
First protected forests in India more 
than 2000 years ago (Talbot, 1984);

In Europe (England, Italy, etc.) 
between XVII and XIX centuries 
several protected areas were 
established with the aim of 
protecting natural resources, but 
indeed they were hunting reserve 
only for rich people;

In 1872, the Yellowstone National 
Park was established as a “place 
where natural beauty is preserved for 
the whole society” (Wright, 1996).

Conservation on land



The implementation of Marine 
Protected Areas (MPAs) is relatively 
recent: the first MPA was probably 
the Fort Jefferson National 
Monument created in Florida in 
1935 (Gubbay, 1995).

Marine conservation

In 1950s the need for suitable strategies for conservation and 
management of marine environments and resources has led to 
increase the number of MPAs worldwide, with 118 MPAs in 1970 in 
27 countries and 1306 MPAs in 1994 (Kelleher & Kenchington, 1992, 
Kelleher et al., 1995)



Historical evolution of conservation purposes

M
odified from

 M
ace, 2014



Key differences between terrestrial and marine 
ecosystems (1)

(Carr et al., 2003)



Key differences between terrestrial and marine 
environments (2)

(Carr et al., 2003)



Implications for differences in conservation 
strategies and reserve networks

(Carr et al., 2003)



® Increase or maintain species diversity
® Protect vulnerable species
® Protect areas of high endemism or biodiversity hotspots
® Protect biological uniqueness
® Protect commercial species (nursery areas, shelter areas, 

genetic diversity), increasing their abundance (and/or 
biomass)

® Protect priority habitats
® Education, research, aesthetic and cultural

Conservation purposes

Often multipurpose MPAs
Networks to increase complementarity, or connectivity
Restoration purposes 



Theory of island’s biogeography
(MPAs can be seen as ‘islands’ of reduced human influence within a ‘sea’ subject to 
several human pressures; the larger the more speciose, high isolation - low 
diversity)
Supply side ecology
Metapopulation theory
Patch dynamic

Great contribution of experimental marine biology and 
ecology

Contribution of ecological theories to marine 
conservation



Sinks and sources
The importance of life cycles and life histories
Inter-habitat harmonization

Supply side ecology, metapopulations, and 
metacommunities



IBT raised concerns about the opportunity to implement 
single large or several small reserves

SLOSS controversy

Large areas allow protecting more species than smaller ones. 
However…Large areas are expensive in terms of management 
and enforcement. They are politically difficult to propose and 
sustain
Large areas have higher probability to create social and 
economic conflicts. They are also more difficult to monitor
Uncertainty on the result of conservation in terms of amount of species 
protected…

R1 R2 R3= ?

SR1 £ (SR2+SR3)

Habitat heterogeneity, species distribution



A question of size
Pelagos Sanctuary (SPAMI)
Year of institution: 1999
Surface: about 90,000 km2

Countries: Italy, France, Monaco

Large reserve for large animals or
animals requiring a large surface
for movements and foraging



The largest marine park in 
the Mediterranean Sea is
the National Marine Park of 
Sporadi, in the Aegean Sea. 
Created in 1992, it is
devoted to protection of 
Monachus monachus, the 
Mediterranean monk seal

A question of size: distribution



Several small interspersed reserves could provide
insurance against perturbations (e.g., catastrophic
disturbance or demographic events), with 
recolonization provided by undisturbed sites, or 
including higher habitat diversification with respect
to larger ones and therefore more species

R1

R2

R7R4 R8

R3 R5

R6 R9

Small reserves could increase chance in the face 
of perturbations



Should….
1 – decrease competition and predation pressure from 
neighbouring species, with border populations more 
exposed than those in the centre of the reserve;
2 – provide a better spatial match with the home-range of 
large carnivorous species; 
3 – include a larger range of environments to allow
persistence of different species populations in the long 
term; 
4 – include different subpopulations and, as a consequence, 
higher intra-specific genetic diversity; 
5 – better respond to external disturbace through a buffer 
effect

Notwithstanding, large reserves…



Should We Protect the Strong or the Weak?
If the conservation objective was to maximize the chance of having at 
least 1 healthy site, then the best strategy was protection of the site at 
lowest risk. On the other hand, if the goal was to maximize the 
expected number of healthy sites, the optimal strategy was more 
complex. If protected sites are likely to spend a significant amount of 
time in a degraded state, then it is better to protect low-risk sites. 
Alternatively, if most areas are generally healthy then it is better to 
protect sites at higher risk. (Game et al., 2008)

