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Abstract — Through a review of the scientific literature and a more in-depth qualitative meta-analysis of 16 case
studies distributed worldwide, this article aims to study impacts of MPAs on marine living resources, ecosystems and
related fisheries and to highlight their criteria of efficiency as management tools for a sustainable exploitation. MPAs
are efficient for conservation purposes and resource restoration, especially inside their borders. MPAs can also be
part of fisheries management systems, but there is a lack of knowledge about their wider scale impacts on fish stocks,
ecosystem and fisheries. Adjacent fisheries can increase their catches near closed areas, but such effects are delayed until
after MPA establishment and are often limited over distance. Even though local specificities in ecosystems and fishing
resources lead to high variability in MPA effects, four major criteria modulate the efficiency of MPAs for fisheries
management: (1) the size of the closed area; (2) the level of protection of essential habitats for exploited resources;
(3) MPA integration as part of wider integrated fisheries management plans; and (4) efficient monitoring and regulation
systems, including participative decision making, to ensure that restrictive measures are respected.

Keywords: Marine Protected Areas (MPAs) / Fishing reserve effects / Fisheries management / Marine reserve network

measures of stock regulation remained necessary, in particular

For decades, numerous management systems have been
designed to control the effects of fishing activities on ma-
rine resources but also to ensure the sustainability of exploita-
tion and fishermens’ activities. Management measures have
evolved over years to take into account new knowledge ac-
quired on species biology and marine ecosystem dynamics,
but also the efficiency of fisheries management measures and
governance strategy. Until the present decade, systems of man-
agement were usually based on single species approaches and
were often insufficient to manage all fishing activities and
reach the objectives of marine ecosystem conservation and
economic profitability of fisheries (Pauly et al. 2003; MEA
2005; FAO 2009). It is now considered necessary to inte-
grate single species management into an ecosystem approach
to take into account other species (including non-commercial
species), interactions between species, habitats, other sources
of disturbances and global change (Garcia and Cochrane 2005;
Worm et al. 2009: Jennings and Rice 2011).

At the World Summit on Sustainable Development (2002)
the recommended approach was to consider the whole ecosys-
tem and to take into account all natural and anthropogenic
pressures in an integrated management strategy (FAO 2003). If
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olivier.lepape@agrocampus-ouest. fr

to reach the objective of returning to the Maximum Sustainable
Yield in 2015, it was agreed to develop the use of complemen-
tary methods to manage ecosystems, in particular by the cre-
ation of marine protected areas (MPAs).

In MPAs, all or some extractive activities involving marine
resources are forbidden, permanently or seasonally, to protect
the enclosed environment (Kelleher 1999). Some MPAs are
no-take zones (fishing and other activities are forbidden) while
others allow a range of uses managed by zoning and/or time
limitation of access. All kinds of human pressures (profes-
sional fishing, sailing, diving, extraction of sediments, destruc-
tion of habitats and introduction of species) can be regulated.
MPAs can have two main objectives. On the one hand, MPAs
could ensure the preservation of biodiversity, the conservation
of sensitive species and the protection of habitats. On the other
hand, they could contribute to the limitation of fishing pressure
on fish populations and ecosystems and be part of the manage-
ment system (Rice et al. 2012; Roberts et al. 2012).

Nevertheless, controversial points of view remain about
the effectiveness of MPAs as an efficient management tool
for sustainable fisheries (Hilborn et al. 2004; Kaplan 2009;
Kearney and Farebrother 2012). Through a review and a com-
plementary qualitative meta-analysis based on 16 documented
case studies of MPAs distributed worldwide, the aim of the
present paper is to study the impacts of MPAs on living
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Fig. 1. Overall location of the case studies selected in the analysis.

resources, ecosystems and fisheries, to examine the current
state of knowledge and to identify criteria of ecological effi-
ciency to use as management tools for sustainable exploitation.

2 Ecological effects of fishing reserves
and consequences for fisheries

The present analysis is based on a review of the scientific
literature and a more in-depth qualitative meta-analysis of case
studies. Sixteen well documented MPAs were selected in or-
der to cover a variety of characteristics in terms of size, depth,
seafloor and objectives pursued (Fig. 1). Scientific monitoring
of no-take zones, when access restrictions are respected, ap-
pears relatively easy to analyse: if all activities are prohibited,
it seems possible to know whether the observed effects are due
to a reserve effect. In multiple-use MPAs where activities such
as fishing are authorized, the observed effects are more difficult
to estimate. It is indeed difficult to estimate the consequences
of the residual fishing activities on mitigating the effect of spa-
tial protection. No-take zones were thus overrepresented in the
selected case studies.

Both the conclusions drafted from the case studies and
those found in the literature allowed qualitative estimates to
be made of the ecological benefits of fishing reserves inside

and outside their limits and of the consequences for fisheries
outside no-take zones (Table 1).

