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 Foreword

So much of our national and international 
effort to protect nature has been concen-
trated on terrestrial protected areas. Even 
the international agreements under the 
Convention on Biological Diversity (CBD) 
have accorded less prominence to protect-
ing coastal and marine areas. Indeed, it was 
not until the agreement of the CBD’s Aichi 
targets for 2020 in 2012 that marine protec-
tion began to gather real momentum with a 
target of 10% coverage compared with 
17%  for the terrestrial environment. This 
refocusing is a welcome recognition of the 
importance of looking after coastal and 
marine ecosystems in the longer term, espe-
cially in the light of the progressive degrada-
tion as a result of human activities at sea and 
on land and the relatively uncertain effects 
of global climate change. Now, there is a 
need to concentrate greater effort on strate-
gic planning in the Mediterranean and Black 
Seas, including the establishment, protec-
tion and enforcement of Marine Protected 
Areas (MPAs) in these two naturally, cultur-
ally, economically and socially important 
seas. So this book is a timely reminder of 
what we know, what problems need to be 
addressed, what progress has been made, 
what can be learnt from other parts of the 
world, what actions are being taken and 
what more needs to be done using MPA 
mechanisms and processes to sustain life in 
and around the seas in the longer term.

It is obvious that the coastal and marine 
environment cannot be considered in 

 isolation to what happens on land, especially 
the effects of infrastructure development on 
many parts of the coastline of the two seas to 
exploit the favourable weather conditions 
and shoreline situations and the delivery of 
water, nutrients and pollutants (and conse-
quential eutrophication) into the seas from 
the surrounding rivers.

It is also obvious that looking after the 
marine environment of the two seas cannot 
just focus on nature and be a top‐down pro-
cess focusing on the protection of species and 
habitats. Both seas have a long history of 
human occupation and human passage in all 
directions and there are many internationally 
important cultural artefacts reflecting this 
long history. And there are many communi-
ties still dependent on the seas for the provi-
sion of natural resources for human survival, 
especially fish. The question of which comes 
first – nature or people –  is an often‐posed 
one in this book. The answer is both as they 
are really indivisible  –  hence the develop-
ment of new approaches to looking after 
nature, including MPAs, which stress the 
importance of societal engagement through-
out rather than the more traditional western 
approach of leaving it to the experts in nature. 
This does not mean that understanding and 
maintaining and, where necessary, restoring 
natural processes is not important: it is vital 
for the future of nature itself and for the 
 survival of human societies.

The development of protection of the 
coastal and marine environment has to be 
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seen from the perspective of nation states 
which have a stake. In all, 21 nations have 
coasts on the Mediterranean Sea, and whilst 
there are six on the Black Sea coast, another 
10 nations make inputs through the rivers 
flowing into the sea.

With these points in mind, why do the 
Mediterranean and Black Seas require 
MPAs? The simple answer is that there are 
international and regional agreements 
requiring signatory states to protect the 
marine environment. More fundamentally, 
there remain many conflicts, for example, 
between fishermen and conservation to 
ensure that fish stocks are in a healthy bio-
logical state for the future, between tourism 
development and coastal pollution, between 
waste disposal through the river systems 
and the cleanliness of the marine environ-
ment, and between over‐exploitation of key 
species and water pollution and their grad-
ual loss and in some cases extinction. And, 
there is the potential inequality between 
those nations which exploit more resources 
and those which have a lesser environmen-
tal footprint. It is for these reasons that 
 formal conventions have been long estab-
lished for each of the seas: the Barcelona 
Convention for the Mediterranean and the 
Bucharest Convention for the Black Sea. 
Within these multilateral structures, many 
protocols for the protection of the seas have 
been developed, including systems of pro-
tected areas. Of particular note are the 
Specially Protected Areas of Mediterranean 
Importance and the Special Areas of 
Protection in the EU Member States. But 
protection is not just about designation 
of sites and areas, as there are too many so‐
called parks which exist only on paper. It is 
more fundamentally about the perpetual 
protection of nature and natural processes 
within the context of changing societal 
 values, availability of new scientific infor-
mation, and implementation of effective 
pro cesses of engagement for all  stakeholders. 

Only through these approaches can the 
effectiveness of protection be secured and 
be assured for the future.

Much good progress has been made, as 
the chapters in this book illustrate. Of par-
ticular note are the sanctuaries and no‐take 
zones to allow fish stocks to recover from 
over‐exploitation and for the spawning 
 biomass to increase to a state of biological 
sustainability and therefore allow fishing to 
recommence. There are important ‘spillo-
vers’ of young fish from these protected 
areas into the wider seas which indicate 
that  fish stocks are recovering. Also of 
note  are the interactive processes estab-
lished between the nation states and also, 
for example, between the MPA managers 
under the MedPAN initiative. A great deal 
is known about how the seas operate natu-
rally – the water flows and the current pat-
terns at all levels in the water column – and 
therefore where there are more likely to be 
pollution sinks and lack of water inter-
change which create negative conditions for 
marine life. Within the territorial seas of the 
EU Member States the Marine Strategy 
Framework Directive, with its target of 
achieving Good Environmental Status in all 
EU Waters by 2020, is a testing and very 
welcome target to stimulate action.

But more needs to be done bearing in 
mind that only 0.012% of the Mediterranean 
Sea is fully protected with effective MPAs 
and only about 1.7% of the Black Sea has 
protected area status.

In the former, greater action over the 
whole sea and coastal area, rather than just 
within the EU Member States’ jurisdiction, 
is needed; but this has to recognize the rela-
tively weaker economies, especially in North 
Africa and the Middle East, and therefore 
the limited resources available to address 
these issues. The learning of lessons from 
the various EU initiatives, and the EU states 
continuing to help the non‐EU states to do 
more through technical aid and financial 
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support, would be a very worthwhile effort. 
Also, means of cooperation through infor-
mal networks, such as the IUCN Centre for 
Mediterranean Cooperation, are important 
for sharing knowledge and experience of 
what works and what is less successful.

The key issue, seen from an external per-
spective, is to ensure that all of the nation 
states around the two seas are fully com-
mitted to working together and within their 
own territorial seas to achieve protection 
and restoration of the natural environment 
for the benefit of their own citizens now 
and in the future. This requires political 
will which is not always forthcoming and is 
often placed well behind other pressing 
 priorities. Maybe arguing for acting in the 
nation’s own interests and at the same 
time  acting in the interests of ‘the com-
mons of the seas’ might have some effect. 
Certainly new laws and protocols take a 
long time to get agreement and implement, 
so softer approaches are worthwhile in 
the shorter term.

Taking the long view is key if the measures 
implemented are to be effective in safe-
guarding nature and natural processes and 
providing benefit to human communities. 
Inevitably, this may mean reductions in 
income in the short term, for example for 
fishermen while stocks are allowed to 
recover, or increases in the costs to develop-
ers to reduce environmental side effects. 
That surely is a price worth paying for the 
longer term interests of nature and society 
jointly.

The diversity of the seas, the challenges 
due to the varying depths and nature of the 
water columns, and the variation in the 
human impacts all suggest to me the need 
for tailor‐made measures for protection 
within the general approaches laid down in 
the two conventions and in the EU Natura 
programme for EU Member States. There is 
no need, however, to reinvent the wheel as 
there is plenty of international experience, 

some of which is cited in the book, on which 
to base improvements in the protected 
mechanisms used. The work under the 
IUCN Marine Protected Areas Programme 
is a classic source for ideas and approaches 
and what works in different situations which 
would merit greater attention and use by 
practitioners in both seas. Adoption of pro-
tected area practices from the terrestrial 
sphere is, however, very unlikely to be help-
ful as they are less dynamic, and are rarely 
three dimensional  –  with the exception of 
the learning from best practice examples 
globally of connecting individual protected 
areas into networks especially in recognition 
that nature does not recognize site bounda-
ries imposed upon it for administrative con-
venience. Clear management objectives and 
means of measuring effectiveness of imple-
mentation and feeding back into reviews of 
management are critically important; the 
IUCN Management Effectiveness Evaluation 
approach is well tried and tested around the 
world for this purpose.

Engagement of key stakeholders through-
out the process of development, implemen-
tation and review of effectiveness of MPAs 
is absolutely necessary  –  we know from 
experience around the world that imposed 
top‐down solutions do not work. Given the 
diversity of cultural histories and modern 
culture around these seas, recognition has 
to be given to ensuring that representatives 
of these aspects are factored into the pro-
cess of design and management of MPAs. 
Hence, the IUCN work on governance types 
and mechanisms is a very helpful toolkit as 
are the methods of ecosystem‐based man-
agement described in the book. It also 
means ensuring that expertise on negotia-
tion and conflict resolution are part of the 
armoury of those involved in seeking agree-
ment on strategies and action plans, other-
wise disputes will continue and there will be 
no meeting of minds on what really needs to 
be done.
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I hope that all of those who read the 
chapters in this book will be encouraged by 
what has been achieved through imple-
menting MPAs in the Mediterranean and 
Black Seas. More importantly, I hope that 
readers will be stimulated to engage in fur-
ther improving the quality of the coastal 
and marine areas for the benefit of present 
and future generations. Remember this 

means making sure that nature is allowed 
to function effectively, otherwise human 
society in the future will not benefit.

Professor Roger Crofts CBE, FRSE,  
FCIEEM, FRSGS, FRGS, FRSA

WCPA Regional Vice‐Chair Europe  
2001–08, WCPA Emeritus
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Editor’s Preface

The genesis of this book lies in a large‐scale 
collaborative research project, ‘Towards 
coast to coast networks of marine pro-
tected areas (from the shore to the high and 
deep sea), coupled with sea‐based wind 
energy potential’ (CoCoNet), funded by the 
European Community’s 7th Framework 
Programme from 2012 to 2016 (Grant 
Agreement No. 287844). Led by the Italian 
National Inter‐University Consortium for 
Marine Science, under the management of 
Professor Ferdinando Boero, CoCoNet was 
one of the largest multi‐disciplinary envi-
ronmental projects ever to cover both the 
Medi terranean and Black Seas simultane-
ously. With 39 partners from 22 countries, 
CoCoNet strove to apply a holistic ecosys-
tem approach to the management of the 
two basins, with a particular focus on 
developing a scientifically rigorous system 
for establishing ecologically coherent net-
works of Marine Protected Areas (MPAs). 
In addition to the science, CoCoNet also 
investigated associated socio‐economic 
issues (led by NatureBureau, UK), and the 
technical potential for integrating offshore 
wind farms with the marine environment 
(led by the Hellenic Centre for Marine 
Research, Greece).

As the project reached maturity and the 
results were both being shared among the 
research teams and being widely published 
in journals (in more than 140 papers), it 
became apparent that some of the key 

cross‐cutting ideas risked being fragmented 
or diluted unless they could be drawn 
together in a single volume. Through the 
good offices of Bob Carling, NatureBureau 
approached Wiley with a proposal for a 
book, mainly drawing on the results of 
CoCoNet, but also containing contributions 
from other world authorities in MPAs to 
more fully elaborate the concepts presented. 
Wiley accepted the proposal and this book 
came to fruition.

Not only does this book share a lot of new 
knowledge about the state of the marine 
environment in the Mediterranean and 
Black Seas, it does so around the central 
theme of networks of MPAs. Of course, the 
notion that individual MPAs would be eco-
logically more useful and effective if they are 
linked in networks (or systems) has been 
around for a long time. Indeed, there are a 
plethora of manuals and guidelines explain-
ing how this should be done. However, there 
is surprisingly little evidence that networks 
deliver significantly more than the sum of 
their parts. To a large degree, this is due to 
an inevitable lack of comparative controls 
against which to assess how a particular net-
work is faring. But other important reasons 
include the absence of a strong theoretical 
basis for their design, and imprecision about 
what an ‘ecologically coherent’ MPA net-
work actually constitutes, as well as how 
such networks can be built, managed and 
monitored as discrete entities.
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Such problems are explored in this book 
and some potential advances proposed: 
how to locate ecologically coherent MPA 
networks within ‘cells of ecosystem 
 functioning’ (CEFs), that can be defined as 
‘a marine volume with coherent oceano-
graphic, biological and ecological features, 
leading to higher degrees of connectivity 
than with nearby CEFs’; that networks 
can come in a variety of mutually interact-
ing types that, once made explicit, can be 
used to design effective ‘network‐aware’ 
 management strategies; and that the adop-
tion of the Marine Strategy Framework 
Directive (2008/56/EC) and Maritime 
Spatial Planning Directive (2014/89/EU) 
by EU Member States has put in place a 
progressive  legislative system for achiev-
ing Good Environmental Status of EU 

marine waters, a system in which MPAs, 
as individual sites and as networks of 
them, will have a strong role to play in the 
two seas.

The network perspective of the book, 
based on the typology described in 
Chapter  3, can be used to analyse its 14 
chapters as shown in the matrix. Each chap-
ter addresses two or more of the network 
types identified in that chapter (namely 
Conservation, Connectivity, Socio‐economic, 
Geographic, Collaborative, Cultural and 
Transnational) in order to give full  coverage 
of the wide variety of forms and functions of 
MPA networks.

Paul D. Goriup
Chairman of the Board

NatureBureau, Newbury, UK
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 The Ecology of Beauty

Just like terrestrial National Parks, Marine 
Protected Areas (MPAs) were first estab-
lished at places where biodiversity had some 
prominent features. In the Mediterranean 
Sea, for instance, the first MPAs were 
 established at places that were perceived as 
‘beautiful’ by scuba divers who started to 
explore marine landscapes and singled out 
the most scenic ones (see Abdulla et al., 2008 
for a review on Mediterranean MPAs). The 
European Landscape Convention (ELC) 
(Council of Europe, 2000) is in line with this 
approach to site selection. The ELC, in fact, 
states that ‘The sensory (visual, auditory, 
olfactory, tactile, taste) and emotional 
 perception which a population has of its 
environment and recognition of the latter’s 
diversity and special historical and cultural 
features are essential for the respect and 
safeguarding of the identity of the population 
itself and for individual enrichment and that 
of society as a whole’.

What is perceived as valuable in a given 
environment, then, is part of the heritage 
of the resident population and contributes 
to its culture. The positive impressions 
described in the ELC simply identify beauty, 

defined as follows in a popular dictionary: ‘a 
combination of qualities, such as shape, col-
our, or form, that pleases the aesthetic 
senses, especially the sight’.

The perception of beauty, however, is 
directly linked to cultural paradigms and can 
change with them. Cetaceans, for instance, 
were once perceived as evil ‘monsters’ that 
brave sailors had to exterminate, as Melville’s 
story of Moby Dick tells us. Nowadays, they 
are worshipped as gods. Even white sharks 
(Carcharodon carcharias), again depicted as 
terrifying beasts in movies like Spielberg’s 
Jaws, are now considered as highly valuable, 
deserving strict protection.

Following this aesthetic approach, large 
vertebrates or, in alternative, beautiful and 
scenic habitats (i.e. the charismatic expres-
sions of nature) are usually identified as 
deserving protection, whereas important 
ecological actors are simply ignored. 
Everybody wants to save the whales, but 
nobody wants to save the bacteria, even if 
bacteria are indispensable for ecosystem 
functioning (and also for our own body 
functions), whereas whales are not. On the 
one hand, our impact on bacteria is not so 
huge: they become rapidly resistant to anti-
biotics and are not affected much by our 
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influence, being able to evolve rapidly so as 
to cope with environmental changes. On the 
other hand we could easily exterminate 
cetaceans, if only we intended to do it.

The preservation of beautiful portions of 
the environment, and of the fauna and flora 
inhabiting them, has been instrumental in 
the understanding of the value of nature. 
This approach to the defence of nature is 
shared by almost all environmentalist move-
ments who evoke charismatic portions of 
nature in their logos, full of dolphins and 
panda bears. The growth of human popula-
tion, with the adoption of economic para-
digms aimed at the continuous growth of 
the economic capital, as if resources were 
infinite, has led to an alarming erosion of the 
planet’s natural capital. Habitat destruction, 
both on land and in the seas, and climate 
change show that we need more than beauty 
to preserve nature. Protected areas, in this 
framework, have been some sort of surro-
gate that justified the destruction of nature 
where protection was not directly enforced. 
Focusing on the unique and beautiful facets 
of nature, often perceived as the sole expres-
sion of ‘biodiversity’, led to protection of 
natural structures, while disregarding natu-
ral functions that are not restricted to 
 charismatic species and habitats.

Beauty is important, but the conservation 
of nature requires more than aesthetics.

 From Landscapes to Habitats

The European Landscape Convention is cen-
tred on the way the culture of a population 
perceives and modifies nature, somehow 
‘improving’ it with wise management. This is 
particularly evident in countries like Italy, 
where millennia of agriculture and architec-
ture have led to unique landscapes that are 
considered of paramount importance in 
Article 9 of the Italian Constitution. In this 
sense, the landscape is the result of human 
interventions that led to changing a ‘wild’ 

expression of nature into a ‘gentler’ one. 
Usually the products of these interventions 
are aesthetically valid, and the result is 
beauty. However, a beautiful landscape might 
be limited in the expression of biodiversity 
(especially if agriculture is involved), calling 
for the need of preserving nature per se, and 
not its modifications, whatever their aes-
thetic value. It can happen, furthermore, that 
a local ‘culture’ adopts some behaviours that 
are against the integrity of nature, as hap-
pened in Region Apulia with date mussel 
(Lithophaga lithophaga) consumption. The 
harvesting of date mussels from rocks caused 
extensive denudation of Apulian rocky bot-
toms (Fanelli et al., 1994). The destruction of 
hard bottom habitats came to an end only 
after a long process of generating public 
awareness, together with the enforcement of 
new laws.

To cope with an overly anthropocentric 
approach to our interactions with the envi-
ronment, the EU Habitats Directive (92/43/
EEC) embraced a completely different per-
spective: habitats of community importance 
must be protected, even if this goes against 
the aspirations of the resident populations!

Sites protected under the Habitats 
Directive do not necessarily comprise beau-
tiful landscapes, and the low level of ocean 
literacy in almost every country is often a 
source of conflict between the expectations 
of lay people and the preservation of natural 
capital. The resident communities are puz-
zled when they are prevented from building 
a new harbour just because there is a sea-
grass meadow on the bottom. Local popula-
tions often label as ‘algae’ the phanerogam 
Posidonia oceanica, whose presence can 
lead to the establishment of a protected site, 
and consider it as a nuisance. The decom-
posing leaves that accumulate on the beach 
repel tourists, who complain about their 
appearance and smell. The recognition of 
the ecosystem service of these accumula-
tions of leaves is not part of local cultures, 
who do not realize that stranded leaves 
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 protect the beach from erosion. The 
stranded leaves are removed, sometimes 
with bulldozers, and huge quantities of sand 
are removed with them. Lacking a buffer of 
amassed leaves, wave action starts to erode 
the beach. Beaches are a source of income, 
and the wider they are, the higher the 
income, since more tourists can be crammed 
onto them. Beach erosion reduces incomes, 
and this is redressed by beach replenish-
ment. Without the protection of Posidonia 
leaves, however, the newly placed sand is 
also rapidly eroded and often accumulates 
on the seagrass meadow, smothering it. 
Posidonia meadows are bioconstructions, 
since the new rhizomes grow over the old 
ones, raising the bottom of the sea and mak-
ing it more stable. The death of the meadow 
is a catastrophe for the coast, since its role of 
erosion buffer ceases to protect the shore. 
Once the protection from erosion is com-
pletely gone, due to unwise management of 
coastal systems, physical defences are built 
in order to protect the beach, with a radical 
change of the whole landscape.

It is undeniable that some ‘cultures’ have a 
vague understanding of the functioning of 
nature, and the Habitats Directive is an 
attempt to bring a more objective approach 
to our relationship with natural systems.

Our land‐based culture, however, still 
biases the Habitats Directive because 
although it considers marine habitats that 
are not necessarily ‘beautiful’, they are invar-
iably benthic. For the Habitats Directive, the 
marine space is bi‐dimensional, just as the 
terrestrial one. The third dimension, on 
land, is occupied just by the size of bodies, 
and by the temporary presence of flying 
organisms in the air, so it is right to speak 
about ‘areas’. In marine systems, however, 
the water column is a three‐dimensional 
habitat for a host of organisms that have 
almost no interactions with the sea bottom. 
Since oceans cover over 70% of the Earth, 
the water column is the most widespread 
habitat of the planet, and it is a volume. 

Many marine organisms live their whole life 
suspended in the water, and even benthic 
ones derive their food from currents, not 
to  mention the spread of propagules. A 
Habitats Directive which includes the 
marine biome but does not consider the 
third dimension of the water column is 
 fundamentally flawed.

Protecting beautiful places, and managing 
the habitats of European Community impor-
tance, is a first step towards recognizing the 
significance of the marine environment, 
inviting science to design an approach to its 
management and protection that goes 
beyond the biases of the current ‘culture’. 
Indeed, it calls for actions aimed at develop-
ing the ‘ocean literacy’ to alter our scant 
 perception of the values of the oceans that 
is linked to our terrestrial history.

 From Hunting and Gathering 
to Farming

If we were just like all the other species on the 
planet, when our populations increase to 
above the carrying capacity (i.e. the maximum 
number of individuals of a species an ecosys-
tem can bear), overly eroding the  natural capi-
tal that sustains us, our numbers should 
decrease due to a shortage of resources. This 
would lead to the re‐constitution of the natu-
ral capital, according to the  popular prey–
predator model developed by Lotka and 
Volterra (Gatto, 2009), in which we are the 
predators and the rest of nature is the prey. 
But we are not like the other species. When 
confronted with a shortage of natural 
resources, we abandoned hunting and gather-
ing and invented agriculture (Diamond, 2002). 
We domesticated a restricted set of animal 
and plant species, and started to culture them 
so as to satisfy our needs. Agriculture leads to 
the eradication of all competing species 
from  a piece of land so as to rear just the 
domesticated one. The terrestrial animals we 
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rear as food are almost invariably herbivores 
or, in some cases, omnivores, and we cultivate 
the plants we feed them with. This leads to 
habitat modification, and what the ELC con-
siders as precious is often just the eradication 
of natural diversity and its substitution with 
agricultural systems.

In terrestrial systems there are no natural 
populations of both animals and plants that 
can provide massive amounts of resources. 
In the seas, by contrast, we can still extract 
resources from natural populations, and 
fishing is just a form of hunting. In recent 
decades, however, we have been rapidly 
passing from harvesting fish, crustaceans, 
molluscs and so on to aquaculture. What 
happened on land is now happening in the 
seas: wild populations cannot feed us all, 
and our pressure on them is leading several 
species towards commercial extinction, 
meaning the benefits from fishing are less 
than the costs incurred. Increasing the 
 efficiency of fisheries, furthermore, is giving 
little hope of saving the remaining fish. 
The transition from fisheries to aquaculture 
is the final stage in the shift from hunting and 
gathering to farming. In the sea, contrary to 
what we do in terrestrial systems, we tend to 
rear carnivores rather than herbivores.

The Western world, in fact, is fed with 
farmed carnivorous species, such as sea 
bream (Dicentrarchus labrax) and salmon 
(Salmo salar and Oncorhynchus spp.), fed 
with smaller fish caught from surviving 
 natural populations. This is clearly an 
unsustainable operation, since it exacerbates 
the overexploitation of natural populations: 
after having destroyed the populations of 
the larger fish, we culture them and we feed 
them with smaller fish caught from natural 
populations. Emerging countries cannot 
afford such costly forms of aquaculture and 
eat lower quality, but also less impacting, 
farmed herbivorous species such as tilapia 
(Tilapia spp.) and pangasius (Pangasianodon 
hypophthalmus).

The awareness of the impact of industrial 
fishing did induce some management of nat-
ural populations resulting in the protection 
of target species from overexploitation 
(Pikitch et al., 2004). This has been done by 
restricting fishing activities at important 
places and during important periods. The 
relevance of these spaces and times depends 
on the biology of the species under manage-
ment. Spawning grounds, nursery areas, and 
feeding grounds are identified species by 
species, and fisheries are restricted in order 
to allow for successful recruitment of the 
managed species. The ban of industrial fish-
ing, per se, is a measure of protection and its 
positive impact, albeit temporal, is another 
form of marine conservation even though 
the aim is just to relieve fish from our exces-
sive pressure, so as to continue to exploit 
their populations.

The reproductive rates of many fish spe-
cies are so high that populations can be 
restored in reasonable time, as the abun-
dance of fish in well‐managed MPAs dem-
onstrates (Guidetti et  al., 2008). Since the 
environmental impact of farming carnivo-
rous species is higher than that of simply 
fishing, the survival of sustainable natural 
fisheries is a measure of the health of marine 
systems, and fisheries science must lead to 
better results, in conjunction with conserva-
tion science.

 Landscapes, Habitats 
and Fish are Not Enough

The introduction of concepts such as 
‘ ecosystem‐based management’, ‘ecosystem 
approach’ and ‘integrated coastal zone man-
agement’ is the clear expression of a broader 
view in the way we interact with the rest of 
nature (Pikitch et al., 2004; Heip et al., 2009). 
Ecosystems are not just structures, they also 
function through myriad processes, as their 
name implies. Knowledge of the connections 
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among the different structures is crucial for 
managing what we intend to exploit, and to 
conserve what we want to protect. The link 
between biodiversity (structure) and ecosys-
tem functioning (function) is the conceptual 
tool that guides a proper understanding of 
how the natural world works (Heip et  al., 
2009). In a strategic document, the European 
Marine Board identified the adoption of 
holistic understanding as the greatest chal-
lenge for marine scientists worldwide 
(Arnaud et  al., 2013). It is obvious, for 
instance, that fish do not proliferate as 
 isolated entities from the rest of the environ-
ment: they need to be considered as part of 
ecosystems throughout their life cycle, from 
the fertilized egg to the adult. This, for 
instance, should oblige fisheries scientists to 
consider the impact of predators of fish eggs 
and larvae, such as gelatinous plankton, in 
their models of fish population dynamics 
(Boero, 2013). The match (or mismatch) of a 
bloom of the by‐the‐wind sailor (the hydro-
zoan Velella velella) with the spawning of fish 
species that deliver floating eggs, for instance, 
can have (or not have) devastating effects on 
the fisheries yields of the subsequent months 
(Purcell et  al., 2015). However, the cause–
effect relationship is usually not perceived 
since the impact (fewer fish) becomes appar-
ent only when the cause (increased Velella 
predation and/or competition) is over, the 
lapse of time depending on the growth rate of 
the fish species concerned. If larval mortality 
is treated as a constant in fisheries models, 
fisheries management cannot be effective. 
The causes of potential failures in fish 
 recruitment (resulting from depressed larval 
development) must be ascertained and fish-
eries science must overcome the almost 
 complete separation from gelatinous plank-
ton science (Boero et al., 2008).

Similarly, the quality of the various habi-
tats that fish frequent during their whole 
lifespan can have a crucial impact on 
 fisheries yields, determining more or less 

successful recruitment. Yet, the scientists 
who study fish populations in MPAs are 
usually not directly involved in traditional 
fisheries science, even if their research 
tends to show that MPAs often improve fish 
yields due to spillover effects (Planes et al., 
2000). Fisheries scientists, though, usually 
disregard the role of MPAs and propose 
other management measures to promote 
sustainable exploitation of fish populations. 
Fisheries scientists are probably right, 
since  the total surface of MPAs is scant, if 
 compared with the vastness of the oceans, 
and the protected environments are almost 
invariably coastal and restricted to the sea 
bottom. While the current extent of 
 protected marine space can improve local 
conditions, it is nowhere near sufficient to 
manage the entirety of fish populations. 
Furthermore, fisheries are just one of the 
manifold threats to the marine environment, 
and a more integrative approach to conser-
vation is badly needed.

 Good Environmental Status

Of course, a solution might be to increase 
the size and the density of MPAs, encom-
passing the SLOSS debate (Single Large Or 
Several Small) (Olsen et al., 2013) with the 
Several Large approach. The increase in 
both the number and the size of MPAs, 
however, would cause conflicts between 
national and local authorities and the resi-
dent communities that, usually, are resistant 
to any limitation of their ‘freedom’ of (ab)
using the environment.

Networks of MPAs seem the best solution 
for this conundrum (Olsen et al., 2013). The 
Marine Strategy Framework Directive 
(MSFD, 2008/56/EC) sets the target of 
reaching Good Environmental Status (GES) 
in all EU waters by 2020. The situation of the 
European Seas will improve significantly if 
this strategic goal can be achieved, or at least 
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if the trend towards its achievement triggers 
effective conservation measures.

The MSFD includes 11 descriptors of GES, 
which in their synthetic formulation are:

 ● Descriptor 1: Biodiversity is maintained
 ● Descriptor 2: Non‐indigenous species do 

not adversely alter the ecosystem
 ● Descriptor 3: The population of commer-

cial fish species is healthy
 ● Descriptor 4: Elements of food webs ensure 

long‐term abundance and reproduction
 ● Descriptor 5: Eutrophication is minimised
 ● Descriptor 6: The sea floor integrity 

ensures functioning of the ecosystem
 ● Descriptor 7: Permanent alteration of 

hydrographical conditions does not 
adversely affect the ecosystem

 ● Descriptor 8: Concentrations of contami-
nants give no effects

 ● Descriptor 9: Contaminants in seafood 
are below safe levels

 ● Descriptor 10: Marine litter does not 
cause harm

 ● Descriptor 11: Introduction of energy 
(including underwater noise) does not 
adversely affect the ecosystem.

As Boero et  al. (2015) remarked, pursuing 
GES based on these measures represents a 
real revolution in the management of 
marine ecosystems. In the past, the precise 
measurement of key environmental varia-
bles (temperature, salinity, nutrients, pol-
lutants of any kind) was considered to be 
sufficient to evaluate the state of the envi-
ronment. This led to the establishment of 
sophisticated observation systems that 
check these variables through the use of sat-
ellites, buoys, gliders, and a vast array of 
sensors. The collected data are then stored 
in huge databases that contain the ‘history’ 
of environmental systems. The factors that 
should inform us about the quality of the 
environment, however, do not represent 
the real state of any habitat. From the per-
spective of GES, these variables acquire a 
meaning only when they affect the living 

component: if some of these variables 
change but this does not lead to any change 
in the biological component of ecosystems, 
then the change is irrelevant. The individual 
stressors, furthermore, do not act in isola-
tion from each other. Instead, they interact 
with each other, with cumulative effects 
that might lead to misinterpretations of the 
quality of the environment. If considered in 
isolation from each other, these  variables 
can have values that are below the threshold 
that is known to affect the living component 
of the environment. These effects are often 
assessed by laboratory experiments, under 
controlled conditions, in which only one 
variable is altered, whereas the others 
remain constant. The ensuing tolerance 
curves assess the impact of each stressor on 
selected species. However, even if the values 
of each stressor are below the thresholds, it 
can happen that biodiversity loses vigour, 
and many key species show signs of distress 
due to cumulative impacts (Claudet and 
Fraschetti, 2010).

To cope with this shortcoming, the MSFD 
defines GES while considering the status of 
both biodiversity and ecosystem function-
ing. The first descriptor of GES is just the 
status of biodiversity, whereas all the other 
descriptors regard the impact of specific 
stressors on biodiversity, ecosystem func-
tioning and, in the case of Descriptor 9, 
human health.

Once a stress is identified, in terms of 
 biodiversity and/or ecosystem function 
 perturbation, then it can be addressed so as 
to mitigate its impact.

The logic of this approach is impeccable, 
but its application is far from straightforward. 
It is very simple to produce sensors that 
measure physical and chemical variables; 
even biogeochemistry can be assessed 
with  automated instruments. Moreover, 
the  geological features of the sea bottom 
can  be mapped and assessed with very 
 powerful tools. The descriptors of GES, 
 however,  consider biodiversity and  ecosystem 
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 functioning, and the currently available 
instruments do not measure these features: 
they mostly consider abiotic features or 
measure some simple biotic variable, such as 
chlorophyll concentrations.

A new way of looking at the quality of the 
environment is then required, and the study 
of MPAs is somehow ‘pre‐adapted’ to tackle 
this problem. Marine Protected Areas have 
been instituted to protect biodiversity and to 
enhance ecosystem functioning, and so 
adhere, at least in theory, to all the specifica-
tions of GES. The assessment of the efficacy of 
MPA management should consider the attain-
ment of GES. If the requirements  prescribed 
by some descriptors are not met, manage-
ment should be changed in order to remove 
impediments to the attainment of GES.

 Connectivity

The Marine Strategy Framework Directive 
of the European Union does not require the 
attainment of GES in MPAs only: GES is to 
be reached in all EU waters by 2020. This 
expectation is very ambitious, since GES is 
not reached even in the best‐managed 
MPAs, but its logic is flawless. It is futile 
to  hope for GES at any one place, if the 
 surrounding environment is not in good 
condition as well. Marine Protected Areas 
are not like islands, separated from each 
other by the sea: the sea connects them.

Every individual living at a specific loca-
tion produces propagules (the life cycle 
stages that propagate the species, whether as 
eggs, larvae, fragments, adults, etc.) that are 
taken away by the currents, to colonize other 
sites. Each site is a source of propagules for 
downstream sites that are reached by the 
current passing in its vicinity, and is a sink of 
propagules coming from the organisms 
 living at upstream sites. Connectivity, then, 
is the degree of connection across sites 
within a given area. The very concept of 
connectivity teaches us that it is pointless to 

manage specific sites (e.g. MPAs) without 
managing the systems in which they are 
nested in terms of connectivity. This insight 
is leading to a paradigm shift in conserva-
tion biology: from MPAs to networks of 
MPAs (Olsen et al., 2013).

Connectivity is a very general concept: the 
connections among various parts of a given 
water body cannot be measured in a way 
that represents all living beings. Some spe-
cies have a higher vagility (i.e. propensity to 
move from one place to another) than others 
and the differences greatly affect connectiv-
ity at a micro level. Grantham et al. (2003) 
tackled the problem of dispersal distances in 
a suite of habitats, considering just marine 
invertebrates, and reached the conclusion 
that the ensuing connections are very varied 
and that MPAs must therefore be designed 
based on the specific habitats that are going 
to be protected. Accordingly, networks of 
MPAs should encompass this problem, 
 providing protection over large scales. 
However, it is also important to design MPA 
networks so as to respect complex connec-
tivity  patterns, in order to achieve a compro-
mise that covers the different scales of 
vagility of the species assemblages that are 
going to be protected and/or managed. 
Knowing the basic biology of species, how-
ever, is not enough: ecological constraints 
and habitat availability can restrict the 
 colonization of localities that can be reached 
by a given species but that are not suitable 
for its existence. For example, Johannesson 
(1988) considered two species of the mol-
lusc genus Littorina with opposite dispersal 
strategies (planktonic versus brooding). The 
species with planktonic larvae should be a 
better colonizer than the brooding one. 
However, the brooder species had a higher 
propensity than the one with planktonic 
 larvae to persist at a sink habitat widely sep-
arated from source areas. The ‘paradox of 
Rockall’ (Johannesson, 1988) shows that 
 larval dispersal is not the sole factor respon-
sible for connectivity. Sink areas that are 
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 distant from propagule sources tend to be 
colonized by low dispersal species that can 
reach them by rafting and that re‐colonize 
the area without dispersing their propagules. 
In this regard, Boero and Bouillon (1993), 
analysing the distribution of more than 300 
hydrozoan species of the Mediterranean 
Sea, showed that species with a long‐lived 
medusa stage do not have a wider distribution 
than that of brooding species, brooders 
often being more widespread than highly 
vagile species (Shanks et al., 2003).

As a result of such studies, it is clear that 
the levels of connectivity across an area are 
better studied by at least four methods:

1) The reconstruction of the oceanographic 
framework that potentially connects the 
various sites

2) The search for propagules (including 
asexual ones, and rafters) in the plankton 
collected in the connecting currents

3) The similarity of species assemblages 
across the considered area (so‐called 
beta diversity)

4) The similarity in the genetic composition 
of a suite of species that represent a vast 
array of taxa.

The integration of the results of these 
 different analyses leads to a more reliable rep-
resentation of the degree of actual  connectivity, 
helping to design more  ecologically coherent 
networks of MPAs.

 Networking According 
to Nature or to Bureaucracy?

The application of coherent policies of 
 management and conservation of MPAs 
is  particularly well developed in the 
Mediterranean area. The management enti-
ties of many Mediterranean MPAs are part 
of MedPAN (Webster, this volume) and, 
through it, the best practices evolved by the 
directors of each MPA are disseminated and 
improved, so as to find increasingly better 

ways of protecting nature. It is undeniable 
that issues regarding nature conservation 
have to be addressed over vast scales, and 
that the comparison of the efficacy of meas-
ures at different places is conducive to 
increasingly better ways of protecting the 
environment. It is also true, however, that 
there is not a one‐size‐fits‐all way of solving 
the problems stemming from our relation-
ship with the rest of nature. Special meas-
ures are necessary to protect remarkable 
properties of the marine environment, such 
as the presence of unique expressions of 
 biodiversity in terms of either species (e.g. 
monk seals Monachus monachus, or ceta-
ceans) or habitats (e.g. bioconstructions of 
any kind). Defending unique structures, 
however, is not enough: connectivity calls 
for a more integrated approach than just a 
structural one. Structures must be coupled 
with the ecosystem functions that allow for, 
if not underpin, their existence, and this 
approach calls for the expansion of manage-
ment far beyond the boundaries of MPAs.

It is crucial, in this framework, to identify 
the units of conservation, namely the por-
tions of marine space that are highly con-
nected with each other and whose features 
are more dependent on each other than on 
those of sites that belong to other units. 
The identification of these units leads to the 
construction of networks of MPAs that are 
based not only on the enforcement of 
 protection measures through bureaucratic 
imperatives, but also on the recognition of 
ecological principles that rule the function-
ing of the managed environments, just as 
the definition of GES prescribes.

These units might be based on climatic 
and biogeographic features, comprising 
areas where species compositions are simi-
lar due to shared climatic conditions; or on 
oceanographic features, where current pat-
terns determine propagule transport; or on 
geological features of the sea bottom; or, 
indeed, on geo‐political features that might 
be conducive to common management by 
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various states. In such politically fragmented 
seas as the Mediterranean and the Black 
Seas, this approach requires development of 
and adherence to international agreements 
since it is highly unlikely that a single state 
will cover the whole extension of ecologi-
cally coherent conservation units.

It is evident, however, that the identifica-
tion of these units of conservation must be 
holistic, covering most of the features that 
the single disciplines making up the complex 
of marine sciences now study in isolation. To 
satisfy this need, Boero (2015a) proposed to 
treat the marine environment as a living 
super‐organism made of cells: the ‘cells of 
ecosystem functioning’ (CEFs). The exercise 
of dividing the marine space into larger 
 conservation units than MPAs is not novel 
(see Olsen et al., 2013 for a review), and its 
necessity is shared throughout the scientific 
community and among decision‐makers.

 Towards a Holistic View 
of Marine Systems

The previously mentioned quest for 
 integrated, ecosystem‐based, and holistic 
approaches to marine conservation requires 
a complex representation of marine spaces 
based on the assemblage of the available 
knowledge in an ecologically coherent 
fashion.

The physical background is the backbone 
of ecosystem description. The discovery of 
the oceanic conveyor belt (Broecker, 1991), 
with the recognition of the crucial role of 
polar regions as surface sites of deep water 
formation, marked a revolution in physical 
oceanography that parallels the discovery of 
continental drift to explain the current dis-
position of continental masses. The oceans 
are in fact one, the global ocean, and all are 
connected by horizontal and vertical cur-
rents. The cold and dense surface waters 
of  the poles tend to sink and to become 
the deep waters of non‐polar portions of the 

ocean system, pushing up the spent waters 
of the deep. Everything is connected, in the 
oceans, and life is running on an apparently 
perpetual conveyor belt that distributes 
nutrients and propagules throughout the 
world. The single, interconnected oceanic 
system, however, can be divided into coher-
ent portions, defined by the disposition of 
continental masses.

The Mediterranean Sea, in particular, 
due  to its geological, oceanographic and 
bio‐ecological features, is a miniaturized 
replica of the world ocean and, due to its 
smaller size, responds more quickly to the 
drivers of change that affect the whole planet 
(Lejeusne et al., 2010). It is convenient, thus, 
as a first approach to the identification of 
coherent conservation units, to focus on the 
Mediterranean Sea so as to set up a feasible 
rationale that could possibly apply to whole 
oceanic systems.

From a physical oceanography point of 
view, the Mediterranean conveyor belts 
(Pinardi et  al., 2004) can be considered as 
analogous to the large oceanic conveyor belt 
(see Figure 1.1).

The Mediterranean Sea has a higher salin-
ity than the Atlantic Ocean since freshwater 
inputs are lower than evaporation rates. The 
superficial Gibraltar Current enters from 
the Gibraltar Strait and brings Atlantic 
waters into the Mediterranean Sea, com-
pensating the water deficit due to excessive 
evaporation. The Gibraltar Current crosses 
the Sicily Channel and flows into the Eastern 
Mediterranean, to flow back at about 500 m 
depth as the Levantine Intermediate Current 
that returns to the Atlantic, through the 
deepest part of the Gibraltar Strait. Since the 
average depth of the Mediterranean Sea is 
1500 m, and the deepest part of the basin, in 
the Ionian Sea, exceeds 5000 m, the water 
renewal of the upper 500 m is not enough 
to  bring oxygen to the depths of the 
Mediterranean Sea, where plants and other 
primary producers do not have enough light 
to perform photosynthesis and produce 
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oxygen. Without photosynthesis, deep‐sea 
animals would rapidly consume the oxygen 
dissolved in the water, leading to anoxic 
conditions that are not favourable to meta-
zoan life. Without an oxygen supply from 
the surface, the Mediterranean deep‐sea 
biodiversity would be much reduced and 
just a few simple life forms would survive, as 
happens in the Black Sea below 300 m depth.

The ‘cold engines’ of the Gulf of Lions, 
the  Northern Adriatic and, from time to 
time,  the North Aegean are crucial to the 
existence of deep‐sea life in the Mediterranean 
Sea. At these sites, northern winds enhance 

 evaporation and lower the temperature, caus-
ing a marked density increase in the well‐ 
oxygenated surface waters. The thermo‐haline 
differences of the water masses of the cold 
engines in respect to the surrounding waters 
result in the so‐called cascading of dense oxy-
genated waters that cross the continental shelf 
and, then, reach the deep sea through marine 
canyons. The cold engine of the Gulf of Lions 
renews the deep waters of the Western 
Mediterranean Basin, whereas the Northern 
Adriatic engine, sometimes replaced by the 
North Aegean one, refreshes the depths of 
the Eastern Mediterranean Basin.

Figure 1.1 Circulation patterns in the Mediterranean Sea. A surface current enters the basin from the 
Gibraltar Strait, flows through the Sicily Channel and reaches the Levant Basin. The Gibraltar Current flows 
back at about 500 m depth as the Levantine Intermediate Current. Water renewal below 500 m occurs 
through the ‘cold’ engines in the Gulf of Lions for the Western Basin and in the Northern Adriatic and 
Northern Aegean Seas for the Eastern Mediterranean. In the cold engines, cold, oxygen‐rich water flows 
through canyons (bottom left inset) with a ‘cascading’ process. The canyons outside cold engine areas can 
trigger upwelling events (bottom right inset). Other patterns of circulation regard the formation of gyres 
(top inset). Artwork: Alberto Gennari.
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The Gibraltar and the Levantine 
Intermediate currents join the various parts 
of the basin, defining the Mediterranean Sea 
as a single and very large unit. The cold 
engines produce vertical thermo‐haline 
exchanges that define the Western and the 
Eastern Mediterranean as two large sub‐units 
that, based on coastal morphology, are in 
their turn divided into the well‐known ‘seas’ 
that make up the Mediterranean system.

Oceanographic conditions determine fur-
ther sub‐divisions of the seas that make up 
the Mediterranean. In the Adriatic Sea, for 
instance, the cold engine causes a thermo‐
haline current that flows southwards across 
the continental shelf and along the Italian 
coast to the Ionian Sea through the Bari 
Canyon. To balance this outflow, an incom-
ing current enters the Adriatic Sea from the 
eastern coast of the basin, and reaches the 
Gulf of Trieste, where the circle is closed. 
The presence of headlands such as those at 
Istria, Conero and Gargano leads to the for-
mation of a northern, a central and a south-
ern gyre, with horizontal currents that 
connect the western and the eastern coasts 
of the basin, along which the currents flow 
in opposite directions. In this way, the 
Adriatic Sea could be divided into three 
coherent oceanographic cells, where ecosys-
tems might function in distinct fashions, 
while being anyway connected by the north-
ward current along the eastern Adriatic 
coast and the southward current along the 
western coast.

The Adriatic Sea is shallow and does not 
have canyons in its central and northern 
part, but canyons leading to the deep sea 
from the coast are a common feature of the 
rest of the Mediterranean shelf. Some are 
involved in the cascading phenomena 
 generated by the cold engines but, in the 
majority of the canyons, the currents that 
flow parallel to the coast tend to sink off-
shore, bringing oxygen to the deep sea. 
These offshore downwellings push deep 

waters through the canyon, resulting in 
upwelling currents that connect the deep 
sea with the coastal areas (Hickey, 1995). 
There are about 500 Mediterranean 
 canyons that, presumably, play the role of 
auxiliary engines to the three main cold 
engines, and underpin the survival of life in 
the deepest part of the Mediterranean 
Sea through vertical water exchanges. The 
upwellings, furthermore, bring nutrients 
towards the shore, enhancing primary pro-
duction such as the spring phytoplankton 
bloom. Based on these oceanographic 
 patterns and on the presence of a higher 
concentration of resting stages of both 
phyto‐ and zooplankton than outside the 
canyons, Della Tommasa et al. (2000) pro-
posed that marine canyons are reservoirs of 
propagules (in this case resting stages of 
planktonic organisms) that are injected 
towards the coast together with the nutri-
ents, so triggering the phytoplankton and 
zooplankton blooms that are at the base of 
the functioning of all oceanic systems.

The hydrodynamic patterns, generated by 
a combination of wind energy, changes in 
salinity and temperature, and interactions of 
currents with bottom and coastal morphol-
ogy, define the physical framework that 
leads to the formation of masses of water 
that are more connected within their bound-
aries than they are with neighbouring 
masses, while remaining part of a coherent 
water body. The main sub‐units can be fur-
ther divided into smaller units according to 
the presence of fronts, gyres, eddies, upwell-
ings and downwellings, defining what Boero 
(2015a) called the cells of ecosystem func-
tioning, CEFs, mentioned earlier. With this 
metaphor, the Mediterranean Sea is a body 
(which is anyway dependent on other bod-
ies, in this case the Atlantic Ocean) that can 
be divided into increasingly smaller func-
tional parts, from wide ecological regions 
sensu Longhurst (2010) to CEFs as the 
 smallest functional units.
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 The Cells of Ecosystem 
Functioning

Oceanographic conditions shape the associ-
ated ecological processes. The ensemble of 
areas where physical processes connect dif-
ferent portions of the environment might be 
considered a CEF. However, the long‐term 
observation of oceanographic features 
shows high variability, including sudden and 
radical changes, as happened with the 
Eastern Mediterranean Transient (Pinardi 
et  al., 2004). Phenomena such as El Niño, 
the North Atlantic Oscillation, and, in recent 
decades, global warming, lead to a suite of 
multiple states that might not overlap in 
space. Eddies and gyres, furthermore, can 
have variable strengths, and even invert 
their rotation. Upwellings are stronger in 
some seasons and weaker in others. Extreme 
events such as the occurrence of very hot or 
very cold periods can have huge impacts on 
biological features, with effects that persist 
for a long time after the occurrence of the 
episodes. Rivetti et  al. (2014), for instance, 
showed that the deepening of the summer 
thermal stratification caused large‐scale 
mass mortalities of resident species of 
cold‐water affinity. Temperature increases, 
furthermore, have favoured the massive 
expansion of non‐indigenous species that 
continue to enter through the Suez Canal, 
establishing viable populations in the 
Mediterranean Sea.

The strong annual (seasonal) and inter‐
annual fluctuations and variations of the 
physical drivers determine the bio‐ 
ecological features that represent an 
 integration of these fluctuations over the 
long term (Boero,  1994), with episodic 
events adding variability to this complex 
situation (Boero, 1996).

The interactions among species assem-
blages (the expression of biodiversity) and 
the physical variables lead to the formation 
of ecosystems and determine their function-
ing (Boero and Bonsdorff, 2007).

The inter‐annual variability of planktonic 
communities is well known from long‐term 
series (Boero et  al., 2014), whereas only 
recently has the long‐term response of 
 benthic communities to important physical 
changes, mainly due to global climate 
change, started to be quantified (Puce et al., 
2009). It is important, then, to establish not 
only the potential CEFs, in terms of physical 
features, but also the tangible CEFs in terms 
of biodiversity and ecosystem functioning: a 
CEF is defined by a higher level of internal 
connectivity compared with connections to 
nearby CEFs. It can happen, however, that 
cells that appear physically separated, at 
least temporarily, such as the central and 
southern Adriatic cells, defined by two 
 adjacent gyres, might have such connected 
biological populations that a single, larger 
cell and, hence, a single large conservation 
unit, should be defined.

Obviously, these multiple physical states, 
leading to multiple ecosystem states, can 
be  revealed only through continuous 
 observation and cannot be predicted by 
 current  modelling techniques. No model, 
for instance, predicted the occurrence of 
the Eastern Mediterranean Transient.

Moreover, the approaches followed so far 
to assess the quality of the environment are 
more focused on structure than on function. 
The evaluation of ecosystem functioning in 
large marine ecosystems has been assessed 
only rarely (e.g. Godø et al., 2012).

 Mapping the Seas

Mapping benthic communities is relatively 
easy and, with state‐of‐the‐art technologies, 
can be accomplished in reasonable time 
frames. Benthic communities can be subject 
to strong seasonal variation, especially in 
coastal areas, but their areas of occurrence are 
generally rather stable in space. Maps can be 
made from time to time and  compared so as 
to ascertain changes in habitat distribution.
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The Habitats Directive, with the associ-
ated Natura 2000 network, applies a terres-
trial approach to the marine realm. The 
description of habitats, furthermore, is 
based on the features of vegetation and on 
the concept that the dynamics of communi-
ties leads to climax conditions after a series 
of deterministic seres. These concepts apply 
only partially to the marine domain. In 
marine systems the water column is the 
most crucial component, being the habitat 
of both plankton and nekton, whose tempo-
ral variability is very high if compared with 
that of the benthos. The connections 
between the sea bottom and the water col-
umn are so intimate that the functioning of 
their communities cannot be understood if 
they are considered as separate entities 
(Boero et al., 1996).

Terrestrial habitat maps are bi‐dimen-
sional and consider the vegetation as a 
descriptor of diversity. Maps of marine habi-
tats resulting from the application of the 
Habitats Directive are similar to terrestrial 
ones, since they consider just the benthic 
realm. However, marine habitat maps would 
be far more complex if the water column 
was taken into account. What is happening 
at the surface does not necessarily reflect the 
rest of the water column, and temporal pat-
terns are very distinct, so the same physical 
space has different ecological features in dif-
ferent periods of the year, usually changing 
from year to year. The dimensions are four: 
the two of the surface area of the sea bottom, 
the third one of the volume of the water col-
umn (and its diversity through its entire 
depth), and finally the time dimension.

As a result, CEFs are fuzzy units that can-
not always be sharply defined (due to their 
temporal instability) but nevertheless are 
more internally coherent than they are with 
neighbouring cells. Some cells may be rela-
tively distinct, such as the northernmost 
part of the Adriatic Sea, whereas others can 
be alternately separated or joined, as occurs 
in the two gyres that characterize the central 

and the southern Adriatic Sea. According to 
the source and sink approach (Pulliam, 
1988), some cells are a source for other cells 
that receive their products as sinks and, in 
their turn, can be sources or sinks for other 
cells, but the roles can be inverted according 
to different situations. The cold current gen-
erated in the Northern Adriatic, flowing 
southwards along the Italian coast, brings 
nutrients that support the white coral for-
mations that thrive in the depths of the 
Southern Adriatic and Ionian Seas. The 
Northern Adriatic, in its turn, receives prop-
agules from the current that enters the 
Adriatic from the Ionian Sea and that flows 
northwards along the coasts of Greece, 
Albania, Croatia and Montenegro, reaching 
Slovenia and then Italy.

It is clear, in this framework, that connec-
tivity is not only a matter of propagules (of 
any kind) but also of food and nutrients, 
becoming almost a representation of ecosys-
tem functioning, from the base of trophic 
networks (in terms of nutrients for phyto-
plankton, due to terrestrial runoffs and bac-
terial and fungal decomposition) to their 
very apex, namely the nekton.

The features of CEFs must be georefer-
enced, but the maps do not need to be overly 
accurate. These features of the environment, 
being very variable in time, cannot be found 
again with absolute precision, based on their 
representation on a map. An area where a 
gyre is enhancing primary production can-
not be mapped with the same precision as 
an area covered by a seagrass Posidonia oce-
anica meadow. For sea grasses, the accuracy 
of the map can be tested by repeating the 
observation, and checking if the mapped 
feature is exactly in the place reported by the 
map. But this is not feasible for an area 
where fish forage, reproduce or spawn, or 
where phytoplankton and zooplankton 
bloom. It is however possible to identify 
some stable features that can be mapped 
with high accuracy. Canyons, as mentioned, 
can generate upwelling currents that bring 
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nutrients from the deep sea to the coast. 
These upwellings provide a nutrient supply 
that favours primary production, and this 
ecosystem feature can be mapped. The 500 
canyons that indent the continental shelf of 
the Mediterranean Sea (with the exclusion 
of those that are influenced by cascading 
phenomena generated by the cold engines) 
should be considered putative CEFs due to 
vertical currents. Their presence could 
lead  to the testable hypothesis that the 
upwellings they generate foster ecosystem 
functioning in terms of phytoplankton 
 production. Merging the representation of 
these vertical currents with the horizontal 
currents generated by both the winds and 
the configuration of the coast (i.e. gyres, 
eddies, fronts, etc.) should lead to maps 
that reflect the functioning of ecosystems in 
space. The multiple states of ecosystem 
 features should be referred to these spaces, 
with maps that allow for temporal variabil-
ity, supplemented with the distribution of 
habitats on the bottom, and of the behav-
ioural patterns of important fish species 
(in terms of nursery, foraging and spawning 
areas).

Such maps are not available yet, and 
their  realization is a compelling challenge, 
leading to the integrated, holistic and 
 ecosystem‐based approach that, in spite of 
being  continuously invoked, has been rarely 
accomplished, so far.

 Upgrading the Observation 
Systems and Managing 
the Networks

As mentioned earlier, the enforcement of 
the MSFD, so as to reach and maintain GES, 
calls for observation systems that assess the 
quality of the environment according to 11 
descriptors of GES, which in turn are based 
on two main pillars: biodiversity and ecosys-
tem functioning in all its facets. Current 

observation systems must be upgraded, so 
as to cover all the relevant variables. Marine 
Protected Areas are the perfect places to 
perform continuous observation of the 
descriptors of GES, in terms of biodiversity 
(structure) and ecosystem functioning 
(function). The personnel of MPAs must be 
instructed on how to make these measure-
ments, building on the experience of several 
marine stations that have been constantly 
monitoring the features of the water column 
for decades (Boero et al., 2014).

Marine Protected Areas, however, are not 
enough and it is important to observe also 
control sites that are not under special pro-
tection regimes so as to be sure that GES is 
reached not only at already protected sites 
but throughout the sea. This calls for con-
tinuous evaluation of the features of biodi-
versity inhabiting both the sea bottom and 
the water column, with the establishment 
of  long‐term series of observations; this 
approach has tended to be unwisely dis-
missed due to the illusion of measuring the 
quality of the environment through the use 
of automatic devices. While current sensors 
can provide physical, chemical and biogeo-
chemical information, they cannot measure 
either biodiversity or ecosystem function-
ing, and are therefore inadequate for the 
purposes of the MSFD (Boero et al., 2015).

The continuous observation of ecosystem 
features should have two goals:

1) Assess the attainment of GES
2) Measure the efficiency of management.

Based on the definition of CEFs, and on the 
continuous check of their features through 
upgraded observation systems, the man-
agers of MPAs must collaborate across 
networks of MPAs, leading to the definition 
of common policies within each network, 
based on the integrated study of the marine 
environment so as to perform efficient man-
agement and protection: the MedPAN 
structure, in the Mediterranean Sea, already 
represents a partnership of MPA managers. 
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Marine stations and other research institu-
tions, furthermore, must be involved in a 
science‐based management of the networks, 
leading to collaboration among states, in 
order to design regulations that will be tai-
lored on the ecological conditions of the 
managed area, and not on the contingencies 
of political or bureaucratic situations.

Some goals of the MSFD might be difficult 
to reach through local management. 
Descriptor 2 of GES, for instance, requires 
that non‐indigenous species do not affect 
the ecosystems in a negative way. It is unde-
niable that some aliens are real pests that 
impair the functioning of ecosystems. The 
case of the alien ctenophore Mnemiopsis 
 leidyi, for instance, led to a disaster in Black 
Sea fisheries (Boero, 2013), although, in this 
case, the management of a hypothetical 
 network of MPAs might have had little 
responsibility for an event that was medi-
ated by species transport in ballast waters.

The early detection and risk assessment of 
non‐indigenous species (NIS) is essential to 
determine appropriate action to prevent 
their spread, or to identify routes of arrival 
and to control them, whenever possible. 
Ship‐driven introduction of alien species is 
particularly important (Boero, 2002) and is 
amenable to control measures. The recent 
doubling of the size of the Suez Canal, how-
ever, is likely to ease the arrival of more spe-
cies of Lessepsian immigrants (Galil et  al., 
2015; Galil, Chapter 10, this volume), and is 
much more difficult to control. This will 
probably aggravate the impact of non‐indig-
enous species on the functioning of 
Mediterranean ecosystems, so worsening the 
situation required by Descriptor 2 of GES.

The observation systems, thus, will have 
to be set up also at the gateways to the 
Mediterranean Sea, with a particular focus 
on the Suez Canal, both in the Mediterranean 
and in the Red Sea.

Marine Protected Areas, per se, do not 
offer protection from NIS invasion, even 
though healthy ecosystems such as those 

ensuing from effective protection might be 
more resistant to invasions. In some cases 
the prohibition of human activities might 
enhance the chances of success for an inva-
sive NIS. In such cases protection can be 
suspended and eradication measures might 
be taken, resulting from careful scientific 
assessments.

 Human Capacity Building

The reliance on automated and physically 
oriented measurement of environmental 
quality has led to the perception that 
‘ simple observation’ as performed by the old 
naturalists is obsolete. In particular, the 
importance of describing species and under-
standing their roles, having taxonomic 
expertise at its base, has been disregarded 
and taxonomic expertise is vanishing across 
Europe and the Western world in general. In 
the era of biodiversity, the science of naming 
species (taxonomy) is in distress (Boero, 
2010a), a rather paradoxical situation.

The definition of biodiversity (the first 
descriptor of GES) without taxonomy is 
simply flawed. The second descriptor, fur-
thermore, covers the impact of alien species 
on ecosystem functioning. This requires 
knowing not only the resident species but 
also the species that might reach places 
where they have never been found. This 
means knowing all species, at a planetary 
level, since the introduction by shipping can 
bring species from any part of the world.

Furthermore, species identification is 
not enough. We must also assess the impact 
of alien species on the functioning of the 
 ecosystems, and this means understanding 
their roles and their relationships with other 
species (Piraino et al., 2002).

This level of knowledge requires a revival 
of traditional natural history (Boero, 2010b), 
while exploiting the most advanced tech-
niques to tackle these very difficult problems. 
We need to create new expertise that is able 
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to integrate the expert observation of nature 
with the so‐called ‘next generation’ instru-
ments (Boero and Bernardi, 2014; Boero 
et al., 2015).

Marine Protected Areas, together with 
marine research stations, are the best places 
to build the new expertise required to 
 manage the environment in a holistic way, as 
required by the MSFD. This will have to be 
accomplished by the collaborative effort of 
consortia of European universities and 
 natural history museums.

Taxonomy, for instance, cannot just con-
cern naming specimens by reference to 
already known species, or the description of 
new species based on some preserved 
 specimens or on some genetic sequence. 
The knowledge of both phenotypes and gen-
otypes is necessary but not sufficient. It is 
also necessary to elucidate the life cycles and 
life histories of species, and to define their 
ecological niche at least in terms of ‘who 
eats whom’, so as to ascertain the roles of 
species. Trait analysis, for instance, is often 
performed, ascribing the same traits to spe-
cies that resemble each other, extending the 
knowledge acquired for one species to a 
whole group of species.

A new kind of biodiversity expertise is 
badly needed, if the requirements of GES are 
to be achieved. Moreover, it is also urgent to 
train ‘integrative scientists’ who are able 
to bridge the various disciplines, in order to 
reach the holistic approach so often invoked 
and yet so rarely achieved. Mathematical 
modelling leading to predictions of the kind 
‘if the situation is A at time 0, it will be B at 
time 1’ is of course to be encouraged but the 
complexity of the highest levels of organiza-
tion of nature does not produce the same 
results as those that have been reached at 
the lowest ones. The intertwining between 
biodiversity and ecosystem functioning can-
not be treated as interactions of subatomic 
particles or black holes. When life enters the 
game, the number of variables becomes too 
high to handle with the tools of simpler 

 disciplines. It is not by chance that the 
insights provided by the work of Charles 
Darwin cannot be translated into algorithms 
(Boero, 2015b) and the ‘natural history’ 
approach (upgraded with all the next gener-
ation technologies) is conducive to better 
insights about the functioning of complex 
natural systems (Ricklefs, 2012; Tewksbury 
et al., 2014).

 Extinction in the 
Mediterranean Sea

The re‐building of taxonomic expertise, in 
the light of current concepts of ecology, bio-
geography and conservation, will probably 
show that current data on the distribution of 
species and habitats, as well as the models 
ensuing from them, should be treated with 
great caution. It is often the case that the 
distribution of biota is reconstructed by 
assembling data derived from different 
 sampling methods and periods, lumping 
together very old records with recent ones. 
This leads to mistakes in evaluating the cur-
rent state of biodiversity, since a species 
recorded from some place several decades 
ago might not still be present at the same 
place. Hence, a distribution map constructed 
by assembling new and old records does not 
account for the actual distribution of a given 
species (or habitat), and any conservation 
measure based on such data will prove 
ineffective.

This matter has become particularly sali-
ent in recent decades, since global change is 
rapidly modifying the physical features of 
the seas, especially as far as temperature is 
concerned. This is leading to radical modifi-
cations of biota, with increasingly wide-
spread signs of stress for species that are 
adapted to temperate conditions and cannot 
withstand temperatures that reach values 
above their limits of tolerance (Rivetti 
et  al.,  2014). It would be not surprising if 
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some species have become extinct due to 
such changes in physical conditions, as well 
as to the arrival of more competitive aliens, 
pre‐adapted to the new, warmer conditions.

The analysis of the distribution in time 
and  space of a well‐known group of 
Mediterranean invertebrates demonstrates 
the shortcomings of taking simplistic 
approaches to represent the distribution of 
biodiversity. Stemming from recent mono-
graphic work (Bouillon et al., 2004), Gravili 
et  al. (2015) divided the records of 
Mediterranean species of non‐siphonopho-
ran Hydrozoa into time intervals. Out of the 
398 known species, only 162 (41%) have 
been reported in the last decade, while 53 
(13%) were not recorded in the literature for 
at least 41 years. According to the Confidence 
of Extinction Index (Boero et al., 2013), 60% 
of the 53 missing species are extinct, and 
11% are probably extinct from the basin. 
From a biogeographical point of view, 
the  missing species are 34% endemic, 19% 
boreal, 15% Mediterranean‐Atlantic, 11% 
Indo‐Pacific, 11% circumtropical, 4% cos-
mopolitan, 2% tropical‐Atlantic, and 4% 
non‐classifiable. Fluctuations in species 
composition in a certain area cause high 
variability in the expression of both struc-
tural and functional biodiversity. As a con-
sequence, regional biodiversity should be 
analysed through its temporal evolution, to 
detect changes and their possible causes. 
This approach has profound implications 
for biodiversity assessments and also for the 
compilation of red lists of species that are in 
danger of extinction. Such analyses require a 
detailed knowledge of the literature cover-
ing a given taxon, so as to ascribe records to 
different periods. In  spite of continuous 
claims of biodiversity crises, extinction has 
rarely been proven in the Mediterranean 
Sea, or indeed in any other oceanic system 
(Boero et al., 2013). Nevertheless, the exam-
ple of the Mediterranean non‐siphonopho-
ran Hydrozoa suggests that biodiversity is 
changing at a fast pace, and that current 

 species lists are the result of adding new 
records (usually made up of non‐indigenous 
species) to the old ones, leading to an appar-
ent steady increase of the species pool of a 
basin. This artefact, furthermore, is biased 
by the distribution of sampling effort, the 
distribution of species often directly corre-
sponding to the distribution of specialists 
and of their sampling effort, which is often 
concentrated around their institutional 
location.

All this calls for regular monitoring of 
 species diversity at key locations, with all‐
species inventories, in order to produce solid 
estimates of the extant species pools and to 
observe their evolution in time. Puce et  al. 
(2009), for instance, comparing recent and 
25‐year‐old assessments of the phenology 
and the species pool of hydrozoans at a spe-
cific location, found substantial changes that 
suggest a great influence of global change on 
biodiversity expression. It is rather unfortu-
nate, in this respect, that long‐term series are 
not being maintained in most countries and 
that they run the risk of being dismissed even 
where they have been carried out over a long 
period (Boero et al., 2014).

 Conclusion and 
Recommendations

Marine systems are still generally in such 
conditions that, with fisheries, we can 
extract resources from natural populations, 
but this will not last for long if we do not 
enforce appropriate measures of both man-
agement and conservation of the natural 
capital. All governments and nations concur 
in recognizing the value of biodiversity, and 
the integrity of nature has been the object of 
a recent Encyclical by Pope Francis 
(Bergoglio, 2015), with full recognition of 
the central role of science in the preserva-
tion of nature, since it is impossible to 
 protect something that is ignored. Increasing 
our understanding of complex natural 
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objects such as the oceans, and the life 
therein, is still a ‘great challenge’ (Arnaud 
et al., 2013) and there are no shortcuts that 
will improve our knowledge with little effort. 
Naming all species is probably a feasible 
accomplishment, with adequate investment 
(Costello et al., 2013) and this should be the 
first step towards the inventory of biodiver-
sity (the bulk of the natural capital). A sec-
ond step is the understanding of the roles of 
species (Piraino et  al., 2012), and then the 
link between the diversity of species and 
the  functioning of ecosystems (Boero and 
Bonsdorff, 2007). This will require an under-
standing of the geographic distribution of 
ecosystems in the marine space, and the 
concept of CEFs probably deserves further 
consideration; at present it represents only a 
scientific hypothesis and it needs to be 
tested at multiple places. The identification 
of management and protection units, how-
ever, is crucial to enforce efficient policies 
and this has not been accomplished yet.

The 11 descriptors of GES of the MSFD 
cover the most important features of 
the  environment, but their principles need 
to be  translated into action through the 
enforcement of policies, and these, to be 
effective, must be science‐based.

The need for new observational 
approaches developed by new types of 
expertise is the logical outcome of a century 
of extreme reductionism and specialization. 
We have built a series of very solid bricks of 
knowledge. Now they have to be assembled 
so as to acquire a conceptual continuity. 
This challenge cannot be avoided.
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 Introduction

There is general consensus among scientists 
that marine life in the Mediterranean Sea, 
and in the world’s oceans in general, is under 
considerable threat by human activities 
(Coll et al., 2010; Micheli et al., 2013). This 
strain on marine ecosystems worldwide has 
led to calls for new management approaches, 
especially for coastal areas (Botsford et al., 
1997). Such measures, for instance, include 
the regulation of fisheries towards more 
 sustainable exploitation of resources and 
the  establishment of networks of Marine 
Protected Areas (MPAs) (Olsen et al., 2013). 
However, development of  effective regula
tions for conservation must be based on suf
ficient knowledge and information about 
the protected systems. For example, it has 
been shown that the establishment of 
marine reserves that are too small or too 
scattered can have a reduced or nil effect on 
the protection of Mediterranean ecosystems 
(Abdulla et al., 2008; Botsford et al., 2009).

When appropriately designed, MPAs 
favour the recovery of harvested popula
tions in the Mediterranean Sea and 

 elsewhere (Bell, 1983; Garcia‐Rubies and 
Zabala, 1990; Harmelin et al., 1995; Vacchi 
et  al., 1998; Claudet et  al., 2011; Fenberg 
et al., 2012). The main reason for these MPA 
effects is the drastic reduction in overall 
mortality: when fishing mortality is removed 
or reduced, stock recovery is the most 
 logical expected consequence (Bell, 1983). 
The more vulnerable to fishing a species is, 
the more it will respond to cessation of 
 fishing mortality (Macpherson et al., 2000). 
Therefore, the ecological benefits derived 
from these conservation units are essential 
for the sustainability of exploited ecosys
tems, and sagacious and effective manage
ment of MPAs is a key issue in an age of 
changing oceans and seas (Olsen et al., 2013).

 Ecological Benefits of MPAs

Effects on Fish Populations

Species vulnerability to fishing depends on 
the specific life history of the species 
involved (Molloy et  al., 2008). In general, 
large, long‐lived, slow‐growing, sedentary 
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species with low natural mortality rates are 
more vulnerable than small, fast‐growing 
species with high rates of natural mortality 
(Cheung et  al., 2005). Other features, such 
as a late sexual maturity, a delayed sex 
change or a limited reproductive capability, 
can also exacerbate the vulnerability of a 
given species. Furthermore, large predatory 
species tend to be more targeted by fisheries 
than smaller species, so their populations 
are much more likely to be depleted in fished 
areas (Figure  2.1) or by special fishing 
methods.

The recovery process of an exploited pop
ulation inside an MPA is the reverse of the 
process of harvesting. Initial recovery rates 
can be relatively fast (Garcia‐Charton et al., 
2008; Molloy et  al., 2009) (Figure  2.2), but 
total recovery can be extremely slow for the 
more vulnerable species. In many cases, 
attaining full recovery in an MPA may even 
be impossible within a human lifespan (e.g. 
the red coral Corallium rubrum; Garrabou 

and Harmelin, 2002). Nonetheless, species 
targeted by fishing generally respond to 
 protection in a positive way compared to 
non‐targeted species (Micheli et  al., 2005; 
Claudet et al., 2006; Guidetti and Sala, 2007), 
leading to a net increase in biomass. 
However, not all targeted species respond 
equally to protection, with response depend
ing on their vulnerability and also on the 
carrying capacity of the system.

When a population reaches the carrying 
capacity (K), it can be considered to have 
fully recovered. Although this is one of the 
main objectives of MPAs, it has rarely been 
observed in practice and there is no consen
sus on successful K thresholds or on the 
time that is necessary to achieve full recov
ery. There are many differing descriptions in 
the literature, ranging from quick recoveries 
in less than five years (Côté et  al., 2001; 
Halpern and Warner, 2002) to estimated 
recovery times of 10–40 years for apex pred
ator species (McClanahan et  al., 2007) in 
no‐take zones.

Total recovery of harvested populations in 
MPAs has only recently been described in 
the Mediterranean Sea (Coll et  al., 2013; 
Garcia‐Rubies et  al., 2013), in spite of the 
large number of Mediterranean MPAs. This 
is probably due to the relatively young age of 
most of these MPAs; however, it can also be 
attributed to the lack of long‐term studies 
on the changes in protected populations in 
most MPAs.

Total recovery can vary greatly with time 
since protection was implemented. For 
instance, Coll et  al. (2012, 2013) showed 
very fast recoveries of total target fish bio
mass in three Balearic MPAs. Garcia‐Rubies 
et al. (2013), however, observed that reach
ing the carrying capacity could be a long 
process for highly vulnerable, long‐lived 
species such as Dicentrachus labrax (20–25 
years), Diplodus cervinus (13–16 years) and 
Epinephelus marginatus (21–24 years). 
Other species were still far from achieving 
total recovery, for example Sciaena umbra 
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Figure 2.1 Temporal pattern of the relative 
frequency of species among the largest specimens 
captured in the regional competitions of  
spear‐fishing in the Balearic Islands. It can be seen 
that the dusky grouper Epinephelus marginatus lost 
its preponderance among the biggest specimens 
from the end of the 1980s. Source: Redrawn from 
Coll et al. (2004).
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(31–51 years), while Dentex dentex was still 
growing exponentially (see Figure 2.3).

Variations in carrying capacity values, and 
in the time it takes to reach them, can be 
explained by the effect of different environ
mental factors acting at small and medium 
scales. Achieving the maximum biomass, and 
the time to reach it, is a bottom‐up regulated 
process influenced by environmental condi
tions (bottom features/substratum type, 
depth, slope and rugosity; Coll et  al., 2012, 
2013) that favour or limit the development of 
the largest, long‐lived species. This explains 
why the carrying capacity value is greater, and 

the time to reach it is longer, in MPAs where 
environmental conditions are highly favoura
ble (such as the Medes Islands MPA), com
pared to other MPAs sited in areas lacking 
these highly favourable conditions (Figure 2.4). 
Knowing the effect of these factors, one can 
predict how long it would take an ideal MPA 
to reach maximum values   of K (Coll et  al., 
2012, 2013). This ideal environment is very 
similar to that found in the Medes Islands 
marine reserve where, indeed, the value of K 
far exceeds that observed in the Balearic 
Islands MPAs, although the time required to 
achieve these values is much longer.
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Ecosystem Characteristics Affecting 
the Benefits of MPAs

Differences in carrying capacity are just one 
example of the wide range of results obtained 
from studies of different Mediterranean 
MPAs; ecological effects of Mediterranean 
MPAs have been found to vary in both mag
nitude and direction (Claudet et al., 2011 and 
references therein). Although major differ
ences between Mediterranean MPAs could 

be attributed to the level of enforcement of, 
and compliance with, the protection meas
ures, which is a significant socio‐cultural 
 factor (Guidetti et al., 2008; Sala et al., 2012), 
the results can be very different even between 
well‐protected areas. As an example, Sala 
et  al. (2012) used a large range of fish bio
mass (from 50 to 120 g m–2) as the reference 
for a good conservation state for different 
well‐enforced no‐take areas. Such variation 
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monitored vs. time of protection for marine reserve (solid circles), partially protected reserve (open circles) 
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was attributed to the idiosyncrasies of the 
different MPAs, that is to say: there must be 
factors other than good enforcement that 
define fish biomass in any given well‐protected 
no‐take zone (Figure 2.5).

Some obvious factors such as age and 
size of MPAs have not been taken into 
account until recently (Guidetti and Sala, 
2007; Claudet et  al., 2008; Molloy et  al., 
2009). The  effects of these factors have 
been mainly assessed indirectly by com
paring MPAs of  different ages through 
meta‐analysis (Guidetti and Sala, 2007; 
Claudet et  al., 2008), whereas studies 
 comparing a temporal evolution of single 
MPAs, or differences between different‐
sized coetaneous MPAs, are practically 
non‐existent (but see Garcia‐Rubies et al., 
2013 and Coll et al., 2012, 2013). Age and 
size of the MPAs are among the main fac
tors affecting the results of  protection. 
Guidetti and Sala (2007) found that the 

response of fish assemblages to  protection 
was significantly related to reserve age 
only when evaluated at functional level, 
whereas reserve size did not appear to 
influence fish assemblages in terms of 
either species or functional level. In con
trast, Claudet et al. (2008) found that the 
age of an MPA was less important than its 
size, and the size of the buffer zone, in 
determining commercial fish density in 12 
Mediterranean MPAs, although commer
cial fish density increased at a rate of 8.3% 
per year in no‐take protected zones.

Other factors such as depth range have 
rarely been taken into account in studies 
comparing protected and non‐protected 
zones. In most studies, sampling depth is 
typically fixed within a narrow range, and no 
assessment of how protection effects vary 
with depth is carried out.

The role of environmental factors seems 
to be fundamental in explaining the effects 
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of MPAs (Garcia‐Charton and Pérez‐
Ruzafa, 1999). The biomass of exploited 
populations in any no‐take zone is clearly a 
result of a bottom‐up process (Garcia‐
Rubies et  al., 2013). Knowing the key fac
tors that regulate fish biomass is therefore 
of paramount importance in the design of 
future Mediterranean MPAs. However, one 
has to recognize that the combination of 
factors that must be present to lead to 
enhanced biomass at small and medium 
spatial scales can greatly reduce the num
ber of potential candidate sites. In any 
case,  rare privileged hotspots should be 
prioritized in any future conservation 
 project in the Mediterranean Sea.

Partially Protected Areas

Most of the 677 Mediterranean MPAs (as 
included in Gabrié et  al., 2012) are barely 
protected against fishing. In fact, 507 of 
them are Natura 2000 areas with no specific 
management to avoid or limit extractive 
activities. Excluding the vast Pelagos 
Sanctuary (87 500 km2), the area covered by 
coastal MPAs amounts to 18 965 km2 (0.4% 
of the total surface of the Mediterranean 
Sea), while only 207 km2 (0.012% of the total 
surface of the Mediterranean) can be con
sidered as an actual fully protected no‐take 
area. Out of the 170 true MPAs, 80 supplied 
management information indicating that 

120

‘Other’ MPAs

AP

Ta
vo

la
ra

M
ed

es
P

or
to


n
o

To
rr

e 
G

ua
ce

to
Fo

rm
en

te
ra

 R
K

. S
til

lo
s

C
. C

ac
ci

a
C

ek
a 

Lu
ko

ve
s

C
. C

re
us

C
ar

lo
 F

or
te

O
tra

nt
o

C
ab

re
ra

P
. C

es
ar

eo
K

ar
pa

to
s

M
on

tg
ri

E
iv

is
sa

P
. P

al
er

m
o

K
ar

ab
ur

un
i

P
ip

er
i

Tr
em

iti
G

en
oa

A
yv

al
ik

D
ra

go
ne

ra
C

. C
av

al
le

ria
A

lo
ni

ss
os

G
ya

ro
s

I. 
A

ire
A

dr
as

an
K

im
al

os
K

. L
ag

it
K

as
C

. F
or

m
en

to
r

S
az

an
i

Fe
th

iy
e

M
ar

at
ea

A
l H

oc
ei

m
a 

R
A

l H
oc

ei
m

a 
N

R
G

ok
oa

K
. R

od
on

it

CA

ZP

HE

Well-enforced no-take
reserves100

80

60

40

20

Area / Reserve

0

To
ta

l 

sh

 b
io

m
as

s 
(g

 m
–2

)

Figure 2.5 Total fish biomass in several MPAs and areas open to fishing in the Mediterranean Sea. 
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only 31% (3 390 km2) have some kind of 
 special management, whether or not this 
includes fishing limitations. In short, only 
0.14% of the Mediterranean Sea surface is 
known to enjoy some management so the 
vast majority of the Mediterranean MPAs 
are nothing more than partially protected 
areas (Gabrié et al., 2012).