Alternative strategies have been proposed, for instance, to protect
areas proportional to the risk of pertubation events to increase
ensurance that catastrophic events will not affect the core of reserves. 
(Allison et al., 2003)



1) Bimodal trend in dispersal strategies, one short distance and long distance.
2) Reserves with diameter of 4-5 km, 10-20 km apart are wide enough to retain
propagules of short-distance dispersers and far enough to allow long-distance
dispersers to be captured. However, limited range of organisms. Habitat continuity.
Shank et al., 2003

Environmental context: spacing



Low area/perimeter ratio could increase exposure of 
central populations to external influence

Environmental context



Environmental context
Guarnieri et al., 2016

High level of 
anthropization
could increase
exposure of 
protected
populations
and 
communities
to human 
pressures or 
impacts



Zonation

A zone

C zone

B zone

Management of MPAs relies, as first, on zonation. This allow to 
delimit different areas at different protection regimes in order to 
fulfil conservation purposes and reduce conflicts with 
neighbouring human populations and influence of human activities



Zonation

A Zone (no-take, no access): full protection.
The core of the MPA, all human activities are forbidden, except those
authorized concerning scientific research and control.

B Zone (general protecton)
Local fishery with not-impacting gears (selective fishing) could be 
authorized. Bathing, SCUBA diving frequentation (limited or controlled), 
entrance, and authorized boating can be allowed.

C Zona (buffer area): general protection
Same as B zone, plus anchoring (but within limited specific areas), 
recreational fishing (but not spearfishing) could be allowed



Protection purpose(s) (seascape, communities/ecosystems, 
target species)

Geographic position, size, shape
Connectivity of protected species or communities (network)

Size of protected populations
Ecological process with the MPA

Human threats from neighbouring areas
Socio-economic and cultural context (reduce conflicts and 
increasing compliance)

Governance and environmental policy

Summary: factors to take into account



Marine conservation at global scale

UNEP-IUCN, 2018

7.59% oceans
27,494,100 km2



Marine conservation at global scale



The Mediterranean Sea



There are 1,231 MPAs and OECMs in the Mediterranean covering 179,798 
km2 which places a surface of 7.14% under a legal designation

Over 72.77% of the surface covered is located in the Western Mediterranean, 
90.05% of the total surface covered by MPAs and OECMs are found in EU 
waters.
9.79% of European waters are covered mostly due to the Natura 2000 at
sea network which rarely affords strict restrictive measures.
Mostly shallow waters
39.77% of Posidonia meadows and 32.78% of Mediterranean coralligenous 
communities are covered.

65.05% of MPAs of national designations have a marine surface of less than 50 
km2 (77.17% of all MPAs and OECMs), 69 nationally designated sites have a 
marine area smaller than 10 km2 and 46 are larger than 100 km2.

78% of nationally designated MPAs are over 10 years old, which is considered
the minimum age for an MPA to reach a certain maturity (even though the time 
required for an MPA to be effective varies greatly from one area to another) and 
46 sites are over 20 years old.

The Mediterranean Sea



The Italian coasts: implemented



The Italian coasts: next designation

17 MPAs for next designation
and 5 projected



As first, in order to implement a Marine Protected Area, a given 
site have to be designated by law as a potential marine area for 
protection. Prior to institution, a comprehensive baseline 
knowledge of the natural environment, habitats, biodiversity, and 
socio-economic issues must be acquired.

Once the legal procedure is started, the area is recognized as an 
MPA of forthcoming institution. MPAs are instituted by a a decree 
of the Ministry of the Environment, which identify the name of the 
MPA and dictates its boundaries, objectives of conservation, and 
regulation.

MPA are managed by governmental bodies, scientific institutes, or 
recognized NGOs, or consortia of several such organizations, after a 
formal engagement by the Ministry in agreement with local and 
regional institutions. 

Designation and implementation



A number of monitoring
strategies exists depending on 
the aspect of conservation
under study.
Monitoring is not only related to 
bio-physical effects, but also to 
socio-economic consequences
of protection and governance
effectiveness

Monitoring what and how



Estimating the 
effect of MPAs
could be 
confounded by 
erroneus selection
of appropriate 
control sites or 
due to intrinsic
features of the 
MPA/controls

Potential confounding effects

Smallhorn-west et al. 2019



Potential confounding effects



Appropriateness of MPA studies

Guidetti & Claudet 2010



1) The social factors are seldom explicitly considered or quantitatively evaluated. When
protection was not enforced and fishing continued to occur within the MPA, an MPA is just a 
paper park and no protection effects should be expected. Actual enforcement and 
compliance, and not the formal MPA establishment, must be considered as the true starting
point of protection.