2.1 Impacts on marine resources and ecosystems

2.1.1 Positive effects on fish populations and ecosystems
inside fishing reserves

Banning fishing activities in an area allows protected com-
munities to reconstitute themselves inside this area, espe-
cially if the previous fishing pressure was strong. The abun-
dance, mean size and, therefore, biomass of fish increase,
but so does the biodiversity (Worm et al. 2006; Lester et al.
2009). In particular, the densities of large, older fish, which
would have been captured if fishing had been maintained, in-
crease significantly (Gell and Roberts 2003; Halpern 2003).
Accordingly, predator species, which are often those most im-
pacted by fisheries, benefit highly from local fisheries restric-
tions. These conclusions are especially visible (Tetreault and
Ambrose 2007; Claudet et al. 2008; Colléter et al. 2012) on
target species for fisheries, e.g., in the Channel Islands marine
reserves and California (Hamilton et al. 2010) and in the Great
Barrier Reef; (Russ et al. 2008).

Stopping fishing inside reserves could also lead to
trophic cascade, increased predation (Fanshawe et al. 2003;
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Table 1. In MPAs, different types of zones may accommodate multiple and often conflicting objectives. Scores are used to integrate multiple
objectives and identify different zoning configurations or explored priority areas for each zone separately.

Ecological effects

Marine protected Surface Access Inside Outside Impacts References
areas (km?) regulation on fisheries
Great Barrier Reef 344 400 Multiple + + - Ayling and Choat 2008; Little et al. 2009;
Zoned MPAs McCook et al. 2010; Russ et al. 2008;

http://www.gbrmpa.gov.au/corp_site
/management/zoning/comercial_fishing.

Mackerel Box 67 000 Partial access  + + + Sweeting and Polunin 2005; Uriarte et al. 2001.

Plaice box 38 000 Partial access - 0 0 Beare et al. 2010; Grift et al. 2004,
Pastoors et al. 2000.

Georges bank 17 000 No-take zone  + + + Fogarty and Murawski 1998; Gell and Roberts 2002;
Hart and Rago 2006; Holland 2000;
Murawski et al. 2000; Murawski et al. 2005;
Tian et al. 2009.

Trevose box 11 900 Partial access  + + - ICES 2007.
Wadden sea 11 100 Multiple + 0 - Imeson and Van Den Bergh 2006; Verhulst et al. 2004;
Zoned MPAs http://www.waddensea-secretariat.org/

trilat/brochure/brochure.html.

Bouches de 800 Multiple + 0 + Albouy et al. 2010; Planes et al. 2008.
Bonifacio Zoned MPAs
Channel Islands 490 No-take zone + 0 - Behrens and Lafferty 2004; Hamilton et al. 2009;

http://www.dfg.ca.gov/marine/
channel_islands/specialsession.asp.

New Caledonia 100 Multiple + 0 0 Chateau and Wantiez 2005; Chateau and Wantiez 2009;
Zoned MPAs David et al. 2010; Ferraris et al. 2005;
Guillemot et al. 2009; Jollit et al. 2010;
Preuss et al. 2009; Wantiez et al. 1997.

Réunion 35 Multiple 0 0 + Pers. comm. from
Zoned MPAs fishers organisation
Tasmania 0.5to 15 No-take zone  +/- 0 + Barrett et al. 2007; Barrett et al. 2009;

Edgar et al. 2004; Edgar and Barrett 1999.

Normandy 1.3t0 7.8  No-take zone  + 0 + Pers. comm.

from fishers organisation

Martinique 1.1to 11.6  No-take zone 0 0 0 Criquet et al. 2008; pers. comm.

from fishers organisation

Isle of Man 2 No-take zone + + + Beukers-Stewart et al. 2003; Beukers-Stewart et al. 2005;
Sweeting and Polunin 2005.

Cote Bleue 0.85 and 2.10 No-take zone + 0 + Forcada et al. 2009; Harmelin-Vivien et al. 2008;

Marine Park http://www.parcmarincotebleue.fr/page%20etudes/
Etudes.html.

Philippines 0.40 and 0.74 No-take zone + 0 + Alcala et al. 2005; Alcala and Russ 2006;

Russ et al. 2003; Russ and Alcala 1996.
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Guidetti 2006; Saintilan et al. 2008), and unforeseen changes
in the structure of communities rather than to the reconstruc-
tion of targeted populations. In some Tasmanian fishing re-
serves, where lobsters and abalones were previously subjected
to high fishing pressure, the abundance of abalones decreased
by half in ten years of protection while it remained stable in
the exploited areas. This decrease is supposed to be related to
the intensification of predation on young abalone due to an in-
crease of predation by lobsters (Barrett et al. 2009). On the
contrary, trophic cascades can lead to positive effects, such as
the reduced spread of harmful macroalgae in coral reef ecosys-
tems though the increased biomass of their natural grazers
(Shears and Babcock 2003; Shears et al. 2008).