In spite of the fact that most MPAs are 
partially protected areas, studies on the ben
efits of partial protection are extremely 
scarce. Partially protected zones can have a 
broad range of protection regulations, going 
from well‐protected zones, with limited 
fishing activities, to merely ‘paper‐parks’ 
without any specific management or effec
tive protection. This variability leads to a 
great diversity of results that, even when 
positive, are usually inferior to those 
obtained when full protection is in force. 
Many authors consider partially protected 
areas as inefficient (Denny and Babcock, 
2004; Claudet et al., 2008; Di Franco et al., 
2009; Lester et al., 2009). In some cases, par
tially protected areas can even be counter
productive since they attract fishermen 
eager to fish near a no‐take area, thus lead
ing to an increase in fishing effort 
(Stelzenmuller et al., 2007). This is possibly 
why large buffer zones can even have nega
tive impacts on the overall ecological effec
tiveness of MPAs (Claudet et al., 2006).

However, some buffer zones have shown 
positive trends although this mostly depends 
on habitat characteristics, as in the case of 
no‐take zones, and current fisheries regula
tions (Coll et al., 2012). Even the same regu
lation can lead to different results in two 
separate partially protected areas belonging 
to the same MPA. That was the case of the 
Freus of Eivissa and Formentera MPA, 
where one of the partially protected areas 
did not show any sign of improvement while 
in the other the commercial fish biomass 
increased by 330%. The differences were due 
to a combination of habitat features and 
fishing pressure. The seascape of the first 

partially protected area had a low rugosity 
and few boulders, allowing fishing with 
trammel nets very close to the coast. In con
trast, the second partially protected area had 
a highly complex rocky bottom with more 
large boulders making it very difficult to cast 
trammel nets there.

The buffer zone of the Medes Islands MPA 
showed a limited progression after 10 years 
of partial protection (only spear‐fishing is 
absolutely banned there, while commercial 
and recreational fishing is regulated), and 
only three (Epinephelus marginatus, Sciaena 
umbra and Dentex dentex) out of six spe
cies  studied by Garcia‐Rubies et  al. (2013) 
showed a positive trend in this zone. 
Moreover, total mean biomass of these spe
cies was 13 times lower than that observed 
in the no‐take zone (see Figure  2.3). The 
modest recovery in the buffer zone could 
be explained by a limited spillover from the 
no‐take zone (Garcia‐Rubies et al., 2013).

When protective measures are effective, 
and the partially protected areas are located 
where suitable environmental conditions 
prevail, the results can be quite surprising. 
For example, in the Nord de Menorca 
marine reserve one of the partially pro
tected areas achieved a higher biomass of 
commercial fish than that attained in the 
no‐take zone (Figure  2.6). Lack of spear‐
fishing and particularly suitable rocky bot
toms in this partially protected area were 
the main factors allowing such a high fish 
biomass in spite of a moderate level of 
exploitation (Reñones et  al., 1999; Lloret 
et al., 2008).

In general, one can conclude that the ben
efits of partially protected zones depend on 
the regulation of fishing activities, limiting 
the fishing effort and banning the most 
effective fishing methods, as well as the 
environmental conditions prevailing in 
the  zone. The environmental factors that 
determine the success of no‐take areas as 
fish biomass producers are exactly the same 
in the case of partially protected zones.
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Effects on Communities (Secondary 
Effects of Protection)

Fishing tends to remove a substantial part 
of  exploited populations and this has been 
the pattern all around the Mediterranean 
Sea for millennia. New fishing methods such 
as spear‐fishing have worsened the situation 
of large predatory fish from the second half 
of the 20th century onwards, especially in 
the Western Mediterranean (Spain, France 
and Italy). There are almost no historical 
quantitative data about the abundance of 
such species 70 years ago, but some books 
and movies from the 1940s show a very dif
ferent picture from the current situation 
(Coll et  al., 2004; Guidetti and Micheli, 
2011). One can conclude that these large 
predators have been seriously depleted from 
Mediterranean littoral rocky bottoms dur
ing the last 70 years or so.

The effects of such continued exploitation 
have led to a rarefaction of many species 
including many elasmobranchs (Ferretti 
et  al., 2008), monk seals Monachus mona-
chus (Durant and Harwood, 1992), sea 
 turtles, and blue fin tuna Thunnus thynnus. 
It could be concluded that there are no pris
tine sites left in the Mediterranean Sea (Sala 
et  al., 2012). Fishing can be considered as 
the main stressor of the littoral rocky reef 

communities, from which large predators 
have nearly disappeared following the wide
spread process of so‐called fishing down the 
food webs (Pauly et al., 1998).

Marine Protected Areas, whether includ
ing no‐take zones or well‐regulated partially 
protected zones, have demonstrated the 
recovery of large predatory and carnivorous 
fish, which reached much higher biomass 
values than in open areas (Sala et al., 2012; 
Garcia‐Rubies et al., 2013). In fact, top pred
ator biomass in well‐protected MPAs can 
account for nearly half of the total fish bio
mass in the most successful Mediterranean 
MPAs (Sala et al., 2012). For instance, apex 
predators represent up to 49% of the total 
fish biomass observed at the Medes Islands 
MPA. Although the dusky grouper has 
already reached the carrying capacity there 
(Garcia‐Rubies et al., 2013), the biomass of 
other large predators, such as Dentex  dentex, 
is still increasing and has not yet reached an 
asymptote.

Effects of Fish on Other Fish
The pronounced increase of large predator 
biomass within the no‐take protected zones 
(Russ and Alcala, 1996) must negatively 
affect prey fish populations, but there is  little 
direct evidence for this effect within 
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Mediterranean MPAs, although the phe
nomenon has been reported elsewhere. 
Micheli et al. (2004) found, through a meta‐
analysis of the results of up to 20 studies and 
31 sites, that 19% of fish species were nega
tively affected by the protection. The most 
affected fish were small benthic species such 
as Blennidae, Gobiidae, Pomacentridae, 
Atherinidae and Apogonidae.

In the Mediterranean, Macpherson (1994) 
showed a lower density of small gobies and 
blennies in the Medes Islands MPA in com
parison with two unprotected areas. Sasal 
et al. (1996) observed an increase in size of 
male and female Gobius bucchichi within 
the no‐take zone of Banyuls MPA. The 
authors explained this finding on the basis 
of increased predation on the smaller speci
mens, as well as the result of an increased 
competition for refugia. Garcia‐Rubies 
(1999) also observed an increase in the num
ber of mid‐ and large‐sized Diplodus sargus 
inside the Medes Islands MPA but also a 
decrease in the number of young of a year 
(YOYs), which could be attributed to a rise 
in predation pressure on small individuals 
during the first year in the adults’ habitat. 
However, the predation on settlers of 
Diplodus spp. was not related to protection 
level, since most of the predators of settlers 
were themselves small species not affected 
by protection (Macpherson et al., 1997).

Effects of Fish on Invertebrates
Sea Urchins The first studies on the 
consequences of increasing fish abundance 
showed a direct effect on sea urchin 
populations in MPAs (Sala et al., 1998). Thus, 
sea urchin density in the Medes Islands MPA 
was four times lower than in the unprotected 
area, and the results of a tethering experiment 
demonstrated that fish predation on sea 
urchins was five times higher in the no‐take 
zone. Other effects of the increased predation 
inside the MPA were lower sea urchin mean 
size, changes in size–frequency  distribution, 
and changes in the behaviour of the sea 

urchins. In a more recent study based on a 
long time series, carried out in the same 
Medes Islands MPA, Hereu et  al. (2012) 
demonstrated that the relationship between 
fish and sea urchins is not as direct as it 
seemed in previous snapshot studies. In 
fact, these authors did not find significant 
long‐term differences in the sea urchin 
density between the protected and unpro
tected areas. The most obvious result was 
that inter‐annual variations in sea urchin 
abundance were less pronounced within 
the MPA than in open areas. But even the 
increase of predation pressure inside the 
MPA cannot cancel out the effects of 
episodic massive recruitment.

Although the effects of higher rates of 
urchin predation within MPAs were not as 
marked as suggested by short‐term stud
ies, there are more subtle results which 
demonstrate that fishes play an important 
role in  regulating sea urchin populations 
in  Mediterranean MPAs. For instance, 
there  is a positive correlation between 
the   abundance of juvenile and adult sea 
urchins inside the MPA, suggesting that 
the survival of juveniles is density‐ 
dependent and is facilitated by the pres
ence of adults. Outside the MPA, no such 
relationship was observed since juvenile 
urchins can move more freely on open 
 surfaces due to the reduced predation 
risk (Hereu et al., 2005). One can conclude 
that although the increasing predation 
rate by  fish does not have a determinant 
effect on total sea urchin abundance, it can 
buffer  extreme variations in recruitment. 
Moreover, the total displacement and home 
range of sea urchins were significantly lower 
inside the MPA.

Spiny Lobsters As a rule, populations of 
exploited species recover inside MPAs, but 
there are some exceptions in which the 
trend is not so  evident. In some cases, the 
population not only does  not recover but 
actually tends to decline. This may be due to 
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different factors: (i) protected areas are too 
small for those species with a large home 
range that regularly exceeds the boundaries 
of the protected area; (ii) an excessive fishing 
pressure outside the protected area can 
affect the populations inside; and (iii) the 
protection favours species that can damage 
others due to an increasing predation 
pressure. This seems to be the case for the 
spiny lobster Palinurus elephas in the Medes 
Islands MPA (Díaz et  al., 2005) where, 
according to a tethering experiment, juvenile 
mortality is much higher within the MPA 
(41%) than outside (17%). The increased 
juvenile mortality results in a progressive 
decline of the lobster population inside 
the  Medes Islands MPA (Figure  2.7), 
contrasting with the trends of other highly 
vulnerable species (Garcia‐Rubies et  al., 
2013). In this particular case, increased 
predation pressure acts along with the home 
range of the lobster (Giacalone et al., 2006) 
which is larger than the protected area 
of  the no‐take zone (93 ha), high fishing 
pressure in the area surrounding the MPA, 
and the high catchability of this species.

On the other hand, opposite trends can be 
observed in larger MPAs, such as Columbretes 
Island MPA, where the lobster population 
has shown a recovery trend according to 
what might be expected in a protected area 
(Díaz et al., 2011) in spite of a high predatory 
fish biomass (Goñi et al., 2006).

Trophic Cascades
A trophic cascade is an indirect effect of 
predators, not only upon prey populations, 
but also on the whole food web, involving 
more than two trophic levels. The simplest 
model of a trophic cascade would include a 
predator (e.g. carnivore), a prey (e.g. herbi
vore) and a primary producer. A trophic cas
cade is a top‐down process in which 
variations in predator abundance can affect 
the structure of the whole community 
(Babcock et al., 1999), that is, once predator 
populations exceed a certain threshold, pre
dation can control prey populations and 
their effects on the community. However, 
when predation is weak, other factors 
become more important in structuring 
communities. The best documented trophic 
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Figure 2.7 Temporal trends of abundance and biomass of the spiny lobster Palinurus elephas in the Medes 
Islands MPA over a period of 20 years. Source: Redrawn from Díaz (2013).
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cascade in the Mediterranean Sea is the 
 relationship between fishes, sea urchins and 
macroalgae on sublittoral rocky bottoms 
(Sala et al., 1998) (Figure 2.8).

It has been noted that in the Mediterranean 
Sea many localities suffered a progressive 
shift from macroalgal canopies to barrens 
as a result of overgrazing by sea urchins, 
with a concurrent large loss of species 
diversity and changes in community struc
ture (Ling et al., 2015). Lack of sea urchin 
predators due to overfishing was claimed to 
be the main factor responsible for barren 
formation, so it was expected that recovery 
of sea urchin predators inside the MPAs 
would ultimately prevent the overgrazing 
by urchins and thus arrest barren formation 

through a trophic cascade, or even lead to 
the recovery of (former) macroalgal cano
pies. The first studies showed that the rela
tionship between fishes, sea urchins and 
algae seemed to be quite straightforward: 
high predator abundance led to an increas
ing predation rate on sea urchins, keeping 
urchins in densities low enough to prevent 
barren formation or even to allow a recov
ery of macroalgal forests. Each step seemed 
to fit perfectly in the model: predatory fish 
were more abundant in the MPA than out
side (Garcia‐Rubies and Zabala, 1990), the 
predation rate increased five times inside 
the  MPA, and the density of sea urchins 
was  significantly lower within the MPA 
(Sala and Zabala, 1996).
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Figure 2.8 Classical model of a trophic cascade due to overfishing in rocky infralittoral algal assemblages. 
Recent studies have demonstrated that factors other than fishing are important in regulating sea urchin 
densities in the Mediterranean Sea. Source: Redrawn from Sala et al. (1998).
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This process is a clear paradigmatic exam
ple of a discontinuous catastrophic regime 
shift that meets all the requirements of such 
phenomena, namely: there is an abrupt 
change from one state to the other that 
occurs once the sea urchins exceed a certain 
threshold of density or biomass; the new 
state is very stable and persists over time as 
sea urchin biomass is maintained after the 
shift, preventing any reversion towards the 
previous state; hysteresis occurs since for a 
reversion to occur, the sea urchin biomass 
must be, at least, one order of magnitude 
less than that which caused the shift. An 
obvious temporal asymmetry is also intro
duced since the shift back to the original 
state takes much longer than the shift for
ward (Ling et al., 2015).

Sea urchin biomass can be maintained 
after the establishment of a barren at the 
cost of sea urchins having to eat encrusting 
algae and sessile invertebrates. They also eat 
any newly settled macroalgae, thus prevent
ing new re‐colonization, although this has 
not yet been shown for the Mediterranean 
Sea. In addition, once the barren has been 
established there are many negative feed
backs tending to reinforce this alternative 
phase and preventing the shift backwards. It 
has been shown that overfishing of preda
tors of sea urchins is a key factor (Guidetti, 
2005) both in the development of barrens 
and in preventing reversion to the original 
state. In the case of the Mediterranean Sea, 
it has been argued that the overexploitation 
of fish that feed on sea urchins is the main 
cause of the formation of barrens, which can 
also be favoured by destructive fishing 
methods (Guidetti, 2011).

Marine Protected Areas are useful in 
maintaining high densities of sea urchin 
predators (mainly the sea bream Diplodus 
sargus and D. vulgaris; Guidetti, 2006). In a 
broad study Guidetti and Sala (2007) found 
that a minimum of 15 adult sea bream per 
100 m2 were necessary to reduce inter‐
annual variation in sea urchin densities by 

preventing peaks occurring due to abnor
mally high annual recruitments (Cardona 
et al., 2007, 2013). Hereu et al. (2012) came 
to a similar conclusion after analysing the 
longest series of data on sea urchin density 
from the Mediterranean. While the average 
density of sea urchins in the Medes Islands 
marine reserve was similar to that found in 
the fished area near the MPA, annual varia
tions within the MPA were much smaller. 
The peaks due to recruitment events leading 
to abnormally high sea urchin densities were 
suppressed in the marine reserve, reducing 
the risk of barren formation and maintaining 
the presence of communities of macroalgae 
(Figure 2.9).

The MPA as a Touchstone: Estimation 
of the Degree of Exploitation 
Outside MPAs

Even though the overall performance of no‐
take, well‐enforced Mediterranean MPAs is 
positive in recovering exploited populations 
(Sala et al., 2012), it must be pointed out that 
in 2012, only 0.012% of the total 
Mediterranean Sea surface was known to 
enjoy this highly protected status (Gabrié 
et al., 2012). This very limited area prevents 
any significant effect at the scale of the 
whole Mediterranean, although local effects 
can be important, even in increasing fishing 
yields (Goñi et al., 2006). In the current situ
ation, protected areas are nothing but a 
small exception, so perhaps the best value of 
MPAs is as the best benchmarks available 
for assessing the resources exploited in the 
other 99.88% or so of the Mediterranean. Up 
to now only McClanahan et al. (2011), in the 
Indian Ocean, and Sala et  al. (2012), in 
the  Mediterranean, have established such 
baseline data.

Results obtained in well‐protected 
Mediterranean MPAs are a good baseline 
reference for the state of exploitation of 
non‐protected areas. According to Worm 
et  al. (2009), an exploited stock whose 
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 numbers do not reach 10% of the unex
ploited biomass (pristine biomass, accord
ing to McClanahan et  al., 2007) can be 
considered to be practically in ecological 
collapse; that, for instance, was the case of 
three species (Epinephelus marginatus, 
Dicentrachus labrax and Sciaena umbra) 
out of six analysed by Garcia‐Rubies et  al. 
(2013).

Although the differences between MPAs 
and fished areas are basically the result of a 
top‐down process (fishing vs. no fishing) 
there are several environmental factors that 
can favour and enhance these differences. 
The Medes Islands MPA (Garcia‐Rubies 
et al., 2013) and other especially favoured or 
‘hotspot’ Mediterranean MPAs (Sala et  al., 
2012) approach what Coll et  al. (2012) 
described as the ideal MPA, that is, a rocky 
outcrop in the open sea, totally exposed to 
winds and currents with a pronounced 
nearby slope and a highly complex (rugose) 
bottom composed of big rocky blocks. 
A  surrounding boundary of sedimentary 

bottoms, preventing spillover (Garcia‐
Rubies et al., 2013), will further help to get 
an elevated rocky reef fish biomass.

Not all the Mediterranean rocky coast 
shows such favourable conditions, but Coll 
et  al. (2012) proposed a model that allows 
prediction of maximum biomass of fish if 
the environmental conditions are known. 
This predictive biomass model was applied 
in 28 exploited sites (N = 260 transects) 
in  the littoral of the Balearic archipelago. 
A mean value of expected total biomass (Bte) 
was obtained for each site, assuming that the 
sites had the maximum protection level. 
In short, Bte is the projected value closest to 
the potential carrying capacity (K) of each 
site, as a proxy of pristine biomass according 
to McClanahan et al. (2007). The difference 
between Bte and the mean biomass observed 
at each site (Bto) gives the degree of exploita
tion of that site as well as its potential for 
recovery. Moreover, one can establish a 
range of Bte values at each site to determine 
whether the resources are within the limits 
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of sustainability. The maximum and mini
mum of these limits were set to 63% and 
35%  of Bte taking into account both tradi
tional target reference points (TRP) from 
maximum sustainable yield and the concept 
of multiple maximum sustainable yield 
(MMSY) for fish assemblages (Worm et al., 
2009), respectively.

Applying the model to exploited areas 
showed that 46% of them are within the 
 limits of sustainability, while 43% are clearly 
overexploited and only 11% could be con
sidered underexploited. The differences 
between no‐take and open areas are evident 
(Figure 2.10). It is interesting to see that the 
areas that can potentially host the greatest 
biomasses are also the ones that show the 
highest differences from the expected bio
mass values. The fact that higher quality 
habitats that might support populations of 
highly vulnerable sedentary fish species with 
limited home ranges, high trophic status 
and long lifespan are especially affected by 
exploitation (i.e. Epinephelus spp., Sciaena 

umbra, Phycis phycis), or are recruitment 
limited (such as Diplodus spp.), could be 
the cause.

The predictive biomass model described 
above has been developed for the littoral of 
the Balearic archipelago and it encompasses 
only the total biomass of 13 commercial 
 species in a narrow range of depths (3–15 m). 
It would be desirable to know the K values 
for each fish species and also to improve 
the sampling methodology to determine the 
habitat requirements at a specific level. 
However, two main results show the appli
cability of the predictive biomass model. 
First the correlation between observed and 
predicted values for the 32 sites studied 
(R = 0.60; p < 0.001) suggests that the envi
ronmental variables included in the model 
are limiting factors for fish biomass, and that 
these factors are also good descriptors of the 
variation in fish biomass throughout the 
entire geographical area of the Balearic 
Islands, representing characteristic rocky 
habitats of the western Mediterranean. 
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The  second key result of this study is the 
high predictive capacity of the model 
when  no‐take areas are tested as controls. 
The expected mean values are almost identi
cal to the observed values and always fall 
within their margins of error.

Spillover and Larval Export

Adults and Juveniles
Marine Protected Areas can benefit neigh
bouring populations through ‘spillover’, that 
is, the net export of adult or juvenile indi
viduals to non‐protected areas (Russ et al., 
2004; Dudley and Hockings, this volume). 
There is some direct evidence of spillover in 
the Mediterranean MPAs. The study on 
spiny lobster in the Columbretes Islands 
MPA was the first to assess spillover from 
tag–recapture data (Goñi et al., 2006, 2010). 
In this case it was estimated that 7% of the 
lobsters residing in the MPA emigrated 
every year to the adjacent fishing grounds, 
providing a net gain of over 10% of the catch 
in weight. A further study on spiny lobster 
using tag–recapture data was done by 
Follesa et al. (2011) to assess spillover in the 
Su Pallosu MPA in Sardinia. The authors 
found a clear gradient of catch per unit effort 
(CPUE) from the MPA boundaries towards 
fishing grounds, with a maximum located 
within about 6 km from the marine reserve 
boundary. The study by La Mesa et al. (2012) 
is the only one in the Mediterranean 
addressing, albeit indirectly, spillover using 
radio‐tracking techniques. It showed that 
the home range of the parrotfish Sparisoma 
cretense extended beyond the boundaries of 
the no‐take area of the Portofino MPA, and 
therefore that spillover was possible. Other 
studies have assessed density/biomass gra
dients across no‐take area boundaries as a 
way to infer spillover, for example Guidetti 
(2007), Harmelin‐Vivien et  al. (2008), 
Forcada et al. (2008), La Mesa et al. (2011) 
and García‐Rubies et al. (2013).

Eggs and Larvae
Spillover can be relevant in those overex
ploited species where reproduction occurs 
mostly in MPAs, for example the dusky 
grouper (Zabala et  al., 1997). Most marine 
organisms have complex life histories that 
include pelagic eggs and larval stages. These 
stages influence dispersal capabilities, 
affecting not only the geographical distribu
tion of the species but also settlement rates 
and patterns of recruitment to the adult 
population, with the resulting effects on 
community structure. Recent studies sug
gest that the extent of dispersal between 
populations is more complex than previ
ously assumed, with water flow dynamics 
and oceanographic discontinuities being 
important factors determining the popula
tion connectivity and settlement intensity 
(Cowen et  al., 2006; Galarza et  al., 2009; 
Schunter et al., 2011a, 2011b, 2014).

In the Mediterranean Sea the large‐scale 
circulation is superimposed on small‐scale 
dynamics (see Boero, this volume). More 
than 500 canyons act as auxiliary engines to 
the main cold engines in the Western 
Mediterranean and the Adriatic Sea. The 
shape of the coast also generates gyres and 
eddies that concentrate nutrients and prop
agules. The portions of marine systems 
where production phenomena are generated 
by the interaction of physical, chemical, bio
logical and ecological processes have been 
termed ‘cells of ecosystem functioning’ 
(Boero, 2015). Each one of these cells has its 
own specific characteristics and can be con
sidered as relatively isolated from other cells 
due to physical boundaries (fronts) that 
reduce exchange of propagules. The cells are 
thus to be considered as the true biogeo
graphical regions, each one with its own 
 biological features. This is why Boero (this 
volume) suggested that each of these cells 
should contain, at least, an MPA network in 
order to preserve the main habitats of each 
cell of ecosystem functioning.
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Populations that are not separated by evi
dent oceanographic boundaries can also show 
a strong genetic isolation, usually related with 
a very low larval dispersal capability of the 
species and a sessile adult life (Duran et  al., 
2004; Carreras‐Carbonell et  al., 2006). This 
genetic isolation has been observed in many 
sessile organisms that constitute a fundamen
tal part of the Mediterranean ecosystems 
(Uriz and Turon, 2012).

In addition, several studies have demon
strated that fish populations are not always 
open and that the proportion of larvae that 
may return to their natal population (self‐
recruitment) is very high (Galindo et  al., 
2006; Almany et al., 2007; Carreras‐Carbonell 
et al., 2007; Schunter et al., 2014). These stud
ies suggest that the extent of dispersal 
between populations is lower than currently 
assumed, as predicted by Cowen et al. (2006), 
affecting the connectivity among populations 
and having important implications for marine 
conservation policies.

Studies on the degree of self‐recruitment 
in Mediterranean littoral fishes suggest that 
the self‐recruited juveniles have lower 
 probabilities of survivorship compared to 
juveniles from other localities (Carreras‐
Carbonell et  al., 2007; Planes et  al., 2009; 
Félix‐Hackradt et  al., 2013). Therefore, the 
degree of connectivity among populations 
can also influence the spillover role of pro
tected areas, the assessment of numerous 
fishery‐exploited species and, in general, 
the  management of marine ecosystems 
(Palumbi, 2004).

This scenario, however, is very different 
for species with very limited larval dispersal 
capabilities (e.g. sponges, ascidians, bryozo
ans and numerous algae). These species 
show a fine‐scale genetic structure with 
genetic differences at distances in the range 
of metres (Duran et  al., 2004; Calderón 
et  al., 2007; Mokhtar‐Jamaï et  al., 2011). 
This genetic structure may be common in 
invertebrates with lecitotrophic larvae. 

Such  invertebrates constitute an essential 
component of coastal rocky Mediterranean 
ecosystems, suggesting that the isolation in 
these species can have a strong effect in the 
dynamics of their populations. No spillover 
is expected for these organisms.

The approach of inferring population con
nectivity through genetic differentiation of 
locations is effective for the identification of 
major biogeographical or oceanographic 
barriers (Planes et al., 2009) and allows for 
the measurement of gene flow across evolu
tionary timescales. Unfortunately, larval tra
jectories remain largely unknown and 
understanding present‐day dispersal pat
terns is still a great challenge. Parentage 
analysis permits the direct estimation of 
connectivity, as the detection of parent–off
spring pairs allows in many cases the move
ment of the offspring to be reconstructed, 
providing direct evidence of dispersal (e.g. 
Almany et  al., 2007; Planes et  al., 2009; 
Saenz‐Agudelo et al., 2011; Berumen et al., 
2012). At present, only one study (Schunter 
et al., 2014) has used this direct measure of 
connectivity in the Mediterranean: it dem
onstrated a limited connectivity, with a 
decrease in dispersal success over 1 km 
 distance and approximately 15% of the col
lected juveniles of Tripterygion delaisi iden
tified as self‐recruits; sibship reconstruction 
analysis found that full siblings in general 
did not recruit together to the same loca
tion, and that the distance between recruit
ment locations was more extensive (about 
11.5 km).

The main conclusions from these results 
are that most coastal species in the Western 
Mediterranean have a reduced level of con
nectivity among populations, and it is likely 
that similar patterns of connectivity are pre
sent in the Eastern Mediterranean too, as 
well as the Black Sea (Öztürk et al., this vol
ume). As a result, islands (e.g. Balearic 
Islands, Ionian Islands, Aegean Islands) are 
mostly isolated from the continental coast 
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and from each other, especially for littoral 
species, although a different situation may 
operate for species inhabiting deeper eco
systems. Therefore, the vulnerability of 
these island ecosystems is higher than for 
the continental coast. These results empha
size the necessity of establishment of MPA 
networks among islands and between the 
continent and the islands. Therefore the 
areas separated by oceanographic disconti
nuities (Schiavina et  al., 2014) should be 
considered as separate management units, 
requiring, at least, an MPA network for each 
unit (Boero, 2015). Finally, considering that 
many structural and/or key species (e.g. 
Paramuricea clavata, some sponges, some 
arborescent algae) have limited gene flow 
between populations, the distance between 
MPAs in the network should be established 
keeping these considerations in mind.

 Management Implications

Anthropogenic factors that threaten marine 
ecosystems are many, complex and often act 
cumulatively or synergistically (Spalding 
et al., 2013). Some are difficult to address, or 
virtually impossible to reverse in the short 
term (e.g. the effects of climate change), 
while others require management measures 
based on different approaches at different 
spatial scales. One of these management 
measures is the establishment of MPAs.

The IUCN defines an MPA as a ‘clearly 
defined geographical space, recognized, 
dedicated and managed, through legal or 
other effective means, to achieve the long‐
term conservation of nature with associated 
ecosystem services and cultural values’ 
(Laffoley, 2008). This is a very loose 
 definition that can lead to many interpreta
tions. The IUCN also defines up to seven 
categories of MPAs but only one includes a 
no‐take zone and limited public access and 
can be considered a marine reserve.

There are various initiatives for the 
 protection of Mediterranean ecosystems 
through MPAs. Many international organi
zations have proposed the creation of 
 networks of MPAs for preserving Medi
terranean ecosystems. Environmental NGOs 
(including WWF, ACCOBAMS, OCEANA 
and MedPAN) and scientific organizations 
(CIESM) have proposed various areas of 
special conservation interest including not 
only coastal habitats at a regional or national 
level, but also large transnational MPAs 
in  offshore or deep‐sea ecosystems (see 
Micheli et al., 2013). The EU is also inter
ested in the use of MPAs as a management 
measure in the Mediterranean Sea. 
Consequently, it has funded some interna
tional research projects, from the mid‐
1990s to the present (e.g. ECOMARE, 
BIOMEX, EMPAFISH, PERSEUS, CoCoNet), 
as well as others, such as LIFE projects. 
These projects have been instrumental in 
promoting international collaboration, 
including scientific publications, reports, 
websites, models and other tools, informa
tion sites for the general public, as well as 
training of personnel who can continue to 
contribute to increasing knowledge of the 
marine ecosystem and the role of MPAs. In 
general, these products have shown the util
ity of MPAs in increasing the biomass of 
natural resources, including increasing fish
eries yields around MPAs, and conservation 
of littoral habitats.

However, the ecological benefits of pro
tection contrast with the sad reality that 
most of the beneficial results shown by the 
Mediterranean MPAs come from no‐take 
zones (i.e. true marine reserves) that repre
sent only 0.012% of the total sea surface 
(Gabrié et  al., 2012). Although there is an 
increasing number of MPAs in the 
Mediterranean and around the world 
(Gabrié et al., 2012; Costello and Ballantine, 
2015), only a few can be considered as really 
effective. Most MPAs are nothing but a false 
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image of protection. Currently, the main 
flaws of many Mediterranean MPAs include:

1) Few MPAs really work as protected areas 
due to poor or no management and 
lack  of effective surveillance and 
enforcement, and, in some cases, no 
implementation of the management 
plans (assuming these exist).

2) Many MPAs are the result of political 
opportunism or spatial considerations 
that have little to do with ecology; that 
is, most MPAs have been established 
where and when it was opportunistically 
 possible for mostly non‐scientific rea
sons, such as in areas where there is 
likely to be least negative reaction from 
stakeholders.

3) Most MPAs seem to be ‘cure‐all’ reme
dies aiming at the conservation of 
‘ biodiversity’ and at the same time 
favouring artisanal fisheries and sustain
able use of resources. These all‐purpose 
MPAs may sound good, but rarely incor
porate  adequate management measures 
and the ecological conditions to achieve 
all these high goals.

4) For many MPAs there is a lack of repre
sentation and of information on what is 
to be protected (no lists of species, no 
habitat mapping and no baselines which 
are necessary to test the effectiveness of 
protection).

5) Most MPAs lack long‐term monitoring 
and adaptive management based on the 
monitoring results.

6) Some MPAs show serious deviations from 
the original objectives due to a bias 
towards economic interests (e.g. tourism).

7) Most MPAs are located in the western 
basin of the Mediterranean Sea; only a 
small number of MPAs have been estab
lished along the North African coast and 
in the eastern Mediterranean basin.

The number of EU‐funded projects aimed at 
testing the effects of MPAs contrast with the 
caution shown by the EU when it comes to 

the effective protection of the Mediterranean 
through the use of MPAs. The Natura 2000 
initiative can be considered only a hesitant 
approach to the issue of protecting the 
coastline and inshore waters; the guide
lines for the establishment of the Natura 2000 
network are based on the Birds Directive 
(2009/147/EC) and Habitats Directive (92/43/
EEC). There is no question that birds are 
an important component of marine ecosys
tems, but they cannot be fundamental 
in  the design of protected areas aiming 
to  protect marine (mostly ‘submarine’) 
 habitats. On the other hand, the Habitats 
Directive includes only 10 marine ‘habi
tats’ (actually mostly geomorphological 
units and habitat complexes), including 
Posidonia oceanica meadows and ‘reefs’, 
which are already protected by law (http://
www.europa.eu.int./comm/environment/
nature/hab‐en.htm).

Considering Natura 2000 sites to be real 
MPAs may even prove counterproductive in 
the Mediterranean since they create a false 
impression of protection when, in fact, no 
actual protection is occurring (Agardy et al., 
2011). The management of these areas 
depends on national and regional govern
ments and, in most cases, can be considered 
negligible or nil (Gabrié et  al., 2013). Only 
25% of these spaces have some kind of man
agement. In some countries (e.g. France, 
Spain), the marine Natura 2000 sites have 
been proposed as actual MPAs to meet the 
targets set out in the Aichi Biodiversity 
Targets of the Convention on Biological 
Diversity (Meinesz and Bienfune, 2015), 
which allows these countries to meet target 
No. 11 which states that ‘10 per cent of 
coastal and marine areas, especially areas 
of  particular importance for biodiversity 
and ecosystem services, are conserved 
through effectively and equitably managed, 
ecologically representative and well con
nected systems of protected areas and other 
effective area‐based conservation’ by 2020 
(see https://www.cbd.int/sp/targets/).
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Spain, for instance, has not hesitated even 
to integrate some of these spaces in a brand 
new ‘network’ of MPAs (the so‐called 
RAMPE: Spanish Network of Marine 
Protected Areas), grouping several areas with 
very different management levels (from 
Natura 2000 sites, to well‐protected marine 
reserves). The possible connectivity among 
MPAs has almost certainly not been taken 
into account in this Spanish network. In 
short, this indicates that although the Aichi 
target No. 11 is officially met, in practice 
much less than 10% of the area is conserved 
and properly managed. The situation in other 
Mediterranean countries may be similar.

Among European countries, the most 
coherent policy towards MPAs seems to be 
that of Italy, which does not include the 
Natura 2000 sites in the Aichi target, but is 
based on the establishment of 29 well‐man
aged MPAs (Meinesz and Bienfune, 2015), 
all of them with the same zoning, effective 
protection (including at least one no‐take 
area) and a similar management regime. 
Hence the Italian MPAs form effective con
servation and geographical networks in 
which no‐take areas are included.

Although the number of Mediterranean 
MPAs that function as effective protected 
areas are few, several international organiza
tions are presently promoting the establish
ment of networks of MPAs. These networks 
have to meet the minimum requirements of 
representativeness, effectiveness, replicabil
ity and connectivity (IUCN‐WCPA, 2008). 
The first step in creating a conservation 
MPA network (Beal et  al., this volume) is 
that  the component sites have effective 
 management to ensure good protection of 
threatened habitats and species. In this 
sense, the  initiative to establish a list of 
Specially Protected Areas of Mediterranean 
Importance (SPAMI) seems much more real
istic than to merely consider marine Natura 
2000 sites as effective MPAs. At least, the 
candidate areas to be included in SPAMI 
meet certain minimum requirements, 

including having a legal status and protec
tion, planning and management measures. 
However, laudable initiatives such as the 
detailed Mediterranean MPAs Roadmap 
(http://www.medmpaforum2012.org/sites/
default/files/mediterranean_mpa_roadmap.
pdf) do not impose the minimum require
ments of management and effective enforce
ment for the MPAs to be integrated into the 
networks, and include Natura 2000 zones as 
MPAs. Assembling ‘paper MPAs’ into a 
nominal network will not improve the 
situation.

It seems that the EU lacks the political will 
to enforce the minimum requirements that 
any European MPA should have to be con
sidered a real MPA. In this regard the EU 
should evaluate the existing and future 
MPAs based on some criteria such as seri
ous management and means to ensure the 
effective protection of the ecological and 
biological features that the MPAs were set 
up to conserve. The minimum requirements 
for any coastal MPA to be approved by the 
EU would be similar to those proposed by 
Meinesz and Bienfune (2015):

1) All the MPAs must include a representa
tive no‐take area in which fishing should 
be absolutely banned and a buffer zone in 
which a limited amount of fishing could 
be allowed, excluding the more harmful 
methods (e.g. spear‐fishing) in order to 
preserve the local artisanal fishery.

2) There must be effective enforcement of 
protection measures with a sufficient 
number of wardens and the means that 
allow an efficient surveillance of the 
 protected area.

3) There must be clear protection objec
tives, and avoidance of the misinterpre
tation and wrong implementation of 
such objectives that could lead to misuse 
of protected areas.

Such effective MPAs may serve to protect 
biologically rich habitats, restore overex
ploited stocks of target species, resolve user 
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conflicts and ameliorate degraded areas. 
Therefore the establishment of MPAs taking 
into account the above minimum criteria 
will eventually lead to better management 
and protection of marine species and habi
tats, particularly if MPAs form an ecologi
cally coherent network linking cells of 
ecosystem functioning. However, routine 
monitoring of reserves is far from common 
and, in general, the elements conferring 
effectiveness have in many cases not yet 
been established. Management of future 
Mediterranean MPA networks is also chal
lenged by lack of information on habitat 
 distribution, and on how populations are 
connected between habitats and MPAs 
through dispersal of pelagic larvae or 
propagules.

The present overview of the ecological 
effects and benefits of MPAs gives rise to 
several issues that have implications for 
management. In particular, good manage
ment of MPAs and MPA networks should 
take the following into account:
1) The carrying capacity (K) for exploited 

species is a key factor that is indicative of 
management effectiveness; management 
actions should focus on attaining K 
values.

2) The magnitude of K values and time to 
attain them depend on various factors, 
including the life history of the species, 
extent of protection and environmental 
features of the area. Predictive biomass 
modelling can be used to determine the 
K values under a particular set of circum
stances and hence to monitor the effec
tiveness of MPAs; therefore collection of 
the required environmental data for 
 biomass modelling should be built into 
management plans.

3) Since environmental features play a role 
in determining the extent of population 
recovery, the physical environment 
itself must also be managed. In addition, 
when designing MPA zoning schemes, 

those areas having the ‘best’ habitat for 
the most vulnerable species, or habitats 
which are more susceptible to adverse 
effects, should be chosen as no‐take 
zones.

4) Activities that are of particular concern 
(e.g. spear‐fishing in the case of large 
long‐lived predatory fish species) may 
need to be banned even outside no‐take 
zones, while other activities will need to 
be regulated. The extent of regulation 
for different activities will depend on the 
objectives of the MPA.

5) Buffer zones can only serve as ‘buffers’ if 
they are adequately managed. In the 
absence of management measures, these 
zones would be similar to non‐protected 
areas and may even be counterproduc
tive, leading to excessive fishing pressure 
outside the fully protected areas that can 
even affect the populations inside. 
Management plans should include care
fully designed zoning schemes to reduce 
such impacts, for instance through 
 having a set of nested buffer zones, each 
with a different regulatory regime.

6) MPAs should not be managed solely for 
recovery of top predators since prey spe
cies are equally important for maintain
ing a functioning ecosystem and some 
prey species are themselves of conserva
tion concern. In addition, prey abun
dance is itself a factor that can influence 
the carrying capacity of the system for 
top predators. Management must there
fore take prey species into account and 
actions that favour a balance between 
predator and prey populations may be 
needed; for example, management of the 
physical habitat should not focus solely 
on habitats that yield maximum biomass 
of predators but also habitats that offer 
shelter to their prey. This should ulti
mately lead to MPAs having an ecosys
tem structure and function that is similar 
to that found in pristine environments.
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7) MPAs should be large enough to pro
tect substantial portions of populations 
of sedentary species since MPAs that 
are much smaller than the home range 
of a species offer inadequate protection 
for such species. In such circum
stances, management may therefore 
involve extending the areas of MPAs or 
linking adjacent MPAs through con
nected  corridors where activities are 
regulated.

8) MPAs should be linked into an ecologi
cally coherent network; ‘connectivity’ 
should therefore be built into any 
 management plan. This can be taken 
into consideration when designing 
MPA   networks to allow connectivity 
through eggs, larvae and propagules; 
such connectivity cannot be assumed 
and must be ascertained through appro
priate research. For already existing 
MPAs, connectivity may be enhanced 
through establishing ‘protected corri
dors’ between the MPAs or having large 
buffer zones linking neighbouring 
MPAs, where activities are regulated.

9) MPA effectiveness is also linked to the 
level of enforcement of, and compliance 
with, the protection measures; setting 
protection levels on paper may be easy 
but enforcement is difficult. Compliance 
is a function of both enforcement and 
stakeholder education; therefore, man
agement actions should also focus on 
educating stakeholders.

We hope that these considerations will 
aid  the formulation and implementation 
of  appropriate management plans for 
Mediterranean MPAs in the near future, 
which, together with the establishment of a 
functioning network of MPAs whose design 
is based on sound scientific data on the 
 distribution of species, habitats and their 
connectivity patterns, will ultimately serve 
to improve the health of one of the world’s 
hotspots of marine biodiversity.
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 Introduction

Marine Protected Area (MPA) networks are 
a means of amplifying the ecological, social 
and economic benefits of single MPAs. 
The  International Union for Conservation 
of Nature (IUCN‐WCPA, 2008) defines 
MPA networks as

a collection of individual marine pro
tected areas (MPAs) or reserves operat
ing co‐operatively and synergistically, at 
various spatial scales and with a range of 
protection levels, that are designed to 
meet objectives that a single reserve 
 cannot achieve.

Well‐planned networks should provide 
connectivity and ensure that ecosystem 
processes are maintained (NRC, 2000; 
Garcia‐Rubies et al., this volume). Networks 
can also spread risk by protecting threatened 
species, habitats and ecosystems across a 
wide area, securing their survival in the event 
of local extirpations.

The importance of developing MPA net
works to halt biodiversity loss and protect 
marine ecosystems has been widely 
endorsed (SPA/BD Protocol, 1995; IUCN‐
WCPA, 2008; UNEP‐WCMC, 2008; JNCC 

and Natural England, 2010), and supported 
by various guidelines for designing and 
establishing MPA networks (e.g. IUCN‐
WCPA, 2008; Laffoley, 2014). However, in 
spite of repeated calls to establish networks 
of MPAs, little attention has been paid to the 
specific characteristics of, and management 
approaches for, such networks. Indeed, as 
the very broad scope of the IUCN definition 
makes clear, ‘MPA networks’ can be a very 
flexible concept which may defy attempts 
to  devise standardized approaches. For 
example, while various guidance on manag
ing and assessing the effectiveness of indi
vidual MPAs is available (see Dudley and 
Hockings, this volume), the basic principles 
for  network management and indicators to 
measure the success of achieving network 
objectives have not been clearly identified 
(UNEP‐WCMC, 2008).

Based on a review of a wide variety of 
MPAs in the Mediterranean and Black Seas, 
this chapter sets out to show how networks 
are formed, and propose a typology of net
works based on the MPA management 
objectives. As such, it seeks to elucidate 
from the empirical evidence what the IUCN 
definition encompasses in practice. The 
conclusions drawn are that there are at 
least  seven categories of network, broadly 
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understood in legislation, literature and by 
MPA managers and stakeholders; that these 
are formed through various mechanisms 
ranging from ad hoc to more or less system
atic; and that they can overlap both spatially 
and temporally.

 Network Formation 
Characteristics

There are several general characteristics 
shown across all MPA network types. 
Some,  such as planned or unplanned 
 networks, arise from the network formation 
process. Others, such as spatial and tempo
ral overlaps, are an emergent property of 
network formation itself. These characteris
tics  interact at the site level so that no MPA 
will belong to a single network type, but will 
 represent a node in different  network 
types  according to its own  properties and 

functions. This multiplicity of MPA net
works is shown schematically in Figure 3.1.

Unplanned (Ad Hoc) Networks

Unplanned or ad hoc (Grorud‐Colvert et al., 
2011) networks typically consist of MPAs 
which have been designated on a case by 
case basis to protect particular charismatic 
features (species and habitats) which are 
well known to scientists and/or attract many 
visitors (especially divers), and which were 
under threat. Most early MPAs, particularly 
in the Mediterranean which has both high 
biodiversity and intense human use, were 
established on these grounds and were not 
deliberately intended to form a network 
(Grorud‐Colvert et al., 2014). In due course, 
as the number of MPAs grew, they were first 
grouped in national geographic networks 
(also called MPA systems), and then 
 incorporated in various functional networks 
that are more or less recognized today 
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Figure 3.1 Schematic representation of nested and overlapping MPA network types. Artwork: Barbara Creed.
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(see  next section). As a result, unplanned 
networks have become rare, but their 
 vestiges can still be discerned (sometime as 
anomalies) in planned networks.

Planned and Semi‐Planned 
Networks

(Semi‐)planned networks are formed by 
the  application of predetermined criteria, 
usually enshrined in legislation or interna
tionally accepted principles (e.g. Convention 
on Biological Diversity, 2004), in order to 
reach explicit conservation targets rooted 
in  the concept of systematic conservation 
 planning (Margules and Pressey, 2000). In 
planned networks, for example the proposed 
UK Marine Conservation Zone network 
(JNCC and Natural England, 2010, 2012), 
the locations of the MPAs are largely defined 
prior to their designation.

Semi‐planned networks also have targets 
and criteria, but the exact locations of MPAs 
are not predicated on them. For example, 
the European Natura 2000 network (estab
lished from implementation of the EU 
Birds Directive, 2009/147/EC, and Habitats 
Directive, 92/43/EEC) is designed around 
unifying conservation features (habitats and 
species of European importance) to ensure 
that representative and replicate examples of 
them are included in the network (Evans, 
2006; Braun, this volume). However, the loca
tions of specific sites are not defined in 
advance (e.g. from models) but from an 
ongoing  process of information gathering and 
negotiation among stakeholders. Moreover, 
the criteria (the lists of habitats and species 
of  European concern) are amended each 
time a new member state joins the EU.

Overlapping Networks

It is axiomatic that all network types will 
overlap spatially and temporally, and that 
individual sites will serve as nodes in several 
network types. This means that sites and 
networks can be mutually supporting 
and synergistic in achieving their aims.

At the site level, for example, the Telašćica 
Nature Park in Croatia has management 
objectives relevant to conservation, geo
graphic, socio‐economic, collaborative and 
cultural network types (Puhov et al., 2012). 
The conservation network is supported 
because the site is designated based on the 
presence of important habitats and species, 
in particular Posidonia meadows. The MPA 
forms part of the Croatian, Adriatic and 
Mediterranean geographic networks. It has 
aims relating to sustainable fisheries man
agement and improving the quality of  tourist 
experiences of the park, so it could be inside 
a socio‐economic network. As a member of 
MedPAN, the park administration contrib
utes towards the Mediterranean collabora
tive network. Finally, Telašćica promotes the 
preservation, protection and promotion of 
cultural and historical heritage which quali
fies it for membership of a cultural network.

Networks as a whole will overlap in many 
different combinations, each strengthening 
the others. For example, the Spanish Marine 
Reserves Network is primarily a socio‐ 
economic network (Goñi et  al., 2015). Its 
main aim is to protect the fish resources of 
artisanal fishermen by creating no‐take zones 
which prohibit all forms of fishing. It also con
tributes towards a conservation network  by 
protecting biodiversity through preventing 
harmful fishing activities (Goñi et al., 2015). 
Furthermore, it supports a cultural network 
by preserving traditional fishing for  local 
 people. Another example of how networks 
can assist each other is the Mediterranean 
collaborative network formed by MedPAN. 
This network conducts workshops which 
promote good governance, socio‐economic 
development and cultural preservation 
(Gabrié et al., 2012).

Nested Networks

Nested networks (or network subtypes) 
occur when one or more networks are 
 situated within one of a higher level and 
therefore have a more direct relationship 
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than sharing some degree of overlap. 
The most obvious examples are geographic 
networks which can start as a quite local 
network (a stretch of coast or a group of 
islands), within a national network, which 
in  turn is part of a regional network (e.g. 
sea  basin) and ultimately all geographic 
 networks are part of the global MPA net
work. Other networks can also be nested 
 according to particular themes. Thus a 
 conservation network could include subsidi
ary networks for marine mammals, fish, 
habitat types and so on each with its own 
associated interest groups, stakeholders and 
activities.

 MPA Network Typology

Building on previous work by Grorud‐
Colvert et al. (2011, 2014), a review was con
ducted of MPA management plans and 
networks described in the Mediterranean 
and Black Seas (including existing and pro
posed MPA networks, guidance documents 
and the wider MPA network literature). In 
total, 15 management plans were reviewed: 
six from the Black Sea, six from the 
Mediterranean Sea, plus for comparison two 
from the North Sea (Germany) and one from 
the Caspian Sea (Russia) (Table 3.1). In addi
tion, 36 documents relating to MPA net
works were reviewed. As a result, an MPA 
network typology was developed (Table 3.2), 
comprising seven main categories:

 ● Conservation
 ● Connectivity
 ● Socio‐economic
 ● Geographic
 ● Collaborative
 ● Cultural
 ● Transnational.

Each of the main categories has several 
subtypes that further refine the respective 
network characteristics and are described 
further below.

Conservation Networks

Conservation networks are those in which a 
system of sites aim at protecting features of 
conservation importance through the prin
ciples of representation, replication and 
adequacy. Networks which utilize these 
principles are intended to protect the fullest 
possible range of biodiversity and preserve 
viable populations (Margules and Pressey, 
2000).

Conservation networks are typically 
established according to predetermined cri
teria, typically identified in legislation or 
guidelines. Conservation features normally 
refer to species and habitats, but geological 
and geomorphological formations are often 
included. There is also an increasing trend 
to protect ecological processes or ecosystem 
functions (Pereira and Navarro, 2015; Boero, 
this volume). Sites within a particular con
servation network should be linked by a 
common list of conservation features, allow
ing coherent management strategies to be 
developed across all sites.

Connectivity Networks

Connectivity networks are specifically 
designed to preserve the movement and dis
persal of propagules, larvae, juveniles or 
adults, including habitat‐forming species. 
Ecological coherence is achieved by protect
ing sites where genetic exchanges are known 
to occur. Connectivity is often a stated aim 
of conservation networks (IUCN‐WCPA, 
2008; JNCC and Natural England, 2010) and 
is assumed to be attained by an appropriate 
spacing of MPAs within the network. 
However, due to a lack of knowledge of con
nectivity patterns, and/or because of the 
complexity and plethora of species‐specific 
connectivity patterns, it is difficult if not 
impossible for one network to ensure con
nectivity for all species of interest (except 
perhaps at very broad scales). Moreover, 
the  degree of connectivity between sites 
can  vary according to the approach taken 
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(e.g. physical oceanography, propagule dis
persion, beta diversity index or genetics). 
Due to these factors, connectivity networks 
should have clearly stated aims, probably 
limited to a small number of key features 
(e.g. habitat‐formers or species with frag
mented distributions).

Socio‐economic Networks

The ecosystem approach recognizes that 
humans are an integral part of the marine 
environment and therefore human uses and 

impacts need to be taken into account and 
managed in a sustainable way; thus the 
IUCN guidelines on establishing MPA 
 networks (IUCN‐WCPA, 2008) state that 
socio‐economic development should be 
an  objective of all networks and in fact 
many existing MPAs and MPA networks fit 
within the socio‐economic network category. 
Socio‐economic networks provide a discrete 
platform for managing marine resources 
and uses with positive environmental, social 
and economic benefits. Conservation is not 

Table 3.1 MPA management plans included in the MPA network review process.

Site Country Region Reference

Strandzha–Igneada Bulgaria/
Turkey

Black Sea Muresan et al. (2014)

Kholketi National Park Georgia Black Sea Gabunia et al. (2004)
Vama Veche – 2 Mai Romania Black Sea Magda Nenciu, in litt., 

17 March 2015
Black Sea Biosphere 
Reserve

Ukraine Black Sea Galina Minicheva, in litt., 
31 March 2015

Small Phyllophora Field Ukraine Black Sea Goriup (2009)
Zernov’s Phyllophora Field Ukraine Black Sea Galina Minicheva, in litt., 

31 March 2015
Telašćica Nature Park Croatia Mediterranean Sea Puhov et al. (2012)
Pelagos Sanctuary France/

Monaco/
Italy

Mediterranean Sea Notarbartolo di Sciara 
and Hyrenbach (2007)

Rosh HaNiqra – Akhziv 
Nature Reserve

Israel Mediterranean Sea López et al. (2004)

Qawra/Dwejra 
Heritage Park

Malta Mediterranean Sea MEPA (2010)

Rdum Majjiesa to Ras 
ir‐Raheb Cave

Malta Mediterranean Sea Tunesi et al. (2003)

Zembra and Zembretta 
Marine National Park

Tunisia Mediterranean Sea Orueta and Limam (n.d.)

Borkum Riffgrund Nature 
Conservation Area

Germany North Sea Eva Schachtner, in litt., 
1 April 2015

Vorpommersche 
Boddenlandschaft 
National Park

Germany North Sea Eva Schachtner, in litt., 
1 April 2015

Astrakhanskii State 
Nature Biosphere Reserve

Russia Caspian Sea UNESCO‐MBP (2007)
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always a primary objective but is always 
addressed. While some socio‐economic net
works are based purely on managing marine 
resources for exploitation (e.g. the Spanish 
Marine Reserves Network; see box) the sus
tainable management methods often align 
with conservation methods.

 

Case Study: Spanish Marine Reserves 
Network

Ten reserves were established between 
1986 and 2007, by the General Secretary for 
Fisheries (GSF), with the primary goal of 
 sustaining fisheries for artisanal purposes. 
No fishing activities are allowed in the 
reserves, which range in size from 457 ha 
to  70 439 ha and include sites in the 
Mediterranean Sea and Canary Islands. 
The results have been positive for both fish-
ermen and biodiversity, with noticeable 
increases in biomass (both inside and out-
side the reserves) for the dusky grouper 
Epinephelus marginatus and European spiny 
lobster Palinurus elephas. The reserves also 
act as study sites for assessing the effects 
of  invasive species and climate change 
(Goñi et al., 2015).

Geographic Networks

Most existing MPA networks are built on 
geographic principles within jurisdictional 
boundaries based on the UN Convention on 
the Law of the Sea (see Braun, this volume). 
They range from relatively local (provincial) 
to national systems and ultimately interna
tional, for example the Mediterranean 
SPAMI network (SPA/BD Protocol, 1995), 
the HELCOM MPA network in the Baltic 
Sea (Baltic Marine Environment Protection 
Commission [HELCOM], 2013) and the 
OSPAR north‐east Atlantic MPA network 
(Commission for the Protection of the 
Marine Environment of the North‐East 
Atlantic [OSPAR], 2013). The EU Natura 

2000 network of MPAs is a unique example 
of an international geographic network 
established by common legislation (the EU 
Birds and Habitats Directives). By building 
conservation networks from the bottom up, 
through a geographic approach, the founda
tions for larger networks can be laid. For 
instance, national networks form the basis 
of ecoregion networks, which form the 
basis of regional networks, which form a 
global network. It follows that all other 
 network types will fall within a geographic 
network at some level, even if not formally 
declared. Geographic networks enhance 
the other networks by nesting different 
 levels of governance and features within 
appropriate spatial boundaries. The estab
lishment and/or expansion of geographic 
MPA networks is currently driven by the 
10% marine area coverage target set by the 
Parties to the Convention on Biological 
Diversity (UNEP/CBD/COP/10/27/Add.1).

Collaborative Networks

The objectives of collaborative networks are 
to promote interaction between members in 
order to improve area‐based planning, man
agement, implementation or monitoring of 
marine resources and associated uses. 
Essentially, these are social networks where 
members share knowledge and experiences.

Examples of such networks exist in the 
Mediterranean (MedPAN; see Webster, this 
volume), the Caribbean (CaMPAM) and 
Pacific (LMMA) (UNEP‐WCMC, 2008; 
CaMPAM, 2009; LMMA, 2015). They are 
often important facilitators for creating 
 ecologically coherent networks (UNEP‐
WCMC, 2008), especially where the existing 
networks are unplanned and lack a coherent 
governance structure.

Cultural Networks

Cultural networks comprise sites protected 
for their historical or cultural importance 
(e.g. shipwrecks or sunken settlements)  
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and/or where special seascapes are present. 
They can be seen in the various UNESCO net
works (UNESCO, 1972; Dizon et al., 2013) and 
implementation of the European Landscape 
Convention (Council of Europe, 2000). 
Protection measures typically involve prevent
ing activities that would damage the features 
and preserving cultural heritage. Cultural net
works, like socio‐economic networks, include 
and encourage responsible human activities, 
and have important roles in supporting nature 
conservation and  promoting public awareness 
(IUCN‐WCPA, 2008; Laffoley, 2014).

Transnational Networks

The objective of transnational networks is 
to promote the co‐management of natural 
resources across national boundaries, 
requiring special cooperation with com
mon goals to ensure effective management 
(e.g. Natura 2000 network, Pelagos Marine 
Mammal Sanctuary). Transnational net
works of sites may overlap heavily with 
conservation networks, but they require 
specific governance approaches which 
support their recognition as an individual 
network type. They are  recognized by 
IUCN as Transboundary Protected Areas 
and Peace Parks (Vasilijević et al., 2015) and 
may comprise planned or semi‐planned net
works. For instance, the EU Natura 2000 
network is a semi‐planned transnational 
network co‐managed by all Member States 
with the aim of achieving favourable con
servation status for habitats and species of 
European importance.

 MPA Network Management 
and Monitoring

It is evident from the foregoing analysis and 
discussion of MPA network types that 
 management and monitoring of individual 
sites at a network level must take explicit 
account of which types of network that site 

lies within and contributes to. Otherwise, 
synergistic opportunities may be missed, or 
worse, important network features eroded 
because they were overlooked. The effective 
management and monitoring of MPA net
works therefore requires both top‐down and 
bottom‐up approaches. In the former, indi
vidual sites should be categorized according 
to the network types relevant to them; and 
in the latter, the management plans should 
include specific objectives and activities that 
ensure they sustain their contributions 
to  those networks (Table 3.3). This section 
provides a starting point for developing 
site‐based, network‐aware management 
approaches for MPAs in the Mediterranean 
and Black Seas.

Conservation Network Sites

General Description
A system of sites aimed at protecting fea
tures (species, habitats, geological and geo
morphological formations) of conservation 
importance established according to prede
termined criteria. Features to be protected 
are typically identified in legislation.

Purpose
Generally designed to protect certain spe
cific features, showing the full range of their 
variation, in a viable condition, by represen
tation, replication and adequacy of features, 
across a range of sites.

Features/Uses
A conservation network is based on includ
ing enough sites to ensure representation, 
replication, adequacy, viability, connectivity 
and protection for specified features 
using  best available evidence (JNCC and 
Natural England, 2010; Laffoley, 2014). 
Correspondingly, at a network level, there 
should be a common list of features of 
 conservation interest (Laffoley, 2014). The 
required management activities are focused 
on protecting the designated features and so 
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are dependent on the specific features pre
sent, but they usually rely on zonation (from 
strictly protected to regulated use zones; 
Ballantine, 2014), and reduction of external 
impacts. A further important aspect of man
agement is enforcing rules and regulations 
designed to protect designated features. 
Network members should make use of 
remote surveillance systems for detecting 
illegal activities, such as the Virtual Watch 
Room (Pew Charitable Trusts, 2015) and 
Global Fishing Watch (Global Fishing 
Watch, 2014) which assist MPA managers to 
identify illegal fishing activities. Where nec
essary, surveillance should be supported 
by  coercive enforcement at site level, by 
 conducting physical patrols to discourage all 
illegal activities.

Monitoring and Assessing 
Effectiveness
By definition, a conservation network is 
deemed effective if all the specified features 
show a full range of variation and are pre
sent in a viable condition (in terms of for 
example spatial distribution, abundance and 
population dynamics). This can be deter
mined by implementing appropriate moni
toring protocols for each feature that are 
consistent across each site in the network. 
Ideally, the network should deliver a spillo
ver or source effect that helps to maintain 
features outside the MPA network. Clearly, 
external effects such as climate change, pol
lution, altered hydrological patterns and 
invasion by alien species can undermine the 
effectiveness of a conservation network. 
Including non‐network sites in the monitor
ing programme can help to determine 
whether the network is performing better 
than having no network.

Governance
The governance structures of conservation 
networks will generally flow from the site 
administration up to a multinational body, 

with each level having responsibility for the 
design, coordination and assessment of man
agement and monitoring delegated to the 
lowest appropriate level. The overall struc
ture should be concerned with issues such as:

 ● Establishing the common conservation 
features of the network

 ● Identifying gaps and adding/designating 
new sites in the network

 ● Developing standards for monitoring con
servation features

 ● Ensuring data quality and control, and 
sharing information within and beyond 
the network (applying the guidelines for 
the INSPIRE Directive, 2007/2/EC)

 ● Developing ‘best practice’ codes for site 
and network managers, including emer
gency response procedures

 ● Sharing resources between network mem
bers for enforcement and monitoring 
activities

 ● Developing national and multilateral leg
islation to strengthen the network.

Connectivity Network Sites

General Description
A system of sites connected by, and designed 
to maintain, the unimpeded movement and 
dispersal of propagules, larvae, juveniles or 
adults (including habitat‐forming species).

Purpose
To ensure ecological coherence of marine 
biodiversity by providing protection to sites 
important for genetic exchange.

Features/Uses
The key feature of a connectivity network is 
its deliberate design based on evidence. 
Some legislation (e.g. CBD resolutions, EU 
Habitats Directive – see Braun, this volume) 
refers to connectivity as a criterion for 
 establishing MPA networks. However, 
 connectivity processes vary greatly among 
species (depending on larval lifespans and 
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recruitment techniques), regions ( depending 
on current patterns) and over time (due to 
variations in fecundity and currents) 
(Ballantine, 2014). Moreover, connectivity 
can be assessed in relation to oceanography 
(how currents spread propagules), beta 
diversity (the degree of similarity of site 
communities), and genetics (closeness of 
genotypes between sites). Therefore, a con
nectivity network has to define which habi
tats and/or species it is addressing so that 
enough sites, at a relevant scale and scope 
(i.e. including the high seas), can be included 
to maintain a sufficient degree of genetic 
exchange between them (whether as sources 
or sinks or both).

Monitoring and Assessing 
Effectiveness
Assessing and confirming connectivity 
within a network is a significant challenge 
(OSPAR, 2013; Grorud‐Colvert et al., 2014): 
considerable inter‐species variation means 
it is difficult to assess connectivity in a gen
eral sense. Large‐scale movements of prop
agules and larvae dispersed by established 
current systems are fairly well understood 
and connectivity between sites can be 
inferred through analysis of them. However, 
more localized current patterns are less well 
known but could have equally important 
effects on connectivity through local disper
sal of propagules. Conducting systematic 
sampling and DNA analysis of the target 
organisms within existing MPAs can estab
lish the degree of genetic similarity and iso
lation between sites, helping to identify 
which sites are well connected to each other, 
and where gaps in the network are apparent, 
with respect to the target organisms. 
However, this is a time‐consuming and 
expensive process and is likely to be beyond 
the resources of network and site managers 
at the current time. Ironically, monitoring 
the spread of invasive alien species can help 
to elucidate connectivity between sites 

(Otero et al., 2013) while improving under
standing of how invasive species colonize 
new areas. Meanwhile, the OSPAR network 
uses the proxies of replication, representa
tion and adequacy to assess connectivity 
(OSPAR, 2013).

Governance
Connectivity networks are most likely to be 
nested within conservation and geographic 
network types, so the governance structures 
of those networks should be responsible for 
monitoring connectivity. This can be done 
by including expert knowledge (e.g. setting 
up a connectivity working group) within the 
governance system to ensure the topic is 
properly addressed.

Socio‐economic Network Sites

General Description
A system of sites where marine resources are 
managed for social and economic benefits.

Purpose
To protect and manage the use of marine 
resources in a sustainable manner.

Features/Uses
Socio‐economic networks are defined by the 
presence of activities which exploit marine 
resources (whether consumptive or non‐
consumptive). The primary aim is not always 
conservation but it is always a by‐product at 
both network and site levels. Typical activi
ties include fisheries, mineral extraction, 
tourism and renewable energy generation. 
Where fisheries are managed, no‐take areas 
should be established which provide benefits 
(increased fish catches) outside the no‐take 
zone due to spillover effects (FAO, 2011). 
Tourism generates economic benefits by 
 providing jobs and additional income to 
local  people, and social benefits for the 
 visitors (recreation, health improvement). 
Renewable energy schemes like offshore 
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wind farms (OWFs) and tidal turbines 
deliver  socio‐ economic benefits through 
the  creation of jobs and clean energy 
 production, and there can be conservation 
gains from increased habitat heterogeneity 
(Ashley, 2014). Offshore wind farms also 
relieve  pressures on fisheries by acting as 
de‐facto no‐take zones.

Monitoring and Assessing 
Effectiveness
The monitoring programme for the sites 
and network has to cover direct and indirect 
parameters. Direct parameters include eval
uating the status of biodiversity, especially of 
any wild species that are harvested, and for 
aquaculture, the impact of feeding and 
chemicals used. Indirect parameters include 
level of  harvests outside the network sites, 
amount of power generated, employment 
changes,  visitor numbers, entry charges and 
so on. MedPAN has developed guidance on 
assessing recreational and artisanal fishing 
(Font et al., 2012) and on monitoring tour
ist/visitor numbers at a site level (Le Berre 
et al., 2013) which should be adopted across 
the network.

Governance
The governance structure of a socio‐economic 
network depends largely on whether the 
 network is planned (e.g. a series of OWFs, 
or  fishery sanctuaries) or nested within 
another type (e.g. sustainable tourism 
within conservation networks), or even a 
combination of both. Planned networks will 
normally come under the supervision of a 
national, or in the high seas an interna
tional, authority. A network nested in 
another type is usually not under a dedi
cated authority, and is more informally 
managed through cooperation between the 
network members. Socio‐economic net
works are most likely to have some form of 
dedicated enforcement measures to protect 
their attributes, whether coercive (patrols 

and physical presence of guards) and/or 
through the use of economic instruments 
(EIs). As EIs comprise market‐based fiscal 
incentives they are often more effective 
than legislation‐based tools (Ojea et al., this 
volume). In any case, the governance struc
ture should be responsible for the following 
aspects of network management:

 ● Setting sustainable use thresholds (e.g. 
fishing quotas, visitor numbers, suitable 
tourism activities, etc.)

 ● Establishing methods for assessing 
effectiveness

 ● Setting standards for direct and indirect 
monitoring schemes

 ● Sharing resources between network mem
bers for enforcement and monitoring 
activities

 ● Ensuring data quality and control, and 
sharing information within and beyond 
the network (applying the guidelines for 
the INSPIRE Directive, 2007/2/EC)

 ● Developing ‘best practice’ codes for site 
and network users.

Geographic Network Sites

General Description
A system of sites in a given area contributing 
to protected area coverage and conservation 
targets within that area.

Purpose
To achieve conservation and protected 
area coverage targets within a defined geo
graphical area.

Features/Uses
Geographic networks are typically scaled 
versions of one or more networks, and 
 ultimately all MPAs form part of a global 
geographic network. They have explicit 
 spatial boundaries (such as regional, 
national, sea basin) and always contribute 
towards conservation targets within that 
area. Links  between geographic network 
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sites can  be multiple and include locality, 
 conservation features or management 
 objectives. Examples of geographic net
works include:

 ● Natura 2000 network (protecting marine 
conservation features within the EU 
region)

 ● Specially Protected Areas of Medi
terranean Importance under the Barcelona 
Convention

 ● MPA network of Ukraine.

Monitoring and Assessing 
Effectiveness
The effectiveness of national MPA geo
graphic networks is related to the degree to 
which they meet coverage targets of the 
marine environment. The effectiveness of 
other geographic networks can be assessed 
according to the strength of collaboration 
and joint activities between its constituent 
MPAs.

Governance
Governance structures will vary depending 
on the scale and general purpose(s) of the 
network, as well as the extent to which the 
network is embedded in legislation. Small‐
scale geographic networks will normally 
operate more coherently than large, multi
national ones as decisions can be made more 
quickly the fewer the parties involved. This 
suggests that geographic networks should 
be composed of relatively small discrete 
regional units nested within increasingly 
larger scale areas. The overall aim of any 
governance structure should be to ensure 
that network members contribute to the 
success of the network by:

 ● Identifying gaps and adding/designating 
new sites in the network

 ● Developing national and multilateral leg
islation to strengthen the network

 ● Identifying and jointly acting on common 
concerns across the network

 ● Ensuring data quality and control, and 
sharing information within and beyond 
the network (applying the guidelines for 
the INSPIRE Directive, 2007/2/EC)

 ● Developing ‘best practice’ codes for site 
and network managers, including emer
gency response procedures

 ● Sharing resources between network 
 members for enforcement and monitor
ing activities.

Collaborative Network Sites

General Description
A system of sites or networks whose manag
ers, practitioners, stakeholders, decision‐
makers, scientists, and others interact to 
develop and share best practice.

Purpose
To promote and improve area‐based plan
ning, management or monitoring of marine 
resources.

Features/Uses
Collaborative networks are formalized 
 platforms (such as legally registered non‐
government entities) that provide opportu
nities for site managers, staff members, 
network managers, government officials 
and other relevant stakeholders to share 
knowledge and develop best practices, as 
well as raise awareness and promote the val
ues and protection of MPAs (Olsen et  al., 
2013). Collaborative networks often coin
cide with other networks in relation to 
 topics and/or geographic coverage. The 
chief example of a collaborative network in 
Europe is the Mediterranean network of 
MPA managers (MedPAN, 2015).

Monitoring and Assessing 
Effectiveness
Assessing the effectiveness of collaborative 
networks should take place on two levels. 
The first level should evaluate the scale and 
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functionality of the network using parame
ters such as:

 ● Number of members
 ● Types of members (e.g. MPA manage

ment bodies, government institutions, 
NGOs, etc.)

 ● Number of workshops organized
 ● Website visitor rates
 ● Publications released
 ● Membership satisfaction (e.g. conducting 

questionnaire surveys among workshop 
participants).

The second level, which ought to follow 
from the first, should assess whether sites 
within the network are more effectively 
managed for their intended purposes 
( conservation, socio‐economics, geographic 
coverage) than those not in the network.

Governance
The governance of a collaborative network 
is based on a legal entity (usually with 
some  support structures such as a board, 
secretariat, and working groups) which 
encourages membership from a wide vari
ety  of sites and representatives of their 
 stakeholders. Although an element of top‐
down  management is required for organiza
tional and logistical purposes, there should 
be a strong focus on bottom‐up participa
tion to ensure the network serves the needs 
of its members.

Cultural Network Sites

General Description
A system of sites aimed at protecting fea
tures and seascapes of historical and cultural 
importance.

Purpose
To protect sites and areas where significant 
historical, cultural and seascape features 
are  present, by preserving and promoting 
 traditional management practices and 
 preventing harmful activities.

Features/Uses
Cultural networks are usually unplanned, 
developing gradually over space and time 
(e.g. UNESCO World Heritage network). 
The main characteristic of a cultural  network 
is that it contains sites which are designated 
and managed for their historical, aesthetic 
or cultural importance, including features 
such as:

 ● Coastal landmarks, whether man‐made 
(e.g. sea defences, harbours) or natural 
(e.g. sea caves, bays, inlets)

 ● Surface water objects, both man‐made 
(e.g. lighthouses) and natural (e.g. rocky 
outcrops)

 ● Current uses (e.g. fishing, diving, sailing)
 ● Historic uses (e.g. traditional fishing 

methods)
 ● Cultural associations (e.g. site of naval 

battles)
 ● Sunken objects (e.g. submerged wrecks, 

archaeological sites, palaeo‐landscape 
features).

Monitoring and Assessing 
Effectiveness
Cultural features are often spatially unique, 
although some cultural practices may be 
spread over many sites in the network. 
The most appropriate way to evaluate their 
effectiveness is to assess the status of indi
vidual designated features at site level, to 
check that they retain their character (not 
impaired by intrusions affecting intangible 
qualities) and wholeness (for physical 
objects). The status of cultural activities can 
be assessed by surveying the number of 
practitioners and their attitudes towards the 
 continuation of the activity (e.g. using the 
UNESCO Framework for Cultural Statistics 
Handbook  –  UNESCO, 2009). Natural 
 physical features are typically geological or 
 geomorphological formations, assessed by 
the visibility of the feature, its physical integ
rity and extent (JNCC, 2004). Archaeological 
features often only survive underwater due 
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to a delicate balance between the surround
ing chemical and physical environment, so 
intrusive monitoring should be minimized 
(Dizon et al., 2013), relying on photographs 
and video.

Governance
The governance structure for cultural net
works can often be incorporated within 
 conservation and/or geographic networks, 
ensuring that cultural feature experts are 
included within the structure. Where sites 
and networks contain cultural features of 
international importance, external govern
ance organs may also be involved (e.g. 
UNESCO for sites in the World Heritage List 
or covered by the Convention on Protection 
of Underwater Cultural Heritage). Because 
cultural sites are normally subject to use or 
access, enforcement of regulations will be a 
significant issue for governance, especially 
to prevent damage to physical features (e.g. 
trawling and diving around archaeological 
sites), and surveillance systems (e.g. Global 
Fishing Watch, 2014; Pew Charitable Trusts, 
2015) should be put in place.

Transnational Network Sites

General Description
A system of sites which are managed in 
common by two or more countries, usually 
with supranational coordination.

Purpose
To establish coordinated management of 
natural resources between and beyond 
national jurisdictions.

Features/Uses
Transnational networks are characterized 
by an overt form of collaboration and co‐
management of resources between and 
beyond national jurisdictions (e.g. EU Natura 
2000 network). They include transboundary 
sites where MPAs are contiguous across bor
ders, and can overlap with conservation, 
socio‐economic, geographic and cultural 

network types but normally enhance them 
by having supranational governance coordi
nation (Vasilijević et al., 2015).

Monitoring and Assessing 
Effectiveness
The effectiveness of the network is based on 
monitoring and assessing the co‐managed 
resource(s), such as commercial fish stocks 
or marine mammal populations, especially 
those in the high seas. The effectiveness of 
management within the network can be 
assessed at a site level using management 
effectiveness evaluation (MEE) techniques 
(e.g. Pomeroy et  al., 2004; Tempesta and 
Otero, 2013).

Governance
Transnational networks (and their sites) are 
likely to have a supranational coordinating 
body, usually established in the framework 
of a bi‐ or multilateral treaty (Lausche, 
2011), that supervises overall network strat
egy and engages with members of the 
 network to enhance effectiveness at the site 
level, as well as sharing resources for net
work‐wide enforcement measures (includ
ing possible sanctions for breaches occurring 
in the high seas). However, the governance 
body will face significant challenges due to 
differing legal systems, conservation fea
tures, socio‐economics, cultural elements 
and political aspects.

 Conclusions

This chapter has described seven types of 
MPA networks, based on a review of litera
ture and analysis of a representative sample 
of MPA management plans from the 
Mediterranean and Black Seas. It has been 
shown that although each MPA network 
type can be considered individually (and will 
have its own set of priorities and support
ers), none of them are mutually exclusive. 
Indeed, it is only when the coordinators of 
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the networks proceed in concert that the 
most effective and holistic results can be 
obtained.

For instance, by referring to the purposes 
of each network type, MPA managers can 
identify to which of them their site contrib
utes, and identify any gaps that could be 
addressed in their management plans. 
Similarly, protected area authorities can 
review their MPA estate from a network 
perspective and determine whether to set up 
more overt MPA networks where they do 
not exist. As a result, the roles of individual 
MPAs within specific networks can be more 
clearly identified (along with gaps in net
work coverage); network‐level objectives 
and indicators designed; and appropriate 
governance, management and monitoring 
practices put in place. Moreover, the process 
of designating MPAs should take account of 
which network types they can support while 
not compromising their primary intended 
functions. This will ensure that each MPA 
contributes effectively to relevant networks 
and that an ecosystem‐based approach is 
taken towards marine conservation.
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 Introduction

Marine Protected Areas (MPAs) are almost 
certainly the fastest growing protected area 
type in the world. But they are also one of 
the most complicated forms of protected 
area, displaying a sometimes bewildering 
array of types, management approaches and 
governance structures and still beset with 
definitional arguments about what should 
and should not fall under the title of an 
‘MPA’. At present, there are over 12 000 
MPAs listed on the World Database on 
Protected Areas. Some 8.4% of all marine 
areas within national jurisdiction (0–200 
nautical miles) are covered by protected 
areas while only 0.25% of marine areas 
beyond national jurisdiction are similarly 
protected, demonstrating the particular 
challenges involved in agreeing protection 
in international waters. Together this adds 
up to 3.4% of the marine biome under pro
tection (Juffe‐Bignoli et al., 2014).

Marine Protected Areas exhibit enormous 
variety of size, location and management. 
They include long‐term, traditional man
agement systems that are now being 
 incorporated into national protected area 
networks, along with many newly desig
nated areas imposed by governments and 

sometimes, tentatively, by the international 
community. International law of the sea has 
an effect; protected areas usually have to 
allow ships passage for example.

Management of marine areas for a specific 
conservation purpose has lagged far behind 
similar efforts in the terrestrial environment 
(Watson et al., 2014). There are many  factors 
contributing to this delayed attention to the 
marine realm, including the status of marine 
areas as a ‘commons’; the lack of visibility of 
marine species and long‐standing cultural 
traditions that regard fish as cold, slimy and 
slippery; and deep‐seated beliefs that the 
resources of the sea are effectively limitless 
(Kenchington, 2014).

