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NPA' _ Much has been written in recent years regarding the advantages of marine protected
EICS)hery, ’ areas (MPAs) as conservation tools. The benefits to fisheries have commonly been
nservation

cited as primary motives in favour of the establishment of MPAs. To date, a good deal
has been theorised with regard to the benefit of MPAs to fisheries in their adjacent
areas, but there has been little empirical evidence to support or refute hypothetical
claims. Considerations for fisheries’ benefits are different to those of ecological
benefits in several respects. Economically, fishers’ livelihoods often depend on the
marine reserve being successful. It is not enough to establish that populations of fish
are growing due to protection; stocks, as well as individual fish have to be
sufficiently large to be catchable by the industry. Furthermore, restrictions in
fishable area ought to be compensated for by increases in catches over time. In
terms of the biology of the fish themselves, evidence has shown that heavily
exploited commercial fish stocks can take much longer to recover from over-
exploitation than previously expected. Although there have been several studies
that consider the effects of export and spill-over, there have been few that focus on
the patterns that these phenomena might have on the surrounding fisheries; many
assume that ecological patterns will manifest in the fishery with time. Recently,
assessment methods and predictive models have been suggested for fisheries
(e.g. Rapfish, Ecopath/Ecosim), some of which have been adapted specifically for
MPAs. In this paper we review recent progress in the field of MPA research with
particular focus on fisheries assessment. We also identify priorities, and knowledge
gaps, for determining and accurately predicting the benefits of MPAs to fishers.
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Fisheries' priorities for southern European MPAs

Introduction

Marine protected areas (MPAs) have received a
lot of attention in recent times with regard to their
benefits in ecological conservation. Although fish-
eries are regularly declared to benefit from MPAs
(e.g. Lauck et al. 1998; Pomeroy et al. 2005; Russ
et al. 2004) there has been a paucity of evidence to
this effect (Russ, 2002). More attention, however,
has been given in recent years to the status of
fisheries resources in terms of empirical investiga-
tions (e.g. Claudei et al., 2008; Coté et al. 2001;
Sale et al., 2005) and the benefits that MPAs might
provide to overexploited fish stocks.

MPA theory is based on some very basic ecological
principles, for example, that areas of the natural
environment will return to a richer, more natural
state if human interference is removed or limited.
Success of an MPA is measured by comparing the
protected area with either data from the same area
before protection was established (e.g. De Loma
et al., 2008; Dufour et al. 1995; Pastoors et al.
2000), or by making comparisons with geographi-
cally separate but similar environments that are
under pressure of human interference (e.g. Kamukuru
et al., 2004; Maliao et al. 2004; Pérez-Ruzafa et al.
2006). Of course, the success of a protected region
depends very much on the state of the area before
protection was put in place as well as the under-
lying dynamics of the system in question. Under
disturbance theory, it is too simplistic to assume
that an area highly impacted by disturbance will
“recover” to its prior state, particularly where a
variety of possible stable states exists (Connell,
1978). Consequently, it is not uncommon for MPAs
to evolve in an unexpected manner in terms of the
number of species and densities of individuals
within its boundaries once protection has been
established (e.g. Dufour et al., 1995). The time
involved in recovery is also difficult to predict and
evidence has shown that in extreme cases ecosys-
tems and species populations, in particular fish
stocks, can take much longer than expected to
recover from over-exploitation (Hutchings, 2000;
Micheli et al. 2004). Jouvenel et al. (2004) for
example, showed that recovery of fish populations
in a Mediterranean marine park was still underway
after five years of protection but full recovery, to
the extent where fisheries begin to benefit, is likely
to take a much greater amount of time.

A large proportion of succession research has
focused on the terrestrial realm (Young et al. 2001)
but whether terrestrial or marine, there are factors
that need to be taken into consideration even after
the source of disturbance has been removed or
mitigated. In either the marine or terrestrial realm,
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recovery of an ecosystem can continue to be
vulnerable to succession-limiting factors such as
recruitment limitation (where the quantity of
available propagules for restoration is restricted,
which may happen if fish populations are driven
below their maximum sustainable yield (MSY)) and
dispersal limitation (the inability of potentially
dominant species to arrive at the protected site
thus altering the ability of a site to recover) (see
Young et al., 2001 and references therein). Further
complications arise where the interspecific rela-
tionships within the ecosystem change (Gascuel
et al. 2005).

Marine reserve theory differs from terrestrial
reserve theory, in terms of modelling at least, in
that the former is predisposed to focus on preser-
ving species richness or particular habitat while the
latter gives greater attention to the protection
of specific species (Gerber et al., 2003). In the
marine realm, stakeholders have tended to take a
short-term perspective, hoping to see benefits
from marine protection within the first five years
(Airamé et al., 2003). Unrealistic expectations are
liable to present themselves especially when fish-
eries management or enhancement is stated as an
objective of MPAs; an aim that was noted as
occurring in 53% of the 30 case studies reviewed
by Boersma and Parrish (1999). With regard to the
aims of southern European MPAs, although fisheries
enhancement has been commonly cited as a
protection priority (Table 1, also see Francour
et al. 2001), much of the supporting research has
focused on assessing conservation status (e.g.
Claudet et al., 2006; [17]Claudet et al., 2008;
Dufour et al., 1995; Jouvenel et al., 2004). In
contrast, northern European MPAs have taken the
form of fish boxes or fisheries closures (see Hoffman
& Vestergaard, 2006 for a review), and the
associated research has been more specifically
fisheries oriented (Crean & Wisher, 2000; Pastoors
et al., 2000; Rijnsdorp, 1998; Rijnsdorp et al.
2001).

