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The 10-tenets for integrated, successful and sustainable marine management
1. Introduction

As often shown in these pages, marine management is extre-
mely complex in that it has to accommodate multi-sectors, mul-
ti-users, multi-uses, multi-agencies and so on (Fig. 1). It has to
accommodate ‘moving-baselines’, the judging of whether a marine
area has changed due to small-scale, local human activities against
a background of underlying change, for example due to climate
change. It also has to accommodate large spatial scales and what
we might call ‘unbounded-boundaries’, for example to manage
an area in the temperate latitudes while considering the ecology
of some of its organisms (such as birds and marine mammals) in
the polar regions.

As mentioned before (Elliott, 2011), there is only one big idea in
marine management, including coasts and estuaries – that we have
to protect and maintain the natural ecological characteristics and
processes and conservation features while at the same time deliver
the ecosystem services and benefits required by society. This can
be regarded as The Ecosystem Approach. Previous papers (see ref-
erences below), suggested that to achieve this for successful and
sustainable marine management requires an interlinked set of te-
nets. This note explains and expands those tenets.

The overarching accepted framework required to achieve the
Ecosystem Approach has been described as the ‘three-legged stool’
or the ‘three pillars of sustainability’, for example for ecology,
economy and society. But (and there is always a ‘but’!), here I
ask: are there only three ‘legs’, are all ‘legs’ equal, do the ‘legs’ differ
in length according to the current economical climate, does the
system fall over if a ‘leg’ is missing, and do you need a ‘many-leg-
ged’ stool? Earlier, we (Elliott and Cutts, 2004) advocated that six
aspects were required for marine management to cover the natural
environmental, social, legal, administrative, economic and techno-
logical fields and decisions. Then, because of the actions of various
world leaders in being reluctant to acknowledge the underlying
causes of environmental problems such as climate change, a sev-
enth aspect was added, the political dimension (Elliott et al.,
2007; Mee et al., 2008; Atkins et al., 2011). We took the view that
it does not matter if all other aspects were fulfilled, if the political
leaders are not committed to sustainable development and man-
agement then it will not happen. Recent developments have
caused me to add three more aspects – culture, morals/ethics
and communication to give a final list of 10-tenets (Box 1).

After publishing the earlier papers, we found there were paral-
lels in this thinking from business management. A business has to
consider its ‘political, economical, social and technological envi-
ronment’, the so-called PEST analysis. Business then modified these
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ideas and embedded them throughout many areas, for example
compare these with the challenges in BBOP (2009) relating to hab-
itat restoration. This included scientific, technical, ethical, philo-
sophical, political aspects (STEPP) and also expanded PEST
become PESTLE with law being added. Therefore, we can reverse
this to say the business (organisation) and management of the
marine environment has to accommodate the same aspects.

The 10-tenets (Box 1) should be used to tackle any one marine
environmental stressor and even cumulative or in-combination
stressors but here as an example they are illustrated using nutrient
pollution, its causes and consequences. Of course, while we talk of
‘marine environmental management’, it is emphasised that we are
not trying to manage the environment but more importantly to
manage human behaviour.

2. 1st Tenet: environmentally/ecologically sustainable

The aim of our management actions above all is to maintain the
natural system by protecting the ecological carrying capacity and
ecosystem structure and functioning for the intrinsic benefit of
the ecosystem and to maintain ecosystem health. It is not sufficient
to focus on the structure of the ecosystem, i.e. what is present in
terms of number of species, abundance, standing crop, etc, but
we have to maintain the ecological functioning, i.e. rate processes.
We should also take the view that if we maintain and protect the
marine physics (hydrography, bathymetry, hydrodynamics, geo-
morphology, sedimentology) and chemistry then a sustainable
ecology will follow (Gray and Elliott, 2009). Of course this also re-
lies on our ability not to unsustainably remove the biology, such as
through overfishing. In this we know we can carry out ecological
and habitat compensation (Elliott et al., 2007) and we have to
determine the ecological significance of change. With regard to
nutrients and organic matter discharged into the sea, our main
aim has to be to prevent the formation of undesirable conse-
quences – what we term eutrophication. This involves not creating
the ‘symptoms of ecosystem pathology’ such as harmful and toxic
algal blooms, harmful algal mats, fish kills through low oxygen lev-
els and a benthic community of opportunistic and pollution toler-
ant organisms (de Jonge and Elliott, 2002).