Additionally, many MPAs are not wholly 
marine: large protected areas can sometimes 
contain terrestrial, freshwater and marine 
components. Some MPAs only protect part 
of the marine ecosystem – for example open 
water but not the seabed, or vice versa – and 
sometimes protection only covers certain 
parts of the water column (Grober‐
Dunsmore et al., 2008). The readiness with 
which local or resident human communities 
accept MPAs also differs around the world. 
Some coastal cultures feel very comfortable 
with the concepts of protection, while 
 others do not. In consequence, some MPAs 
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are welcomed by the people who live there 
while others are resented, opposed and 
undermined (Mascia and Claus, 2008).

In 2010, signatories of the Convention on 
Biological Diversity (CBD) agreed a global 
conservation target of protection for 10% of 
marine and coastal area by 2020. If this is to 
be met, an additional 2 million square kilo
metres of marine area within national juris
diction will need to be designated as MPAs 
over the next few years (Figure 4.1).

All the signs are that MPAs will continue 
to be designated at a rapid pace for the next 
few years. The real target might even be 
greater if governments aim to protect a full 
range of coastal and marine habitats. Aichi 
Biodiversity Target 11 on increasing pro
tected area networks, agreed by the CBD in 
Nagoya, Japan in 2010, is: ‘By 2020, at least 
17% of terrestrial and inland water, and 10% 
of coastal and marine areas, especially areas 
of particular importance for biodiversity and 
ecosystem services, are conserved through 
effectively and equitably managed, ecologi-
cally representative and well connected sys
tems of protected areas and other effective 
area‐based conservation measures, and 
integrated into the wider landscapes and 

seascapes’ (emphasis added). The current 
statistics mask a major disparity in the geo
graphical spread of protection, with almost 
half the total consisting of huge areas desig
nated recently in Australia, around New 
Caledonia in the Pacific and around the UK’s 
South Georgia and South Sandwich islands. 
Full ecological representation will require 
protection in many other parts of the ocean 
as well and would necessarily exceed the 
numerical target of 10%, especially given 
what has already been designated.

The political momentum towards crea
tion of MPAs means that many are very new, 
so that we are still learning how they are best 
managed and if such management is achiev
ing the desired results in terms of biodiver
sity conservation, ecosystem services and 
socio‐economic values. And because an 
increasing proportion of humanity lives 
within a few miles of the coast, all but a very 
few MPAs in the high seas or around remote 
islands have resident or local human com
munities that generally have long‐term links 
with the sea and its resources. The massive 
MPA around the Chagos Islands is a rare 
example of an uninhabited MPA, although 
even here the islanders (deposed to make a 

Figure 4.1 Protected area coverage in percentage for the 232 marine ecoregions of the world. 
Source: Protected Planet Report 2014 (Juffe‐Bignoli et al., 2014). Reproduced with permission of United Nations 
Environment Programme‐World Conservation Monitoring Centre (UNEP‐WCMC).
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US–UK air base) are lobbying to return. 
Aldabra Atoll in the Indian Ocean is one of 
the few examples of an MPA that is largely 
uninhabited apart from a small research sta
tion and management presence, although 
even in this remote site there was periodic 
but very limited habitation between the 
1700s and the 1950s (Stoddart, 1971).

The considerable amount of time and 
money usually needed to set up an MPA is 
only justified if the results match the invest
ment. Finding out what this means, and 
whether MPAs are actually proving to be 
effective conservation mechanisms, is the 
subject of this chapter. Three influences are 
important:

 ● How the MPA is managed
 ● Who makes the decisions
 ● How effective the MPA is in conserving 

biodiversity and ecosystem services.

None of these issues are particularly straight
forward. But the combination of all three tells 
us a great deal about the overall  performance 
of an individual MPA and, in combination, of 
MPA networks.

 How the MPA is Managed: 
Management Structures 
within MPAs

A ‘protected area’ is not a monolithic, 
changeless entity, but rather a collective 
term and overarching framework for many 
different approaches to space‐based conser
vation. Two overarching definitions of pro
tected areas exist: one from the CBD and 
another from the International Union for 
Conservation of Nature (IUCN). The CBD 
definition is binding in international law 
while the IUCN definition has been adopted 
by many countries and written into national 
laws; there is tacit agreement between the 
two institutions that the definitions are 
equivalent (Lopoukhine and Dias, 2012).

IUCN is an international conservation 
body with both state and non‐governmental 
members. Its policy is set by resolution and 
voting at periodic assemblies of the World 
Conservation Congress. In the last few dec
ades, the 89 state members have voluntarily 
adopted a range of resolutions on MPAs. 
IUCN has attempted to set some philosoph
ical boundaries on the protected area con
cept by agreeing a definition and, under 
this,  six different management categories. 
Together these provide one way of arriving 
at consensus on what MPA priorities are 
likely to be and how multiple objectives can 
be accommodated. The categories, which 
classify protected areas according to their 
management objectives, are recognized as 
the global standard for defining and record
ing protected areas. They can help in the 
planning of protected areas and protected 
area systems; manage information about 
protected areas; and regulate activities 
in  protected areas. They also provide the 
basis for legislation in many countries; help 
set budgets; interpret or clarify land tenure 
and governance; and are a tool for advocacy. 
To some extent, debate about the manage
ment categories has provided the forum for 
philosophical enquiries about the nature of 
protection and the relationship between 
protected areas and other forms of land and 
water use (Dudley et al., 2010).

In applying the management categories, 
the first step according to IUCN is to deter
mine whether the site meets the definition 
of a protected area and then to identify the 
most suitable category for the site in ques
tion. According to IUCN, a protected area 
is: ‘A clearly defined geographical space, rec
ognised, dedicated and managed, through 
legal or other effective means, to achieve the 
long‐term conservation of nature with asso
ciated ecosystem services and cultural val
ues’ (Dudley, 2008). This gives primacy to 
nature conservation – a distinction empha
sized by an accompanying principle  –  but 
also recognizes the importance of associated 
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ecosystem and cultural values. The CBD 
 definition is by contrast a ‘geographically 
defined area which is designated or regulated 
and managed to achieve specific conserva
tion objectives’. The CBD also recognizes the 
IUCN management categories, for example 
in its Programme of Work on Protected 
Areas (CBD, n.d.).

In 2012, IUCN issued additional guidance 
on the definition and management catego
ries for MPAs (Day et  al., 2012), which 
sought to distinguish them from other ways 
of managing coastal and marine areas that 
also deliver conservation benefits but where 
these are incidental to other management 
priorities. The guidance stated that spatial 
areas which may incidentally appear to 
deliver nature conservation but do not have 
stated nature conservation objectives should 
not automatically be classified as MPAs, as 
defined by IUCN, in large part because they 
have far less security (if management objec
tives change, the conservation values may be 
lost). Examples given of such areas include:

 ● Fishery management areas, such as tem
porary set asides, with no wider stated 
conservation aims

 ● Community areas managed primarily for 
sustainable extraction of marine products 
(e.g. coral, fish, shells, etc.)

 ● Marine and coastal management systems 
managed primarily for tourism, which also 
include areas of conservation interest

 ● Wind farms and oil platforms that inci
dentally help to build up biodiversity 
around underwater structures and by 
excluding fishing and other vessels

 ● Marine and coastal areas set aside for 
other purposes but which also have con
servation benefit: military training areas 
or their buffer areas (e.g. exclusion zones); 
disaster mitigation management (e.g. 
coastal defences that also harbour signifi
cant biodiversity); communications cable 
or pipeline protection areas; shipping 
lanes, etc.

 ● Large areas (e.g. regions, provinces, coun
tries) where certain species are protected 
by law across the entire region, such as 
protection of whales or protection of 
depleted populations of commercially 
important fish species.

Any of the above management approaches 
could be classified as an MPA if instead they 
had a primary stated aim to deliver nature 
conservation; this would generally also have 
some additional management implications. 
In the future, many such areas may be cate
gorized as ‘other effective area‐based con
servation measures (OECMs)’, the new 
designation that emerged in Aichi Target 11 
from the CBD Conference of Parties in 2010 
aimed at describing some of the places that 
provide conservation benefits outside pro
tected areas. At the time of writing OECMs 
are still being defined, but will likely include 
several marine and coastal management sys
tems that currently fall outside the IUCN 
definition of a protected area.

Importantly in the current context, the 
IUCN protected area definition is expanded 
by recognition of six categories (one with 
a  sub‐division), defined by the manage
ment model, summarized in Table  4.1. 
Together they demonstrate the wide range 
of approaches taken to management within 
an MPA.

The category should be based around the 
primary management objective(s), which 
should apply to at least three‐quarters of the 
protected area  –  the so‐called 75% rule. 
Many MPAs may have specific zones within 
them where other uses such as tourist 
lodges or villages are situated, or areas where 
fishing is permitted in what is otherwise a 
strictly protected MPA. In some cases, the 
25% may be movable: for example, desig
nated zones where local fisherfolk have 
access may be moved occasionally to pre
vent over‐exploitation or to allow the 
rebuilding of stocks. Distinct protected 
areas nested within larger protected areas 
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can have their own category if they are man
aged differently, such as a small strictly pro
tected area inside a protected seascape. In 
addition, different zones in protected areas 
can have their own category, if the zones are 
described and fixed in law – a factor that is 
important in some of the larger MPAs such 
as the Australian Great Barrier Reef Marine 
Park (Emslie et  al., 2015). Different pro
tected areas making up a transboundary 
protected area between two countries may 
also have different categories.

The categories do not imply a hierarchy, 
either in quality and or in other ways – such 
as the degree of intervention allowed or the 

implied ‘naturalness’ of the area. But nor are 
all categories equally useful in any situation. 
A well‐balanced protected area system 
should consider using all categories, 
although not all are practical everywhere. 
In most situations, at least a proportion of 
protected areas should be in the more 
strictly protected categories, namely I–IV.

What does this mean in practice? While 
IUCN has quite a precise definition of pro
tected area, and thus of an MPA, within this 
a whole range of different management 
approaches are possible, from strictly pro
tected no‐go zones to managed seascapes 
where conservation is integrated with other 

Table 4.1 IUCN protected area categories.

No. Name Description

Ia Strict nature 
reserve

Strictly protected for biodiversity and also possibly geological/
geomorphological features, where human visitation, use and impacts are 
controlled and limited to ensure protection of the conservation values.

Ib Wilderness area Usually large unmodified or slightly modified areas, retaining their natural 
character and influence, without permanent or significant human habitation, 
protected and managed to preserve their natural condition.

II National park Large natural or near‐natural areas protecting large‐scale ecological 
processes with characteristic species and ecosystems, which also provide 
environmentally and culturally compatible spiritual, scientific, educational, 
recreational and visitor opportunities.

III Natural 
monument or 
feature

Areas set aside to protect a specific natural monument, which can be a 
landform, sea mount, marine cavern, geological feature such as a cave, or 
living feature such as an ancient grove.

IV Habitat/species 
management area

Areas to protect particular species or habitats, where management reflects 
this priority. Many will need regular, active interventions to meet the needs 
of particular species or habitats, but this is not a requirement of the category.

V Protected 
landscape or 
seascape

Where the interaction of people and nature over time has produced a distinct 
character with significant ecological, biological, cultural and scenic value; and 
where safeguarding the integrity of this interaction is vital to protecting and 
sustaining the area and its associated nature conservation and other values.

VI Protected areas 
with sustainable 
use of natural 
resources

Areas which conserve ecosystems, together with associated cultural values 
and traditional natural resource management systems. Generally large, 
mainly in a natural condition, with a proportion under sustainable natural 
resource management and where low‐level non‐industrial natural resource 
use compatible with nature conservation is seen as one of the main aims.

Source: Dudley (2008).
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forms of use. Given that in practice the pre
cise hierarchy of management priorities is 
often hard to pin down, the definition of an 
MPA is probably less exact than simple 
guidelines suggest and ultimately the inter
national community relies on governments 
to determine what does and does not fall 
within their own protected areas system. 
The strictness with which the IUCN defini
tion is applied varies between countries. The 
situation is further complicated because the 
CBD (CBD, COP 7, Decision VII/5 [note 
11]) and the UN Food and Agricultural 
Organization (http://www.fao.org/fishery/
topic/4400/en) each have slightly different 
definitions of MPAs, which sometimes cre
ates confusion about what sites are included 
within national MPA networks. The man
agement categories are a constant however, 
being recognized by all parties, and an 
understanding of these provides a clear 
 picture of the types of MPAs present in a 
country and how they are being managed.

That said, information on MPA categories 
remains partial; by 2014 only half of all 
global MPAs had a category assigned by 
governments. Of these, the commonest 
MPA categories were IV (habitat or species 
management areas), followed by Ia (strictly 
protected) and VI (extractive reserves) 
(Juffe‐Bignoli et  al., 2014; see Table  4.1). 
This would suggest that a significant pro
portion of MPAs are quite strictly protected. 
But MPAs can be found in the full range 
of  IUCN categories and governments are 
increasingly understanding and utilizing the 
different management approaches available. 
Some examples of MPAs in different catego
ries are given in Table  4.2 (examples drawn 
from Day et al., 2012). Furthermore, research 
shows that very few MPAs ban all kinds of fish
ing, and no‐take reserves are a tiny proportion 
of the total: data published in 2015 found 94% 
of MPAs allow fishing (Costello and Ballantine, 
2015), suggesting that the IUCN categories 
are in some cases being misapplied.

 Who Makes Decisions: 
Different Governance Types 
within MPAs

Closely allied with management approach is 
the related question of who makes decisions 
about management: on the degree of protec
tion, the boundaries of the MPA and the way 
in which it is managed on a day‐to‐day basis; 
in other words, what stakeholder or group of 
stakeholders has a role in both deciding if 
and where an MPA might be situated and in 
determining management plans, regula
tions, enforcement, and so on. The question 
of governance is increasingly seen as critical 
in determining the eventual effectiveness of 
an MPA (Jones et al., 2011); if the govern
ance structure is not appropriate for the 
social and cultural context of the site 
then the chances of success are dramatically 
reduced.

As in the case of management, IUCN has 
agreed a typology of governance types to 
describe who holds authority and responsi
bility in protected areas (Table 4.3).

Examples of these are given in the text 
below. It should be noted that any category 
can be applied with any governance type as 
shown in the matrix in Table 4.4. Protected 
area networks would usually be expected to 
contain examples of many different manage
ment approaches and governance types. 
Even individual protected areas are often 
zoned for differing levels of use (say a strictly 
protected core zone surrounded by zones 
where controlled access and fishing are 
allowed). Different zones within protected 
areas can even be given their own category if 
these zones are fixed by law (Day et al., 2012) 
although in practice this is only likely to be 
worth doing for the largest MPAs, such as 
the Great Barrier Reef in Australia.

This flexibility becomes increasingly 
important in the context of MPA networks. 
Effective marine conservation will usually 
involve a seascape‐wide approach that 



MPA Governance and Effectiveness Across Networks 75

 combines many different types of manage
ment: both protected areas and sustainable 
use areas. Protected areas will often vary 
from strict no‐go sites to those with a strong 

emphasis on cultural management systems 
and sustainable use. Other areas that do not 
fit into the definition of a protected area may 
nonetheless have important conservation 

Table 4.2 IUCN protected area categories: examples from MPAs.

Category Main aims Example

Ia Strictly protected for biodiversity 
and also possibly geological/
geomorphological features

The 11 Marine Reserves within the Channel Islands 
National Marine Sanctuary, California, USA are assigned 
to category Ia within the category IV National Park, to 
protect both biological and cultural resources, including 
deep water corals. The Marine Reserves are established 
for scientific purposes and to preserve biodiversity.

Ib Wilderness areas without 
permanent or significant human 
habitation, protected and 
managed to preserve their natural 
condition

The Chassahowitzka Wilderness (category Ib) covers 
95 km2 or 77% of the Chassahowitzka National Wildlife 
Refuge (category IV) in the USA. It comprises saltwater 
bays, estuaries and brackish marshes at the mouth of the 
Chassahowitzka River, and provides critical habitat to a 
diversity of wildlife, including endangered species such 
as the West Indian manatee and whooping crane.

II Large natural or near‐natural 
areas managed for ecosystem 
protection and recreational 
opportunities

In South Korea, Hallyeohaesang National Park (76% of 
which is marine) and most of Dadohaehaesang National 
Park (80% marine) are assigned to category II (Shadie 
et al., 2012).

III Natural monuments such as a sea 
mount, marine cavern, or 
geological feature such as a cave

Blue Hole Natural Monument, Belize is an almost 
perfectly circular underwater sinkhole, surrounded by 
coral, and at around 300 metres across is the largest 
marine blue hole in the world. It is managed with the 
goal of protecting and preserving natural resources and 
nationally significant natural features of special interest 
or unique characteristics.

IV Habitat/species management area 
to protect particular species or 
habitats, where management 
reflects this priority

Montague Island Habitat Protection Zone is category IV 
in Bateman’s Marine Park in New South Wales, Australia 
and is designed to protect critical habitat of the grey 
nurse shark (Carcharias taurus); the island itself is an 
important seabird colony.

V Protected seascape where the 
interaction of people and nature 
over time has produced a distinct 
character with significant 
ecological, biological, cultural and 
scenic value

Apo Island, in the Philippines, mixes traditional use of 
marine resources with ecotourism, generating revenue 
for communities. It is one of the best known  
community‐managed marine reserves in the world and 
has in addition become an important recreational dive 
site. Visitors pay a fee that helps to maintain the 
sanctuary.

VI Protected areas with sustainable 
use of natural resources

Misali Island Marine Conservation Area, Zanzibar, 
Tanzania was set up to protect important marine corals 
and other biodiversity whilst allowing sustainable use for 
over 11 000 fishermen. A strictly protected zone helps to 
maintain fish populations.

Source: Day et al. (2012).
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functions (some of these may eventually 
be  categorized as the new ‘other effective 
area‐based conservation measures’), and 
there will also likely be areas of more 
 general, even intensive, use.

In the marine environment, national 
 governments control coastal waters, while 
control of the high seas falls under interna
tional jurisdiction, which might be a subset 
of  governance by governments (Type A) or 
perhaps of shared governance (Type B). The 
limit of a nation’s control varies; generally 
territorial waters stretch up to 12 nautical 
miles from shore while Exclusive Economic 
Zones reach 200 nautical miles from the 
shore, where the state has special rights 
regarding the use of natural resources, 
including energy resources. This means that 
states can and do make the decision to set up 
MPAs in relatively near‐shore waters, while 
high‐seas MPAs require agreement from 
many states and are in consequence much 
more difficult to establish (and also more 
difficult to enforce).

Ownership and rights over coastal 
waters and onshore coastal habitats remain 
complex. Coastal land can be owned by 
governments, companies or private indi
viduals depending on national laws, while 

coastal waters are in some cultures under 
traditional management agreements that 
stretch back beyond any written records. 
In many countries, governments control 
all coastal waters, but for instance in the 
Pacific customary rights have primacy 
(Govan and Jupiter, 2013). Almost every
where people have rights of access and in 
many cases also extraction of resources 
and other forms of use. Determining 
the real governance systems in MPAs can 
be tricky but is an essential part of under
standing how they function.

In practice, governments remain the com
monest decision‐makers in MPAs, particu
larly in offshore sites. Governance can in 
these cases be within the remit of national 
governments, local state, county or provin
cial governments and sometimes right down 
to individual municipalities or coastal com
munities. In a few cases, while the govern
ment retains ultimate decision‐making 
power, it will delegate responsibility to 
another body such as an NGO. In the 
Seychelles Islands, for example, the remote 
Aldabra Atoll is a government MPA but 
day‐to‐day responsibility is in the hands of 
the charitable Seychelles Island Foundation 
(Hockings et al., 2008).

Table 4.3 Typology of governance types in protected areas.

Type Name Description

A Governance by government  ● Federal or national ministry/agency in charge
 ● Sub‐national ministry/agency in charge
 ● Government‐delegated management (e.g. to NGO)

B Shared governance  ● Collaborative management (various degrees of influence)
 ● Joint management (pluralist management board)
 ● Transboundary management (various levels over frontiers)

C Private governance  ● By individual owner
 ● By non‐profit organizations (NGOs, universities, cooperatives)
 ● By for‐profit organizations (individuals or corporate)

D Governance by indigenous 
peoples and local 
communities

 ● Indigenous peoples’ conserved areas and territories
 ● Community conserved areas – declared and run by local 

communities

Source: Dudley (2008).
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Privately protected areas are relatively 
rare in the marine environment, although 
not unknown. The Nature Conservancy 
(TNC) in the USA has been involved in 
 private protection of important marine eco
systems since the early years of the century. 
The umbrella term Marine Conservation 
Agreement (MCA) has been adopted by 
TNC to mean any formal or informal con-
tractual arrangement that aims to achieve 
ocean or coastal conservation goals in which 
one or more parties (usually right‐holders) 
voluntarily commit to taking certain actions, 
refraining from certain actions, or transfer-
ring certain rights and responsibilities in 
exchange for one or more other parties 
( usually conservation‐oriented entities) vol-
untarily committing to deliver explicit (direct 
or indirect) economic incentives. Not all the 
ocean and coastal projects that TNC oper
ates involving MCAs result in the establish
ment and management of private MPAs, but 
many do. By 2014, some 167 MCAs were 
under development that had or were likely 
to result in privately protected areas in the 
marine environment, with examples ranging 
from West Papua to Long Island, New York 
(de Groot and Bush, 2010; Savage et  al., 
2013; Udelhoven, 2014).

The situation regarding community or 
indigenous management is more complex. 
IUCN recognizes a governance type it has 
labelled Indigenous Peoples’ and Community 
Conserved Territories and Areas (ICCAs), 
defined as: ‘natural and/or modified ecosys
tems, containing significant biodiversity val
ues, ecological benefits and cultural values, 
voluntarily conserved by indigenous peoples 
and local communities, both sedentary and 
mobile, through customary laws or other 
effective means’ (Borrini‐Feyerabend et al., 
2012). The relationship between ICCAs and 
protected areas is complicated; some ICCAs 
are also protected areas, but some are not 
either because the community or indigenous 
people involved do not want their territory 
to be identified as a protected area, or 
because the management aims are not the 

same as those of a protected area as defined 
by IUCN. As a result many, but not all, 
ICCAs are also protected areas.

In the marine realm, the situation with 
ICCAs is even more complicated. In some 
parts of the world, particularly but not 
exclusively in parts of the Pacific, long‐
established fish management systems 
include many elements that resemble those 
of MPAs, including particularly the tempo
rary or permanent setting aside of areas to 
allow fish breeding. The distribution of 
marine ICCAs is highly skewed, with for 
example well over 500 established in the 
Philippines (Haribon Foundation, 2005), 
but being virtually unknown in other areas. 
There has also been a long and sometimes 
acrimonious debate about whether such 
fishery set asides are the equivalent of pro
tected areas (Govan and Jupiter, 2013). The 
Locally Managed Marine Areas (LMMA) 
movement has promoted such bottom‐up 
initiatives, some of which are rooted in 
centuries of traditional management. 
Proponents argue that LMAAs and other 
community‐driven initiatives (which are 
roughly equivalent to ICCAs) have stronger 
social legitimacy and support, and thus 
greater effectiveness, than top‐down MPAs 
imposed by the government (Govan and 
Jupiter, 2013). Sceptics argue that while 
LMMAs may be effective ways of maintain
ing stocks of fish species that have com
mercial or subsistence value, they may offer 
little else in terms of overall ecological pro
tection. As with ICCAs, it may well turn 
out that many LMMAs will be eventually 
recognized as MPAs while  others will fall 
under the new definition of OECMs. While 
these acronyms are  confusing and to a large 
extent irrelevant to many onlookers, for the 
people managing such sites the way in 
which marine areas are designated often 
has legal and thus immediately practical 
implications (Fitzsimons, 2011).

Finally, within its governance typology 
IUCN identifies shared governance as a dis
tinct governance type, defined as formal or 
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informal sharing authority or responsibility 
amongst several actors. In MPAs, where 
governments generally have such legal 
 control over coastal waters, involving local 
communities or other stakeholders in man
agement is generally a form of shared 
governance.

Perhaps even more important than the 
form of governance is the quality of govern
ance, or as has been suggested the vitality 
of  governance (Borrini‐Feyerabend et  al., 
2014). Increasing attention has been paid to 
the governance quality in MPAs and par
ticularly to identifying what does and does 
not work (Gjertsen, 2004; Christie and 
White, 2007; Mascia et al., 2010). The con
sensus, as with terrestrial and freshwater 
protected areas, is that the time taken to reach 
participatory, consensus‐driven approaches 
(Lundquist and Granek, 2005) to protection 
is worth taking in terms of long‐term 
effectiveness, and that successful MPAs 
need to be actively supported by local com
munities, albeit within a strong framework 
of government laws and policies.

 The Effectiveness of MPAs

Finally and most significantly, MPAs are 
judged on whether or not they work. As 
larger areas of land and water are put under 
protection, and larger sums of money 
invested into conservation, pressure has 
grown to develop a better understanding of 
whether or not a protected area is delivering 
the benefits it promises, and if not what 
aspects of management need to be changed. 
Understanding of management effectiveness 
has been built both through the development 
of specific approaches to assessment and 
also through individual research projects 
that have collected information about the 
performance of MPAs in protecting 
 particular species, groups or habitats. The 
IUCN World Commission on Protected 
Areas provided an overall framework for 
assessment of management effectiveness, 

along with technical guidance about how 
this might be applied (Hockings et al., 2000, 
2006) (see Figure 4.2).

The WCPA framework is based on the 
idea that good protected area management 
follows a process that has six distinct stages, 
or elements:

 ● It begins with understanding the context 
of existing values and threats, understand
ing what is most important about the pro
tected area both in ecological terms and 
also associated values such as those relat
ing to ecosystem services, livelihoods, 
tourism and economic development along 
with the immediate and longer term pres
sures on the site

 ● progresses through planning, covering 
such issues as the original location and 
design of the site and the quality of both 
management planning and day‐to‐day 
planning of activities and

 ● allocation of resources (inputs) including 
information, money, equipment, infra
structure and staff

 ● then as a result of management actions 
(processes) such as ecological management, 
tourism, community relations, monitoring 
and evaluation, enforcement, etc.

 ● eventually produces products and services 
(outputs), which broadly relate to achieve
ment of management plans

 ● that result in impacts or outcomes, the 
most important thing of all being whether 
or not the site’s values are being main
tained, which is also often the most diffi
cult to measure over time.

The WCPA framework is a skeleton around 
which to build an assessment system. Since it 
was agreed in 2000, some 95  different pro
tected area assessment systems have been 
developed throughout the world (Coad et al., 
2015). Some have been designed for analysis 
of just a few sites or for a particular research 
project while the most commonly used have 
now been applied many thousand times 
around the world, and the results are 
increasingly being used to drive management 
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 policies (Leverington et  al., 2010). While 
many systems can be used in any protected 
area, terrestrial or marine, a number of 
assessments aimed particularly at MPAs were 
also developed, ranging from quite detailed 
(Pomeroy et  al., 2004) to simple question
naire approaches (Staub and Hatziolos, 2004). 
Assessment systems have been developed for 
particular conservation issues, such as migra
tory species (Hinch and de Santo, 2011). 
Additionally, a growing number of tech
niques aimed at measuring biological status, 
such as the health of coral communities (e.g. 
Kaufman et al., 2011) provide tools for use in 
assessment.

So we have some tools, but what do they 
tell us? Unsurprisingly, the greatest effort 
has been put into looking at whether or not 
MPAs boost fish numbers  –  the question 
most immediately relevant to most people 

in coastal communities and often the issue 
that clinches whether or not an MPA is 
 supported and enforced, or opposed and 
undermined.

In a review carried out for WWF, Roberts 
and Hawkins (2000) identified five main 
benefits that MPAs supply to fisheries.

1) Enhancing the production of offspring to 
re‐stock fishing grounds

2) Allowing spillover of adults and juveniles 
into fishing grounds

3) Preventing habitat damage
4) Promoting development of natural bio

logical communities
5) Facilitating recovery from catastrophic 

human disturbance.

Marine Protected Areas create sheltered 
conditions that increase the success of fish 
breeding and the survival of young fish, thus 
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Figure 4.2 WCPA protected area management effectiveness framework. Source: Hockings et al. (2006).
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boosting overall populations. Three factors 
are important: (i) maintaining larger fish 
within the overall population; (ii) providing 
suitable habitat; and (iii) ensuring protec
tion at vulnerable stages of the life cycle. 
Overfishing often removes most of the older 
and thus largest fish, but bigger fish  generally 
produce disproportionately many more eggs 
than smaller ones and are thus particularly 
important for maintaining population. For 
example, one 10‐kg red snapper (Lutjanus 
campechanus) produces over 20 times more 
eggs at a spawning than ten 1‐kilogram 
snappers. Habitat protection means that 
whole populations are able to survive instead 
of being fragmented. Size of population 
itself is important for the breeding success 
of some marine species: many species that 
are attached to substrate or have limited 
powers of movement (e.g. oysters, clams or 
abalones) often only reproduce successfully 
at high population densities. Marine 
Protected Areas can ensure that species are 
protected at vulnerable stages of their life 
cycle, in particular through protection of 
fish nurseries and spawning grounds, thus 
increasing the chances that fish reproduce 
before being caught (Roberts and Hawkins, 
2000; see also Gell and Roberts, 2003).

Researchers conclude that in most cases, 
fish density inside MPAs is higher than in 
the surrounding ocean, particularly in places 
where there are high levels of fishing (Pérez‐
Ruzafa et  al., 2008). This not particularly 
surprising finding has been backed by a 
series of large meta‐studies. A review of 
research in 80 different MPAs found strik
ingly higher fish populations, compared 
with both the surrounding area and the 
same area before an MPA was established: 
population densities were 91% higher, bio
mass 192% higher, and average organism 
size and diversity 20–30% higher in MPAs. 
Changes on this scale were measured quite 
quickly, often between one and three years 
after establishment, and occurred even in 
small MPAs (Halpern, 2003). Similarly, a 

global meta‐analysis of 124 temperate and 
tropical MPAs in 29 countries identified 
dramatic increases in biomass (+446%) and 
densities (+166%) of organisms inside pro
tected areas, along with moderate increases 
of individual size (+28%) and species 
 richness (+21%) (Lester et al., 2009).

While these factors are important from a 
conservation perspective, they will not be 
sufficient to persuade fishing communities 
that setting aside areas of marine habitat is a 
good thing. A much more important ques
tion from a social perspective is whether the 
higher populations within MPAs also help to 
boost populations in surrounding areas  – 
the so‐called ‘spillover effect’. Since most 
fish have free‐floating larvae or eggs, and 
because many fish move, animals can swim 
or drift out of reserves, thus re‐stocking 
nearby fishing grounds. Research shows that 
spillover does occur and that the net effect 
for fish catch can be positive, although here 
there is more variation between results 
(see Table 4.5). For example, research from 
the Great Barrier Reef found that for two 
commercially exploited coral species, MPAs 
accounting for 28% of local reef area con
tributed half of all juvenile recruitment 
through the area within a distance of 30 km 
(Harrison et  al., 2012). Similarly, in the 
Mediterranean, effective management was 
linked closely with increased fish numbers 
(Guidetti et al., 2014).

Six factors have been suggested to affect 
spillover: (i) the success of protection; (ii) the 
time that the MPA has been established; 
(iii)  intensity of fishing outside the MPA; 
(iv) mobility of species; (v) boundary length 
of the reserve (greater edge to area ratio giv
ing increased spillover); and (vi) boundary 
porosity, with out‐migration encouraged if 
there is continuous habitat type (Roberts 
and Hawkins, 2000).

A study of 87 MPAs worldwide identi
fied five critical factors for success: (i) the 
presence of no‐take policies; (ii)  effective 
enforcement; (iii) age of the MPA (those over 
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10 years old being more effective); (iv) size, 
with areas in excess of 100 km2 being pre
ferred; and (v) isolation from other areas by 
deep water and sand (Edgar et al., 2014). But 
while there is growing consensus that well‐
managed protected areas can boost fish 
numbers, they do not offer a panacea in all 
cases. For example, MPAs offer far less to 
fisheries that target highly mobile, single 
species with little by‐catch, being better 
suited to fisheries that target multiple, 
more  sedentary species (Hilborn et  al., 
2004). Researchers also point out that 
MPAs  still  lack rigorous evaluation against 

 counterfactuals (e.g. Ahmadia et  al., 2015) 
to pinpoint more precisely what manage
ment approaches work, what don’t work and 
in which particular conditions.

As MPAs become better established, 
information is starting to accumulate about 
other aspects of effectiveness. For example, 
Selig and Bruno (2010) found evidence that 
MPAs were effective in maintaining coral 
cover, with benefits appearing to increase 
with the age of the MPA. Research in the 
Bahamas also found MPAs facilitated recov
ery of corals after bleaching events, possibly 
because higher fish numbers reduced algal 

Table 4.5 Impact of MPAs on fisheries: some recent research examples from around the world.a)

MPA
Increased 
fish numbers Spillover

Channel Island network of MPAs, California, USA (Caselle et al., 2015) ✓ ✓
Network of deep water MPAs near Hawai’i, USA (Sackett et al., 2014) ✓
Goukamma MPA, South Africa (Kerwath et al., 2013) ✓ ✓
Columbretes Islands Marine Reserve, Spain (Stobart et al., 2009) ✓ ✓
Saldanha Bay, Langebaan Lagoon, South Africa (Kerwath et al., 2009) ✓ ✓
Cerbere‐Banyuls and Carry‐le‐Rouet MPAs in France, and Medes, Cabrera, 
Tabarca, and Cabo de Palos MPAs in Spain (Goñi et al., 2008)

✓

Medes Islands MPA, Spain (Stelzenmüller et al., 2008) ✓ ✓
Abrolhos National Marine Park, Brazil (Francini‐Filho and Leão de Moura, 2008) ✓
Rottnest Island, Western Australia (Babcock et al., 2007) ✓
Wakatobi Marine National Park, Indonesia (Unsworth et al., 2007) ✓
Côte Bleue MPA, France (Claudet et al., 2006) ✓
Apo Island, Philippines (Abesamis and Russ, 2005) ✓ ✓
Nabq Managed Resource Protected Area, Egypt (Ashworth and Ormond, 2005) ✓ ✓
Malindi and Watamu Marine National Parks, Kenya  
(Kaunda‐Arara and Rose, 2004)

✓ ✓

Soufrière Marine Management Area, St Lucia (Roberts et al., 2001) ✓
Mombasa MPA, Kenya (McClanahan and Mangi, 2000) ✓
Monterey Bay National Marine Sanctuary; Hopkins Marine Life Refuge; Point 
Lobos State & Ecological Reserve; Big Greek Marine Ecological Reserve, USA 
(Paddack and Estes, 2000)

✓

Source: Adapted from Stolton and Dudley (2010).
a) Not all studies above looked at both fish numbers and spillover.
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cover (Mumby and Harborne, 2010). 
However, success is not inevitable; analysis 
of 78 coral reef‐based MPAs found a quarter 
failing to meet aims in increasing coral cover 
over time and that in some regions MPAs 
were simply mirroring outside changes, in 
other words that it was sometimes hard to 
prove additionality (Hargreaves‐Allen et al., 
2011). In Australia, the Great Barrier Reef 
Marine Park, one of the largest MPAs in 
the  world with significant management 
resources, extensive science input and with 
one‐third of the MPA being in no‐take 
zones, has nevertheless seen coral cover 
reduce by 50% over a 27‐year period (De’ath 
et al., 2012).Perhaps unsurprisingly, most of 
this loss has been in the southern inshore 
section of the Great Barrier Reef, adjacent to 
areas of coastal development with signifi
cantly degraded water quality from nutrient, 
sediment and pesticide input to the coastal 
waters (Great Barrier Reef Marine Park 
Authority, 2014).

There has been a long debate about the 
effectiveness of MPAs in mitigating extreme 
weather events and geological movements, 
such as typhoons, hurricanes and tsunamis, 
and the longer term impacts of sea‐level 
rise. The consensus seems to be that healthy 
natural ecosystems such as coral reefs, 
coastal mangroves and coastal lagoons and 
marshes can provide important protection 
but that there will be limits in the extent to 
which these work – the largest events such 
as huge tsunamis will overwhelm any kind 
of defence, natural or made by humans 
(Stolton et  al., 2008). Steps to increase the 
use of MPAs as natural defence mechanisms 
are being promoted (Dudley et al., 2015).

So we have mounting evidence that MPAs 
can work, if they are well managed. But do 
they actually work? Are researchers cherry‐
picking well‐managed reserves in their 
research, giving a false impression of overall 
effectiveness? Some researchers definitely 
think so. Writing in 2006, and therefore 

before the latest flurry of MPA creation, 
Mora and colleagues (Mora et  al., 2006) 
 calculated that although 18.7% of the world’s 
corals were in some kind of MPA, most were 
in extractive or multipurpose MPAs where 
corals remain under pressure, or in MPAs 
with no effective management, and that 
less  than 0.1% were in no‐take MPAs with 
effective management.

 Conclusion: Priorities for MPA 
Management

There seem to be four urgent priorities with 
MPA management. First is to build the argu
ments, the constituency and the political 
and social support for an increase in no‐take 
zones within MPAs (Costello and Ballantine, 
2015)  –  not for all MPAs but to address 
those ecosystems that are most damaged or 
most fragile. Secondly, the commitment to 
creating MPAs needs to be matched with a 
commitment to managing those MPAs that 
have been designated: too many MPAs are 
currently being created to satisfy interna
tional obligations or a domestic conserva
tion movement without apparently any 
serious intention to make them anything but 
paper parks (Jameson et  al., 2002). Next, 
while the evidence for the benefits of MPAs 
is growing all the time (Halpern and Warner, 
2002), as has been pointed out we still need 
more and more rigorous studies, and just as 
important the results of these studies need 
better publicity. And lastly, the lessons 
learned from successful MPAs deserve far 
more attention: a global network of working 
MPAs could provide coordination, learning 
capacity and demonstration sites, and also 
serve as ambassadors for other places wres
tling with the question of how to maintain 
their marine resources. None of these things 
are impossible; all require political will and 
willing hands to make them a reality.
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 Introduction

In 2002 the European Union (EU) developed 
a thematic strategy for the protection and 
conservation of the marine environment 
with the overall aim of promoting sustaina
ble use of the seas and conserving marine 
ecosystems in line with the Sixth Community 
Environment Action Programme.1 In 2008 a 
legally binding framework was adopted as 
the environmental pillar of the future mari
time policy for the EU2: the Marine Strategy 
Framework Directive (MSFD, 2008/56/EC). 
This Directive now applies to 28 Member 
States  –  of which 22 have a marine 
zone3 – and obliges them to achieve or main
tain a Good Environmental Status (GES) in 
the marine environment by 2020.

To this end, the Member States shall 
 identify and afterwards take the necessary 
measures. These include spatial protection 
measures as an element of the so‐called 
‘programmes of measures’. The MSFD pays 
particular attention to these measures, as 
it  contains specific provisions about the 
 possible types and criteria for networks 
of Marine Protected Areas (MPAs). Within 
this chapter, the requirements of spatial 
 protection measures and their relevance 
with respect to the goals of the MSFD are 
discussed.

 Area of Application of 
the MSFD

According to Art. 2(1), the MSFD is applica
ble to all marine waters. This term is defined 
in Art. 3(1)(a) MSFD for the purpose of the 
Directive as ‘waters, the seabed and subsoil 
on the seaward side of the baseline from 
which the extent of territorial waters is 
measured extending to the outmost reach of 
the area where a Member State has and/or 
exercises jurisdictional rights, in accordance 
with the UNCLOS […]’. The abbreviation 
‘UNCLOS’ within this definition stands for 
the United Nations Convention on the Law 
of the Sea of 1982, in force since 1994. This 
convention, often referred to as ‘constitution 
for the oceans’4, defines different marine 
zones; within some of them coastal states 
may exercise sovereignty or jurisdiction. 
The (full) sovereignty of the coastal state 
extends to a sea area described as the terri
torial sea which extends up to a distance 
of  12 nautical miles seawards from 
the   baselines (Art. 2(1) and 3 UNCLOS). 
The baselines are defined in accordance 
with Art. 5 to 7 UNCLOS. As the concept of 
sovereignty reaches further than jurisdic
tional rights in the meaning of Art. 3(1)(a) 
MSFD, territorial seas of the Member States 
belong to marine waters under the Directive. 
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Moreover, UNCLOS confers jurisdictional 
rights to the coastal state on the continental 
shelf and within the exclusive economic 
zone (EEZ). Article 76(1) UNCLOS defines 
the continental shelf as the ‘seabed and sub
soil of the submarine areas that extend 
beyond its territorial sea throughout the 
natural prolongation of its land territory to 
the outer edge of the continental margin, 
or  to a distance of 200 nautical miles from 
the baselines from which the breadth of the 
territorial sea is measured where the outer 
edge of the continental margin does not 
extend up to that distance’. The coastal 
state  exercises exclusive rights with regard 
to the exploration and exploitation of the 
natural resources of the continental shelf 
(Art. 77 UNCLOS). The EEZ comprises the 
waters beyond and adjacent to the territorial 
sea up to a distance of 200 nautical miles 
from the baselines. This follows from the 
regulations in Art. 55, 57 UNCLOS. Within 
this zone, the coastal state exercises the sov
ereign rights and jurisdiction mentioned in 
Art. 56 UNCLOS and related detailed regu
lations. While the exclusive rights on the 
continental shelf exist ipso iure (Cacaud, 
2005), the establishment of an EEZ requires 
a proclamation, because a provision equiva
lent to Art. 77(3) UNCLOS does not exist. In 
cases where a coastal state has proclaimed 
an EEZ, the underlying continental shelf 
is  integrated in the regime of the EEZ by 
Art.  56(3) UNCLOS. It is also noteworthy 
that the MSFD is applicable in marine areas 
where Member States in their role as coastal 
states only proclaim some of the exclusive 
rights encompassed by the full regime of the 
EEZ provided by UNCLOS. Such (exclusive) 
fishing zones and ecological protection 
zones currently exist in the Mediterranean 
Sea. Depending on the individual case it 
remains unclear to what extent it is possible 
to make a contribution to the GES by exer
cising the exclusive rights in these zones. 
Due to its applicability in marine waters, the 
MSFD represents the marine counterpart 
to  the Water Framework Directive (WFD, 

2000/60/EC) which was adopted in 2000. 
The area of application of the WFD covers 
waters on the landward side of the baseline. 
These include transitional waters and the 
coastal waters. As this Directive aims at the 
protection and improvement of the aquatic 
environment inter alia against discharges, 
emissions and losses of hazardous sub
stances (see Art. 1 lit. (c) WFD), it provides 
an indirect contribution to the GES of the 
marine environment which must not be 
neglected.

 Implementation Process

The implementation of the MSFD is divided 
into two successive stages (Art. 5(3) MSFD). 
It began with a preparation stage compris
ing an initial assessment, a determination of 
the GES and the establishment of environ
mental targets. This stage should have 
been  completed with the establishment 
and  implementation of a monitoring pro
gramme by July 2014. The second stage 
concerns the  programmes of measures: 
these had to be developed by 2015 at the 
 latest, and implementation had to start by 
2016 at the latest. According to this sched
ule, monitoring programmes should also 
have already been established and imple
mented. The Member States should have 
made publicly available relevant informa
tion on the  spatial  protection measures 
within the  programmes of measures by 
2013 at the latest (Art. 13(6) MSFD).

 Spatial Protection Measures

The programmes of measures are regulated 
in detail by Art. 13 et seq. of the MSFD. 
According to Art. 13(1) of the Directive, 
Member States shall identify measures 
which need to be taken in order to achieve 
or maintain GES. Therefore, any measure 
included in the programmes has to be 
 chosen with regard to the initial assessment 
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made pursuant to Art. 8(1) MSFD and the 
characteristics for GES on the basis of 
the qualitative descriptors in Annex I of the 
MSFD. Furthermore, the measures must be 
devised with reference to the environmental 
targets, established under Art. 10(1) and 
Annex VI of the MSFD.5 Also worth men
tioning here are the requirements laid down 
in Art. 13(3) MSFD: ‘Member States shall 
give due consideration to sustainable devel
opment and, in particular, to the social and 
economic impacts of the measures envis
aged.’ Moreover, ‘Member States shall ensure 
that measures are cost‐effective and techni
cally feasible, and shall carry out impact 
assessments, including cost–benefit analy
ses, prior to the introduction of any new 
measure’.

Spatial protection measures represent a 
special category within the aforementioned 
programmes (Art. 13(4) MSFD). They con
tribute ‘to coherent and representative 
 networks of marine protected areas, ade
quately covering the diversity of the constit
uent ecosystems’. Although, as described 
above, the programmes of measures have to 
be developed by 2015, Art. 13(6) MSFD 
obliged the Member States to make the rel
evant information on these areas publicly 
available by 2013. This had to take place in 
respect of the marine regions or subregions 
defined by Art. 4 MSFD.

Background: Global 
International Law

From the perspective of global international 
law, it appears that two conventions are of 
particular importance with regard to the 
establishment of MPAs. Firstly, in 1993 the 
Convention on Biological Diversity (CBD) 
entered into force. All Member States and 
the EU itself have become members of this 
treaty during recent years.6 According to 
Art. 8 lit. (a) CBD, parties should ‘[e]stablish 
a system of protected areas or areas 
where  special measures need to be taken 
to   conserve biological diversity’. The term 

 protected area is defined in Art. 2 CBD as 
‘a  geographically defined area which is 
 designated or regulated and managed to 
achieve specific conservation objectives’, 
and biological diversity means ‘the variabil
ity among living organisms from all sources 
including, inter alia, terrestrial, marine and 
other aquatic ecosystems and the ecological 
complexes of which they are part’, compris
ing diversity within species, between species 
and of ecosystems. It appears that it has 
become widely recognized that the obliga
tion in Art. 8 lit. (a) CBD not only extends to 
territorial seas, but also to marine areas 
where coastal states only exercise sovereign 
rights and jurisdiction. This follows from 
the relationship of the convention with 
UNCLOS as laid down in Art. 22 CBD and 
Art. 237 UNCLOS. It also follows from these 
provisions that UNCLOS takes priority in 
its application in the marine area.7

Secondly, the general obligation of Art. 192 
in Part XII of the UNCLOS requires parties 
to protect and preserve the marine environ
ment. This rule represents a codification of 
customary international law and is therefore 
binding for all states. An outstanding provi
sion with regard to MPAs in the UNCLOS is 
Art. 194(5) which clarifies that ‘measures 
taken in accordance with this Part shall 
include those necessary to protect and 
 preserve rare or fragile ecosystems as well as 
the habitat of depleted, threatened or endan
gered species and other forms of marine life’ 
(Scovazzi, 2011). It is still under debate 
whether the contracting parties have to pro
tect the features mentioned in Art. 194(5) 
UNCLOS not only from pollution (see the 
definition in Art. 1(4) UNCLOS) but also 
from negative impacts that result from other 
sources (Czybulka, 2016a). It appears that 
the European Commission tends towards 
the latter opinion.8 Moreover, it can be 
anticipated that the decision of the Arbitral 
Tribunal in the ‘Chagos MPA’ Case9 in 2015 
will strengthen this position in future dis
cussions.10 Irrespective of this debate, there 
is no doubt that MPAs can serve as a very 
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effective tool to protect and preserve eco
systems, habitats and species not only 
against pollution but also against other 
anthropogenic impairments.

While the prerogative of the coastal states 
to establish MPAs within their territorial 
seas has never been doubted since the 
UNCLOS entered into force, it is still being 
debated whether, and, if so, under which 
legal conditions MPAs may be established 
on the continental shelf and within EEZs. 
Although the current state of this discussion 
shall not be presented here in all its facets, it 
should be emphasized that any restriction of 
activities by a coastal state on the continen
tal shelf and within an EEZ may only be car
ried out with due regard to the rights of 
other states. These include, in particular, the 
‘rights of communication’ (Art. 79 UNCLOS 
for the continental shelf and Art. 58(1), 87 
UNCLOS for the EEZ).11

It should be noted that the rights and 
duties of the states with regard to the use 
and protection of the marine environment 
including the marine resources are specified 
in regional seas conventions (RSCs) for dif
ferent marine regions. The RSCs with a 
scope of application extending to marine 
regions falling under Art. 4 MSFD will be 
discussed below.

Networks of MPAs

On the one hand, requirements with regard 
to networks of MPAs resulting from the 
general provisions concerning the achieve
ment and maintenance of GES influence the 
design of MPA networks. On the other 
hand, specific requirements follow from 
Art. 13(4) MSFD.

General Requirements of the MSFD
On the one hand, the relevance of networks 
of MPAs as an element of the programmes 
of measures under the MSFD results from 
their contribution to GES. On the other 
hand, the general provisions concerning the 

programmes of measures are important in 
addition to the detailed regulations regard
ing the description of GES.

A spatial protection measure contributes 
to GES if it has an effect on environmental 
status that fosters its development towards 
being considered as ‘good’. The MSFD 
defines the environmental status in Art. 3(4) 
as ‘overall state of the environment in marine 
waters, taking into account the structure, 
function and processes of the constituent 
marine ecosystems together with natural 
physiographic, geographic, biological, geo
logical and climatic factors, as well as physi
cal, acoustic and chemical conditions, 
including those resulting from human activ
ities inside or outside the area concerned’. 
According to Art. 3(5) MSFD, GES ‘means 
the environmental status of marine waters 
where these provide ecologically diverse and 
dynamic oceans and seas which are clean, 
healthy and productive within their intrinsic 
conditions, and the use of the marine envi
ronment is at a level that is sustainable, thus 
safeguarding the potential for uses and 
activities by current and future generations’. 
The basis for the determination of GES in 
the marine regions or subregions is the list 
of qualitative descriptors in Annex I. As spa
tial protection measures have an effect that 
is limited to specially selected areas within 
marine regions or subregions, they are most 
likely to improve the status of certain local 
features in line with the objectives of some 
of the descriptors, such as:

(1) Biological diversity is maintained. The 
quality and occurrence of habitats 
and  the distribution and abundance of 
species are in line with prevailing 
 physiographic, geographic and climatic 
conditions.

(6) Sea‐floor integrity is at a level that 
ensures that the structure and functions 
of the ecosystems are safeguarded and 
benthic ecosystems, in particular, are 
not adversely affected.
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Spatial protection measures are also well 
suited to promote the defined goals of other 
descriptors, including:

(3) Populations of all commercially 
exploited fish and shellfish are within 
safe biological limits, exhibiting a popu
lation age and size distribution that is 
indicative of a healthy stock.

(4) All elements of the marine food webs, to 
the extent that they are known, occur at 
normal abundance and diversity and 
levels capable of ensuring the long‐term 
abundance of the species and the reten
tion of their full reproductive capacity.

For the remaining descriptors, it appears 
that spatial protection measures are more or 
less likely to contribute to their goals where 
specific areas are concerned. It should be 
noted that the criteria and methodological 
standards for the descriptors have to be laid 
down according to Art. 9(3) MSFD. 
Consequently, the Commission adopted 
Decision 2010/477/EU with detailed specifi
cations for each of the descriptors, for 
which  a revision process has already been 
announced (European Commission, 2014).

When determining GES, Member States 
shall take into account the indicative list of 
elements set out in Table 1 of Annex III to 
the MSFD as well as, in particular, ‘physical 
and chemical features, habitat types, 
 biological features and hydromorphology’ 
(Art.  9(1) MSFD). The elements listed in 
Table  1 are relevant for spatial protection 
measures in so far as the description of the 
characteristics of habitat types and biologi
cal features, according to the detailed crite
ria, serves as a basis for the selection of these 
measures. The requirements with regard to 
the representativeness of MPA networks 
(see below) greatly depend on this data.

Article 9(1) MSFD requires Member States 
to take into account the pressures or impacts 
of human activities in each marine region or 
subregion, having regard to the indicative 
lists set out in Table  2 of Annex III, when 

determining GES. The kinds of (negative) 
pressures and impacts on the marine envi
ronment which are best addressed by spatial 
protection measures can thus be inferred; 
indeed, area‐based protective approaches 
are suitable for  reducing the majority of the 
listed pressures and impacts.

Attributes of MPA Networks
According to Art. 13(4) MSFD, networks of 
MPAs should be coherent and representa
tive. Moreover, the diversity of the constitu
ent marine ecosystems must be covered by 
these networks.

The attribute ‘coherent’ is not explicitly 
defined for the purposes of the MSFD, but it 
is variously used in other contexts within 
the  Directive. For example, a coherent 
 legislative framework is required to achieve 
the envisaged objectives (recital (9) of the 
 preamble) and the Directive should further 
enhance coherent contribution of the EU 
and the Member States with regard to inter
national agreements (recital (16) of the 
 preamble). Moreover, Art. 1(4) MSFD refers 
to the coherence of policies, agreements and 
legislative measures. It appears that in these 
cases coherence is to be understood as a call 
for common and coordinated political 
actions. It is therefore possible to derive 
some idea about the design requirements of 
a coherent network from the usage of the 
term elsewhere in the Directive.

Nevertheless, the meaning of coherence 
and representativity as attributes of net
works of MPAs still remains rather unclear. 
The strategic document including a work 
programme for 2014 and beyond, within the 
Common Implementation Strategy (CIS) for 
the MSFD, by the Member States and the 
European Commission lists a ‘common 
understanding on coherence and represent
ativeness of MPAs in support of GES’ as an 
activity to be undertaken. One plan is to 
benefit from work undertaken within 
the  framework of the Convention for the 
Protection of the Marine Environment of the 
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North‐east Atlantic (OSPAR Convention) on 
the assessment of coherence of MPAs. The 
assessment criteria developed by OSPAR 
can provide indications for the interpreta
tion of the network attributes in Art. 13(4) 
MSFD. Ardron (2008) acknowledges that 
the ecological coherence of the OSPAR 
 network can be assessed under the general 
criteria of adequacy/viability, representativ
ity, replication and connectivity. Based on 
this scheme, the explicit reference to repre
sentativity in the wording of Art. 13(4) 
MSFD appears only to be a special empha
sis, as it is covered anyway by the overarch
ing aim of a coherent network. The four 
subcriteria have been developed by scien
tists at a global level and their main charac
teristics are commonly accepted. Therefore, 
the OSPAR framework follows a recognized 
methodological concept. This is also evident 
from the fact that the Conference of the 
Parties (COP) of the CBD decided in 2008 to 
select MPAs on these criteria, although the 
terms used differ slightly. Thus, COP Decision 
IX/20 on ‘Marine and coastal  biodiversity’, 
inter alia, lists and defines in Annex II:

Representativity is captured in a network 
when it consists of areas representing the 
different biogeographical subdivisions of 
the global oceans and regional seas that 
reasonably reflect the full range of ecosys
tems, including the biotic and habitat 
diversity of those marine ecosystems.

Connectivity in the design of a network 
allows for linkages whereby protected 
sites benefit from larval and/or species 
exchanges, and functional linkages from 
other network sites. In a connected net
work individual sites benefit one another.

Replicated ecological features means that 
more than one site shall contain examples 
of a given feature in the given biogeo
graphic area. The term ‘features’ means 
‘species, habitats and ecological processes’ 
that naturally occur in the given biogeo
graphic area.

Adequate and viable sites indicate that all 
sites within a network should have size 
and protection sufficient to ensure the 
ecological viability and integrity of the 
feature(s) for which they were selected.

As the EU and its Member States are all 
parties to the CBD, these criteria (including 
their respective definitions) should be taken 
into account as subcriteria of the term 
‘coherence’ mentioned in Art. 13(4) MSFD. 
Even so, it remains a peculiarity of Art. 13(4) 
MSFD that the attribute ‘representativity’ is 
given equal weight to coherence and is not 
subordinated. In practice, however, this 
does not make any difference with regard to 
the substantive requirements to be met by 
MPA networks.

 Types of Spatial Protection 
Measures

The term ‘spatial protection measures’ is not 
defined either within Art. 13(4) or in Art. 3 
MSFD. However, the former provision lists 
examples of types of MPAs that fall under 
the term (‘such as’), covering MPAs desig
nated under EU law or within the framework 
of international or regional agreements.

MPAs Designated under EU Law

Many years before the MSFD entered into 
force, the 1979 Birds Directive (codified in 
2009/147/EC) and the Habitats Directive 
(92/43/EEC) together obliged Member 
States to establish special protection regimes 
for certain areas. These protected areas 
are  designated under the national law of 
the  Member States in accordance with the 
duties created by the above‐mentioned EU 
Directives. After being reported to the EU, 
the areas designated under either Directive 
belong to the Natura 2000 network (Art. 3(1) 
Habitats Directive). Although not explicitly 
laid down in the Directives, it cannot be 
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denied that the area of application of both 
Directives extends to marine areas under 
the jurisdiction of the Member States. 
This  was most notably the result from the 
‘Gibraltar Decision’ taken by the European 
Court of Justice (ECJ) in 2005.12 Therefore, 
the Natura 2000 network can be extended 
into the marine area and contribute to the 
objectives of the MSFD. Following from 
Art. 13(4) MSFD, the existing marine Natura 
2000 sites are incorporated into the pro
grammes of measures.

The spatial protection established by 
Natura 2000 is limited to certain natural fea
tures, and aims to maintain these features in 
a favourable conservation status within their 
natural range. Special Protection Areas in 
accordance with Art. 4(1) of the Birds 
Directive may only be designated for birds 
listed in Annex I and for regularly occurring 
migratory birds not listed in this Annex. 
Special Areas of Conservation, designated 
under Art. 3(1) of the Habitats Directive, 
host natural or semi‐natural habitat types 
listed in Annex I and significant populations 
of the plant and animal species listed in 
Annex II.

MPAs Established in the Framework 
of Global and Regional International 
Agreements

The second type of MPAs falling under Art. 
13(4) MSFD concerns sites which are agreed 
by the EU or Member States in the framework 
of ‘international or regional agreements’.13

The CBD obliges its contracting parties on 
a global level to achieve targets for the desig
nation of MPAs (Dudley and Hockings, this 
volume). However, the convention does not 
introduce a special type of protected area. 
Instead, the obligation is met by the designa
tion of MPAs under regional international 
law or the national law of a contracting party.

The term regional (international) agree
ments in the sense of Art. 13(4) MSFD 
includes the ‘regional sea conventions’ 

defined in Art. 3(10) MSFD but is more far 
reaching. Therefore, MPAs in the frame
work of the RSCs are of particular relevance 
with respect to spatial protection measures. 
Article 3(10) MSFD mentions some of the 
RSCs applicable in the different marine 
regions of the EU waters (see Art. 4 MSFD). 
This includes the Convention on the 
Protection of the Marine Environment of 
the Baltic Sea (Helsinki Convention), the 
Convention for the Protection of the Marine 
Environment of the North‐east Atlantic 
(OSPAR Convention) and the Convention 
for the Marine Environment and the Coastal 
Region of the Mediterranean Sea (Barcelona 
Convention). The Convention on the 
Protection of the Black Sea Against Pollution 
(Bucharest Convention) is not included, 
although the Black Sea is one of the marine 
regions listed in Art. 4(1) MSFD.

Since 2014, MPAs within the framework 
of the Helsinki Convention have been 
 established according to HELCOM Rec
ommendation 35/1 ‘On a System of Coastal 
and Marine Baltic Sea Protected Areas’.14 
By  taking these measures, the contracting 
parties contribute to their obligation to 
 ‘conserve natural habitats and biological 
diversity and to protect ecological processes’ 
stated in Art. 15 of the Helsinki Convention. 
Within the system of the OSPAR Convention 
there exists a similar Recommendation 
2003/3 ‘on a Network of Marine Protected 
Areas’. In contrast, the Parties of the 
Barcelona Convention decided to sign a sep
arate agreement which is dedicated to MPAs 
in the Mediterranean Sea area. The 1982 
Protocol Concerning Mediterranean Specially 
Protected Areas was replaced in 1995 
by  the  Protocol Concerning Specially 
Protected  Areas and Biological Diversity 
in the Mediterranean (SPA Protocol). The 
revised version allows the designation of 
two different types of MPAs: Specially 
Protected Areas (SPAs) under Art. 5 and 
Specially Protected Areas of Mediterranean 
Importance (SPAMIs) under Art. 8. It should 
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be noted that MPAs of the second type may 
be established in the high seas or may 
extend  over two or more marine areas 
belonging to different coastal states. 
The  contracting states to the Bucharest 
Convention adopted the Biodiversity and 
Landscape Conservation Protocol to the 
Convention on the Protection of the Black 
Sea Against Pollution in 2002 which entered 
into force in 2007.15 Due to Art. 4(1) lit. (a) 
of this protocol, each contracting party shall 
take all necessary measures to ‘protect, pre
serve, improve and manage in a sustainable 
and environmentally sound way areas of 
particular biological or landscape value, 
notably by the establishment of protected 
areas […]’. Moreover, the ‘Strategic Action 
Plan for the Environmental Protection and 
Rehabilitation of the Black Sea’ of 2009 
states explicitly the need for MPAs.

Besides the RSCs, there exist conventions 
for the protection of certain species at the 
regional level. Two examples, concluded 
within the framework of the Bonn 
Convention on Migratory Species, are the 
Agreement on the Conservation of Cetaceans 
in the Black Sea, Mediterranean Sea and 
Contiguous Atlantic Area (ACCOBAMS) 
and the Agreement on the Conservation of 
Small Cetaceans in the Baltic, North East 
Atlantic, Irish and North Seas (ASCOBANS). 
ACCOBAMS constitutes an explicit obliga
tion to conserve whales using the instrument 
of MPAs. This obligation may be fulfilled by 
the protection of certain areas under national 
law or within the framework of an RSC. 
One example for this is the Pelagos Sanctuary 
for Mediterranean Marine Mammals. This 
MPA was initially established by a trilateral 
agreement between France, Monaco and 
Italy16 and was some years later listed as a 
SPAMI in accordance with the SPA Protocol 
mentioned above.17

Finally, the agreements establishing the 
regional fisheries management organiza
tions (RFMOs) have to be considered as 
regional (international) agreements in the 
sense of Art. 13(4) MSFD. It is possible that 

fishing closures in certain areas on the basis 
of these agreements qualify as MPAs, but 
this depends on an assessment case by case 
(see below).

Further Spatial Protection Measures

Besides the types of MPAs explicitly 
 mentioned in Art. 13(4) MSFD, there exist 
different kinds of spatial protection meas
ures which do not necessarily offer all the 
characteristics of MPAs but nevertheless 
may contribute to networks of MPAs in 
accordance with this provision.

The first group is made up of area‐based 
restrictions with regard to fishing activities. 
The exploitation of stocks of fish, crusta
ceans and molluscs not only affects the 
stocks as a component of marine biodiver
sity, but food webs and the integrity of the 
seafloor can also be substantially impaired 
(UNEP/MAP, 2012). Fisheries restricted 
areas can address these problems as an inte
gral part of MPA networks. The restrictions 
may be focused on certain fishing methods 
or gears, either throughout the year or 
restricted to seasonal periods. The marine 
regions covered by the MSFD fall within the 
competence of different RFMOs on the basis 
of international conventions. Although the 
name may suggest otherwise, the General 
Fisheries Commission for the Mediterranean 
(GFCM) is also responsible for the Black Sea. 
Another RFMO which covers a larger 
 geographical area, including the Medi
terranean and Black Seas, is the International 
Commission for the Conservation of Atlantic 
Tunas (ICCAT). The scope of ICCAT is 
 limited to tuna and tuna‐like species. This is 
different in the case of the North East 
Atlantic Fisheries Commission (NEAFC). 
But although the ‘Regulatory Area’ of the 
NEAFC covers parts of the North Sea, it 
does not decide over binding management 
measures within EEZs or territorial seas.18 
Therefore, the area of application does not 
interfere with one of the MSFD’s marine 
regions. An instructive example of a spatial 
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protection measure regarding the regulation 
of fisheries is the fisheries restricted area 
(FRA) as provided for in Art. 8 (a) (iv) of the 
GFCM Agreement. Its purpose is ‘the pro
tection of vulnerable marine ecosystems, 
including but not limited to nursery and 
spawning areas’.19

Area‐based fisheries measures are also an 
element of the EU’s Common Fisheries 
Policy (CFP). Recital (39) of the MSFD 
addresses the importance of a ‘full closure to 
fisheries of certain areas, to enable the integ
rity, structure and functioning of ecosystems 
to be maintained or restored and, where 
appropriate, in order to safeguard, inter alia, 
spawning, nursery and feeding grounds’ 
within the framework of the CFP. Recital 
(11) of Regulation (EU) No 1380/2013 of the 
European Parliament and of the Council of 
11 December 2013 on the Common Fisheries 
Policy (the ‘Basic Fisheries Regulation’, BFR) 
consequently highlights the contribution of 
the CFP to the aims of the MSFD, namely 
achieving GES. The BFR institutes two types 
of area‐based fisheries measures. Firstly, 
the EU shall, after identification of suitable 
areas by the Member States, establish fish 
stock recovery areas under Art. 8 BFR. 
These areas primarily concern the protec
tion of ‘heavy concentrations’ of fish below 
minimum conservation reference size and 
spawning grounds. Areas suitable to 
form  part of a coherent network of pro
tected areas have to be taken into account. 
Secondly, Art. 11 BFR empowers the 
Member States to adopt conservation meas
ures with regard to the regulation of fisher
ies within waters under their sovereignty or 
jurisdiction to comply with their obligations 
resulting from Art. 13(4) MSFD. Appropriate 
measures within the territorial seas may be 
taken in accordance with Art. 20 BFR. 
Moreover, the EU’s fisheries legislation pro
vides the EU and the Member States with 
area‐based instruments at the regional level. 
Council Regulation (EC) No 1967/2006 of 
21 December 2006 concerning management 
measures for the sustainable exploitation of 

fishery resources in the Mediterranean Sea 
(MFR), for example, allows the establish
ment of ‘Community fishing protected areas’ 
(Art. 6 MFR) and ‘national fishing protected 
areas’ (Art. 7 MFR).

Another human activity that requires limi
tation in certain areas is shipping, which is 
controlled by the International Maritime 
Organization (IMO) established in 1948.20 
This organization has the competence to 
establish different kinds of protecting 
 measures, including Particularly Sensitive 
Sea Areas (PSSAs). These areas are based on 
IMO Resolution 982 and do not constitute 
restrictions on maritime traffic. This follows 
from the definition of a PSSA in IMO 
Resolution 398 as ‘an area that needs special 
protection through action by IMO because 
of  its significance for recognized ecological, 
socio‐economic, or scientific attributes where 
such attributes may be vulnerable to damage 
by international shipping activities’. With 
respect to PSSAs, other regulations may 
serve as ‘associated protective measures’. 
These include areas to be avoided (ATBAs) 
and no anchoring areas (NAAs). ATBAs are 
expressly provided for in Regulation 8 (a) of 
Chapter V of the International Convention 
for the Safety of Life at Sea (SOLAS). The 
definition for NAAs is laid down in IMO 
Resolution 572, which defines them as ‘[a] 
routeing measure comprising an area within 
defined limits where anchoring is hazardous 
or could result in unacceptable damage to the 
marine environment’. These IMO measures 
must not be confused with areas regulated in 
Art. 211(6) UNCLOS which covers special 
cases where coastal states believe that a 
clearly defined area within their EEZ needs 
special protection against pollution from 
ships, because international rules and stand
ards are inadequate. The IMO is involved in 
the decision concerning the establishment of 
such areas.

Furthermore, maritime spatial planning 
instruments may play an important role as 
spatial protection measures (Schachtner, 
this volume). The EU recently introduced a 
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Maritime Spatial Planning Directive (MSPD, 
2014/89/EU). According to Art. 8(1) of this 
Directive, Member States are obliged to ‘set 
up maritime spatial plans which identify the 
spatial and temporal distribution of relevant 
existing and future activities and uses in 
their marine waters’. In particular, nature 
and species conservation sites and protected 
areas represent interests mentioned in Art. 
8(2) MSPD that qualify as spatial protection 
measures within the framework of maritime 
spatial planning. This is further supported 
by the fact that the programmes of measures 
required by Art. 13(1) MSFD, which include 
those falling under Art. 13(4) MSFD, shall 
inter alia contain spatial and temporal 
 distribution controls as listed in Annex VI 
No (3) to the MSFD.

Last but not least spatial protection 
measures are not limited to binding restric
tions. These include, for instance, (volun
tary) codes of conduct regarding the 
exercise of certain uses in specific marine 
areas. Other examples include the applica
tion of economic instruments to encourage 
the use of marine areas in an environmen
tally sound manner (MSCG, 2014; Ojea 
et  al., this  volume). Moreover, Member 
States or authorized persons may actively 
eliminate factors which have a negative 
effect on the environmental status within a 
marine area, for example by rehabilitating 
contaminated sites.

Initiation of Spatial Protection 
Measures

In the foregoing discussion, reference was 
made to measures that may not be taken by 
the Member States due to a lack of compe
tence. For these cases, a procedure is laid 
down in Art. 13(5) MSFD. This provision 
makes clear that Member States must not 
remain inactive. If the management of a 
human activity at European or international 
level is likely to have a significant impact on 
the marine environment, the competent 

authority or international organization shall 
be addressed. This obligation refers to spatial 
protection measures in particular. As far as 
regional international organizations are con
cerned, the Member States operate within 
the framework of their general obligation 
contained in Art. 6(1) MSFD to make use of 
existing regional institutional cooperation 
structures, including those under RSCs. 
Especially when it comes to measures of 
regional organizations, Member States have 
significant influence on decisions over pro
tective measures in their position as contract
ing parties to the underlying conventions.

 Closing Remarks

The huge achievement of the MSFD, includ
ing with respect to networks of MPAs, is its 
integrative approach. Article 13(4) MSFD 
places new demands for establishing coher
ent networks of protected areas within 
European waters that did not exist in EU law 
before. Thus, MPA networks must contrib
ute to GES taking account of the ecosystem 
approach, and the spatial protection meas
ures taken shall give due consideration to 
sustainable development including social 
and economic impacts. These requirements 
for the network necessitate the integration 
of measures which go beyond Natura 2000 
in several respects. To begin with, MPAs 
agreed within the framework of global and 
regional international organizations have to 
be added. Moreover, a variety of possible 
spatial protection measures have to be inte
grated if necessary, although these may not 
meet all characteristics of MPAs (however 
defined). In conjunction with the reformed 
CFP, the MSFD fosters the interaction of EU 
fisheries and environmental law, especially if 
it comes to the protection of certain areas 
within MPA networks. A number of sectoral 
regulatory measures are not covered by the 
EU’s (exclusive) competence, namely those 
with regard to shipping, yet even these have 
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to be applied within the MPA networks 
through consultation with the responsible 
body. Although the MSFD is only applicable 
within EU waters, the GES of marine regions 
will depend crucially on appropriate meas
ures taken by third parties. Article 6(2) 
MSFD requires coordination between 
Member States and third countries that 
share the same marine region. This includes 
measures with respect to transboundary 
MPA networks. The tight timetable leading 
to the envisaged achievement of GES should 
thus accelerate their establishment, and not 
only limited to EU waters.

However, the MSFD does have some 
intrinsic problems which complicate the 
implementation of its ambitious goals by 
2020. In particular, the application of Art. 
13(4) MSFD is hampered because the mean
ings of essential terms, or their relation to 
each other, have not been defined in the 
Directive. This appears astonishing in view 
of the fact that Art. 3 MSFD contains a long 

list of detailed definitions for the purpose of 
the Directive. Sometimes it can be advanta
geous to refrain from the definition of cer
tain terms since it allows their flexible 
interpretation with due regard to develop
ments in science and politics during the 
implementation process. But when it comes 
to Art. 13(4) MSFD, Member States would 
benefit from more detailed interpretative 
guidance within the Directive. This issue is 
especially pertinent for questions such as: 
To what degree is the term ‘spatial protection 
measure’ wider in its scope than the term 
‘marine protected area’? What are the demands 
placed on the (natural) coherence of a network 
of MPAs and how do they relate to the 
attribute of representativity, and how does 
this differ from the meaning of the term 
‘coherence’ in the general provisions of the 
MSFD? The EU must make every effort to 
foster a common understanding among the 
Member States concerning the answers to 
these questions.

Notes

1 See also Recital (4) of the MSFD.
2 See also Recital (3) of the MSFD.
3 See also Recital (15) of the MSFD.
4 First stated by T.T.B. Koh, President of 

UNCLOS III, available under http://www.
un.org/Depts/los/convention_agreements/
texts/koh_english.pdf; see also Proelß 
(2012).

5 The Member States have to pay special 
attention to their obligation resulting from 
Art. 13(7) MSFD.

6 A regularly updated list of parties is 
provided at https://www.cbd.int/ 
information/parties.shtml

7 It is not possible to present all aspects of 
the discussion here, but reference should 
be made to the examination by CBD/
SBSTTA (2003).

8 Recital (2) of Council Regulation (EC) 
No 734/2008 of 15 July 2008 on the 

protection of vulnerable marine ecosystems 
in the high seas from the adverse impacts 
of bottom fishing gears reads: ‘The absence 
of a regional fisheries management 
organisation or arrangement does not 
exempt States from their obligation under 
the law of the Sea to adopt with respect to 
their nationals such measures as may be 
necessary for the conservation of the living 
resources of the high seas, including the 
protection of vulnerable marine ecosys
tems against the harmful effects of fishing 
activities.’

9 Decision of the Arbitral Tribunal 
Constituted under Annex VII of the United 
Nations Convention on the Law of the Sea 
of 18 March 2015 in the Matter of the 
Chagos Marine Protected Area – Republic 
of Mauritius./. United Kingdom of Great 
Britain and Northern Ireland –.
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10 See the discussion of this decision by 
Czybulka (2016b).

11 This conflict is discussed in detail by 
Proelß (2012).

12 ECJ, Judgement of the Court of 20 
October 2005 (Commission of the 
European Communities./. United 
Kingdom of Great Britain and Northern 
Ireland), C‐6/04.

13 To be precise, the correct formulation 
would be ‘global and regional international 
agreements’, since agreements on a 
regional level are also ‘international’.

14 This Recommendation superseded 
Recommendation 15/5.

15 The protocol is available at http://www.
blacksea‐commission.org/_convention‐
protocols‐biodiversity.asp

16 Agreement concerning the Creation of a 
Marine Mammal Sanctuary in the 
Mediterranean of 25 November 1999, in 
force since 21 February 2002 (2176 
UNTS 249).

17 A regularly updated list is provided under 
http://www.racspa.org/sites/default/files/
doc_spamis/spamis_2015.pdf

18 See the map provided under http://
archive.neafc.org/about/ra.htm

19 A regularly updated list is provided under 
http://www.fao.org/gfcm/data/map‐ 
fisheries‐restricted‐areas/en/

20 Convention on the International Maritime 
Organization of 6 March 1948, in force 
since 17 March 1958 (289 UNTS 3).
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 Introduction

Marine ecosystems have been recognized as 
one of the most important natural resources 
(Costanza, 1999; Beaumont et al., 2007) as they 
offer a wide range of ecosystem services 
(Beaumont et al., 2007; Atkins et al., 2011; 
Burkhard et al., 2011). This makes their con
servation and management highly valuable 
for human well‐being.

Marine Protected Areas (MPAs) can 
enhance fish size and abundance inside their 
borders across a variety of species, ecosystems 
and geographic regions (Roberts et al., 2001; 
Lester et  al., 2009; Gaines et  al., 2010; 
Halpern et  al., 2010; Abbot and Haynie, 
2012), as well as economic profit (White 
et al., 2008), with potential positive spillover 
effects for adjacent fisheries (Russ et  al., 
2004). Marine Protected Areas can also act 
as a safeguard against uncertain future envi
ronmental conditions. Given that the local 
and regional magnitude of climate change 

impacts is difficult to project, marine 
reserves can provide an ‘insurance factor’ 
that buffers against some of these unknowns. 
For example, multiple MPAs in networks 
can spread the risk of impacts (such as 
 catastrophic storms) that are spatially large 
relative to individual reserves but small rela
tive to the scale of the network (Allison 
et al., 2003; Game et al., 2008; McLeod et al., 
2009; Gaines et  al., 2010; Gleason et  al., 
2010). Protecting portions of stocks inside 
MPAs can buffer losses from management 
failure (Gell and Roberts, 2003) as well as 
provide reference areas for assessing climate 
impacts (Bohnsack, 1998), thus providing 
especially valuable insight in data‐poor set
tings on stock fluctuations driven by factors 
other than fishing (Wilson et al., 2010).

Given the broad range of ecological and 
socioeconomic impacts of MPAs, and the 
need to design and manage MPAs in their 
socioeconomic context, research is impera
tive in this area. During the EU‐funded 
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research project on ‘Towards coast to coast 
networks of marine protected areas (from 
the shore to the high and deep sea), coupled 
with sea‐based wind energy potential’ 
(CoCoNet), a series of virtual and regular 
workshops were held between researchers 
and practitioners to discuss the socioeco
nomic aspects of marine conservation in the 
Mediterranean and the Black Seas. The goal 
of these workshops was to provide a plat
form for experts from different origins and 
disciplines to debate specific questions con
cerning the state and the future of marine 
conservation in Southern European seas.

The first workshop was held online in 
December 2012, involving a total of 90 
 participants. The following areas were dis
cussed: (i) the socioeconomic impacts of 
MPAs; (ii) methodologies for socioeco
nomic assessment; (iii) drivers of change; 
and (iv) future MPA networks and policies. 
Following a period of follow‐up research, a 
second workshop on MPA network manage
ment was conducted in Mallorca (Spain) in 
October 2014. External experts, stakehold
ers and policy advocates from the project 
area (Mediterranean and Black Seas) and 
additional regional seas were also invited. The 
workshop focused on (i) establishing MPAs 
and MPA networks; (ii) managing MPAs and 
MPA networks; and (iii) monitoring MPAs 
and MPA networks. Finally, a third online 
workshop was organized in December 2014, 
with the objective of combining the existing 
experience from the  socioeconomic analysis 
of MPAs conducted within the CoCoNet 
project.