Guidelines for improving biological monitoring

2) The choice of the indicators should be clearly linked to the MPA goal(s), the hypothesis
tested and the pre-existing knowledge. For example, species richness, which seldom
responds to protection, should be used only when the specific MPA goal is to enhance
biodiversity. On the other hand, indicators that perform well in responding to cessation of 
fishing (e.g. density and size of commercial fish) should only be used when the specific
MPA goal is the recovery of target populations.
3) Habitat structure (both heterogeneity and complexity) affects indicators of the response
to protection. Since MPAs are often established in complex and heterogeneous habitats, we
need to distill the effects of protection from those attributable to habitat features.
4) MPA size and age may exert a strong influence on the response to protection of fish, 
invertebrates and the whole marine community

5) Quantifying the actual fishing pressure occurring outside a MPA, the potential spillover
across MPA boundaries, as well as human behaviour in control areas (e.g. displacement
effects) is essential for an appropriate assessment of MPA effectiveness

Guidetti & Claudet 2010



Work flow for monitoring plan
MPA objectives

Appropriate 
indicators for MPA 

objectives

Ranking indicators
for priorities

All indicators can 
be assessed

Identifying
relationships

among indicators

Using priorities to 
select the subset of 

indicators

Estimating
resource needs for 

monitoring

Available
resources are 

sufficient

Assessment: who
and when

There is a 
plan to gain 

funds

Planning for 
obtaining resources

Implementation of 
funding plan

Yes

No

No

Yes

No

Yes

Implementation of monitoring
programmes 

Data collection (sampling, sample 
analysis, data handling)

Data analysis and data checking



Work flow for monitoring plan
Data analysis and data checking

Data are 
reliable

Yes

No

Identifying causes of error
and modifying monitoring

plans accordingly

Implementation of 
monitoring programmes 

Data collection (sampling, sample 
analysis, data handling)

Independent assessment
of results

Sharing results with 
recipients

MPA 
objectives
are fully
achieved

Yes No

Retain current
management strategies

Use results to 
adapt/correct

management strategies

Repeat the process



This occurs when one or more target species increase their
abundance, size or biomass within the protected areas with 
respect to fished areas. 

Center Edge
Distance from the MPA  core
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Fishing area

Sheltering

Spillover
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This occurs when one or more target species exibit less steep
seasonal and/or interannual fluctuations within the protected
area. Complex causes…reduction of post-recruitment mortality, 
increase of larval mortality (high density of predators)
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Spring Summer Autumn Winter

Buffering



This occur when one or more target species have specific ecological role
in stucturing marine communities. Protection, by increasing the 
abundance of this species allow them maintaning their role in controlling
lower trophic levels, triggering cascading effects.

Cascading effects

Diplodus spp.

Paracentrotus
lividus

Fleshy erect 
algae

(+)

(-)

(+)
(+)

Phytal fauna
So, a predator 
population, enhanced by 
protection, could control 
their prey population, 
which in turn has an 
effect on basal
component of food webs. Sala et al., 1998

Guidetti, 2006



Halpern, 2003
89 MPAs.
Density, size, biomass and 
diversity of fish fauna were
signifcantly higher within
than outside the reserve.
Benthic invertebrates, 
however, showed
significant difference only
for density and size

Comparing effects between fish and invertebrates



Relationship with reserve size



Using 58 datasets from 19 
European marine reserves, 
they showed that reserve
size and age do matter: 
Increasing the size of the 
no-take zone increases the 
density of commercial 
fishes within the reserve
compared with outside. 
Moreover, positive effects
of marine reserve on 
commercial fish species
and species richness are 
linked to the time elapsed
since the establishment of 
the protection scheme.
(Claudet et al, 2008)

Size again…



Increase of sea urchin predators due to protection reflects in decrease of sea urchins
population within reserve boundaries, and the ensuing decrease of overgrazed substrates
(Guidetti et al. 2008)

Trophic cascades
Predation rate (%)

Guidetti, 2006. Ecol Appl

Predation rates within reserves can be 
much more intense than outside



Effects on fragile organisms

Diving frequentation in submarine caves. Effects on benthic invertebrates (Guarnieri et al., 2012)



MediterraneanMPAs – subtidal rocky reefs
Fish biomass is significantly
higher in well-enforced
MPAs. Also, macroalgal
stands (erect and canopy-
forming species strongly
varied, but were not related
to protection. (Sala et al., 
2012)

However, macroalgal stands
were not associated to low
herbivore (sea urchins) 
pressure.