2.1.2 Positive effects on fish populations and ecosystems
outside fishing reserves

Once the protected fraction is reconstituted, if individu-
als are mobile, then these fish can move outside of the closed
area. This is “spillover effect”. The magnitude of the spillover
(increasing the range of abundance and spatial extent of den-
sity enhancement) depends partially on fish characteristics. For
sedentary species, movements of adults and juveniles can be
limited or even non-existent. In contrast, more mobile species
should be able to benefit from spillover effect (e.g., in Carry-
le-Rouet (Mediterranean coast, France) Harmelin-Vivien et al.
2008) if a sufficient part of their life cycle is protected by the
fishing reserve (Maury and Gascuel 1999; Moffitt et al. 2009;
Griiss et al. 2011a). Based on food web models, and not taking
into account fishing reserves effects on habitats, some studies
have shown that potential exports of biomass are of the same
order of magnitude as what could have been caught inside the
reserve without any protection (Valls et al. 2012; Brochier et al.
2013). However, only a few in situ studies focusing on mobile
species support this argument.

Besides the movements of young and adults out of the re-
serve, we should also consider other positive ecological effects
of fishing reserves outside their limits. Spawning biomass in-
creases inside fishing reserves and potential amount of spawn-
ing products is also enhanced by increasing density of old fer-
tile individuals (Berkeley et al. 2004). The related quantity of
eggs and larvae produced in reserves can dramatically increase
after closure, particularly if past exploitation has sharply re-
duced spawning biomass. Therefore eggs and\or larvae pro-
duced inside the reserve can spread towards the open areas
and enhance the fish population (Harrison et al. 2012). This
disseminating effect strongly depends on both local hydrody-
namics and the life history of the species concerned. For in-
stance, the study conducted in the George bank fishing reserves
showed that in some closed areas, 86% of larvae were retained
within the closed areas whereas in other reserves a large part of
the emitted larvae was spread outside (Murawski et al. 2000;
Tian et al. 2009). A significant increase of the adult biomass
directly related to larval enhancement from a reserve was ob-
served up to 8 km from a closed area for abalone in California
(Sweeting and Polunin 2005). More generally, Moffit et al.
(2009) estimated that larval dissemination could have a greater
influence than fish spillover among positive effects of MPAs
outside their limits.

2.2 Impacts on fisheries

Impacts of fishing reserves on fisheries have been less stud-
ied than their ecological consequences. Some general insights
can nevertheless be addressed from both literature and case
studies. Indeed, closing areas to fishing could be compared to
areduction of fishing mortality in traditional fisheries manage-
ment (Maury and Gascuel 1999; Hart 2006):

2.2.1 Immediate negative consequences on fisheries

At first, the establishment of a fishing reserve leads to a
reduction of catches in the short term. The scale of this loss
varies according to the previous importance of the zone for
fisheries but also to the level of access limitation (Holland
2000; Boncoeur 2004).

The redistribution of fishing effort towards other zones
and\or other fisheries can lead to an increase in the costs for
the fishermen who have to move to new areas or change equip-
ment. It can also provoke a congestion of zones remaining
opened to fishing, and an increase in conflicts and pressure on
the resource (Holland 2000; Sanchirico et al. 2002; Boncoeur
2004). For instance, in the George bank area, only four years
after the implementation of closed areas, the spatial redistri-
bution of fishing effort towards other zones caused a severe
decline of the cod stocks in the bay of Maine (Holland 2000).
The redistribution of fishing effort is sometimes impossible be-
cause lack of quotas of capture or access allowance are un-
available or because operational costs increase. In that case,
fishing boats have to sharply reduce or even stop their activity.

2.2.2 Positive consequences at mid-term,
related to ecological effects of MPAs

Fishing reserves can contribute to reducing fishing mortal-
ity on exploited populations and be part of fisheries manage-
ment. This is the case when fishing reserves cover areas where
high densities of exploited species are observed, as fishermen
do not have the opportunity to relocate outside the closed area
the whole fishing effort applied inside prior to the implemen-
tation of fishing restrictions (Maury and Gascuel 1999; Hart
2006). However, only a few studies have been carried out on
the effects of fishing reserves on the scale of fish stocks and
fisheries, which is a major limitation to estimating their effects
at a relevant scale for the management of fish resources (Griiss
et al. 2011a).

Among our case studies, the Trevose box demonstrates that
such effects can be significantly positive. This box was estab-
lished on a cod spawning area to reduce fishing mortality of the
stock. A displacement of the fishing activities outside of the
spawning area was observed, but the decrease induced in the
fishing mortality of the cod stock reached 13% (ICES 2007).