How MPAs might contribute to fisheries
management

Advantages of marine protection to fisheries have
focused on two key concepts - “spill-over” and
“export” (Gell & Roberts, 2003; Russ, 2002). The
former suggests that as fish populations within the
core marine reserve (where fishing is assumed to
be prohibited for the sake of theory) increase,
adult fish will naturally migrate or spill-over into
surrounding areas. The second assumes that when
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protected individuals reach maturity and spawn,
their eggs and larvae will be carried in the water
column to unprotected regions, supporting and
enhancing populations outside the marine reserve
boundary that may not have the same density of
spawning adults. Export is notoriously difficult to
estimate since dispersal characteristics and the
scale at which dispersal occurs is still largely
unknown for many species (Carr & Reed, 1992;
Gell & Roberts, 2003; Paddock & Estes, 2000). Even
spill-over, which has been seen to occur, can be
extremely individual, species and/or habitat spe-
cific (Codling, 2008; Murawski et al. 2005). Further,
spill-over effects are often limited in instances
where site fidelity is demonstrated by adult fish, a
phenomenon that occurs particularly in coastal
zones (Topping et al. 2005); MPAs are frequently
located in these areas. In the case of both spill-over
and export it is assumed that the marine reserve
will act as a reservoir for the surrounding,
unprotected, or less-protected waters (Gell &
Roberts, 2003; Roberts, 1998).

Although there have been several studies that
consider the effects of export and spill-over, there
have been few (e.g. Codling, 2008; Harmelin-Vivien
et al., 2008; Murawski et al., 2005; Sanchirico &
Wilen, 2000; Wilcox & Pomeroy, 2003) that focus on
the patterns that phenomena such as spill-over and
export might have on the surrounding fisheries
(Roberts, 1997). Many studies assume that ecologi-
cal assessments will manifest in the fishery with
time. Others, although they attempt to understand
the benefits MPAs offer fisheries, often illustrate
the benefits of protection to populations rather
than to the fishery itself (Claudei et al., 2006;
Harmelin et al. 1995; Rius, 1997). For example,
some studies demonstrate the difference between
protected fish populations and those of unpro-
tected areas by experimentally fishing inside the
no-take zone, albeit with a research permit, but
such studies have little relevance to the fishery
itself as they simply demonstrate the effects that
might be seen in areas that are completely closed,
areas which, ironically, will probably never be
available to fishermen as fishing grounds. Where
spill-over has been evidenced, effects appear to be
very local in nature, i.e. within 5km of the reserve
boundary (Goiii et al. 2004; Harmelin-Vivien et al.,
2008; Murawski et al., 2005).

In studies focusing on the abundance of species
of commercial interest, results have been promis-
ing in some southern European reserves. At the
French reserve of Cote Bleue, for example, a
reserve composed of two sites, Carry-le-Rouet and
Cape Couronne, replenishment of fish stocks has
been observed to be positive, with increased

225

abundances of the most valuable target species
coupled with greater sized individuals (Jouvenel
et al., 2004).

Where MPAs have been employed in the form
of permanent or temporary fisheries closures,
although benefits of closed areas are not a
guaranteed success (Pastoors et al., 2000), such
closures can improve spawning stock biomass for
some species (e.g. Cadrin et al. 1995; Goni et al.
2001) particularly where closures occur at nursery
grounds (Horwood et al. 1998). Closures, even
where temporary, can result in increased abun-
dance, size and improved sex-ratios (Goni et al.,
2001). Alternating opening and closing of fishing
grounds, however, may prove counter-productive
since re-openings have been associated with pulses
of increased fishing pressure (Murawski et al.,
2005).

Although some proponents of the benefits of
MPAs argue that they are indispensable in fisheries
management (Gell & Roberts, 2003) the complex-
ities involved in managing fish resources involve an
intricate mix of biological, economical, social and
cultural issues and MPA approaches are most likely
best considered alongside other management mea-
sures (Degnbol et al., 2006).

What models tell us

MPA assessment has been addressed in the
literature in one of two ways (Petellier et al.,
2008): (i) using empirical data and statistical
analysis; and, (ii) using dynamic predictive
models. Fisheries-specific predictive models have
been devised (e.g. Rapfish, Ecopath/Ecosim)
(Christensen & Walters, 2004) and even adapted
to include the effects of MPAs (Alder et al. 2002;
Doyen & Bene, 2003; Mahévas 6 Pelletier, 2004;
Pitcher et al. 2002) but applications of such models
to realistically assess the effectiveness of MPAs is
lacking. In addition, recent evidence has been
conflicting regarding the predicted effects of
marine reserves on adjacent fisheries (Sanchirico
et al. 2006; White et al. 2008).

Both strategic and tactical models have been
developed for MPAs (Gerber et al., 2003). Strategic
models explore general design features of MPAs
such as size, connectivity and location, while
tactical models look at more specific localised
considerations for particular regions and/or spe-
cies. Models have addressed a wide variety of
fisheries-related MPA parameters such as: ideal no-
take area size for maximising yields (Crowder et al.
2000); population dynamics (Beattie et al. 2002);
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connectivity (Hastings 8t Botsford, 2003); determi-
nation of reserve location (source-sink models)
(Crowder et al., 2000); fishing effort allocation;
spill-over/export (Guénette, Pitcher, fit Walters,
2000; Pérez-Ruzafa et al., in press); and, the
movements of individuals between protected and
unprotected waters (Codling, 2008). For a concise
review of fisheries models see Pelletier and
Mahévas (2005). Despite this, models suffer in
some instances since they aim to be general,
grossly overestimating the amount of area needed
for protection, for example (Dahlgren ft Sobel,
2000; Pezzey et al. 2000). Where specific situations
are modelled (e.g. Pelletier fit Mahévas, 2005)
favourable outcomes are achieved more efficiently.
Petellier et al. (2008) highlight the scale depen-
dency of most MPA evaluation approaches. Small-
scale in-depth studies are bound by observation
limitation but allow for a complete understanding
of snapshots from an entire community, e.g.
through experimental fishing or underwater visual
census (UVC). Larger-scale studies are usually
better evaluators of ecosystem health and sustain-
ability of practices and resources but are often
restricted to a single species, community of fishery
(Doyen fit Bene, 2003).

Tactically, one of the main effects of establishing
a marine reserve or MPA is that access is immedi-
ately restricted to an area that was previously open
to fishing. In this respect fishing effort is either
reduced or dislocated to other areas (Stelzenmiiller
et al.,, 2008). Modelling has indicated that the
benefits to fish stocks by effort restriction through
MPAs are similar to those that can arise due to
traditional fisheries management (Hastings fit Bots-
ford, 1999). In the majority of models reviewed by
Gerber et al. (2003) marine reserves were pre-
dicted to benefit fisheries in cases where fishing
effort was high enough before protection to
significantly reduce recruitment levels, although
relocation of effort was not considered in most
models. In some cases, where fishing effort is low,
models have indicated that fishing productivity
will be reduced when marine reserves are large
(Holland fit Brazee, 1996). Regardless, the regula-
tion of effort and the level to which restrictions are
imposed are crucial to the commercial productivity
of MPAs (Kritzer, 2004).