This chapter presents the main findings 
and lessons learned from these series of sci
entific exchanges, and provides recommen
dations for the management of MPAs in the 
Mediterranean and Black Seas. Special 
emphasis is given to the socioeconomic 
aspects of MPAs, as it is now widely recog
nized that MPAs must be designed to 
address social and economic considerations 
as well as conservation goals. We present 

the state of the art concerning the study of 
the socioeconomic impacts of MPAs, and 
present tools for MPA socioeconomic 
assessments; we then introduce case stud
ies  gathered in the workshops from the 
Mediterranean and the Black Seas; summa
rize the literature and expert discussions by 
presenting lessons learned; and conclude 
with some final remarks.

 State of the Art

Socioeconomic Impacts of MPAs

The impacts of establishing MPAs have been 
widely studied from a biological and conser
vation point of view, but less evidence exists 
about socioeconomic impacts. Literature 
has chiefly focused on the impacts of pro
tected areas on activities such as fisheries 
and tourism, while other potential positive 
and/or negative impacts have received less 
attention.

A vast literature exists concerning the 
effects of MPAs on fisheries. Research shows 
that fisheries benefit from MPAs as pro
tected eggs, larvae and adult fish spill over 
into adjacent fishing grounds, benefiting 
fishermen and their catches (Claudet and 
Guidetti, 2010). Thus, fishermen see MPAs 
as positive initiatives and might become 
involved in their management. For example, 
fishermen participating in managing a 
reserve in Torre Guaceto (Brindisi, Italy), 
where fishing was allowed in part of the 
reserve, obtained yields which were consist
ently about double those obtained from 
 fishing grounds outside the reserve.

Apart from benefits to fisheries, however, 
MPAs also provide many other benefits. In 
2009, a study by Lester et al. (2009) reviewed 
reports from 1224 no‐take marine reserves 
in 29 countries and found documented 
increases in biomass, species richness and 
population size within the boundaries of 
the reserves.



Socioeconomic Impacts of MPA Networks 105

Social sciences have contributed a rela
tively small but steadily growing body of 
 literature that examines the social and eco
nomic implications of MPAs (Sanchirico 
and Wilen, 2002). In Southern European 
seas, a seminal paper by Badalamenti et al. 
(2000) remains the main source on the 
 socioeconomic impacts of MPAs on the 
Mediterranean Sea. More recently, Rossetto 
et al. (2013) presented a synthetic review of 
the empirical evidence of benefits and costs 
of MPAs, in order to inform the planning of 
future protected areas. Pascual et al. (2016) 
updated the Badalamenti et al. (2000) analy
sis and expanded it to the Black Sea as well.

Based on a literature review on socioeco
nomic impacts of MPAs, together with the 
input from the workshop participants, 
Table  6.1 provides a comprehensive list of 
the different potential positive and negative 
impacts expected from a protected area, 
from a user perspective, for each socioeco
nomic activity. The table captures informa
tion from the Black and Mediterranean Seas 
to elucidate the main positive and negative 
impacts of activities on users.

Instead of looking at the impacts of eco
nomic uses on MPAs, the focus is the other 
way round: we are trying to understand the 
implications of MPAs for the society and 
economy of an area. For this purpose, we 
recommend ranking impacts according to: 
(i) the importance of the activity in the 
region; (ii) the importance of the stakeholder 
groups in the region; (iii) the socioeconomic 
context; and (iv) the magnitude of the 
impact. All these factors are of course 
related. For example, it emerged from 
the discussions that mineral extraction may 
be an activity considerably affected by MPA 
creation in the Black Sea, more so than 
 commercial fisheries which have severely 
declined in the last few decades. The 
importance of recreational impacts in 
Mediterranean MPAs was highlighted, and 
regional differences are very relevant for 
understanding the dynamics.

Tools for MPA Socioeconomic 
Assessments

We now review some of the main method
ologies and conceptual frameworks used for 
MPA research and management which we 
find useful for assessing the socioeconomic 
impacts of MPAs.

Social‐Ecological Systems (SES) 
Approach
Novel conceptual frameworks address 
marine management from a social‐ecological 
perspective. In her pioneering work, 
Ostrom  (e.g. Ostrom, 2009) identifies a 
set of  variables that affect the likelihood of 
self‐ organization in efforts to achieve a 
 sustainable SES, such as cooperation in 
 sustainable fisheries management. From 
this more holistic social‐ecological perspec
tive, marine resources are understood as an 
intertwined system where ecological and 
socioeconomic factors interact. Recent work 
has adopted this framework to investigate 
fisheries where resource system, resource 
users, resource units, governance, interac
tions and outcomes from the systems are 
analysed in order to understand the system’s 
complexity and address management in a 
more sustainable way. Leslie et al. (2015), for 
example, apply a SES approach to artisanal 
fisheries in Baja California. For MPAs, Jones 
et al. (2013) rely on this framework to study 
in detail governance factors for 20 MPAs 
worldwide.

However, despite the recent growing body 
of case studies and recommendations on the 
benefits of adopting a social‐ecological 
framework for resource management, as 
well as the potential for MPA design and 
management, such a framework remains 
very difficult to apply, whether in fisheries 
management (Kittinger et al., 2013) or more 
generally. Further research and additional 
illustrative case studies are needed to 
explore the benefits of adopting a SES 
approach in MPA management.
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Ecosystem Services and 
Economic Valuation
The Millennium Ecosystem Assessment 
(MEA) uses a conceptual framework for 
documenting, analysing and understanding 
the effects of environmental change on eco
systems and human well‐being. It views eco
systems through the lens of the services they 
provide to society, how these services in 
turn benefit humanity, and how human 
actions alter ecosystems and the services 
they provide (Carpenter et al., 2009).

Assessing ecological processes and 
resources, in terms of the goods and services 
they provide, translates the complexity of 
the environment into a series of functions 
which can be more readily understood, 
for  example by policy‐makers and non‐ 
scientists (Beaumont et al., 2007). As a con
sequence, the focus on ecosystem services 
has been widely adopted among the scien
tific and policy communities (Carpenter 
et al., 2009), including those concerned with 
marine management and MPAs (Roncin 
et al., 2008; Fletcher et al., 2011).

Building on the ecosystem services frame
work, The Economics of Ecosystem Services 
and Biodiversity (TEEB) has recently applied 

a more mainstream economic approach to 
ecosystem services (Costanza et  al., 2014). 
TEEB adopts the MEA framework, but 
adapts it by including ecosystem functions. 
Ecosystem functions are defined as a subset 
of the interactions between structure and 
processes that underpin the capacity of an 
ecosystem to provide goods and services. 
The building blocks of ecosystem functions 
are the interactions between structure and 
processes, which may be physical (e.g. water 
infiltration, sediment movement), chemical 
(e.g. reduction, oxidation) or biological (e.g. 
photosynthesis, denitrification), and biodi
versity is involved in all of them to varying 
degrees. Ecosystem services are defined in 
TEEB as the direct and indirect contribu
tions of ecosystems to human well‐being. 
Identifying and separating ecosystem pro
cesses and services avoids the risk of double 
counting benefits. Figure 6.1 shows the links 
between functions, services and well‐being 
adopted by TEEB (2012).

Based on TEEB and the MEA frameworks, 
together with recent work on ecosystem ser
vices in the Mediterranean (Sardá, 2013), 
Table  6.2 summarizes methodologies from 
the economic literature that can be applied 

Services

Well-being
benefits and values

Ecosystems and
biodiversity functions

• Provisioning

• Production (biomass)
• Regulation (water)

• Habitat (requirements)
• Information
(landscape)

• Economic welfare

• Social well-being
• Ecological sustainability

(resilience)
• Regulating

• Habitat

• Cultural

Figure 6.1 Links between functions, services and well‐being adopted by The Economics of Ecosystem 
Services and Biodiversity (TEEB).
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under an ecosystem services framework to 
study the socioeconomic impacts of MPAs 
and MPA networks. Also included is the 
type of values the methods can measure. 
The methods are outlined below:

Net Factor Income (NFI): this method esti
mates the value of ecosystem services as 
an input in the production of a marketed 
good. That is, NFI estimates the value of 
an ecosystem input as the total surplus 
between revenues and the costs of other 
inputs in production. For example, the 
value of a coral reef in supporting reef‐
based diving recreation should be calcu
lated as the revenue received from selling 

diving trips to the reef, minus the labour, 
equipment and other costs of providing 
the service (Van Beukering et al., 2007).

Production Function (PF): this method 
estimates the value of a non‐market eco
system product or service by assessing its 
contribution as an input into the produc
tion process or a commercially marketed 
good. It is different from the NFI method 
in that it estimates a functional relation
ship between inputs and outputs. A PF 
describes the relationship between inputs 
and outputs in production. This method 
could be useful when considering aqua
culture, for example.

Table 6.2 Valuation techniques available for economic valuation of ecosystem services in MPAs.

Value Function Ecosystem good or service
Common valuation 
technique

Use value Direct use value:
Provisioning or 
production services

Production of valuable food and 
fibre for harvest

NFI, PF, MP

Pharmaceuticals NFI, MP
Raw materials NFI, MP

Cultural services Recreational opportunities NFI, TC, CV, CE
Education and scientific knowledge CV, CE

Indirect use value:
Regulating services Water quality control NFI, RC, CV, HP, CE

Waste treatment NFI, RC, HP
Flood control and storm buffering NFI, RC, AD
Biological regulation CE, CV, PF
Human disease control NFI

Supporting services Climate regulation RC
Nutrient cycling RC

Option value:
Option value Future benefit for direct and 

indirect uses
CV, CE

Non‐use value Existence value Intrinsic value of species, habitat, 
biodiversity

CV, CE

NFI, Net Factor Income; PF, Production Function; MP, Market Price; TC, Travel Cost; CV, Contingent Valuation; 
CE, Choice Experiments; RC, Replacement Cost; HP, Hedonic Pricing; AD, Avoided Damage.
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Market Prices (MP): these methodologies 
use market prices to estimate marginal 
economic values. This is feasible for those 
ecosystem goods and services that have a 
price in existing markets, such as seafood, 
fish or commercial algae, or revenues 
from outdoor recreational demand. 
A major disadvantage of the method is that 
many environmental goods and  services 
are not traded directly in well‐functioning 
markets and readily observable prices are 
not available. Additionally, if  markets 
exist but are highly distorted, the available 
price information will not reflect true 
social and economic values.

Travel Cost (TC): this method is based on 
actual consumer or producer behaviour 
and preferences and values are ‘revealed’ 
in complementary or surrogate markets. 
It employs existing market data to derive 
the indirect value of nature. An example 
would be assessing the expenses incurred 
in visiting an MPA, as an estimate of how 
much the experience is worth.

Contingent Valuation (CV) and Choice 
Experiments (CE): these methodologies 
are used for those services that are not 
traded in a regular market and therefore 
have no market price. For such goods and 
services, usually the individual willing
ness to pay for a change in the level of pro
vision of the service is estimated. These 
are the only methods capable of deriving 
economic values for highly valued species 
or cultural ecosystem values not related 
to  direct use. This can be done through 
conducting surveys to collect data about 
individual preferences in relation to an 
environmental good. While the CV 
method asks for willingness to pay for 
specific changes in environmental quality, 
the CE method asks respondents to rank 
attributes of the ecosystem service or to 
choose among alternative scenarios.

Replacement Cost (RC): this method esti
mates the value of ecosystem services as 
the cost of replacing them with alternative 

goods and services. For example, the value 
of a wetland that acts as a natural reser
voir can be estimated as the cost of con
structing and operating an artificial 
reservoir of a similar capacity.

Hedonic Pricing (HP): this method 
employs existing market data to derive 
the indirect value of nature, for example 
by using property values, on the assump
tion that the price of a property will indi
rectly reflect any environmental benefits 
the property enjoys from an ecosystem 
service.

Avoided Damage (AD): this method uses 
the cost of actions taken to avoid damage 
to the system as a measure of the benefits 
provided by the ecosystem. For example, 
if a coastal wetland provides protection 
from inland flooding, the value of the 
 protection afforded may be estimated by 
the damage to their properties avoided 
by local residents and government.

Ecosystem‐Based Management
The rapid increase in the size and number of 
MPAs has been accompanied by a similar 
increase in implementation of marine eco
system‐based management (EBM) meas
ures. In fisheries, for example, EBM focuses 
on controlling bycatch, protecting critical 
habitats, and recognizing predator–prey and 
other ecological relations, within the frame
work of traditional population‐specific fish
eries management (McCay and Jones, 2011). 
However, although fisheries managers may 
close some areas to fishing either perma
nently or temporarily, MPAs are still poorly 
integrated into ecosystem‐based fisheries 
management (Halpern et al., 2010).

One reason for resistance to MPAs as a 
central component of an ecosystem‐based 
fishery may be that they are a relatively new 
approach, whereas species‐specific fisheries 
management has a long, if not always suc
cessful, history. Moreover, decisions about 
size, site selection, and disturbance levels 
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within MPAs are technically difficult, par
ticularly given the relatively high degree of 
variability and complexity in marine ecosys
tems (McCay and Jones, 2011). For a detailed 
review and discussion on EBM see Sardá 
et al. (this volume).

Marine Spatial Planning
Marine Spatial Planning (MSP) allows the 
creation and establishment of a more 
rational organization of the use of marine 
space and the interactions between its uses, 
to balance demands for development with 
the need to protect the environment, and to 
achieve social and economic objectives in 
an open and transparent way (Douvere, 
2008; Schachtner, this volume). Marine 
Spatial Planning operates at multiple spatial 
and temporal scales, by considering the 
three‐dimensional nature of the sea, and 
addressing static and dynamic maritime 
activities from local to regional scales 
(Gilbert et al., 2015). Designation of MPAs 
is an integral part of MSP and the achieve
ment of ecosystem‐based management 
(Crowder and Norse, 2008). Therefore, 
when establishing MPAs it is important to 
know how the spatial regulation of human 
activities within MPAs will affect marine 
users (Cárcamo et  al., 2014). In MPAs, 
marine uses may be subject to stringent 
conditions or even totally excluded depend
ing on the location and type of the MPA. 
The specific location of the MPA deter
mines how marine uses are positively or 
negatively impacted.

Marine Spatial Planning allows compre
hensive analyses of MPAs and MPA net
works, which are spatially explicit. Through 
MSP, it is possible to identify and quantify 
human activities surrounding an MPA net
work, to assess the compatibilities among 
activities and their environmental impacts. 
In fact, MPA design and consideration in a 
marine system is inherent to MSP. For 
MPA and MPA networks, MSP constitutes a 
framework that can be applied at multiple 

scales. For example, marine spatial plans can 
be conducted at local or regional level (i.e. 
trans‐national), and MSP is expected to have 
much potential after the implementation of 
the EU Maritime Spatial Planning Directive 
(2014/89/EU).

DPSIR and DPSWR Environmental 
Indicator Frameworks
The DPSIR (Drivers–Pressures–State–Impact–
Response) environmental indicator frame
work is a systems‐based approach which 
captures key relationships between society 
and the environment (Lewison et al., 2016), 
and is regarded as a philosophy for 
 structuring and communicating policy‐ 
relevant research about the environment, for 
example by the European Environment 
Agency. Recent work on the DPSIR model 
has improved the framework to incorporate 
the welfare component of environmental 
 factors, developed under the KNOWSEAS 
FP7 project (http://www.msfd.eu/). This 
improvement involves replacing ‘Impact’ by 
‘Welfare’ in what is known as the DPSWR 
framework. In this new framework ‘Welfare’ 
is measures of changes (the ‘costs’) to human 
welfare as a result of State changes, and it 
thus provides a conceptual model that is a 
useful starting point for analysing coupled 
social and ecological systems (Cooper, 2013).

 MPAs in the Mediterranean 
and Black Seas

We now present the evidence on the socio
economic impacts of MPA networks gath
ered during the expert workshops for the 
Mediterranean and Black Seas. The majority 
of the works cited are ongoing research doc
uments that participants to the workshop 
were engaged in, and therefore some are not 
yet published. Some of the working docu
ments were originally in different languages 
from the Mediterranean basin and the Black 
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Sea area, and the workshops allowed benefi
cial exchange of knowledge about work 
going on in these areas.

Mediterranean Sea

A literature review was conducted during 
the workshops to collect case studies relat
ing to MPAs in the Mediterranean Sea, and 
a total of 15 case studies were shared among 

participants. Most assessed the effects of 
MPAs on artisanal and commercial fisher
ies, with a few looking at recreational 
impacts. There was a clear dearth of studies 
of impacts on other ecosystem services that 
affect  society, such as regulation services 
(e.g. climate, storm protection, salinization, 
carbon sinks). The studies are briefly 
described below.

1 Economic valuation of five marine and coastal protected areas in the Mediterranean 
(Plan Bleu, 2012)

Keywords: cost–benefit analysis, Mediterranean, 
ecosystem services, tourism, net present value

Summary: The study focuses on the valuation 
of costs and benefits for Mediterranean MPAs 
linked to ecosystem services, including 
 professional and non‐professional fishing, 
tourism, boating, diving, and carbon capture. 
The costs comprise the management body 
budget and the economic activities within, or 
related to, the MPAs. The case study areas are: 
Cap de Creus National Park (Spain), Kuriat 
Islands (Tunisia), Kaş Kekova (Turkey), 
Zakynthos National Park (Greece) and Mount 
Chenoua (Algeria). The analysis employs three 

scenarios of the potential evolution of MPA 
management: (i) more protection; (ii) less pro
tection; and (iii) no change in management. As 
a general result they find that tourism accounts 
for 90% of the benefits of the MPAs. The bal
ance between tourism and fishing seems to be 
the key to MPA acceptance. The net present 
value is highest for  scenario (i) (increasing pro
tection). However, the lack of information in 
some of the areas limited a wider analysis in 
the Mediterranean Sea, including additional 
locations. Also, the study produces estimates 
of costs and  benefits from existing MPAs, but it 
was not possible to isolate the benefits of 
establishing additional MPAs.

2 Effects of habitat on spillover from marine protected areas into artisanal fisheries 
(Forcada et al., 2009)

Keywords: MPA, artisanal fisheries, habitat 
connectivity, spillover, Mediterranean Sea

Summary: This is a case study on the effects 
of  MPAs in artisanal fisheries in three 
marine reserves in the Mediterranean: Tabarca 
Marine  Reserve (Spain), Carry‐le‐Rouet 
Marine Reserve (France) and Cerbère‐Banyuls 

Marine Reserve (France). It finds that the spill
over effect is localized to specific  sectors and 
that MPAs provide benefits to artisanal fisher
ies in this case. The authors conclude that 
spillover effects are not a  universal conse
quence of siting MPAs in temperate waters 
and depend on the distribution of habitats 
inside and around the protected spaces.
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3 A review of marine protected areas in the north‐western Mediterranean region: Siting, 
usage, zonation and management (Francour et al., 2001)

Keywords: fishing, spear‐fishing, MPA impacts, 
management, enforcement

Summary: This paper reviews MPAs in the 
north‐western Mediterranean. It finds that 
semi‐protected areas where professional 
fishing is still allowed clearly demonstrate 

the  negative impact of spear‐fishing, and the 
limited impacts from regulated professional 
activities in fish assemblages. The authors 
also conclude that the most important 
 factor  underlying whether or not an MPA is 
 successful and beneficial is the presence of 
 dedicated staff.

4 Marine protected areas in the Mediterranean Sea: Objectives, effectiveness and 
monitoring (Fraschetti et al., 2002)

Keywords: effectiveness, research, reserve 
effect, environmental impacts

Summary: The authors of this study argue 
that in the Mediterranean Sea the lack of 
appropriate sampling designs and a proper 
set of experimental procedures prevent any 
scientific demonstration of MPA effective
ness. This lack of suitable data may be a 
result of several factors: field investigations of 

sub‐tidal marine reserves are generally con
founded by intrinsic ecological differences 
between the sites investigated, both inside 
and outside reserves; site and reserve replica
tion is absent; or no information about the 
biota was collected before the reserve was 
established. As a result, the authors recom
mend the use of experimental procedures 
widely used for detecting environmental 
impacts.

5 Designing a network of marine reserves in the Mediterranean Sea with limited  
socio‐economic data (Giakoumi et al., 2011)

Keywords: MSP, Mediterranean, economic 
costs, MPAs, Natura 2000

Summary: This study identified priority areas 
for MPAs using spatial prioritization software 
in the eastern Mediterranean Sea, using dif
ferent types of available data from visual 
census surveys (fish species abundance, 
presence of various habitat types, and per
cent coverage of seagrasses and canopy 
algae). This approach can also be applied 
even if spatially explicit information is lim
ited, through socioeconomic cost indices 
taking into account fisheries (including infor
mation on the location of ports and areas 
often inaccessible to fishermen due to high 

wind exposure) and tourism (on the basis of 
availability of beds for tourists). The paper 
examined how the spatial priorities for 
marine reserves varied using different 
 combinations of these socioeconomic cost 
metrics, and compared the model outcomes 
with two non‐systematic methods, the 
Natura 2000 proposed marine reserves and 
sites that local fishermen proposed for pro
tection. In fact, only a few sites identified in 
the paper coincided with those recom
mended as part of Natura 2000 or the fisher
men’s proposals. This suggests that much 
more work is needed to harmonize the pro
posals in the paper with the principles of 
 efficient systematic conservation planning.



6 Spillover from six western Mediterranean marine protected areas: Evidence 
from artisanal fisheries (Goñi et al., 2008)

Keywords: MPAs, spillover effect, artisanal 
 fisheries, catch analysis

Summary: This study investigated the spillover 
(or biomass export) around six MPAs in the 
western Mediterranean based on catch and 
effort data from artisanal fisheries. The selected 
MPAs were Cerbère‐Banyuls and Carry‐le‐
Rouet in France, and Medes, Cabrera, Tabarca 

and Cabo de Palos in Spain. The authors found 
evidence of effort concentration and high fish 
production near closed areas for all fishing 
gear analysed. The authors concluded that 
coastal MPAs can be an effective management 
tool for artisanal fisheries in the region and that 
this could be extended to the rest of the west
ern Mediterranean, as the fishing gear studied 
in this region were typical of the entire basin.

7 Potential of marine reserves to cause community‐wide changes beyond their 
boundaries (Guidetti, 2007)

Keywords: spillover effects, fisheries ecology, 
economic impacts, Torre Guaceto

Summary: This study looked at the impact of 
marine reserves on fish ecology and their 
socioeconomic implications. The case study 
concerned the Torre Guaceto Marine Reserve 

(Italy). Results suggested that no‐take 
marine reserves can promote community‐
wide changes beyond their boundaries. The 
effects on fishing communities may impact 
the earnings from fishing as there were 
shifts of target species and sizes, as well as 
other factors.

8 Mediterranean marine protected areas: Some prominent traits and promising trends 
(Harmelin, 2000)

Keywords: artisanal fisheries, Mediterranean, 
gear regulations

Summary: Small‐scale artisanal fishing by 
trammel nets could persist at moderate level 
without affecting the spectacular replenish
ment of fish populations in shallow rocky 
areas when other fishing methods such as 

trawling and spear‐fishing were controlled 
or banned. This result has a particular social 
and cultural interest in the Mediterranean 
context, considering the slow decline of this 
traditional fishery. The paper argues for a 
more active integration of professional fish
ermen in the preparation of new MPA 
projects.

9 Gradients of abundance and biomass across reserve boundaries in six Mediterranean 
marine protected areas: Evidence of fish spillover? (Harmelin‐Vivien et al., 2008)

Keywords: spillover effect, fish ecology, MPA 
impacts, ecological impacts

Summary: Six Mediterranean MPAs were ana
lysed in terms of their impact on fish biomass 
and abundance. The authors found fish spill
over from reserves which was beneficial to 
local fisheries. This spillover effect occurred 

mostly at a small spatial scale (hundreds of 
metres). The existence of regular patterns of 
negative fish biomass gradients from within 
MPAs to fished areas was consistent with the 
hypothesis of processes of adult fish biomass 
spillover from marine reserves, and could 
be  considered as a general pattern in this 
Mediterranean region.



10 Biological and socioeconomic implications of recreational boat fishing 
for the management of fishery resources in the marine reserve of Cap de Creus 
(NW Mediterranean) (Lloret et al., 2008)

Keywords: tourism, MPAs, management, 
 recreational value, recreational fisheries, 
angling

Summary: This study looked at recreational 
fisheries in the marine reserve of Cap de Creus 

(Spain). It found that recreational fisheries had 
a large effect on the local economy since the 
majority of fishermen were visitors on holiday 
in one of the villages belonging to the park, 
where most of the expenditure related to 
angling activities was made.

11 The impact of human recreational activities in marine protected areas: What lessons 
should be learnt in the Mediterranean Sea? (Milazzo et al., 2002)

Keywords: recreation, MPAs, monitoring, 
tourism

Summary: The paper reviewed the world
wide impacts of recreational activities on 
marine communities in MPAs and highlighted 
the gaps in the relevant available literature. 
These gaps should be filled in order to facilitate 
research, monitoring and management of 
MPAs in the Mediterranean Sea. The study 
 analysed the different recreational activities in 

MPAs that, when intensive, could modify 
marine communities at a local scale. More 
effort should be put into understanding the 
impact of ‘marine‐based’ activities by assessing 
the habitats that most attract tourists, quanti
fying the cause–effect relationship between 
the biological impact and the amount of rec
reational activity in the MPAs, and, whenever 
possible, predicting the future impact of recre
ational activities on spatial and temporal scales 
to assist the MPA management process.

12 Integrating conservation and development at the National Marine Park of Alonissos, 
Northern Sporades, Greece (Oikonomou and Dikou, 2008)

Keywords: Greek MPA, preferences, costs and 
benefits, stakeholder analysis

Summary: The paper analysed the degree of 
acceptance of the MPA by local stakeholders 
through time, after its establishment 13 years 
earlier. The authors used questionnaires to 
collect stakeholders’ views. They found that 

different groups had different perceptions of 
the MPA: for example, fishermen perceived 
costs due to restrictions while recreational 
companies reported benefits. The study illus
trated the need for stakeholder analysis in 
order to understand perceptions and hetero
geneity in the actors involved with and/or 
affected by an MPA.

13 Uses of ecosystem services provided by MPAs: How much do they impact the local 
economy? A southern Europe perspective (Roncin et al., 2008)

Keywords: ecosystem services, socioeconomic 
impacts, recreation, stakeholder analysis

Summary: The paper reviewed 12 case studies 
in the Mediterranean looking at the main 
socioeconomic impacts of MPAs. An assess
ment was carried out, including stakeholder 
interviews. A variety of situations were identi
fied in the different MPAs, from MPAs where 

commercial fishing was the major economic 
stake, to MPAs where recreational activities 
had a dominant economic role. The second 
situation was more typical. However, due to 
the lack of baseline data, the question of dis
tinguishing the ‘reserve effect’ from the ‘site 
effect’ could only be addressed with the help 
of survey results concerning perceptions and 
attitudes of users.
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Black Sea

A total of 15 case study reports and docu
ments were obtained concerning the Black 
Sea. While for the Mediterranean Sea, stud
ies on MPA impacts are numerous and 
cover many different areas of research, for 
the Black Sea scientific publications are 
scarce and more information can be found 
in the grey literature. Four of the documents 

gathered consisted of general background 
about the current state of fisheries, biodi
versity, environment and transboundary 
diagnostic analysis of pollution in the Black 
Sea. The remaining 11 contained various 
levels of information on MPAs and their 
socioeconomic impacts. From these, three 
reports were representative of case study 
areas and are briefly described here.

14 Long‐term and spillover effects of a marine protected area on an exploited fish 
community (Stobart et al., 2009)

Keywords: spillover effect, MPAs, fishing, 
 benefits, economic impact

Summary: The study analysed the spillover 
effect for artisanal fisheries in the Columbretes 

Islands Marine Reserve (Spain). It concluded 
that the reserve establishment had had a pos
itive effect on the exploitable fish community 
and that there was evidence of biomass 
export to the surrounding fishery.

15 Perspectives of economic effects of fisheries exclusion zones: A Sicilian case study 
(Whitmarsh et al., 2002)

Keywords: marine reserves, fishery reserve, 
trawl, artisanal fisheries, spillover effects, 
impacts

Summary: The paper reported the results of 
a European project investigating the effects 
of a trawl ban introduced in the Gulf of 
Castellammare, north‐west Sicily, in 1990. 
The results indicated that the prohibition on 

trawling led to stock recovery and improved 
financial returns for the artisanal fishermen 
who had been permitted to operate within 
the restricted area. However, there was evi
dence that the displacement of trawlers to 
the outer periphery of the exclusion zone 
had impacted adversely on artisanal opera
tors located immediately outside the trawl 
ban area.

1 Danube Delta, Romania and Ukraine

The case study of the Danube Delta, an area 
located at the boundary of Romania and 
Ukraine, was analysed in some detail. It was a 
good example of the geopolitical context 
problems that arise in some MPAs. The paper 
on boundaries and margins in the Danube 
Delta (Van Assche et  al., 2008) and the deci
sion of the International Court of Justice on 
the delimitation of the maritime boundary 

between the two countries in the Black Sea 
(Zmeiny Island, ICJ Order 2009) detailed these 
transboundary problems, while the paper on 
transformations of knowledge/power and 
governance of the Danube Delta (Van Assche 
et  al., 2011) considered the potential for 
 citizen participation in environmental gov
ernance as a possible means for solving these 
issues in transboundary areas.
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 Lessons Learned for MPAs

Participants in the workshops shared their 
experiences on the implementation of MPAs 
and MPA networks in the Mediterranean 
and Black Seas. A main concern shared by 
all participants – and one that is also evident 
in the literature – is the level of effectiveness 
of the MPAs in these regions. This percep
tion revolved around five main issues: (i) the 
mismatch between regulations and actual 
implementation and management perfor
mance; (ii) the protection level set; (iii) the 
simplicity of naturalistic approaches as 
opposed to socioeconomic‐ecosystem (net
work) approaches; (iv) the importance of 
stakeholder involvement in governance 
and  management from the early design of 

MPAs; and (v) the lack of resources (includ
ing political will) needed to reduce human 
pressures.

Mismatch between Regulations 
and Actual Implementation 
and Management Performance

The role of an MPA is universally recog
nized and therefore non‐negotiable in its 
essence. However, participants stated that 
the implementation of the mechanisms and 
operations of MPAs is difficult; that there 
are not enough data; and that our knowl
edge is limited. Participants agreed with the 
ideas developed by Colloca et al. (2015) on 
no‐take zones for nurseries, and the differ
ent effects MPAs can have depending on 
the way they are designed and managed.

2 Vama Veche, Romania

Some participants of the first workshop pro
vided information on the protection and 
management of MPAs in Romania. They 
stated that expanding the European ecologi
cal network (Natura 2000) in Romania could 
lead to conflicts between the marine sites 
and fishery interests, especially at the Vama 
Veche – 2 Mai Reserve. In order to solve this 
conflict, they considered that measures 
should be taken including: (i) the legal con
trol of demersal fisheries in the Romanian 
coast; (ii) protection of high economic value 

fish species by taking strong measures to 
stop illegal fishing and prohibit fishing at 
 certain times of year; (iii) special protection of 
spawning grounds; (iv) development of fish
ing regulations; and (v) education/training of 
fishermen in the proper recording, handling 
and release techniques for dolphins acciden
tally caught in fishing gear. In fact, all these 
measures exacerbated the situation with 
local fishermen and the situation was 
resolved not by consensus but by application 
of law enforcement.

3 Karkinitsky Bay, Ukraine

A case study of Karkinitsky Bay off north‐west 
Crimea (the largest bay in the Black Sea) con
cerned the socioeconomic impacts of protect
ing an area for the recovery of the red alga 
Phyllophora crispa. This alga was once harvested 
for agar and was an important nursery area for 
fish, both resources having declined since the 
1970s. However, new protection measures to 

restore these resources have potential impacts 
for navigation as well as gas and mineral 
 extraction which now take place in the bay. 
Accordingly, the boundaries of the MPA 
declared in November 2011 had to be drawn to 
avoid conflicts with these economic activities 
instead of following the ideal scientific extent 
(as would be required under EU legislation).
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A study by Mabile (2007) was proposed to 
help understand the implications of design
ing an MPA system in the context of 
 decentralization, with examples from Italy 
and Spain. It showed that the legislative 
intervention for the creation of MPAs is a 
weak procedure which does not facilitate 
the necessary responsiveness or permit the 
rapid creation of new sites. This study also 
highlighted a second aspect: that MPAs are 
usually limited essentially to a naturalistic 
approach, which does not favour the 
acknowledgement of MPAs as a tool for 
local people, who also usually have no right 
of participation.

In most Black Sea countries today there 
exist many conflicts between national leg
islation, international commitments affect
ing MPAs, and decisions made about 
resources that could be exploited in the 
protected areas. In Ukraine, for example, 
following the state’s nature protection leg
islation (Law on the Nature Protected Fund 
1992), different levels of various activities, 
including the extraction and use of mineral 
and biological resources, were allowed in 
the Zernov’s Phyllophora Field (in the cen
tral part of the north‐western shelf of the 
Black Sea) and the Small Phyllophora Field 
(Karkinitsky Bay). However, a ‘real’ defence 
of MPAs in Ukraine only began after the 
introduction of the National Natural Park 
designation and the establishment of the 
Institute for Protection of MPAs. After this, 
in order to promote the formation of a 
transboundary networks of MPAs, it 
became necessary to strengthen the pro
tected status of sites across the whole of 
Ukraine.

Regarding the law, participants believed 
that analysis cannot be limited to the legal 
norms alone, as legal standards are worth
less if the administrative machinery for their 
implementation is not put in place. The 
effectiveness of laws and regulations should 
be measured in a ‘public policies evaluation’. 

Especially in developing  countries, many 
laws have only been adopted following inter
national pressure (and EU pressure  –  for 
example in technical assistance programmes 
before the integration of eastern countries, 
and now under the European Neighbourhood 
and Partnership Instrument); and even after 
being adopted they have so far had little 
application. The evaluation of governance 
effectiveness is an essential aspect of neo‐
institutional and social science research, but 
unfortunately we have very few data on gov
ernance effectiveness in the case of strength
ening environmental laws at national and 
international level; on different manage
ment plans and best practice; and on the 
development of optimal action plans.

Protection Level

There are still many questions about the 
 different levels and types of protection. It is 
not clear that the highest category of protec
tion (IUCN Category I, strict nature reserve; 
Dudley and Hockings, this volume) could 
guarantee the conservation of biota and 
habitat diversity in MPAs. Furthermore, 
national ‘Red Data Books’ usually comprise 
just a list of endangered species and their 
basic biology and status; they seldom pro
vide recommendations for conservation, or 
for recovery of species and their habitats.

For both artisanal and recreational fisher
ies there is literature regarding the potential 
of ‘partial MPAs’. These can have some posi
tive aspects, both economic (e.g. reduction 
of surveillance costs) and social (e.g. fisher
men are allowed to fish on some days).

One of the difficulties noted for designing 
offshore marine reserves with higher pro
tection levels is the cost of surveillance. 
Widespread use of electronic monitoring, 
such as the Automatic Identification System 
or Global Fishing Watch (http://globalfish 
ingwatch.org/), can contribute to reducing 
the costs of surveillance.
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Naturalistic Approaches versus 
Socioeconomic‐Ecosystem (Network) 
Approaches

The creation of MPAs in the Mediterranean 
and Black Seas invariably focuses on narrow 
biological aspects (e.g. presence of legally 
protected species, Red List species, attrac
tive underwater seascapes or important 
resource species). However, for networking 
MPAs, the focus should be on higher bio
logical community levels: this way MPA 
networks can protect the functions of 
 ecosystems and not just single species 
(Boero, this volume).

Furthermore, participants generally 
agreed that to be effective, there should be 
legal, socioeconomic and functional MPA 
typologies, rather than typologies based 
only on biological criteria (Beal et  al., this 
volume). On the other hand, the EU Marine 
Strategy Framework Directive (2008/56/EC) 
encourages reaching Good Environmental 
Status through maintaining biodiversity and 
does not directly address livelihoods (Braun, 
this volume).

The inclusion of both natural and anthro
pogenic aspects is believed to be the most 
cost‐effective way of addressing the socio
economic impacts that MPAs and MPA 
 networks might create. Ways of achieving 
this goal include stakeholder participation 
and methodologies such as multi‐criteria 
analysis (Melià, this volume).

Stakeholder Involvement 
in Governance and Management 
from the Early Design of MPAs

A decentralized management model for 
MPAs is an important aspect of MPA effec
tiveness. However, cost comparisons should 
be based on MPAs with similar functions 
(e.g. no‐take sanctuaries, regulating fisher
ies, recreational MPAs, MPAs with a large 
pelagic area of scientific importance). For 
instance, let us compare two examples from 

the French Mediterranean, namely the 
marine reserve of Banyuls (close to the 
Spanish border) and the Côte Bleue fisher
ies reserve (west of Marseille):

Banyuls‐sur‐Mer is a public institution area 
of 600 ha, of which 60 ha are no‐take (full 
reserve). Management costs are estimated 
at €600 000 per year. It attracts a large 
amount of tourist activity related to diving 
and an underwater trail. The bulk of the 
expenses are monitoring, and it  provides 
the data for a public biological laboratory 
(the costs of which are not included in the 
management costs given above).

Côte Bleue is a fishery reserve managed by 
a  small fishermen’s organization based 
on a traditional decentralized model: the 
Prud’homies de pêcheurs. It extends over 
10 000 ha with 30 ha of no‐take. This 
reserve was first established to protect the 
area against fishing trawlers coming from 
Marseille. The annual monitoring costs 
are estimated at €150 000, with the moni
toring performed by professional fisher
men (although they have difficulty with 
tracking navigation and recording recrea
tional fishing).

These two cases are interesting because: 
(i)  the functions are different  –  recreation 
and scientific purposes on the one hand, and 
responding to fisheries management and 
protection against larger scale fishing on the 
other; (ii) the legal framework for manage
ment is different: Banyuls has a bureaucratic, 
scientific and ‘fonctionnarisée’ administra
tion by the district, while the Côte Bleue is a 
decentralized, empirical community; and 
(iii) the cost/area ratio is very high in Banyuls 
and low in the Côte Bleue. To be effective, 
therefore, we should have legal, socioeco
nomic and functional MPA typologies in 
addition to biological criteria.

A participatory process is needed for the 
establishment or extension of some MPAs, 
because without involving interest groups or 
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specific users and local decision‐making, it 
is likely these small economic structures will 
disappear.

Researchers with experience as custodians 
of marine reserves were aware that is very 
important to strengthen the legal frame
work. However, they considered that it was 
just as necessary to involve the stakeholders 
in the process of the management – to have 
participatory management. It is essential to 
take a structured approach that fully involves 
and engages the key (or primary) stakehold
ers (i.e. those whose livelihoods directly 
depend on the area, have ownership of it, or 
who have a statutory role in managing it). 
The preparation of a management plan is a 
good way of doing this, bearing in mind that 
the process of preparation is as important as 
the final result. How the management plan 
finally resolves the conflicts and is imple
mented depends on the legislation, political 
will, finance, and scientific and management 
expertise available.

Lack of Resources (Including Political 
Will) Needed to Reduce Human 
Pressures

Marine and coastal biodiversity is under 
increasing stress from intense human pres
sures, including rapid coastal population 
growth and development, over‐exploitation 
of commercial and recreational resources, 
loss of habitat, and land‐based sources of 
pollution. Marine Protected Areas are prob
ably not the best instrument to address the 
impact of pollution and perturbations; other 
policies and institutions – such as urban pol
icies, integrated coastal zone management, 
industrial policies, and investment in envi
ronmental protection measures – are better 
suited to protect the sea from these. However, 
the management level at which these policies 
and instruments are decided might not be 
sufficient for tackling these problems.

Apart from anthropogenic pressures, 
MPAs are also subject to the influence of 
natural environmental factors, making it 

 difficult to separate the influence of envi
ronmental and anthropogenic factors when 
determining the source of effects on an 
MPA. A good example is the shallow‐water 
Black Sea shelf in Ukraine, where two 
MPAs  exist (the Zernov Phyllophora and 
the  Small  Phyllophora fields). These areas 
are under huge anthropogenic pressures 
(including freshwater inflow from coastal 
rice‐ irrigation schemes, sand and gas extrac
tion, shipping, tourism, fisheries and mili
tary activities), whilst also being subject to 
natural geomorphological processes (such 
as huge sediment inputs from the Danube, 
Dniester and Dnepr rivers) that significantly 
influence benthic and pelagic communities, 
as well as building new areas of habitat.

Thus, improved research and monitoring 
techniques, as well as ex‐ante analysis, are 
needed to gain a better understanding of the 
true scale of human impacts and damage to 
MPA ecosystems in order to argue for the 
resources needed to address them.

It has been stated that problems related 
to  MPAs can be solved through targeted 
 legislative instruments that must be strictly 
applied in protected areas. However, in 
Romania, for example, there is considerable 
nature protection legislation but it can easily 
be ignored, especially due to lack of involve
ment of local authorities. Furthermore, 
while a management plan is essential for an 
MPA, financial resources are also very 
important to put the conservation measures 
into practice. We should stimulate the 
 decision processes and decision‐makers in 
order to find those resources.

 Concluding Remarks

We have provided an overview of recent 
trends in socioeconomic research on 
impacts of MPAs in the Mediterranean and 
Black Seas. We have collated and presented 
information provided by expert partici
pants to a series of workshops in the EU 
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CoCoNet project, together with a review of 
published literature and unpublished docu
ments provided by the participants. From 
the discussions in these forums and careful 
analysis of the materials exchanged, we 
have distilled some key messages and les
sons learned for future MPA management. 
The main message is to consider the socio
economic dimension of MPA  creation and 
management in the areas concerned. These 
impacts will vary in magnitude and effect 
depending on the area and socioeconomic 
activity involved, as well as on the MPA 
purpose(s) and design. We have illustrated 
how different conceptual frameworks, such 
as ecosystem services or the social‐ecological 
systems framework, can help to elucidate 
the complex relationships between the 
 ecological and the social systems. We have 
also  provided a review of the state of the art 
of current approaches to MPA manage
ment, including Marine Spatial Planning, 
stakeholder analysis, ecosystem‐based man
agement, and the DPSIR environmental 
indicator framework. We have summarized 
evidence arising from case studies of MPAs 
in the Mediterranean and Black Seas that 
resulted from the exchange of materials 
during the workshops, as a way of illustrat
ing success stories. Finally, we provided a 
discussion on the main requisites for suc
cessful MPA management in these regions.
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 Introduction

Marine Protected Areas (MPAs) are a 
 cornerstone of most marine conservation 
strategies, as they are expected to consist
ently provide ecological, economic and social 
benefits (Klein et  al., 2013). Effective plan
ning and management of MPAs and MPA 
networks raises multifaceted problems: pro
tected areas designed to deliver effective 
conservation benefits may, in fact, act at the 
expense of socioeconomic  activities such as 
fisheries, whereas protected areas accom
modating social needs may result in out
comes that do not adequately address the 
conservation of marine ecosystems (Klein 
et al., 2008). The wide and complex range of 
relationships linking human activities and 
the surrounding environment make it crucial 
to integrate conservation science and the 
analysis of societal beliefs, customs, attitudes 
and practices into a unique framework 
(Voyer et  al., 2012). Designing MPA net
works able to trade off biodiversity and 
 socioeconomic goals is thus a major chal
lenge for systematic conservation planning 
(Stewart and Possingham, 2005).

The goals that planning of future MPAs, 
as well as management of existing ones, 
should pursue are manifold, and ultimately 

depend on the specific ecological, cultural 
or socioeconomic problems they are meant 
to improve; therefore, it is crucial that the 
local context is well understood and taken 
into consideration in the identification of 
goals and objectives of an MPA (Heck et al., 
2011). Clear statements need to be devel
oped from the beginning of the planning 
process, to indicate the expected achieve
ments for a new MPA and the ways its 
 effectiveness can be monitored over time 
(Day, 2008). Identifying desired MPA per
formance, and adopting practices to demon
strate their effective management, increases 
the likelihood that established MPAs will 
not just remain so‐called ‘paper parks’ 
(Thompson et  al., 2008). In addition, the 
definition of desired performances in the 
early planning stages allows the collection 
of  data that can be used to characterize 
the current state of the area and measure the 
effectiveness of protection as the difference 
between the initial state and the outcomes 
achieved through the establishment of an 
MPA (Day, 2008).

In this sense, addressing social and eco
nomic aspects is key to effective MPA imple
mentation, as ineffective social assessment 
can alienate local communities and under
mine the success of existing and future 
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MPAs (Voyer et al., 2012). In his comprehen
sive review on objectives, selection, design 
and management of MPAs, Jones (2002) 
listed 10 general objectives for inshore 
MPAs, primarily focused on environmental 
and cultural conservation:

 ● Protect rare and vulnerable habitats and 
species

 ● Conserve a representative set of habitat 
types

 ● Maintain and restore ecological functions
 ● Promote research and education
 ● Provide harvest refugia (no‐take zones)
 ● Control tourism and recreation
 ● Promote integrated coastal management
 ● Maintain aesthetic values
 ● Maintain traditional uses
 ● Promote the cultural symbolic value of 

set‐aside areas.

Jones observed that, while those objectives 
may appear justifiable and achievable 
(through the designation and management of 
MPAs) to marine conservationists and scien
tists, a large body of literature from around 
the world indicates that MPA proposals can 
generate different types of conflicts. He iden
tified two major types of conflict: internal 
and basic. Internal conflicts are caused by the 
clash between different user interests and 
emerge when a social group feels discrimi
nated against in favour of others. Basic con
flicts, on the other hand, arise from deeper 
differences in ethical views, such as those 
emerging from the debate between ‘nature 
protectionists’ (i.e. those considering that 
conservation should focus primarily on the 
protection of biodiversity) and ‘social conser
vationists’ (i.e. those arguing that conserva
tion should be focused on human welfare) 
(Miller et al., 2011; Voyer et al., 2012).

Therefore, the success of existing and 
future MPAs critically depends on the pos
sibility that a consensus on MPA objectives is 
reached among the stakeholders involved 
about the environmental and socioeconomic 
impacts of an MPA. Failure to do this is 

argued to undermine the case for the estab
lishment of MPAs and exacerbate conflicts 
among stakeholders during the formulation 
and implementation of management policies 
(Jones, 2002). On the contrary, including 
stakeholders in the decision process adds to 
the perceived legitimacy of the selection of 
preferred alternatives for proposed actions 
(Wadsworth et al., 2014).

The concept of success in MPA manage
ment is inherently a social construct (Himes, 
2007): expectations often diverge among 
user groups, depending on their background, 
values and affiliation (Heck et  al., 2011). 
Information needs for the evaluation of MPA 
performances cover a broad range of issues, 
including context, statutory requirements, 
planning, resources, processes, outputs and 
outcomes; consequently, they differ between 
sites, reflecting the unique management 
context of each case (Dahl‐Tacconi, 2005). 
The active involvement of stakeholders from 
the early stages of the planning process helps 
to identify major issues concerning the estab
lishment of an MPA, encourages the exchange 
of ideas and the reciprocal understanding 
about the issues at hand, and  promotes the 
generation of new options and solutions 
(Pomeroy and Douvere, 2008), eventually 
increasing the likelihood that policy deci
sions are based upon accurate understanding 
of the local social and environmental condi
tions. Pomeroy and Douvere (2008) have syn
thesized the main reasons to involve 
stakeholders into the following five points:

1) Better understanding of the complexity 
of the ecosystem

2) Understanding of the human influence 
on the ecosystem and its management

3) Examining the compatibility and/or 
(potential) conflicts of multiple use 
objectives

4) Identifying, predicting and resolving 
areas of conflict

5) Discovering existing patterns of 
interaction.



Multi-criteria Decision-Making for MPA Design and Management 127

To reduce both real and perceived  conflicts, 
planning and management of MPAs should 
hence be driven by both ecological and 
socioeconomic factors (Klein et al., 2013). 
During the last few decades, the notion of 
ecosystem services (Ehrlich and  Ehrlich, 
1981) has emerged as a key  concept to 
understand the links between ecological 
and socioeconomic systems and a way 
to  incorporate socioeconomic factors 
into  decision‐making. The Millennium 
Ecosystem Assessment (MEA, 2005) pro
moted the application of this concept, by 
providing a conceptual framework to ana
lyse how ecological processes contribute to 
human well‐being; the concept has also 
been used to quantify the socioeconomic 
benefits delivered by marine conservation 
and to provide guidelines for MPA man
agement (e.g. Fletcher et  al., 2011). More 
recently, another international initiative, 
The Economics of Ecosystems and 
Biodiversity (TEEB, 2010) has further 
 fostered this approach, bringing ecosystem 
services to a broader audience (Costanza 
et al., 2014). The focus of research on eco
system services has gradually shifted from 
investigating the links between biodiver
sity, ecosystem structure, functions and 
services (Ehrlich and Mooney, 1983) to 
developing and tuning methods to esti
mate the economic value of those services 
(Gómez‐Baggethun et al., 2010; Braat and 
de Groot, 2012). The monetary valuation 
of ecosystem services, however, raises a 
range of philosophical, ethical and meth
odological issues which have triggered a 
passionate debate (e.g. Gatto and De Leo, 
2000; Costanza, 2006; McCauley, 2006). 
As  economists themselves acknowledge 
that economic assessments are not the 
only way to express the importance of eco
systems and their links with human activi
ties and human well‐being (Costanza et al., 
2014), decision‐ making in the environ
mental field requires methodologies that 
can also account for non‐market values 

and are able to integrate them into the 
decision process.

This chapter aims to provide an overview 
of the main techniques that have been devel
oped to support decision‐making from a 
multi‐criteria perspective, and how they 
have been applied to MPA design and 
 management. The pros and cons of different 
approaches are examined, with particular 
regard to their ability to facilitate the interac
tion with stakeholders, and promote the 
 elicitation of their objectives and prefer
ences. A special focus is also given to their 
capacity to explicitly incorporate uncer
tainty. Finally, the extension of multi‐criteria 
methods to the spatial dimension is critically 
discussed as an aspect of prominent rele
vance for marine conservation planning.

 Multi‐criteria Decision 
Methods

While techniques such as cost–benefit anal
ysis can be effective when the objective can 
be expressed in monetary terms and reduced 
to maximizing economic efficiency alone, 
multi‐criteria analysis can be more appro
priate when the social implications and the 
environmental impacts of decisions are 
also important to decision‐makers (Gregory 
and Slovic, 1997). Excluding non‐monetary 
goods and services from the valuation, as 
well as failing to involve key stakeholders in 
the process, reduces the legitimacy of the 
decisions and can lead to poor implementa
tion (Brown et al., 2001).

In contrast, multi‐criteria analysis (see 
Zionts, 1979 for a brief, non‐technical 
review of the basic concepts) provides a 
conceptual framework to support decision 
processes by allowing decision‐makers to 
address a number of objectives that cannot 
be reduced to a single dimension, such as 
the monetary one, and to highlight possible 
trade‐offs among conflicting viewpoints. 
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Considering several objectives at once pro
vides a comprehensive framework for the 
decision process, promotes the engagement 
of stakeholders as well as a more appropriate 
role in the process for the analyst, and usu
ally generates a wider range of alternatives 
than those produced by single‐objective 
analyses (Bevacqua et  al., 2009). Further
more, multi‐criteria analysis allows criteria 
that can hardly be expressed in quantitative 
terms to be explicitly incorporated into the 
analysis (Van Huylenbroeck and Coppens, 
1995). The application of multi‐criteria 
techniques has experienced a constant 
growth in the last half century, broadening 
its range from the original field of opera
tions research to neighbouring disciplines 
such as engineering and information and 
communications technology, and on to 
social, economic and natural sciences 
(Bragge et al., 2010).

The key concept of multi‐criteria analysis 
is Pareto efficiency. A decision (for instance, 
a specific management plan for a protected 
area) is called Pareto‐efficient when it is not 
possible to modify any decision variable to 
improve a performance indicator (e.g. the 
protection of biodiversity) without neces
sarily worsening at least another one (e.g. 
the income of fishers exploiting a fish stock). 
Decisions for which there exists at least an 
alternative choice that guarantees both 
higher biodiversity and higher income to 
fishers are called Pareto‐dominated. The set 
of all non‐dominated decisions is called the 
Pareto boundary (or Pareto set) and repre
sents the range of alternative choices from 
which the decision‐maker can reasonably 
select. An example of Pareto analysis is 
reported in Bevacqua et al. (2007), who ana
lysed different options for the management 
of the eel fishery in the Camargue National 
Reserve (France). They compared alternative 
management rules with respect to two 
objectives (maximizing the number of adult 
spawners escaping from the lagoons towards 
the ocean, and maximizing the yield of the 

fishery), and found that there was a wide 
range of options dominating the current 
management of the fishery (Figure 7.1).

The Pareto boundary and associated trade‐
offs provide important information and a use
ful reference for decision‐makers. Moreover, 
it allows decision‐makers to choose from a set 
of efficient policies, rather than just a single 
optimal policy derived through a one‐ 
dimensional optimization (such as cost– 
benefit analysis), offering a wider range of 
opportunities to manage potential conflicts 
among diverse stakeholders. Although only a 
specific decision must eventually be taken, it 
is desirable that the final choice is not the 
result of a formal maximization problem, but 
rather of a subjective appraisal of the decision‐
makers, reflecting the relative importance 
they give to the different decision objectives. 
The multi‐criteria approach should therefore 
concentrate on providing clear and unbiased 
information to decision‐makers regarding the 
range of effective choices and their expected 
consequences, rather than suggesting a single 
optimal solution (Gatto and De Leo, 2000).

Two major categories of problems  involving 
multiple evaluation criteria can be distin
guished (Wallenius et al., 2008):  optimization 
problems, which involve an infinite, or at 
least a very large, number of alternative 
choices (usually defined by a  system of equa
tions and inequalities that identify a feasible 
region for the decision variables), and dis
crete alternative problems, in which the set of 
alternative choices is reasonably small. In 
many applications, the number of alterna
tives that can be generated and evaluated in 
depth (in terms of their expected environ
mental and socioeconomic impacts) are rela
tively few. For this reason, in the following 
sections attention will be focused mainly on 
discrete alternative problems, although most 
methodological points that will be discussed 
can easily be extended to optimization prob
lems. Another good reason to focus on dis
crete problems is that optimization problems, 
due to their complexity, usually require more 
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computational resources than discrete prob
lems, making it more difficult to explicitly 
incorporate uncertainty into the analysis. As 
discussed later, uncertainty has a critical 
influence on the robustness of the analysis, 
due to our limited knowledge and ability to 
predict the behaviour of the complex system 
under study, as well as to the intrinsic subjec
tivity of the evaluation process.

The vast range of problems that have been 
addressed through multi‐criteria approaches 
has led to the evolution of different families 
of methods, each one resting on different 
philosophical foundations (see Köksalan 
et  al., 2013 for an historical perspective). 
Different methods rely on different tech
niques to measure and compare the perfor
mances of the options under scrutiny with 
respect to the considered criteria: some 
methods produce a ranking of the options, 
which can be complete or not (to allow for 

incomplete comparability), some identify 
a  single optimal alternative, while others 
 differentiate only between acceptable 
and  unacceptable alternatives (Levner 
et  al., 2005). Multi‐attribute utility theory 
(MAUT) and the analytic hierarchy process 
(AHP) are based on the idea of quantifying 
the performances of alternative options with 
respect to each decision criterion and aggre
gating them into a single overall score. As 
low performances on one criterion can be 
compensated for by high performances on 
other criteria, they are classified as ‘compen
satory’ methods (Linkov et al., 2006). Unlike 
compensatory methods, outranking meth
ods (which include the family of ELECTRE 
methods, as well as the PROMETEE 
method) are known as ‘partially compensa
tory’, since they do not allow for a full com
pensation in performances across criteria 
and do not presuppose that a single best 
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alternative can be identified. Outranking 
techniques are best suited to problems in 
which performance metrics cannot be easily 
aggregated because units are incommensu
rate or incomparable. In the following, 
two of these methods are briefly described: 
MAUT and the AHP. They have become 
very popular, and have been applied to 
a  number of problems involving fisheries 
management and MPA management 
and design.

Multi‐attribute Utility Theory

Multi‐attribute utility theory has been 
developed and formalized by Keeney and 
Raiffa (1993) and relies on the idea that 
 decision‐makers attempt to maximize their 
expected utility, that is, their overall satisfac
tion with respect to the expected conse
quences of their choice on a number of 
independent attributes, each one represent
ing an objective of the decision. Utility is a 
cardinal function allowing the decision‐
maker to rank the possible impacts of a 
choice in order of preference. It can be 
viewed as the level of desirability, or satisfac
tion, associated to a given value of a specific 
indicator (Keeney, 1977): it maps the value 

of each indicator into a range between 0 
(minimum satisfaction with respect to that 
indicator) and 1 (maximum satisfaction). 
The utility function of each indicator can 
be  built by (i) identifying its range of 
 variation; (ii) determining its functional 
form (monotonically increasing, decreasing, 
or non‐monotone); and (iii) defining the 
indicator values to be associated with mini
mum, maximum and/or intermediate levels 
of utility on the basis of specific reference 
points. Figure 7.2 shows some examples of 
utility functions: a piecewise linear function 
(Figure  7.2a), a non‐linear, monotonically 
increasing function (Figure  7.2b), a non‐
monotonic function (Figure  7.2c), and a 
non‐linearly (sigmoid) decreasing function 
(Figure  7.2d). While linear functions are 
often preferred for their simplicity, non‐ 
linear functions allow for a more realistic 
description of changes in the natural 
human propensity to risk across the range of 
variation of an attribute.

When there are several attributes, the 
overall utility U (representing the overall 
satisfaction of the decision‐maker with 
respect to the whole set of management 
objectives) can be calculated as the weighted 
sum (assuming a fixed substitution rate 
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between any two attributes) of the partial 
utilities associated to the different attributes:

 U x w u xi i ii
n

1  

where ui(xi) (with 0 ≤ ui ≤ 1 ∀ i = 1, 2, …, n) is 
the utility associated to the value xi taken 
by  the i‐th attribute, and wi is the weight 
associated to the utility of the i‐th attribute, 
 subject to the constraint

 wii
n 11 . 

When the hypothesis of a fixed substitution 
rate among attributes is not likely to apply, a 
multiplicative utility function can be used to 
aggregate single‐attribute utilities (Keeney 
and Raiffa, 1993). This aspect, which is gener
ally intrinsic to the problem, should be inves
tigated in the preliminary steps of the analysis 
(Mardle and Pascoe, 1999).

While specific applications of the multi‐
attribute approach to MPA design and 
 management have been scarce up to now, 
Mardle and Pascoe (1999) reviewed seven 
applications to fisheries management. All 
the reviewed studies noted the potential 
usefulness of this technique and the wide 
range of management options that can be 
considered. In particular, a reported key 
 feature of the MAUT approach is that it 
allows focusing on the points of agreement 
and disagreement between different interest 
groups (Boutillier et al., 1988).

More recently, Anderson et al. (2001) used 
a multi‐attribute approach to analyse the 
problem of nutrient management in Lake 
Erie. They identified a set of six attributes 
representing the performances of a decision 
along three main dimensions: social (recrea
tion, aesthetics), ecological (balance of 
the  fish community, eutrophication), and 
economic (fishing yield, cost of phosphorus 
removal). They then derived a utility 
 function for each attribute to quantify the 
relative desirability of various attribute 
 levels (see Figure  7.2). Finally, they ranked 

alternative management policies with 
respect to their overall desirability (expressed 
as a weighted sum of partial utilities). Utility 
functions were built by interviewing two 
fisheries biologists.

Bryan et al. (2011) mapped and compared 
a range of social and ecological values for 
natural areas in the South Australian 
Murray‐Darling Basin. Social values were 
mapped by interviewing community mem
bers involved in natural resource manage
ment in the study area. Interviewed people 
were asked to identify places they valued for 
the existence of natural capital assets and 
the delivery of ecosystem services, to locate 
and map their spatial extent, and to indicate 
the relative value associated to each site. 
Ecological value was characterized by a suite 
of 12 indicators commonly used in setting 
spatial conservation priorities and grouped 
into five major categories: climate change, 
patch metrics, protection status, species 
richness, and support to native vegetation. 
Multi‐attribute utility theory was then used 
to combine the spatial distribution of the 
selected indicators into two spatial layers 
representing the social and ecological value, 
respectively.

Read et al. (2011) compiled a list of plan
ning criteria for optimizing compliance in 
MPAs, and compared the perceptions of 
recreational fishers and officers to manage
ability and voluntary compliance in the 
Port  Stephens–Great Lakes Marine Park 
(SE  Australia) through a simplified multi‐
attribute method, the so‐called Simple Multi 
Attribute Rating Technique (SMART; see 
Mardle and Pascoe, 1999). Recreational 
 fishers indicated zone identification (i.e. 
designing protection zones with a simple 
shape, so that they can easily be understood 
and enforced), compliance education and 
capacity building (e.g. training skippers in 
the use of GPS equipment), impacts of pro
tection on important fishing grounds, and 
legitimacy (appropriate justification of the 
zoning) as the most important criteria for 



Management of Marine Protected Areas: A Network Perspective132

MPA design. Compliance officers placed 
similar importance on identification, educa
tion and legitimacy, but were much less 
interested in minimizing impacts on marine 
uses. Read et al. (2011) used the weighting 
set produced by the analysis to associate a 
manageability score to existing no‐take 
zones with respect to the identified criteria, 
and observed a significant negative correla
tion between the score assigned to a zone 
and the number of enforcement actions 
recorded for that zone. Therefore, they 
pointed out that designing MPAs taking 
appropriate account of their manageability 
is crucial to ensure proper enforcement.

Rossetto et  al. (2015) used MAUT to 
assess the performances of alternative fish
ing management policies in Mediterranean 
demersal fisheries. They identified eight 
attributes ascribed to four major categories 
of fisheries objectives: economic efficiency 
(gross value added, ratio of revenues to 
break‐even revenues), social well‐being 
(employment and wage), biological conser
vation (fishing mortality rate and spawning 
stock biomass) and biological productivity 
(fishing yield and discard rate). They then 
defined a set of utility functions to express 
the level of satisfaction associated with 
 different values of the attributes on a stand
ardized scale (see Figure 7.2 for an example). 
To  overcome a commonly recognized 
 critical point in the application of MAUT, 
that is the determination of the weighting 
set (Andalecio, 2010; Innes and Pascoe, 
2010), they combined MAUT with the ana
lytic hierarchy process (see next section).

Analytic Hierarchy Process

The analytic hierarchy process is a method 
developed by Saaty (1977, 1980) to facilitate 
the elicitation of individual preferences 
towards the different attributes, and their 
conversion into a set of weights. The method 
can be summarized into four major steps: 
(i) decompose the problem into a hierarchy 

encompassing the decision goal, the alterna
tives considered to reach it, and the criteria 
used to evaluate the alternatives; (ii) estab
lish priorities among the elements of the 
hierarchy by making a series of judgements 
based on a pair‐wise comparison of the 
 elements; (iii) synthesize these judgements 
into a set of weights expressing the relative 
priority of each element in the hierarchy; 
(iv)  aggregate the relative weights of the 
decision element to derive a rating for each 
alternative.

Thanks to its approach based on pair‐wise 
comparisons, the AHP can be applied not 
only to quantitative but also to qualitative 
attributes (Heck et  al., 2011). So far, the 
AHP has been used to investigate different 
aspects of fisheries management, social 
acceptance of aquaculture, and stakeholder 
preferences for conservation versus devel
opment of wetlands (see Heck et  al., 2011 
and references therein). In the last two dec
ades, the AHP has been applied also to MPA 
management with the aim of prioritizing 
management objectives (Fernandes et  al., 
1999; Himes, 2007), as well as to identify and 
assess planning alternatives and manage
ment options (Fernandes et  al., 1999; Villa 
et al., 2002).

More recently, Heck et al. (2011) used the 
AHP to investigate the opinion of different 
stakeholder groups about the performances 
of a proposed National Marine Conservation 
Area on the west coast of Canada prior to its 
establishment. In order to elicit the impor
tance given to performance criteria, a 
 questionnaire‐based survey was undertaken. 
Seven groups participated in the study, 
including two commercial user groups 
(marine tourism operators and commercial 
fishers), two recreational user groups 
( boaters and recreational fishers), the main 
governing agency, NGO members, and local 
governments. The questionnaire contained a 
closed question asking about the importance 
of a set of performance criteria on a nine‐
point AHP scale. Pair‐wise comparisons 
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were made between the four main criteria 
categories (environmental, social, economic 
and management) and between subcriteria 
under each ‘parental’ criterion (Figure 7.3).

Results revealed that, when only top‐level 
criteria were considered, all stakeholders 
agreed that the proposed marine conserva
tion area should mainly achieve environ
mental improvements in the area. However, 
when the analysis included subcriteria, local 
economic benefits were also given high rel
evance. In particular, greater importance 
was given to local income from tourism 
within the protected area than to income for 
local fishers, with comments by the respond
ents suggesting to ‘promote tourism as an 
alternative economic driver to traditional 
fishing industries’. Also, while non‐user 
groups focused almost entirely on environ
mental improvements, local user groups had 
more diverse expectations for the future of 
the area. The most important criterion for 
tourism operators, recreational fishers and 
commercial fishers was local economic ben
efits, but while preferences of recreational 
fishers were similar to those of tourism 
operators, commercial fishers put more 
importance on fishery income, enforcement 
of regulations, reduced pollution, and habi
tat restoration.

Yang et  al. (2011) selected, through a 
 literature review, 21 critical factors for sus
tainable use of MPA resources (organized 
along four dimensions: ecosystem, society, 
economy and policies) and interviewed four 
stakeholder groups in Green Island (Taiwan) 
to analyse their perceptions about the rela
tive importance of those factors. All groups 
(managers, fishers, local business operators 
and tourists), which had relevant interests 
but different positions, indicated preserva
tion of ecosystem integrity and the preven
tion of environmental pollution as the most 
important factors. On the other hand, a pos
sible conflict among groups emerged with 
respect to policy implementation, with fish
ers disagreeing with the tough enforcement 
of restrictions on fishing.

Li et al. (2014) applied the AHP to assess 
the ecological status of the Haizhouwan 
Protected Area (Lianyungang, China). They 
used a set of 20 indicators of ecosystem 
health, organized into five major categories 
(environmental status, environmental disas
ters, environmental background, system 
structures and functions, system stability) to 
classify the area according to five levels of 
ecosystem quality (from ‘very poor’ to ‘excel
lent’) and identified two priority areas for 
ecological restoration.
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Wadsworth et al. (2014) used the AHP to 
identify marine research priorities in the 
Aleutian Islands. They involved an expert 
panel (including personnel of resource man
agement agencies, academics, NGO repre
sentatives, and individuals engaged in the 
fishing and processing sectors) to prioritize 
115 research needs organized into a hierar
chy of five categories (catalogue organisms 
and identify habitats; identify indicators, 
monitor trends, and predict changes; deter
mine the function and interrelationships of 
organisms in the ecosystem; understand fac
tors that influence and control ecosystem 
dynamics; understand the significance of 
injurious agents, human activities and other 
perturbations on the ecosystem and miti
gate impacts) and 16 subcategories. They 
also interviewed, via a web‐based survey, a 
broader range of stakeholders from the same 
employment categories. In both groups, 
highest priority was given to increasing 
basic knowledge of the marine ecosystem. 
As noted by the authors, however, the rating 
of research priorities was probably not con
troversial enough to highlight conflicts 
among the stakeholder groups: if the survey 
had been on a more contentious topic, such 
as regulating fisheries, then collecting 
 stakeholders’ beliefs would possibly have 

provided useful information to natural 
resource managers to predict the reactions 
of the stakeholders to different policies.

Tuda et al. (2014) integrated the AHP into 
a Marine Spatial Planning procedure to man
age conflicts in the Mombasa Marine Nature 
Park and Reserve, a multi‐use coastal area in 
Kenya. They gathered geographical informa
tion on coastal marine habitats and compet
ing human activities, which were categorized 
into five primary coastal uses (habitat 
 protection, sea access and anchorage, water 
recreation, beach activities and artisanal 
fishing). Then, they used the AHP to assess 
how each coastal use contributes to existing 
spatial conflicts among stakeholders. They 
eventually mapped (see section Multi‐ 
criteria Analysis in a Spatial Dimension) 
the  intensity and location of conflicts and 
allocated spaces to competing users in order 
to minimize the intensity of conflict.

 Dealing with Uncertainty

Multi‐criteria assessments are affected by a 
wide range of uncertainties (Brown, 2004; 
Figure  7.4): the intrinsic variability charac
terizing all environmental systems, the 
imperfect knowledge of the specific system 
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under study, as well as the subjectivity of 
expert judgements (see e.g. Refsgaard et al., 
2007 for a review of sources of uncertainty 
and methods for their assessment) all have a 
critical influence on the reliability of the 
outcomes of the analysis. Therefore, it is 
very desirable that a sensitivity analysis is 
carried out to evaluate the robustness of the 
results with respect to the different sources 
of uncertainty.

Sensitivity analysis investigates ‘how 
uncertainty in the output of a model (numer
ical or otherwise) can be apportioned to 
 different sources of uncertainty in the model 
input’ (Saltelli et  al., 2004). Depending on 
the complexity of the model outputs, meth
ods for sensitivity analysis may range from 
simple to relatively complex (see Saltelli 
et al., 2008 for a review). Sensitivity analysis 
provides valuable insights regarding the 
influence of input variation on model 
results, and helps to identify the most 
 critical parameters affecting the reliability of 
the outcomes. A limitation of sensitivity 
analysis is that it usually takes the model 
structure and system boundaries for granted 
(Refsgaard et  al., 2007). Uncertainty about 
model structure can be addressed by multi
ple model simulation (Refsgaard et  al., 
2007), which uses alternative models based 
on different process descriptions. This 
approach has the advantage that the effect of 
different model structures can be explicitly 
analysed, provided that the range of plausi
ble interpretations of the process is reason
ably well known.

When the major source of uncertainty is 
the future evolution of the system (for 
instance, because one wants to investigate 
the expected consequences of different 
 protection measures), different alternative 
futures can be explored via scenario analysis. 
Different types of scenarios can be 
 distinguished, for instance baseline vs. policy 
scenarios, exploratory vs. anticipatory sce
narios, and qualitative vs. quantitative 
 scenarios (Alcamo, 2001). Baseline scenarios 

(often referred to as business‐as‐usual sce
narios, reference scenarios, or benchmark 
scenarios) describe the expected trajectory 
of the system under current management 
(i.e. if no additional protection measures are 
implemented), while policy scenarios depict 
alternative futures under different protec
tion policies. Exploratory (or descriptive) 
scenarios explore possible trends into the 
future starting from the present, while antic
ipatory (or prescriptive) scenarios go back
wards from a prescribed vision of the future 
to devise the process through which that 
future could emerge. Qualitative scenarios 
(or storylines) describe possible futures in a 
narrative form, while quantitative scenarios 
provide numerical estimates of measurable 
attributes produced by predictive models.

Another important source of uncertainty 
is that affecting expert judgements: eliciting 
adequate quantitative information is, in fact, 
considered one of the major challenges 
within the field of decision analysis (Riabacke 
et al., 2012). In particular, evaluating the sen
sitivity of a multi‐criteria assessment to the 
weights assigned to the criteria is crucial to 
understand whether the ranking of the 
options at stake is stable to perturbations of 
the weighting set. This can be assessed, for 
instance, via Monte Carlo simulation, which 
is based on calculating the results (realiza
tions) of a model for a large number of ran
dom draws from the (a priori) probability 
distributions of input data and/or model 
parameters, hence associating an empirical 
(a posteriori) probability distribution to the 
model output. The Monte Carlo approach 
can easily be applied to a vast range of differ
ent models and does not impose particular 
assumptions on probability distributions and 
correlations. However, it requires that the 
probability distributions of the inputs and/or 
parameters are known (or at least that rea
sonable hypotheses can be made on them).

Anderson et al. (2001) assessed, through a 
two‐way sensitivity analysis, to what extent 
the choice of the optimal control policy for 
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nutrient management in Lake Erie was 
affected by the relative importance of two 
management targets, as perceived by 
respondent stakeholders (Figure 7.5a). They 
concluded that, because the optimal choice 
was quite sensitive both to variation in the 
weights assigned to criteria and to specific 
assumptions on which the model used to 
estimate the outcomes of alternative policies 
was based, further analysis was essential 
before recommending a change from the 
current management. Rossetto et al. (2015) 
used a Monte Carlo approach to evaluate the 
robustness of the ranking of alternative fish
eries management policies with respect to 
the uncertainty associated to the weights 
expressing the relative importance of man
agement objectives used to rank the policies. 
They randomly perturbed the original 
weighting set to produce an empirical prob
ability distribution of the overall utility 
 associated to each management policy 
(Figure 7.5b). They found that the ranking of 
the alternative policies was robust with 
respect to a moderate level of uncertainty, 
but warned that the involvement of a broader 
range of stakeholders could substantially 
impact the outcomes of the analysis.

 Choosing the Right Approach

Multi‐criteria analysis can be carried out 
using a variety of methods; Cinelli et  al. 
(2014) reviewed pros and cons of different 
multi‐criteria approaches with respect to 10 
comparison criteria that a method should 
satisfy to properly handle problems con
cerning sustainability. These criteria include, 
among others, the ability to deal with both 
quantitative and qualitative information; the 
level of compensation among objectives; 
the  capability of coping with uncertainty; 
the robustness of the ranking to the addition 
or deletion of alternatives; and the ease of 
interaction with stakeholders and decision‐
makers. They concluded that MAUT and 
the AHP are fairly simple to understand, but 
they are cognitively demanding for the 
 decision‐makers. Mixed information and 
uncertainty can be managed by all the 
 methods, while robust results can only be 
obtained with MAUT. On the other hand, 
non‐compensatory approaches can adopt a 
strong sustainability perspective (in that 
they limit, partially or completely, the pos
sibility of compensating performances 
across criteria) but suffer from rank reversal 
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(i.e. the addition or removal of even a single 
alternative can change the ranking of the 
other ones; see e.g. Wang and Luo, 2009). 
Methods based on pair‐wise comparison, 
such as the AHP, do not allow consideration 
of a very high number of criteria and/or 
alternatives, as this would require a very 
high number of comparisons, making the 
elicitation of stakeholder preferences very 
tiring (Heck et al., 2011). In short, a single 
right method does not exist: the choice of 
the most appropriate one depends on a 
range of factors, including the specific char
acteristic of the problem at hand and the 
social and cultural context of the actors 
involved in the decision process. As differ
ent techniques can, in principle, provide dif
ferent results, it is advisable, whenever 
possible, to test the robustness of the 
 outcomes also with respect to the choice of 
the method.

With regard to MPA design and manage
ment in particular, a vast range of criteria 
specifically aimed to assess MPA perfor
mances from the different perspectives dis
cussed in this chapter can be found in the 
scientific literature. Ecological criteria for 
preliminary evaluation of candidate sites 
for marine protection have been developed, 
for instance, by Roberts et al. (2003), and a 
list of environmental and cultural criteria 
for MPA design has been compiled by Jones 
(2002). Leslie (2005; see Table 1 therein) has 
reviewed primary conservation objectives in 
a number of marine conservation planning 
cases, while biophysical and socioeconomic 
objectives for the design of MPA networks 
have been listed by Klein et  al. (2008, 
Table  1). The European Commission (EC, 
2010) has produced a set of detailed criteria 
and indicators to help Member States moni
toring the achievement of the Good 
Environmental Status envisaged by the 
Marine Strategy Framework Directive 
(2008/56/EC). As regards the socioeco
nomic consequences of MPAs, Ojea et  al. 
(this volume) report a list of potential 
impacts of MPAs on human activities, and 

Pascual et al. (2016) provide a comprehen
sive review of stakeholders’ perceptions 
from the Mediterranean and Black Seas; 
 criteria expressing key stakeholder objec
tives have been reviewed by Halpern and 
Warner (2003) and Himes (2007), while fac
tors affecting fisheries profitability of MPAs 
have been discussed by Gaines et al. (2010). 
As for MPA management, a comprehensive 
list of criteria characterizing the managea
bility of MPAs has been compiled by 
Read  et  al. (2011, Table  1) for optimizing 
voluntary compliance.

Another important point is the selection 
of the indicators used to measure the level of 
achievement of the decision objectives. 
Keeney and Raiffa (1993) suggest five major 
properties that the set of indicators to be 
used in a multi‐criteria analysis should have: 
completeness, operability, decomposability, 
non‐redundancy, and minimal size. A set of 
indicators is complete if it covers all the 
aspects that are relevant to the decision and 
indicates the degree to which the overall 
objective is met. Indicators that are operable 
are meaningful to the decision‐maker (in 
that they allow understanding the implica
tions of the candidate alternatives) and 
 facilitate explanation to the stakeholders. 
Thus indicators should be specific, concrete, 
and experienced instead of general, theoret
ical, and ambiguous (Anderson et al., 2001). 
If a set of attributes is decomposable, the 
assessment process can be broken down 
into parts of smaller dimensionality, that is, 
involving only a subset of the indicators at a 
time. Non‐redundant indicators neither 
overlap on dimensions of value nor are cor
related with each other, so as to avoid double 
counting. Finally, it is desirable to keep the 
set of indicators reasonably small, so that 
the analysis remains manageable and the 
interaction with stakeholders relatively easy 
without losing the variety of perspectives 
that a multi‐criteria approach can embrace. 
Other important features to be considered 
have been pointed out by Li et  al. (2014), 
who based their selection of indicators to 
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assess marine environmental status on four 
 criteria: scientificity (i.e. the indicators 
are  capable of objectively representing the 
 components of an ecosystem and the inter
connections among them), sensitivity (they 
reflect the response of the ecosystems to 
natural and anthropogenic disturbance), 
manoeuvrability (they can be measured on 
the basis of accessible data) and comparabil
ity (they can be compared at different times 
and spaces).