When population renewal is enhanced by a reduction in
fishing mortality, increased yields are expected for fisheries.
This process has been demonstrated from previous meta-
analysis (Worm et al. 2006). Nevertheless, benefits for fisheries
are often localized near the reserve. In theory, when the fishing
effort is high, fishing reserves should contribute to improving
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captures near their borders, thus counterbalancing the negative
impact due to the decrease of the initial fishing zone. In prac-
tice, this effect is shown by the concentration of fishing boats
near fishing reserve borders (i.e., fishing the line; Griiss et al.
2011a; 2011b). In relation to this “fishing the line” effect, in
several case studies (e.g., Murawski et al. 2005), the biomass
of fishes has been shown to decrease strongly on the borders
of closed areas.

Another potential positive effect of fishing reserves for
fisheries is related to their positive influence on the stability of
fishing resources (Pitchford et al. 2007) and ecosystems (Ling
and Johnson 2012). With more extended size and age structure
and a part of the population protected from fishing-induced
evolution (Roberts et al. 2005), fish populations are more re-
silient to the combined effects of environment fluctuations and
fishing pressure (Gell and Roberts 2002), have less recruit-
ment fluctuation, faster reconstitution (Roberts and Hawkins
2000 and 2012) and face a lower risk of collapse (Perez Ruzafa
et al. 2006).

From this short overview of the potential fishing reserve
effects on resources for fisheries, positive effects can be ex-
pected in terms of sustainability for fisheries: the protection
of habitats with a specific interest for exploited resources, the
protection of highly productive areas able to provide signif-
icant spillover effects or larval dispersion and the reduction
in overall fishing mortality. From a previous worldwide meta-
analysis, Worm et al. (2006) reported an increase in fishing
yields related to the positive effects of fishing reserves. Nev-
ertheless, existing MPAs (i) aim at protecting highly variable
resources under combined environmental (e.g., climatic) and
anthropogenic pressures; (ii) are not randomly located and can
protect specific habitats and hotspots; (iii) are far from being
only no-take zones (although effects are more easy to measure
in this case). It is thus complicated to distinguish the effects
due to the fishing reserve from the variability linked to changes
in the environmental conditions or even in reserve or fisheries
management.

3 Criteria of efficiency of marine reserves

The analysis of the scientific literature and qualitative
meta-analysis on case studies highlight that fishing reserve
effects are not systematic and depend on several criteria. In
particular, the effects of fishing reserves outside their borders
face major sources of variability and uncertainty and depend
on connectivity between closed areas and neighbouring zones
(i.e., numerous criteria such as larval dispersal, movement of
individuals including seasonal migrations, and fishing pressure
on the reserve borders, Griiss et al. 2011a; 201 1b). The ecolog-
ical and fishing benefits of marine reserves vary according to
species, their degree of exploitation and the characteristics of
the reserves. In the following section, we highlight the main
criteria to be taken into account to ensure fishing reserve effi-
ciency for living resources, ecosystems and fisheries.

3.1 Time of response after closure

The effects of fishing reserves inside their borders
are generally observed after several years of protection

(Claudet et al. 2008; Vandeperre et al. 2010). The time taken
to observe a reserve effect depends on numerous criteria. This
time can vary according to biological characteristics of species
(spawning biomass, age at maturity, growth rate, fertility, life-
cycle, etc.). Some species, such as scallops, grow fast, can re-
produce at a young age and produce a large number of eggs.
Thus, these animals become rapidly much more abundant, in
only one or two years of protection (Anonymous 2007). For
instance, in the Georges Bank fishing reserves after five years
of protection, scallop biomass (Placopecten magellanicus) in-
creased 14-fold within the closed areas (Murawski et al. 2000),
and eleven years after the establishment of the fishing re-
serves, this increase reached 25-fold (Hart and Rago 2006).
On the contrary, other species, such as predatory fishes, grow
slowly and reproduce later, meaning that their increase in the
reserve occurs many years after its establishment (Anonymous
2007). The response time after a reserve is established also
depends on interactions between species (predators-prey rela-
tions and cascade effect) (Shears and Babcock 2003; Barrett
et al. 2009) and on habitats restoration, i.e., complex and long,
often decadal, processes (Lester et al. 2009; Worm et al. 2006).
Exploited species often answer more rapidly to the protection
while non-exploited species do not benefit in the same way
(Chateau and Wantiez 2005). Nevertheless, the beneficial ef-
fects on fisheries are generally delayed. Indeed, they can be
observed only when the resources and/or the levels of repro-
duction in the reserve allow a reseeding of the neighbouring
zones.

From this point of view, there is a need to maintain access
restriction on the long term. Indeed, reopening of protected ar-
eas provokes a concentration of fishing effort, a fast decrease
in the biomass and a dispersal of individuals outside the for-
merly protected zones. This is what happened in the reserve
of Sumilon (in the Philippines) where protection was stopped
twice for political reasons. During the first reopening of the
reserve, the biomass of fishes declined by 43% in two years.
This area was then closed for 9 years allowing the biomass to
increase by 60%. But a second reopening led to a decline of
about 66% of the biomass in one year (Alcala et al. 2005).