Strategic models have gone some way to inform-
ing us about the factors that might best favour one
management approach over another. Guénette and
Pitcher (1999), for example, have illustrated the
effects of stock enhancement both within and
without MPAs where fishing intensity approaches
MSY, reserve benefits being linked somewhat to the
size of the area they encompass and the size of the
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spawning population they protect. Similarly, Doyen
and Bene (2003) demonstrated that MPAs can
promote sustainability of fisheries resources where
25% of the stock area is protected, highlighting the
importance of accounting for uncertainty in MPA
allocation.

Methods of evaluating the performance of MPAs
have also been elucidated with the aid of computer
models (e.g. Alder et al., 2002). Petellier et al.
(2008) compiled a series of indicators, from
empirical and model-based literature, that can be
used to test the effectiveness of MPAs according to
different time-scales. Many models designed spe-
cifically for marine reserves are relatively recent
(Gerber et al., 2003). The range of existing models
is explored in some detail in Gerber et al. (2003).

When evaluating reserves in terms of the returns
in the form of profits to the fishing industry,
reserves designed to spatially encompass the larval
dispersal distance of key species were found to be
most profitable to the industry (White et al., 2008).
Interestingly, profits were consistently higher
where marine reserves were managed optimally
compared with optimally managed quota-system
management (White et al., 2008). It is very
interesting that even sub-optimal reserve manage-
ment, allowing for escapement and including effort
regulation, provided equivalent or improved profits
to commercial fisheries.

In any event, the advantages of MPAs, like any
other management tool, are dependent on the
level of compliance and implementation (Kritzer,
2004). It remains doubtful, however, whether MPAs
offer real benefits to fisheries in cases where
fisheries can be effectively managed by more
traditional means (Holland & Brazee, 1996; Pelle-
tier et al.,, 2005; Russ, 2002; Willis et al. 2003).
Micheli et al. (2004), for example, showed that a
significant proportion of species, up to a third in
some cases, showed negative impacts of protec-
tion. Further, for Mediterranean fishes, Guidetti
and Sala (2007) showed that trophic cascades
can be strengthened inside marine reserves, parti-
cularly where species feeding on urchins are
favoured.

Where models have been applied to actual
fisheries (e.g. Drouineau et al. 2006) methods of
increasing yields were determined. Although the
methods for increasing catches are species specific,
in the case of
et al. (2006) identified management strategies,
including MPAs that could potentially increase
yields within a 10-year period. Some studies
have shown that reserves are most likely to
improve harvest biomass only in regions that have
been previously heavily over-exploited (Holland &
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Brazee, 1996; Smith 6 Wilen, 2003). In fact, models
that do not aim to impose marine reserve criteria
but rather seeking ways to maximise fisheries
harvests have found that at least the inclusion of
some hnho-take area gives the optimum harvest
results (Neubert, 2003).

Evidence from empirical research: the
case for southern Europe

The aim of the European Marine Protected Areas
as tools for Fisheries Management and Conservation
(EMPAFISH) project was to focus on fisheries in
southern Europe (Stelzenmiiller et al., 2008;
Vandeperre et al., 2006). MPAs in southern Europe,
particularly in the Mediterranean region, share
some aspects in common, a significant number of
which are sited in shallow rocky coastal areas
(Harmelin, 2000) and or in insular regions (Francour
et al., 2001) (also see Table 1). Many of the MPAs
located in this area are older (Badalamenti et al.
2000 and references therein), smaller reserves that
have similar conservation objectives (Vandeperre
et al.,, 2006), and MPAs are a popular manage-
ment tool across the entire Mediterranean region
(Badalamenti et al., 2000; Harmelin, 2000, Rius,
1997). In several cases, the fisheries associated
with these MPAs share some common factors too,
often being small-scale, low-tech fisheries with
similar target species (Goii et al., 2004; Harmelin,
2000; Vandeperre et al., 2006). Given that the
Mediterranean area is composed of a variety of
sovereign states, there are a number of manage-
ment and enforcement strategies in place in the
region (Badalamenti et al., 2000; Francour et al.,
2001), as such, generalisations across not just the
Mediterranean, but southern Europe as a whole,
should be treated with caution.

In a large-scale study of MPAs in southern Europe,
Claudei et al (2008) demonstrated the importance
of reserve size and the amount of time elapsed
since the implementation of protection in an
ecological study of the effects of MPAs on commer-
cial species. This research showed that the density
of fish within the marine reserve was proportional
to the size of the no-take reserve but was inversely
proportional to the size of the restricted-take area.
This essentially corroborates that “edge effects”
occur, and occur more strongly when the reserve
area is small or productivity is low relative to the
size of the boundary (Bartholomew et al., 2008;
Kellner et al. 2007; Pérez-Ruzafa et al., in press), a
result that was verified by research performed
under the EMPAFISH project (Claudet et al., 2008).
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Empirical research tends to focus on the benefits
of MPAs to the ecosystem or to populations
of particular species. For example, Halpern
(2003) demonstrated that biomass inside a reserve
is higher than in surrounding areas. Similar
findings have emerged through other research
(Garcia-Charton et al., 2004, Goni et al. 2006;
Harmelin-Vivien et al., 2008; Pelletier et al., 2005;
Russ et al., 2004). In terms of southern Europe, in
particular, Harmelin et al. (1995) showed that the
abundance of species commonly targeted by local
fisheries in the region of Carry-le-Rouet reserve in
France were significantly higher. Dufour et al.
(1995) however found this to be less obvious at
the Cerbére-Banyuls reserve. In a study of several
Mediterranean MPAs, Harmelin-Vivien et al. (2008)
detected a gradient of fish biomass that decreased
from more-protected to less-protected areas,
supporting the contribution of spill-over to fisheries
resources.