 Multi‐criteria Analysis 
in a Spatial Dimension

Particularly critical to MPA science is the 
spatial nature of the problems it must deal 
with. While conventional multi‐criteria anal
ysis has no explicit notion of geographical 
space, it can be easily extended to a spatially 
explicit context to make it suitable to envi
ronmental applications such as MPA plan
ning (Villa et al., 2002). To this end, it can be 
integrated into a geographical information 
system to identify and compare solutions on 
the basis of the combination of multiple fac
tors that can be, at least partially, represented 
by maps (Malczewski, 2006). This approach 
(known as spatial multi‐criteria analysis) 
takes advantage of both the capability of geo
graphic information systems to manage and 
process spatial information, and that of 
multi‐criteria analysis to structure decision 
problems, and assess and prioritize alterna
tive decisions. Operationally, the steps of a 
spatial multi‐criteria analysis are similar to 
those of a standard multi‐criteria analysis, 
but with all or part of the criteria, as well as 
the final outputs, represented by maps.

In recent decades, spatial multi‐criteria 
analysis has become a methodological 
basis  for systematic conservation plan
ning. Analyses in which the multi‐criteria 
approach is applied only to the aggregation 
of assessment criteria, and in which the 

number of protection scenarios considered 
is relatively small (e.g. Villa et  al., 2002; 
Bryan et al., 2011; Li et al., 2014), can be car
ried out using discrete multi‐criteria meth
ods. However, when the set of candidate 
solutions is open, such as in the case of 
determining the optimal spatial allocation 
of  protection and/or competing marine 
uses, optimization algorithms are needed. 
Different software platforms have been 
developed to solve optimization problems 
for systematic conservation planning, 
including Marxan (Ball et al., 2009), Marxan 
with zones (Watts et  al., 2009), ConsNet 
(Sarkar et al., 2009), C‐plan (Pressey et al., 
2009), and Zonation (Moilanen et al., 2009). 
In the last few years, the number of case 
studies that have been investigated with 
these tools has rapidly increased (e.g. Klein 
et al., 2013; Mazor et al., 2014a, 2014b; Ruiz‐
Frau et al., 2015). Because computing times 
rapidly increase with the dimension of the 
problem, software for spatial planning 
 typically makes use of heuristic algorithms: 
these are more computationally efficient 
than optimal algorithms (such as integer 
 linear programming) but cannot ensure a 
global optimal solution, nor inform the 
researcher about the level of suboptimality 
of the solution (Cheng et al., 2015). In addi
tion, spatial multi‐criteria analyses based on 
optimization algorithms are not always able 
to promote effective stakeholder involve
ment during the comparison of alternative 
MPA design options, as the range of alterna
tives considered may be either too wide 
(before the optimization is carried out) or 
too narrow (after the optimization).

Tuda et  al. (2014) provide an interesting 
example of a Marine Spatial Planning 
 process in which stakeholders have been 
involved to resolve conflicts among different 
marine uses. They describe it as an iterative 
process (inspired by the guidelines of Ehler 
and Douvere, 2009) based on a tight interac
tion with stakeholders; the basic steps 
are  summarized in Figure  7.6 and include 
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(i) pre‐planning, (ii) definition and analysis 
of the present conflicts, (iii) definition and 
analysis of future conditions, and (iv) devel
opment of alternative allocation plans.

The pre‐planning phase aims to identify 
the key stakeholders to be involved in the 
process and to define the desired conflict 
resolution outcomes (goals and objectives). 
The second step consists of a spatial multi‐
criteria analysis: marine habitats and com
peting marine uses are mapped using a 
geographic information system, and a multi‐
criteria approach is then used to determine 
the relative contribution of the different uses 
to existing conflicts. In the third step, a new 
spatial multi‐criteria analysis is carried out 
to answer questions on how management 
actions are expected to affect spatial con
flicts in the future. The final phase allocates, 
using optimization techniques, spaces 
within the conflict areas to competing users 
so as to minimize the intensity of conflict. 
After the spatial management plan has been 
implemented and enforced, monitoring and 

ex post evaluation will provide information 
for a critical review of the plan and feedback 
for adapting it through a new iteration of 
the process.

 Conclusions

The quest for long‐term sustainability of 
marine ecosystems and the human activities 
that depend on them requires an approach 
promoting the intersection and the integra
tion of multiple perspectives. In this regard, 
multi‐criteria analysis represents an improve
ment with respect to traditional, single‐
objective approaches to planning problems 
(such as cost–benefit analysis), because it 
provides a way to address several objectives 
that cannot be reduced to a single dimen
sion (e.g. the monetary one). Multi‐criteria 
methods are available in many  different 
forms, and the choice of the best method 
depends on the characteristics of the spe
cific problem at hand and the actors involved 

Pre-planning

De�ning and analysing existing conditions

De�ning and analysing future conditions

Developing alternate zoning plan

Identifying
stakeholder participation

Mapping
important habitats

De�ning
future scenarios

Evaluating
future con�icts

Proposed
optimal zoning plan

Mapping existing
human activities

Evaluating
existing con�icts

Review
of management

Monitoring
and evaluation

De�ning
goals and objectives

Figure 7.6 Basic steps of a Marine Spatial Planning process. Source: Adapted from Tuda et al. (2014).
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in the process. As marine conservation plan
ning deals with problems that have a crucial 
spatial component, the  classical multi‐ 
criteria approach should be extended, 
 whenever available information allows it, to 
a spatially explicit context, taking advantage 
of the capability of geographic information 
systems to manage and process spatial infor
mation. In recent years, an increasing num
ber of studies have tackled spatial multi‐criteria 
problems with a range of different approaches. 
The active involvement of stakeholders in 
complex processes, such as Marine Spatial 
Planning in the presence of multiple objec
tives embracing both biological conserva
tion and socioeconomic sustainability issues, 
remains a challenging field of investigation 
for marine conservation science in the 
near future.
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 Introduction

The recent and ambitious Integrated 
Maritime Policy (IMP) of the European Union 
comprises two major pillars: the Marine 
Strategy Framework Directive (MSFD, 
2008/56/EC) and the Maritime Spatial 
Planning Directive (MSP, 2014/89/EU). 
Proposed by two different European General 
Directorates, these IMP regulatory tools 
aim  to coordinate and establish  coherent 
decision‐making in order to maximize the 
sustainable development, economic growth 
and social cohesion of EU Member States in 
the marine domain. In  addition, regarding 
biodiversity and nature, the European 
Commission has adopted an EU Biodiversity 
Strategy to 2020 (European Commission, 
2011) to halt the loss of biodiversity and 
 ecosystem services in the EU by 2020.

The strategy addresses the Aichi Biodiversity 
Targets adopted by the Convention on 
Biological Diversity (CBD, 2010), and thus 
biodiversity protection has  become a pre
requisite in Europe for   sustainable devel
opment. The first EU 2020 Biodiversity 
Strategy target is to ‘fully  implement the 
Birds and Habitats Directives’ (which corre
sponds to Aichi targets 1, 11 and 12). 

The extension of the Natura 2000 network 
to the offshore environment was particu
larly emphasized so as to assure the long‐
term survival of Europe’s most valuable 
marine threatened species and habitats by 
conserving, ‘through effectively and equi
tably managed, ecologically representative 
and well connected systems of protected 
areas and other effective area‐based con
servation measures’, at least 10% of all 
marine European waters. All of these 
 policy frameworks are based on the utili
zation of the Ecosystem Approach for 
their implementation.

The Ecosystem Approach (EA) strategic 
concept, which accepts that humans are part 
of the global ecosystem and not separate 
from it, has emerged as the dominant 
 paradigm for managing coastal and marine 
ecosystems (Olsen et  al., 2009; Farmer 
et  al., 2012). At the heart of the EA is the 
assumption that coupled social and ecologi
cal systems can be studied and managed in a 
holistic manner. This approach offers new 
opportunities for sustainable use of the sea 
but requires better understanding of how 
marine social‐ecological systems operate, 
how they generate goods and services, how 
well these benefits are captured, how human 
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degradation of the systems affects human 
welfare and generates costs, and the complex 
social relations and value systems underpin
ning human governance of marine systems.

Despite the importance of the EA in a 
growing number of policy and guidance 
documents, the concept remains imprecise 
and this makes the EA appear nebulous, 
rendering it difficult to put into practice. 
Because of these difficulties, it has been 
noted that management applications of EA 
through Ecosystem‐Based Management 
(EBM) frameworks are wholly dependent 
on the aspirational visions for the social‐
ecological systems that deserve to be man
aged, and that EA and/or EBM are not goals 
in themselves. Appropriate tools inside 
effective governance systems are required in 
order to guide EA implementation; for this 
to happen, the theory of ecosystem science 
must be reconciled with the practice of eco
system management (deReynier et al., 2010). 
In order for the EA to be more widely 
adopted in management, we have developed 
a standardized, stepwise process for man
agement: the Ecosystem‐Based Management 
System (EBMS) (Sardá et  al., 2014). The 
EBMS introduces a common set of tools and 
procedures and a common language that 
can facilitate knowledge transfer and capac
ity building for managers putting the EA 
into practice.

The conservation of ecosystem structure 
and functioning to maintain ecosystem ser
vices is a priority target of the EA. Genetic 
diversity is widely endangered and conserva
tion measures need to be introduced rapidly 
to halt the loss of biodiversity. In the marine 
environment, we have launched some meas
ures to prevent environmental degradation 
such as the MSFD that requires all EU marine 
waters to achieve Good Environmental 
Status by 2020 (Braun, this volume), and the 
construction of a large  network of Marine 
Protected Areas (MPAs). An MPA is defined 
as ‘any area or sub‐tidal terrain, together 

with its overlying water and associated flora, 
fauna, historical and cultural features, which 
has been reserved by law or other effective 
means to protect part or all of the enclosed 
environment (IUCN, 1994). Despite recent 
large‐scale efforts to protect marine waters, 
especially relatively unaltered pristine places 
(e.g. around the UK Dependent Territories of 
Pitcairn Island Marine Reserve – 834 334 km2; 
Chagos Marine Protected Area in the Indian 
Ocean – 640 000 km2; and Ascension Island 
Marine Reserve in the South Atlantic  – 
234 291 km2; as well as the Marine Reserve 
of  Nazca‐Desventuradas Islands in Chile  – 
297 518 km2; and the Palau National Marine 
Sanctuary  –  500 000 km2), the total area of 
marine protected space is not very large.

Scientists have proposed that at least 20% 
of the entire ocean space should be pro
tected (‘Troubled Waters: A Call for Action’ 
statement – https://marine‐conservation.org/
marine‐reserve‐statement/) but only 10% is 
reflected in official documents such as the 
Aichi targets. In the Mediterranean, one 
of the major global marine and coastal 
biodiversity hotspots (Coll et  al., 2010), 
the  Contracting Parties to the Barcelona 
Convention, through the Protocol Con
cerning Specially Protected Areas and 
Biological Diversity in the Mediterranean 
(SPA/BD Protocol), have established a list of 
Specially Protected Areas of Mediterranean 
Importance (SPAMI) in order to promote 
cooperation in the management and conser
vation of natural areas, as well as in the 
 protection of threatened species and 
their  habitats (Webster, this volume). 
Despite this initiative, the entire area of 
Mediterranean MPAs is not large: they are 
mostly small and, apart from the Pelagos 
Marine Mammal Sanctuary (87 500 km2; 
http://www.sanctuaire‐pelagos.org/), they 
total around 30 000 km2, which is clearly not 
adequate (Gabrié et al., 2012).

Effective marine biodiversity conservation 
is dependent on a clear scientific rationale for 
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practical interventions (Hiscock, 2014) but 
also depends on appropriate management. 
Placing MPAs onto EBM frameworks is 
urgently needed; they are not two distinct 
strategies that can substitute each other as 
has sometimes been said (Halpern et  al., 
2010), but rather EBM is a way to put MPA 
targets into practice. This chapter explains 
the advantages of using an EA strategy for the 
management of MPAs and describes the 
need to standardize planning methods 
and  stakeholder engagement (especially if 
networks are to be built), as well as the impor
tance of incorporating risk assessment for 
evaluating proposed management activities. 
Finally, we propose using the EBMS for the 
management of MPAs since using a standard 
management tool that allows nested applica
tions improves the protection of the marine 
environment. We refer to some well‐ 
established MPA networks and particular 
MPA sites as examples of potential EBMS 
application.

 Marine Protected Areas 
and Networks

For conservation purposes, a key strategy to 
address many issues affecting marine and 
coastal ecosystems and resources is the 
establishment of MPAs and linking them in 
global network systems. Marine Protected 
Areas typically support a single societal 
value – nature conservation – having clear 
targeted visions (Halpern et  al., 2010). 
Numerous publications have dealt with the 
design and implementation of MPA net
works. In particular, Laffoley (2014) stated 
five biophysical and ecological principles to 
guide such efforts: (i) include the full range 
of biodiversity present in the biogeographic 
region; (ii) ensure that ecologically signifi
cant areas are incorporated; (iii) maintain 
long‐term protection; (iv) ensure ecological 

linkages; and (v) ensure maximum contribu
tions of individual MPAs to the network. 
The construction of MPA networks should 
follow strategic decisions that set objectives 
for marine conservation as a whole (long‐
term objectives) and also the formulation of 
network policies and principles intended to 
govern those objectives, which may cover 
more than nature conservation alone (Beal 
et al., this volume). To examine these issues 
in practice, two established MPA networks, 
and one of their component sites, are briefly 
discussed below.

Network of Marine Protected Area 
Managers in the Mediterranean 
(MedPAN)

The Mediterranean Sea is considered to be 
one of the world’s priority ecoregions 
(UNEP‐MAP RAC/SPA, 2010). The objec
tive of MedPAN is to facilitate exchanges 
between Mediterranean MPAs in order to 
improve their management (Webster, this 
volume). Created in 1991, the MedPAN net
work acts to build the capacity of MPA 
 managers around the Mediterranean basin 
through the exchange of best practice and 
the development of tools for the manage
ment of MPAs. MedPAN also contributes to 
the establishment of a representative and 
coherent ecological network of MPAs, 
which is a step beyond the more traditional 
approach of designing MPAs as single inde
pendent entities (http://www.aires‐marines.
com/International/Exchange‐Networks/
Medpan). MedPAN, in collaboration 
with  the Regional Activity Centre for 
Specially Protected Areas (RAC/SPA) of the 
United  Nations Environment Programme/
Mediterranean Action Plan (UNEP‐MAP), 
has recently reviewed the status of MPAs in 
the Mediterranean (Gabrié et al., 2012) and 
made important recommendations for fur
ther work (Table  8.1). One of the points 
highlighted in the report was the low level of 
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management effectiveness and a lack of 
application of the EA in management, with a 
general recommendation that management 
tools should be better implemented.

Gabrié et al. (2012) identified 677 MPAs 
in the complex environment of the 
Mediterranean. From the answers of 80 
respondents to a questionnaire, 42% had 
management structures and 84% had per
manent staff. Application of a standard 
management tool could facilitate coordina
tion and harmonization of conservation 
practices and clearly would facilitate dia
logue. It could also work within a nested 
application, covering regional‐ and national‐
level networks as well as single MPAs. 
Below we consider the ‘Cap de Creus’ MPA, 
as an example.

The ‘Cap de Creus’ MPA
In the north‐western part of the Medi
terranean, the ‘Cap de Creus’ region exhib
its  environmental, social, economic and 

 geographical characteristics that make it 
unique in the Mediterranean. It includes a 
large portion of the marine area located 
off  Alt Empordà county (Girona, Spain) 
 protected by two contiguous Sites of 
Community Importance (SCI) designated 
under the EU Habitats Directive. The ‘Cap 
de Creus’ SCI, which is also a maritime‐
terrestrial Natural Park (the first one estab
lished in Catalonia, in 1998), has an area of 
13 844 ha of which 22% is marine. In 2014, 
the offshore marine waters around the plat
form and submarine canyons of the region 
were also proposed by the Spanish govern
ment as an SCI denoted ‘Sistema de cañones 
submarinos occidentales del Golfo de León’. 
This SCI covers an area of 98 772 ha. 
Together, the two SCIs form one of the larg
est protected spaces in the Mediterranean 
Sea and will be referred to as the ‘Cap de 
Creus’ area from here on, although they are 
managed by different national and regional 
governance structures.

Table 8.1 Main conclusions and recommendations concerning the status of MPAs in the Mediterranean Sea.

Main conclusions
1) Information on Mediterranean MPAs is more accurate than that for other areas. Details have been 

recorded in the MAPAMED database.
2) The target of 10% protection is far from being achieved.
3) There is still a disproportionate geographical distribution and MPAs are still mainly on the coast.
4) Representativity of ecological sub‐regions, habitats and species is very variable.
5) The adequacy and viability of sites is very variable.
6) The ecological coherence is better in the western basin but still low on a Mediterranean scale.
7) MPA management is still insufficient.

Recommendations
1) Reinforce the development of the MPA network in order to achieve the target of 10% of Mediterranean 

surface area being protected.
2) Reinforce the effectiveness of protection management and evaluation measures in MPAs.
3) Reinforce the resources and tools to ensure evaluation of management effectiveness.
4) Promote the development of evaluation tools on a regional level.
5) Ensure a better management of threats to MPAs.
6) Enhance the international recognition of Mediterranean MPAs.

Source: Adapted from Gabrié et al. (2012).
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The ‘Cap de Creus’ area is located at 
the  border between France and Spain 
where French authorities had already estab
lished different protected areas under 
their  national regulations (‘Parcs Naturels 
Marins’) and Natura 2000 (Figure  8.1). 
Consequently it has unique characteristics 
as an area located in a transboundary region. 
Moreover, the ‘Parc Naturel Marin du Golfe 
du Lion’ goes beyond the median line which 
separates the French and Spanish territorial 
waters, which creates an added difficulty 
concerning the overlap of conservation 
schemes, planning and management. As a 
result, this example provides an extremely 
interesting case for further study and 
 application of the EBM framework.

North‐East Asian Marine Protected 
Areas Network (NEAMPAN)

The United Nations North‐East Asian Sub‐
regional Programme for Environmental 
Cooperation (NEASPEC) launched its 
NEAMPAN project in 2012. It includes 
five  countries: China, Democratic People’s 
Republic of Korea, Republic of Korea, Japan 
and the Russian Federation. The project 
aims to establish an effective, functional and 
representative network of MPAs in the sub‐
region for better conservation of marine 
and  coastal biodiversity and more efficient 
MPA management. The network focuses on 
(i)  protection of key marine animals and 
their habitats, (ii) sustainable use of marine 
resources, and (iii) effective MPA manage
ment. NEAMPAN holds regular network 
meetings, and expects to conduct in‐depth 
research, provide  training courses for 
 capacity building, and network with rele
vant  regional and global mechanisms. 
Nevertheless, a recent assessment of its 
operations identified some severe limita
tions for the process, including use of 
 different terminologies, inconsistency in 
MPA identification, deficiencies in national‐
level MPA networks, different institutional 

 settings for management, and low level 
of  international cooperation (http://www. 
neaspec.org/our‐work/marine‐protected‐
areas‐mpa‐north‐east‐asia). As observed 
earlier in the MedPAN network, manage
ment effectiveness is still far from being 
achieved, although some success in the 
region may pave the way for improvements; 
such is the case of the Suncheon Bay Wetland 
Protected Area.

Suncheon Bay Wetland Protected Area
The Suncheon Bay (3550 ha) and Muan 
Tidal Flats (3559 ha) protected areas in the 
Republic of Korea are recognized as wet
lands of international importance under the 
Ramsar Convention, making them one of 
the most spectacular places in South Korea. 
Both sites support a range of threatened 
migratory birds and are also important for 
harvesting fish, seaweed and molluscs using 
traditional techniques. They have been 
incorporated into the NEAMPAN network 
and are subject to a large‐scale master plan 
for Suncheon Bay Landscape Conservation. 
A set of policies have been implemented 
in  the area, starting with setting up a 
Committee for Suncheon Bay Nature and 
Ecology that promotes networking activi
ties between civil society groups, govern
ment bodies and specialists in the 
conservation of Suncheon Bay. The mid‐ to 
long‐term master plan comprises: (i) road
map of stages to enhance new values of 
the  bay; (ii) analysis of ecological health 
and  change of mudflats and reedbeds; 
(iii)  development of community‐based 
 ecotourism and community well‐being; 
(iv) adoption of nature protection priorities; 
(v)  restoration of the mudflats ecosystem; 
and (vi) enlargement of business and civil 
society initiatives within the nature protec
tion priorities. A clear governance system, 
coupled with the establishment of a Suncheon 
Bay Conservation Fund, makes this MPA a 
good place to implement an EBM framework 
approach.
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Figure 8.1 The MPAs of the ‘Cap de Creus’ region. (1) The ‘Cap de Creus’ SCI, a maritime‐terrestrial Natural 
Park. (2) The ‘Sistema de cañones submarinos occidentales del Golfo de León’ SCI, an offshore Natura 
2000 area.
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 The Use of Ecosystem‐Based 
Management for MPAs 
and Networks

Once MPA sites and networks are planned, 
designed and implemented, and spatially 
bounded regions containing a particular 
ecosystem and social system interacting with 
each other are delimited, then appropriate 
management tools should follow. Management 
can be defined as the function that coordi
nates the efforts of people to accomplish goals 
and objectives by using the available resources 
efficiently and effectively. Applying EBM as a 
framework for managing MPAs and net
works is desirable in order to fully incorpo
rate MPAs and networks within a clear EA 
strategy (Sardá et al., 2014). Essentially, EBM 
requires consideration of whole ecosystems 
at a scale that ensures that ecosystem integ
rity is maintained. It recognizes the complex 
interactions between  species that make up 
marine ecosystems, and so is underpinned 
by principles of  community biology and 
ecology. Ecosystem‐based management also 
brings together the human, biological and 
physical parts of the system for which man
agement action is needed. It adopts a new 
model of integrated management that 
addresses the Malawi principles of the EA 
(CBD, 1998).

In order to use an EBM framework under 
the EA strategy for MPAs, the Malawi prin
ciples need to be translated into manage
ment actions. Several aspects that relate EA 
principles with clear management actions 
can then be considered:

 ● Setting the scene of management 
( principle 6)

 ● Using a systems approach to management – 
enhancing participation, achieving a 
common view on societal choices 
( principle 1)

 ● Implementing adaptive management  – 
targeted long‐term visions with opera
tional short ones (principle 8)

 ● Recognizing the importance of the ecosys
tem structure and function (principle 5)

 ● Working with decision‐making procedures 
in a decentralized way (principles 2 and 4)

 ● Developing an environmental accounting 
framework (principles 3 and 11)

 ● Taking account of all scaling effects 
( principles 7 and 9)

 ● Considering humans as part of the global 
ecosystem  –  but having a clear site/ 
network vision and involving all sectors of 
society (principles 10 and 12).

Setting the Scene of Management

The first task is to determine the area under 
management. In the case of MPAs this task 
is normally simple because the boundaries 
of the area, the social‐ecological area to be 
managed, are precisely defined. After delim
itation, management of the area should be 
based on measures derived from an initial 
assessment (departure stage) and a desired 
final vision (desired stage). The desired 
vision will establish the goals and timescales 
for environmental performance against 
which the effectiveness of the management 
system can be judged.

In formulating the desired vision, joint 
fact‐finding is important in order to develop 
shared knowledge about the site and reach 
the best vision while avoiding conflicts. It is 
a way to guide the process of gathering 
information, analyse facts, and make 
informed decisions collectively. An absence 
of joint activities is very likely to lead to 
 conflicts sooner or later.

Using a Systems Approach 
to Management

A systems approach to project management 
enables MPA managers to continuously 
evaluate the needs of the area; the end 
results to be achieved in line with the final 
vision for the MPA; and the needs in terms 
of resources, budget and time. In order to 
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quantify the desired vision for the MPA, it is 
recommended to work with something sim
ilar to the ‘Good Environmental Status’ 
(GES) concept described in the MSFD. We 
strongly believe this strategic GES concept 
can be applied worldwide, although obvi
ously, in the case of EU Member States, the 
descriptor and indicators used in the MPA 
application will be much stricter. Good 
Environmental Status should be established 
individually for every MPA, defined as ‘the 
vision status of the MPA where these  provide 

an ecologically diverse and dynamic 
 environment which is clean, healthy and 
productive in accordance with its conserva
tion status’. Then, depending on the MPA 
selected, possible uses made of its marine 
resources should take place at a sustainable 
level, ensuring their continuity for future 
generations, and an evaluation of pressures 
should be carried out. Figure  8.2 shows a 
schematic diagram of the GES descriptors 
set out in the MSFD; for these 11 descrip
tors, desired state indicators should be 
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Figure 8.2 A DPSWR representation of the platform of indicators for the EBMS information pillar. Ecosystem 
service provision icons obtained from The Economics of Ecosystems and Biodiversity (TEEB).
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selected in order to evaluate management 
effectiveness through time depending on 
the MPA concerned (governance structure, 
budget, pressures). Figure 8.2 also indicates 
how these state indicators can be linked 
with other indicators of the Drivers–
Pressures–State–Welfare–Response (DPSWR) 
social‐ecological accounting framework that 
can be used for aspects related to informa
tion (Cooper, 2013; Ojea et al., this volume).

An initial assessment report should be 
drafted to develop a common understand
ing of the system under management. It 
should collate and synthesize all the relevant 
information (ecosystem overview, socio‐
economic pressure factors and related stake
holders to be considered in the management 
guidance) as well as an assessment of the 
ecosystem services provided by the area since 
this is an intrinsic part of an EA strategy. This 
report constitutes an ecosystem overview, 
the baseline ‘status quo’ of the MPA.

Implementing Adaptive 
Management

Having prepared and considered the above‐
mentioned policy elements (the definition 
of the present state of the MPA social‐
ecological system, its ‘status quo’ or eco
system overview, and formulation of a 
desired vision in terms of GES with its pro
vision of ecosystem services), the issue of 
using adaptive management as a tool both to 
change and to learn about a system comes to 
play a key role.

Adaptive management is a structured, 
iterative process of robust decision‐making 
in the face of uncertainty, which aims to 
reduce uncertainty over time via system 
monitoring. Adaptive management offers a 
practical means of integrating knowledge 
over social and economic as well as ecologi
cal scales. It can accommodate unexpected 
events by encouraging approaches that build 
system resilience and is becoming accepted 
as a valuable tool for delivering the EA. 

Adaptive management encourages manag
ers to adopt policy cycles for a limited 
period, closely observing the outcomes of 
interventions through carefully focused 
monitoring. At the end of an initial learning 
period, the model can be further refined and 
new management objectives set.

Advocating the Use of the Ecosystem 
Services Vocabulary

One of the basic principles of the EA strat
egy is the conservation of ecosystem struc
ture and functioning to maintain ecosystem 
services. Sustaining the long‐term capacity 
of marine ecosystems, and in this case 
MPAs, to deliver a range of ecosystem ser
vices with a focus on both ecosystem health 
and human well‐being is a key part of the 
management required. This necessitates the 
identification of how GES generates goods 
and services based on the MPA vision; how 
well these benefits are captured; how human 
activities and natural hazards may affect 
MPAs and generate costs; and the complex 
social relations and value systems underpin
ning human governance.

Although MPAs have the ultimate goal of 
biodiversity conservation, as Potts et  al. 
(2014) have shown, MPAs can also provide 
direct or indirect benefits for society through 
the delivery of different ecosystem services. 
In this context, the mapping of ecosystem 
services is increasingly recognized as a valu
able tool in the management of MPAs and 
building stakeholder appreciation of such 
services, and so taking them into account in 
collaborative approaches (Cárcamo et  al., 
2014). The concept of ecosystem services is 
crucial when social and ecological issues 
need to be managed in a holistic way.

Working with Decision‐making 
Procedures in a Decentralized Way

The inclusion of a risk management stand
ard follows modern management best 
 practice for environmental decision‐making. 
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During recent years the inclusion of these 
risk management tools into decision‐ 
making applications when managing the 
marine environment has been advocated 
(MacDiarmid, 1997; Cormier et  al., 2013, 
2015). In the case of MPAs, the aim is to 
assess the significant risks that could impede 
achievement and/or maintenance of GES. 
These risks basically fall into two main 
groups: (i) those derived from external pres
sures and/or events that can separate future 
and/or present environmental states from 
the desired ones; and (ii) those related to an 
evaluation of the capacity of the region and 
the human activities involved to provide the 
ecosystem services required by the MPA. 
Historically, decision‐making at this level 
had been largely sectoral and more judge
mental than analytical. Correct selection of 
the key social‐ecological aspects and plan
ning evaluation will increasingly favour 
 programmes intended to reduce negative 
effects while moving towards GES.

A prioritization tool intended to help 
MPA managers determine which projects 
and/or activities should be carried out 
before others, based on a social trade‐off 
analysis and the established MPA vision 
(GES), has been described in detail in Sardá 
et al. (2010). The tool works in three sequen
tial stages: (i) the identification procedure, 
including the identification of the main 
components of the system and the risk iden
tification process; (ii) the assessment phase, 
which is the initial prioritization procedure; 
and (iii) the final decision about priority 
objectives and targets for the implementa
tion phase.

Developing an Environmental 
Accounting Framework

A prerequisite for correct environmental 
management is the comprehensive compila
tion and analysis of environmental  information. 
This information must be combined with 
user‐friendly tools to  facilitate the decision‐

making process. Traditionally in MPAs, 
information about the area is linked to 
monitoring programmes in the context of 
marine reserves, and observational research 
that documents variability in natural sys
tems by comparing them with manipulated 
systems over time. However, other types of 
information are also needed depending on 
the management policy cycle and indicators 
selected.

For example, the information system 
could employ indicators within the DPSWR 
social‐ecological accounting framework 
(Figure  8.2). Since conservation of the 
 ecosystem structure and functioning to 
maintain ecosystem services is the priority 
target of the EA (see Table  8.2), and the 
EBMS is based on an EA strategy, descrip
tion of the ecosystem services desired in the 
visioning phase is a key point in the indicator 
analysis. Welfare indicators will be associ
ated with the provision of these ecosystem 
services. Then, the provision of these 
 ecosystem services will be related to state 
indicators raised using the GES framework. 
The vulnerability of services will be expressed 
as human activities and natural hazards 
( pressure indicators) that can potentially 
harm ecosystem state components and ulti
mately modify their provision of services. 
The relationship between these indicators is 
shown in Figure 8.2.

Considering Humans as Part 
of Global Ecosystems

The participation of society is an essential 
element of the EA. Normally, MPAs are 
established through consultation processes: 
national planning forums, expert panels and 
so on come up with a list of potential areas 
for protection that will require governmen
tal approval. Scientific and preparatory work 
is needed to persuade governments to con
serve and restore the richness of marine life 
and habitat. Once the MPA has been desig
nated, an effective governance structure is 
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Table 8.2 Relationship between the Ecosystem Approach principles developed by the Convention 
on Biological Diversitya) and their application to MPA management frameworks.

CBD Ecosystem Approach principles MPA management needs

1)  The objectives of management of land, 
water and living resources are a matter of 
societal choices

 ● Use participatory planning: appropriate 
management schemes should ensure adequate 
and timely participation in a transparent 
decision‐making process by local populations

 ● Adopt a holistic methodology from a geographic 
perspective: MPAs cannot be isolated from one 
another and the regional network should be 
designed with societal approval

2)  Management should be decentralized to 
the lowest appropriate level

 ● Develop an effective governance structure to 
guide MPA management implementation

3)  Ecosystem managers should consider the 
effects (actual or potential) of their 
activities on adjacent and other 
ecosystems

 ● Elucidate the social‐ecological dynamics and 
functioning of the MPA

 ● Integrate all elements relating to the 
hydrological, geomorphological, climatic, 
ecological, socio‐economic and cultural systems 
into the prevailing conservation view

4)  Recognizing potential gains from 
management, there is usually a need to 
understand and manage the ecosystem in 
an economic context

 ● Accommodate and prioritize ecosystem services 
given by MPAs, but also consider the 
multiplicity of social‐ecological activities/events 
that can be observed in these areas

5)  Conservation of ecosystem structure and 
functioning, to maintain ecosystem 
services, should be a priority target of the 
Ecosystem Approach

 ● The concept of ecosystem services should be 
central in the management of MPAs

6)  Ecosystems must be managed within the 
limits of their functioning

 ● MPA management should support natural 
processes and adopt a long‐term perspective

 ● Damage to the MPA should be strongly resisted 
and, where it occurs, appropriate restoration 
measure should be taken rapidly

7)  The Ecosystem Approach should be 
undertaken at the appropriate spatial and 
temporal scales

 ● MPA management frameworks should be 
designed in a network context; the use of nested 
management structures is highly recommended 
to address this need

8)  Recognizing the varying temporal scales 
and lag‐effects that characterize 
ecosystem processes, objectives for 
ecosystem management should be set for 
the long term

 ● MPA management should be part of a vision‐
driven process

 ● The ultimate aim is to align this management 
with obtaining a conservation goal for the MPA 
that promotes sustainable development in its 
surrounding area

9)  Management must recognize that change 
is inevitable

 ● Adaptive management should be incorporated 
in the planning process to recognize change 
through a dedicated monitoring programme

(Continued )
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needed in order to develop and implement 
management measures, together with iden
tification of the main actors around the 
MPA that can pressure and/or work with it. 
In addition, the EA requires the adoption of 
a holistic attitude from a geographic per
spective because the MPA (or MPA net
work) under management cannot be isolated 
from its surroundings. The governance 
structure must promote significant cooper
ation amongst government bodies, civil 
society and private interests in the pursuit of 
collective action. Clearly, a participatory 
policy can facilitate this work in order to 
overcome possible operational and financial 
barriers for management.

 A Systematic Approach 
for Using the EBMS in MPA 
Management

The EBMS was developed by Sardá et  al. 
(2014; http://www.msfd.eu) to integrate 
EA into management functions. It employs 
a standardized process for applying EA 

 principles by ensuring the inclusion of 
essential components such as participa
tion, planning and decision‐making, and 
by  promoting accountability and quality 
 assurance. The  EBMS seeks to achieve 
vision‐based management objectives that 
follow sustainable development principles 
based on the provision of ecosystem 
 services (CBD, 1998; Balvanera et al., 2001; 
Cognetti and Maltagliati, 2010). The 
 introduction of the  EBMS into MPA 
 management can (i) enhance management 
effectiveness as recommended by Gabrié 
et  al. (2012), and (ii) address the need to 
include the principles of the EA into 
MPA management practice (see Table 8.2).

The EBMS has a three‐pillar structure 
that facilitates the incorporation of the 
EA  into the management of coastal and 
marine zones, regardless of the ecosystem 
or  administrative scales (Figure  8.3). The 
general points to be emphasized are:

 ● The EBMS follows a vision‐driven pro
cess: a societal vision needs to be devel
oped prior to the use of the framework, in 
this case a clear conservation vision.

Table 8.2 (Continued)

CBD Ecosystem Approach principles MPA management needs

10)  The Ecosystem Approach should seek 
the appropriate balance between, and 
integration of, conservation and use of 
biological diversity

 ● In the case of MPAs this is an intrinsic part of 
the conservation goal

11)  The Ecosystem Approach should 
consider all forms of relevant 
information, including scientific and 
indigenous and local knowledge, 
innovations and practices

 ● An information system should be developed to 
harness results from monitoring and assist 
decision‐making in the management process

12)  The Ecosystem Approach should involve 
all relevant sectors of society and 
scientific disciplines

 ● Institutional coordination of the various 
administrative services and regional and local 
authorities competent in the coastal and/or 
marine zone should be required

 ● An appropriate and effective governance 
structure is needed, from the site level through 
to established MPA networks

a) https://www.cbd.int/ecosystem/principles.shtml
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 ● The system identifies actions and/or 
activities to reach and/or to maintain this 
desired vision using risk management 
tools.

 ● The system prioritizes actions and/or 
activities that conserve ecosystem struc
ture and functioning, to maintain ecosys
tem services. Evaluation measures are 
incorporated into each policy cycle.

 ● Information tools follow a DPSWR 
accounting framework.

 ● Participatory tools ensure the active 
involvement of stakeholders.

The managerial pillar is the foundation of 
the system: it is derived from classical envi
ronmental and risk management systems 
that include environmental considerations 
and objectives within a continuous improve
ment cycle of adaptive management. The 
managerial pillar has to be supported by 
 governance structures that provide oversight 
and thereby ensure that planning and imple
mentation activities adhere to modern envi
ronmental principles. It follows the main 
elements of a Deming cycle loop: policy base
line, planning preparedness, implementation 
and operation, checking and corrective 
actions (Deming, 1986). Formally, it works 
within the structure of ISO 14001 where most 
of its clauses had been replaced by those used 
in the previously developed ISO 31000:2009 
for risk management (ISO, 2009a, 2009b, 
2009c). The elements of the policy cycle have 
been adapted to work with the principles of 
the EA (see Table 8.2). A DEcision‐MAking 
(DEMA) tool has been designed to intervene 
at this planning phase, as the conceptual 
 procedure to bring the above clauses into 
practice. This iterative DEMA process fol
lows the recent ISO framework for risk 
 management (ISO 31000). The inclusion of a 
risk management standard follows modern 
management best practice for environmen
tal decision‐making (MacDiarmid, 1997; 
Cormier et al., 2013, 2015).

Second, the information pillar ensures 
that data and scientific advice are grounded 

on best available knowledge. It employs 
the  DPSWR social‐ecological accounting 
framework to organize the information on 
aspects of social and ecological systems 
 relevant to representing the interactions 
between them (Cooper, 2013). It is struc
tured in line with the so‐called Information 
Factory with two main support tools: a 
Spatial Data Infrastructure (SDI) that can be 
appended to a knowledge‐based portal, and 
a platform of indicators linked to the desired 
provision of MPA ecosystem services 
(Cinnirella et al., 2011). Both tools should 
be accessible in the system at any time.

Third, the participation pillar brings 
together institutional coordination, com
munication and consultation requirements. 
It is designed to accomplish three main 
tasks: (i) facilitation of stakeholder identifi
cation, (ii) allowing effective participation 
and conflict resolution, and (iii) enhancing 
capacity building. Tools are available for 
the identification of stakeholders (e.g. Sanó, 
2009; Bainbridge et  al., 2011), and initia
tives to generate informed networks of 
stakeholders and enhancing capacity are 
beginning to emerge. Without doubt, man
agement faces its greatest difficulties when 
putting into practice this new paradigm of 
participative governance and conflict reso
lution due to the fact that different stake
holders around the MPA (including all 
national, regional and local authorities 
competent in the MPA as well as society in 
general) have different interests (Cormier‐
Salem, 2014). The use of the EBMS frame
work could introduce a common language 
and a common set of procedures facilitat
ing dialogue, coordination, and capacity 
building between the  different offices and 
public agents involved. At the same time, 
the use of the EBMS should allow clear 
statements of future visions for the MPA 
that could facilitate public engagement and 
participation.

The EBMS can be used at different scales, 
from individual MPA sites to different 
types  of network (Beal et  al., this volume). 
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It can facilitate understanding and allevi
ate common problems related to the 
 terminology used in management activi
ties. Using the two networks considered 
above (MedPAN and NEAMPAN), good 
examples for pilot plan applications were 
identified.

In the ‘Cap de Creus’, scientific studies in 
the region (Gili et al., 2011, 2012; Lo Iacono 
et al., 2012; Sardá et al., 2012) provide excel
lent baseline information to develop a GES 
vision for the area as well to set up its initial 
assessment. In addition, characterization of 
its conservation status could be made 
through an assessment of pressures, a stake
holder mapping structure and an ecosystem 
service review. The closest approximation 
to this task would be the ecosystem over
view and socio‐economic overview reports 
used by the Canadian Department of 
Fisheries and Oceans, which provide 
 comprehensive descriptions of the current 
knowledge of ecological, cultural, social and 
economic considerations for a planning 
area (DFO, 2005). The ‘Cap de Creus’ 
could be a very good example for an EBMS 
implementation: information is available, 
management structures are in place, coor
dination is feasible and a general vision has 
been developed.

Effective MPA management is one of the 
main objectives for NEAMPAN. A recent 
presentation in the Suncheon Bay Wetland 
Protected Area explored how the EBMS 
could be applied to this coastal environ
ment, as well as the Muan Tidal Flats. As 
participatory tools have already been imple
mented in the Suncheon Bay Wetland 
Protected Area and a Committee of 
Suncheon Bay Nature and Ecology drives 
the authorities to enhance conservation of 
the bay, this could favour an EBMS applica
tion. The use of the EBMS at governmental 
level to manage the coastal‐marine network, 
and in the NEASPEC to enhance the inter‐
governmental cooperation mechanism for 
the region, is possible by applying a nested 
scaled application of the EBMS.

 Discussion and Conclusions

The Ecosystem Approach strategic concept 
has emerged as the dominant paradigm for 
managing coastal and marine ecosystems 
with the main goal of maintaining and/or 
restoring marine biological integrity to 
ensure the adequate provision of ecosystem 
goods and services. Regarding conservation 
objectives, MPAs are planned and designed 
to meet long‐term nature protection, a clear 
long‐term objective under an EA strategy. 
Although the majority of MPAs combine 
protection and the sustainable development 
of activities, their ultimate vision is to con
serve biodiversity, habitat structure and the 
functioning of the ecosystem. When design
ing the tactical and operational objectives 
for running MPAs to achieve visions, goals 
and targets in these areas, EBM frameworks 
should be considered. The area can be prob
lematical due to the fact that sometimes the 
division between the EA and EBM is not 
clear (Halpern et al., 2010). The Ecosystem 
Approach is a strategic concept whereas 
EBM is the tactical and operational means 
to implement the strategy. As MPAs have 
delimited boundaries around social‐ 
ecological systems where a clear vision has 
been  defined, EBM frameworks ought to 
be deployed to manage these areas to achieve 
the declared vision. In this chapter we have 
proposed (i) adoption of the strategy of 
the MSFD by adopting a GES vision for every 
MPA under protection that can be linked to 
its ecosystem services provision, and (ii) use 
of an EBMS as the standard management 
tool to reach and/or to maintain this vision 
(Sardá et al., 2014).

The EBMS is designed to be a standard 
adaptive management methodology to assist 
MPA managers by providing a common set 
of tools and procedures and a common lan
guage that can facilitate knowledge transfer 
and capacity building. In addition, the EBMS 
is easily scalable and can be hierarchically 
introduced at different spatial scales, which 
could facilitate the institutional coordination 
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needed to solve the problem of policy 
 fragmentation and differentiated responsi
bilities normally seen in reality. The EBMS 
is  considered a quality assurance tool in 
itself, being used in a vision‐driven pro
cess of  continuous improvement (towards 
achieving GES), necessitating reaching of 
a prior consensus for the desired future 
conditions of the MPA environment under 
management  –  something that lies at the 
heart of these designated areas.

The use of the EBMS will allow authorities 
to manage, in an integrated way, the different 
functions of the MPA environment and the 
ecosystem services they provide. The EBMS 
adds new aspects not considered in a classi
cal MPA management structure:

1) MPA management is part of a clear 
vision‐driven process

2) It adopts a holistic approach from a 
 geographical perspective

3) It requires pressure analysis and institu
tional coordination inside clear partici
patory planning

4) Planning is achieved through the use of 
risk management techniques

5) The concept of ecosystem services is 
central

6) It uses the DPSWR as its analytical 
accounting framework of indicators

7) A good final state is based on state indi
cators using the GES concept

8) It ensures timely participation by the 
local population.

The basic structure of the EBMS and related 
material is available as a web platform tool 
(http://www.msfd.eu) to facilitate training 
and capacity building.

A large number of MPAs worldwide have 
in place a management structure and associ
ated permanent staff. Management of these 
areas, however, is normally carried out using 
informal systems and tools. It would be easy 
to conclude from this global pattern that 
every MPA constitutes a particular case, in 
which it takes time to understand how it is 

working and to accomplish the desired 
objectives. A correct management cycle for 
all of these areas should focus on measures 
(monitoring programmes) that allow man
agers to alleviate negative pressures for the 
correct functioning of the area, disclosing all 
the information following transparent sus
tainable principles. Effective governance 
structures and relevant tools are needed for 
this change, and the EBMS has been 
designed to facilitate this.
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 Introduction

Effective collaboration among people is a 
prerequisite to the successful management 
of Marine Protected Areas (MPAs) and 
achievement of ecologically coherent MPA 
networks. A network of MPAs can be 
planned as an ecological one to conserve 
biological features and manage activities, 
but more often it is an opportunistic system 
of protected sites or an assortment of 
 designated spaces that intends to manage 
pressures and protect biological diversity, 
cultural heritage and resources (see Beal 
et al., this volume). Each site has objectives 
and all sites have different types of designa
tions, or labels, which are chaperoned by 
different shades of legally binding provisions 
down to pure soft law.

In the Mediterranean, there are currently 
1236 MPAs1 recorded (out of 1458 entries 
registered in the database of MPAs and 
other sites of interest for conservation; 
MAPAMED, 2016). This chapter will 
explore how collaboration between MPA 

managers enhances management at the level 
of a single MPA and at the level of systems of 
MPAs. To do this, it will step back into the 
unnatural history of the Mediterranean 
basin, inspect human behaviour and the role 
of cultural identity, deconstruct social 
 networks, touch on economics, look at 
how  bottom‐up initiatives meet top‐down 
ones, and question what could come next. 
It  will do this by referring to MedPAN 
(Mediterranean Protected Areas Network), 
a social network of MPA managers, but also 
to other analogous networks such as 
RAMPAO (Réseau régional d’Aires Marines 
Protégées en Afrique de l’Ouest) and 
CaMPAM (Caribbean Marine Protected 
Area Management Network and Forum).

Two questions will be answered:

1) If everywhere on our blue planet social 
networks of MPA managers sprout up, 
how come?

2) How can a social network of MPA manag
ers successfully support the management 
of an ecological system of MPAs?
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 Once Upon a Time, the 
Mediterranean Basin Filled Up 
Again … and Soon Emptied

In the late Miocene, the Mediterranean had 
become isolated and mostly dried up with 
only a few pockets of water here and there, 
an event referred to as the Messinian salinity 
crisis (Gautier et al., 1994; Krijgsman et al., 
1996). With the Zanclean flood, the tap was 
turned on again (Clauzon et  al., 1996; 
Garcia‐Castellanos et al., 2009) and century 
after century the small semi‐enclosed Mare 
 nostrum became a principal hub for human 
civilizations, their trades and their enrich
ment. The marine environment got on with 
its own business, seizing all circumstantial 
conditions to diversify its habitats and 
 species, thrive, and generously afford a ‘gift 
economy’2 to ambitious and often covet
ous human animals. All this happened 
along a virtual unconsulted parallel: human 
thinking and acting on one side, natural 
 processes on the other. The ‘tragedy of the 
commons’3 was thus born long ago. And 
even with the predictable fall of the age of 
plenty  lying behind us, hope continues to 
drive  ocean prospection and research. 
There must still be untapped resources in 
that blue treasure chest!

While the non‐expandable Mediterranean 
space has become the theatre of all trades, 
one can’t help but marvel at the sight of free 
Mediterranean marine ecosystem services 
continuing to benefit growth, or the recycled 
concepts leading to Blue Growth or Blue 
Economy. In fact, many marvel at the sight of 
what life remains under the surface despite 
decades of abuse, many love the sight of 
marine and coastal natural landscapes, many 
have been and go on to be inspired by 
Mediterranean sights and wonders. For 
them, that is the true blue treasure chest.

But of course, paying back the sea for its 
services can’t be done at the cashier desk! 
And fast emptying with a twist of trashing 

attitude leaves time neither to replenish the 
shelves nor to conduct some maintenance 
and cleaning‐up.

 How the ‘Reasonable’ 
Person Revelation Sparks 
Environmental Conservation 
Policies

These degradation facts led to a general 
sense of helplessness among different social 
groups and very much among the Medi
terranean people…

So here steps in the good side of human 
nature. Although we have the immense 
capacity to be unreasonable, cognitive 
humans have repeatedly found niches for 
survival from an evolutionary perspective – 
a good enough motivation! As such, to break 
away from a corrosive sense of helplessness 
somewhat linked to altruism (Piliavin and 
Hong‐Wen, 1990; Simpson and Willer, 2015) 
and to the ‘economic man’  theories,4 the 
‘reasonable person’ movement was condu
cive to defining solutions for  bettering 
 environmental behaviour in a participa
tory way (Kaplan, 2000). One could argue 
that this movement was characterized by 
various international and regional conven
tions,5 national laws and more local rules and 
regulations (whether recognized juridically 
or agreed on within a social group), all to 
 protect the natural marine environment. One 
could call these top‐down processes in most 
cases, although some have adopted highly 
consultative approaches with field‐based 
cornerstone representatives.

Still with reference to the ‘reasonable per
son’ movement, simply marvelling at the 
Mediterranean, loving it and understanding 
that quality of life relies on environmental 
quality are likely to be added motivations 
which condition the actions of key players 
and often the path they choose for a career. 
When these individuals connect, begin 
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sharing experience and get together for 
 conservation action, one could easily argue 
that they represent social networks of rea
sonable and responsible humans who pave 
the road towards healthier environmental 
behaviour. One could call these social groups 
part of a bottom‐up process.

So, stepping back into the Mediterranean 
with its hectic weaving of countless overlap
ping human activities and good share of 
resulting clashes over the use of marine and 
maritime space and its resources: environ
mental responsibility is therefore expected 
to temper ecological abuse, serve conflict 
resolution over the natural ‘wet’ space, and 
continue to provide a measure of sustenance 
while ensuring sustainability.

Looking at how this responsibility evolved 
from a legal framework point of view, it is 
important to trace it back to the early part of 
the 20th century.

First looking at the top‐down process, an 
initial attempt in 1930 by some nations to 
extend their ownership over the sea and fish 
stocks and thereby rein in some pressures 
over the marine environment was inconclu
sive (League of Nations, The Hague, 1930). 
During the next 25 years, a number of coun
tries claimed their rights over the 200 nauti
cal miles area from their coasts. It took that 
time‐lapse to convene UNCLOS I (United 
Nations Conference on the Law of the Sea, 
1956) and draw up four conventions that 
entered into force in the 1960s. While 
UNCLOS II was inconclusive, UNCLOS III 
(1973 to 1982) led to the Montego Bay 
Convention (1982, and effective in 1994) 
to  which 167 nations, observers and 
the  European Union are parties. This 
Convention, also known today as the United 
Nations Convention on the Law of the Sea 
(or Treaty on the Law of the Sea), together 
with the 1994 Agreement on the sea bed, 
established a more comprehensive set of 
provisions to organize ‘ownership and use’ 
and solve some conflicts. While the societal 
wish for free access to the commons persists 

in many individual approaches, UNCLOS 
has contributed to reshaping some of the 
1609 Grotius legal principles expressed in 
Mare Liberum (Grotius, 1609), from a top‐
down perspective. Yet, while this Convention 
rightly addresses pollution and living 
resources, it is more relevant to rights of 
access than to conservation.

It is only in the 1970s that unanimous inter
national recognition of the need to protect 
the environment takes a sharp turn. It does so 
in the 1972 Stockholm Declaration, with the 
understanding that this cannot be done with
out integrating humankind back into its envi
ronment. The Stockholm Declaration came 
out of a conference suitably entitled ‘the 
United Nations Conference on the Human 
Environment’ and underlined precisely that 
‘no‐growth’ was not a viable solution. To spell 
things out bluntly, the traditional ‘economic 
man’ was required to bid farewell to the gift 
economy and start counting his cowries, 
looking at what they are and where they come 
from. Subsequent key international UN 
events that led to responsible decision mak
ing for the environment, and that are also rel
evant to the Mediterranean Sea, can be traced 
back through the following important steps:

1) The 1992 Rio Declaration from the 
UN  Conference on Environment and 
Development (UNCED  –  its principles 
of Agenda 21).

2) The signature at the 1992 UN Earth 
Summit of the Convention on Biological 
Diversity (CBD) by 150 states to translate 
Agenda 21 into reality.

3) The 2000 UN Millennium Summit (with 
its commitment via the Millennium 
Declaration), and the Millennium Deve
lopment Goals (MDG) that followed the 
summit.

4) The 2002 Rio + 10 UN World Summit on 
Sustainable Development (WSSD) – with 
the Johannesburg Declaration and United 
Nations Environment Programme (UNEP) 
Assessment.
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5) The 2010 Convention on Biological 
Diversity (CBD) launch of a Strategic 
Plan for biodiversity 2011–2020 (with 20 
ambitious yet achievable targets).

6) The UN General Assembly recognizing 
2011–2020 to be the decade of 
biodiversity.

7) The 2012 Rio + 20 UN Conference on 
Sustainable Development with its 
Sustainable Development Goals (SDG) 
to reach beyond the agenda of the MDG.

Specific to the Mediterranean, and shortly 
after the Stockholm Ministerial Conference 
that set up UNEP, 16 countries and the 
European Union adopted the Mediterranean 
Action Plan (MAP) and the Barcelona 
Convention for the Protection of the Medi
terranean Sea Against Pollution in 1976. 
Initially concerned chiefly with pollution, 
the parties ratified seven protocols over 
time, including one focusing on MPAs 
and  marine biodiversity protection: the 
Specially Protected Area for Biological 
Diversity Protocol (SPA/BD) which was 
adopted in 1995 and ratified in 1999 
(excepting four parties). This protocol 
aims to contribute to the CBD objectives, 
in particular the Aichi target 11 of 10% of 
the marine environment to be protected 
and well managed (CBD, 2008). At present, 
22 parties strive to fulfil the latest phase 
of  the MAP, including objectives relating 
to MPAs in order to contribute to the 
CBD targets.

Now looking at the same decades, but 
from a field‐based bottom‐up perspective, 
the above‐mentioned ‘responsible’ people 
seized conservation opportunities arising 
from the favourable political context 
described above. Some of them also became 
organized as structured civil society groups 
(associations and NGOs). Their primary 
goal was to preserve the natural marine 
environment quickly and at all costs. Some 
of these people also pushed for more strin
gent and concrete conservation actions in 

the field, namely establishing MPAs, thus 
truly triggering the launch of area‐based 
management measures.

 The Escalating Establishment 
of MPAs in the Mediterranean 
since 1960

About half a century ago, in the early 1960s 
(a decade before the 1972 Stockholm confer
ence), only a dozen MPAs had been created 
in the Mediterranean. The first one was born 
in Croatia (then part of former Yugoslavia) 
with the Mljet National Park in 1960, fol
lowed in 1963 by the establishment of the 
Parc National de Port‐Cros off the southern 
shores of France. Alongside Croatia and 
France, Israel and Turkey contributed to 
establishing these 12 ‘early’ MPAs. Looking 
just at nationally declared MPAs across the 
20 countries that have created protected 
sites and which are parties to the Barcelona 
Convention,6 there were establishment peaks 
in the early 1990s and then around 1997, 
2002 and then 2010 (see Figure  9.1). From 
the late 1990s, the European Union (EU) net
work of Natura 2000 sites at sea comes in to 
boost numbers. Yet, peaks in numbers of 
sites do not mean that greater surface cover
age was achieved at these dates (a peak can 
represent a large number of very small sites 
being created for example). From a surface 
coverage point of view, trends differ, with a 
take‐off in the late 1980s and larger surface 
coverage contributions in 2000 and 2014 
(MAPAMED, 2015). These coverage figures 
account for designation overlap and there
fore refer to a total surface area by eliminat
ing double counting.

At the beginning of 2016, MAPAMED (the 
database on MPAs and other sites of interest 
for conservation of the Mediterranean 
marine environment) reported 1236 MPA 
entries of varying levels of legal protection7 
(MAPAMED, 2016). However, many of 
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these MPAs currently lack enough support to 
be effective, and in reality they are little more 
than ‘paper parks’. Having said that,  among 
those identified, there are the following: 176 
nationally  designated MPAs, 898 EU Natura 
2000 sites at sea, 34 Specially Protected Areas 
of Mediterranean Importance (SPAMIs), 
four  International Fisheries Restricted 
Areas (General Fisheries Commission for the 
Mediterranean (GFCM) FRAs), one Sanctuary 
for Marine Mammals, one Particularly 
Sensitive Sea Area (International Maritime 
Organization (IMO) PSSA), 97 Ramsar sites, 
11 United Nations Educa tional, Scientific and 
Cultural Organization (UNESCO) Biosphere 
Reserves, and three UNESCO World 
Heritage sites.8

While MAPAMED has developed a 
 definition for the generic term of MPA for 
inclusion of sites in the database (Claudet 
et  al., 2011)  –  hence including FRAs and 
PSSAs based on their conservation‐driven 

objectives – many other sites of interest for 
conservation of the Mediterranean marine 
environment which have currently been 
included under a different coding, along 
with future other sites (such as national 
fisheries reserves) could potentially be 
 classified as Other Effective area‐based 
Conservation Measures (OECMs). It could 
indeed be recognized that national fisheries 
reserves that are managed all year round, as 
well as the regional GFCM ban on bottom 
trawling below 1000 m depth (which could 
become a FRA) and the EU ban on towed 
gear within three nautical miles of the shore 
(or above the closest 50 m isobath to shore) 
bring ancillary conservation value to this 
system of MPAs. However, they are not 
considered in this analysis as the focus here 
rests on designations clearly targeting 
marine biological conservation as their 
prime motive, and not protection of food‐
related production resources.

19
60

19
62

19
64

19
66

19
68

19
70

19
72

19
74

19
76

19
78

19
80

Number of MPAs created per year
Cumulative number of MPAs

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

20
06

20
08

20
10

20
12

20
14

200

180

160

140

120

100

80

60

40

20

0

14

12

10

8

6

4

2

0

Figure 9.1 Number of national MPAs established since 1963 up to 2013, and cumulative number. 
Source: MAPAMED (2015). Reproduced by permission of MedPAN/MAPAMED.
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 From Marine Natural 
Features under a Bell Jar … 
to Participatory Measures for 
Managing Pressures

The early approach to conservation con
sisted of locking away parts of the natural 
marine environment to protect it, as if placed 
under a bell jar. The trend today has shifted 
to establishing more flexible multi‐use MPAs 
which include zoning with targeted regula
tions attached to these sub‐zones, at least in 
the Mediterranean (Webster et al., in press). 
As such, the area‐based conservation meas
ures may, or may not, include no‐take or 
even no‐go zones and these may not neces
sarily cover the full ‘surface’ of the MPA. These 
multi‐use MPAs increasingly involve collabo
rations (or even a sort of co‐management) 
with the interested parties (stakeholders) in 
order to manage the space and especially 
threats to habitats and species, or the natural 
capital upon which an economic activity 
relies. These MPAs thus increasingly focus 
on curbing pressures and are consequently 
driven to integrate the territorial geographi
cal and social dimension more markedly. In 
fact, they resemble Marine Spatial Planning 
(MSP) strategies that integrate the principles 
of sustainable development and where the 
needs of different users are taken into 
account. Today, this means many more mul
tiple relationships at multidisciplinary levels. 
Furthermore, existing MPAs persistently 
express the need for adequate financial and 
human resources and capacity to be actually 
managed  –  let  alone effectively managed  – 
and for information and data exchange or 
flow. These very needs are central both to the 
development of social networks and to main
taining their vitality.

 What is a Social Network?

To understand how collaborations among 
MPA managers can benefit the management 
of an individual MPA or of a system, or even 

true network, of MPAs from the ecological/
biological stance, one needs to grasp (i) what 
social networks are, (ii) what may trigger 
their establishment, (iii) the role they can 
play, and (iv) how to sustain them.

Networks, generically, are sets of relation
ships that contain nodes and different types 
of relations and/or interactions between 
these nodes (static, directional, mutually 
directional or multi‐directional). When there 
is more than one relationship, it is referred to 
as a multiplex relationship. To  describe a 
 network, one needs to look at these relation
ships and also at the distance between them. 
When all nodes are directly connected 
(whatever the nature of the relation), it is 
called a balanced network.

When this concept is transferred to peo
ple (through human nodes or organization 
nodes), a social dimension is introduced 
bringing along complex human reasons for 
the connections between the nodes. While 
social networks have existed since the dawn 
of time, thinkers and academics began to 
consider the concept and principles of social 
networks in the 19th century, gradually teas
ing out theories that have integrated several 
disciplines over time, and readjusting these 
in reaction to technological breakthroughs. 
Today, social network analysis allows us to 
better understand the individual and collec
tive motivations behind an effective social 
network, what it can bring to an individual 
or groups of individuals that are part of the 
network, and what role the social network 
can play on a geographical scale and in a 
given thematic. It provides this under
standing by mapping and measuring the 
ties  ( relationships) and edges (interactions) 
between people, groups of people or organi
zations, examining the nature of the flows 
between these nodes, and building metrics 
on the type of connections, distributions and 
segmentations.

The types of connections will include 
 levels of similarities or ‘assortativity’, such 
as  age, occupation and values, or level 
of  friendship and frequency of interaction. 
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The  types of distributions include how a 
particular node makes the link between 
other nodes, or how a node/group of nodes 
influences the rest of a network (centrality/
popularity), or the proportion of direct 
interactions between nodes in relation to 
the total number possible. Researchers may 
also identify ‘structural holes’, where there 
are weak ties between several parts of a net
work, in order to determine networking 
needs. The types of segmentations comprise 
nodes that are likely to form a clique (where 
all nodes have a direct tie to one another) or 
structural cohesion, which can also lead to a 
break with the rest of the full network.

Following from the above, in the context 
of marine nature conservation, it is possible 
to identify entities that can serve as nodes of 
a social network, including: MPA managers; 
organizations that work with marine con
servation (e.g. NGOs, consultancies, other 
private companies); international, regional, 
national and local institutions; and individu
als that interact with any of the previously 
mentioned entities whether decision mak
ers, entrepreneurs, fishermen, federations 
or business operators.

 MedPAN: An Example 
of an MPA Social Network

MedPAN was set up officially under the 
name of Mediterranean Protected Areas 
Network during the Monaco Conference in 
1990 (with the support of the World Bank 
and contributions from IUCN and the 
French government). The Secretariat was 
initially entrusted to Parc National de Port‐
Cros (France). The founders of this network, 
who were MPA managers, aimed for 
MedPAN to become a network open to 
all  Mediterranean marine and coastal pro
tected areas in order to facilitate exchange 
between managers to improve the efficiency 
of the management of these protected areas. 
To this end, a forum was organized. Yet in 
1996, activities come to a halt for lack of 

funding. In 1999, the MedPAN members 
sought support from the UNEP‐MAP and 
set up a non‐profit association under French 
law. Following this, they requested techni
cal support from WWF‐France to take over 
operational responsibility for the  network, 
and in 2004 activities resumed with secure 
funding from the European Regional 
Development Fund INTERREG IIC as 
of  2005. Funding dwindled yet again in 
2007  for holding the 1st Mediterranean 
MPA  Conference (Porquerolles, France). 
Consequently, in 2008, at the request of 
nine founding members (mainly MPA 
managers), a new legal entity with a self‐
governing Secretariat was created (under 
French law) for the MedPAN organization, 
independent from the leadership of a single 
existing entity, such as the Port‐Cros MPA 
or WWF NGO.

Interestingly, the driving force for setting 
up the MedPAN network up to 2008 was a 
group of MPA managers and other people or 
organizations interested in Mediterranean 
marine conservation who got on well with 
one another and who had charisma along 
with fresh ideas: in social network analysis 
terms, these were nodes with strong ties 
and  edges, centrality and good structural 
cohesion.

From 2008, the MedPAN organization 
had a Secretariat based in France which 
grew into a team comprising seven staff 
today, led by an Executive Secretary. 
Members of MedPAN are all MPA managers 
(while partners are organizations that sup
port marine conservation and MPAs but are 
not the actual official managers). Members 
vote on a number of decisions such as the 
work plan, budget, and inclusion of new 
partners to the network at an annual General 
Assembly (GA). In 2015, the GA involved 
63  members, who together managed close 
to 100 MPAs, and 36 partners, from 18 
Mediterranean countries. A classical map
ping of this network is shown in Figure 9.2.

Another key element to the governance of 
MedPAN is the elected Board of Directors 



Figure 9.2 Map of all MPA entries from MAPAMED (top) and representation of MedPAN member MPAs (bottom). Source: MAPAMED (2015). 
Reproduced by permission of MedPAN/MAPAMED.
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(BoD) which consists of two‐thirds MPA 
management structure representatives from 
all shores of the Mediterranean, and one‐
third institutional partners’ representatives. 
The latter are the strategic collaborations 
MedPAN has established with regional 
 players such as UNEP‐MAP RAC/SPA and 
WWF, to name but two. The 13 BoD mem
bers are elected for a term of three years, 
with one‐third of the members retiring each 
year. They meet every month by telephone 
conference, and at least twice a year face to 
face, to approve (or not) a number of deci
sions proposed by the Secretariat. The BoD 
Chairperson plays a central role in repre
senting the network regionally and world
wide in different fora. Within the BoD, an 
Executive Committee (or Bureau) is elected 
among the members and comprises the 
Chairperson, an Honorary Vice Chairperson, 
a Secretary and a Treasurer. Beyond the 
BoD, strategic regional partners, with whom 
Memoranda of Understanding have been 
signed in most cases, meet once a year in an 
Advisory Committee (which has a consulta
tive role) to exchange views on all areas of 
the MedPAN strategy and annual work 
plan. Furthermore, MedPAN has a Scientific 
Committee which involves up to 15 nomi
nated members who provide a fundamental 
consultative body of the network as they 
support the technical and scientific orienta
tions of the Secretariat and of the MedPAN 
strategic actions.

All the different groups involved in the 
governance and, perhaps more markedly, 
some prominent individuals among these 
groups, serve as interfaces between bottom‐
up processes and top‐down ones, between 
field‐based action (both scientific and man
agerial) and policy requirements.

A five‐year strategy for the MedPAN 
 network was initiated by the Secretariat and 
BoD in 2012 through a highly consultative 
process with all parts of the network. 
The backbone of this strategy is to contrib
ute to reaching targets set by the CBD, the 

Barcelona Convention and several European 
Union Directives and policies, among 
 others. As such, MedPAN’s mission is to 
promote, through partnerships, the sustain
ability and operation of a network of MPAs 
in the Mediterranean which are ecologically 
representative, connected and effectively 
managed to help reduce the current rate of 
marine biodiversity loss. The strategy itself 
has three main axes:

1) Being a network for knowledge, informa
tion, anticipation and synthesis

2) Reinforcing the vitality of the network 
and interactivity between members, and 
building their capacity for effective man
agement of MPAs with stakeholders

3) Reinforcing MedPAN’s sustainability, 
prominence, governance and resources.

It is also bound together by five cross‐cut
ting intervention areas: a scientific strategy, 
a communication strategy, a capacity build
ing strategy, and action plans for (i) the sus
tainable financing of the network and 
Secretariat, and (ii) consolidation of the gov
ernance and Secretariat.

Examples of activities which are organized 
by the Secretariat jointly with many partners 
in the network include an annual training 
workshop and an experience‐sharing work
shop on a topic selected by MPA managers 
and network partners, bringing together 
about 40 and 150 people, respectively. 
Further activities comprise exchange visits 
between MPAs for capacity building; devel
oping tools, databases, guidelines and tuto
rials for supporting management actions; 
newsletters and a series of scientific special 
editions for information flow; maintaining 
the MedPAN website (as well as Facebook, 
Twitter and other informal e‐mail groups)9; 
supporting small projects to directly benefit 
MPAs in the field and taking part in larger 
regional projects; an analysis of the status of 
the system of MPAs every four years to 
measure progress towards reaching regional 
mandatory targets (which also incorporates 
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running MAPAMED, jointly with RAC/
SPA); paving the way with a roadmap for 
contracting parties to regional and interna
tional treaties to be followed in reaching 
conservation objectives; and prompting the 
establishment of a regional trust fund for 
Mediterranean MPAs.

Activities undertaken through the 
MedPAN strategy reach out to about 7000 
individuals in the Mediterranean region 
and  worldwide. The questions that then 
arise are how did this social network grow so 
quickly, how does it keep strong, and how 
does this influence or even strengthen 
the  management of a single MPA, of sub‐
regional systems of MPAs and of regional 
systems of MPAs intending to become 
 ecologically coherent?

 Social Network Analysis: 
MedPAN Network under 
Scrutiny

At the beginning of the chapter it was noted 
how groups of ‘reasonable’ people sparked 
off environmental conservation policies. In 
the context of MedPAN, it is again the case 
that some ‘reasonable’ people sparked off a 
niche social network. A full analysis of the 
MedPAN social network, applying the 
appropriate modelling, statistical and algo
rithmic tools, is beyond the scope of this 
chapter. However, it is possible to identify 
some of the principal nodes through an 
array of metrics, and assign some qualitative 
characteristics to them.

In the early stages of MedPAN network 
development, the nodes that triggered the 
initiative had strong ties and edges, despite 
some geographical distance, as they met or 
communicated often enough to share their 
commonalities. In other words, they were 
highly assortative because they shared 
numerous salient characteristics, displayed 
multiplexity in the sense that they held a 

professional relationship and also developed 
friendship, along with showing reciprocity 
of friendship and of professional interaction. 
These nodes also probably shared the same 
motivation to cherish the blue treasure chest 
and perhaps the desire to address a per
ceived lack of urgent action needed to curb 
environmental degradation by existing insti
tutions. This could possibly be defined as 
the healthy need for cognitive closure, that 
is, to find answers to challenges they faced in 
wishing to protect the marine environment, 
urgently and permanently.10 To do this, they 
had to get together, strengthen ties and be 
recognized as an identifiable unit, therefore 
becoming more powerful in pushing for 
marine conservation action and reinforcing 
their own capacity and that of the network 
which was to grow from then on. This group 
of nodes, if considered as a single node within 
the wider social ‘ecosystem’, could be quali
fied as influent, and if its centrality value or 
coefficient had been calculated at the time, it 
would certainly have been very high.

Following its revival in 2008, MedPAN had 
nine founding members: seven management 
nodes (including NGOs that manage MPAs) 
and two NGO nodes that work in support of 
MPAs. These were: Kornati National Park 
(Croatia), Egyptian Environmental Affairs 
Agency, Parc National de Port‐Cros (France), 
WWF‐France, ADENA (Agde MPA, France), 
Zakynthos National Park (Greece), Miramare 
Marine Natural Reserve/WWF‐Italy, Zavod 
RS zavarstvonarave (Slovenia) and WWF‐
Turkey. All of these are considered charis
matic nodes bearing centrality, but they do 
have different scales. Some nodes enjoy pop
ularity primarily at a localized level, either 
because of their propinquity, or because 
they  filter information flow as semi‐passive 
receptors and create mutual or multi‐ 
directional ties only concerning subjects of 
personal or local interest. Other nodes have 
a regional/international reach with high 
multiplexity in their multi‐directional ties or 
the reciprocal flows of information they 
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maintain. With additional support of more 
peripheral nodes, the establishment of the 
Secretariat and the constitution of the Board 
of Directors, MedPAN expanded, welcom
ing new member‐nodes and eventually 
partner‐nodes.

Within the 13 members of the BoD, which 
still includes some of the founding mem
bers, all representatives are respected 
for  their various attributes, such as strong 
 personality/charisma, strategic regional rep
resentativity and/or accountability (among 
other qualities). Each member of the BoD 
has centrality and multiplexity well anchored 
within the network and beyond. Many BoD 
members play a key ‘bridging’ role in the 
network whereby they connect the MedPAN 
core to various regional and international 
entities. Some BoD nodes also have highly 
multi‐directional ties and multiplexity 
within sub‐sections of the wider MedPAN 
membership. This is the case with AdriaPAN, 
the Adriatic Protected Areas Network. This 
bottom‐up initiative was launched by two 
Italian MPAs (Miramare and Torre del 
Cerrano, both members of MedPAN) and 
aims to facilitate contact between pro
tected areas in the Adriatic Sea and improve 
their partnership effectiveness both in 
management and in planning activities. 
While this social network currently has 
about 40 riparian Adriatic members and 
some 30 associated organizations, not all of 
them necessarily have reciprocal connec
tions to the MedPAN nodes. It goes without 
saying that such sub‐network sets are highly 
desirable for the dynamics of the greater 
whole due to their specificity at addressing 
ecoregional needs among MPA managers. 
Furthermore, several nodes within AdriaPAN 
contribute to bridging connectivity gaps 
between field nodes and the European 
Commission policies involving MPAs, as 
does MedPAN via other node ties.

Returning to the BoD, if it is considered as 
a single node, it gains in esteem principally 
for its intensive support of the MedPAN 

Secretariat, and the cohesive image it pro
jects for those that become aware of its role.

With respect to centrality, the Secretariat 
plays the principal role within the MedPAN 
network. Anticipation, organizational skills, 
multidisciplinary understanding, driving a 
defined clear purpose, putting into practice 
a kind of altruism by seeking the best inter
est for the commons, team complementarity 
and cohesion, along with great responsive
ness are some traits that possibly enhance 
interactions between all the nodes of the 
network at large. This imperceptibly 
becomes a ‘balanced network’ as defined in 
social network analysis whereby all triads of 
nodes have some kind of connection, 
whether passive or active. The Secretariat, 
while maintaining and stimulating multi‐
directional ties, also plays the bridging role 
with regional and international institutions, 
recognizing that working hand in hand with 
legally enshrined organizations benefits 
common interests, filling structural holes. In 
this regard, it is clear that the most repre
sentative dyad of such interactions is that 
between the MedPAN Secretariat and RAC/
SPA: this positive reciprocal tie and its edges 
means that RAC/SPA brings legitimacy to 
MedPAN while MedPAN brings flexibility 
to RAC/SPA. Although this is the most 
 salient feature of the collaboration, it goes 
without saying that there are also many 
other advantages as well.

The Secretariat also benefits from multi‐
directional ties and edges with all the nodes 
of the Advisory Committee and Scientific 
Committee, thus creating multidisciplinary 
interactions to contribute to a faster achieve
ment of concerted conservation objectives. 
It  continually strengthens its interactions 
with other networks of MPA managers, ter
ritorial social groups, sea users’ federations 
and  consortia, and groups of decision makers 
worldwide to share experience and join forces 
in contributing to a common purpose.

The interactions with and among mem
bers and partners of the network are much 
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more complex yet represent the raison d’être 
of MedPAN. A hundred individual nodes 
(Figure  9.2) lay the foundation for the net
work’s existence, its dynamics and connec
tions to about 7000 other nodes. If a social 
network analysis representational map was 
to be derived from all the interactivity 
among the MedPAN nodes, the result would 
surely be astonishing.

Now the question of why the network 
keeps strong has mostly been answered, but 
the one of why it expanded so fast has only 
been hinted at. While being a function of the 
characteristics of central nodes within the 
network, ‘adhesion’ and intensified interest 
also depends on typical reasons common to 
all social networks.

 Possible Reasons for Joining 
a Niche Social Network 
such as MedPAN

 ● Identity and a common sense of the ‘self ’ 
while sharing common characteristics is 
arguably one of the main reasons. In 
the  Mediterranean, despite geopolitical 
upheavals, religious differences and the 
array of languages, there is a strong feeling 
of cultural identity. People relate to one 
another as ‘Mediterraneans’, which, inci
dentally, is often recognized as a distinct 
race. Although controversial, Sergi (1901) 
considered the Mediterranean race as the 
‘greatest race of the world’, singularly 
responsible for the most accomplished 
civilizations of antiquity. Seligman (1924) 
supports this view, inviting recognition 
‘that the Mediterranean race has actually 
more achievement to its credit than any 
other, since it is responsible for by far the 
greater part of the Mediterranean civilisa
tion … and so shaped not only the Aegean 
cultures, but those of Western and greater 
part of Eastern Mediterranean lands’. Coon 
(1958) also acclaimed the race, stating that 
‘The Mediterraneans occupy the centre of 

the stage; their areas of greatest concentra
tion are precisely those where civilization 
is the oldest’.

 ● Belonging to an identifiable community 
and to a scheme that enables the self to be 
part of something important on a grand 
scale, or in other words a purpose, are 
arguably two further important reasons. 
For members to belong to the network 
subconsciously implies that they can 
gather around a grand cause, share their 
experiences and provide mutual support 
(MacMillan and Chavis, 1986). It also lifts 
them out from a certain state of isolation, 
and a feeling of having to face problems on 
one’s own, with the offer of a solution‐
orientated community (Baumeister and 
Leary, 1995). The efficiency of the sup
porting unit in providing the needed tools, 
and orchestrating information flow within 
the network and beyond, is essential for 
maintaining engagement through the 
sense of belonging and adhering to a clear 
purpose over time.

 ● Objectives, when set clearly, attract mem
berships, another types of ‘adhesion’, by 
individual nodes or groups of nodes. 
Indeed, tangible goals set within a network 
provide nodes with frames of reference and 
yardsticks in order to find win–win scenar
ios for their own benefit and that of their 
close connections, or the ‘edges’ they have 
established (Lardbucket project, 2012).

 ● Interest (and passion) naturally strongly 
federates nodes in a network while bring
ing in an assortment of emotions linked to 
positivism, ‘feel‐good’ reactions and grati
fication. It is a chief motivational element 
to the good functioning of a network and 
maintaining engagement within the com
munity (Rheingold, 1993). To some extent, 
this goes with ensuring access to informa-
tion that can nourish the interest and pas
sion and that can be conveniently 
accessible at all times. Further to this the 
same information needs to be accessible 
in different formats or levels of detail to 
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remain accessible to all nodes. In fact, sto
rytelling remains a winner for the majority 
of nodes, especially when obvious replica
ble elements are underscored.

 ● Behaviour betterment, whether desired 
for oneself or others, is enabled by a social 
network and becomes attractive for nodes 
to buy in when accountability is showcased 
and when positive peer reinforcement is 
made available (Borg, 2012). Guidance and 
incentives are part of this process. Nodes 
can seek referrals, advice and support/
encouragement (together with positive 
image reinforcement) and also remodel a 
positive image of themselves by sharing 
attempts, progress or successes, along 
with advice, with other nodes.