In other words, fishing reserve effects in terms of fisheries
management can be observed after relatively short or medium
term fishing restrictions when they are related to a reduction
in fishing mortality. In contrast, when benefits depend on the
restoration of habitats and/or ecosystem structure, the time
response is longer (usually decades). Restrictions have to be
maintained, as both short and long term effects could be elimi-
nated if fishing access restrictions are removed, even for a short
period of reopening.

3.2 Influence of the size of fishing reserves

3.2.1 Inside a fishing reserve

Meta-analysis (Lester et al. 2009; Halpern 2003) demon-
strated that biological effects observed in response to protec-
tion (biomass, density, size of the individuals, biodiversity,
habitat and trophic structure) inside fishing reserves were ob-
served independently from the size of the reserves. Fishing re-
serves have positive effects on protected communities, even
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when they are small (Fig. 2a). Accordingly, the present case
study analysis presented quite systematic positive effects of
area closure for living resources (Table 1).

Nevertheless, the scale of these impacts is greater if a re-
serve is larger (Halpern 2003) (Fig. 2a). To be efficient for the
preservation of ecosystems and biodiversity, reserves have to
cover a sufficient surface area. The larger a fishing reserve,
the better the protection of living resources (Sale et al. 2005).
Species diversity also increases with the surface area of fish-
ing reserves (Neigel 2003). The larger the protected area is, the
stronger the increase in density of exploited species (Claudet
et al. 2008). Furthermore, a large reserve could protect all habi-
tats that an individual uses during its life (in the case of non-
migratory species) (Sale et al. 2005). Large reserves can also
hold more eggs, larvae and\or young within their borders, al-
lowing a stronger reseeding of the protected populations.

3.2.2 Outside the limits of a fishing reserve

If the objective of a reserve is to manage one or several
fish stocks of commercial interest, it is important to know on
what spatial scale fisheries can benefit from the decline of fish-
ing mortality, as well as larval dispersion and spillover effect
(Hart 2006). While fishing reserves must be large enough to
contain and protect a population of adequate size, they also
have to increase the production of species fished outside (Hart
20006; Sale et al. 2005). For example, for the cod from Georges
Bank area, a migratory species intensely fished in the 80s,

a modelling approach estimated that the collapse of the stock
in 1992 would have been avoided if 80% of the zone had been
closed to fishing activities (without additional measures of
management). The reconstruction of the stock would also have
been possible, with reserves of moderate size (20%) and if sea-
sonal closures had been put in place (Guénette et al. 2000).
Sale et al. (2005) consider that establishing no-take zones rep-
resenting approximately 20% of fishing zones would generally
allow the objectives of preservation of marine biodiversity and
sustainable management of exploited stocks to be achieved.

The size of fishing reserves, mobility of the resources, and
their demographic characteristics interact and influence the ef-
fects of reserves on fisheries (Hart 2006). The present analysis
of case studies based on in situ observations leads to us to con-
clude that the positive effect of fishing reserves on living re-
sources outside their limits is more frequently seen with large
reserves (Table 1). Moreover, Forcada et al. (2009) stated that
if a reserve is small in size, its influence on the adjacent zones
will be limited. Accordingly, the present analysis showed a rel-
ative proportionality between the spatial scale of the border
effect and the surface of the marine reserve: the bigger the ma-
rine reserves, the stronger and the more extended the border
effect (Fig. 2a).

Nevertheless, the influence of the size of the no-take
area on surrounding fisheries appears delayed and complex
(Vandeperre et al. 2010). Overall catch rates appeared to
increase close to small no-take areas. When no-take areas
were larger, catches only increased in the fisheries that were
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expected to benefit most from protection. Accordingly, the
present meta-analysis underlines the same patterns. While
small MPAs seem to positively affect fisheries, some larger
ones are considered to produce negative overall consequences
(Table 1). Nevertheless, these conclusions were drawn from
a variety of case studies, often based on the qualitative per-
ception of local fishermen, and do not provide reliable infor-
mation about consequences of MPAs at the scale of exploited
populations and ecosystems. Even though some modelling ap-
proaches have focused on this question (Hart 2006; Griiss
2011b), such large scale information is rarely available from
in situ data.

3.3 Spatial design and organization of access
restrictions in fishing reserve networks

3.3.1 Identifying essential fish habitats to optimize Marine

Protected Area design

Obviously, MPA networks are especially effective when
every kind of habitat essential to the completion of fish life
cycles is represented. To protect both adults and juveniles of
mobile species facing ontogenetic changes in their spatial dis-
tribution, reserves need to be very large (Griiss 2011a). Nev-
ertheless, to optimize their size-related efficiency, marine re-
serves could have the objective to protect essential habitats
for the realization of a stage of development (spawning ar-
eas, nurseries, etc.) (Gell and Roberts 2003; Nagelkerten et al.
2012).