Contrary to previous studies, Claudet et al.
(2008) found that larger no-take areas result in
greater abundances of commercial species. Not
surprisingly, many studies have found that when
fishing pressure is removed, greater abundances
are found inside marine reserves compared to
adjacent fished areas (Claudet et al., 2008;
Ojeda-Martinez et al. 2007; Paddock B Estes,
2000; Rius, 1997). Mean size of individuals was also
greater inside protected areas in some cases
(Garcia-Rubies B Zabala, 1990). Such results are
useful but do not estimate the contribution these
improved resources make to adjacent fisheries.
There are few studies to date, of which we are
aware, that attempt to evaluate the benefits seen
in the local fisheries (Badalamenti et al., 2000;
Vandeperre et al., 2006; Vandeperre et al.,
unpublished data).

Interestingly, Claudet et al. (2008) also noted
that there was no significant effect of protection on
smaller individuals (juveniles) of commercially
caught species within reserves as compared with
outside. With regard to larval biomass, Mediterra-
nean studies have shown levels to be high in the
area of Medes Islands MPA in both protected and
unprotected areas of the sea (Sabates et al. 2003).
Adult biomass, on the other hand, was sometimes
found to be lower for larger individuals in unpro-
tected areas, varying according to habitat char-
acteristics (Macpherson et al. 2002).

Mediterranean examples have illustrated phe-
nomena that are the converse of what might be
expected from a protected population. Planes
et al. (2000) for example, indicated that recruit-
ment success within MPAs can be equal or even
lower than without, an occurrence which is more
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likely due to increased abundance and size of
predators (Macpherson et al., 2002). Macpherson
et al. (1997) showed that recruitment rates from a
variety of Mediterranean MPAs spanning France,
Spain and Italy demonstrated no significant differ-
ence in recruitment within protected zones com-
pared with unprotected zones, mortality rates
being similar in both protected and reference sites,
refuting to some degree the theory of MPAs acting
as ecological sinks or receiving areas for recruits
(Roberts, 1998).

These examples illustrate the complexity and
heterogeneity of the marine environment in the
Mediterranean and its confounding influence on
measuring the effects of protection. Protection
effects have been far from clear-cut, with other
local factors being seen to contribution to varia-
tions in biomass and fish densities (Macpherson
et al., 2002; Sabates et al., 2003).

Evidence of benefits of MPAs to fisheries

One of the current interests of marine protection
in southern Europe is that of reducing and control-
ling trawling activity. In several regions of south
eastern Spain (Ramos-Espla et al. 2000) and Italy
(Relini et al. 2007), for example, artificial reefs
have been deployed with the twin objective of
preventing trawling and increasing habitat surface
area for the accommodation of vulnerable fish
species (Caddy, 2000; Jensen, 2002). At least for
some trawl ban areas, these increases were also
not found to be accompanied by altered trophic
structures between the reserve and unprotected
areas (Badalamenti et al., 2000, 2008).

Although there is evidence that reserves promote
improved fisheries resources, i.e. increased abun-
dances of commercial species (Claudet et al., 2008;
Halpern, 2003; Mosqueira et al. 2000), there is
little evidence of the contributions these make to
the surrounding fisheries (for exceptions see: Goii
et al., 2004; McClanahan & Kaunda-Arara, 1996;
McClanahan & Mangi, 2000). Declines in several
Mediterranean species have been noted in recent
decades (Briand, 2000; Stergiou et al. 1997),
manifesting both in recreational fisheries as well
as in professional exploits (Coli et al., 2004).

Work by Micheli et al. (2004) indicates that the
benefits of MPAs to target species of commercial
fish is greater than for non-target, showing in-
creased abundances and higher trophic levels inside
protected areas. Similar work by Mosqueira et al.
(2000) corroborated evidence of increases in
abundances of target species. In a large-scale study
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of southern European MPAs, Claudet et al. (2008)
also identified increased abundances of typically
targeted individuals, both in terms of species and
size range within reserves, a pattern that was not
seen for non-target commercial and non-commer-
cial individuals.

However, there remains a need for further small-
scale investigations of effort intensity and (re)
distribution (e.g. Murawski et al., 2005; Ragnarsson
& Steingrimsson, 2003, Stelzenmiiller et al., 2008;
Wilcox & Pomeroy, 2003). Concentration of effort
around the reserve boundary has been a common
phenomenon in MPA research (Goni et al., 2004;
Murawski et al., 2005; Wilcox & Pomeroy, 2003).
Stelzenmiiller et al. (2008) detected similar pat-
terns across selected EMPAFISH protected areas.
Although one study demonstrated that the revenue
per unit effort was found to be higher in the areas
immediately adjacent to reserve boundaries,
catches varied more greatly than in surrounding
areas (Murawski et al., 2005).

Considerations for future management of
low-tech fisheries

One problem with MPAs is that “success” or
“effectiveness” criteria and methods of evaluation
are not often set (Alder et al., 2002). Evaluating
the effectiveness of an MPA in terms of whether
resources have increased, decreased or stabilised is
useful, but it is not a measure of sustainability of
the relevant populations, or the ecosystem as a
whole (Boesch, 1999). High-quality evaluation of
fisheries effects of MPAs needs to take a two-
pronged approach; monitoring of the fishery in
addition to monitoring of the resource. In practice,
the information necessary to monitor the fishery
has proved limiting to the management of fish
stocks for decades since obtaining accurate catch
information from the fishing vessels involved is
tricky (Francour et al., 2001). Particularly, with
regard to Mediterranean artisanal fishers, Himes
(2003) has shown how fishermen feei distanced
from the management process. It is crucial, there-
fore, to involve fishers in conservation strategies.

In order to determine the status of the industry
as a response to marine protection, information
required corresponds to that needed for ecological
studies, i.e. detailed records of catches from
before and after implementation of the MPA
Unfortunately, in many cases, fisheries data for
small-scale, low-tech fisheries lack spatial refer-
ences. Knowledge of spatial aspects of a fleet’s
behaviour not only allows for greater insight into
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effort concentration (Murawski et al., 2005;
StelzenmiiUer et al., 2007; Stelzenmiiller et al.,
2008; Wilcox & Pomeroy, 2003) but also allows for
confounding factors such as natural habitat varia-
tion, or the “habitat effect” (Bayle-Sempere &
Ramos-Espla, 2003; Garcia-Charton & Pérez-
Ruzafa, 1999; Macpherson et al., 2002) to be taken
into account. Habitat complexity and its influence
on ecosystem processes has only recently begun
to be understood (Levin, 1992). Garcia-Charton and
Pérez-Ruzafa (1999) emphasise the importance of
considering the underlying habitat complexity
when designing such evaluative studies.