 ● Individual recognition within and 
beyond a given social network is arguably 
the last key reason why the MedPAN com
munity grew so fast. Recognition of indi
viduals is deeply rooted in each of us from 
the early stages of infancy. Self‐construc
tion and self‐esteem begin with realizing 
one exists in the eyes of another individual 
when recognition by the mother (usually) 
is identified by the infant via social cues 
(Jenkins, 2014; Schore, 2015). The quality 
of information flow in this initial dyad is 
unsurprisingly of importance to the self. 
Silent social cues as in facial expressions of 
admiration versus disapproval set a prece
dent for self‐development and for seeking 
different types and strengths of recogni
tion in later years. An interactive and 
highly connected network calls back to 
this sense of recognition as what one does 
and says gets appreciated by other mem
bers of the community, sometimes even 
being showcased to all other nodes of the 
network, together with positive reinforce
ment. How rewarding! Here, it is to be 
noted that individual expression of opin
ion is freely allowed beyond what the node 
would feel free to express within his/her 
institution or affiliated organization, which 
to a great extent contributes to the success 
of social networks.

Other peripheral facilitators to the growth of 
the MedPAN network include: the ease of 
joining the network as a member and finan
cial support to meet and take action regard
ing planned objectives; how other nodes are 
connected to one another and how popular 
or answerable they are perceived to be; a 
sense of idealistic proximity and ancillary 
occasions to meet new people or catch up 
with old friends. There may also be apprecia
tion of talent recognition (with identified 
champions and opportunities for compan
ionship) and a sense of pride for the commu
nity achievements. Or perhaps simply a 
handful of nodes have a need to ‘hang out’ 
live and online or interact out of pure 
curiosity?

One thing is certain however: with the 
current international social context of inter
connectivity craving, belonging to a social 
network has become fashionable. Such net
works are beginning to supplant institu
tions, with power shifting back to people 
because they want to interact with other 
people and because the opportunity to share 
an identity within a community that reflects 
one’s self and personal interests is far more 
enticing than being locked behind a brand 
and having to stoically convey the identity of 
an institution. This is obviously a caricature 
but the process is a reality, especially in 
niche networks that knit enthusiasts: net
works allow humanness to be brought back 
into a professional community.

Incidentally, this humanness also means 
that all personality types will be allowed to 
interact freely, whether they are predomi
nantly of the Openness Type (artistic, 
 curious, imaginative…), the Conscientious 
Type (efficient, organized…), the Extravert 
Type (energetic, active, assertive…), the 
Agreeable Type (compassionate, coopera
tive…) or the Neurotic Type (anxious, tense, 
self‐pitying…) (Costa and McCrae, 1992). 
Yet, the social network principles provide a 
self‐regulating process to all these connec
tions and it is rarely necessary for a node 
of  great centrality to have to intervene, 
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 especially when nodes know that it can 
(i.e.  exclusion from a social community is 
not a desirable outcome). Finally it is to be 
noted that personality traits partly influence 
responsiveness and reactivity in the interac
tions between nodes.

 How a Network of MPA 
Managers Strengthens the 
Management of MPA 
Networks

The intent here is not to look into the man
agement effectiveness of MPAs (i.e. the pos
itive impact on natural marine features of an 
MPA via its enforced regulations and opera
tional management measures compared to 
outside the MPA). Rather, it is to look into 
the connection between the social dimen
sion of a network and (i) the field manage
ment activities required for the actual 
management of sites by people (and thereby 
expected derived positive impact for the 
natural environment), and (ii) the require
ments for constructing ecologically coher
ent networks of MPAs that are actually 
managed. At this stage, it is to be noted that 
the term ‘ecological coherence’ finds no 
grounding in science and was a sound prod
uct from policy makers that today leads 
to  challenging implementation within the 
 policy–science–management interface.

Nonetheless, to address the first ques
tion regarding the connection between the 
social dimension of a network and field 
management activities required for good 
management, the dominant term may be 
‘mutualization’ (or a pooling effect). All the 
reasons and contextual factors described in 
previous sections underline the propensity 
of people to better manage an MPA, or at 
least intend to do so, because of the pooling 
of experience and knowledge inferred via 
a  dynamic niche social network, and 
because  of socio‐psychological individual 
human traits. Summarizing, it indeed means 

 sharing problems and solutions, access to 
processed relevant information, tools and 
guidance, accompaniment and support, 
extra funding, a recognized identity, and 
clarified objectives to attain. The evidence 
of the benefits brought to an individual MPA 
managing person or team of belonging to 
the MedPAN network can be identified 
through the many results and testimonies 
from, and information flow between, the 
nodes of the network.

If looking at this through the prism of 
 thematics, the central node (MedPAN 
Secretariat) acts as a catalyst and match
maker between different social communities 
that need to address a particular challenge. 
For example, the 2013 experience‐sharing 
workshop entitled ‘Surveillance and enforce
ment of regulations in MPAs: how to max
imize the efficiency and sustainability of 
actions’ (Hyères, France) took place near the 
Parc National de Port‐Cros. They took the 
opportunity to share their strategies on 
strengthening cooperation with competent 
authorities, even when the legal framework 
may not offer the adequate tools for compli
ance and prosecution (such as had been the 
case in Croatia). It was the opportunity for 
many MPA managers to hear the perspec
tives of Maritime Affairs and Public 
Prosecutor. Typically in a number of MPAs, 
maintaining contact and good cooperation 
with these entities, along with inviting them 
to properly discover the MPA and its man
agement, had strengthened the involve
ment and role of competent authorities in 
managing the MPA (thus strengthening 
efficiency).

Beyond sharing good practice, the work
shop was also conducive to exploring 
problems, such as the enforcement of no‐
take zones (i.e. no‐fishing areas) which are 
not always accepted let  alone complied 
with by small‐scale fishermen. Following 
the workshop, an exchange visit was organ
ized for Libyan MPA managers and fishers 
to visit the Gökova MPA in Turkey and 
share  experience with their counterparts. 
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Gökova has six no‐fishing zones yet the 
fishermen have quickly grasped the addi
tional economic benefits these have 
brought about and are much involved in 
the management. Through many multi‐
directional interactions, information that 
no‐take zones can be positive has gradually 
been disseminated throughout the net
work. Indeed, communities of nodes that 
were initially not involved with MPAs (i.e. 
groups of small‐scale  fishermen) have 
sprouted around the Mediterranean and 
become linked to MedPAN: MedArtNet 
(the Mediterranean Platform of Artisanal 
Fishers), the Libyan Association for the 
Development of Fishing Resources, the 
Algerian Network of Artisanal Fishermen’s 
Associations, the Moroccan Confederation 
of Artisanal Fisheries, and the Tunisian 
platform of Artisanal Fisheries, among oth
ers (now all together under a larger 
umbrella network of the North African 
Network for Sustainable Fisheries). What is 
interesting is that their social power has 
eclipsed the lack of institutional drive and 
inadequate legal frameworks in many 
 locations. Indeed, several of these networks 
currently implement, strictly control and 
manage defined areas out of their own ini
tiative. To conclude, the shift to social 
power via networks of organized and iden
tifiable communities on topics of joint 
interest shows benefits of individual MPA 
management in the majority of cases.

Concerning the role a social network like 
MedPAN can play, via collaborations, to 
strengthen ecological network management, 
the path bears only fresh footprints in 
the  Mediterranean. To date, despite great 
efforts by littoral states, the EU, UNEP‐MAP 
RAC/SPA and the Barcelona Convention 
(Figure 9.1) no true ecologically representa
tive network of MPAs has yet been fully 
implemented for protecting marine biodi
versity. It is therefore early days to draw spe
cific conclusions about how interactions 
between all manager‐nodes of MedPAN can 

help with this goal, but some key actions 
underway seem promising.

In 2012, MedPAN and RAC/SPA, in col
laboration with many regional partners, 
 conducted a joint analysis of the status of 
MPAs in the Mediterranean (Gabrié et  al., 
2012). A number of recommendations were 
made and incorporated into a roadmap. The 
latter also represented a consultative initia
tive which was included in the Antalya 
Declaration of the 1st Forum of MPAs in the 
Mediterranean (Antalya, Turkey, 2012), 
approved by over 300 stakeholders from 
about 30 countries. In 2015, the roadmap 
underwent some amendments and was sub
sequently adopted by the parties to the 
Barcelona Convention. This demonstrates 
how a bottom‐up initiative from a social net
work can contribute to engaging top players 
more strongly in reaching the conservation 
treaties’ objectives, namely attaining ecologi
cally coherent networks of well‐managed 
MPAs. Such initiatives also show how the 
shift of power towards social networks can 
address the classic obstacles in conservation 
matters: lack of political will or concern, poor 
funding, legal vacuum and loopholes, institu
tional ‘contortionism’,  discrepancy in per
spectives and rare multidisciplinary acuity, 
spatial heterogeneity of  scientific biological 
data, and ‘access to accessible’ information– 
all against the backdrop of ego.

On the subject of data acquisition, a num
ber of internationally funded projects (such 
as Coast to Coast Networks of Marine 
Protected Areas  –  EU FP7) have recently 
filled many gaps in biological knowledge. 
A  collaborative approach with networks of 
MPA managers also allowed researchers to 
acquire data to answer management needs 
and contribute to expanding the current 
 system of MPAs in the Mediterranean. 
Nevertheless, because knowledge is still 
being acquired and the current system 
of  Mediterranean MPAs cannot yet be 
 considered a true ‘ecological network’, 
the  precautionary principle should still be 
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applied to underpin the implementation of 
marine conservation measures (which can 
be adaptive over time as knowledge is accu
mulated). Here, key nodes within social 
networks such as MedPAN play the hinging 
role in reminding decision makers about 
fundamental field realities and whether 
knowledge is there or not. The reason is a 
cautionary one and goes beyond the 
 environmental justification: it is linked to 
the social consciousness for survival in 
the  face of natural capital destruction, 
and  that early action can prevent costly 
 restitution later.

Concrete examples of how collaborations 
between MPA managers strengthen net
work/system management within the above‐
described context usually seem to apply best 
to the sub‐regional dimension and by topic, 
largely linked to threats. These factors also 
often trigger the creation of sub‐networks of 
interest groups. For instance, MPAs noting 
the presence of the Betanodavirus, which 
can cause encephalopathy and viral retin
opathy in groupers and some other fish, 
share information via the Grouper Study 
Group towards which the MedPAN 
Secretariat routinely re‐directs managers’ 
enquiries. This contributes to better manag
ing this threat at a larger network level than 
individual MPA units. Similarly, MPAs 
affected by intrusion from non‐indigenous 
(and sometimes invasive) species have been 
supported by the network, via enhanced col
laborations led by IUCN‐Mediterranean. 
This has allowed managers to cooperate in 
acquiring knowledge and capacity to adopt 
suitable management options when possible 
and devise a warning system for neighbour
ing sites, namely through using a mobile 
application MedMIS (http://www.iucn‐
medmis.org/?c=Map/show).

Another example is the use of common 
tools and guidelines shared via the network, 
such as how to establish underwater trails. 
Experienced managers have visited other 
sites to help establish similar trails, in order 

to channel tourists or enhance environmen
tal awareness and education. Finally, collabo
rations could eventually lead to better 
management of threats to highly mobile, 
charismatic and endangered species such as 
turtles, whales and dolphins. Harmonized 
data collection and storage would permit a 
deeper understanding of both biological var
iables and threats so that appropriate man
agement measures can be selected following 
a harmonization process, covering wider 
areas. Although scientific data are being col
lected by many institutions, it is often done 
in such a way that doesn’t necessarily answer 
a management question, and often in a het
erogeneous fashion for a number of reasons 
including conflicting scientific schools of 
thought regarding protocols or methodolo
gies. Yet, as indicated here, there is a mani
fest need for ‘science for management’ which 
MedPAN has begun to consolidate synergis
tically with WWF‐Mediterranean and sev
eral other strategic partner nodes.

The strategy of the MedPAN network 
mentioned previously includes several fields 
of action which may be unfamiliar for nodes. 
This shortcoming was identified early after 
the revival of the network in 2008, and so 
contact with other existing similar networks 
in the world was sought.

 Lessons from Other MPA 
Social Networks Worldwide

MedPAN is not the only example of a social 
network for MPA managers. Beyond the 
Mediterranean sub‐regional AdriaPAN men
tioned earlier, close to a dozen other similar 
initiatives linked to MPAs have been estab
lished worldwide, namely:

 ● Big Ocean: A peer‐learning network 
 created ‘by managers for managers’ (and 
managers in the making) of large‐scale 
marine areas. It currently comprises about 
10 large MPAs worldwide.
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 ● NAMPAN (North American Marine 
Protected Areas Network): Set up in 1999 
under the auspices of the Commission for 
Environmental Cooperation (CEC). It 
brings together resource agencies, MPA 
managers and experts covering Canada, 
Mexico and the United States.

 ● CMAR (or Corredor Marino): The Tropical 
Eastern Pacific marine corridor network, 
which was created in 2004 and involves five 
core MPAs and brings together managers, 
civil society, governmental agencies, coop
eration agencies and NGOs.

 ● MAIA: The network of MPAs in the 
Atlantic Arc which was prompted under a 
European cooperation project in 2010. 
While the results of the project have been 
absorbed within OSPAR activities, the 
social network manages to continue some 
limited activity.

 ● PANACHE (Protected Area Network 
Across the CHannel Ecosystem): A pro
ject which started in 2012 and ended in 
2015. Ongoing human ties are however 
palpable.

 ● Yellow Sea Network: Similar to other 
Large Marine Ecosystem initiatives, a net
work has been built up, closely linked to 
the UNDP/GEF regional sea approach.

 ● NEASPEC and NEA MPA: The North‐
Eastern Asian MPA network was estab
lished in 2012 involving 171 national and 
provincial marine nature reserves and 40 
marine special protected areas from five 
countries.

 ● LMMA (Locally Managed Marine Areas): 
An international network of natural 
resource management practitioners work
ing in Asia and the Pacific, who have 
joined together to share best practices and 
lessons learned, and to amplify their 
 community voices nationally and inter
nationally. Born in 2000, it has grown 
exponentially.

 ● Te ME UM: Since 2009, some 17 organi
zations have joined forces in the French 
overseas territories to assist natural area 
management professionals via the Te Me 

Um programme (Terres Mers Ultra‐
Marines, Lands Seas Overseas). The pro
gramme benefits about 150 protected 
natural areas.

 ● WIOMSA (Western Indian Ocean Marine 
Science Association): Established in 1993 to 
promote the educational, scientific and 
technological development of all aspects 
of  marine sciences throughout the 
Western Indian Ocean region (consisting 
of 10  countries: Somalia, Kenya, Tanzania, 
Mozambique, South Africa, Comoros, 
Madagascar, Seychelles, Mauritius, Réunion 
(France)), and aimed at sustaining the use 
and conservation of its marine resources. 
Over time they have diversified their range 
of activities and incorporated links from 
science to management.

The focus in this section, however, is on two 
other networks: RAMPAO (Réseau régional 
d’Aires Marines Protégées en Afrique de 
l’Ouest) and CaMPAM (Caribbean Marine 
Protected Area Management Network and 
Forum).

RAMPAO was created in 2007 and brings 
together MPA managers and NGOs at the 
initiative of the Regional Coastal Zone and 
Marine Conservation Programme for West 
Africa (PRCM) who voluntarily joined and 
respect the RAMPAO Charter. To date there 
are 22 MPAs in five countries in the sub‐
region. PRCM has no legal personality: it is a 
forum of partners who have signed a simple 
memorandum of understanding and coop
eration. PRCM has an MPA component that 
initiated the creation of RAMPAO; so in 
effect, RAMPAO is one of the activities of 
the MPA component of the PRCM. Funding 
and programme activities are implemented 
entirely by the International Foundation 
for  the Banc d’Arguin (FIBA). Although 
RAMPAO does not have a legal entity nor a 
secretariat, it holds a general assembly with 
its members. A team of four staff runs the 
programme of action. The network secured 
strong legitimacy and endorsement from 
ministerial entities early on and thus its 
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actions can be supported. Many common
alities are found with MedPAN. These 
include a similar context, whereby RAMPAO 
supports a Regional Sea Convention work 
plan (Abidjan Convention and its protocols) 
and has developed a strategy to contribute 
to reaching the CBD objectives. Its mission, 
strategic axes and activities are also very 
similar. What is most interesting is that each 
weakness identified in one of these two 
 networks finds the start of a solution by 
sharing experience with the other network.

CaMPAM, the Caribbean network of MPA 
managers, was created in 1997 under the 
Protocol for Specially Protected Areas and 
Wildlife of the Cartagena Convention 
(SPAW). It is a partnership with UNEP, the 
Fisheries Institute of the Caribbean and Gulf, 
and governments and NGOs from all 
Caribbean countries. SPAW covers 37 states 
and territories and is the equivalent of the 
Barcelona Convention Protocol on Specially 
Protected Areas and Biodiversity in the 
Mediterranean. The SPAW RAC, hosted by 
the Guadeloupe National Park, is the equiva
lent of RAC/SPA of the UNEP‐MAP in the 
Mediterranean. CaMPAM is an initiative 
that brings together researchers working on 
MPAs, administrations and managers, and 
has received support from several interna
tional financing institutions. It is not a  formal 
structure and, like RAMPAO, offers great 
flexibility while maintaining a disciplined 
approach focused on exchange of experience 
and transfer of science to management. 
CaMPAM’s objectives and activities are sim
ilar to those of MedPAN and RAMPAO, 
although it suffers from under‐staffing, as 
well as low and irregular financial support. 
For these reasons and the sheer geographical 
scope of the area (in terms of surface area, 
political and cultural diversity, and lan
guages) the central node of this network is 
possibly a little more distant from site man
agers. However, many inspiring experience‐
sharing occasions have been seized between 
CaMPAM and MedPAN, and together with 
RAMPAO, ties have been strengthened 

between the three networks since 2013. 
Among the actions they take, these networks 
jointly deliver practical  recommendations 
for achieving the CBD Aichi targets.

Common findings by the three social 
 networks on what support they bring to the 
management of single or systems of MPAs 
can be summarized as follows:

 ● Advocacy at the regional and interna
tional levels

 ● Networking of different actors in charge 
of creating new MPAs and extending 
existing ones

 ● Enhancing common understanding and 
scientific knowledge at the regional level 
through sharing and collaboration

 ● Developing regional databases and con
ducting analysis of MPAs to provide an 
overview of their status and measure gaps 
towards reaching ecological coherence via 
a network of MPAs

 ● Formulating recommendations for a bet
ter integration of the ecological systems of 
MPAs into MSP and integrated coastal 
zone management frameworks

 ● Improving MPA management effective
ness through capacity building, exchanges 
among MPA managers, and promoting 
lessons learned and best practices

 ● Promoting participative governance
 ● Developing management guidelines 

and tools
 ● Playing a key role in mainstreaming the 

environment into development activities 
and advocating for governance at multiple 
levels in multiple sectors and varying 
 cultural contexts.

 What Could Come Next?

This chapter has set out a number of ele
ments that show how social networks of 
MPA managers can successfully support the 
management of an ecological system of 
MPAs. To conclude on why such social 
 networks sprout up all around the blue 
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planet, it emerges that the need to overcome 
institutional bureaucratic slowness, while 
maintaining a positive reciprocal dyad rela
tion with these very institutions, is possibly 
the overarching reason that ties together all 
the others discussed in this chapter.

The Gaia hypothesis has it that all 
 organisms interact with their inorganic 
 surroundings within the biosphere to form a 
self‐regulating complex system that helps to 
maintain life on the planet in a preferred 
homeostasis (Lovelock and Margulis, 1974). 
Human impacts have increasingly aggre
gated to unsettle this engaging principle. 
While patching up the damage done has 
already been urgent for over 50 years, and 
preventing new gashes to Mother Earth set 
as a static priority for about the same time, 
environmental social networks have budded 
all over her. Their aim is to shake up limping 
institutions, provide them with crutches and 
tell them that, yes, they can walk and reach 
the binding conservation targets in time.

The main objective for MPA social net
works is to achieve the CBD target that 10% 
of the oceans will be protected and well 
managed by 2020 (CBD, 2008). In effect, 
that is what should come next, albeit it is 
unrealistic to think that all contracting par
ties will achieve both the ‘well managed’ part 
along with the ‘coverage’ part. However, 
what ought to come next is for at least the 
coverage part to be established via govern
mental processes, with sound legal frame
works as well as adequate and sustainable 
financing. Once the race for coverage is over 
and done with, institutional focus should 
then be targeted at strengthening manage
ment and seeing that it is effective on the 

environment; to do so, adequate resources 
will be required as part of the sustainable 
development duty to preserve the natural 
capital.

Because a degree of power has shifted 
from institutions to niche social networks, a 
more balanced approach has been adopted 
that incorporates bottom‐up processes, in 
which social networks have gained legiti
macy to work collaboratively with institu
tions. In the case of social networks of MPA 
managers, such as MedPAN, CaMPAM and 
RAMPAO, this means that the social dynam
ics generated within the network can bring 
much support to strengthening the manage
ment effectiveness of MPAs and thus com
plement the slower pace of top‐down 
institutional processes.

What will probably also come next is the 
strengthening of all the different MPA man
agers’ social networks themselves, together 
with other connected interest groups and 
communities. This should foster joint action 
despite sometimes diverging stances, and 
lead to better integrated MPA management 
configurations.
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Notes

1 This figure does not include: Areas of 
Special Importance for Cetaceans 
(Agreement on the Conservation of 
Cetaceans in the Black Sea, Mediterranean 

Sea and Contiguous Atlantic 
Area – ACCOBAMS), described 
Ecologically and Biologically Significant 
Areas (EBSAs – Convention on Biological 
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Diversity), Important Bird Areas 
(IBAs – BirdLife International), No 
berthing zones/No entry zones except for 
Fisheries (Malta), National Fisheries 
Reserves, and proposed MPAs. It is also 
important to consider MAPAMED figures 
as in constant evolution due to regular 
updates of the database.

2 A gift economy is a mode of exchange 
where valuables are neither traded nor 
sold but given without expectation for 
immediate or future rewards. This 
 contrasts with barter or market  
economy and with exchanges based on 
money or other commodities  
(Cheal, 1988).

3 The ‘commons’ refers to the cultural and 
natural resources accessible to all members 
of a society, including natural materials and 
living resources which are not formally 
regulated. These assets are held in common 
and not owned privately. They are meant to 
be preserved regardless of their return of 
capital. Received as a shared right, we have a 
duty to pass them on to future generations 
in at least the same condition as we received 
them and must neither degrade nor destroy 
them. The tragedy of the commons is where 
individuals acting independently and 
rationally according to each’s self‐interest 
behave contrary to the best interests of the 
whole group by depleting some common 
resource (Lloyd, 1833; Hardin, 1968).

4 In economics the ‘economic man’ (or homo 
economicus) is the concept whereby humans 
act rationally and self‐interestedly to reach 
their subjectively‐defined ends in an optimal 
way. In other words, the economic man acts 
to maximize his benefits as a consumer 
(utility) and his profits as a producer 
(Pareto, 2014). This theory stands in 
contrast with that of behavioural 
 economics, homo reciprocans and homo 
sociologicus (looking at cognition, 
 cooperation and fulfilling social roles).

5 In the international legal sense of ‘treaty’, 
which is an agreement under international 

law entered into by actors in international 
law, namely sovereign states and  
international organizations. A treaty may 
also be known as an agreement, protocol, 
covenant, pact and convention…

6 Bosnia and Herzegovina is party to the 
Barcelona Convention but has not yet 
established an MPA and is therefore not 
referred to in this analysis. The European 
Union is also party, which brings the 
number of parties to 21. Four countries 
have not ratified the SPA/DB Protocol of 
the Barcelona Convention, yet all aside 
one have established MPAs.

7 This figure does not include: sites with no 
recognized juridical status (e.g. IBAs and 
areas identified by ACCOBAMS), or 
linked to direct conservation objectives 
(e.g. National Fisheries Reserves), areas 
that have solely been identified as  
important biologically (e.g. Described 
EBSAs), and MPAs proposed or in 
process. They are, however, included in 
MAPAMED which currently has 1462 
entries.

8 It is to be noted that some of these 
national, regional and international 
designations overlap (i.e. one site may 
have several designations which overlap 
exactly or partly in terms of surface 
coverage and perimeter).

9 Internet: http://www.medpan.org | 
Facebook: MedPAN‐network (https://
www.facebook.com/MedPAN.network/).

10 The need for cognitive closure in social 
psychological terms is the motivation of 
an individual to obtain an answer to a 
question, seek out information, and 
aversion of that individual towards 
ambiguity. This process is characterized 
by the urgency tendency and the  
permanence tendency (Webster and 
Kruglanski, 1994). When looking at nodes 
in social networks, this psychological trait 
can be taken into account for a group, 
namely for transitivity (i.e. completeness 
of relational triads).
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This [bio‐invasion] is one of the most 
worrying forms of human impact, 
because it usually does not decrease with 
distance and time: it is irreversible at 
human scale … introduced species under
mine in an irreversible way everything 
that has been done to protect biodiver
sity, whether through the protection of 
species or the protection of habitats. For 
example, there would no longer be any 
point in setting up MPAs if it were merely 
to protect uniform meadows of intro
duced species, e.g. Caulerpa taxifolia, 
C.  racemosa, Acrothamnion preissii  
and/or Womersleyella setacea.

(Boudouresque and Verlaque, 2005)

 Introduction

The Mediterranean Sea is one of the world’s 
prime marine biodiversity hotspots (Coll 
et  al., 2010). Intensification of anthropo
genic activities, coupled with growth of 
 littoral resident and transient recreational 
populations, are driving unprecedented 
changes in the Mediterranean Sea (Micheli 
et al., 2013; EEA, 2015). Symptoms of com
plex and fundamental alterations to the sea’s 
ecosystems proliferate, including increases 

in invasive alien species, which affect the 
functioning of marine ecosystems and the 
consequent provision of goods and services. 
(It should be noted that ‘invasive alien spe
cies’ refers to species introduced by human 
activities; species undergoing climate‐
shifted population distributions, without 
human‐assisted spread, are not considered 
to be alien.)

The rapid degradation of the Medi
terranean has prompted calls for more effec
tive approaches to protect, maintain and 
restore its ecosystems, including calls to 
increase the number and spatial extent 
of  its ‘protected areas’ (Gabrié et  al., 2012; 
EEA, 2015). Marine Protected Areas (MPAs) 
have an inherent appeal, particularly to 
a  public weaned on terrestrial reserves 
and parks, who would like similar protec
tion extended to the marine environment. 
Marine Protected Areas, created in part to 
conserve natural diversity of native species 
in their habitats, are meant to offer an 
 ecosystem‐based approach to conservation, 
and provide protection to habitats, biodiver
sity and ecosystem services, and insurance 
against environmental or management uncer
tainty (Lubchenco et al., 2003).

It is, however, questionable whether 
MPAs, or even networks of MPAs, provide 
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adequate protection from the suite of cur
rent and future threats that include global 
change impacts (e.g. increase in sea surface 
temperature, sea‐level rise and more severe 
storm events, acidification); unsustainable 
extractive practices (e.g. overfishing, oil 
drilling and sand mining, now proscribed); 
impacts from marine and terrestrial pollu
tion; widespread habitat destruction and 
degradation; and the spread of alien species. 
These threats are exacerbated in the rela
tively small, landlocked sea which is 
hemmed in by fast‐increasing populations 
(73 million in 1950, 244 million in 2000, and 
590 million forecast in 2050; Zlotnik, 2003; 
Tosun, 2011).

The reigning theory holds that MPAs, 
owing to their high species diversity and 
putative abundance of predators/competitors/
parasites of alien species, are resistant to 
invasion. This chapter examines whether 
MPAs are effective in protecting native bio
diversity under a high load of alien species, 
and underlines the risk posed to MPAs as 
management tools for the conservation of 
Mediterranean marine biodiversity.

 Marine Alien Species 
in the Mediterranean Sea

The number of recorded species introduc
tions (whether accidental or deliberate) 
into the Mediterranean Sea is far higher 
than in other European Seas: nearly triple 
the number of records known from the 
Western European margin stretching from 
Norway to Portugal (Galil et  al., 2014a). 
The present number of multicellular alien 
species stands at 728; of these 138 are 
recorded in five or more Mediterranean 
countries (Galil et al., 2016b). ‘Erythraean 
aliens’  –  species introduced into the sea 
through the Suez Canal – number 450. It is 
assumed this is only a partial inventory, 
as  our ignorance of marine biota leads to 

‘massive under‐reporting and thus under
statement of … the altered distributions of 
non indigenous species’ (Carlton, 2000).

The Mediterranean Sea has a long history 
of bio‐invasions: in the first decade of the 
20th century, 13 of the 14 alien species 
recorded for the first time in the 
Mediterranean entered through the Suez 
Canal (Galil, 2009). The number of alien 
species recorded in the Mediterranean more 
than doubled (213%) between 1970 and 
2014, with the greatest increase recorded in 
the past two decades (Galil et al., 2014b).

The number of recorded alien species dif
fers among the Mediterranean countries, and 
is substantially greater in the Levant than in 
the western Mediterranean (Figure 10.1). The 
Levantine countries (Egypt, Israel, Lebanon, 
Syria, Turkey, Cyprus, Greece), and to lesser 
degree Tunisia, saw an increase in the num
ber of introductions through the Suez Canal; 
in Italy and Spain the majority of recent 
records stem from shipping, whereas in 
France shipping and mariculture introduced 
nearly equal numbers of species. Fish, mol
luscs and crustaceans are the major taxa 
introduced to the Levant, whereas macroal
gae account for the highest number in Italy, 
France and Spain. Vectors determine the 
 geographical origin and taxonomic identity 
of the introduced taxa: in the eastern 
Mediterranean, where the Suez Canal serves 
as the main pathway, most alien species are of 
tropical Indo‐West Pacific origin and com
prise molluscs, fish and crustaceans; in the 
western basin, where vessels and aquaculture 
are the prevailing vectors, the taxonomic 
composition and native ranges of alien spe
cies are diverse and depend on shipping 
routes and mariculture trade (Galil, 2009).

Alien macrophytes, invertebrates and fish 
are prominent in many coastal habitats in 
the Mediterranean, especially affecting the 
composition of the biota of the south‐ 
eastern Mediterranean Sea (Steinitz, 1970; 
Por, 1978; Galil, 2007). Their impacts are 
determined, in part, by their demographic 
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success (abundance and spread) (Parker 
et al., 1999). With few exceptions, however, 
the ecological impact of invasive alien spe
cies on the native Mediterranean biota is 
poorly known (Zibrowius, 1992; Boudour
esque, 2004; Katsanevakis et  al., 2014), 
though it is believed that some species have 
caused major shifts in community composi
tion. Yet, it is difficult to disentangle con
founding factors in evaluating the impacts of 
most bio‐invasions: where populations of 
native Mediterranean species appear to have 
been outcompeted or displaced by an alien, 
these could be part of a profound anthropo
genic alteration of the marine environment. 
Nevertheless, a number of Mediterranean 
invasive aliens have drawn the attention of 
scientists, management agencies and the 
media, for the conspicuous impacts on the 
native biota attributed to them.

Perhaps the most notorious and best‐
studied invasive alien species in the Medi
terranean are a pair of coenocytic 
chlorophytes: Caulerpa taxifolia (known 
as  the ‘killer alga’; Meinesz et  al., 2002), 
and  C. cylindracea (Verlaque et  al., 2004). 

An  invasive strain of a tropical green alga, 
C. taxifolia was unintentionally introduced 
into the Mediterranean in 1984 (Jousson 
et al., 1998) and is considered ‘a real threat 
for the balance of the marine coastal biodi
versity’ (Longpierre et al., 2005). This alga’s 
rapid spread and high growth rate (up to 
14 000 blades per m2) on diverse infralittoral 
bottom types has led to the formation of 
homogenized microhabitats. Its presence is 
associated with replacement of native algal 
species (Verlaque and Fritayre, 1994; 
Boudouresque et al., 1995; Harmelin‐Vivien 
et  al., 1999), and reduction of species 
 richness, density and biomass of fish assem
blages (Francour et al., 1995; Harmelin‐Vivien 
et  al., 1999; Levi and Francour, 2004). 
Caulerpa cylindracea was discovered in the 
Mediterranean in 1990 and has since spread 
from Cyprus to Spain and the Canary Islands 
(Verlaque et  al., 2004). It overgrows other 
macroalgae and curtails species number, 
extent and diversity of the macroalgal 
 community, even in highly diverse, native 
macroalgal assemblages with dense cover
age (Piazzi et  al., 2001, 2003). Off Cyprus, 

Figure 10.1 The number of non‐indigenous species (NIS) in some Mediterranean countries. In dark grey is 
the fraction of species probably introduced through the Suez Canal. The circle sizes are proportionate to the 
total number of NIS recorded in the country by 2016.
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within six years it replaced the previously 
dominant Posidonia oceanica community 
(Argyrou et al., 1999).

Two species of rabbitfish, Siganus rivula-
tus (Figure  10.2) and S. luridus, which 
entered the Mediterranean from the Red 
Sea through the Suez Canal, were first 
recorded off the coast of Israel in 1924 and 
1955 respectively (Steinitz, 1927; Ben‐Tuvia, 
1964). The species have now been found as 
far west as France and Tunisia (Ktari‐
Chakroun and Bahloul, 1971; Ktari and 
Ktari, 1974; Daniel et  al., 2009). These 
schooling, herbivorous fish form thriving 
populations in the Levant Sea where 
‘ millions of young abound over rocky out
crops, grazing on the relatively abundant 
early summer algal cover’ (George and 
Athanassiou, 1967).

The siganids comprise one‐third of the 
fish biomass in rocky habitats in Israel 
(Goren and Galil, 2001), 80% of the abun
dance of herbivorous fish in shallow coastal 
sites in Lebanon (Bariche et  al., 2004), 

83–95% of the biomass of herbivorous fish 
at sites on the Mediterranean coast of 
Turkey (Sala et al., 2011), and have replaced 
native herbivorous fish (Papaconstantinou, 
1987; Bariche et al., 2004). Their diet has a 
significant impact on the structure of the 
algal community: by selective feeding the 
siganids have nearly extirpated some of 
their favourite algae locally (Lundberg et al., 
2004); ‘once flourishing algal forests have 
disappeared to leave space to sponges and 
wide areas of bare substratum… The shift 
from well‐developed native algal assem
blages to “barrens” implies a dramatic 
decline in biogenic habitat complexity, 
 biodiversity and biomass … with effects that 
may move up the food chain to the local 
fisheries’ (Sala et al., 2011). A survey along a 
thousand kilometres of Greek and Turkish 
coasts found that in regions with abundant 
siganids canopy algae were 65% less 
 abundant, benthic biomass was reduced 
by  60% and species richness reduced by 
40% (Vergés et al., 2014).

Figure 10.2 Rabbitfish Siganus rivulatus in a heavily grazed rocky reef, Akhziv MPA, Israel. Photo: Bat Sheva 
Rothman.
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The small mytilid mussel Brachidontes 
pharaonis in the early 1970s was ‘250 times 
rarer’ than the native mytilid Mytilaster 
minimus, that formed dense ‘Mytilaster 
beds’ on intertidal rocky ledges along the 
Israeli coastline (Safriel et al., 1980). More 
recently ‘the same rocks are … completely 
covered with the Erythrean B. pharaonis, 
while M. minimus is only rarely encoun
tered’ (Mienis, 2003: 15). Brachidontes 
pharaonis has spread westwards to south
ern Italy, where it forms dense populations 
with over 25 000 specimens per m2 (Sarà 
et al., 2006), and to Corsica, France (Merella 
et al., 1994).

Many more ‘replacements’ have been 
noted in the south‐eastern Mediterranean. 
The spiny oyster, Spondylus spinosus, has 
supplanted the native congener S. gaedero-
pus within a decade of its first record in Israel 
(Mienis et al., 1993). Similarly, the jewel box 
oyster Chama pacifica succeeded its native 
congener, C. gryphoides (Mienis, 2003). The 
native Mediterranean cerithiid gastropods 
Cerithium vulgatum and C. lividulum, 
respectively common and abundant in shal
low water along the coast of Israel until the 
1970s, were supplanted by the cerithiids 
C. scabridum and Rhinoclavis kochi (Mienis, 
2003). The dragonet, Callionymus filamen-
tosus, has replaced the native callionymids 
C. pusillus and C. risso along the Levantine 
upper shelf (Golani, 1998). The snapping 
shrimps Alpheus inopinatus and A. audouini 
are more common in the Levantine rocky 
 littoral than the native A. dentipes, and on 
the  muddy bottoms A.  rapacida is much 
more  common than the native A. glaber 
(Lewinsohn and Galil, 1982; Galil, 1986).

Moreover, there is the unprecedented 
number of alien jellyfish. Periodic outbreaks 
of indigenous scyphozoan jellyfish have long 
been noted in the Mediterranean (UNEP, 
1991; CIESM, 2001). Various anthropo
genic perturbations including eutrophica
tion, overfishing, global warming and the 
increase of littoral man‐made hard substrates 

have been suggested as contributing to their 
 proliferation (CIESM, 2001; Boero et  al., 
2008; Richardson et al., 2009).

Yet the Mediterranean is unique in hosting 
six alien scyphozoan jellyfish, in addition 
to two alien ctenophores: Cassiopea androm-
eda, Phyllorhiza punctata, Rhopilema nomad-
ica (Galil et  al., 1990), Marivagia stellata 
(Galil et  al., 2010), Pelagia benovici (Piraino 
et  al., 2014), and the recently recorded 
Cotylorhiza erythraea (Galil et  al.,  2016a). 
Though occasionally forming large aggre
gations (e.g. in 2009 swarms of Mnemiopsis 
 leidyi appeared along the Ligurian, Tyrrhenian 
and Ionian shores of Italy, and the Medi
terranean coast of Spain and Israel; Boero 
et al., 2009; Fuentes et al., 2009; Galil et al., 
2009), the Mediterranean populations of 
these alien jellyfish have remained small.

In contrast, the Erythraean Rhopilema 
nomadica, first recorded in the Medi
terranean in the 1970s, is notorious for the 
large swarms it has formed each summer 
since the early 1980s along the south‐east 
Levantine coast (Galil et al., 1990). As gelati
nous plankton plays a pivotal role in marine 
food‐webs and nutrient fluxes (Purcell and 
Arai, 2001; D’Ambra et  al., 2013; Fleming 
et al., 2015), outbreaks of alien jellyfish may 
affect production cycles in plankton and 
benthos. Invasive alien scyphozoans and 
ctenophorans may impact the ecosystem in 
ways we neither expect nor understand, 
and  which are more significant than their 
obvious impacts in economic and human 
health terms.

 Porous Borders: Alien Species 
in MPAs

The most important generalisation is that 
all nature reserves, except those in 
Antarctica, appear to have invasive 
species.

(Usher, 1988)
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The Southern Ocean around Antarctica 
is no longer free from invasive marine 
species… Isolated for at least 25 million 
years, the endemic Antarctic Southern 
Ocean marine fauna is now being 
exposed  to human‐mediated influx of 
exotic  species. Invasive species and polar 
warming combined can foster the proba
bility of arrival and colonization by non‐ 
indigenous species.

(Tavares and De Melo, 2004)

The introduction of the venomous Indo‐
Pacific lionfish, Pterois volitans and P. miles 
(Figure  10.3), from a beachside aquarium 
during Hurricane Andrew into the western 
Atlantic is one of the most closely followed 
marine invasions to date (Whitfield et  al., 
2002). Their spread across the tropical 
 western Atlantic and Caribbean Sea was 
swift, the first record dating from only 1985 
(Schofield, 2009). Since then, the lionfish 
have established dense populations with up 

to 1320 individuals per hectare (Trégarot 
et al., 2015). Their predation caused a 95% 
decrease in the abundance of small native 
reef fish at some invaded sites and a 65% 
decline in native fish biomass over two years 
on heavily invaded reefs in the Bahamas 
(Green et  al., 2012; Albins, 2013). The 
altered marine ecosystems led to cascading 
effects on coral reef food‐webs and benthic 
community structure (Albins and Hixon, 
2011; Lesser and Slattery, 2011). A census of 
lionfish in the Florida Keys National Marine 
Sanctuary (FKNMS) using multiple inde
pendent monitoring data sets revealed a 
rapid rise in their frequency of occurrence, 
abundance and biomass, with a three‐ to six‐
fold increase between 2010 and 2011 alone 
(Ruttenberg et al., 2012). A monitoring pro
gramme in Martinique documented the fast 
invasion of the island’s littoral hard bottom 
habitats (Trégarot et  al., 2015). Despite 
increasing control efforts, in three years 
(February 2011 to December 2013) the 

Figure 10.3 Pterois miles, an Erythraean lionfish, at Akhziv MPA, Israel. Photo: Oren Klein.
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 lionfish colonized the west coast of 
Martinique, most of it designated as MPAs 
(http://campam.gcfi.org/CaribbeanMPA/
mapview.php).

The Parque Nacional Arrecife Alacranes 
(420 km2), located 135 km off the northern 
coast of the Yucatan Peninsula, Mexico, was 
established in 1994. The isolated reef has 
restricted access, save for artisanal Mayan 
fishermen during the lobster fishing season. 
A survey conducted during the 2010/11 lob
ster fishing season suggested that based on 
the criteria for lionfish invasion established 
for FKNMS (Morris and Whitfield, 2009), 
the invasion in Alacranes reef was interme
diate to advanced (López‐Gómez et  al., 
2014). Recent surveillance showed a more 
abundant population with larger‐bodied 
individuals: the largest ever lionfish (total 
length 44 cm) recorded in the Southern Gulf 
of Mexico was captured in 2014 (Alfonso 
Aguilar‐Perera, pers. comm., 10 August 
2015). The lionfish have even reached the 
remote coral reefs of the Flower Garden 
Banks National Marine Sanctuary on the 
outer continental shelf in the Gulf of Mexico 
(193 and 172 km offshore from Galveston, 
Texas) which support diverse and abundant 
fish populations (Johnston et al., 2013).

A survey of lionfish in 71 Caribbean reefs 
(Hackerott et al., 2013) established they were 
present at high densities on reefs with dep
auperate native predator assemblages, as 
well as on reefs with high diversity and bio
mass of native predators; no evidence was 
found for an effect of native predators on 
their invasion success across the region. 
The  authors noted that lionfish densities 
were lower in marine reserves, since they are 
 regularly removed from most Caribbean 
reserves by managers, dive operations, and 
tourists in efforts to preserve the biota of 
the protected reefs. A re‐examination of the 
same data concluded that ‘lionfish abun
dance is reduced in marine protected areas 
due to some factor other than predator 
abundance. The negative effect of protection 

status on lionfish abundance and lack of 
effect of grouper or other predator biomass 
on lionfish abundance indicate that culling 
within protected areas most likely explains 
the observed pattern’ (Valdivia et al., 2014).

Twenty years after the first specimen of 
P. miles was recorded from the Levant, a spate 
of records from Israel, Lebanon, Cyprus, the 
Turkish Mediterranean coast and Rhodes, 
Greece (Bariche et  al., 2013; Turan et  al., 
2014; Corsini‐Foka and Kondylatos, 2015; 
Oray et  al., 2015; M.B. Yoke, pers. comm.) 
attest to the presence of an established popu
lation in the Levant. Whether denizens of the 
Mediterranean rocky reefs will suffer the fate 
of the Caribbean reef biota remains to be 
seen (Johnston and Purkis, 2014).

Extensive diving surveys conducted in 
2005–2006 in Gökova Specially Protected 
Area, south‐west Turkey, documented, 
among scores of Erythraean invasive alien 
species, a huge proliferation of the Indian 
Ocean seagrass Halophila stipulacea, the 
strombid gastropod Conomurex persicus, 
the Indo‐Pacific holothuroid Synaptula reci-
porans, and the Western Indian Ocean rab
bitfish Siganus rivulatus and S. luridus.

A study of rabbitfish populations at three 
sites on the Mediterranean coast of Turkey – 
Kaş‐Kekova MPA, Fethiye‐Göcek Special 
Environmental Protection Area and Bodrum – 
found that the percentage of their biomass 
was only slightly lower in the protected areas 
(83%) than in Bodrum (95%) (Sala et  al., 
2011). Similarly, the four MPAs – Karpathos, 
Fethiye, Kaş and Adrasan  –  examined by 
Vergés et al. (2014) were all characterized by 
high abundance of the invasive rabbitfish. 
Indeed, the highest abundance of alien fish 
(Fistularia commersoni, Pteragogus pelycus, 
Sargocentron rubrum, Siganus luridus, S. 
rivulatus) among rocky reef fish assem
blages in the Mediterranean was observed at 
Gökova, Fethiye, Kaş and Adrasan, on the 
southern coast of Turkey, prone to the 
Erythraean invasion through the Suez Canal 
(Guidetti et al., 2014, Figure 8).
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Since its introduction in 1984 to the 
Mediterranean, the so‐called killer alga 
Caulerpa taxifolia (a popular ornamental 
plant in aquaria) has spread steadily and 
established populations in many MPAs 
(Otero et al., 2013, Figure 4). In 1994 it was 
first recorded in Port Cros National Park, an 
island off the coast of Provence, France 
(Cottalorda et al., 1996). Since then annual 
campaigns of manual uprooting have kept 
C. taxifolia at bay in the park’s littoral. By 
the mid‐2000s its populations had naturally 
declined (Montefalcone et  al., 2015) and 
the last recorded colonies in Port Cros were 
found in 2012 (Jaubert et al., 2014).

Unfortunately, the closely allied C. cylin-
dracea shows no sign of following this ‘boom 
and bust’ model. Since its first record in the 
Mediterranean (Nizamuddin, 1991), it has 
spread to 13 other littoral countries. Its 
impact on native ecosystems is significant 
(Piazzi et al., 2001; Klein and Verlaque, 2008; 
Piazzi and Balata, 2008). It was noted in Port 
Cros National Park (Robert, 2001; Ruitton 
et al., 2005), in the Nature Reserve ‘Bouches 
de Bonifacio’ (Meinesz et  al., 2010) and in 
the Ligurian MPAs of Portofino and Cinque 
Terre (Montefalcone et  al., 2015). A study 
carried out in the Archipelago of Cabrera 
National Park, which lies 10 km off Mallorca, 
Balearic Islands, Spain, recorded it growing 
in almost ‘all habitats present between 0 and 
65 m depth’ with ‘Biomass … of similar mag
nitude’ to other Mediterranean populations 
(Cebrian and Ballesteros, 2009: 470, 471). 
In  Datça‐Bozburun, a Specially Protected 
Area in south‐west Turkey, C. cylindracea 
meadows were most dense at depths of 
40–75 m, as well as occupying gaps within 
P.  oceanica meadows in shallower waters 
(Okuş et al., 2007).

The invasive red alga Womersleyella 
 setacea, which was first observed in the 
Mediterranean in 1987 in the Var region, 
France (Verlaque, 1989), has since spread to 
eight countries. This filamentous alga forms 

thick mats that shroud sublittoral rocky 
 substrata and modify benthic assemblages, 
and outcompetes key species (Antoniadou 
and Chintiroglou, 2007; Cebrian and 
Rodríguez‐Prieto, 2012). In the Scandola 
Natural Reserve, Corsica, France, where it 
was first noted in 1989, its biomass is ‘of the 
same order of magnitude as those recorded 
in other Mediterranean areas’ (Cebrian and 
Rodríguez‐Prieto, 2012). In 1996 it was first 
noticed in the Mesco Reef, Cinque Terre 
Marine Protected Area, Italy, and become 
dominant in 2008 (Gatti et al., 2015).

A survey of alien opisthobranch species 
along the Mediterranean coast of Turkey 
from Bodrum to the Gulf of Iskenderun 
revealed that the largest number (13 of 18 
species) were recorded in the Kaş‐Kekova 
Specially Protected Area (Yokes et al., 2012). 
A shellgrit sample from Dor marine nature 
reserve, Israel, ‘turned out to be remarkably 
rich’ in invasive Erythraean alien species 
(Mienis, 1985). An inventory of the mollusc 
fauna from Akhziv‐Rosh HaNiqra nature 
reserve, Israel, compiled from the literature 
and samples deposited in the National 
Collections, private collections and the 
Zoological Museum of Copenhagen, com
prised 283 species, including 38 invasive 
alien species. Yet, most of the material in the 
National Collections was collected between 
1950 and 1975, whereas most of the invasive 
alien species records are recent (Mienis and 
Ben‐David‐Zaslow, 2004).

Along the Lebanese coast (Enfeh 
Peninsula, Ras Chekaa cliffs, Raoucheh, 
Saida, Tyre and Nakoura) surveys were 
undertaken in 2012 and 2013 in the frame
work of the ‘Regional Project for the 
Development of a Mediterranean Marine 
and Coastal Protected Area’ (MedMPAnet 
Project). The resulting report (Ramos‐Espla 
et  al., 2014) highlights the prevalence of 
invasive alien species at all sites, with 31% 
and 21% respectively of the recorded mol
lusc and fish species identified as Erythraean 



Managing Bio-Invasions in Mediterranean MPAs 195

aliens. Erythraean species established large 
populations and are frequently the most 
common species encountered: the mytilid 
Brachidontes pharaonis ‘dominates the 
abrasion platform and it forms a marked 
belt in the lower part of the midlittoral’; ‘the 
rocky substrata is bare and empty of erected 
soft macroalgae; this overgrazing is due to 
the herbivorous pressure of the fishes 
Siganus rivulatus and S. luridus’; the sting
ing feathery hydroid Macrorynchia philip-
pina ‘is  distributed in all of the observed 
areas, between 0–7 m depths’; and on ‘verti
cal rock between 0–6 m depth … Chama‐
Spondylus reefs create a complex habitat … 
develop original facies, without comparison 
along the whole Mediterranean’, together 
with another Erythraean bivalve Malleus 
regula. Similarly, Synaptula reciporans is 
the most common by far of the echino
derms (see report Annex II: Inventory of 
the taxa observed in the 2012 and 2013 
missions).

An Erythraean symbiont‐bearing larger 
foraminifera, Sorites orbiculus, is very 
abundant as well in the Kaş‐Kekova 
Specially Protected Area, as along the 
south‐western coast of Antalya between 
Kalkan and Kemer (Meriç et  al., 2008). 
This species is found in high numbers in 
marine nature reserves off Israel, namely 
Shikmona and Akhziv‐Rosh HaNiqra 
(Lazar, 2007; Merkado et al., 2013).

Boudouresque and Verlaque (2005) 
decried ‘introduced species undermine in 
an irreversible way everything that has 
been done to protect biodiversity, whether 
through the protection of species or the 
protection of habitats… Frontiers, whether 
administrative (MPAs) or political (coun
tries), do not exist for invasive species … 
there would no longer be any point in set
ting up MPAs if it were merely to protect 
uniform meadows of introduced species’. 
At the time it was a solitary ‘cri de 
coeur’ – the reigning hypotheses assumed 

that MPAs, owing to their high species diver
sity and putative abundance of predators/
competitors/parasites, are resistant to inva
sion. Yet, these expectations claimed more 
than scientific evidence justified: ‘The 
scant empirical research addressing these 
hypotheses suggests that local facilitation 
of invasives can indeed occur, though no 
assessment exists of whether these local 
effects result in enhanced regional inva
sion’ (Claudet et al., 2011).

An exhaustive search of peer‐reviewed 
 literature (Burfeind et  al., 2013) disclosed 
only 13 cases with quantitative data on 
alien species inside and outside marine 
(‘no‐take’) reserves. In no case did reserves 
resist alien species: of the seven reserves 
established prior to the arrival of aliens, 
five had no effect and two enhanced alien 
species; of the six reserves established in 
areas with pre‐existing aliens, two had no 
effect and four enhanced alien species. 
Guidetti et  al. (2014) surveyed rocky reef 
fish assemblages at 30 sites across the 
northern Mediterranean Sea comprising 13 
protected and 17 unprotected areas. No 
observable effects of MPAs on alien fish 
densities were observed, leading the 
authors to suggest that ‘the mechanisms of 
invasion are not affected by protection’, and 
that MPAs may indeed enhance the num
ber and densities of alien species.

 See No Evil

Recognition that species had been intro
duced into the Mediterranean from other 
parts of the world dates back to the 19th 
century. Even before the Suez Canal was 
fully excavated the French malacologist 
Vaillant (1865: 97) argued that ‘Le perce
ment de l’isthme de Suez … offrira … une 
occasion précieuse de constater les phé
nomènes que doivent amener l’émigration 
des espèces et le mélange des faunes’. Vaillant 
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advocated what today would be considered a 
‘baseline study’, and raised provocative and 
prescient questions:

La mer Rouge et la mer Méditerranée 
montrent, quant à leurs mollusques, … 
des différences considérables, mais il 
serait nécessaire de chercher à bien fixer 
d’avance quelles elles sont maintenant 
pour pouvoir mieux juger plus tard des 
changements qui pourront survenir. Sans 
aucun doute il va y avoir transport des 
espèces, celles‐ci, en changeant de milieu, 
vont‐elles conserver tous leurs caractères 
ou subir quelques modifications.

A century later communities along the 
upper shelf of the Levant differed notably 
from communities elsewhere in the 
Mediterranean because of the thriving 
 populations of species introduced through 
the Suez Canal (Galil and Lewinsohn, 1981). 
While thermophilic species were pouring 
into the Levantine Basin, vessel‐borne 
 species were introduced into ports and com
mercially valuable species into lagoons, 
estuaries and bays in the Mediterranean. In 
the late 1990s the ‘Mediterranean Science 
Commission’ (CIESM) undertook the task 
of assembling and validating many thou
sands of records of ‘exotic’ species in the 
Mediterranean Sea, and presenting them in 
a standardized, scientifically robust and 
user‐friendly format. This pioneering 
endeavour resulted in the publication of 
the  first ‘Atlas’ of ‘exotic’ species in the 
Mediterranean (http://www.ciesm.org/online/ 
atlas/) –  in fact, the first of its kind world
wide. The ‘Atlas’ galvanized attention and 
garnered recognition of the unique situa
tion concerning bio‐invasions in the 
Mediterranean Sea, promoted documenta
tion of the full extent of the diversity of 
‘exotic’ species, and provided information 
for management and conservation policies.

Yet, despite the clearly visible devastating 
impacts of increasing numbers of invasive 
alien species, some scientists have been 
so  intent on ‘building a heritage of reserve 

 networks that will safeguard marine com
munities’, couched in quasi‐religious terms, 
such as ‘the holy grail of conservation’, as to 
ignore bio‐invasions in MPAs (Lubchenco 
et al., 2003: S6). Some scientists considered 
 invasive alien species ‘welcome guests’ in 
the ‘impoverished, subtropical cul‐de‐sac’ 
[the Levantine Basin, Mediterranean Sea], 
that have ‘biologically enriched’ the sea 
(Tortonese, 1973: 327; Por, 1978: 123). 
Others hoped that ‘MPAs, as oases of biodi
versity, serve as the last rampart against 
these invasive species’ (Francour et  al., 
2010). They suggested that ‘marine pro
tected areas could be effective tools in 
 limiting invasive species from spreading…
The parasite burden of a MPA could be an 
excellent regulator of invasive species by 
exercising a control similar to the predator 
top‐down control’, and that within long‐
established MPAs ‘a new non‐indigenous 
fish will be controlled by predation’.

However, these authors frankly admit that 
‘not enough studies are currently available’ 
and that ‘the conclusions … are mainly theo
retical and not yet tested throughout the 
Mediterranean Sea’ (Francour et  al., 2010). 
Meanwhile, some scientists are seemingly 
oblivious of the problem. Mouillot et  al. 
(2011: 1) set out to determine ‘the spatial 
overlap – if any – between the present sys
tem of Mediterranean MPAs, the hot spots 
of fish biodiversity … and the hot spots of 
anthropogenic stresses’ based on a database 
comprising 282 native coastal and continen
tal shelf teleosts, leaving out even the most 
abundant and widespread of the over 100 
alien fish species. In a subsequent article the 
authors sought to assess gaps in the repre
sentation of taxonomic, phylogenetic and 
functional diversity among coastal fishes in 
MPAs, using distribution data for 340 native 
species, again excluding alien fish species 
recorded in the sea (Guilhaumon et  al., 
2015). Similarly, Micheli et  al. (2013) chart 
out ‘Priorities for Regional Conservation 
Planning in the Mediterranean Sea’, with 
barely a mention of bio‐invasion among the 
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anthropogenic threats besetting the sea. 
These authors identified 10 areas for immedi
ate conservation action, including the highly 
invaded south‐east Aegean Sea (see Porous 
Borders: Alien Species in MPAs, above).

Specialists, representing the Caribbean 
Marine Protected Area Management Network 
and Forum (CaMPAM), Network of Managers 
of Marine Protected Areas in the Medi
terranean (MedPAN), World Wildlife Fund 
(WWF), Mediterranean Programme Office, 
Regional Activity Centre for the Specially 
Protected Areas and Wildlife Protocol, 
and  the United Nations Environment 
Programme  –  Caribbean Environment 
Programme reviewed regional case studies 
in the Mediterranean and the Caribbean, 
aiming to ‘transform paper parks into func
tional and ecologically effective marine pro
tected areas’ (Bustamante et al., 2014). Two 
of the three sites chosen (Kaş‐Kekova, 
Turkey, and Hol Chan, Belize) are notable 
for proliferation of invasive alien species, yet 
the authors failed to address bio‐invasions 
among their recommendations to achieve 
effective management.

A report on ‘The Status of Marine 
Protected Areas in the Mediterranean Sea 
2012’ prepared by specialists representing 
MedPAN in collaboration with the Regional 
Activity Centre for Specially Protected 
Areas (RAC/SPA), barely touched on the 
issue. Though briefly noting that ‘The intro
duction of non‐native species appears to be 
one of the most important ecological and 
economic threats to the Mediterranean’ 
(Gabrié et  al., 2012: 135), and that ‘25% of 
surveyed MPA managers reported invasive 
species among key pressures on habitats 
and  species’ (Gabrié et  al., 2012: 135), no 
mention was made of invasive alien species 
in the nine pages of ‘Recommendations’ 
(Gabrié et  al., 2012: 157–165). A recent 
Marine Board Position Paper entitled 
‘Achieving Ecologically Coherent MPA 
Networks in Europe: Science Needs and 
Priorities’ omitted the subject altogether, 
save for a single mention when considering 

resilience to climate change: ‘Species in 
European waters might move northward out 
of protected areas, while some southern 
species, as well as exotics, could thrive’(Olsen 
et al., 2013: 51).

A collaborative study by IUCN, WWF and 
MedPAN (Abdulla et  al., 2008: 58) found 
‘Uncertainty and lack of information regard
ing marine introduced species was high in 
the MPAs we surveyed as in average half the 
MPA managers (54.8%) did not know the 
status of the introduced species reported in 
the MPA’.

 Management: Eyes Wide Shut

The first assessment of Europe’s seas at an 
EU‐wide scale by the European Environment 
Agency (EEA, 2015) acknowledges that alien 
species are a growing threat to the environ
ment, that climate‐driven changes may 
 factor importantly in expanding their 
spread, and that the Mediterranean Sea is 
particularly exposed to introductions: ‘a 
growing number of non‐indigenous species 
have been entering Europe’s seas since 
the  1950s, with the highest rate of intro
ductions being observed in the 2000s. 
These species are mostly brought in 
through shipping and the Suez Canal in the 
Mediterranean Sea’ (EEA, 2015: 188). 
However, the assessment fails to recognize 
the significance of bio‐invasion on MPAs 
and revels instead in their number and size: 
‘Europe is doing well in coverage of coastal 
waters, with more than 16% of coastal 
marine areas now inside an MPA’. MedPAN 
recognized that

Marine Protected Areas in the 
Mediterranean have not escaped this 
general trend [of bio‐invasion] and most 
of them have been affected by the intro
duction of alien invasive species for a 
long time, threatening marine biodiver
sity… MPAs across the MedPAN Network 
face common challenges, among them, 
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the lack of awareness and understanding 
of the impacts of invasive species, the 
scarcity of information on best practices 
for management as well as the insuffi
cient baseline information, guidelines 
and trained local staff to identify and 
gather knowledge on species introduc
tions and impacts… At a regional level … 
there is still a weak networking, coordi
nation and collaboration on this issue.

(Otero et al., 2013: 10)

MedPAN focuses its attention on the inter
nal governance, strategies, and management 
effectiveness of MPAs (Otero et  al., 2013). 
These authors highlighted the risk posed by 
alien species to MPAs, introduced a man
agement strategy and actions, provided a 
priority list of invasive species with the 
greatest potential impact, presented inva
sive alien species monitoring and data 
recording/recording protocols and offered 
well‐illustrated fact sheets for priority 
Mediterranean invasive alien species. This is 
a worthwhile initiative: there are far too few 
region‐wide targeted efforts to survey alien 
species in MPAs (see Guidetti et al., 2014).

The European Union’s ecosystem‐based 
Marine Strategy Framework Directive 
(MSFD; see Braun, this volume) acknowl
edged that alien species represent one of the 
main threats to marine biodiversity and 
related ecosystem services, placing them 
among the 11 qualitative descriptors for 
determining ‘Good Environmental Status’ 
(GES). Member States were required to 
establish a monitoring programme for the 
ongoing assessment and the regular update 
of targets (by 15 July 2014), and develop (by 
2015) a programme of measures designed to 
achieve or maintain GES (including ‘Non‐
indigenous species introduced by human 
activities are at levels that do not adversely 
alter ecosystems’) by 2020 – highly unlikely 
in the case of bio‐invasions in the 
Mediterranean Sea. Indeed, the European 
Commission’s report on ‘The first phase of 

implementation of the Marine Strategy 
Framework Directive’ (EC, 2014) notes that 
‘the Commission’s assessment of Member 
States’ reports gives rise to concern: Member 
States’ definition of good environmental sta
tus and the path they set out to achieve it 
shows overall limited ambition, often fails to 
take into account existing obligations and 
standards and lacks coherence across the 
Union, even between neighbouring coun
tries within the same marine region’.

The crucial elements for an effective strat
egy for slowing the influx of invasive alien 
species are a scientifically sound policy and 
coordination among all Mediterranean 
countries to ensure consistency in legal rules 
and standards to address all major vectors/
pathways. In point of fact, the documents 
adopted in the recent meeting (February 
2016) of the Contracting Parties to the 
‘Barcelona Convention’ (Convention for 
the  Protection of the Marine Environment 
and the Coastal Region of the Mediterra
nean and its Protocols) are rich in pious 
expressions of concern for the well‐being of 
the  Mediterranean marine environment. 
Alas,  the adopted ‘Updated Action Plan 
concerning Species Introductions and 
Invasive Species in the Mediterranean Sea’ 
(UNEP(DEPI)/MEDIG.22/L .3/Add.12 
Annex III) and ‘Monitoring and Assessment 
Programme’ (UNEP(DEPI)/MED IG.22/L.3/
Add.7), that ostensibly deal with non‐indig
enous and invasive species, avoid the most 
significant pathway  –  the enlarged Suez 
Canal (Galil et  al., 2014b). It may seem an 
expedient compromise, but this bureau
cratic act of denialism does not change the 
actuality that introductions through the 
Suez Canal contribute the largest number of 
invasive alien propagules in the Medi
terranean, affecting the well‐being of the 
Mediterranean Sea and its MPAs.

Considering the highly connected nature 
of the Mediterranean Sea (Boero, this 
 volume), an MPA, even less networks of 
MPAs, except for the very large and isolated 
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(an impossibility in the Mediterranean Sea), 
will not be free of alien species unless 
embedded in an integrated ecosystem man
agement regime that reduces alien prop
agule load. The success of a basin‐wide 
ecosystem‐based policy on bio‐invasions 
is  the key to achieving the long‐term 
 objectives of MPAs.

 So What Is To Be Done?

 ● Science‐based stewardship has to replace 
wilful blindness and unrealistic targets. 
Scientists, stakeholders, policy makers 
and management should face the reality of 
the anthropogenically impacted sea.

 ● Management is hampered by political, 
economic and societal fragmentation: 
only seven of the Mediterranean riparian 
countries are EU Member States. The 
option of implementing European envi
ronmental policies in those states alone 
may seem pragmatic, but piecemeal pro
tection is futile.

 ● The crucial element of an effective strategy 
for slowing the influx of marine alien spe
cies into MPAs in the Mediterranean Sea 
is policy coordination with the Regional 
Sea Convention (‘Barcelona Convention’) 
to ensure consistency in legal rules, stand
ards and implementation.

 ● Given the near impossibility of eradica
tion of established marine alien species, 
the precautionary approach for their man
agement is prevention of introductions 
(primary and secondary) through control 
of invasion vectors and pathways.

 ● New MPAs should be located away from 
the regional hubs of vectors and pathways 
(i.e. ports, marinas, fish and shellfish 
farming), and down‐current from the 
major pathway of invasion in the 
Mediterranean, namely the Suez Canal.

 ● MPAs located in areas with high alien 
load, or near invasion hubs, should be 
 surveyed and risk assessment conducted 

concerning secondary spread. Cost‐ 
effective options for long‐term control 
of alien populations should be identified. 
If alien populations are at levels that 
adversely affect native natural diversity, 
alter native natural habitats and risk sec
ondary spread, changes to protection sta
tus should be considered.

 ● Stakeholders should be informed of the 
scope and status of bio‐invasions in MPAs, 
and consulted as to the management 
actions and commitment of resources for 
their control, as well as possible changes 
to protection status.

If not acted upon with alacrity, protected 
effectively and managed efficiently, MPAs 
under high propagule pressure of alien spe
cies, such as those located in the Levantine 
Basin, may serve as ‘seed banks’ for inva
sions inducing ‘spillover effect’ to adjacent 
areas, rather than valued tools for native 
biodiversity conservation.
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 Marine Spatial Planning 
and Marine Protected Areas: 
Compatible or Conflicting 
Concepts?

In its broadest sense, Marine Spatial Planning 
(MSP) is ‘a public process of analyzing and 
allocating the spatial and temporal distribu
tion of human activities in marine areas to 
achieve ecological, economic and social 
objectives that have been specified through a 
political process’ (UNESCO and IOC).1

This definition of MSP often leads to the 
assumption that ecological, economic and 
social objectives are of equal importance 
and should be balanced equally in the MSP 
process (e.g. Schäfer, 2009). This view seems 
to correspond to the concept of the three 
pillars of sustainability: economic develop
ment, social development and environmen
tal protection.2

In contrast, Marine Protected Areas 
(MPAs) are primarily selected on the basis 
of ecological and/or geomorphological cri
teria and focus on the protection of those 
features. They have a specified object of pro
tection, for example marine mammals, or 
they aim at tackling environmental threats 
from a particular source, like shipping or 
fisheries. As a positive side effect, protected 

areas can nevertheless contribute to the 
non‐environmental objectives of MSP, for 
example by conserving nursery areas 
for  fisheries production or by enhancing 
tourism revenues. Thus, MSP and protected 
area programmes are in many cases mutu
ally beneficial (Clark, 1992). But even in 
multiple‐purpose MPAs, a holistic, cross‐
sectoral approach is often not truly imple
mented in practice. Marine Protected Areas 
therefore cannot be considered as a small‐
scale ‘predecessor’ for MSP (Drankier, 2012).

In recent times, long‐standing sea uses 
have become more intense and new forms of 
use have emerged. The negative effects 
include over‐fishing, loss and destruction of 
habitats, pollution and climate change 
(Douvere, 2008). It could thus be worth con
sidering shifting the orientation of MSP and 
using it as a tool to redress the balance in 
favour of the marine environment.

Restrictions on economic activities do, 
however, often seem less acceptable than 
stresses on the environment, since negative 
effects on the environment are often felt only 
with a time lag, whereas economic downturn 
immediately threatens livelihoods. Especially 
in countries with fast‐growing maritime 
industries and still‐developing economies, it 
is viewed as problematic to overly prioritize 
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ecosystem conservation (Qiu and Jones, 
2013). To gain public acceptance for MSP 
concepts in the Black Sea region, it might 
therefore seem necessary to provide more 
leeway for development than in other 
European Seas.

Yet, since functional ecosystems are an 
essential precondition for social and eco
nomic development, the balance between 
economic, social and environmental inter
ests can be found only within the framework 
of environmental compatibility (ARL, 2000). 
The carrying capacity of the sea has to be 
respected, not only to preserve the intrinsic 
value of nature, but also to secure future 
prosperity. By destroying their environment, 
countries deprive themselves of develop
ment chances that, for example, genetic 
resources might offer in the future and 
whose value cannot yet be estimated. The 
protection of the environment should there
fore not be considered a ‘luxury’ problem 
that only rich countries can afford to tackle.

It is therefore crucial to set the right 
course today by assigning to MSP not only a 
coordinating role between the different 
interests, but also a steering role towards 
ecosystem‐based management.

Protection of the Sea

There are basically two concepts of area pro
tection. The segregation approach is based 
on the dichotomy of ‘protection area’ and 
‘pollution area’. Thus, nature protection 
areas and areas for economic activities are 
spatially separated. However, because of the 
highly connected nature of the sea, MPAs 
are vulnerable to natural resource exploita
tion and other activities even if they occur 
far outside the protected areas. For example, 
pollution does not respect the boundaries of 
MPAs and therefore endangers habitats and 
species within those areas. Also, the state of 
the neighbouring ecosystems can influence 
the health and productivity of the MPA 
 ecosystem. Protected areas should therefore 

not be managed in isolation, as ‘islands of 
protection’ (Salm et al., 2000).

The integration approach, on the other 
hand, aims to overcome the aforementioned 
dichotomy by combining environmental 
protection and economic use (Mose and 
Weixlbaumer, 2007). Nature protection is 
thus instituted across 100% of the area by 
regulating the type and intensity of the 
anthropogenic use of space (Spektrum, 
2001). Marine Spatial Planning can unite 
the advantages of both concepts by inte
grating MPAs into a comprehensive spatial 
development strategy.

Protection of Open Space

At sea, intensive use can have a similar nega
tive effect for species and their habitats as 
the sealing of the soil on land (Janssen et al., 
2008). Moreover, due to the absence of land 
prices and the seemingly endless expanse, 
space is often too generously used (Buchholz, 
2004). The viability of ecosystems, however, 
depends on sufficient open space and 
unspoiled nature (Ritter, 2005).

Protection of open space is ideally quanti
tative, structural and qualitative. Quantitative 
protection means there is an adequate 
amount of open space; structural protection 
means the conservation of sufficiently large 
continuous areas of open space is ensured; 
and qualitative protection means ecological 
connectivity is respected (Ritter, 2005).

To effectively implement protection of 
open space, MSP should not only define 
‘where’ and ‘how’ a use takes place, but also 
decide ‘if ’ a use is really necessary. This also 
means that uses undesired on land are not 
simply relocated in the sea. The sea should 
rather be reserved for uses for which it pro
vides a particular locational advantage.

Surface recycling can help to further 
reduce claims on areas so far undisturbed by 
human activities. For instance, spatial plan
ning can ensure that new generations of off
shore wind farms or other installations are 
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built over decommissioned and dismantled 
plants (Köppel et  al., 2006). Also, the pre
definition of minimum capacities, especially 
for power plants, can help to reduce space 
requirements (BBSR, 2011).

Moreover, uses should occupy as little 
space as possible, taking account of all three 
dimensions of the sea (seabed, water column 
and water surface): to use the available space 
efficiently, uses ought to be concentrated, 
and installations bundled (BfN, 2006). 
Marine Spatial Planning can also promote 
synergies and facilitate co‐use. Offshore 
wind farms, for example, can be combined 
with aquaculture. The advantages of the 
concentration of uses, however, have to be 
balanced against the then locally multiplied 
environmental impact.

Cumulative Effects and Interactions

Environmental pressures result from the 
individual or various activities of one or 
more users, which may occur simultane
ously or at different times, independently or 
interrelated. There are additive effects, such 
as the accumulation of similar effects, and 
synergetic effects from the combined effects 
of various pressures. The severity of these 
effects on the environment depends mainly 
on the quantity, type and intensity of the 
impacts, their spatial distribution and their 
sequence in time, but also on the vulnerabil
ity and adaptability of the affected ecosys
tems. ‘Time‐crowding’ and ‘space‐crowding’ 
constitute the biggest threats to the environ
ment, but gradual processes also need to be 
considered (Siedentop, 2003).

Often, as a result of a series of small, 
apparently independent and environmen
tally compatible decisions, a far‐reaching 
process can be set in motion without ever 
consciously addressing the issue (Odum, 
1982). For example, through the cumulative 
effects of small decisions, the sea gradually 
becomes more and more eutrophic, or 
acidic, or laden with plastics, each of which 

can significantly alter ecosystem functions. 
Marine Spatial Planning offers a framework 
suitable for the implementation of a holistic 
perspective and the consideration of all pos
sible pressures within the planning area. To 
identify incremental effects, indicators can 
be used, for example the cumulative loss of 
habitats, the cumulative level of noise pollu
tion or the cumulative fragmentation of an 
area (Hanusch et al., 2007).

Through MSP, reasonable placement 
alternatives can be considered in the plan
ning process and their respective impacts on 
the environment compared: uses can then 
be sited where they cause the least environ
mental impacts. Fragmentation effects can 
thus be minimized, while migration routes 
and retreat areas are protected. Similarly, 
buffer zones can be placed around sensitive 
areas, for example to reduce exposure of 
marine mammals to harmful levels of noise 
emissions. Temporal coordination can fur
ther help to alleviate the impacts of uses, 
since adequate periods of low use or no use 
are crucial for the regeneration of the envi
ronment. For example, construction activi
ties can be planned on a staggered basis to 
reduce their cumulative impact (Janssen 
et al., 2008).

Unanticipated results can also occur when 
interaction webs are overlooked or manipu
lated. For example, removing top predators 
including marine mammals, sharks and 
other large fishes can generate cascade 
effects for the whole food chain. In the MSP 
process, the most important ecological fea
tures of an ecosystem and possible indirect 
effects can be identified (Crowder and 
Norse, 2008) and, consequently, these effects 
can as far as possible be avoided.

Prevention of and Compensation for 
Negative Effects

Because the marine environment is particu
larly sensitive and because there is a signifi
cant knowledge deficit about the functioning 
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of its ecosystems (see Boero, this volume), 
the observance of the precautionary princi
ple is essential. Where scientific understand
ing is still incomplete, recourse to this 
principle helps to avoid possible risks. This 
means, for example, that if there are indica
tions of special vulnerability of an area, its 
protection must be ensured by appropriate 
spatial planning measures, even if a definite 
assessment is not yet possible. Marine Spatial 
Planning can thus play a proactive role, and 
not just react to problems after they have 
occurred.

Furthermore, MSP can help to ensure 
compensation and replacement for interfer
ence in the natural environment. If stipula
tions in a marine spatial plan are likely to 
have unavoidable negative consequences for 
the environment, corresponding stipula
tions can provide for commensurate com
pensation. Possible measures are restrictions 
on other, less important uses, the require
ment to dismantle out‐of‐date installations 
before new installations are constructed, or 
even measures onshore that contribute to 
the regeneration of the sea. The limits of the 
planned compensation possibilities then 
also set a limit for impacts on the environ
ment and thereby ensure sustainable devel
opment (ARL, 2000).

Compensation, however, always implies 
that the pre‐existing natural conditions have 
been seriously damaged or even destroyed. 
Care must thus be taken that the overriding 
principle of avoidance of environmental 
damage does not get undermined.

Flexible and Proportionate Planning

Marine spatial plans reflect the state of 
knowledge at the time of their adoption and 
therefore tend to perpetuate errors 
(Beaucamp, 2002). Planning should therefore 
be understood to be a continuous adjustment 
process and plans regularly reviewed and 
adapted. Stipulations are  ideally not definite, 
but keep planning  possibilities open by 

 ensuring a certain spatial disposability. For 
example, the sea should not be used as a space 
for permanent fixed installations, and the 
 dismantling of decommissioned installations 
should generally be required (Wende et  al., 
2007). Similarly, all other activities should 
only be granted permission for a manageable 
period of time. Otherwise, the implementa
tion of later decisions on the establishment of 
protected areas or on other protective meas
ures that may become necessary because of 
increased knowledge of the marine environ
ment will be considerably more complicated.

Conversely, to enhance acceptance of pro
tective measures by users, activities should 
not be excessively restricted. Some species 
only need protection in one of the three 
dimensions of the sea (water surface, water 
column and sea bed). For example, some 
benthic communities only need protection 
from impacts on the seabed, like bottom‐
trawl fisheries. Moreover, since the need for 
protection of species and the vulnerability of 
areas can vary over time, temporal aspects 
can be taken into consideration as a fourth 
dimension of planning. Marine Spatial 
Planning can consequently provide for pro
portionate spatial management by placing 
only certain areas under protection and, if 
appropriate, only at certain times.

Creation of an Efficient Network 
of MPAs

Even though the sea is characterized by 
great permeability and therefore ecosystems 
are better connected than onshore, the guar
antee of an undisturbed exchange of organ
isms and nutrients between MPAs through a 
protected network can considerably multi
ply their effectiveness (Boero, this volume). 
Furthermore, well‐designed networks of 
MPAs are more resilient and better suited to 
mitigating the effects of dynamic natural 
processes, or imposed processes such as cli
mate change, than unconnected MPAs. 
Networks of no‐take and partially protected 
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MPAs are thus increasingly considered as an 
essential element of ecosystem‐based MSP 
(Jones et al., 2016).

A network of MPAs should be designed 
as  a synergistic system, based on cells of 
 ecosystem functioning (Boero, this volume) 
where the ‘whole is greater than the sum of 
the parts’. Networks ideally reflect the 
migration paths of certain species to con
nect their sub‐habitats or scattered popula
tions, or they connect similar habitats to 
reinforce the respective protection effect 
(Beal et al., this volume). The degree of pro
tection of the connecting areas has to be at 
least commensurate with the function they 
need to fulfil. Migration corridors or step
ping stones can be established to ensure 
connection, or MPAs can be optimally posi
tioned in relation to each other, for example 
to ensure exchange through currents. The 
MPAs might also be established as dynamic 
MPAs that protect dynamic ocean features 
(like eddies or fronts) or the seasonal migra
tion of protected species (Crowder and 
Norse, 2008).

However, by creating networks of protected 
areas, it is important not to lose sight of the 
goal of a comprehensive protection of the sea. 
Environmental protection must not be rele
gated to the spatial sidelines, such as narrow 
migration corridors (Leibenath, 2009).