In certain cases, banning fishing activities in spawning ar-
eas to limit fishing mortality protects large individuals, which
are old and fertile, and thus enhances spawning biomass lead-
ing to an improvement in recruitment (Griiss 2011a). This is
the case in the Trevose Box, for instance, whose objective is to
decrease the fishing mortality of the spawning stock of Celtic
sea cod.

In other situations, the protection of juveniles is more ef-
fective for ensuring the sustainability of a stock. For example,
for saithe in western Scotland, overexploited during the 1990s,
banning access to areas of distribution of the juveniles would
have been more effective in terms of biomasses than sharply
decreasing overall fishing mortalities, with far fewer negative
consequences for catches and fisheries (Pelletier and Magal
1996).

The consideration of the life cycle of resources to be pro-
tected and their dependence on specific habitats is an essential
component for defining effective zones of protection. Indeed,
if the distribution of habitats inside and in the proximity of
the protected sites is inadequate, the expected effects from a
reserve, particularly spillover, can be strongly decreased (For-
cada et al. 2009). So that a species benefits totally from the
protection, a reserve network has to include the habitats es-
sential for it to accomplish its life cycle (Van de Wolsfaar
et al. 2011) and these must be sufficiently connected via an-
imal movements (Blowes and Connoly 2012) (Fig. 2b).

3.3.2 The single large or several small (SLOSS)
controversy

In many regions, biogeographical or socioeconomic rea-
sons make it impossible to have a single rather large fishing

reserve to protect all habitats and the implementation of sev-
eral small MPAs has been considered as a solution.

Fishing reserve size and distance between the reserves
have to take into account the larval dispersal of species to be
protected (Shanks et al. 2003). If a single reserve is not large
enough, an important proportion of larvae becomes dispersed
outside the reserve and does not ensure the reseeding of the
protected population. A network of several medium-sized re-
serves instead allows production of larvae, which will be dis-
persed towards the other reserves or ensure the improvement
of the recruitment in protected zones (Bergen and Carr 2003).

MPA network projects often result more from human crite-
ria than from ecological reasons, i.e., the preservation of small
fisheries and/or leisure activities, minimization of conflicts be-
tween users or opportunities for effective control. For example,
a large fishing reserve obliges local fishermen to increase both
their travel time to reach new areas and their production costs.
For practical purposes, the creation of several small reserves is
often the only option possible along an urbanized coast where
the marine environment is exploited by a multitude of differ-
ent users (Francour et al. 2001; Anonyme 2007). One of the
major socioeconomic advantages of marine reserve networks
compared with a single large reserve is the possibility to fish
between the reserves rather than of being excluded from a wide
zone (Fig. 2¢).

MPA networks also constitute an insurance against vari-
ations in environmental conditions, extreme climate-related
events and other disasters (particularly oil spills). During a dis-
aster affecting a zone that includes some but not all of the re-
serves of a network, those that are saved can allow the renewal
of the affected sectors. Thus a reserve network must consider a
balance between distances near enough to maintain connectiv-
ity but far enough to benefit from risk spreading (Blowes and
Connoly 2012).

3.4 Integrating fishing reserves in larger MPAs
and wider fisheries management systems

3.4.1 Degree of protection inside MPAs

There is a high diversity of protection rules in MPAs.
Whether it is a no-take zone, a multiple-use area, and whether
it is permanent or seasonal, a reserve can be effective for the
preservation and the management of fisheries.

MPAs do not need to be no-take zones to reach some of
their objectives. For example, when the main objective is to
protect habitats, banning only dredging and trawls can be a
solution less constraining than stopping all types of fishing
activity. If the objective is to protect a particular species, it
can be better to restrict access to certain fishing gears. Spatial
management of marine resources can also be achieved through
seasonal closures, in places where marine populations are par-
ticularly vulnerable during a specific life stage (in particular in
spawning areas, Griiss 2011a, 2011b). This is the case of the
Trevose box, where the main objective is to protect a spawn-
ing area. During three months, in the middle of the spawning
season, access to this zone is forbidden for a part of the fishing
boats targeting cod. Adapted supervision is required during the
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reopening for fishing activities to avoid losing the profit related
to the closure.