H0: no difference in recovery between
the no-take zone and controls

Date mussel (Lithophaga lithophaga) fishery

MPAs and resilience: a manipulative experiment
Banned in 1998 in Italy and in 2006 in EU
Caused the destruction of tens of km2 or rocky 
bottoms in the Mediterranean, and especially in 
Italy, Croatia, Albania, Greece
Fishermen destroy the rocky surface, and everything 
living on the substrate, to reach the endolithic 
bivalve for collection
Still practiced, although illegal; costs of date mussels 
on the black market can range between 60-80 euros 
per Kg

Full protection
Unprotected

Simulating
disturbance

Comparing trends in 
recovery



Temporal patterns of recovery

C1

P

*

C2

Human impact (date-mussel fishery) simulated
within a no-take zone and 2 control areas (NW
Mediterranean)

Recovery of macrobenthic assemblages followed
during 20 months (5 times of sampling) in
disturbed plots

Bevilacqua et al., 2006. J Animal EcolFilled symbols = disturbed plots; empty symbols = undisturbed plots

Recovery at the no-take zone was faster than at the unprotected control areas

0 months 3 months 9 months 12 months 20 months
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The MPA of Torre Guaceto (SE Adriatic Sea), instituted in 1991 and embedded 
into a human-dominated landscape, is a rare example of well-managed MPA 
where an adequate enforcement determined target fish recovery

This MPA provided the opportunity to follow the effects of protection on the stability of 
subtidal benthic assemblages, through the comparison of protected and unprotected 
locations, from 2002 to 2008

Does protection beget stability?



unprotected

Protection, stability, and heterogeneity
Temporal variability

no-take

Temporal trajectories

SUBTIDAL ROCKY REEFS

Fraschetti et al., 2013.  PLoS One

The structure of subtidal sessile assemblages 
showed larger fluctuations outside the marine 
protected area than within the no-take zone 
where, in contrast, assemblage structure 
showed high temporal homogeneity. 

Spatial heterogeneity



Buffering effects on seagrass decline

Seagrass beds under reduction in 
the area due to general increase 
in sedimentation rates and 
turbidity. However, the decline is 
less steep within the no-take 
areas, where additional direct 
human impacts (e.g., anchoring) 
are alleviated or excluded.



Further evidence

Spatial heterogeneity

Time 0

10 years later

Fraschettiet al., 2012. M
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ROCKY INTERTIDAL

unprotected
Comparable conditions in terms of spatial 
heterogeneity and average assemblage 
structure

protected

Higher spatial 
heterogeneity, 
high temporal 
variability, 
decrease in 
canopy cover

Low spatial 
heterogeneity, 
high stability in 
canopy cover 
and associated 
understorey 
assemblages
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Diversity patterns and conservation

Six islands, four sites in each islands. Sessile 
assembalges on subtidal reefs at 5 and 15 m depth.
Photographic samples with 10 replicates in each sites.
Identification of taxa at species level (genus or 
morphological groups in case of difficult organisms).
Identification of funtional traits (48)

Traits related to functional aspects of organisms (shape, reproduction, dispersal, interaction 
with the environments, energy flow. Construction of multidimensional functional space for 
each assemblage in each islands and depth



Category Trait Description 

Morphology 

Body complexity Body shape and three-dimensional structure 

Body size Dimension of the body/colony (cm) 

Flexibility Quality of bending without breaking (angle) 

Fragility Likelihood to break as a result of physical impact 

 

Life cycle and growth 

Growth form Individual or modular life form 

Life cycle 

Type of life cycle: haplontic 
(multicellular haploid stage, 
unicellular diploid stage), diplontic 
(the opposite of haplontic), or haplo-
diplontic (presence of multicellular 
haploid and diploid stages) 

Developmental mechanism 
Development of the organism 
through spores, planktotrophic 
larvae, or lecitotrophic larvae 

Growth rate Rate of increasing in size (mm mo-1) 

Life span Approximate duration of life (years) 

 

Reproduction 

Reproductive type (sexual) Type of sexual reproduction 

Gamete type Morphology of male and female gametes 

Reproductive season Range of months or season(s) for reproduction 

Reproductive strategy 
Type of life strategy encompassing a single 
(semelparous) or multiple (iteroparous) 
reproductive events during life 

Generation time Time between two generations (years) 

Time to maturity Time to sexual maturity (years) 

Fecundity-Egg size Size of eggs 

Fecundity-Number of eggs Number of eggs 

Fertilization type External or internal fertilization 

 