3. 2nd Tenet: economically viable

Our marine management will only be successful and sustain-
able if we have the funding to prevent environmental damage
and, when it happens, to recover or restore areas. We work on
the basis of the ‘polluter-pays-principle’ – that those responsible
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Fig. 1. The marine management framework.
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for causing environmental damage have to bear the costs for solv-
ing, preventing or monitoring the problems. We may need eco-
nomic compensation, i.e. funding those adversely affected, and
need to pay for mitigation costs of schemes. Of course, society re-
lies on maintaining wealth creation and demands benefits such as
employment (or at least our environmental actions should not be
detrimental to these). We can summarise these aspects as the eco-
nomic carrying capacity, i.e. will the marine system still be able to
deliver our economic needs. The economic aspects also include the
costs of monitoring the actual and potential adverse effects
although such monitoring is in jeopardy due to the current eco-
nomic climate (Borja and Elliott, 2013).

In the case of eutrophication, the economic considerations in-
clude the cost of removing nutrients and organic matter in dis-
charges, such as using secondary or tertiary sewage treatment. It
may include preventative measures such as not applying fertilisers
in the first place or creating buffer zones around agricultural areas
to prevent catchment run-off, although this would reduce agricul-
tural production. Hence there are both economic costs and benefits
to be considered (Atkins and Burdon, 2006; Atkins et al., 2007;
Pascual et al., 2012).

4. 3rd Tenet: technologically feasible

This requires us to have the right technologies to prevent envi-
ronmental damage or remediate it once it has occurred. For exam-
ple, having the equipment for defending coastal areas from
flooding and erosion, for having the Best Available Technologies
(or even those not entailing excessive costs – described as BAT-
NEEC or even less kindly ‘CATNIP’ – the cheapest available technol-
ogies not inviting prosecution!) and even in having the best
Box 1: The 10-tenets - to be successful, sust
responses to changes resulting from human

Ecologically sustainable 
Technologically feasible 
Economically viable 
Socially desirable/tolerable 
Legally permissible 
Administratively achievable 
Politically expedient 
Ethically defensible (morally 
Culturally inclusive 
Effectively communicable  
designed fishing gear to protect stocks. This tenet also includes
technologies for mitigation and habitat/resource compensation
schemes (Elliott et al., 2007) and the scientific technologies and
methodologies for monitoring.

In the case of preventing eutrophication, we need technologies
for reducing nutrients and organic inputs such as prevention at
source including better farming practices (crop rotation, buffer
zones, organic farming, even the use of genetically modified crops
that do not require the addition of excess fertilisers). Failing that,
we need technologies such as building sewage treatment works
and nutrient stripping.

5. 4th Tenet: socially desirable/tolerable

While our science and technology can indicate the best means
of environmental protection, we need society to accept these mea-
sures. Society may desire certain things, such as clean bathing
areas, or tolerate others such as having its sewage discharged into
the sea because this appears a cheaper option than treatment.
However, society needs to be aware of the societal benefits of a
clean and managed marine environment but also the ability of
the sea to assimilate or support its demands, what might be
termed the societal carrying capacity. Above all, societal health
and a quality of life have to be maintained. This means we have
to acknowledge the ‘feel-good factor’, that society acknowledges
the value of maintaining a good marine environment (Mee et al.,
2008) but also that society may only focus on high profile aspects,
the ‘cute-and-cuddly’ approach and on ‘charismatic megafauna’
such as birds and whales. In short, can we accommodate a society
with both ‘tree-huggers’ and ‘industrial warriors’?

Although often as scientists we focus on the ecological signifi-
cance of change or even the statistical significance, we have to be
aware of the societal significance of change – if society thinks there
is a problem in the marine environment then by definition there is
a problem to be addressed even if we as scientists cannot detect it.
Hence this tenet requires we look for cost-effective approaches and
consult and engage with the public, NGOs and all stakeholders.
There are increasing examples of marine management which in-
volve public participation but we have to be aware of the danger
of all stakeholders agreeing to a ‘lowest-common-denominator’;
for example, if we ask stakeholders where to site a Marine Pro-
tected Area then the agreed area may be one that is not wanted
for any other activity (i.e. the MPA being not suitable for aggregate
extraction, wind-farms, fishing, etc).

In the case of nutrients, organic pollution and eutrophication,
we need to know that society is willing to fund the technological
and economic aspects, that it desires a high quality environment
in which its recreation areas are not affected by algal mats or toxic
blooms. Conversely we need to know whether society tolerates a
poor environmental quality, and any other socio-economic
ainable management measures or 
 activities should be:

correct) 



Box 2 – Questions needing addressing and a recipe leading to integrated marine management

Questions: 
Can we measure carrying capacity for ecology and economy? 
Is ‘Adaptive Management’ possible/ desirable and is it ‘ learning by doing’ or ‘trial 

and error’? 
If we manage to get the hydromorphology right then will the ecology take care of 

itself? 
How do we measure that we have the ecology and economy in balance? 
How do we know that we have the management of the ecology right? 
Do we know what we want from the system (in quantitative terms)? 
Do we know what we are managing to? 
How do we know when we have achieved The Ecosystem Approach? 
How do we know when we have ensured ecological well-being and economic goods

and services? 
Is the science sufficient for ‘what if?’ assessments and ‘so what’? 