In terms of fisheries priorities, it is important to
monitor the health of fish stocks in order to manage
fisheries resources for the future. In an uncertain
environment where species have proved more
vulnerable than previously imagined (e.g. Hutchings,
2000), such monitoring and research is crucial. With
respect to MPAs, where stocks are often over-
exploited from the outset or close to depletion,
such research is pressing. It is common, however,
and also unhelpful to confuse stock assessment
studies with evaluations of the effect of MPAs on
fisheries. Of course the health of the fishery
resource is crucial to the health of the fishery but
a healthy resource is not necessarily exhibited as
increased catches and landings to the fisherman,
particularly where the resource is present in a no-
take zone (e.g. Goiii et al., 2004; Horwood et al.,
1998; Micheli et al., 2004). It is prudent, therefore,
to understand the trends in catches and landings
that manifest in actual fisheries around reserves
before leaning too heavily on claims that they will
benefit from closed regions. In terms of fisheries,
the sacrifices made in the name of marine protec-
tion are higher than those in other sectors. When a
portion of a traditional fishing ground is closed or
restricted fishermen suffer a reduction in spatial
resources and, usually, forced relocation (Murawski
et al., 2005). In order for fisheries to benefit from
marine protection, therefore, augmentation of
stocks in surrounding areas due to spill-over
and export must match or exceed the volume of
the resource lost through the reduction in fishing
area, which unfortunately is not always the case
(McClanahan & Mangi, 2000).

Research on the success of marine protection
must go hand in hand with more fisheries-specific
investigations in order, for example to determine
which fishing strategies will offer some level of
sustainability to recovering stocks (e.g. Goii et al.,
2003). Although there is a paucity of research on
MPAs in northern Europe in comparison to southern
Europe, approaches to MPA evaluation in the latter
could benefit from some of the approaches taken in
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the north. In southern Europe, evaluation of MPAs is
often carried out using ecological sampling meth-
ods such as UVC (e.g. Claudet et al., 2008; Garcia-
Charton et al., 2004; Garcia-Rubies 8 Zabala,
1990). Using fisheries logbook data (Pastoors
et al., 2000) or onboard sampling of catches,
commercially caught or via experimental fishing
(Badalamenti et al., 2008; Goiii et al., 2003; Goni,
Quetglas, & Renones, 2004), would not only focus
the evaluation of MPAs on the benefits of fisheries
specifically but would also bring research strategies
across Europe into alignment.

Finally, management and surveillance remains a
troublesome issue (Francour et al., 2001) and this
needs to be dealt with in order to ensure that there
is a true protected area in place before attempting
to evaluate such sites.

Acknowledgements

This research was carried out with financial
support from the Commission of the European
Communities, specific RTD programme “Specific
Support to Policies”, SSP-2003-006539 “European
Marine Protected Areas as Tools for Fisheries
Management and Conservation-EMPAFISH” . It does
not necessarily reflect its views and in no way
anticipates the Commission’s future policy in this
area.

References

Airamé, S, Dugan, J. E.,, Lafferty, K D., Leslie, H.,
McArde, D. A., & Wamer, R R (2003). Applying
ecological criteria to marine reserve design: A case
study from the Califoria Channel Islands.

Applications, 3170-S184.

Alder, J., Zeller, D., Pitcher, T., 6 Sumaila, R (2002). A
method for evaluating marine protected area manage-
ment. Coastal Management,121-131.

Badalamenti, F., D'Anna, G., & Riggio, S (2000). Artificial
reefs in the Gulf of Castellammare (North-West Sicily):
A case study. In A. C. Jensen, J. K Callins, & A. P M.
Lockwood (Eds.), Artificial
(pp. 75-96). London: Kluwer.

Badalamenti, F, Sweeting, C. J., Polunin, N. V. C,,
Pinnegar, J., DAnna, G., & Pipitone, C. (2008).
Limited trophodynamics effects of trawling on three
Mediterranean fishes. Marine765-773.

Bartholomew, A., Bohnsack, J. A, Smith, S G,
Ault, J. S, Harper, D. E, & Mcclellan, D. B. (2008).
Influence of marine reserve size and boundary length
on the initial response of exploited reef fishes in the
Florida Keys National Marine Sanctuary, USA

scape Ecology, B35-65.



230

Bayte-Sempere, J. T., & Ramos-Espla, A. A (2003).
Effectiveness assessment of an artificial reef off
Tabarca Island (Alicante, Southeastern Iberian Penin-
sula). Boletin
183-197.

Beattie, S., Sumaila, U. R., Christensen, V., & Pauly, D.
(2002). A model for the bioeconomic evaluation of
marine protected area size and placement in the
North Sea. Natural

Boersma, P. D., 6 Parrish, J. K (1999). Limiting abuse:
Marine protected areas, a limited solution.

Economics, 287-304.
Boesch, D. F (1999). The role of science in ocean

governance. EcologicalEco189-198.
Briand, F (Ed.) (2000). Fishing
food webs? GESV

26-30 July, 2000.

Caddy, J. E (2000). A fisheries management perspective

on marine protected areas in the Mediterranean.
Environmental Conservation,98-103.

Cadrin, S X., Howe, A. B., Correia, S J., & Currier, T. P
(1995). Evaluating the effects of two coastal mobile
gear fishing closures on finfish abundance off Cape
Cod. North American Jour

ment, 300-315.

Car, M. H., & Reed, D. C. (1992). Conceptual issues
relevant to the design of marine harvest refuges:
Examples from temperate reef fishes.

Journal of Fisheries an
2019-2028.

Christensen, V., & Walters, C. J. (2004). Ecopath with
Ecosim: Methods, capabilities and limitations.

gical Modeling, Z09-139.

Claudet, J., Osenberg, C. W. Benedetti-Cecchi, L.,
Domenici, P, Garcia-Charton, J. A., Pérez-Ruzafa,
A, et al. (2008). Marine reserves: Size and age do
matter. Ecology Letters, 81-489.