Towards Implementation 
of the Ecosystem Approach

As early as 1992, at the UN Earth Summit in 
Rio de Janeiro, it was recognized that the 
traditional sectoral approach to natural 
resource and environmental management 
did not adequately address human impacts 
on the environment (Laffoley et al., 2004). In 
consequence, management has shifted 
towards a more holistic approach, ‘main
streaming’ the environment into economic 
sectors. However, even this was soon recog
nized as flawed. Accordingly, at the fifth 
Conference of the Parties of the Convention 

on Biological Diversity in 2000, it was 
 recommended that the ecosystem approach 
be applied, and 12 principles have been 
developed for its implementation3 that also 
seem to be relevant for MSP. For example, 
Principle 7 states that the ecosystem 
approach should be undertaken at the 
appropriate spatial and temporal scales.

Within the EU, the Marine Strategy 
Framework Directive (MSFD, 2008/56/EC) 
and the Maritime Spatial Planning Directive 
(MSPD, 2014/89/EU) now require the appli
cation of an ecosystem approach. Further
more, the Baltic Marine Environment 
Protection Commission (HELCOM) and 
Visions and Strategies around the Baltic Sea 
(VASAB) have adopted the ecosystem 
approach as an overarching principle for 
Maritime Spatial Planning4 and agreed on a 
‘Guideline for the implementation of 
ecosystem‐based approach in Maritime 
Spatial Planning (MSP) in the Baltic Sea area’.5

Ecosystems can be defined as ‘subdivi
sions of the Earth’s surface, including marine 
areas, and lower atmosphere within which 
natural processes operate and biological 
communities perpetuate themselves’ (Ehler 
and Douvere, 2007). Humans, with their cul
tural diversity, are regarded as an integral 
component of ecosystems.6 The ecosystem 
approach is, according to one definition, ‘a 
strategy for the integrated management of 
land, water and living resources that pro
motes conservation and sustainable use in 
an equitable way’ (Convention on Biological 
Diversity).7 By taking the full array of inter
actions among ecosystem components and 
human users into consideration, the ecosys
tem approach can help to arbitrate between 
the increasing diversity and intensity of 
human activities and the carrying capacity 
of the sea.

The spatial component is a key character
istic of the ecosystem approach to manage
ment, since in most cases ecosystems are 
fixed in space for long periods of time. And, 
since MSP addresses inter‐sectoral conflicts 
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and user–environment conflicts, taking 
account of temporal aspects, it is an ideal 
tool to implement the holistic ecosystem 
approach.

Limits of MSP

Establishing maritime spatial plans does not 
yet guarantee the achievement of environ
mental objectives. Therefore, the establish
ment of marine spatial plans should not be 
considered as the ultimate goal. The goal 
should rather be to achieve real outcomes 
such as sustainable energy supplies, reduced 
conflicts among human activities, or the 
conservation of marine ecosystems (Ehler, 
2012). Moreover, while through MSP space 
can be allocated, conflicts reduced and syn
ergies maximized, the quality of uses and 
the concrete impacts of individual projects 
cannot be controlled (Schultz‐Zehden et al., 
2008). Other instruments like environmen
tal impact assessment therefore need to be 
employed alongside MSP.

 The Law of the Sea: 
A Hindrance to MSP?

There is no international convention exclu
sively dedicated to spatial planning at sea. 
Some relevant regulations, however, can be 
found in the United Nations Convention on 
the Law of the Sea (UNCLOS). Apart from 
Turkey, all states of the Black Sea area have 
signed and ratified this convention.

UNCLOS sets out different zones of the 
sea and defines the rights and obligations of 
its contracting parties in each of them. 
Article 2(1) of UNCLOS states that the 
 sovereignty of a coastal state covers its land 
territory and internal waters. The coastal 
state is thus free to make laws, to regulate 
any use, to use any resource and, therefore, 
to submit its internal waters to MSP. 
According to Art. 2(1) of UNCLOS, the 
 sovereignty of the coastal state comprises its 

territorial sea, extending up to 12 nautical 
miles from the baseline (Art. 3). That sover
eignty derives from the sovereignty over the 
land territory. Consequently, the coastal 
state can undertake spatial planning activi
ties in that part of the sea. Ships of all states, 
however, enjoy the right of innocent passage 
through the territorial sea (Art. 17).

Beyond its territorial sea, a coastal state 
may claim an exclusive economic zone 
(EEZ) that extends up to 200 nautical miles 
from the baseline (Art. 55, 57). Since the 
Black Sea is quite small and all the riparian 
states have declared EEZs (Oral, n.d.), it is 
completely divided between them (Black 
Sea Commission). Thus, there are no areas 
that lie beyond national jurisdiction (high 
seas/the Area).

UNCLOS provides coastal states with cer
tain functional rights in their EEZ for the 
purpose of exploring and exploiting, con
serving and managing natural resources and 
with regard to other activities for the eco
nomic exploitation and exploration of the 
zone, such as the production of energy from 
the water, currents and winds and with 
regard to the establishment and use of artifi
cial islands, installations and structures 
(Art. 56). The exercise of these rights is 
subject to various conditions, such as the 
respect of the right of any state to lay subma
rine pipelines and cables, and the freedom of 
navigation of other states’ vessels (Art. 58). 
Concerning the seabed and subsoil, the rights 
of the coastal state in the EEZ shall be exer
cised in accordance with Part VI of UNCLOS 
on the continental shelf (Art. 56(3)).

Article 56(1) of UNCLOS does not 
expressly assign to the coastal state a sover
eign right or jurisdiction to undertake plan
ning activities in the EEZ. This, however, 
does not necessarily mean that MSP there is 
unlawful. Under Art. 60(1) of UNCLOS, for 
example, the coastal state has the exclusive 
right to construct, to authorize and to regu
late the construction, operation and use of 
artificial islands, installations and structures. 
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It is left to the coastal state to determine if 
and how these rights are to be executed 
(Proelß, 2009). Therefore, it seems justified 
to conclude that MSP is allowed if planning 
activities are directly linked to the rights 
expressly assigned to the coastal state by Part 
V of UNCLOS.

In enclosed or semi‐enclosed seas like the 
Black Sea, contracts between all riparian 
states could allow MSP measures that go 
beyond the scope of measures allowed by 
UNCLOS. Of course, in this case, only the 
contracting states are bound by the contract 
and only the rights of those states can be 
affected by its provisions.

 EU Instruments: A Fresh 
Impetus to MSP

Recommendation on Integrated 
Coastal Zone Management

The European Parliament and the Council 
adopted on 30 May 2002 the Recommendation 
2002/413/EC on Integrated Coastal Zone 
Management (ICZM) that outlines the steps 
that the Member States should take to pro
mote ICZM along their shorelines and 
defines the principles of sound coastal plan
ning and management. Those principles 
include the need to base planning on in‐
depth knowledge, to take a long‐term and 
cross‐sectoral perspective, to involve stake
holders, and to take into account both the 
terrestrial and the marine component of the 
coastal zone. The recommendation, how
ever, lacks binding force.

Item 5.9 of the Roadmap for Maritime 
Spatial Planning of the Commission (COM 
(2008) 791 final) concerns the relation 
between MSP and ICZM and says ‘coastal 
zones are the “hinge” between maritime and 
terrestrial development. Drainage areas or 
land‐based impacts from activities such as 
agriculture and urban growth are relevant in 
the context of MSP. This is why terrestrial 

spatial planning should be coordinated 
with MSP. Furthermore, according to a 
Commission Staff Working Paper of 2013, 
‘MSP and ICZM connect in their geographi
cal coverage (transition area from land to 
sea) and in their overall objective (to manage 
human uses in their respective areas of 
application)’ (EC, 2013b).

Consequently, the Commission has decided 
to develop these two tools together, an 
approach that is reflected in the new MSPD: 
Art. 6 No. 2 lit. (c) encourages Member 
States to promote coherence between 
MSP and the resulting plan or plans and 
other processes, such as integrated coastal 
management.

The Example of the 
Mediterranean Sea
The Convention for the Protection of the 
Marine Environment and the Coastal 
Region  of the Mediterranean (Barcelona 
Convention) entered into force on 12 
February 1978. The European Community 
as well as all the EU Mediterranean Member 
States are Contracting Parties to the 
Convention. Within its framework, a draft 
protocol on ICZM was prepared, and, after a 
lengthy negotiation process, adopted on 
21 January 2008.

The protocol aims to minimize the impact 
of economic activities on the environment 
and to guarantee a sustainable use of 
resources (Art. 9), to protect coastal ecosys
tems, landscapes, islands and cultural herit
age (Art. 10–13), and to ensure participation 
and raise awareness (Art. 14–15). In order to 
ensure that corresponding measures are 
adopted in a coherent way, the text requires 
that they are made part of a broader plan
ning system. Article 18(1) says that ‘each 
Party shall further strengthen or formulate a 
national strategy for integrated coastal zone 
management and coastal implementation 
plans and programmes’.

Since it has, in contrast to the ICZM 
Recommendation of the EU, binding power, 
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the protocol significantly advances the 
ICZM process. However, even if the proto
col is binding, the wording of some of its 
provisions resembles recommendations 
rather than strict obligations.

Marine Strategy Framework 
Directive

The most recent policy driver for the pro
tection of the marine environment is the 
MSFD. The objective of the MSFD is to 
achieve a Good Environmental Status (GES) 
of the EU’s marine waters by 2020 by apply
ing an ecosystem approach towards marine 
management and governance.

Each Member State is required to assess 
the current state of its marine environment, 
to define the desirable ‘good environmental 
status’ of its region and to establish detailed 
environmental targets as well as monitoring 
programmes.

The MSFD can be interpreted as applying 
the ‘hard’ sustainability approach, of which 
ecosystem conservation is the basis. The 
taking into account of all relevant impacts 
constitutes a novel, holistic approach to 
environmental protection at the EU level, 
through which many of the sectoral efforts 
of the past can be complemented or even 
replaced (ARCADIS, 2011). Together with 
the Water Framework Directive (WFD, 
2000/60/EC), the MSFD provides for an 
integrated environmental management sys
tem that stretches from the basin catchment 
area through the coast to the open sea (Qiu 
and Jones, 2013).

The MSFD does not explicitly require the 
Member States to implement MSP, but they 
are required to take management measures 
into consideration that ‘influence where and 
when an activity is allowed to occur’ (Spatial 
and temporal distribution controls/Art. 13(1) 
in conjunction with Annex VI(3)).

Furthermore, the MSFD promotes spatial 
protection measures, contributing to coher
ent and representative networks of MPAs, 

adequately covering the diversity of the 
 constituent ecosystems (Art. 13(4)). The 
establishment of such a coherent and repre
sentative network of MPAs requires a level 
of protection that goes beyond the level of 
protection guaranteed by Natura 2000 sites 
(Braun, this volume). The Birds Directive 
(2009/147/EC) and the Habitats Directive 
(92/43/EEC), which form the basis for 
the  protection of those sites, do not reflect 
the modern ecosystem approach. They were 
only designed to protect certain species and 
habitats, not to create a coherent and fully 
representative network of MPAs across 
Europe (Qiu and Jones, 2013). To form an 
effective network, the Natura 2000 sites 
have to be complemented, for example by 
national MPAs, by protection corridors or 
by ‘stepping stones’.

Maritime Spatial Planning Directive

From the Birds Directive to the MSFD, a 
clear trend of mainstreaming environmental 
concerns into wider planning and develop
ment programmes can be recognized in 
European legislation (Qiu and Jones, 2013). 
Right in line with that trend, the MSPD has 
recently been adopted, constituting a mile
stone in European legislation with regard to 
spatial planning. The EU for the first time 
includes not only individual spatial planning 
elements in environmental regulations 
(Schubert, 2015). In particular because of 
the increasing and uncoordinated use of 
coastal and maritime areas that leads to an 
inefficient and unsustainable use of marine 
and coastal resources, the Directive rather 
aims to cover all policy areas with an impact 
on coasts, seas and oceans (EC, 2013a).

The Directive, however, does not set new 
sectoral policy targets. Through maritime 
spatial plans, the objectives defined by 
national or regional sectoral policies are to 
be  integrated and linked, and steps taken 
to  prevent or alleviate conflicts between 
 different sectors and to achieve the Union’s 
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objectives in marine and coastal related sec
toral policies (EC, 2013a). The operational 
objectives of the Directive are thus proce
dural in nature. It supports ongoing imple
mentation of sea‐related policies in Member 
States through more efficient coordination 
and increased transparency (EC, 2013a).

Consequently, the Directive only estab
lishes a ‘framework’ for maritime spatial 
planning (Art. 1(1)). The EU has opted for 
such a ‘framework‐type’ Directive to pro
vide flexibility and to allow the Member 
States to develop their own national poli
cies. The Directive is deliberately not aimed 
at assigning a new planning task to the EU or 
at reshaping the different national spatial 
planning systems (Schubert, 2015).

According to the Directive, ‘when estab
lishing and implementing maritime spatial 
planning, Member States shall consider 
 economic, social and environmental aspects 
to support sustainable development and 
growth in the maritime sector, applying an 
ecosystem‐based approach, and to promote 
the coexistence of relevant activities and 
uses’ (Art. 5(1)). The definition of the objec
tives of the ecosystem‐based approach cor
responds to the definition in Art. 1(3) of the 
MSFD and so requires that ‘the collective 
pressure of all activities is kept within levels 
compatible with the achievement of good 
environmental status and that the capacity 
of marine ecosystems to respond to human‐
induced changes is not compromised, while 
contributing to the sustainable use of marine 
goods and services by present and future 
generations’ (Preamble, Recital 14).

The ecosystem‐based approach is consid
ered a basic principle of MSP within the EU 
and links the MSPD clearly to the MSFD. 
In reality, however, the two Directives seem 
to function more on an antagonistic than 
synergistic basis. By often prioritizing ‘blue 
growth’ over environmental protection 
towards the achievement of GES, Member 
States undermine the closer coupling that 
has been called for (Jones et al., 2016).

Moreover, the appropriate balance between 
ecological, economic and social objectives 
of MSP and the respect of the carrying capac
ity of the sea, required by the ecosystem‐
based approach, seems to be difficult to 
strike. It could be argued that, at least if the 
sea is affected by planning decisions to such 
an extent that its ecosystems cannot recover 
in the foreseeable future, insufficient weight 
has been given to the protection of the envi
ronment (Schubert, 2015). Such an interpre
tation ensures that the ecosystem‐based 
approach does not conflict with the require
ment to consider also economic and social 
interests, but just prevents manifest errors 
of consideration.

 The Black Sea: Evaluation 
of Progress on MSP  
at a Regional Level

The Black Sea is surrounded by six coun
tries. The countries of the west coast, 
Bulgaria and Romania, form part of the 
European Union. Turkey, located on 
the south coast, is an EU candidate country. 
The states on the north and east coasts 
(Ukraine, the Russian Federation and 
Georgia) arose following the break‐up of the 
Soviet Union, which still influences their 
legal system, although both Ukraine and 
Georgia signed Association Agreements 
with the EU in 2014 which implies increas
ing harmonization of their legislation with 
the acquis communautaire.

Despite its anoxic zone below 300 m, the 
Black Sea is relatively rich in biological 
resources (Alexandrov et  al., this volume). 
The sea and its coastal wetlands provide 
spawning grounds for various fish species 
and breeding and resting places for many 
endangered birds. Also, three species of 
marine mammals live in the Black Sea. 
Eutrophication, pollution and irresponsible 
fishing, however, brought the environment 
of the Black Sea to the edge of collapse.
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The Bucharest Convention 
on the Protection of the Black Sea 
Against Pollution

The Convention on the Protection of the 
Black Sea Against Pollution (also referred 
to as the Bucharest Convention) was signed 
in Bucharest in April 1992, and ratified by 
all legislative assemblies of the six Black 
Sea riparian states in early 1994. Acting 
on the mandate of the Black Sea countries, 
the Commission on the Protection of the 
Black Sea Against Pollution (the Black Sea 
Commission) implements the provisions of 
the Convention, its four Protocols and the 
Black Sea Strategic Action Plan (BSC, 
2007). The Commission is assisted by its 
Permanent Secretariat located in Istanbul, 
Turkey.

Efforts towards ICZM and MSP

The original Odessa Declaration of 1993 
(Ministerial Declaration on the Protection 
of the Black Sea) calls on coastal states ‘to 
elaborate and implement national coastal 
zone management policies, including legis
lative measures and economic instruments, 
in order to ensure the sustainable develop
ment in the spirit of Agenda 21’ (point 15).

A Regional Activity Center on the 
Development of Common Methodologies 
for Integrated Coastal Zone Management 
(AC ICZM) was established in Krasnodar 
(Russia).

In the Sofia Declaration of 2009 on 
‘Strengthening the Cooperation for the 
Rehabilitation of the Black Sea Environ
ment’, the Ministers of Environment of the 
Contracting Parties to the Convention 
have, under point 9, agreed to ‘incorporate 
up‐to‐date environmental management 
approaches, practices and technologies, 
with particular attention to integrated 
coastal zone management, introduction of 
green technologies, sustainable human 
development and ecosystem based manage
ment of human activities’.

The Protocols to the Convention also 
deal with ICZM. Particularly relevant is 
Art. 7 of the Black Sea Biodiversity and 
Landscape Conservation Protocol (2002) 
that says that ‘the Contracting Parties shall 
encourage introduction of intersectoral 
interaction on regional and national levels 
through the introduction of the principles 
and development of legal instruments of 
integrated coastal zone management seek
ing the ways for sustainable use of natural 
resources and promotion of environmen
tally friendly human activities in the coastal 
zone’.

In addition, the Protocol on the Protection 
of the Marine Environment of the Black Sea 
from Land‐Based Sources and Activities 
(2009; entry into force pending) requires the 
Contracting Parties, in order to achieve the 
purpose of the Protocol, to ‘endeavour to 
apply the integrated management of coastal 
zones and watersheds’ (Art. 4(2) lit. f ).

Within the Bucharest Convention sys
tem, Strategic Action Plans are adopted at 
regular intervals. The Strategic Action 
Plan  for the Environmental Protection 
and Rehabilitation of the Black Sea of 2009 
lists, as key environmental management 
approaches under 3.1, Integrated Coastal 
Zone Management (ICZM), the Ecosystem 
Approach and Integrated River Basin 
Management (IRBM).

A binding ICZM/MSP Protocol for the 
Black Sea could be the logical next step to 
advance those concepts within the Bucharest 
Convention system.

The question could be raised, however, 
if the EU membership of two Black Sea 
countries and the ongoing process of approxi
mation of three other Black Sea countries 
towards the EU renders such a regional 
cooperation superfluous. As EU Member 
States, Bulgaria and Romania have to respect 
the MSPD. Turkey is a candidate country to 
the EU and Ukraine and Georgia have signed 
Association Agreements. According to 
those agreements, the Parties shall promote 
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maritime spatial planning (Art. 411 lit. b of 
the Association Agreement between the EU 
and Ukraine signed on 27 June 2014/Art. 
339 lit. b of the Association Agreement 
between the EU and Georgia signed on 
27 June 2014).

But since the MSPD, due to a lack of EU 
competences for the comprehensive regula
tion of MSP (Schubert, 2015), only sets a 
general framework, it explicitly requires fur
ther cooperation among Member States and 
with third countries in Art. 11 and 12, inter 
alia within regional institutional cooperation 
structures such as Regional Sea Conventions. 
The aim is to ensure that maritime spatial 
plans are coherent and coordinated across 
the marine region concerned. Thus, even the 
implementation of the relevant EU Directives 
in the Black Sea region could not be consid
ered a substitute for a more detailed regula
tion of ICZM/MSP within the Bucharest 
Convention system.

Steps have been taken to advance MSP for 
other regional seas also. For example, the 
members of HELCOM (Baltic Marine 
Environment Protection Commission  – 
Helsinki Commission) and VASAB (Vision 
and Strategies around the Baltic Sea – inter
governmental multilateral cooperation of 11 
countries of the Baltic Sea Region in spatial 
planning) have agreed on a Regional Baltic 
Maritime Spatial Planning Roadmap (2013–
2020) to fulfil the goal of drawing up and 
applying maritime spatial plans throughout 
the Baltic Sea region by 2020 which are 
coherent across borders and apply the 
 ecosystem approach.

Readiness of the Region 
for a Binding Instrument
Even though the importance of ICZM has 
been recognized by the Contracting Parties 
to the Bucharest Convention, their approach 
to the concept still seems piecemeal and 
unsystematic. Several pilot projects for 
ICZM and spatial planning have been 
implemented in the Black Sea area, for 

example in the resorts of Malaya Yalta 
(Ukraine) and Gelendzhik (Russia), in 
Akçakoca (Turkey) and in Tskhaltsminda 
village (Georgia) (Pegaso Project, 2014). 
The beneficial effects of pilot projects, how
ever, do not often last beyond the duration 
of the project. To establish only such tem
porary management measures in localized 
areas results, in the best case, in an ‘oasis in 
the desert’ (Billé and Rochette, 2010). That 
project‐orientated approach thus goes 
against the basic principle of sustainable 
development ‘which requires not that 
“exceptions” be created, but that the “rule” 
(legal framework) and the routine (the way 
the coast is actually managed), be changed’ 
(Billé and Rochette, 2010).

So far, the management of coastal and 
marine zones through legislation that is 
 specifically dedicated to such areas is still 
exceptional in the Black Sea area. In addi
tion, in many cases, there is a lack of consist
ency between sector‐specific policies with 
regard to environmental protection, as well 
as a lack of coordination between decision‐
makers. Very likely, steps towards MSP and 
ICZM would be considerably more efficient 
within a strong implementation framework. 
A legally binding ICZM/MSP protocol for 
all Black Sea countries could help to fill the 
gaps in the existing national legal frame
works, to coordinate efforts and to thereby 
reconcile the development of coastal and 
marine zones with the protection of the 
environment in the whole Black Sea region 
(Rochette and Billé, 2012).

Since there are no national regulations on 
MSP in the Black Sea region yet and few 
regulations on ICZM, now seems to be an 
opportune time to advance those concepts. 
A binding protocol would not conflict with 
existing national regulations and would 
largely influence the content of new ones, 
facilitating a consistent planning concept for 
the whole Black Sea. Moreover, there are not 
many permanent structures in the Black Sea 
yet (e.g. there are no offshore wind farms). 
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Thus, planning and regulation possibilities 
are not severely restricted by hardly reversi
ble decisions.

The legally binding nature of a protocol 
can, however, also be regarded as a disad
vantage, especially if there is a need for a fast 
and efficient response to environmental 
problems. Until a protocol enters into force, 
there is usually a lengthy process of drafting 
and negotiating the text. The Protocol on 
the Protection of the Marine Environment 
of the Black Sea from Land‐Based Sources 
and Activities of 2009, which updates the 
corresponding Protocol on Protection of the 
Black Sea Marine Environment Against 
Pollution from Land‐Based Sources of 1992, 
for example, still needs to be ratified. As a 
consequence, there is a long regulatory vac
uum. In addition, in the Black Sea there is 
not yet an effective ‘soft law’ instrument on 
ICZM or MSP that could bridge the time 
gap (Vinogradov, 2007).

Moreover, a protocol is usually less 
detailed than ‘soft law’ instruments. States 
are often reluctant to commit themselves to 
detailed legal obligations. The regulation of 
issues that are typically a matter of national 
competence (e.g. urban planning) at a 
regional level often meets with particular 
resistance (Rochette and Billé, 2012). This 
results in very general and vague provisions 
and in ‘framework’ type protocols that have, 
in the end, a similarly weak effect as ‘soft 
law’ instruments. It is thus questionable if 
such a protocol is worth the complicated 
adoption process (Vinogradov, 2007).

The problem is aggravated by the fact that, 
especially compared to other European Seas 
(the Mediterranean, the Baltic and the 
North Sea), cooperation in environmental 
matters in the Black Sea seems still to be at 
an early stage (Vinogradov, 2007). The activ
ities under the Bucharest Convention 
already allowed a significant increase in 
public involvement in environmental pro
tection and the efficient addressing of trans
boundary environmental issues. To achieve 

all the objectives of the Convention, how
ever, progress still needs to be made, 
 especially with regard to financing and 
enforcement. Notably, the Convention 
does  not contain any instruments to 
ensure compliance with its provisions.

Moreover, the Black Sea Commission has 
yet to achieve the level of efficiency of 
HELCOM or the OSPAR Commission 
(Protection of the Environment of the 
North‐East Atlantic). The current organiza
tional structure of the Black Sea Commission 
is too complex and there is too little account
ability for environmental performance. In 
the past, missed deadlines have often simply 
been replaced by new ones or activities have 
been postponed to the next working period 
(BSC, 2007). Furthermore, the Commission 
does not seem to be adequately staffed and 
funded to draft and implement an additional 
protocol (Vinogradov, 2007).

To conclude: a binding protocol is not 
always the magic bullet for establishing effi
cient ICZM and MSP structures (Rochette 
and Billé, 2012).

Quickly Realizable Options
With a ‘Code of Practice’ or with guidelines, 
the future course of action of states can be 
fast and efficiently determined. Even if they 
do not have the same force as binding instru
ments, such ‘soft law’ instruments can help 
to advance ICZM and MSP by establishing 
common standards, by helping states to 
improve their legal and institutional frame
work, and by further anchoring the ICZM 
and MSP concept in the region. An impor
tant characteristic of such ‘soft law’ instru
ments is their flexibility. Because of their 
non‐binding nature, states are more easily 
convinced to adopt or modify them without 
lengthy discussions about every detail, 
which is particularly advantageous in the 
face of pressing environmental problems 
(Vinogradov, 2007).

As a first step, the formulation of guide
lines therefore seems to be a useful option, 
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perhaps complemented by the establish
ment of an action plan that determines con
crete practical measures (Vinogradov, 2007). 
These guidelines could also provide the 
basis for a later development of a binding 
ICZM and MSP instrument.

Evaluation of Progress at National Level

Bulgaria
Bulgaria is located in south‐eastern Europe; 
its coastline measures 378 km and comprises 
the provinces of Dobrich, Varna and Burgas 
(EC, 2009). The Balkan Mountains reach the 
edge of the Black Sea at Cape Emine, divid
ing the coastline into a southern and a 
northern part. Parts of Bulgaria’s northern 
Black Sea coast feature rocky headlands 
with cliffs up to 70 m high, whereas the 
southern coast is known for its wide sandy 
beaches. The two largest cities and main 
seaports on the Bulgarian coast are Varna in 
the north and Burgas in the south.

The increasing urbanization of the coast 
as well as industrial activities, shipping, 
pollution and wastewater discharge put 
valuable territories, protected areas, dunes 
and beaches in danger. Also, the vast 
beaches along the Bulgarian Black Sea 
coast and the temperate continental cli
mate favour the tourist industry, which 
constitutes another risk factor for the eco
systems of the coastal zone (Palazov and 
Stanchev, 2006).

Bulgaria has only recently become an EU 
Member State and has also just started the 
ICZM process. To harmonize its legislation 
with the acquis communautaire, many laws, 
plans and programmes have been issued 
concerning environmental protection, sus
tainable development and spatial planning 
(Thetis, 2011). The main policy action 
undertaken in Bulgaria to protect the coastal 
zones was the adoption of the Black Sea 
Coast Spatial Planning Act, promulgated in 
State Gazette No. 48/2007, with the objec
tive to create conditions for the stable and 

integrated development and protection of 
the Black Sea coastline (Art. 2). The law dis
tinguishes two development zones (Zone A 
and Zone B) for which specific restrictions 
with regard to the density of buildings, the 
maximum building height as well as the 
minimum space for green areas have been 
stipulated (EC, 2009).

Bulgaria has so far developed neither a 
strategy nor an action plan for ICZM and 
there is no authority competent to imple
ment the ICZM principles yet. Among the 
strategic objectives of the National Concept 
for Spatial Development for the period 
2013–2025 (National Centre for Regional 
Development, Sofia, 5 November 2012) is, 
however, ‘Integrated management and sus
tainable development of the Black Sea 
coastal municipalities, including through 
cross‐border cooperation with neighbour
ing countries from the Black Sea Region, for 
introduction of an Integrated Maritime 
Policy’ (Objective 5.1).

Georgia
Georgia’s coastline stretches approximately 
315 km along the Black Sea, across 12 
administrative districts and three port cities, 
Batumi, Poti and Sokhumi. The coastal zone 
is dominated by wetland ecosystems. On the 
north and south end of the coast, there are 
also steep cliffs and mountains.

Human activities are putting increasing 
pressure on the ecosystems of the coastal 
zone (World Bank, 2007). Areas of forest 
and vegetation have significantly decreased, 
there is a progressive erosion of the coast, 
untreated water pollutes the sea and there 
are many examples of unsustainable devel
opments, like unnecessary infrastructure 
projects and the illegal construction of 
dachas.

In October 1998, the State Consultative 
Commission for Integrated Coastal Zone 
Management was established by Presidential 
Decree No. 608 in order to develop the 
 institutional framework for an integrated 
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planning and management of the coastal 
resources of Georgia. A law on ICZM has 
been drafted, but has never been adopted. 
Instead, the Law of Georgia on Spatial 
Planning and Urban Development was 
adopted in 2005 and now regulates planning 
at local, regional and national levels. The 
draft ICZM law was reworked into non‐
binding guidelines. The institutional and 
legal framework for ICZM is thus still in its 
initial phase (World Bank, 2007).

With regard to the protection of the 
Black  Sea, the National Environmental 
Action Programme of Georgia 2012–2016 
(Approved by the Resolution of the 
Government No. 127, Tbilisi, 24 January 
2012) states that ‘Existing national legislation 
needs to be updated in accordance with 
modern European practices. Introduction 
of  Integrated Coastal Zone Management 
(ICZM) approaches and protection of the 
coastal zone from degradation also requires 
appropriate legislation to be in place.’

Romania
Romania is located in south‐eastern Europe 
at the lower reaches of the Danube River. Its 
coast on the Black Sea stretches about 
245 km from Ukraine in the north to Bulgaria 
in the south. The coastal region is called 
Dobrogea and is subdivided into two 
regional administrative units, Tulcea in the 
north and Constanta in the south. The 
northern part, Tulcea County, is character
ized by sandy beaches, low altitudes and 
gentle submarine slopes. The Danube Delta 
dominates this area. The southern part fea
tures limestone cliffs, small sandy beaches 
and steep submarine slopes. It is the focal 
point of Romanian seaside tourism activi
ties. The capital of Constanta County is 
Constanta, the second biggest city of 
Romania, with the country’s largest port 
(Demmers et al., 2004).

As one of the more recent EU Member 
States, Romania is in a process of rapid eco
nomic development. The activities in the 

Romanian coastal and sea area include fish
ing, shipping, tourism, military activities 
and oil and gas extraction. These activities 
are not always compatible (Coman et  al., 
2008) and for a prosperous development of 
the country both now and in the future, it is 
essential not to neglect the protection of the 
valuable resources of the Black Sea (Varga 
et al., 2011).

In 2002, the Governmental Emergency 
Ordinance 202/2002 was issued as the legal 
basis for ICZM. That Ordinance was 
updated by the Law No. 280/2003, follow
ing the European Parliament and Council 
Recommendation of 30 May 2002 on 
Integrated Coastal Zone Management in 
Europe (2002/413/EC). It regulates the 
 designation of coastal zones, restrictions 
of  certain human activities, management 
measures, finance, public participation 
and enforcement. A National Committee of 
the Coastal Zone (NCCZ) was established 
in 2004.

Romania is thus the first Black Sea coun
try that has a special legal and institutional 
framework for ICZM and already more 
than 70% of the Romanian coastline has 
protected status, including particularly the 
Danube Delta Biosphere Reserve (Nicolaev, 
2011). However, there is still no single ‘plan
ning authority’ for the sea, but a specific 
authority for each activity (Coman et  al., 
2008). Moreover, sectoral controls are often 
not able to respond quickly to new pres
sures (Coman et  al., 2008) and to pay due 
regard to the cumulative impacts of the 
 various sea uses.

Russia
The Krasnodar Region is the southernmost 
region of Russia and borders the Black Sea 
and the Sea of Azov. Geographically, the 
area is split by the Kuban River into two 
different parts. The western extremity of 
the Caucasus range lies in the southern 
third of the region, within the Crimean 
sub‐Mediterranean forest ecoregion.
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The Krasnodar Region is one of the most 
economically developed regions in Russia, 
with an important port in Novorossiysk. 
Being the warmest region of the country, the 
Black Sea coast of Krasnodar has also become 
the most popular tourist destination of 
Russia, focused on the resort city of Sochi.

Between 1993 and 1994, a number of 
Presidential Decrees relevant to ICZM were 
adopted. Following these, a federal target 
programme called ‘Integrated Coastal Zone 
Management for the Black and Azov Seas 
Taking into Account the Task of Rational 
Use of Natural Resources in the Black Sea 
and Adjacent Territory’ was prepared and 
approved. However, in 1997, the programme 
was suspended again (Vlasyuk, 2005).

In the Russian Federation legislation, the 
coastal zone is not yet regarded as an inte
gral, natural ‘land‐sea’ complex. Instead, 
there are various sectoral regulations for the 
protection and management of coastal and 
marine resources and various government 
bodies are responsible for their implementa
tion. This situation is not beneficial for the 
implementation of an integrated manage
ment approach,8 which is listed in  the 
Maritime Doctrine of Russian Federation 
2020 (27 July 2001) as one of the principles of 
the future national maritime policy (an ‘inte
grated approach to maritime activities’).

Turkey
Turkey has 1701 km of coastline bordering 
the Black Sea. The Black Sea region is 
divided into an eastern and a western part 
that show very different characteristics. 
Along the eastern part, mountain ranges 
run parallel to the coast and severely limit 
the width of the coastal area, sometimes to a 
few metres, which renders the area unsuita
ble for many coastal uses (Ozhan, 2005). On 
the western Black Sea, there are alluvial 
plains (e.g. Kizilirmak and Yesilirmak). The 
coastal area along these alluvial and deltaic 
shores widens significantly from a handful 
of kilometres to a few tens of kilometres, 

comprising agricultural land of very high 
productivity (Ozhan, 2005).

Shipping, fishing, urbanization, and the 
conservation of natural and cultural heritage 
are the traditional sectors that have featured 
in the coastal zone. Recently, new sectors 
such as tourism and mariculture have become 
increasingly important (Ozhan, 2005).

Even though there have been several efforts 
since the late 1980s to apply a more integrated 
approach to the management of coastal zones 
and to transfer more responsibilities to local 
administrations, the management of coastal 
development in Turkey is still centralized and 
highly sectoral (Ozhan, 2005).

The main aims of the Coastal Law No. 
3621 of 1990, amended in 1992 (Ozhan, 
2005), are to protect the coasts, to utilize the 
coastal resources only for public benefit, and 
to ensure free access of the public to the 
coast. On the first 50 m of the shore strip, 
most constructions are forbidden. However, 
the Coastal Law is not a coastal manage
ment law that comprehensively regulates all 
activities (Unsal, 2013) and establishes a 
special institutional structure. It is also 
clearly focused on activities on the shore, 
not in the sea (Kaya, 2010).

The consequences of this lack of a holistic 
legal framework for ICZM are overlapping 
competences of various organizations (more 
than 20 institutions are responsible for the 
sea and coastal areas) and gaps in the man
agement of the coast. Therefore, efforts to 
advance ICZM policies do not go beyond 
project level (EC, 2011).

Ukraine
The Black Sea coastline of Ukraine (about 
1829 km, including the Crimean Peninsula) 
includes the northern and north‐western 
shores of the Black Sea and the Sea of Azov. 
The cities of Odessa and Mariupol are 
located on the Ukrainian coast. The coast of 
the Black Sea is intersected by rivers, the 
largest of which are the Danube River, 
the  Dniester River and the Dnieper River. 
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The land here is relatively flat and there are 
many sandy beaches.

A major environmental problem in 
Ukraine is the inefficient treatment of indus
trial and municipal wastewater, which is 
causing eutrophication and bacterial and 
chemical pollution of the country’s main riv
ers and subsequently of the Black Sea 
(UNECE, 2007). Tourism and industrial 
activities along the coast also cause stress to 
the environment.

The development of an ICZM policy in 
Ukraine started with the Ministerial 
Declaration on the Protection of the Black 
Sea in Odessa in 1993, which confirmed the 
commitment to ICZM and sustainable 
development of coastal areas and the 
marine environment under national juris
diction (Onderstal, 2000). It was afterwards 
decided to implement national coastal zone 
policies, including legislative measures and 
economic instruments. However, even 
though concepts and guidelines on ICZM 
have been developed, and a law ‘on the 
coastal zone’ (Radchenko, 2012) has been 
drafted, concrete regulations have not yet 
been adopted.

 Conclusion

An additional protocol would be a great 
challenge for the Black Sea Commission and 
the Black Sea states. Therefore, the 
‘Feasibility Study for the Black Sea ICZM 
Instrument’ of 2007 (Vinogradov, 2007) 
favours a two‐step approach. As a first step, 
it recommends a combination of ‘soft law’ 

instruments. Depending on the success of 
those instruments, it recommends the adop
tion of a binding protocol as a second step.

However, in light of the international and 
especially European progress on ICZM and 
the wider concept of MSP, ‘soft law’ can only 
be an option for a short transitional period. 
The problems resulting from the different 
stages of progress in this area of the six Black 
Sea countries have to be taken into account. 
The measures that EU Member States are 
required to take to protect the marine envi
ronment by the MSFD and the MSPD might 
largely run aground if not all Black Sea ripar
ian states, especially including Russia, pull 
together and regulate uses in their common 
basin in a binding fashion. A protocol could 
be adapted to the specific regional situation. 
It should, however, at least anchor the eco
system approach as a basic principle of MSP.

This conclusion is also supported by 
the participants of the 3rd Black Sea and 
Upgrade Black Sea Scene Joint Scientific 
Conference BS‐OUTLOOK (Odessa, Ukraine, 
1–4 November 2011). During Session 4, 
they agreed on the ‘necessity to initiate 
 consultations in support of the development 
of [an] ICZM legal instrument (protocol) for 
the Black Sea region’. Furthermore, they 
agreed to ‘introduce and develop in the 
Black Sea area the new field of maritime spa
tial planning in a coherent manner and in 
close integration with ICZM’.  One of the 
overall conclusions of the conference was 
that ‘spatial planning in the Black Sea is 
mandatory (as part of ecosystem‐based 
management) for a correct  management of 
its resources’.

Notes

1 UNESCO/IOC, Marine Spatial Planning 
Initiative, http://www.unesco‐ioc‐marinesp.
be/marine_spatial_planning_msp

2 Johannesburg Declaration on Sustainable 
Development (point 5), World Summit on 
Sustainable Development, A/CONF. 

199/20, Chapter 1, Resolution 1, 
Johannesburg, September 2002.

3 Convention on Biological Diversity, 
Ecosystem Approach/Principles,  
https://www.cbd. int/ecosystem/principles.
shtml
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4 Baltic Sea Broad‐Scale Maritime 
Spatial Planning (MSP) Principles, 
adopted by HELCOM HOD 34‐2010 at the 
54th Meeting of VASAB CSPD/BSR, 
Principle 2.

5 HELCOM/VASAB, ‘Guideline for the 
implementation of ecosystem‐based 
approach in Maritime Spatial Planning 
(MSP) in the Baltic Sea area’, October 2015, 
http://www.helcom.fi/Documents/
HELCOM%20at%20work/Groups/MSP/
Guideline%20for%20the%20implementation 
%20of%20ecosystem‐based 

%20approach%20in%20MSP%20in 
%20the%20Baltic%20Sea%20area.pdf

6 Convention on Biological Diversity, 
The Ecosystem Approach, http://www.cbd.
int/ecosystem/

7 Convention on Biological Diversity, 
The Ecosystem Approach, http://www.cbd. 
int/ecosystem/

8 ‘Legal principles of coastal zone manage
ment in the Russian Federation’, UNESCO, 
Sustainable Development in Coastal 
Regions and Small Islands, http://www. 
unesco. org/csi/act/russia/legalpro7.htm
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 Introduction

This chapter brings together several strands 
of current research concerning Marine 
Protected Areas (MPAs) in the Black Sea in 
general, and in Ukraine in particular. First, it 
provides a more accurate assessment of 
the  total area of MPAs of different status 
within six Black Sea countries. Second, the 
impact of eutrophication on the features and 
the development of MPAs in Ukraine is con
sidered. This is followed, thirdly, by a brief 
overview of the method used for identifying 
and justifying the designation of new MPAs 
(or expanding existing MPAs) in Ukraine, 
based on integrated evaluation of anthropo
genic impact, aquatic plant morphological 
indicators, and determining the ecological 
value of marine areas. Finally, the opportu
nity of developing public ecological moni
toring for the Black Sea is explored.

 Overview of MPAs in the 
Black Sea

It is well known that the reproduction of 
most living marine natural resources takes 
place in the coastal zones (Zaitsev, 2006) 

because of the edge effect in which physico
chemical and biological interactions are 
most intense at the interface between land 
and water. It is no coincidence that most 
protected areas are located near coasts. At 
the same time, this zone suffers the highest 
human pressure because of urban expan
sion, transport and other infrastructure 
development, exploitation of living and non‐
living resources and steady extension of rec
reation areas. Around 15 million people live 
in the 2 km wide coastal zone of the Black 
Sea, 6 million of them in Ukraine alone 
(Panchenko, 2009).

Conflict between economic activities and 
the need to maintain living resources has led 
to the establishment of MPAs. One of the 
first Black Sea MPAs, the Black Sea 
Biosphere Reserve, was established in 
Ukraine as early as 14 July 1927 to protect 
coastal and marine communities near the 
Dnieper River delta.

It is difficult to determine the precise 
extent of the existing Black Sea MPA net
work. First, almost all the MPAs comprise 
not only marine waters but also terrestrial 
areas, which are generally larger. Second, 
parts of the aquatic area are lagoons or 
closed limans, isolated from the sea, which 
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cannot be included with the Black Sea by 
definition. Third, the definition and classifi
cation of protected areas in the Black Sea 
countries differ to a greater or lesser degree 
from the IUCN classification (Lausche, 
2011). For example, where the IUCN has 
seven categories of protected area, Bulgaria 
has five, Romania has 10 (Begun et al., 2012), 
and Ukraine has 11; moreover their classifi
cation criteria are different.

Another difficulty in determining the 
total area of MPAs in different countries is 
that their areas often include sites with mul
tiple designations. For example, the trans
national Danube Delta Biosphere Reserve 
in Romania and the Danube Biosphere 
Reserve in Ukraine also include wetlands in 
the Ramsar list. The Natura 2000 protected 
area ‘Ropotamo’ (Ropotamo wetland com
plex) in Bulgaria contains four natural 
reserves (Begun et al., 2012), several Ramsar 
wetlands (Marushevsky, 2003) and the Blato 
Alepu nature monument. A recent publica
tion on Black Sea MPAs says that there are 
no protected areas in Turkey apart from 
Ramsar wetlands in the Kizilirmak River 
delta (Begun et  al., 2012). However, we 
know about two nature reserves (Igneada 
Flooded Forest and Sarikum Lake) and a 
permanent wildlife reserve in Yesilirmak 
Delta (Marushevsky, 2003; Öztürk et  al., 
this volume).

To consolidate the existing data about 
the  actual area of the existing Black Sea 
MPAs, they were divided into three groups: 
(i)  protected areas (reserves) of international 
significance (importance); (ii) Ramsar wet
lands; and (iii) areas of national significance. 
Protected areas of local importance were 
not taken into account. Map measurement 
was used to determine the areas of the MPAs 
connected with the Black Sea in cases where 
the figures were absent from the available 
literature (Marushevsky, 2003).

Analysis of the information collected 
 enabled us not only to map the current 
 distribution of MPAs in the Black Sea 

(Figure  12.1), but also to establish some 
important quantitative characteristics about 
them. Thus, the area of water‐bodies in the 
MPAs connected with the Black Sea 
amounts to a total of 755 840 ha. The Black 
Sea countries can be ranked by their MPA 
extent as follows: Ukraine  –  82.0%; 
Romania  –  14.7%; Georgia  –  2.2%; 
Turkey  –  0.7%; Bulgaria  –  0.4%; and 
Russia – 0.1%.

 Ecological Characteristics 
of the Ukrainian Part  
of the Black Sea

Geographic Features

The Ukrainian part of the Black Sea coast 
has a length of some 1829 km. It has special 
geographical conditions and associated eco
systems that have to be taken into account 
when planning a network of MPAs. The vast, 
shallow (15 to 55 m depth) shelf platform in 
the north‐western Black Sea (Öztürk et  al., 
this volume), from the Danube River to Cape 
Tarchankut, extends over more than 
55 000 km2. It receives the waters from three 
large nutrient‐rich European rivers: the 
Danube, Dniester and Dnieper. These condi
tions result in the shelf being the most bio
logically productive area of the Black Sea 
(Zaitsev, 2006), contrasting with the Crimean 
Peninsula coast (acknowledged by IUCN as 
one of nine centres of European biological 
diversity) which is less productive but has 
the highest national level of landscape and 
biological diversity (Yena et al., 2004).

Biodiversity

According to the Black Sea Transboundary 
Diagnostic Analysis, Annex 4 (Commission 
on the Protection of the Black Sea Against 
Pollution, 2007), the Black Sea hosts 44 
 distinct habitat types. Of these, 42 are pre
sent in the Ukrainian part of the Black Sea, 



Figure 12.1 The Black Sea MPAs of international and national importance.



Management of Marine Protected Areas: A Network Perspective230

with 40 in Bulgaria, 35 in Romania, 28 in 
Turkey, 25 in Russia and 18 in Georgia. The 
Red Data Book of Ukraine includes 1368 
species. Of these, 10.5% or 88 plant and 57 
animal species are Black Sea inhabitants 
(Black Sea Environment Programme, 2009). 
This confirms the importance, and respon
sibility, of Ukraine for conserving marine 
biodiversity in the Black Sea.

At the same time, the very diversity of the 
Ukrainian Black Sea area, lying on the inter
section of many wildlife migratory paths and 
human transportation routes, explains why it 
also has more non‐indigenous species than 
any other Black Sea country. Out of the 261 
non‐indigenous marine species  registered in 
the database of the Permanent Secretariat of 
the Black Sea Commission by 2013, some 
148 were recorded in Ukraine, with 94 in 
Turkey, 82 in Romania, 80 in Bulgaria, 51 
in  Russia and 34 in Georgia. More than 
80%  of the species originated from the 
Atlantic  Ocean and the Mediterranean Sea 
(Alexandrov et  al., 2013; data available at 
http://www.corpi.ku.lt/databases/index.
php/aquanis). The spread of non‐indigenous 
species common to neighbouring countries 
follows the counter‐clockwise Black Sea 
coastal cyclonic current. Thus, the highest 
percentage of common non‐indigenous 
 species between neighbouring countries is 
between Ukraine and Russia (64.0%) and 
Ukraine and Romania (61.2%), while the low
est percentage is between Bulgaria and 
Turkey (32%).

Eutrophication of the Black Sea 
Shelf Area

As mentioned above, the Ukrainian Black 
Sea shelf is the most biologically productive 
area of the Black Sea and therefore has the 
highest level of eutrophication risk con
nected with nutrient pollution, phytoplank
ton blooms and hypoxia (Zaitsev, 1992). 
Analysis of long‐term biological changes in 
response to eutrophication since the 1970s 

has shown increases in production of domi
nant phytoplankton species (by 150%), zoo
plankton species (by 280%), macrophytes 
(by 54%) and zoobenthos (by 112%). Among 
the dominant species, non‐indigenous ones 
generally had the highest levels of produc
tion (Alexandrov and Zaitsev, 1998).

Four distinct periods of Black Sea shelf 
eutrophication have been distinguished 
using indices derived from morphological 
parameters of aquatic vegetation associ
ated with the ecosystem’s trophic status 
(Minicheva et al., 2008; see below): natural 
state (before the 1970s), intensive eutrophi-
cation (early 1980s), immobility (mid‐1990s) 
and a steady trend of de‐eutrophication since 
the turn of the millennium (Figure 12.2).

However, the recent steady trend of  
de‐eutrophication has sometimes been 
interrupted by abnormal climatic conditions. 
In 2010, for example, the Danube River dis
charge was 45% below its average multi‐
annual level which, combined with unusually 
high summer temperatures, created condi
tions that stimulated primary production 
processes. As a result, the Ecological Status 
Class (ESC) of the Ukrainian Black Sea shelf, 
which had been recorded as ‘Good’ during 
the previous decade, had to be revised to 
‘Poor’ (Minicheva, 2013).

The MPA Network of Ukraine

The formation of an ecological network in 
Ukraine is regulated by national legislation 
(Verkhovna Rada Ukrainy, 2000, 2004). The 
main aims of the National Program of 
Forming a National Ecological Network of 
Ukraine in 2000–2015 were to determine 
the network’s spatial structure in order to 
unite natural habitats, and to increase the 
protected area territory from 4% to 10.4% of 
the country’s total area within 15 years.

There are two marine elements within 
the  structure of the Ukrainian National 
Ecological Network – the Black Sea natural 
region (north‐west shelf of the Black Sea), 
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and the natural coastal corridor along the 
Sea of Azov and the Black Sea. Ukrainian 
MPAs of international, national and local 
levels, as well as marine wetlands of interna
tional importance, are located within the 
boundaries of these two elements of the eco
logical network, totalling an area of just over 
6090 km2 (Table 12.1, Figure 12.3). Most of 
the MPAs are represented by coastal com
plexes attached to terrestrial protected areas 
of different categories and different levels of 
protection. There are just two MPAs not 
connected to the coast: Zernov’s Phyllophora 
Field, which is well known and the largest 
protected area on the north‐west shelf, and 
the Small Phyllophora Field located in the 
central part of Karkinitskyi Gulf. Thus, prac
tically all the existing accumulations of 
Phyllophora red algae on the north‐west 
shelf, together with their associated 
 communities of invertebrates and fish, are 
protected by the State.

At present, the Ukrainian Black Sea 
MPAs (excluding unprotected Ramsar‐listed 

 wetlands) cover almost 11% of the national 
marine area (55 750 km2), which is much 
more than in the other Black Sea countries. 
In this respect, it is fair to say that Ukraine 
has fulfilled its commitments under the 
Convention on Biological Diversity Aichi 
Targets (CBD, 2008), namely to establish 
MPAs over at least 10% of the ocean by 2020 
(in 2010, approximately 6000 MPAs had 
been declared worldwide, but they covered 
only 1.17% of the total marine area; Toropova 
et al., 2010).

A distinctive feature of Ukraine’s marine 
ecological network is the very uneven distri
bution of sites between the two Black Sea 
ecoregions, which differ markedly in their 
biological structures and ecological pro
cesses. About 99.8% of the Ukrainian MPA 
area is situated in the north‐west shelf, 
above the line connecting the Ukrainian 
part of the Danube Delta and Cape 
Tarchankut. Accordingly, the coastal eco
systems of the Crimean Peninsula, which 
are valued for their underwater habitats and 
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high level of marine biodiversity, include 
only 0.2% of all Ukrainian MPAs of interna
tional and national importance.

 Approaches to Management 
and Monitoring of MPAs in 
Ukraine

Taking Account of Anthropogenic 
Influence in the Justification of an MPA

As mentioned above, the coastal zone 
 supports high biological diversity and 
 concentration of life due to edge effects. 

This zone also experiences significant con
flicts between different human economic 
activities (such as construction, agriculture, 
industry and recreation). These conflicts 
adversely affect the state of marine ecosys
tems to a greater or lesser degree. A matrix 
comprising 27 human‐caused stress factors 
and 15 types of biota response (Zaitsev, 
2006) was proposed for integrated assess
ment of the anthropogenic impact (AI).

If the intensity of anthropogenic impacts 
is assessed on a seven‐point scale from ‘very 
negative’ (1) to ‘very positive’ (7), it is possi
ble to estimate an overall AI score for a given 
area. For this purpose, a matrix of expert 

Table 12.1 Black Sea MPAs of international and national level in Ukraine.

No.a) MPA
Protected
status General area (ha)

Marine
area (ha)

1 Danube Biosphere Reserve 50 253 6 686
10 Chornomorskyi Biosphere Reserve 109 255 93 960
25 Karadag Natural Reserve 2 874 809
14 Lebiazhi Islands Natural Reserve 9 612 9 612
23 Cape Martian Natural Reserve 240 120
27 Cape Opuk Natural Reserve 1 592 62

3 Tuzla liman complex National Natural Park 27 865 883
16 Tarchankut Cape National Natural Park 10 900 360

9 Biloberezhia Sviatoslava National Natural Park 35 223 25 000
11 Dzharylgachskyi National Natural Park 10 000 2 469

5 Zernov’s Phyllophora 
Field

State Significance Preserve
(botanical)

402 500 402 500

12 Small Phyllophora Field Nationally Important Reserve
(botanical)

38 500 38 500

2 Zmiyiny Island Nationally Important Reserve
(zoological)

640 232

13 Karkinitskyi Gulf Nationally Important Reserve
(zoological)

27 646 27 646

19 Kozachia Bay Nationally Important Reserve
(zoological)

23 23

21 Cape Aiya Nationally Important Reserve
(landscape)

1 132 208

Total areas 728 256 609 070

a) Numbers refer to sites shown in Figure 12.3.



Figure 12.3 Current Ukrainian MPA network and proposed new MPAs.
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assessment of stress factors and biota 
responses can be used (see Table 12.2). For 
example, the average AI scores for 26 areas 
of the Black Sea in Ukraine, from the Danube 
Delta to the Kerch Strait, are given in 
Table  12.3. The AI scores correspond well 
with protected areas and can be used as an 
additional indicator in support of the MPA.

The least number of stress factors (3) 
influenced the Zernov’s Phyllophora Field 
MPA, while the most (24) affected the 
Odessa Gulf ecosystem. The AI scores show 
that Sukhoy liman, which hosts a commer
cial seaport, had the highest level of anthro
pogenic impact. In contrast, the marine 
areas having protected status and situated at 
some distance from the coastline (Zernov’s 
Phyllophora Field and Zmiyiny Island) had 
the lowest level of anthropogenic impact.

Plant Morphological Indicators 
for Rapid Monitoring of MPAs

In 2015, the Commission on the Protection 
of the Black Sea Against Pollution approved 
the use of plant morphological indicators 
(Minicheva et al., 2014) as part of the Black 
Sea Integrated Monitoring and Assessment 
Programme standards. These indicators 
directly reflect the ecological function of the 
bottom vegetation and therefore have advan
tages over other structural phytoindicators 
such as floristic composition, biomass and 
cover. The simple morphological methods 
involved allow rapid and accurate assessment 
of the intensity of autotrophic processes and 
thus the ESC of the marine ecosystem.

The main aim of the Marine Strategy 
Framework Directive (MSFD, 2008/56/EC) 
is to achieve Good Environmental Status 
(GES) of marine waters, such that they pro
vide ecologically diverse and dynamic 
oceans and seas which are clean, healthy and 
productive. Reaching GES is not only the 
main aim of joint efforts by European states 
in marine protection and management, but 
also an important aspect of MPA monitor
ing and assessment. To interpret what GES 

means in practice, the MSFD sets out 11 
descriptors, which describe what the envi
ronment will look like when GES has been 
achieved. Each descriptor reflects different 
aspects of the marine environment’s resil
ience to the most widespread and intensive 
human impacts on it. Quantitative evalua
tion of the descriptors requires a measuring 
tool, and different indicators of the ecosys
tem’s state could be used as such a tool. The 
selection of the most suitable indicators for 
GES assessment out of the huge number of 
available hydro‐ecological parameters is a 
vital task. If the indicators selected for mon
itoring MPA condition only reflect the 
dynamics of biological features, then the 
functional state of biological elements and 
the real ecological status of the protected 
ecosystem could be obscured. Thus, the 
GES indicators should reflect the functional 
properties of biological elements (intensity 
of production and destruction processes on 
which high biological diversity depends, 
branching of food chains, good quality of 
biological resources and aquatic environ
ment) and at the same time applicable to 
several descriptors at once.

Indicators based on morphological fea
tures of aquatic vegetation, in particular the 
active surface area to weight ratio, could be a 
sensitive means for rapid assessment of the 
ESC as part of MPA monitoring (Minicheva, 
1998). The main advantage of such an indi
cator is that it is based on simple measure
ment methods of macrophytes (which are 
permanent and functionally important com
ponents of coastal ecosystems). In addition 
to the assessment of ESC, indicators based 
on macrophyte morphology can be used for 
quantitative evaluation of four GES descrip
tors, namely:

 ● Descriptor 1: Biodiversity is maintained
 ● Descriptor 4: Elements of food webs ensure 

long‐term abundance and reproduction
 ● Descriptor 5: Eutrophication is minimised
 ● Descriptor 6: The sea floor integrity 

ensures functioning of the ecosystem.
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Deepening, 
dumping 4 4 4

Ballast waters and 
exotic species 4 4 4 4 4 4 4 4 4 4 4 4

Shipwrecks 4 4 4 4 4 4

V
Urban sewage 3 4 2 3 2 2 3 2
Rain waters 3 3 2 2 3 3 3 3 2 3 3 2 2 2

VI
Addition of sand 4 4 3 4 4 4 3 4 4 2 2 4 4
Coast protection 
constructions 4 2 3 2 3 2 2 2 4 6 4 4 3 4 3

VII
Dams 3 3 4 4 4 4 4 2 4 4 4 4 4 4
Reservoirs 3 3 4 4 4 4 4 2 4 4 4 4 4 4

VIII

Resort 
development 4 3 3 2 3 3 3 2 3 3 4 4 3 3 4

Resort sewage 4 3 2 2 3 3 2 2 2 2 3 3 2 2 2
Recreational 
activities 4 3 4 3 4 4 3 4 4 4 4 4 4 4

IX

Nature 
conservation 4 5 5 7 6 6 6 7 4 7 6 7 7 7 7

Environmental 
control 4 5 5 6 6 6 6 7 6 6 6 7 7 7 7

Artificial reefs 4 3 6 6 6 6 7 7 4 7 6 6 6 6 7

X
Environmental 
education 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7

Field trips 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7
Books, posters, 
films 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7

Integrated coastal 
zone management 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

3 3 1 2 1 2 3 1 3 3
3 2 2 3 1 2 1 2 3 1 3 3

1 2 1 3 3 2 1 1 1 1 1 1 1 1
2 2 3 2 2 2 1 1 1 1 1 1 1
1 2 3 1 2 3 3 2 3 1 2 2 2

3 1 1 3 1 1 2 1 2 1 1 1 1 1
2 1 3 2 3 3 3 3 2

2

2 2 1 3 1 1 1 1 3 3 3 2 3 3

2 2 2 2 1 2 1 2 3 3 3 3

3 3 2

3 2 3 3 1 1 3 3 3
1 1 1 1 1 1 1

1

1 1

1
1

1

Table 12.2 Generalized matrix of expert assessments of ecological processes in the Black Sea coastal zone.

Source: After Zaitsev (2006).
Key: Consequences: 1, very negative; 2, negative; 3, more negative than positive; 4, uncertain; 5, more positive 
than negative; 6, positive; 7, very positive. Uses: I, industry; II, agriculture; III, pisciculture; IV, sea transport; 
V, municipal economy; VI, coastal protection; VII, hydro‐power engineering; VIII, tourism, resorts; IX, nature 
conservation; X, environmental education and environmental ethics.
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Macroalgae and angiosperms are 
Biological Quality Elements in the EU Water 
Framework Directive (WFD, 2000/60/EC), 
and their exchange processes with water 
go  via the external contour of the thallus. 
The specific surface (thallus surface/weight 

ratio – S/W) is the basic parameter reflect
ing the intensity of water vegetation func
tion, from which a set of indicators can be 
derived. Depending on the morphological 
structure and size of the thallus of a particu
lar species, the S/W ratio can vary between 
several and several hundred square metres 
of photosynthetic surface area per kilogram 
of the plant’s weight. Thus, the S/W ratio 
can be used to characterize the ecological 
function of the species concerned. Under 
conditions of high rates of biological 
 production–destruction processes, species 
with high S/W ratios (small filamentary 
forms with short life cycle and high growth 
rates) tend to proliferate. Conversely, where 
production–destruction processes are rela
tively slow, populations of plants with low 
S/W ratios (big, perennial, slow‐growing, 
habitat‐forming species) tend to increase. 
The degradation of coastal ecosystems 
 associated with a decline of biological 
 diversity, simplification of food chains, 
increase of eutrophication level and decrease 
of benthic communities is accompanied 
by  replacement of species having low S/W 
ratios (about 8–25 m2 kg–1) with macroalgae 
 having S/W ratios from 100 to more than 
1000 m2 kg–1). Accordingly, the morphologi
cal portrait of coastal and shelf bottom 
 vegetation contains information about the 
intensity of ecological processes, and hence 
about the ecological status of protected 
ecosystems.

The S/W ratios of the most abundant 
macrophyte species growing in Ukrainian 
MPAs are available (Minicheva et al., 2003). 
To use information about the ecological 
properties of different macrophytes (r‐ and 
k‐selected species) for assessment of the 
ESC of marine ecosystems, ecological evalu
ation indices (EEI) have been proposed 
(Orfanidis et al., 2011). As indicators derived 
from the S/W ratios enable us to go from 
qualitative to quantitative assessment of 
marine plants’ ecological properties, they 
also appear to be effective to express the EEI 

Table 12.3 Average score of anthropogenic impact 
(AI) on selected marine and coastal sites in Ukraine.a)

Site nameb) AI score

Sukhoy liman 3.08
Budakskyi liman 3.10
Kalamytskyi Gulf 3.35
Feodosiia Gulf 3.41
Dniester liman 3.44
Kerch Strait 3.45
Khadjibeyskyi liman 3.45
Sasyk reservoir 3.46
Tuzla liman complex* 3.51
Kuyalnytskyi liman 3.56
Odessa Gulf 3.56
Karkinitskyi Gulf* 3.59
Dnipro and Bug liman* 3.60
Donuzlav Lake 3.66
Dofinovskyi liman 3.68
Sevastopol Bays 3.74
Grigorivskyi liman 3.81
Tyligulskyi liman* 3.82
Danube Delta mouth* 3.87
Berezanskyi liman 3.93
Karadag coast* 4.14
Zhebrianskyi Bay 4.18
Tendrivskyi Bay* 5.52
Yagorlytskyi Bay* 5.52
Zmiyiny Island (slopes)* 5.57
Zernov’s Phyllophora Field* 6.07

a)  The higher the score, the lower the level of impact 
(based on expert evaluation of anthropogenic 
impacts on the sites using the stress factors 
in Table 12.2).

b) Asterisk (*) indicates Marine Protected Area.
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determining the ESC of marine coastal eco
systems. For rapid assessment and monitor
ing of MPAs, the two simplest indicators 
are  proposed (Minicheva, 2013): Three 
Dominants Ecological Activity (S/W3Dp) 
and Phytocoenosis Surface Index (SIph).

Rapid ESC assessment of a number of 
existing or proposed protected areas in 
the Ukrainian part of the Black Sea using the 
S/W3Dp indicator showed that most of them 
are in the categories ‘High’ and ‘Good’ 
(Minicheva, 2014). Good Environmental 
Status corresponding to high ESC is charac
teristic of Ukrainian MPAs having interna
tional and national levels of protection. 
There are marine areas in Ukraine with high 
ESC, but which have no conservation status 
at present, and so are promising for further 
expansion of the ecological network; these 
include Donuzlav Lake, Kalamytskyi Gulf 
and Feodosiia Gulf. At the same time, there 
are protected areas in the categories 
‘Moderate’ and ‘Poor’ (Zhebriyanskyi Bay, 
Danube Delta mouth). This can be largely 
explained by the fact that these water areas 
are situated near, and suffer the influence 
of, big rivers.

Thus, the method of bottom vegetation 
morphological indicator assessment, which 
is simple to use, can be very helpful for 
determining the ecological status of a marine 
area and determining the need for its pro
tection; it can also be used for routine moni
toring of existing MPAs.

Method for Determining 
the Ecological Value of MPAs

Marine Protected Areas are not only 
intended to protect and restore endangered 
flora and fauna; they also serve as reference 
sites for assessment of GES according to 
the MSFD descriptors. The main ecological 
criteria for identifying potential MPAs 
are: uniqueness, rarity, representativeness, 
diversity, naturalness, dependency, critical 
habitats, vulnerability, and connectivity 

(Begun et al., 2012). The expansion of MPA 
coverage should also take into account 
the  creation of ecological corridors, or 
 networks, which should ensure adequate 
 reproduction of wide‐ranging species 
(see Beal et al., this volume).

To justify designating new MPAs and to 
expand existing ones in Ukraine, a novel 
integrated indicator of the biological value 
of a marine water area was developed 
(Alexandrov et al., 2010; Alexandrov, 2012). 
This indicator is derived from both the 
 biological diversity of bottom and pelagic 
communities as well as their productivity. 
To calculate the integrated indicator of 
 biological value (Kf) of marine water areas, 
the following formula is used:

 
K f ( ) . /

K K K Ki
a a a

n
a n

i n0 5
1 2

1 2
1 2

 

where K1, K2, … Kn are the values of seven 
distinct characteristics reflecting the state of 
the ecosystem in the area concerned (the so‐
called metrics; see below); a1, a2, … an are 
weight coefficients of the characteristics 
reflecting their level of significance; Ki

ai is 
the minimum value of all metrics (with their 
weight coefficients) that characterize the 
area concerned; and n is the total number of 
characteristics taken into account in accord
ance with the number of criteria selected. 
The Kf value thus unites heterogeneous 
characteristics taking into consideration the 
level of their significance. Since the param
eters considered are not independent, the 
resulting value of Kf represents the general 
status of the characteristics it comprises. 
The selection of the metrics (Ki) and deter
mination of the weights (ai) of characteris
tics were done taking into account the 
following conditions:

 0 1 0 1K ai i, .and  

All the characteristics selected can be 
divided into two categories: (i) indirect 
indices of biodiversity such as: primary pro
duction of phytoplankton (KPP); ecological 
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activity of macrophytes (see previous sec
tion) as an index of primary production of 
phytobenthos (KEAM); ratio of biomass of 
plankton to benthos (KP/B); and (ii) direct 
indices of biodiversity such as: number of 
macrozoobenthic species (KMZB); total 
 number of benthic biocoenoses (KBB); and 
number of Red Data Book species (KRDB). 
The numbers of direct and indirect biodi
versity indicators in Kf are equal. However, 
there is a feedback between these indicators: 
high primary production reduces the  species 
diversity of ecosystems. It was shown above 
that the value of anthropogenic impact (KAI) 
is highly correlated with the state of ecosys
tems in protected areas. Thus KAI can also 
be treated as an indirect indicator of biologi
cal value and included in Kf calculations. 
All  of these metrics reflect the indicative 
lists of characteristics, pressures and impacts 
(MSFD Annex III, Table  1; 2008/56/EC): 
physical and chemical features, habitat types 
(structure and substrata composition of the 
seabed), biological features (phytoplankton 
and zooplankton communities; macroalgae 
and invertebrate bottom fauna; status of 
species), and other features (chemicals, 
 sediments contamination, hotspots, health 
issues).

The weight coefficients of characteristics 
(ai) were determined from paired correla
tion coefficients of the selected metrics 
value with two of them, KRDB and KEAM, as 

these were the most important direct and 
indirect metrics respectively for assessing 
the biological significance of a marine area 
(Table 12.4).

The approach was applied to 26 brackish 
or marine areas in the Ukrainian part of the 
Black Sea coast from the Danube Delta to 
the Kerch Strait: 11 limans, eight bays and 
gulfs, one island, one delta, one open shelf 
area, one reservoir, one lake, one coastal cliff 
and one strait (Table 12.5). The characteris
tics required for calculating Kf values were 
taken from Alexandrov et al. (2010). Special 
attention was paid to the fact that values of 
Kf have to be determined not for the whole 
area, but for each component ecosystem 
present (Alexandrov, 2012). To determine 
the boundary values of Kf for the five classes 
envisaged by the MSFD (High, Good, 
Moderate, Poor, Bad), the percentile rule 
was used (Ohio Environmental Protection 
Agency, 1987). When a metric tends to 
decrease with the increase of human pres
sure, a deviation of more than 25% from the 
norm is evidence of an aggravated ecological 
situation.

Applying the method described here 
(which now incorporates KAI in the Kf calcu
lation originally used by Alexandrov, 2012; 
values of AI metric normalized similar to 
direct indices of biodiversity) shows that 
those marine ecosystems having the highest 
biological significance (and thus protected 

Table 12.4 Matrix of cross‐correlation between seven selected biological characteristics of marine 
ecosystems for determination of their weight coefficients (ai).

Characteristics (metrics) RDB EAM BB MZB P/B PP AI

RDB — 0.24 0.51a) 0.48 –0.09 –0.03 0.31
EAM 0.24 — 0.43 0.37 –0.22 –0.18 0.40
Weight coefficients of characteristics (ai) 0.6 0.6 0.9 0.9 0.5 0.1 0.8

a) Bold values indicate significant coefficients of cross‐correlation at <5% confidence level (k = 32).
Key: RDB, number of Red Data Book species; EAM, ecological activity of macrophytes; BB, number of benthic 
biocoenoses; MZB, total number of macrozoobenthic species; P/B, ratio of total plankton to benthos biomass; 
PP, gross primary production of phytoplankton; AI, integrated anthropogenic impact.
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status) also typically have high values of Kf. 
It allows a more accurate ranking of the bio
logical value of 26 coastal and marine areas 
of Ukraine and thus potential expansion of 
the number of MPAs, or a change of the pro
tection status of some existing MPAs. The 
method will also help to work out a better 
quantitative framework for establishing the 
boundaries of MPAs and their connections 
through ecological corridors (see Table 12.5, 
Figure 12.3).

 Using Environmental 
Sentinels for Public 
Monitoring of MPAs

The work of Vernadsky (1968) and its fur
ther development by Zaitsev (1986, 2015) 
shows that marine life has a non‐uniform (or 
‘contoured’) distribution: the main concen
trations of organisms are located on the 
outer boundary of the pelagic zone while life 
in the water column is sparse (Vernadsky 
called it ‘dispersed life’). Yet, traditional 
sampling methods regarding the biology 
and ecology of the sea largely overlook this 
phenomenon. This is not to suggest that fur
ther study of the water column and great 
depths is not required, but that more atten
tion should be paid to peripheral biotopes 
and communities that have been neglected 
in marine biology and ecology to date.

The external boundaries of the water col
umn, which are in contact and interact with 
the atmosphere, sandy and rocky coasts or 
silty bottoms are especially rich in life. Here 
are found the greatest concentrations of liv
ing matter, the effects of external influences 
are powerful, and the most significant 
‘ hotspots’ are located. On the other hand, the 
ecological conditions in the water column 
and at lower depths are much more stable.

Peripheral biotopes are inhabited by a 
large number of diverse organisms adapted 
to these specific conditions, from bacteria 

(Tsyban, 1971), unicellular and multicellular 
algae, protozoans, fungi, molluscs, crusta
ceans, worms and other invertebrates to the 
eggs, larvae, fry and adults of fish such as 
Gobiidae, Mugilidae and Pleuronectidae 
(Zaitsev, 2006, 2015). As the result of natural 
processes, many toxic substances accumu
late in the same biotopes causing serious 
consequences for the communities, espe
cially at the early stages of invertebrate and 
fish development. Some of these plants and 
animals are sensitive indicator species, 
whose presence, abundance or absence is 
indicative of changes in the biotope. They 
are the first to signal a change and could 
be  termed ‘environmental sentinels’ (ES) 
(Zaitsev, 2015).

The ES from peripheral biotopes provide 
the clearest evidence of the consequences of 
anthropogenic eutrophication of the north‐
west Black Sea shelf, whose waters are 
strongly affected by discharges from three 
big rivers: the Danube, Dniester and Dnieper. 
For example, a particularly sensitive ES is 
the perennial brown alga Cystoseira bar-
bata. Between 1979 and 1981, C. barbata 
that once occurred in dense beds on hard 
substrates at 1–3 m depth disappeared from 
the rocky coasts of Odessa Gulf and Zmiyiny 
Island. Organisms closely associated with 
C. barbata, including the polychaetes Janua 
pagenstecheri and Spirobranchus triqueter, 
which are usually attached to C. barbata 
thalli and surfaces of molluscs and crabs, 
also disappeared. At present, mussels and 
crabs are free from these polychaetes, show
ing that immediate contact with C. barbata 
is essential for maintaining the polychaetes’ 
populations.

During the same period, populations of 
the polychaete Ophelia bicornis and bivalve 
mollusc Donacilla cornea disappeared from 
sandy coasts. In the 1960s, the abundance of 
D. cornea in the mediolittoral zone of the 
shelf reached dozens of thousands per 
square metre (Zakutsky and Vinogradov, 
1967) and it was even used as a raw material 
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for local handicrafts. Similarly, in the neus
tonic biotope, the abundance of the 
 neustonic copepods Pontella mediterranea 
and Anomalocera patersoni, decapod larvae, 
flathead grey mullet Mugil cephalus larvae, 
and fry belonging to the genera Mugil, Liza, 
Belone, Solea and Callionymus and other 
fish developing in the neuston layer also 
shrank by several orders of magnitude.

The number of grey mullet fry coming to 
the Black Sea coast in summer is a particu
larly important indicator of the ecological 
state of the neuston. This fish hatches from 
eggs laid on the water surface in the open 
sea, tens of kilometres away from the coast
line. Reaching a body length of 4–5 mm, the 
fry remain in the neuston while migrating 
towards the coast to feeding grounds in 
shallow bays and limans. The quantity of fry 
reaching the coast between July and 
September could be used to assess the eco
logical condition of the sea surface for the 
period from their hatching until arrival at 
the coast (Alexandrov and Zaitsev, 1989).

Phytoplankton blooms are easily recognized. 
On sandy beaches they can clog the interstices 
between sediment particles with detritus, 
which decreases the rinsing and drainage of the 
sand by seawater and reduces its aeration. On 
rocky coasts a phytoplankton bloom could 
impede filter feeding by sedentary organisms 
such as sponges and  polychaetes. Furthermore, 
the production of toxic substances by algal 
metabolites can occur.

Thus, the most dramatic ecological 
changes, when entire populations of marine 
organisms practically disappear, take place 
only in peripheral biotopes. By contrast, in 
the water column of the pelagic zone and at 
great depths, the chemical composition and 
other properties of the water mass are more 
stable. This explains why stocks of the com
mercial pelagic fish species sprat Sprattus 
phalericus and whiting Merlangius euxinus 
hardly changed during the major eutrophi
cation episode from the 1980s to 1990s and 
retained their socioeconomic value.

Using ES to assess the ecological status of 
peripheral marine biotopes has a number of 
advantages compared to traditional meth
ods: it requires no research vessels; it clearly 
reveals sharp changes in the marine envi
ronment; it shows precisely the location of 
ecological ‘hotspots’ and time of their emer
gence; and it encourages the involvement of 
amateur naturalists (especially young ones), 
under the leadership of experienced spe
cialists, in ecological monitoring of the 
coastal zone.

A preliminary list of ES genera comprises: 
attached brown algae of Cystoseira and 
Sargassum; gastropod molluscs of Littorina 
and Melaraphe; bivalve molluscs of Patella, 
Fissurella and Diodora; polychaetes of 
Ophelia, Janua, Spirobranchus and Serpula; 
mullet fry of Mugil and Liza; and piscivo
rous birds hunting for mullet fry: little egret 
Egretta garzetta and grey heron Ardea 
cinerea.

 Expansion of the Ukrainian 
MPA Network

The Ukrainian ecological network to date 
has been formed based on the principles of 
nature protection and conservation of areas 
having high ecological value. The function
ally integrated network is aimed at main
taining high biological diversity (Verkhovna 
Rada Ukrainy, 2000). Future expansion of 
the Ukrainian ecological network implies 
taking account of innovative European 
 concepts and approaches demonstrating 
importance not only for nature conserva
tion, but also for socioeconomic aspects. 
Further development of a European MPA 
network and its Ukrainian component 
should therefore consider the specific natu
ral features of marine ecosystems resulting 
from the interactions between coastal and 
offshore, pelagic and bottom ecosystems 
(which have a three‐dimensional structure 
and function), together with physical, 
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 chemical, biological and ecological pro
cesses that underlie cells of ecosystem 
functioning (Boero, this volume). Soci
oeconomic issues are also important as a 
basis for regulatory mechanisms (Ojea 
et  al., this volume), and for forming and 
managing the objectives of ecological net
works, which can have different purposes: 
connectivity, conservation, socioeconomic, 
geographic, collaborative, cultural and 
transnational (Beal et al., this volume). Out 
of the various types of ecological networks, 
the Ukrainian MPA network could be clas
sified chiefly as the conservation type. 
More attention should be paid in future to 
a more multi‐faceted  development of the 
national ecological  network, strengthening 
socioeconomic, geographical, cultural and 
other aspects. Already, Ukrainian experts 
taking nature conservation principles as 
the basis are starting to pay more attention 
to the socioeconomic features of ecological 
networks, which can provide a strong foun
dation for ‘blue’ and ‘green’ economic 
growth in the country and regions 
(Harichkov and Nezdoyminov, 2013). 
Ukraine still has important marine and 
coastal areas not yet included in its ecologi
cal network, which together with their nat
ural value, have high recreation and 
resource potential, including the possibility 
for setting up offshore wind‐farms.

One of the legislative measures ensuring 
further development of the Ukrainian 
national MPA network is the listing of new 
areas and objects (Verkhovna Rada Ukrainy, 
2004). The selection of promising new 
MPAs was based on criteria in the regula
tions (Verkhovna Rada Ukrainy, 1992) as 
well as approaches to ecological value 
assessment in line with the WFD and 
MSFD (EC, 2008) (Alexandrov et al., 2010; 
Minicheva, 2013).

As the result of expert work, taking into 
account the new national and European 
principles of forming ecological networks, as 
well as new approaches in the determination 

of the ecological value of marine areas, it is 
presently proposed to include 12 new nation
ally protected areas in the existing Ukrainian 
MPA network. These sites have a combined 
area of 104 300 ha, which represents 17% of 
the current total area of Ukrainian MPAs 
(Figure 12.3).