Recipe: 
Needing an understanding of: Ecological structure and functioning  
Leading to describing: Ecosystem services  
Leading to providing: Societal benefits  
Defined by: Historical evolution and marine area comparisons  
To show how: Ecosystem services are delivered  
Requiring: Management initiatives and governance to ensure how societal benefits

are obtained  
Within: a hierarchical governance system 
Requiring: horizontal and vertical integration 
Within a multiuser system: What occurs where amongst marine users  
Leading to: Conflicts amongst users  
Requiring: Resolution of conflicts  
Requiring: Management measures  
Communicated by: Dissemination and information  
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repercussions if nutrients are discharged. In the case of the marine
environment, however, those living in the catchments have to be
made aware that even if their sewage discharges do not directly af-
fect their quality of life, there are consequences downstream in the
estuaries and coastal zones which will ultimately affect them.

6. 5th Tenet: legally permissible

All countries are subject to international treatises, agreements,
regional seas approaches, bloc legislations (such as the European
Commission Directives) and national laws and regulations which
provide the enabling legislation for adopting wider legal control
(Elliott et al., 2006). This tenet includes an internationally-recogni-
sed set of guiding principles which are bound into new environ-
mental legislation. These are summarised as: ecologically
sustainable development and the principle of inter-generational
equity; the precautionary principle; the conservation of biological
diversity and ecological integrity; the economic valuation of envi-
ronmental factors and the polluter pays principle; waste minimisa-
tion, and public participation (EDOWA, 2011). These principles
increasingly affect developers and dischargers as statutory bodies
will use them to achieve sustainable marine management. Indus-
tries and developers have often suggested that if faced with a
guideline for improving the environment then they will discuss
this with shareholders whereas if faced with a legal obligation then
there is no debate and they have to comply. Similarly, most states
legally require Environmental Impact Assessments and their vari-
ants to be performed for major plans and projects.

In the case of eutrophication, in Europe this means implementing
the Nitrates and Urban Waste-water Treatment Directives which
lead to the Water Framework and Marine Strategy Framework
Directives respectively to give Good Ecological and Environmental
Status of our estuarine, coastal and marine waters (Borja et al.,
2010). We need to determine whether nutrients discharged are
likely to affect an area’s conservation objectives/features sufficiently
to prevent achieving Favourable Conservation Status.

7. 6th Tenet: administratively achievable

Once we have a plethora of legal instruments and recommenda-
tions then we need ministries, departments, agencies and other
statutory bodies to implement them. We need to ensure that such
bodies are interlinked at international/regional/national levels
(Elliott et al., 2006), what is termed vertical integration, and across
and between the various sectors and stakeholder groups, thus hor-
izontal coordination and integration. Of course, such integration is
easier if more of these bodies adopt The Ecosystem Approach. In
the case of nutrient and organic discharges and eutrophication,
control depends on collaborations between environmental protec-
tion agencies, farming bodies, planning authorities, municipal
water companies, and ministries of agriculture, environment, nat-
ure conservation, etc. For example, a successful indication of mar-
ine environmental management would be the ability and
willingness of such groups to adopt Nitrate Vulnerable Zones as a
means of controlling adverse effects.

8. 7th Tenet: politically expedient

In marine environmental management, as with other fields,
there is the debate whether politics is leading or following society
and the differences in fundamental philosophy usually between
the centre left/centre right political spectrum, between society
and business dominated systems. Increasingly we get political pro-
nouncements, especially in this age of financial austerity, that we
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should not increase environmental controls because of the busi-
ness/economic imperative; even the British chief finance minister
has said we should not ‘gold-plate’ environmental restrictions
which increase financial difficulties for already hard-pressed
industries. The UK National Ecosystem Assessment and the Natural
Capital Committee, which reports to that minister, aim to deter-
mine the value of the ecosystem for society, again an economic
imperative. Furthermore, there are highly political issues such as
the causes and consequences of climate change and sea-level rise,
of support for any industry such as fishing which has a high polit-
ical profile, and oil exploration in environmentally sensitive polar
marine areas. In the case of nutrients and organic discharges and
eutrophication, politicians react to the complaints of tourists af-
fected by harmful algal blooms and sewage on beaches but often
focus more on the agriculture/farming lobby and jobs versus the
costs of treatment. For example, reducing nutrient problems in
the Baltic by closing down Danish and Polish agriculture would
solve the problem but be politically unacceptable (especially as it
would only export that agricultural production to areas outside
Europe).