Claudet, J., Pelletier, D., Jouvenel, J. Y., Bachei, F, &
Galzin, R (2006). Assessing the effects of marine
protected area (MPA) on a reef fish assemblage in a
northwestern Mediterranean marine reserve: Identify-
ing community-based indicators.

tion, P49-369.

Codling, E A. (2008). Individual-based movement beha-
viour in a simple marine reserve-fishery system: Why
predictive models should be handled with care.

Hydrobiologia, p5-61.

Coli, J., Linde, M., Garcia-Rubies, A., Riera, F., & Grau,
A. M. (2004). Spearfishing in the Balearic Islands (VWest
Central Mediterranean): Species affected and catch
evolution during the period 1975-2001.

Research, g7-111.

Connell, J. H. (1978). Diversity in tropical rain forests and
coral reefs - High diversity of trees and corals is
maintained only in a non-equilibrium state.

9302-1310.

Coté, I. M., Mosqueira, |, 6 Reynolds, J. D. (2001).
Effects of marine reserve characteristics on the
protection of fish populations: A meta-analysis.

Journal of Fishg9(Suppl. A), 178-189.

Instituto Esp

Resource413-437ahlgren, C. P, 6 Sobel, J.

workshopKerkyra, Greecegience,

R.M. Higgins et al.

Crean, K., & Wisher, S J. (2000). Is there a will to
manage fisheries at a local level in the European
union? A case study from Shetland.

471-481.

Crowder, L. B., Lyman, S J., Figueira, W. F., & Priddy, J.
(2000). Source-sink population dynamics and the
problem of siting marine reserves.

Science, 66, 9-820.

(2000). Designing a dry
tortugas ecological reserve: How big is big enough?...
to do what? Bulletin ofMarin707-719.

De Loma, T. L, Osenberg, C. W, Shima, J. S,
Chancerelle, Y., Davies, N., Brooks, A. J., et al.
(2008). Framework for assessing impacts of marine
protected areas in Moorea (French Polynesia).

831-441.

Degnboal, P., Gislason, H., Hanna, S., Jentoft, S., Nielsen,
J. R,, Sverdrup-Jensen, S., et al. (2006). Painting the
floor with a hammer: Technical fixes in fisheries
management. MarinePolicy, 84-543.

Doyen, L., & Bene, C. (2003). Sustainability of fisheries

through marine reserves: A robust modeling
analysis. Journal of  Environme
1-13.

Drouineau, H., Mahévas, S., Pelletier, D., & Beliaeff, B.
(2006). Assessing the impact of different management
options using Isis-Fish*: The French

luccius-Nephrops norvegicusmixed fishery o
of Biscay. Aquatic LivingR15-29.

Dufour, V., Jouvenel, J. Y., & Galzin, R (1995). Study of a
Mediterranean reef fish assemblage. Comparisons of
population distributions between depths in protected
and unprotected areas over one decade.

Living Resources,8, 17-25.

Francour, P, Harmelin, J. G., Pollard, D., & Sartoretto, S.
A. (2001). Review of marine protected areas in the
northwestern Mediterranean region: Siting, usage,
zonation and management.

Marine and Freshwater Ecosystems, 155-188.

Garcia-Charton, J. A., & PérezRuzafa, A (1999).
Ecological heterogeneity and the evaluation of the
effects of marine reserves.

1- 20.

Garcia-Charton, J. A., Pérez-Ruzafa, A., Sanchez-Jérez,
P., Bayle-Sempere, J. T., Renones, O., & Moreno, D.
(2004). Multi-scale spatial heterogeneity, habitat
structure, and the effect of marine reserves on
Western Mediterranean rocky reef fish assemblages.

Marine Biology, 461-182.

Garcia-Rubies, A., & Zabala, M. (1990). Effects of total
fishing prohibition on the rocky fish assemblages of
Medes Islands marine reserve NW Mediterranean.

Scienta Marina,817-328.

Gascuel, D., Bozec, Y. M., Chassot, E., Colomb, A., &
Laurans, M. (2005). The trophic spectrum: Theory and
application as an ecosystem indicator.

Manne Science,843-452.

Gell, E R, & Roberts, C. M. (2003). Benefits beyond

boundaries: The fishery effects of marine reserves.
Trends in  EcologyB Evolution, 48-455.



Fisheries’ priorities for southern European MPAs

Gerber, L. R, Botsford, L. W., Hastings, A., Possingham,
H. P, Gaines, S. D.,, Palumbi, S R, et al. (2003).
Population models for marine reserve design: A retro-
spective and prospective synthesis.

cations, 347-S64.

Gofi, R., Quetglas, A., fit Renones, 0. (2003). Differential
catchability of male and female European spiny
lobster
and trammel nets.

Gofi, R, Quetglas, A., & Renones, 0. (2004). Influences
of a marine reserve on catches and effort the
adjoining spiny lobster PFabricius,
1787 fishery. ICES

Goni, R, Quetglas, A., & Renones, 0. (2006). Spill-over of
spiny lobsters Palinurus elea marine reserve
to an adjoining fishery.

Series, B07-219.

Goii, R., Renones, O., & Quetglas, A. (2001). Dynamics of

a protected Western Mediterranean population of the

European spiny lobster Pa(Fabricius,
1787) assessed by trap surveys.
water Research, F577-1587.

Guénette, S, &t Pitcher, T. J. (1999). An age-structured
model showing the benefits of marine reserves in
controlling overexploitation.

295-303.

Guénette, S., Pitcher, T. J., & Walters, C. J. (2000). The
potential of marine reserves for the management of
Northern cod in Newfoundland.

Science, B31-852.

Guidetti, P, & Sala, E (2007). Community-wide effects

of marine reserves in the Mediterranean Sea.
Ecology - Progress

Halpemn, B. S. (2003). The impact of marine reserves: Do

reserves work and does reserve size matter?
Applications, 3117-5137.

Harmelin, J. G. (2000). Mediterranean marine protected

areas: Some prominent traits and promising trends.
Environmental

Harmelin, J. G., Bachei, F, a Garcia, F (1995).
Mediterranean marine reserves: Fish indices as
tests of protection efficiency.

Stazione Zoologica di N
233-250.

Harmelin-Vivien, M., Le Diréach, L., Bayle-Sempere, J.,
Charbonnel, E., Garcia-Charton, J. A., Ody, D., et al.
(2008). Gradients of abundance and biomass across
reserve boundaries in six Mediterranean marine
protected areas: Evidence of fish spill-over?