Most of the MPAs in the north‐west shelf 
are connected with the Crimean coast by the 
main cyclonic (counter‐clockwise) Black 
Sea rim current (Öztürk et al., this volume), 
which ensures population stability of many 
flora and fauna species by carrying their 
 larvae and mature individuals downstream. 
To correct the misbalance of area coverage, 
8 out of 12 of the new MPAs will be estab
lished on the Crimean Peninsula. These 
sites have high environmental status, socio
economic potential and support reproduc
tion of key plant and animal species both for 
Ukrainian MPAs and for the Black Sea in 
general. Implementation of plans for extend
ing the Ukrainian MPA network and its 
 integration within the European Coastal and 
Marine Ecological Network will unite the 
efforts of researchers and state officials 
responsible for ecological integration across 
Europe.

 Conclusion

The total area of MPAs of international and 
national significance in the Ukrainian eco
logical network is over 6000 km2. As a result, 
Ukraine ranks highest among the Black Sea 
countries for the overall extent of MPAs, 
and more than 82% of the area of all Black 
Sea MPAs are in Ukraine. The highest per
centage cover of MPAs, 10.9%, occurs in the 
north‐west shelf area of the Black Sea. 
However, in Ukraine the distribution of 
MPAs is very uneven: 99.8% of them are in 
the shelf area and only 0.2% around the 
Crimean Peninsula.

It is proposed to expand the Ukrainian 
MPA network to include 12 new sites 
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 covering more than 1040 km2 (about 17% 
of the existing area). To help correct the 
misbalance of distribution between the 
MPAs in the shelf area and the Crimean 
Peninsula, eight of the proposed new 
MPAs lie in the coastal part of Crimea. 
The  expansion of the Ukrainian MPA 
 network takes account of such important 
natural characteristics as the main 
cyclonic  Black Sea current and the influ
ence of river discharges (as a main factor of 
eutrophication).

In order to integrate the Ukrainian MPA 
network into the European Coastal and 
Marine Ecological Network, a number of 
new methods of identifying MPAs were 
elaborated based on the requirements and 
standards of the WFD and MSFD. These 
methods and indicators should be incorpo
rated into the Black Sea Integrated 
Monitoring and Assessment Programme 
(2015–2020) of Ukraine.
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 Introduction

The Black Sea is one of the world’s seas most 
isolated from major oceans, and the largest 
anoxic body of water on the planet (87% of 
its volume is anoxic). Even though the Black 
Sea is small in terms of volume compared to 
the Mediterranean Sea, it is very peculiar 
and has unique characteristics (Öztürk and 
Öztürk, 2005). It is connected to the Sea of 
Azov via the Kerch Strait in the north and 
to the Marmara Sea (which is connected to 
the  Aegean Sea through the Canakkale 
(Dardanelles) Strait) via the Istanbul Strait 
(Bosporus) in the south‐east. Moreover, the 
Black Sea is surrounded by six riparian 
countries whose socio‐economic and 
 political conditions differ greatly.

The unique basin‐wide cyclonic bound-
ary current (known as the rim current, 
Figure  13.1) is driven by prevailing winds 
and the large freshwater discharge from riv-
ers, and is steered by the steep bottom 
topography around its periphery that con-
sists of narrow shelves and a maximum 
depth of around 2200 m (Oguz et al., 2005). 
The cyclonic rim current encloses two 
cyclonic cells within the interior basin and 
separates the cyclonically dominated inner 

basin from the anticyclonically dominated 
coastal zone (Oguz et al., 1992). The anticy-
clonic eddies near the Istanbul Strait, 
Sakarya, Sinop, Kızılırmak and Batumi have 
been shown to be important for accumula-
tion and transport of biota and fish larvae 
between the coastal zone and the open 
ocean (Oguz et al., 2002; Fach, 2014).

Since the late 1960s, a wide spectrum of 
anthropogenic influences on the Black Sea 
ecosystem has been apparent (Oguz and 
Velikova, 2010). Eutrophication has become 
the main issue, especially in the coastal 
 sectors (Sapozhnikov, 1991; Mee, 1992; 
Zaitsev, 1993), due to large amounts of 
 sediments, organic matter and pollutants 
discharged via large rivers especially the 
Danube, Dnieper and Dniester flowing into 
the north‐western shelf of the Black Sea 
(Alexandrov et al., this volume). As Sur et al. 
(1996) state, eutrophication has increased 
significantly, influencing Secchi disc read-
ings in the central Black Sea: from 20 m in 
the 1920s they had decreased to about 15 m 
by the mid‐1980s and to 5–6 m in the early 
1990s (Eremeev et al., 1992). In addition, a 
decline in the total stocks and species of 
fish  has occurred, many organisms have 
 disappeared from the region, and the Black 
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Sea has been invaded by non‐native oppor-
tunistic species (Zaitsev, 1991; Shiganova, 
1998; Shiganova et al., 2001; Kideys, 2002).

The coastal and marine biodiversity of the 
Turkish Black Sea is constantly under seri-
ous threat due to human pressures. Major 
threats are posed by the destruction of 
marine habitats and ecosystems, overexploi-
tation of marine resources and the loss of 
coastal habitats through extensive urbaniza-
tion. In addition, illegal, unreported and 
unregulated (IUU) fishing poses a serious 
threat for Black Sea marine biodiversity 
(Öztürk, 2013). Pollution by ships (e.g. oil 
spills and discharging bilge water), the 
 intentional and/or accidental introduction 
of alien species (Zaitsev and Öztürk, 2001; 
Galil, this volume), marine litter (Topçu and 
Öztürk, 2012), and climate change are other 
threats of concern. Some commercial fish 
species such as Thunnus thynnus, Acipenser 
sturio and Scomber colias have been under 
pressure from overfishing during the last few 
decades and some species such as T.  thyn-
nus, S. colias and S. scombrus have even dis-
appeared from the basin completely.

As stated in the Black Sea Transboundary 
Diagnostic Analysis 2007 (BSC, 2007) and 
confirmed in the Black Sea Strategic Action 
Plan 2008, Marine Protected Areas (MPAs) 
form a key element of the ecosystem‐based 

approach to managing and safeguarding 
the Black Sea marine environment, including 
improving the sustainability of fisheries. The 
aim of this management regime is to manage 
the use and values of ecosystems with all 
stakeholders in order to maintain ecological 
integrity together with consideration for the 
uncertainty and ever‐changing nature of 
 ecosystems. This approach also contains pre-
cautionary safeguards to account for com-
mon problems such as lack of scientific data, 
the uncertainty of natural processes and lack 
of fisheries management. In the case of the 
Black Sea, establishing MPAs is an important 
way to exercise these precautionary princi-
ples, as well as protecting ecosystems where 
the single‐species management for threat-
ened species such as A. sturio, Scophthalmus 
maximus, monk seal Monachus monachus 
and cetaceans has failed.

 Overview of the Regional 
Situation

According to Alexandrov et al. (this  volume), 
37 protected areas have been designated 
around the Black Sea which include marine 
waters, totalling 755 840 ha. However, more 
than half of this area is represented by 
Zernov’s Phyllophora Field Botanical Reserve 

Figure 13.1 Circulation patterns in the Black Sea (see text for details). Artwork: Alberto Gennari.
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(in Ukraine), declared in November 2008, 
which covers 402 500 ha. Another major part 
is located in the Danube Delta Biosphere 
Reserve in Romania. There is at present not 
one MPA including offshore waters in the 
Turkish part of the Black Sea.

 Turkish Perspectives 
and Rationale for 
Establishing MPAs

The length of the entire Turkish coastline is 
8592 km (excluding coasts of islands), of 
which 1132 km are under protected designa-
tions such as National Parks, Ramsar Sites 
and Nature Parks. In addition, Special 
Protected Areas comprise 6.6% of all coasts. 
They have been designated to protect cer-
tain species such as the monk seal or for bio-
diversity objectives in the Aegean and 
Mediterranean Sea. The Black Sea coastline 

of Turkey is 1700 km long (Demirkesen 
et al., 2008); there are many protected areas, 
but no specific MPA has been designated, 
and it has the least coverage of coastal pro-
tected areas, compared with other Black Sea 
countries (Alexandrov et  al., this volume). 
Several sites on the Turkish Black Sea coast 
are already recognized for their high eco-
logical value, such as two internationally 
important wetlands: Kızılırmak Delta (des-
ignated in 1998 as a Ramsar Site) and the 
Yeşilırmak Delta, both of which are located 
in Samsun Province.

Recently, Öztürk et  al. (2013) proposed 
five ecologically important sites for designa-
tion as MPAs along the Turkish coast of the 
Black Sea (Figure  13.2). These proposed 
sites comprise only 2% of the Turkish terri-
torial water in the Black Sea. The largest site 
proposed covers the coastal waters from Şile 
to Kefken, and the smallest is the Mezgit 
Reef. The two deltas in Samsun Province 
mentioned above are also included as one 

Figure 13.2 Sub‐ecoregions of the Black Sea and proposed MPAs in Turkish Black Sea waters.  
1, Pre‐Bosphoric Region; 2, North‐western Shelf; 3, Kerch Strait; 4, Southern Part. A, İğneada; B, Şile‐Kefken; 
C, Doğanyurt; D, Samsun deltas; E, Mezgit Reef.
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MPA. These areas were proposed by taking 
into account those criteria specified by the 
Convention on Biological Diversity (CBD, 
2008), such as uniqueness; life history stages 
of species; importance for threatened, 
endangered species or habitats; vulnerabil-
ity; fragility; sensitivity or slow recovery 
potential; and biological productivity.

Table  13.1 summarizes the threats these 
proposed areas currently face. Six major 
threats were identified, and apart from Mezgit 
Reef, all areas are under multiple threats.

Ecoregions of the Black Sea

Ecoregions are considered to be the smallest‐
scale units in Marine Ecoregions of the 
World (Spalding et  al., 2007). They show 
natural similarities and should be considered 
for nature planning and conservation. An 
ecoregion has a strong connection within 
itself and represents uniqueness, peculiar 
conditions and species diversity at a regional 
scale. Ecoregions are also connected to each 
other within wider geographical ranges. 
Although the Black Sea itself constitutes a 
single marine ecoregion (Spalding et  al., 
2007), we suggest that four sub‐ecoregions 
can be recognized within the Black Sea based 
on biodiversity characteristics as  follows: 
1.  Pre‐Bosphoric Region; 2. North‐western 

Shelf; 3. Kerch Strait; and 4. Southern Part, 
which contains the Turkish and Georgian 
waters (Figure 13.2).

Among these sub‐ecoregions, the Pre‐
Bosphoric Region is under the influence of 
the Mediterranean–Black Sea interaction 
due to the presence of the Istanbul Strait, 
and thus contains a critical biotope for 
migratory fish, mammals, birds and species 
of Mediterranean origin. The North‐ western 
Shelf is shallow and influenced by sediments 
deposited by the Danube and other rivers, 
making it the richest area in terms of pri-
mary production. The Kerch Strait has the 
unique peculiarity of freezing during most 
of the coldest winters, which causes a  barrier 
between the Black Sea and the Sea of Azov, 
especially for migratory species. The last 
ecoregion is Southern Part which contains 
Ponto‐Caspian species such as relict Gobiid 
fish species. The five MPAs proposed 
by  Öztürk et  al. (2013) are located inside 
sub‐ecoregions 1 or 4, which lie along the 
Turkish coast.

Connectivity Between the Proposed 
Turkish Black Sea MPAs

It has been found that larval dispersal by 
ocean currents and connectivity between 
different oceanic regions are crucial factors 

Table 13.1 Main threats identified for the proposed MPAs on the Turkish coast of the Black Sea.

Proposed area 
for MPA

Type of threat

Land‐based and 
ship‐originated 
pollution Overfishing

Illegal sand 
extraction

Reed 
burning

Coastal 
erosion Agriculture Forestry

İğneada Y Y Y N Y Y Y
Şile Y Y N N Y Y Y
Doğanyurt Y Y Y N N Y Y
Samsun deltas Y Y Y Y Y Y Y
Mezgit Reef Y Y N N N N N

Y, yes; N, no.
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when designing MPAs (Cowen et al., 2006; 
Lester et  al., 2009; Moffitt et  al., 2009). 
Connectivity also plays a major role in 
 assuring population persistence in an MPA 
network (Moffitt et  al., 2011). Hence, a 
modelling study was carried out (not previ-
ously published) to assess the degree of con-
nectivity between the five MPAs proposed 
above. The aim of this study was to identify 
basin‐scale pelagic larval connectivity using 
an ecosystem‐based approach (e.g. Coll 
et al., 2012; Guidetti et al., 2013) as opposed 
to focusing on one target species, such as 
the commercially important anchovy (Fach, 
2014). The common trait of many of the 
pelagic fish species is that they have pelagic 
larval stages that stay in the water for 
 different lengths of time, also referred to as 
pelagic larval duration (PLD).

Virtual pelagic larvae were released in the 
Black Sea surface current velocity fields for 
the years 2001–2003, obtained from 
the sbPOM model run for years 2000–2010, 
set up and validated for the Black Sea in 
the  framework of  the European FP7 OPEC 

project (http://marine‐opec.eu; Allen et al., 
2013). It was assumed that larval dispersal is 
dependent on the duration of larvae in the 
surface water (PLD), the timing of spawning 
and the circulation pattern. Particles were 
released in 10 different coastal areas using 
winter, spring and summer spawning times 
(1 January, 1 April and 1 July) as well as three 
different PLD times (30, 45 and 60 days) for 
the years 2001–2003 which are ecologically 
meaningful for a number of Black Sea organ-
isms. In total, more than 3300 drifters were 
released every 2 km along the coast, up to 
6 km offshore (Figure 13.3).

The particle drift study with a PLD of 45 
days showed that Region (R) 1 where İğneada 
and Şile are located had a high level of con-
nectivity (Figure 13.4) in all three years and 
at all spawning times. The area retained 
about 50% of the pelagic larvae starting 
there, while the other 50% were consistently 
transported downstream eastwards along 
the coast throughout all spawning times 
and years, mainly to Regions 2 (c.15%) and 3 
(15%) as well as to R10 and open sea regions. 
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Figure 13.3 Sink regions for modelled pelagic larvae. Dashed lines encircle the proposed five MPAs for the 
southern Black Sea coast (see text). The thick black line marks the 1700 m isobath separating coastal regions 
from the open sea. Virtual larvae were released within the 6 km band surrounding the entire Black Sea coast.
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Figure 13.4 Connectivity matrices for modelled pelagic larvae released in coastal regions only (see Figure 13.2) on 1 January, 1 April and 1 July (first 
to third column) in each of the years 2001, 2002 and 2003 (first to third row) with a PLD of 45 days. Matrices indicate the probability (%) for larvae 
originating from a source region (x‐axis) to be transported to a sink region (y‐axis) estimated from individual 30‐day trajectories. The thick black line 
separates shelf regions from open sea regions >1700 m deep (R12–15).
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Region 1 also receives an inflow of pelagic 
larvae from R10 and the North‐western 
Shelf (R7 and R9). Doğanyurt (R2) is con-
nected downstream with R3 and the open 
sea R15 during spawning times in January 
and April of all years; in January 2002 and 
2003 some drifters reach R4. Kızılırmak and 
Yeşilırmak (R3) have high retention rates: 
>80% during summer spawning times, 
60–70% during spring spawning and approx-
imately 50% in winter. The pelagic larvae 
that do leave are transported only as far as 
R4 and the adjacent open sea R15. Rather 
high retention rates also occur in R4, though 
not as much as in R3: the simulations show 
70–80% retention in summer, 50–65% in 
spring and 20–40% in winter.

These transport patterns were broadly the 
same for smaller and larger PLD times, with 
generally higher retention during small PLD 
(30 days) and lower retention during longer 
PLD (60 days) as would be expected.

To illuminate the exact drift of the virtual 
pelagic larvae released within the five pro-
posed MPAs along the Turkish coast, it is 
necessary to examine where they end up 
after the respective PLDs. Thus, when 
examining in detail the results of the model 
for July 2002 with a PLD of 45 days 
(Figure  13.5) it becomes clear that larvae 
originating in the İğneada region are not 
transported far at all but are retained or are 
merely transported a few kilometres down-
stream (Figure  13.5a). However, the larvae 
originating in the Şile region show much less 
retention and end up as far as R2 as well as 
far offshore in R12 (Figure  13.5a). Larvae 
originating in Doğanyurt are also trans-
ported long distances: there is no retention 
at all and larvae end up as far as Trabzon, 
close to Mezgit Reef (Figure  13.5b). This 
pattern is not surprising as this area is where 
the rim current flows close to shore and cur-
rents are fast and highly dynamic (Oguz 
et  al., 1992, 1993; Oguz and Besiktepe, 
1999). On the other hand, pelagic larvae 
released in Kızılırmak and Yeşilırmak are 

very much retained in the area and though 
some larvae leave the immediate area, they 
cannot even reach Trabzon (Figure  13.5c). 
This is expected because the region com-
prises a big river delta where water is 
retained, known for serving as a nursery 
area for many species. Pelagic larvae released 
at Mezgit Reef are transported downstream 
up to the Rioni River delta (Figure 13.5d).

From the above, it was found that out of 
the five MPAs proposed for the Turkish 
coast, Şile is particularly well connected to 
upstream regions, at long PLD even all the 
way to the Kerch Strait. Similarly, the prox-
imity of Doğanyurt to the strong rim current 
flow enables pelagic larvae originating there 
to travel downstream to distant regions. 
Hence the Şile and Doğanyurt sites are good 
locations for establishing MPAs, and 
because they are well connected, can also 
play an important role in maintaining a 
Black Sea MPA network. The other three 
proposed sites (İğneada, Kızılırmak and 
Mezgit Reef ) exhibit more or less high 
retention rates of pelagic larvae and 
therefore need protection because of their 
localized biodiversity characteristics.

 A Case Study of Şile 
Proposed MPA

Among the five proposed MPAs, Şile is of 
special interest due to its closeness to the 
Istanbul Strait which has crucial importance 
for migration of marine species between the 
Black and Mediterranean Seas (unfortu-
nately including alien marine organisms, of 
which 19 species have been reported from 
Şile). In addition, Şile can be a success story 
because as well as its nature value and grow-
ing environmental concern, it has historical 
sites that attract tourists who can provide a 
source of revenue.

Şile is one of the smaller districts of 
Istanbul (with about 137 000 inhabitants), 
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and only 70 km north of the city itself 
(Figure 13.2). It is one of the famous resort 
areas of the Black Sea, popular for its long 
sandy beach. In recent years, several hotels 
and many summer houses have been 
 constructed for accommodating tourists.

Fishing

The Black Sea entrance of the Istanbul Strait 
and Şile are important areas for feeding, and 
for sheltering the larvae and eggs, of com-
mercial fish such as Engraulis encrasicholus, 
Sardina pilchardus, Sprattus sprattus, 
Scomber scombrus, S. colias, Merlangius 
merlangus and Trachurus trachurus (Mater 
and Cihangir, 1990). Consequently, fishing is 
one of the major livelihoods of people in Şile 
(Table  13.2). In addition to 89 local fisher-
men, around 30 external fishermen arrive 
when the main fish migration period starts. 
They generally use artisanal methods such as 
set nets, gill nets and hand nets. The target 
species change seasonally, depending on 
the  presence of migratory species such as 
anchovy, bluefish and horse mackerel. 
Demersal species (red mullet, turbot and 
whiting) are all fully or partially overfished. 
Most local fishermen complain about 

 overfishing, pollution and disappearance of 
some of the commercially valuable species, 
such as Scophthalmus rhombus, Xiphias 
 gladius, S.  scombrus, Pomatomus saltator 
and T. thynnus in the Şile area. They also 
complain about fishermen coming from out-
side Şile. The total fish catch is estimated at 
1000 tons and that of the Asian rapa whelk 
Rapana venosa as 750 tons. The latter is an 
alien species brought from the Sea of Japan 
and later commercially harvested in the 
Black Sea by diving, mostly in summer.

As small‐scale fisheries are important 
around Şile, it can be expected that the local 
fishermen would benefit from the designa-
tion of an MPA in most of the area. The 
sandy shallow waters along the Şile coast are 
important nursery areas, especially for spe-
cies like sand sole Pegusa lascaris, common 
sole Solea solea and turbot Scophthalmus 
maximus. In addition, this area is important 
for some fish species which are included in 
the IUCN Red List, such as common thresher 
shark Alopias vulpinus, spiny dogfish 
Squalus acanthias, thornback skate Raja 
clavata, long‐snouted seahorse Hippocampus 
guttulatus and European sturgeon Huso 
huso (Anonymous, 2010). Turkey has been 
making efforts to protect several marine spe-
cies in the Black Sea which are reflected in 
Fisheries Law 1380, which includes some 
restrictions on harvesting species found in 
the Şile area, such as seagrass Zostera spp., 
the mollusc Cerithium vulgatum, sturgeons, 
and seahorse Hippocampus hippocampus.

The Working Group on the Black Sea of 
the General Fisheries Commission for 
the  Mediterranean (WGBS‐GFCM, 2015) 
reported the status of the Black Sea turbot 
population as both ‘overexploited’ and ‘in 
overexploitation’. Similarly, the Black Sea 
anchovy population was found to be ‘in 
overexploitation’. The Black Sea horse 
mackerel stock was reported as ‘overex-
ploited’, while the spiny dogfish population 
was  considered to be depleted at the Black 

Table 13.2 Fishing methods and number of local 
and external fishermen.

Fishing method
Local 
fishermen

External 
fishermen

Trawling 4 10
Purse seining 3 12
Rapana diving 2 8
Set nets 30 —
Hand nets 30 —
Gill nets 20 —
Total 89 30

Source: Unpublished data acquired from the Şile 
Fisheries Cooperative.



Prospects for MPAs in the Turkish Black Sea 257

Sea scale. The implementation of a recov-
ery plan for both turbot and spiny dogfish 
as well as the reduction of fishing of 
both  anchovy and horse mackerel was 
recommended.

The islands off Şile and Kefken include 
diverse habitats such as seagrass meadows, 
muddy bottoms, rocky bottoms, caves, reefs 
and biogenic formations. These habitats 
 signify a rich fauna of fish and invertebrates 
in the proposed MPA which deserves more 
stringent measures to be introduced for 
its  conservation. In particular, the MPA 
would allow ecosystem‐based fisheries 
 management to be introduced. Furthermore, 
Akbulut et al. (2011) reported that sturgeons 
need in‐situ protection, but without holistic 
and ecosystem‐based management, success 
will be limited.

Marine Mammals

There are three cetacean species found in 
the Black Sea: harbour porpoise Phocoena 
phocoena relicta, bottlenose dolphin 
Tursiops truncatus ponticus, and short‐
beaked common dolphin Delphinus delphis 
ponticus. While the harbour porpoise 
and  bottlenose dolphin are listed as 
Endangered (Birkun and Frantzis, 2008; 
Birkun, 2012), the common dolphin is con-
sidered Vulnerable (Birkun, 2008) in the 
IUCN Red List of Threatened Species. 
Dolphins were once harvested throughout 
the Black Sea until Turkey finally banned it 
in 1983. Their populations in the Black Sea 
have started to recover, but due to their 
slow breeding rate, as well as the existence 
of many threats such as lack of prey fish, 
bycatch, pollution and epidemics, their 
recovery cannot be realized without pro-
tection measures. Bycatch is the most 
 serious problem: Tonay and Öztürk (2003) 
reported that during the turbot season at 
least 3000 individuals of harbour porpoises 
were stranded due to entanglement in 

 turbot set nets. In addition, cetaceans are 
transboundary species and concerted 
actions are needed for effective protection.

Around Şile, the bottlenose dolphin and 
harbour porpoise are the most commonly 
seen cetaceans. The coastal waters off Şile, 
Agva, Kerpe and Kefken are feeding and 
calving grounds for them, and calves of bot-
tlenose dolphins have been observed there 
during the summer and autumn seasons 
(BÖ, unpublished data). Furthermore, some 
bycatches have been reported due to turbot 
set nets in spring. A proposed MPA can 
 provide better protection of these cetaceans 
in terms of reducing bycatch, recruiting 
more prey fish, and securing feeding and 
calving grounds.

There is also one pinniped species, the 
monk seal, which is one of the most criti-
cally endangered species in the world. It 
was last seen in the Turkish Black Sea coast 
in the 1980s between Şile and Zonguldak. 
While it is highly likely that monk seals are 
completely extinct in the Black Sea, they 
still occur in the Sea of Marmara, so it is 
important to designate some areas with 
caves and beaches for potential monk seal 
re‐colonization of the Black Sea coast.

 Legal Framework Concerning 
MPAs in the Turkish Part of 
the Black Sea

There are several laws on the protection 
of  coastal areas, environment, natural 
resources, national parks, and natural and 
cultural values. However, there is no appro-
priate legal mechanism for establishing 
MPAs and this constitutes an obstacle for 
their designation in Turkey. Moreover, even 
existing measures for protection of the 
marine environment or biodiversity are very 
weak and poorly enforced in terms of impos-
ing fines or penalties. This is also another 
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impediment for the conservation of the 
marine environment and nature protection 
as a whole. The legal instruments most 
 relevant for MPAs are summarized below.

The purpose of the Coastal Law (num-
ber: 3621/3830, date: 1990/1992) is stated 
in Article 1 as ‘to set out the principles for 
protection of the sea, natural and artificial 
lakes and river coasts and the shore buffer 
zones, which are extensions of these places 
and are under their influence, by paying 
attention to their natural and cultural 
 characteristics and  for their utilization 
towards the public interest and access for 
the benefit of society’. The Law defines the 
‘coastline’ as ‘the line along which water 
touches the land at the coasts of seas, natu-
ral or artificial lakes and rivers, excluding 
the inundation periods’.

The Environmental Law (of 9 August 
1983, amended on 4 June 1986 and 3 March 
1988) is administered by the Ministry of 
Environment and Urbanization. It covers 
environmental issues in general.

The Fisheries Law (22 March 1971, 
amended 15 May 1986) regulates the protec-
tion, exploitation, production and control 
of  living resources. The responsible author-
ity is the Ministry of Food, Agriculture 
and Husbandry (Nurlu and Erdem, 2002). It 
prohibits fishing certain species in certain 
areas, but does not designate particular pro-
tected areas. There are also the National 
Parks Law (9 August 1983); Law on the 
Protection of Cultural and Natural Wealth 
(21 July 1983); Council of Ministers’ Decree 
(19 October 1989) for the establishment of 
an Agency for Specially Protected Areas 
(which is the legal base for special protected 
areas but not MPAs); the Coast Guard 
Security Force Law (9 July 1982); the Forestry 
Law (31 August 1956, amended 23 September 
1983); the Law for the Protection of Cultural 
and Natural Values (Code No: 2863 of 1983); 
the Environmental Law (Code No: 2872 of 
1983); and the National Parks Law (Code No: 
2873 of 1993).

However, due to the lack of an appropriate 
law related to MPAs, we propose here to 
establish a specific law for the establishment 
and management of MPAs, independent 
from other laws.

 Socio‐economic Benefits 
of MPAs in the Turkish Part 
of the Black Sea

The Turkish part of the Black Sea coast is an 
area where a large number of human activi-
ties take place and several conflicts of inter-
ests exist between local people, fishermen, 
tourism operators, farmers and forestry. For 
local people, the coast is the area where they 
come into contact with the sea. One type of 
economic use of the coastal zone quite often 
denies opportunities for other activities: the 
construction of coastal highways limits 
the  development of coastal tourism and 
wildlife reserves. The construction of hotels 
on the beach and in the immediate vicinity of 
the shore for tourism puts a burden of waste 
from human activities on the environment, 
and the quality of the beach and the coastal 
waters deteriorate even though wastewater 
discharge is forbidden by the Coastal Law.

The benefits of MPAs are generally 
accepted as natural capital for all stakehold-
ers, but in particular for fishermen and the 
tourism industry. Tourism development is 
especially important for the Black Sea region 
where the most popular tourist destinations 
are the coastal areas, protected areas and 
historical settlements. If tourism is not sus-
tainable, socio‐economic and environmen-
tal problems will develop and pose extra 
stress for both coastal and marine environ-
ments. Accordingly, it is necessary to deter-
mine the carrying capacity and limiting 
factors for sustainable tourism. In recent 
years, coastal areas such as Şile have been 
subject to mass tourism, large‐scale con-
struction and infrastructure expansion, 
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intensive land development and extensive 
urbanization, which have caused episodes of 
intense land‐based and marine pollution 
during a very short period in summer.

However, tourism in protected areas is 
associated with appreciating and observing 
nature, scientific endeavour and education. 
This type of tourism is called ecotourism 
and associated with minimal development 
of infrastructure and small‐scale interven-
tions. Therefore, this kind of tourism is 
promising for the Black Sea, which is already 
facing many anthropogenic threats. Sand 
dunes, long coasts, reefs and caves can be 
attractive for ecotourism, as also are bird 
and dolphin watching. Local fishermen can 
also benefit from this development in 
 tourism as the demand for fish increases 
when more tourists visit the area. Moreover, 
fishermen can rent out their boats for extra 
income when tourists wish to swim or snor-
kel and visit MPAs close by. The designation 
of an MPA in the Şile area would help in cre-
ating a plan for the sustainable use of natural 
resources, provide more income for fisher-
men, attract ecotourism investors and help 
raise the environmental consciousness of 
local people. Furthermore, within MPAs, 
control and surveillance measures for illegal 
fishing practices are generally more strict 
and this is an advantage for local fishermen, 
although their fishing grounds may be lim-
ited spatially. Nevertheless, in the long term, 
the benefits of MPAs for nature and all 
stakeholders are obvious.

 Conclusion

The Turkish government should act to desig-
nate MPAs in the Black Sea before it is too 
late: most of the fish resources have already 
diminished since the mid‐1970s (Kutaygil 
and Bilecek, 1976). Designation of transna-
tional marine and coastal protected areas 
around the borders of Turkey with Bulgaria 
and Georgia would help to develop  integrated 

protection measures in the entire southern 
portion of the Black Sea (indeed, Bulgaria 
already has an MPA at Strandja, close to the 
Turkish border). Designation of MPAs 
would also contribute to securing the bio-
logical corridor of the Istanbul Strait 
between the Sea of Marmara and Black Sea. 
The modelling study described above 
showed clearly that of all the proposed 
MPAs, the sites at Şile and Doğanyurt are 
the two areas that are most beneficial for 
establishing MPAs, because they have a high 
inflow of pelagic larvae from upstream areas 
and themselves ensure a high transport 
downstream to other areas. It may even be 
beneficial to establish another MPA along 
the western part of the south coast between 
Kızılırmak and Mezgit Reef to achieve a 
well‐connected network of MPAs, assuring 
the exchange of pelagic larvae necessary for 
population persistence in the MPA network 
as detailed in Moffitt et  al. (2011). Marine 
Protected Areas can also help to establish 
sustainable fisheries, rather than simply 
reducing the damage of the local fisheries or 
traditional fishing practices in the Black Sea, 
as they protect nursery grounds of many 
commercial fish species. Besides, poor fish-
ing practices are more strictly controlled in 
MPAs, so that the fishermen who conduct 
‘legal’ fishing activities in the region will be 
better protected (Öztürk, 2013).

According to the International Maritime 
Organization’s MARPOL Convention, the 
Black Sea is designated as a special 
area  because of its oceanographical and 
ecological conditions, and its level of sea 
traffic. Special areas require the adoption of 
mandatory methods by the relevant author-
ities for the prevention of marine pollution. 
In this regard, Uysal et al. (2002) reported 
that the Şile area has shown some signs of 
pollution and its benthic community is 
characterized by notable species enrich-
ment. The Şile area is the only transition 
zone in the Black Sea under the influence 
of  Mediterranean water due to its close 
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 geographical connection with the Sea of 
Marmara and Istanbul Strait, hence it needs 
special attention in terms of protection of 
marine biodiversity. The Sea of Marmara 
has a connection with the Black Sea in 
terms of maintaining some populations for 
breeding, over‐wintering and/or migration, 
but it is not considered within the geo-
graphical scope of this chapter. For the 
 designation of MPAs in the Black Sea, 
 however, the Sea of Marmara should also be 
taken into account.

The European Union’s goal of achieving 
Good Environmental Status (GES) in its seas 
by 2020 in accordance with the Marine 
Strategy Framework Directive (MSFD, 
2008/56/EC) should be considered in paral-
lel with Turkish initiatives for protecting the 
marine environment in the Black Sea, espe-
cially for the five proposed MPAs.

Turkey is a party of the CBD and one of the 
recent strategic goals is to improve the status 
of biodiversity by safeguarding ecosystems, 
species and genetic diversity. The CBD has set 
Aichi Targets in which by 2020 at least 17% 
of  terrestrial and inland waters, and 10% of 
coastal and marine areas  –  especially those 
of  particular importance for biodiversity 
and ecosystem services – should be conserved 
through effectively and equitably managed, 
ecologically representative and well‐ connected 
systems of protected areas and other effective 
area‐based conservation measures, and inte-
grated into the wider landscapes and sea-
scapes. To reach this 2020 target, Turkey needs 
more MPAs, covering all Turkish waters, par-
ticularly in the Black Sea.

Finally, a robust, ecologically coherent 
network of MPAs in the Turkish part of the 
Black Sea as a whole will both contribute to, 
and depend on, the achievement of other 
conservation objectives concerning pollu-
tion reduction, sustainable fisheries man-
agement, improvement of legislation and 
enforcement, and capacity building as set 
out in the updated Black Sea Transboundary 
Diagnostic Analysis and Strategic Action 
Plan (BSC, 2007, 2009).
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 Introduction

European Union policy makes it clear that 
we need two things: one, a move towards a 
more sustainable source of energy from 
green developments, such as offshore wind 
farms (OWFs), in line with the EU Energy 
Directive (2009/28/EC); and two, an increase 
in Marine Protected Areas (MPAs) (EEA, 
2015). The first is to safeguard our future 
energy demands and to mitigate the impacts 
of climate change. The second is to safe-
guard our marine biodiversity to ensure we 
have sustainable seas that are both diverse 
and support human needs. However, with a 
total extent of 338 000 km2, less than 6% of 
EU water was designated as an MPA by the 
end of 2012 (EEA, 2015). The Greater North 
Sea has the greatest proportion of the MPA 
network (17.9%) and it is also leading the 
way in OWF developments with large OWFs 
such as the Dogger Bank, Thanet and 
London Array.

In February 2016, the world’s largest OWF 
was consented, Hornsey Project One 
(DONG Energy), which will start generating 
energy in 2019 and will consist of 172 tur-
bines, producing 1.2 gigawatts of energy 
(DONG Energy, 2016). With more than 80 
countries developing wind energy, there is 

enough installed wind power capacity 
worldwide to meet the residential needs of 
380 million people at the European level of 
consumption (Wilkes et al., 2014). The vast 
majority of wind turbines operating today 
are on land, but offshore wind developments 
are quickly increasing in number and size. 
Since 2006, offshore wind generating capac-
ity has grown at a dramatic rate and the 
European Wind Energy Association expects 
this trend will continue, with Europe’s off-
shore generating capacity reaching 150 GW 
by 2030 (Wilkes et al., 2014). This amounts 
to 14% of the projected EU electricity 
demand and will avoid emitting 315 million 
tonnes of CO2 per year. The EU already has 
an ambitious climate and energy target 
known as the ‘20‐20‐20 target’, whereby it 
aims to reduce carbon emissions by 20%, 
produce 20% of energy from renewables and 
improve energy efficiency by 20%, all by the 
year 2020. But this is to be increased to have 
30% of total energy generated to come from 
renewable sources by 2030 (EC, 2014). 
However, the most recent Intergovernmental 
Panel on Climate Change report (IPCC, 
2014) states that climate change is a very real 
threat, and if we are to avoid the worst 
effects of it, we need to further reduce our 
dependency on coal and oil and at least 
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 treble our production of energy from clean, 
renewable sources. Therefore, the need to 
construct offshore wind farms has never 
been so urgent.

The benefits of OWFs are numerous. 
With stronger and more frequent winds 
 offshore than onshore, they generate more 
power per turbine than their onshore coun-
terparts. The visual impacts are reduced 
the further out to sea the turbines are 
located, and there is less congestion on 
land in the construction phase with 
most  transport being carried out at sea. 
Therefore, despite their high cost to con-
struct, EU countries are keen to invest in 
OWFs. At present, the North Sea, Baltic 
Sea and to a lesser extent the Atlantic 
Ocean are the only European seas where 
OWFs are operating or under construction. 
Some offshore wind farm  projects are 
planned in the Mediterranean, but with 
only a small proportion of them having 
reached consent stage. Given that OWFs 
often result in the reduction or exclusion of 
fishing due to risk of fishing gear entangle-
ment (Inger et al., 2009), it may seem intui-
tive that OWFs and MPAs go hand in hand. 
However, the situation  actually turns out to 
be more complicated.

Marine Protected Areas to date have usu-
ally been assigned to areas that are known to 
be either important for charismatic biodi-
versity, or because a particularly important 
species or habitat is present. Although there 
is no legally binding definition of an MPA, 
the International Union for Conservation of 
Nature (IUCN, 1994) defines an MPA as

a clearly defined geographical space, rec-
ognised, dedicated and managed, through 
legal or other effective means, to achieve 
the long‐term conservation of nature 
with associated ecosystem services and 
cultural values.

According to this definition, the purpose of 
an MPA is to minimize any potential risks or 
threats to these key nature conservation 

 features and prevent exploitation (including 
fisheries) and damaging activities. The con-
struction of an OWF is in itself a damaging 
process that will impact the benthic envi-
ronment and water column, and potentially 
affect a vast array of organisms. However, 
once operational, the impacts are reduced 
and in some cases OWFs have even been 
known to enhance biodiversity (Lindeboom 
et al., 2011) since due to the absence of fish-
ing, they can become quasi‐MPAs.

There are cases where proposed OWFs 
are located very close to important existing 
MPAs. In the UK, the Wash and North 
Norfolk coastline has many important habi-
tats and species, including mudflats, sand-
banks and reefs (listed in Annex 1 of the 
Habitats Directive, 92/43/EEC), many 
important migrating bird species, the har-
bour porpoise Phocoena phocoena and 
the  common seal Phoca vitulina, and has 
been designated as a Site of Community 
Importance (North Ridge SCI). This area is 
also the site of multiple OWF developments, 
including the Lincs, Lynn and Inner 
Dowsing, Racebank and soon‐to‐be Hornsea 
Project One. Further north in the UK, in the 
Firth of Forth in Scotland, there are also 
OWF proposals  –  the Neart na Gaoithe 
OWF and the 700‐turbine Firth of Forth 
development – yet the area is important for 
many species and also has a Special 
Protection Area (Birds Directive, 2009/147/
EC) for birds. With more and more OWFs 
being planned in areas important for biodi-
versity it is important to understand how the 
two interests interact.

In order to establish whether OWFs and 
MPAs can in fact ever co‐exist, this chapter 
will discuss:

 ● The potential negative impacts that an 
OWF can have on marine biodiversity

 ● The ways an OWF can increase species 
abundance, richness and biodiversity

 ● The future prospects for OWF develop-
ment that may reduce the initial impact, 
thereby enhancing their co‐existence.
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This chapter will also consider examples 
where OWFs and MPAs exist in the same 
place as well as examples of where the exist-
ence of an MPA has prohibited or stalled 
the construction of an OWF.

 Offshore Wind Farms

European legislation necessitates a detailed 
understanding of the impacts of large devel-
opments on the marine and coastal environ-
ments. National planning projects, such as 
wind energy plans, are subject to an initial 
Strategic Environmental Assessment (SEA) 
under EU Directive 2001/42/EC. At this 
stage, governments are required to assess 
how a project may affect biodiversity on a 
wide scale. The cumulative impacts of pro-
jects and developments are assessed and 
inappropriate areas and plans are excluded. 
Large projects, such as OWFs, are subject to 
Environmental Impact Assessments (EIAs) 
under EU Directive 85/337/EEC. Such EIAs 
are applied to public and private projects 
and the individual and cumulative effects on 
the immediate and surrounding environ-
ment are assessed. This includes, amongst 
other things, assessments of the impacts on 
biodiversity, hydrology and the seabed. 
Under the Habitats Directive (92/43/EEC), 
projects that may compromise the integrity 
of Natura 2000 sites are required to undergo 
further appropriate assessments. If it cannot 
be concluded that the site(s) will remain 
uncompromised by the development, a 
licence will not be granted unless, in excep-
tional circumstances, there is deemed to be 
an overriding public interest. Therefore if an 
MPA is already established, there are addi-
tional steps and consideration that need to 
be taken in order to gain approval for the 
construction of an OWF. However, this 
does  not mean that OWFs can never be 
 constructed in or near to an existing MPA.

Offshore wind farms generally occur in 
water depths of 60 m or less (Simmonds and 
Dolman, 2008) and most have been located 

up to 5 km out to sea (Simmonds and 
Dolman, 2008). Further out to sea, the winds 
are stronger and so more energy can be gen-
erated. However, due to the requirement of 
more advanced technology, the costs are 
higher. Recent developments have seen wind 
farms placed in deeper waters and further 
out to sea, such as the Thanet wind farm 
which is 12 km off the coast of Kent in the 
UK (Vattenfall, 2013) and the London Array 
which is 20 km off the Kent and Essex coasts. 
As technology develops and wind farms 
move further offshore into deeper waters, 
there is the potential for different habitats 
and wildlife populations to be affected. The 
transmission of noise, one of the main 
impacts generated in construction and oper-
ation, is largely dependent on the founda-
tions of the wind farms and also on the local 
seafloor bathymetry and oceanographic 
 features. Therefore, each wind farm could 
transmit noise in a unique way, which is why 
it is essential to undertake an EIA for each 
proposed OWF. It is important to have ade-
quate baseline studies to understand both 
the impacts and the mitigation strategies 
which can be put in place to prevent or limit 
environmental damage (Evans, 2008).

There are three main stages in the life of 
an OWF: construction, operation and 
decommissioning. All three are known to 
have some impacts on the marine environ-
ment although it is generally considered 
that  the construction phase is the most 
damaging to marine life (Inger et al., 2009). 
Offshore wind farms are a relatively new 
technology and therefore knowledge of 
their long‐term effects on the marine envi-
ronment is in its infancy (Simmonds and 
Dolman, 2008), but post‐construction 
 monitoring that has been done to date is 
providing important information on the 
ability of marine life to recover. The three 
main stages of an OWF and their associated 
risks to marine life will be briefly set out 
below (summarized in Table 14.1) and then 
discussed in greater detail for each biologi-
cal group of concern.



Table 14.1 A summary of the main effects on marine life during the construction and operational 
stages of OWFs.a)

Stage
Biological 
group Effects Response

C
on

st
ru

ct
io
n

Benthic 
organisms

Decreased food supply due to increased turbidity and reduced light 
penetration limiting vegetation growth

Negative

Smothering of organisms due to dredging resulting in sediment  
re‐suspension

Negative

Impacts of re‐suspended pollutants in sediment Negative
Displacement and initial loss of habitat due to cable laying and cable 
protection (mattressing, boulders)

Negative

Loss of habitat in the immediate area where turbine bases are placed Negative
Fish 
communities

Smothering of eggs affecting recruitment due to re‐suspended 
sediments and re‐suspended pollutants

Negative

Possible effects for magneto‐sensitive fish and elasmobranchs due to 
EMF produced from cables (likely to be negligible)

Negative

Avoidance and displacement from OWF area due to noise and vibrations 
from pile‐driving. Potential for physical injury

Negative

Marine 
mammals

Ship strikes and collisions (physical damage and mortality) due to 
increased construction vessels on water

Negative

Masking effects (interruption of communication affecting group 
cohesion) due to noise from pile‐driving and other construction activities

Negative

Behaviour changes (e.g. orientation to sound, cessation of feeding or 
social interaction) due to increased noise from pile‐driving and other 
construction activities

Negative

Behaviour changes (attraction to OWF zone due to increased food supply) Positive
Behaviour changes (displacement and habitat abandonment due to 
intense pile‐driving)

Negative

Hearing loss and injury (TTS, PTS) due to intense pile‐driving Negative
Birds Displacement from construction zone due to the presence of 

construction vessels deterring birds from the area
Negative

O
pe

ra
ti
on

al

Benthic Increase in colonization rates due to new substrates with turbine bases 
and cable protection structures acting as artificial habitats

Positive

Shifting sediments/modified habitat due to altered hydrological 
conditions around the bases

Negative

Fish Increase in abundance (and potentially diversity) due to reduced fishing 
effort in the OWF area

Positive

Increased abundance or higher production of fish with increased 
structures acting as Fish Aggregating Devices (artificial reef effect)

Positive

Mammals Behaviour changes (decreased energy expenditure when hunting by 
using buried cables for direction between turbines and increased prey)

Positive

Behaviour changes (displacement and habitat abandonment) Negative
Birds Disturbance (time/energy spent avoiding structures) Negative

Disturbance (altered flight paths) Negative
Displacement from and avoidance of OWF zone due to visual impact, 
noise and vibrations from turbines and maintenance traffic

Negative

Displacement due to habitat change Negative
Increase in availability of prey fish species Positive
Collisions with rotating blades Negative

a) The decommissioning stage has been omitted due to lack of information.
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Construction Stage

The noise generated during construction is 
periodic but can have relatively severe 
adverse effects (Rye et al., 2008). Pile‐driving 
is the process of inserting the supporting 
pile into the foundation structure, which can 
result in extremely high noise levels which 
may be damaging to marine life (Prior and 
McMath, 2008; Simmonds and Dolman, 
2008). Each pile can take between two and 
three hours to drive (Evans, 2008) with 
 several piles driven per day during con-
struction. Due to limited weather windows, 
construction may only occur in certain 
months of the year and may be further 
 limited to avoid key biological processes. 
In  addition to the noise generated during 
pile‐driving, there will be increased boat 
traffic and associated noise, due to the large 
number of cargo ships that are required to 
transport the turbines to the offshore 
 location (Wilson et al., 2007). Large areas of 
seabed are also disturbed in the construc-
tion phase in order to lay and bury all the 
cables that will transmit the electricity 
from  the turbines to the landfall site and 
converter station. This will increase sedi-
ment loads in the water column which can 
impact pelagic species and also displace or 
smother benthic species. Therefore the 
 construction phase is considered to be the 
most important aspect when considering 
the impacts on marine life.

Operational Stage

Once operational, the movement of the tur-
bine blades produces a low frequency noise 
which can result in some marine organisms 
avoiding the area either temporarily before 
habituation to the noise or permanently 
(Prior and McMath, 2008; Simmonds and 
Dolman, 2008). As turbines get larger the 
noise generated increases, having the poten-
tial to create disturbance effects over several 
kilometres (Prior and McMath, 2008). 
During the operational phase, there will be a 
small amount of increased boat traffic due 

to routine inspections and maintenance 
trips, as well as on‐going EIA inspections 
taking place on small research vessels. 
However, it is likely this will be offset by 
reduced numbers of fishing vessels in the 
area around the wind farm. Electromagnetic 
fields (EMF) produced by the buried cables 
that carry the generated electricity can 
interfere with some sensitive species such as 
elasmobranches (sharks and rays) and migra-
tory species that use the Earth’s  magnetic 
field for orientation (Gill and Bartlett, 2010). 
The rotating blades can have a detrimental 
impact on some birds that can either collide 
with the blades resulting in mortality or are 
displaced from the area due to avoidance 
behaviour (Furness et al., 2013).

Decommissioning Stage

At the end of their commercial life, the 
 turbines need to be dismantled and returned 
to land for disposal. Removal of bases can 
involve activities which generate a lot of 
noise, such as cutting, drilling and in 
extreme cases use of explosives (Prior and 
McMath, 2008). Explosives have the poten-
tial to be very damaging for any cetaceans 
that might be in the local vicinity as well as 
to benthic species and epifauna that are 
growing on or around the turbine pillars. 
Similarly to the construction phase, there 
will be increased boat traffic to the area 
due to cargo ships returning the dismantled 
turbines to the shore. Only one OWF in the 
world, consisting of only five turbines, has 
so far been decommissioned and that is the 
Yttre Stengrund in Kalmar Sound, Sweden 
(Vattenfall, 2016). The OWF has had the 
turbine bases cut back to the level of the sea-
bed but the actual bases and cables are still 
in place. These were due to be removed in 
the summer of 2016. Therefore the full 
impacts of decommissioning are not yet 
understood but studies from this site will be 
invaluable in understanding how long it 
takes for marine life to return to pre‐OWF 
levels.
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 Potential Impacts of OWFs 
on Marine Life

Impacts on Benthos

It is inevitable that the construction of an 
OWF will have an impact on the benthic 
community due to artificial structures being 
placed on and in the seafloor. However, 
although the overall size of the wind farm 
might be large, the actual area of seafloor 
which is disturbed is relatively small. The 
actual size will depend on the type of turbine 
foundation used, with gravity bases affecting 
the largest area. The increased turbidity of 
the water during construction can also 
decrease the light penetration and therefore 
have a negative impact on vegetation. These 
negative impacts are thought to be slight 
and short‐lived (Boesen and Kjaer, 2005). 
Benthic communities are complex, but can 
be considered within two broad groups. 
Infauna are the organisms such as worms 
and clams that live in the sediment, and epi-
fauna are those, such as oysters and mussels, 
that live on the surface and attach to a hard 
substrate.

Construction can result in noise and vibra-
tions from pile‐driving that can disturb the 
seafloor and the associated organisms. 
During the construction phrase, dredging of 
sediments can re‐suspend pollutants into the 
water column and displace the benthic com-
munities that were living in the dredged area. 
There are large amounts of cables associated 
with OWFs in order to carry the electricity 
generated from the turbines to an onshore 
converter station. These cables need to be 
buried within the substrate to minimize the 
impacts of the EMF, reduce snagging (e.g. on 
fishing nets or anchors) and also to ensure 
the cables stay in place and are not dragged 
around by currents. Mattressing is the pro-
cess of using concrete slabs along the cable 
route to prevent cables from being exposed. 
Other methods include the use of rock boul-
ders being placed over the cables. In both 

cases, this means that a large amount of the 
area surrounding the OWF will be altered, 
from the turbine bases, between turbines 
and then back to the landfall site. Sometimes 
the cable route may pass through several dif-
ferent habitats and therefore cable protec-
tion can impact a large number of species. 
Consideration should be given to vulnerable 
species such as the Ross worm Sabellaria 
spinulosa not just in the OWF site but also 
along the cable route back to the landfall site. 
Conversely, the turbine bases and the 
 boulders/mattresses used in cable protection 
can act as additional substrate adding habitat 
complexity in what could otherwise be a bar-
ren muddy seafloor. This therefore increases 
the heterogeneity of the environment in and 
around the OWF (Lindeboom et al., 2011). 
Consequently, species diversity, abundance, 
community structure as well as functional 
properties such as nutrient cycling and bio-
turbation can be altered (Coates et al., 2013). 
Whilst colonization of turbine bases can 
increase local biodiversity, this is often not 
considered beneficial by developers and so 
the turbine bases are frequently coated with 
anti‐fouling paint to prevent such coloniza-
tion. After construction, there may be altered 
hydrographic conditions in and around the 
pile bases which can also impact the benthic 
communities. Therefore, it is likely that 
there will be some degree of alteration and 
degradation of the benthic environment, 
especially during the construction period, 
and the actual footprint of the turbine bases 
will be permanently altered.

Surveys from pre‐ and post‐ construction 
in the UK have shown that overall benthic 
communities do recover from the construc-
tion of an OWF and there are minimal long‐
lasting impacts (Boesen and Kjaer, 2005; 
Lindeboom et al., 2011). Moreover, changes 
in the benthic community may be different 
for each component, with a decrease in the 
infauna and an increase in the epifauna in 
some cases. This results in high food 
 abundance for other species such as fish, 
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which can lead to greater biodiversity 
(Köller et al., 2006). However, the epibenthic 
communities that form can be different to 
the native biota and have different patterns 
of succession (Boesen and Kjaer, 2005). 
At  the Egmond aan Zee OWF in the 
Netherlands, the overall biodiversity of ben-
thic communities increased in the area after 
construction (Lindeboom et  al., 2011). In 
contrast, the benthic communities at the 
North Hoyle wind farm (off the coast of 
Wales, UK), which has also been designated 
as an MPA, had still not returned to pre‐
construction levels after 12 months, demon-
strating that even at sites that are fully 
protected, time is required for recovery 
(May, 2005). However, whilst research to 
date suggests that there are minimal long‐
term impacts on benthic communities, the 
impacts will be different for each site and so 
monitoring must occur with each OWF 
development.

Impacts on Fish

As with the benthic environment, cable‐ 
laying and pile‐driving can have negative 
impacts on the fish population inhabiting 
the water column in and around an OWF. 
Cable‐laying will disturb and redistribute 
sediments and may re‐suspend pollutants 
that were previously buried. Re‐suspended 
sediments may smother fish eggs which can 
lead to reduced survival and recruitment, 
especially if construction occurs near fish 
spawning grounds (Gill, 2005). It is possible 
that the EMF generated by electric currents 
in the submarine cables could be detrimen-
tal to fish, in particular for species that are 
magneto‐sensitive and use geomagnetic 
fields for information. There are two groups 
that might therefore be affected by the EMF: 
those that use geomagnetic information 
for  locating food such as elasmobranchs 
(Collin and Whitehead, 2004) and fish spe-
cies which migrate long distances, such as 
the European eel Anguilla anguilla and the 

Atlantic salmon Salmo salar (Boehlert 
and  Gill, 2010). Several field studies have 
observed responses of fish to cables (Marra, 
1989; Gill and Taylor, 2001); however, none 
have yet shown any effect at the population 
level. The EMF can be reduced by burying 
the cable (Gill et al., 2009) or by sheathing 
it (CMACS, 2003).

During the construction phase, the noise 
from pile‐driving can be detected by fish 
from a considerable distance and can result 
in fish leaving or deter them from entering 
the zone of construction. However, this is a 
behavioural response and not due to physi-
ological damage (Wahlberg and Westerberg, 
2005). Avoidance of the zone can have a sig-
nificant impact for sensitive species such as 
Atlantic herring Clupea harengus and 
Atlantic cod Gadus morhua which can 
detect pile‐driving as far as 80 km away 
(Thomsen et  al., 2006). Along with behav-
ioural effects such as avoiding the area 
 during pile‐driving, evidence suggests that 
some species may be susceptible to physical 
damage (internal and external injuries) and 
if in close proximity, pile‐driving can even 
result in mortality (Thomsen et  al., 2006). 
Even after construction, the noise generated 
by the rotating blades can be detected by 
herring and cod up to 4 km away, and dab 
Limanda limanda and Atlantic salmon can 
detect it up to 1 km away (Thomsen et al., 
2006). Some studies do indicate that once 
operational, the noise from the rotating 
blades can be detected and fish may avoid 
the turbine bases themselves by up to 4 m, 
but it is unlikely that they suffer any destruc-
tive hearing effects during the operational 
stage of an OWF (Inger et al., 2009).

Whilst noise during construction may 
result in fish leaving and avoiding the OWF 
area, studies show that the abundance of 
both pelagic and demersal fish actually 
increases during the operational phase 
(Lange et al., 2010). However, no impacts on 
diversity were reported, suggesting that fish 
that already inhabit that area will increase in 
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number rather than more species being 
attracted to it (Lange et  al., 2010). Long‐
term monitoring at Burbo Bank OWF (UK) 
reported that fluctuations in fish abundance 
were unrelated to the OWF (CEFAS, 2009). 
But there have been reports that OWFs 
result in an increase in abundance of some 
fish species such as Atlantic cod and floun-
der Platichthys flesus due to improved food 
conditions after construction (Pedersen and 
Leonhard, 2006). Some fisheries can also 
benefit as fishing is generally prohibited 
within a wind farm area, therefore making it 
a de facto MPA.

Man‐made structures such as oil rigs, and 
now OWFs, may serve as artificial reefs and 
actually attract fish to the area, a phenome-
non known as the Artificial Reef Effector or 
a type of Fish Aggregating Device (FAD) 
(Jensen et  al., 1994; Inger et  al., 2009). 
However, it is not always clear if it is a case of 
attraction of fish to the turbines (i.e. the 
same number of fish just in a higher concen-
tration around the bases or within the 
OWF  area) or actual increased production 
with  greater recruitment. At the Lillgrund 
wind farm in Sweden, fish have been shown 
to aggregate around the turbine bases 
(Bergström et  al., 2013). Fish Aggregating 
Devices have been used by fishermen for 
centuries to increase their catch efficiency 
(Inger et al., 2009) but their role for conser-
vation purposes remains unclear. Early 
research suggests that OWFs may act as 
artificial reefs and provide a safe, fishing‐
free zone which will ensure higher recruit-
ment and survival rates. This in turn can 
increase the abundance of fish outside the 
OWF zone through a spillover effect 
(Garcia‐Rubies et al., this volume). Offshore 
wind farms may also increase connectivity 
between areas as each turbine is close 
enough for many organisms to move from 
one to the other which can help increase 
production (Krone et  al., 2013). However, 
production increases can only occur if 
 fishing is prohibited within the wind farm 

area, which is not always the case. If fishing 
is not prohibited (or not sufficiently man-
aged), the effects of the OWF as a FAD may 
in fact have a negative impact on biodiver-
sity and fisheries as it attracts fish into a 
 concentrated area, increasing the chance 
of  overfishing and then stock depletion. 
But  if fishing is prohibited, Inger et  al. 
(2009) believe that it is possible that the 
overall effects of turbines can be positive. 
Interestingly, all OWFs in the Belgian part of 
the North Sea are closed to fisheries and the 
debate of ‘attraction vs. production’ has been 
the subject of studies. Results of these stud-
ies indicate that there is actual production 
and therefore fish are not just being attracted 
to and aggregating around the turbines, but 
increasing in abundance (Reubens and 
Degraer, 2014). Therefore, OWFs may be 
more than just simple FADs, but actually 
help improve the local abundance of fish.

Impacts on Marine Mammals

Marine mammals can be affected by the 
construction of an offshore wind farm, 
 primarily through the sound generated by 
pile‐driving. Toothed marine mammals, 
odontocetes, rely on sound for hearing and 
echolocation to communicate and locate 
their prey. Any detrimental impacts on their 
ability to echolocate can have serious impli-
cations for their ability to inhabit a given 
area. There is a direct negative link between 
acoustic emissions and harbour porpoise 
survival, as these animals have very acute 
hearing (Lucke, 2008). Both the frequency 
and level of noise generated during pile‐
driving need to be considered. The commu-
nication signals of odontocetes fall mainly in 
the medium to high frequencies (1–20 kHz), 
with echolocation occurring at high and 
very high frequencies (20–150 kHz). On the 
other hand, baleen whales or mysticetes 
are  primarily sensitive to low and medium 
 frequencies (12 Hz  –  8 kHz) which can 
leave them more vulnerable to low frequency 
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pile‐driving noise. While it is generally 
agreed that a noise level of 180 dB can cause 
irreversible damage (Southall et  al., 2007), 
this level is often exceeded during the con-
struction phase, with pile‐driving reaching 
250 dB. Long‐term studies of the effects of 
noise pollution from OWFs on marine 
mammals have so far focused on harbour 
porpoises (Simmonds and Dolman, 2008). 
Harbour porpoises have a wide hearing 
range, and therefore can be affected by 
sounds ranging from low frequencies 
(250 Hz) to the ultrasonic range (160 kHz) 
(Diederichs et  al., 2008). However, there is 
evidence of variable susceptibility to noise 
not just between different species, but 
between individuals of the same species 
(Thomsen et al., 2006). This means the full 
effects of underwater noise from OWFs are 
unclear and unpredictable. In particular, the 
chronic effect of long‐term exposure (Inger 
et  al., 2009) needs further investigation. 
Some of the known effects of OWF noise on 
marine mammals include masking effects, 
behaviour changes, temporary hearing loss 
and permanent tissue damage: these are 
 discussed further below.

Masking Effects
Noise pollution resulting from any stage in 
an OWF life cycle can create a masking 
effect preventing cetaceans from detecting 
biologically relevant sound signals (Southall 
et  al., 2007; Inger et  al., 2009). This can 
result in marine mammals not being able 
to detect the presence of a school of fish or 
a  predator, or prevent communication 
between individuals. Given that cetaceans 
are highly communicative and often feed in 
groups, masking effects interfering with 
communication between group members 
can be highly detrimental to their social 
structure and group survival. The effects of 
masking on marine mammals may differ 
greatly between species and within species 
and even age of individuals (Erbe et  al., 
2014). However, masking effects are greatest 

during the construction phase and do not 
appear to cause long‐lasting effects.

Behaviour Changes
There are a wide range of unusual behav-
iours that can be seen during periods of high 
noise levels, such as orientation or attraction 
to the noise source, increased alertness, 
 cessation of feeding or social interaction, 
habitat abandonment, panic and, in severe 
cases, stranding (Southall et al., 2007). Some 
behaviour changes may be small and subtle; 
however, wind farm construction can lead to 
avoidance reactions resulting in entire popu-
lations of marine mammals being displaced 
from the wind farm vicinity. Therefore, care-
ful consideration needs to be given in terms 
of wind farm location so as not to displace a 
resident population of marine mammals. 
Consideration must also be given to the loca-
tion of alternative areas which are suitable 
for cetacean feeding grounds in case they are 
displaced by the noise and need to hunt 
 elsewhere. Alternative food sources need to 
be close by so as not to result in a large‐scale 
displacement. The disturbance from noise 
can reduce time spent foraging, resting or 
socializing and can also result in an increase 
in time spent travelling between good forag-
ing sites. This can have negative energetic 
repercussions, affecting the overall fitness of 
a population if the disturbance is sustained 
for an extended period of time. During the 
construction phase, it has been shown that 
porpoises and seals display avoidance behav-
iour and leave the area of the OWF. However, 
in most studies, the mammals returned two 
years after completion to near baseline levels 
(Prior and McMath, 2008; Teilmann et  al., 
2008). Therefore the construction phase may 
have an effect on a large number of individu-
als but for a limited time period (Teilmann 
et  al., 2008). The dependence on the local 
area also appears to affect the rate of return 
of mammals. For example, at the Horns Rev 
OWF (in the Wadden Sea area of the eastern 
North Sea) the area is of great importance to 
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the marine mammal population and so 
 porpoises have been shown to tolerate a 
 certain degree of disturbance and returned 
to the site after the construction phase. 
On  the other hand, the Nysted OWF 
(south‐west Baltic) is not particularly impor-
tant for the local porpoise population and so 
they simply avoided the area during con-
struction (Teilmann et  al., 2008). At the 
Egmond aan Zee OWF in the Netherlands, 
marine  mammals were sighted more often 
post‐ construction than pre‐construction 
(Lindeboom et al., 2011), potentially due to 
increased prey abundance in the OWF area.

Buried cables have also been shown to 
affect the behaviour of marine mammals. 
Both the grey seal Halichoerus grypus and 
the common seal have displayed the ability 
to  use the EMF emitted from the cables to 
guide them between turbines. Using a sys-
tematic grid‐like approach, seals at the 
Sheringham Shoal OWF in Norfolk moved 
from turbine to turbine foraging along the 
cables and turbine bases (Russell et al., 2014). 
It is thought that by following the cables, the 
seals were able to take advantage of the 
increase in prey species aggregating around 
the turbines to maximize their foraging and 
minimize their energy expenditure.

Hearing Loss and Injury
Noise pollution can result in damage to 
auditory tissues and lesions in parenchyma-
tous organs (Piantadosi and Thalmann, 
2004). Acoustic damage can also cause 
nitrogen bubbles to form in the blood 
(known as the ‘bends’), affect the vestibuloc-
ochlear nerves of the cochlea (Degollada 
et  al., 2003) and cause lesions. Lesions are 
most often reported in the lungs and tissues 
associated with the transmission of sound 
such as the jaws and inner ear. Given that 
marine mammals have a sensitive and wide 
hearing range, hearing damage can occur at 
relatively low noise exposure so that the 
effects of even low noise pollution generated 

from an OWF can have a wide zone of 
impact. Damage to tissues resulting from 
pile‐driving can lead to temporary threshold 
shift (TTS) and permanent threshold shift 
(PTS). Permanent threshold shift is consid-
ered to be an auditory injury (Lucke, 2008) 
caused when the noise source reaches a level 
that permanent auditory impairment is 
inflicted. Moreover, noise pollution can also 
affect non‐auditory tissues. With hearing 
loss, marine mammals may not be able to 
find food, reach breeding and feeding 
grounds, locate mates or locate other indi-
viduals from within their group or maintain 
their balance (André et al., 2003). This can 
have long‐term impacts on the viability of 
the population if they are not able to breed 
successfully.

It has been reported that the impacts of 
increased noise from OWF construction are 
less severe in areas which are already subject 
to high ambient noise such as a high degree 
of boat traffic (Bergström et al., 2014). This 
implies that marine mammals that are 
already habituated to high noise levels are 
less likely to be impacted by the construc-
tion or presence of an OWF. It is therefore 
important to consider the ambient noise 
levels in the planning stages. If the OWF is 
to be constructed in an area with low ambi-
ent noise levels, which is likely in or near 
MPAs, the construction of an OWF may 
have disproportionately negative impacts on 
any marine mammals that rely on that area.

Mitigation Measures for Mammals
Standard mitigation measures for marine 
mammals include the use of a soft‐start and 
ramp up of drilling activities. This is where 
pile‐driving starts at a lower energy to allow 
mammals time to move out of the zone 
before higher energies are used which could 
cause damage. However, the effectiveness of 
this measure is unclear. Other mitigation 
measures, recommended by the Marine 
Mammal Observer Association, include 
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the  use of Marine Mammal Observer and 
Passive Acoustic Monitoring (PAM) to 
detect mammals in the vicinity of the con-
struction zone. Acoustic Mitigation Devices 
(AMDs) emit a frightening or adverse sound 
to encourage marine mammals to move out 
of the construction zone (SMRU Ltd, 2007). 
New techniques such as Big Bubble Curtains 
(BBC) are being tested: the system creates a 
shield of bubbles around the pile‐driving 
device to reduce the distance harmful noise 
can travel, which may prove to protect 
marine mammals more and reduce the area 
from which they are displaced (Reyff, 2009).

Impacts on Birds

Conducting an EIA for seabirds is problem-
atic as very little is known about their behav-
iour and it is more difficult to conduct 
surveys for birds at sea than it is on land. 
Impacts on birds involve disturbance, dis-
placement and collision, which can result 
from a single OWF (placed near a breeding 
colony or in a wintering area) or from the 
cumulative risk of encountering several 
wind farms over a wide geographic area as 
the birds forage or migrate along the coast.

Disturbance
Disturbance to birds caused by the presence 
of OWFs has been defined as birds expend-
ing extra time and/or energy to avoid struc-
tures (Furness et al., 2013). Some species are 
known to deliberately fly around OWFs, 
rather than fly directly through them 
(Desholm and Kahlert, 2005) and depending 
on the location of the OWF, this has the 
potential to affect both migration pathways 
and local flight paths (Drewitt and Langston, 
2006). The level of disturbance and associ-
ated energy costs depend on a variety of 
 factors including species behavioural traits, 
size of the OWF and level of disturbance 
compared to ‘normal’ flight patterns (Fox 
et al., 2006; Pereksta, 2013). Radar tracking 
of common eider Somateria mollissima at 

Danish OWFs followed the migration routes 
of over 200 000 individuals (Masden et  al., 
2009). It was found that, while the birds 
adjusted their flight path to avoid the OWF, 
the extra distance amounted to about 500 m, 
which is trivial compared to the total migra-
tion distance of 1400 km. Similarly, studies 
modelling the cumulative impacts of distur-
bance by OWFs suggest that disturbance 
caused by increased travel distance are 
minor (Topping and Petersen, 2011).

Displacement
Many species show spatial responses to new 
OWFs during both the construction and 
operational stages (Drewitt and Langston, 
2006). The responses can be attributed to 
factors caused by the turbines themselves 
(visual impact, noise, vibration) as well as 
maintenance traffic (Drewitt and Langston, 
2006). Studies carried out to assess spatial 
responses to OWFs have found some 
 species to be more sensitive than others. 
Post‐ construction monitoring at Horns Rev 
OWF found that the northern gannet Morus 
bassanus, common scoter Melanitta nigra, 
common guillemot Uria aalge and razorbill 
Alca torda were all fewer in  number than 
expected (Petersen et  al., 2004). However, 
post‐construction monitoring at the same 
site showed increased numbers of gulls, 
terns and the great cormorant Phalacrocorax 
carbo (Kahlert et  al., 2004). Other studies 
have shown that red‐throated divers Gavia 
stellata completely avoid OWFs post‐devel-
opment and long‐tailed duck Clangula hye-
malis numbers are of a lower density in 
OWFs than is expected (Pereksta, 2013). 
Displacement, where it occurs, is generally 
linked to habitat availability as the reduc-
tion of a species from an area suggests that 
a suitable habitat has either been lost or is 
no longer accessible, even though the direct 
loss of habitat due to the footprint of an 
OWF is typically only 2–5% (Fox et  al., 
2006).
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Collision
Collision mortality is believed to be the 
greatest risk posed to seabirds by OWFs. 
Mortality can arise from direct collision 
with a pylon, collision with stationary or 
rotating blades, and the impact of pressure 
vortices created by rotating blades (Fox 
et  al., 2006). In this regard, the height at 
which birds typically fly and their manoeu-
vrability are the most important factors 
when assessing seabird vulnerability to 
 collision (Furness et  al., 2013). However, 
passerines migrating at night can also be 
affected (Kerlinger, 2001; Evans, 2008), 
especially when structures are illuminated 
(Manville, 2001) and during poor weather 
conditions (Richardson, 2000; Erickson 
et  al., 2001; Hueppop et  al., 2006). On the 
other hand, studies of migrating geese have 
shown that they tend to avoid OWFs (even 
at night) and less than 1% flew close enough 
to be at risk of collision (Desholm and 
Kahlert, 2005). Nevertheless, seabirds tend 
to have low productivity and slow matura-
tion rates so that populations could be 
 negatively impacted by even relatively low 
collision rates (Drewitt and Langston, 2006).

Generally, collision risk (let  alone actual 
collisions) in seabirds is difficult to quantify 
and to monitor (Pereksta, 2013). While most 
seabirds fly below 20 m and therefore well 
below rotor height (Krijgsveld et al., 2011), 
some species do fly higher and have a 
greater  risk (Furness et  al., 2013). Models 
used to estimate collision risk are chiefly 
based on species abundance and flight 
height (Johnston et  al., 2014). The models 
tend to show a lower than previously 
assumed risk of collision when taking 
account of a heterogeneous, rather than 
homogeneous, distribution of flight heights 
(Johnston et  al., 2014), and it may be that 
reduced seabird abundance in the vicinity of 
an OWF is more due to avoidance behaviour 
rather than collisions, as birds display the 
ability to recognize turbines and learn to 
avoid OWFs (Inger et al., 2009).

In the UK alone, there are 25 species of 
offshore seabirds, 13 of which receive 
 protection through designated Natura 2000 
sites. Some wind farm applications have 
been refused consent due to potential 
impacts on birds. For example, Docking 
Shoal, a 500 MW OWF in the outer Wash 
area of Lincolnshire and Norfolk, was pro-
posed by Centrica in 2009. The proposed 
wind farm was predicted to result in the 
death of over 90 sandwich terns Thalasseus 
sandvicensis each year, so the application 
was refused in 2012, with a loss of several 
million pounds of preparation costs to 
Centrica.

 Rejected OWF Proposals

The main reasons for rejection of OWF pro-
posals to date are unacceptable risks to wild-
life and objections from local people over 
visibility and tourism impacts. In addition to 
the Docking Shoal proposal mentioned 
above, a proposal by Eneco for two OWFs in 
the North Sea (one for 101 turbines off the 
coast of Callantsoog and another for 137 
turbines near Zuid‐Holland) was rejected by 
a court in the Netherlands over concerns for 
the safety of the great black‐backed gull 
Larus marinus, a protected bird species 
(Windpower Intelligence, 2011). A proposed 
OWF in Navitus Bay in Dorset, UK was 
refused owing to its proximity to the Jurassic 
Coast World Heritage Site and two Areas of 
Outstanding Natural Beauty. The 970 MW 
OWF would have consisted of 194 turbines, 
and created as many as 1700 jobs in the local 
area. However, the potential visual impacts 
on the World Heritage Site and Areas of 
Outstanding Natural Beauty were consid-
ered too great, especially as tourism was an 
important economic activity for this region 
and its presence might deter visitors 
(Business Green, 2015). However, Rampion 
OWF (being constructed by E.ON) is 
located 13 km off the coast of Brighton, UK 
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and when finished it will be visible from 
Brighton and Worthing. The construction 
also includes laying 14 km of cables through 
the South Downs National Park. In order to 
receive permission for installing the OWF, 
E.ON agreed to reduce the number of 
 turbines from 195 to 116 to reduce the 
impacts of the development (E.ON, 2016).

 Potential of Floating 
Platforms

The impacts of conventional OWFs on 
marine life described in this chapter can 
result in developers avoiding areas in or near 
existing MPAs due to the risks of consent 
being denied and money lost. If the same 
amount of energy can be generated but with 
less impact on the environment, consent is 
more likely to be granted, which would 
encourage more OWF development. Given 
that the main source of detrimental impact 
on the marine environment is pile‐driving 
during the construction stage, removing the 
need for turbine piles would be a huge 
advantage. Floating wind turbines were first 
designed in 1972 by W.E. Heronemus (Wang 
et  al., 2010); however, it is only relatively 
recently that this concept has been given 
more attention. Traditional pile‐driven tur-
bine bases can normally be used in depths of 
up to 50 m, whereas floating turbines can be 
placed in water up to 700 m deep (Leung and 
Yang, 2012). Stronger winds occur further 
offshore in deeper waters, but traditional 
pile‐driven bases cannot withstand them. 
Deploying floating wind turbines would 
therefore minimize the impact on marine 
life whilst exploiting the stronger winds.

Floating turbines simply consist of a wind 
turbine on top of a floating structure 
anchored to the seabed by tension cables 
which are designed to allow movement with 
the waves during extreme weather condi-
tions. They have underground cables to 
transport the generated electricity to the 

national grid in a similar manner as tradi-
tional OWFs. Therefore, whilst the impact 
will be reduced due to omission of the 
 pile‐driving stage, there will still be some 
environmental impact from cable‐laying 
and protection (mattressing and sediment 
disturbance).

There are currently three designs for float-
ing platforms, although some designs 
involve a mix of at least two, like the Dutch 
tri‐floater (Leung and Yang, 2012). The aim 
of all three designs is to withstand all weather 
conditions, like the deep water oil rigs on 
which the concept and designs are based 
(Inger et al., 2009); the design must resist the 
motion of the sea and minimize pitch, roll 
and yaw (the way the platform would rotate 
in various ways around its central axis) 
whilst still maintaining the weight of the tur-
bine. Therefore they need to be tethered to 
the seafloor but in a way that allows stable 
movement.

 ● The ballast stabilized platform achieves 
stability by having ballast weights below a 
buoyancy tank which creates the righting 
moment and high inertial resistance to 
pitch and roll. There is enough draft to 
offset heave motion. The anchors are 
embedded into the seafloor.

 ● The mooring line stabilized platform relies 
on mooring line tension for righting sta-
bility. The tension legs have suction pile 
anchors.

 ● The buoyancy stabilized platform uses 
distributed buoyancy to achieve stability. 
It takes advantage of the weighted water 
plane area for righting moment. From a 
bird’s eye view, it is triangular on the 
surface.

The Dutch tri‐floater is a mixture of the 
mooring line and buoyancy platform. The 
distributed buoyancy tanks are attached to 
the central tower by truss arms and this 
achieves stability by a weighted water plane 
area but also the mass of the steel tanks and 
truss structure.
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Whether this new design of offshore wind 
turbines can be installed in MPAs is impor-
tant to consider. As discussed, OWF can be 
beneficial to marine organisms, particularly 
in the operational stage due to reduced fish-
ing effort. With reduced noise disturbance 
as a result of the elimination of pile‐driving, 
negative impacts may be mitigated allowing 
the benefits of OWF developments to out-
weigh the disadvantages (Koschinski and 
Lüdemann, 2013).

Floating platforms may pose a risk to 
pelagic fish in terms of collisions with moor-
ing chains and cables (Wilson et al., 2007). 
The anchoring as well as the mooring floats 
and weights would also be a possible risk. 
Moreover, despite the anchoring chains and 
cables being smaller and having a reduced 
effect on water flow, their movement may 
cause an ‘acoustic strumming’, or simple 
entanglement. Nevertheless, floating plat-
forms are likely to also act as FADs and 
increase local abundance of fish populations 
in a similar manner to traditional turbines 
(Inger et  al., 2009). Mooring lines under-
neath the water may pose a threat to diving 
seabirds such as gannets. However, given 
the distances and depths offshore, the risks 
are likely to be minimal.

 Conclusions

From the review of OWF effects on marine 
life presented here, the potential for an MPA 
and a conventional OWF to work in synergy 
is limited. The very nature of traditional 
pile‐driven turbines means that there are 
likely to be negative impacts on benthic hab-
itats and associated fauna, as well as marine 
mammals and birds, even if only temporary. 
Therefore, extreme caution would be needed 
before an OWF was placed inside or close to 
an MPA in order to prevent such damage. 
However, once an OWF is operational, 
there  is great potential for the site to 
deliver  benefits for restoring fish popula-
tions and increasing habitat heterogeneity 

(Inger et al., 2009). It should be noted that 
environmental impacts of an OWF are dis-
crete in space and time, whereas the impacts 
of certain fishing techniques such as bottom 
trawling can be much longer lasting and 
devastating (Inger et al., 2009).

Recent development of floating turbines 
may provide solutions to reduce the impact 
of OWFs on marine life. However, it would 
still be advisable to avoid areas already desig-
nated as MPAs, particularly if the area is of 
high importance for marine mammals, fish 
spawning grounds or bird migration routes. 
Monitoring and continued efforts to mini-
mize the risks to marine life should be para-
mount in the planning of an OWF, but the 
prospects for collaboration between marine 
conservation organizations and energy devel-
opers can allow a move towards both clean 
renewable energy and protected marine life.
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