On another level, MPAs are often organized in several
zones, with a central part where all the human activities are for-
bidden (with the exception of controls and studies). The size
of this zone of strengthened protection is usually restricted.
This no-take zone is surrounded by an intermediate zone, or
buffer zone, where only certain activities are subjected to lim-
itation. Professional fishing is often authorized in the buffer
zone but strictly regulated. Outside this area, the reserve then
has a third zone where regulation of activities is less restrictive.
This kind of organization is effective for fish resources but also
for fisheries. Marine resources often benefit from partial pro-
tection in buffer zones where certain fisheries are authorized,
which allows an increase of captures. In contrast, the absence
of a buffer zone in which fishing would be regulated, leads to
a very strong fishing pressure on the borders (Murawski et al.
2005; Harmelin-Vivien et al. 2008) with harmful effects that
lower MPA benefits. A high concentration of fishers on reserve
boundaries (‘fishing-the-line’) has the potential to significantly
reduce protected population size and, later, to alter the capacity
of reserves to replenish adjacent fished waters through larval,
adult and juvenile export. The intensity and the scale of the
spillover effect depend on the presence of such a zone of tran-
sition (Kaplan 2006; Griiss 2011b).

Restrictive measures of access must thus be chosen accord-
ing to the objectives of the marine reserve. Objectives of bio-
diversity conservation can usually justify high restrictions, in-
cluding the total ban of human activities. In contrast, objectives
related to fish stocks and fisheries management do not neces-
sarily require total closure.

3.4.2 Integration into a management system

To reach ecological objectives and guarantee the sustain-
ability of fishing activities, the establishment of a fishing re-
serve must be integrated with other management measures. In-
deed, fishing reserves are much more effective for resources
and fishing activities if they are associated with additional
management measures (Guénette et al. 2000).

The spatial redistribution of fishing effort that can occur
when a fishing zone is closed can have harmful effects. In
many cases, establishing a fishing reserve without implemen-
tation of management of the redeployment of fishing effort
would not lead to positive outcomes (Hannesson 1998; Hilborn
et al. 2004; Griiss 2011b). On the contrary, in the context of
long term management plans, fishing reserves can contribute
to limiting fishing pressure on certain stocks. For instance, the
improvement of the state of the stocks in the Georges Bank
area is not only linked to the implementation of closed ar-
eas. When the closed areas were established in 1994, a set
of additional measures was introduced. The objectives were
to limit the number of licenses for demersal fisheries, increase
the size at capture and reduce the fishing effort. This combi-
nation of conventional management measures and large fish-
ing reserves was shown to be effective for marine resources
(Gell and Roberts 2002). The interest of integrating MPAs
in wider fisheries management systems is widely established

(Hilborn et al. 2004; Kaplan 2009; Kearney and Farebrother
2012; Guidetti et al., 2013).

In addition, MPAs allow protection of spatial portions of
the exploited marine ecosystems, not only from excessive fish-
ing pressures but also from other anthropogenic pressures; they
allow regulation or even prohibition of all activities that can
potentially be harmful for marine resources and ecosystems
and their exploitation. As a consequence, from the perspec-
tive of an ecosystem approach, MPAs bridge the gap between
fisheries management and integrated management of marine
socio-ecosystems (Guidetti et al., 2013).

3.5 Monitoring and controling fishing reserves

For many fishing reserves, there is lack of scientific moni-
toring to determine their impacts, especially on fisheries. This
is the reason why the present meta-analysis was mainly based
on qualitative information (Table 1). Without specific analy-
sis, the capacity to detect and to measure the impacts of MPAs
on marine resources is hindered by spatiotemporal variability
of fishing resources and cannot be dissociated from other ef-
fects such as the combined ones of changes in fishing practice
and additional measures of management. To analyse marine re-
serve effects with regard to their expected objectives, there is
a need to record the initial state of fishing resources and fish-
eries before the establishment of the reserve. Ideally, analy-
ses should be made before and after the implementation of the
reserve on similar habitats inside and outside of the reserve
(BACT: Before/After Control Impact; Saintilan et al. 2008).
Such analyses, replicated in space and in time, allow the effect
of a reserve to be measured. As such an analysis of the initial
state is rarely made, the effects are instead considered mostly
on the basis of comparisons between the inside and outside
of a reserve, and thus integrate any confounding factors (e.g.,
previously existing gradients linked to habitat suitability and
function), making the evaluation less reliable.

When one of the objectives of a reserve is to contribute to
fisheries management, it is important to analyse the influence
of the reserve at the scale of fish populations and fisheries
(Griiss 2011a). Nevertheless, this analysis is far from system-
atic and consists mostly in estimating the CPUE near a re-
serve’s borders. Monitoring has to consider reserve’s impacts
on the evolution of fishing activity (number of boats, fisher-
men) and the consequences of the transfer of fishing effort to-
wards zones remaining open to fisheries. When stakeholders
are involved in the establishment and governance of MPAs,
they could helpfully contribute to monitoring systems by pro-
viding knowledge (Scholz et al. 2004) and reliable information
related to resources (Edgar and Stuart Smith 2008) or fishing
yields and exploitation. Often, spatial measures of manage-
ment come from fishermen who notice declines of yields and
worry about the sustainability of their activity.