Conservation, 4829-1839.

Hastings, A., a Botsford, L W. (1999). Equivalence in
yield from marine reserves and traditional fisheries
management. Science,8537-1538.

Hastings, A., a Botsford, L. W. (2003). Comparing designs
of marine reserves for fisheries and for biodiversity.

Ecological Applications, S65-S70.

Himes, A. H. (2003). Small-scale Sicilian fisheries:
Opinions of artisanal fishers and sociocultural effects
in two MPA case studies.

389-408.

C. BD041Y:08 (24pp.)and future.

Series, 8-56.

Conservation,104-105.

231

Hoffman, E., a Vestergaard, 0. (2006). Review of marine
protected areas as a tool for ecosystem conservation
and fisheries management. (151pp.).

Holland, D. S., a Brazee, R J. (1996). Marine reserves for
fisheries management. Ma

11, B7-171.
Horwood, J. W., Nichals, J. H,, a Miligan, S (1998).

Palinuruselephas(Fabricius, 1787) in trapE&valuation of closed areas for fish stock conservation.
Fisheries295-307.

Journal of Applied Ecology,893-903.

Hutchings, J. A. (2000). Collapse and recovery of marine
fishes. Nature, $82-885.

Jensen, A. (2002). Artificial reefs of Europe: Perspective

ICES Journal
S3-513.

Jouvenel, J. Y. Bachet, F, Hamelin, J. G., a Bellan-
Santini, D. (2004). Biological monitoring of a marine
reserve (‘Cote Bleue’ Marine Park, Marseilles Bay,
Mediterranean Sea, France).

Terre Et La Vie 213-251.

Kamukuru, A T., Mgaya, Y. D., a Ohman, M. C. (2004).
Evaluating a marine protected area in a developing
country: Mafia Island Marine Park, Tanzania.

Coastal Management, $21-337.

Kellner, J. B., Tetreault, I., Gaines, S D., a Nisbet, R M.
(2007). Fishing the line near marine reserves in single
and multispecies fisheries.

7039-1054.

Kritzer, J. P (2004). Effects of noncompliance on the
success of alternative designs of marine protected-
area networks for conservation and fisheries manage-
ment. Conservation Biology,1021-1031.

Lauck, T., Clark, C W., Mangel, M., a Munro, G R
(1998). implementing the precautionary principle in
fisheries management through marine reserves.

logical Applications, 872-S78.

Levin, S A (1992). The problem of pattern and scale in
ecology. Ecology, $943-1967.
Macpherson, E., Biagi, F., Francour, P, Garcia-Rubies, A.,

Harmelin, J., Hammelin-Vivien, M., et al. (1997).
Mortality of juvenile fishes of the genus in
protected and unprotected areas in the Westem
Mediterranean Sea. Marine
635-147.

Macpherson, E., Gordoa, A., a Garcia-Rubies, A. (2002).
Biomass size spectra in littoral fishes in protected and
unprotected areas in the NW Mediterranean.

iae Coastal and ShelfScience77-788.

Mahévas, S., a Pelletier, D. (2004). Isis-Fish, a generic
and spatially explicit simulation tool for evaluating
the impact of management measures on fisheries
dynamics. EcologicalModellin65-84,

Maliao, R J., Webb, E L., a Jensen, K R (2004). A
survey of stock of the donkey’s ear abalone,

asininalL .in the Sagay Marine Reserve, Philippines:
Evaluating the effectiveness of marine protected area
enforcement. FisheriesRes343-353.

McClanahan, T. R, a Kaunda-Arara, B. (1996). Fishery

recovery in a coral-reef marine park and its effect on

the adjacent fishery.

1187-1199.



232

McClanahan, T. R, & Mangi, S. (2000). Spill-over of
exploitable fishes from a marine park and its effect on
the adjacent fishery. Ecological
1792-1805.

Micheli, F., Halpem, B. S., Botsford, L. W., & Wamer, R
R (2004). Trajectories and correlates of community
change in no-take marine reserves.

cations, A709-1723.

Mosqueira, |., Cété, I. M., Jennings, S., & Reynolds, J. D.
(2000). Conservation benefits of marine reserves for
fish populations. AnimalC321-332.

Murawski, S. A., Wigley, S. E., Fogarty,. J., Rago, P J., 6
Mountain, D. G. (2005). Effort distribution and catch
patterns adjacent to temperate MPAs.

Marine Science, #150-1167.

Neubert, M. G. (2003). Marine reserves and optimal
harvesting. EcologyLetters, 843-849.
Ojeda-Martinez, C., Bayle-Sempere, J. T., Sanchez-
Jerez, P, Forcada, A., & Valle, C. (2007). Detecting
conservation benefits in spatially protected fish
populations with meta-analysis of long-term monitor-
ing data. Marine

Paddock, M. J., & Estes, J. A. (2000). Kelp forest fish
populations in marine reserves and adjacent exploited
areas of Central California.

#55-870.

Pastoors, M. A., Rijnsdorp, A. D., & Van Beek, F A
(2000). Effects of a partially closed area in the North
Sea ("plaice box” ). On stock development of plaice.

ICES Journal

Petellier, D., Claudet, J., Ferraris, J., Benedetti-Cecchi,
L., & Garcia-Charton, J. A. (2008). Models and
indicators for assessing conservation and fisheries-
related effects of marine protected areas.

Journal of Fisheries an
765-779.

Pelletier, D., Garcia-Charton, J. A., Ferraris, J., David,
G., Thebaud, 0., Letourneur, Y. et al. (2005).
Designing indications for evaluating the impact of
marine protected areas on coral reef ecosystems: A
multi-disciplinary standpoint.

sources, 1815-33.

Pelletier, D., & Mahévas, S. (2005). Spatially explicit

fisheries simulation models for policy evaluation.
and  Fisheries, 6307-349.

Pérez-Ruzafa, A., Gonzalez-Wanguemert, M., Lenfant, P,
Marcos, C., 6 Garcia-Charton, J. A. (2006). Effects of
fishing protection on the genetic structure of fish
populations. Biological

Pérez-Ruzafa, A., Martin, E., Zamarro, J. M., Stobart, B.,
Harmelin-Vivien, M., Poiti, S., etal. Modelling spatial
and temporal scales for spill-over and biomass
exportation from MPAs and their potential for fisheries
enhancement. Journal
issue, doi:10.1016/j.jnc.2008.09.003.