Functional traits: an example



Functional traits: an example

Interactions with the 
environment 

Living habit/environmental 
position Position with respect to the substrate 

Strength of attachment to 
substrate Difficulty of being detached from the substrate 

Min depth Approximate upper limit of depth distribution 
range (m) 

Max depth Approximate lower limit of depth distribution 
range (m) 

Min salinity Approximate lower limit of the salinity range  

Max temperature Approximate upper limit of temperature range  

Max N Approximate upper limit of nitrogen range  

Max P Approximate upper limit of phosphorous range 

Min O% saturation Approximate lower limit of oxygen saturation 
range 

Degree of attachment to 
substrate 

Quality of being permanently or temporary 
attached to the substrate 

Substratum preferences Type of typical substrate 

 



Functional traits: an example

Matter and energy flow 

Feeding habit Strategy employed for food collection/production 

Biomass Biomass 

Caloric content Energy content of tissues  

CaCO3 content Amount CaCO3 in tissues (% per g dry weight) 

 



Functional traits: an example

Biological interactions 

Sociability Aptitude to live with conspecific or to form colonies 

Defence Presence of defence against predators, competitors 

Biogenic habitat provision Quality of providing shelter or secondary substrate 
for other organisms 

Scale of habitat provision Persistence in providing shelter, secondary substrate 
or forming biogenic habitat 

Food type/diet Type of food ingested 

Dependency Presence of symbiotic interactions 

 

Matter and energy flow 

Feeding habit Strategy employed for food collection/production 

Biomass Biomass 

Caloric content Energy content of tissues  

CaCO3 content Amount CaCO3 in tissues (% per g dry weight) 

 



compositional

functional

Partitioning nestedness and turnover unveils 
contrasting relationships between 
compositional and functional beta-diversity 
in subtidal rocky reef assemblages at varying 
depth.

Compositional beta-diversity of assemblages at both depths was mainly due to 
species turnover (replacement), whereas nestedness component was negligible. 
However:
5 m: species turnover ⟹ functional turnover
15 m: species turnover ⟹ functional nestedness
This means that at 15 m there were islands representing hotspots of functional 
diversity, and islands that were functional subsets of these hotspots.

5 m 15 m

5 m

Understanding whether compositional diversity underlies functional 
diversity is crucial for conservation strategies.
Reserve networks based on taxonomic beta-diversity, although 
maximizing protection of species richness, do not necessarily ensure 
preserving functional representativeness.

15 m

Results



Results



The role of enforcement



Effects on socio-economy

Smallhorn-West et al. 2020



How much does conservation cost?
Balmford et al. 2004



How much does conservation cost?

Balmford et al. 2004

Cost ranges between 0 and about 30 millions US 
dollars per square km year , depending significantly
on the size of the MPA and the level of 
anthropization (population and urbanization)



Compliance
Bennet et al. 2018Bennet et al. 2019



Key factors in MPA effectiveness
Kuempel et al.,  2017

Di Franco et al.,  2016



Effective protection require three main points:
1) as first, MPAs should be sited to fulfil well-defined conservation
purposes. This in turn will guide positioning and subsequent
conservation strategies. The aims of MPAs should take into account 
connectivity, population dynamics, diversity distribution and, last but
not least, the context to reduce socio-economic conflicts and external
human pressures. 
2) effective protection cannot fall outside considerations of 
geopolitical and large scale governance constraints, resources
availability to maintain governace of reserves, and therefore
enforcement, to avoid creation of ‘paper reserves’
3) adaptive management is unavoidable; habitats distribution could
change, zonation could require refinements, and monitoring is
mandatory to detect changes and implement actions, modifying
strategies, or simple to insure that conservation target are being
achieved
(Airamè et al., 2003)

Issues



Research is demonstrating that marine reserves are powerful 
management and conservation tools, but they are not a panacea;
They cannot alleviate all problems, such as pollution, climate change, 
or overfishing, that originate outside reserve boundaries. Marine 
reserves are thus emerging as a powerful tool, but one that should be 
complemented by other approaches.
The answer to the question, ‘‘how much is enough’’ is the holy grail of 
conservation in both marine and terrestrial ecosystems. The goal of 
marine reserves is to ensure the persistence of the full range of marine 
biodiversity—from gene pools to populations, to species and whole 
ecosystems—and the full functioning of the ecosystem in providing 
goods and services for present and future generations. Because there 
will always be opportunity costs to conservation, there is a limit to 
how much we can conserve.
(Lubchenco, 2003)

Necessary but not sufficient…