9. 8th Tenet: ethically defensible (morally correct)

As shown here, marine environmental management is trying to
tackle the causes of problems (usually the effects of too many peo-
ple and too many human activities) and find solutions (trying to
get people to act against all the competing interests shown here).
This requires the ethics and morals of any sustainable solutions
to be considered. There are many attempts at using future scenar-
ios to determine what we need from the seas (e.g. the Millennium
Ecosystem Assessment) and each of these has to address individual
and societal behaviour. As a simple example, we may use economic
discounting in remediating environmental problems. In essence
this relates to how we determine and calculate the costs of acting
– for example, to reduce nutrient inputs and organic matter prob-
lems we may now agree to build large treatment plants but pass
the costs to future generations – i.e. to get those generations to
pay for problems cause by the current population. This may be
pragmatic but will it be seen as ethically defensible and morally
correct?

10. 9th Tenet: culturally inclusive

As described above, all of the marine management actions have
to be accepted or tolerated by society and there is an increasing
stakeholder input in decision-making. However, we have to
acknowledge that some cultural considerations may take prece-
dence. For example, some countries, such as Canada and Australia
with their First Nation status and aboriginal populations, have spe-
cial and legally-binding agreements which affect marine environ-
mental considerations and management (e.g. BBOP, 2009). These
may include ancient rights for exploiting sea mammals or for set-
tlement activities on coastal lands which must be protected irre-
spective of all other considerations.

11. 10th Tenet: effectively communicable

While not in any particular order, in order to achieve the
remaining tenets and get sustainable and successful marine man-
agement, we must not only do the best for the marine environment
but be seen to be doing the best for it. Hence we need communica-
tion between all the stakeholders and especially to achieve the ver-
tical and horizontal integration mentioned above. We need to
communicate our science and the projected results of the manage-
ment to allow better decision-making; for example, we have to
warn that excess nutrients entering water bodies may give the
benefits of cheaper food but also the costs to recreational areas
and shellfisheries because of toxic and nuisance algal blooms.

12. Concluding comments

The 10-tenets shows the need for a multidisciplinary approach
to marine management but it may also require some disciplines to
move out of their comfort zone. For example, pure natural scien-
tists may dislike having their science framed against a background
of socio-economic and political science but this is the reality of the
modern world (note that 9 of the 10 relate to society!). Most
importantly we need a system in which both natural and social sci-
entists and policy makers be educated to act across that multidis-
ciplinary framework. The 10-tenets framework has been developed
over several years and it still requires further work, not least to
determine whether these 10-tenets should be ranked or weighted
in some way. Of course this raises a set of questions which need to
be tackled together with the framework for navigating a path
through marine management (Box 2). This may be regarded as tak-
ing an overly anthropocentric view but, as mentioned above, the
aim is to manage people and their actions rather than (or as a
way to managing) the marine environment. As shown here we
need clear objectives in fulfilling The Ecosystem Approach in order
to get ‘triple wins’ for ecology, society and economy. We can deter-
mine the footprint of marine activities and then address/solve/mit-
igate/compensate the problems but we should not assume
activities automatically lead to pressures and in turn to impacts
as this negates the value of mitigation and compensation.

The 10-tenets emphasise the role of economics but we see that
good business relies on good ecology/biology/husbandry. The es-
sence to good management is connectivity in the natural and soci-
etal aspects – for good water conditions, ecological well-being, and
the seas being fit-for-purpose. We need vertical and horizontal
integration, across sectors and states with harmonised governance
and feedback mechanisms. We need to agree future scenarios and
manage to moving baselines and link monitoring/modelling/man-
agement in adaptive and complex systems (Gregory et al., 2013).
This results from having to accommodate problems within and
outside the systems being managed, what we term exogenic
unmanaged pressures and endogenic managed pressures (see Elli-
ott, 2011; Atkins et al., 2011) in order to achieve ecological and so-
cio-economic carrying capacity.

If we can do all of this then we protect and enhance ecosystem
services and deliver societal benefits and achieve and manage eco-
logical and socio-economic connectivity. The governance frame-
work can then be used to encompass ecological and economic
valuation for communication and management decisions thus giv-
ing a sustainable management framework.
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