Pezzey, J. C. V., Roberts, C. M., & Urdal, B. T. (2000). A
simple bioeconomic model of a marine reserve.

Ecological Economics, B7-91.

Pitcher, T. J., Buchary, E A., & Hutton, T. (2002).

Forecasting the benefits of no-take human-made reefs

Biology,1153-1161.

of Marine Science,1014-1022.

Cons244-255. Coral

forthis

R.M. Higgins et al.

using spatial ecosystem simulation.
Marine Science, 817-S26.

Planes, S., Galzin, R., Rubies, A. G., Gofi, R., Harmelin,
J. G, Le Direach, L., et al. (2000). Effects of marine
protected areas on recruitment processes with special
reference to Mediterranean littoral ecosystems.

Environmental Conservation,126-143.

Pomeroy, R S., Watson, L. M., Parks, J. E., & Cid, G. A
(2005). How is your MPA doing? A methodology for
evaluating the management effectiveness of marine
protected areas. Ocean&
485-502.

Ragnarsson, S. A., & Steingrimsson, S. A. (2003). Spatial
distribution of otter trawl effort in Icelandic waters:
Comparison of measures of effort and implications for
benthic community effects of trawling activities.

Journal of Marine Science,1200-1215.

Ramos-Espla, A. A., Guillén, J. E., Bayle, J. T., &
Sanchez-Jérez, P. (2000). Artificial anti-trawling reefs
off alicante, South-Eastem Iberian Peninsula: Evolu-
tion of reef block and set designs. In A. C. Jensen, K
J. Collins, & A. P M. Lockwood (Eds.),

inEuropean
Academic Publishers.

Relini, G., Relini, M., Palandri, G., Merello, S., &
Beccomia, E (2007). History, ecology and trends for
artificial reefs of the Ligurian Sea, Italy.

2193-217.
Rijnsdorp, A. D. (1998). Develo
ecology of  plaice after esta

to¥Document prepared on request of DGXIV, August
1998.
Rijnsdorp, A. D., Piet, G. J., & Poos, J. J. (2001). Effort
allocation of the Dutch beam trawl fleet in response to
a temporarily closed area in the North Sea.
theme session on case studies
fisheries management (N).
Rius, M. (1997). The effect of protection on fish

populations in the Ses Negres Marine Resenve
(NW Mediterranean, Spain).
499-504.

Roberts, C. M. (1997). Ecological advice for the global

fisheries crisis. Trends in
35-38.

Roberts, C. M. (1998). Sources, sinks, and the design of
marine reserve networks. 16-19.

Russ, G. R (2002). Yet another review of marine reserves
as reef fisheries management tools. In P. F Sale (Ed.),

reeffishes: Dynamics

ecosystem(pp. 421-443). San Diego, CA: Academic

Press.

Russ, G. R, Alcala, A. C., Maypa, A. P., Calumpong, H. P,
& White, A. T. (2004). Marine reserve benefits local
fisheries. EcologicalApplication ®7-606.

Sabates, A., Zabala, M., & Garcia-Rubies, A. (2003).
Larval fish communities in the Medes Islands marine
reserve (North-West Mediterranean).

Plankton Research, 3035-1046.

Sale, P F,, Cowen, R K, Danilowicz, B. S., Jones, G. P,

Kritzer, J. P, Lindeman, K C., et al. (2005). Critical

seas(pp. 195-218). Dordrecht: Kluwe



Fisheries* priorities for southern European MPAs

science gaps impede use of no-take fishery reserves.
Trends in &

Sanchirico, J. N., Malvadkar, U., Hastings, A., & Wilen, J.
E (2006). When are no-take zones an economically
optimal fishery management strategy?

Applications, $643-1659.

Sanchirico, J. N., & Wilen, J. E (2000). The impacts of

marine reserves on limited entry fisheries.
Resource Modeling,15,291-310.

Smith, M. D., & Wilen, J. E (2003). Economic impacts of

marine reserves: The importance of spatial behaviour.
Journal of Environmental
ment, 883-206.

Stelzenmiiller, V., Maynou, F., Bemard, F., Cardiou, G,
Camiller, M., Crec’hriou, R., et al. (2008). Spatial
assessment of fishing effort around European marine
reserves: Implications for successful fisheries manage-
ment. Al anne Pollutiontd press.

Stelzenmiuiller, V., Maynou, F., fit Martin, P (2007). Spatial
assessment of benefits of a coastal Mediterranean

marine protected area. B
571-583.
Stergiou, K |, Christou, E D., Georgopoulos, D.

Zenetos, A., fit Souvermezoglou, C. (1997). The
Hellenic seas; Physics, chemistry, biology and fish-
eries.

Oceanography andMarine Biology,415-538.

233

Topping, D. T., Lowe, C. G., & Caselle, J. E (2005). Home
Evolution, 7¢u@e and habitat utilization of adult California

sheephead, Semicossyphus(Labridae),
temperate no-take marine reserve.
B01-311.

Vandeperre, F., Higgins, R M., Santos, R S., Marcos, C.,
fit Pérez-Ruzafa, A. (Coord.) (2006). Fishery regimes in
Atlanto-Mediterranean European Marine protected
areas. BEVPAFISHBooklet no. 2 (108pp.).
Murcia: Editum.

White, C., Kendell, B. E., Gaines, S., Siegel, D. A., fit
Costello, C. (2008). Marine reserve effects on fishery
profit. Ecology  Letters,370-379.

Wilcox, C., fit Pomeroy, C. (2003). Do commercial fishers
aggregate around marine reserves? Evidence from Big
Creek Marine Ecological Reserve, central California.

North American Journal of
241-250.

Willis, T. J., Millar, R B., Babcock, R C., & Tolimieri, N.
(2003). Burdens of evidence and the benefits of
marine reserves: Putting Descartes before des horse?

Environmental Conservation,97-103.

Young, T. P, Chase, J. M., & Huddleston, R T. (2001).

Succession and assembly as conceptual bases

in community ecology and ecological restoration.

Eco logical Restoration,

n

$-19.