Fishing reserve efficiency depends on the respect for
the legislation. When the cooperation or the control mea-
sures are insufficient, non-compliance with fishing limitations
strongly limits profits expected from the reserves (Sethi and
Hilborn 2008). To guarantee the efficiency in the implementa-
tion of fishing reserves, the definition of their objectives and
the enforcement of a monitoring and controlling system must
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be decided in cooperation with stakeholders, particularly fish-
ermen. The involvement of stakeholders in decision-making
is essential for the success of a marine reserve and helps to
ensure respect for access restrictions (McCook et al. 2010).
Fishermen are often the first to ask for effective control mea-
sures in MPAs and also outside their limits. When the estab-
lishment of an MPA is made with the cooperation of the fisher-
men, costs of maintining limits of access could be significantly
lower. It is important to note that this cooperation is generally
the rule for fishing reserves and is the reason why they are
generally viewed positively by fishermen, at least after MPAs
implementation, even when they were strongly opposed before
these were set up. In particular, some fishermen’s representa-
tives involved in the case studies presented in Table 1 clearly
defend “their” MPAs.

4 Conclusion

Marine protected areas were initially viewed and devel-
oped mostly as tools for biodiversity conservation. Nowadays,
an increasing number of studies demonstrate that they can also
be efficient tools in the context of managing marine resources
and fisheries. From our review it can be highlighted that MPAs
may have positive effects on fish stock abundance, recruitment
and age structure, thus contributing to fisheries resources and
productivity, stability and resilience. Four main processes ex-
plain the potential benefits of MPAs for fisheries: (1) spillover
of fishable biomass outside of the reserve, (2) larvae disper-
sal from highly productive areas, (3) protection of essential
habitats (spawning and nurseries grounds) and (4) reduction in
overall fishing mortality in case of overexploited stocks.

Nevertheless, these beneficial effects for fisheries are far
from systematic. On the one hand, fishery closure usually re-
sults in short term losses in catch and an increase in costs as-
sociated with fishing activities. On the other hand, trophic cas-
cade and complex relationships between species could lead to
unexpected results. More generally, the spatiotemporal natural
variability in environmental conditions and other human im-
pacts may conceal or compromise MPAs effect on exploited
resources. Long term benefits for fishermen are generally de-
layed or difficult to identify and even more difficult to quantify.

There are, therefore, no standard key rules that can guar-
antee the ecological efficiency of MPAs in sustaining living
resources and related fisheries, but some major criteria can be
identified that contribute to making MPAs efficient tools for
fisheries management purposes:

— Because exploited stocks are usually distributed over large
areas, fisheries-oriented MPAs should generally cover
large zones or, to avoid spurious socioeconomic conse-
quences, be organized as MPAs networks; small scale
MPAs may have local significant effects for fishermen, es-
pecially on their borders, but are not sufficient to change
the whole dynamic of exploited stocks.

— A high priority in spatial design of MPAs should be as-
signed to the protection of essential habitats that play a
crucial role in the life cycle of exploited resources. While
spillover effects often appear limited, larvae dispersal and
juvenile protection may have more significant effects at the

stock scale, justifying some strict restrictions on all hu-
man activities, especially in spawning areas and nursery
grounds.

— Short term effects on exploited resources can be expected
from the reduction of overall fishing mortality induced by
no-take zones. Full benefits from MPAs usually involve
habitat restoration and require long term and uninterrupted
protection.

— MPA objectives related to fish stocks and fisheries manage-
ment do not necessarily require total closures. However, in
order to be fully efficient and contribute to limit fishing
pressure on certain stocks, MPAs should be integrated as
part of wider integrated fisheries management plans. Such
plans should particularly aim to avoid unplanned increases
in the fishing pressure outside of protected areas.

— Enforcement of fisheries restrictions is of crucial impor-
tance and cannot be achieved without the implication of all
stakeholders, including fishermens’ representatives. Thus,
participative decision-making appears essential for the suc-
cess of MPAs, as an assurance of respect for restrictive
measures.

More generally, even though governance-related aspects of
MPAs are beyond the scope of the present paper, it should be
noted that MPAs may also be efficient tools to test innovative
management tools (new gears, new spatial or temporal access
regulations, etc.) and to implement new relationships between
stakeholders, thus contributing to improve dialogues and in-
clusive fisheries management.

Implementing increasingly larger MPAs is not a mira-
cle solution for fisheries management, and many criticisms
are now being raised (Kearney and Farebrother 2012). MPAs
should be considered as a tool that can be efficiently imple-
mented in an integrated framework for an ecosystem approach
to fisheries management. MPAs should be included in a broad
approach to spatial planning of all human activities at sea.
They are also a way by which fisheries and conservation can be
reconciled, ultimately contributing not only to the sustainabil-
ity but also the long term social acceptance of the exploitation
of living marine resources.
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