time economic and social
changes alter the balance of importance between existing uses. Future
generations may have quite different aspirations for their seas than we
do. While we cannot predict these future needs we can assess whether
current uses of the sea will stop these future generations from being able
to use the seas to their full potential.
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