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Abstract – Inshore marine areas host key habitats for the biological cycle of many marine populations, but are subject

to strong anthropogenic pressure. Uses of inshore areas are multiple and often give rise to conflicting interests. In this
context, marine protected areas (MPAs) and artificial reefs (ARs) are increasingly regarded as interesting management
measures, in that they contribute to ecosystem conservation, fisheries sustainability, and because they can be helpful
in zoning coastal areas in order to reduce conflicts between users. Beyond these expected benefits, it is important to
appraise whether MPAs and ARs meet managers’ objectives. This review focuses on the interaction between ecological
sciences and management in the purpose of establishing or monitoring MPAs and ARs. We first study how objectives
have to be formalized through management plans, and which kinds of information need to be collected in this respect.
We then report management objectives related to MPAs and ARs, and list corresponding observed eﬀects. Finally, we
discuss the present role of monitoring and scientific research in the management process and propose a few perspectives
for scientific research.
Key words: Marine protected areas / Artificial reefs / Fish / Impact assessment / Management / Management actions
objectives / Monitoring
Résumé – Aires marines protégées et récifs artificiels : une synthèse des interactions entre gestion et études

scientifiques. Les zones côtières abritent des habitats-clés pour le cycle biologique de nombreuses populations marines,
mais sont soumis à une forte pression anthropique. Les usages de la bande côtière sont multiples et occasionnent souvent
des conflits d’intérêts. Dans ce contexte, les aires marines protégées (AMP) et les récifs artificiels (RA) sont de plus
en plus considérés comme des mesures de gestion pertinentes dans la mesure où ils contribuent à la conservation de
l’écosystème, au maintien des pêcheries, et parce qu’ils peuvent être utiles pour allouer l’espace côtier entre usagés
et pour réduire certains conflits. Au-delà de ces bénéfices attendus, il est important d’évaluer si les AMP et les RA
satisfont les objectifs des gestionnaires. Dans cette synthèse bibliographique, nous nous intéressons, en particulier, aux
interactions entre les sciences écologiques et la gestion concernant l’établissement ou le suivi des AMP et RA. Nous
étudions, en premier lieu, comment les objectifs doivent être formalisés au travers des plans de gestion, et quels types
d’information sont ainsi nécessaires à collecter. Nous présentons ensuite les objectifs de gestion en relation avec les
AMP et les RA, et les eﬀets observés correspondants. Enfin, nous discutons du rôle des suivis scientifiques et de la
recherche dans le processus de gestion et proposons quelques perspectives de recherche.

1 Introduction
Inshore marine areas, in particular shallow shelf areas, host
key habitats for the biological cycle of many marine populations. At the same time, they are subject to strong anthropogenic pressure. Inshore uses have deeply evolved these
last decades and most resources are now being overexploited
(Lauck et al. 1998; Castilla 2000), raising doubts as to fisheries
sustainability (Murray et al. 1999; Pauly et al. 2002). In order
a
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to protect and restore biological resources, implementation of
new measures or adaptations of existing management measures have become urgent at both local and regional scales.
Because most fishing activities, either commercial or recreational are practiced in specific and sometimes small inshore
areas, Marine Protected Areas (MPAs) and Artificial Reefs
(ARs) have been envisaged as potentially interesting tools to
deal with the availability and accessibility of marine resources
(White et al. 1990). A MPA is defined as “any area of the intertidal or subtidal terrain, together with its overlying water and
associated flora, fauna, historical and cultural features, which
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has been reserved by law or other eﬀective means to protect
part or all of the enclosed environment” (IUCN 1988). An AR
is defined as “any material or matter deliberately placed in an
area of the marine environment where that structure does not
exist under natural circumstances for the purpose of protecting,
regenerating, concentrating or increasing populations of living
marine resources, or for enhanced recreational use of the area”
(Anonymous 2003).
In the last decade, MPAs and ARs have become quite
popular (Jones et al. 1993; Cocklin et al. 1998; Pomeroy
1999; Halpern 2003), and it is now important to establish to
what extent they have met managers’ objectives. The U.S.
Congress’ Executive Order 13518 on MPAs (May 26, 2000)
called for the development of “practical, science-based criteria
and protocols for monitoring and evaluating the eﬀectiveness
of MPAs”. This is also a need for ARs. Ecosystem monitoring programs, and associated indicators have been set up in
this purpose, but existing assessments are often not suﬃciently
formalized for managers and administrators, in that they may
not take into account initial management objectives (Bohnsack
and Sutherland 1985; Attwood et al. 1997a,b; Lindberg 1997;
Steimle and Meier 1997; Alder et al. 2002; Jensen 2002a,b). In
addition, these programs are often found to be too expensive.
As underlined by Roberts and Polunin (1993), “there is now a
critical need for designed studies of management rather than
the ad hoc approaches adopted to date”. Such focused studies are now being undertaken (Hockings et al. 2000; Seaman
2002; Ehler 2003).
In this article, we reviewed the literature on management
and scientific studies on MPAs as well as on ARs, being particularly interested in their common points. We focused on the
interaction between ecological science and management in the
purpose of establishing or monitoring MPAs and ARs. Cultural and economic aspects will not be extensively dealt with,
as we are mainly interested in biological resources, but these
aspects obviously contribute to the definition of many management goals.
We first studied how objectives were formalized through
management plans, and which kind of information needs to be
collected in this respect. We then reported management objectives related to MPAs and ARs, and confronted them with the
eﬀects eﬀectively observed. Finally, we discussed the role of
monitoring and scientific research in the management process
and proposed a few perspectives for scientific research.

2 Goal-setting and management
expectations to assess
For establishing eﬀective MPAs and ARs programs, realistic goals based on management objectives must be specified.
Consequently objective elaboration or goal-setting procedures
that account for multiple uses and several management objectives first have to be developed.
2.1 Specific goal setting: A participative process

According to Pomeroy (1999), it may be more important
to consider both ecological and economic aspects rather than

only ecosystem preservation. MPA benefits should then be
considered in terms of trade-oﬀs between long-term protection of ecological resources and medium and short-term economic benefits. ARs eﬀects linked to production are medium
to long term, habitat protection benefits being more immediate. However, this is not straightforward because it is diﬃcult
to value the profitability of some medium-term ecological effects or to assess non-monetary benefits that users can assign to
resources. In addition, contradictory interests between conservation and exploitation represent a major constraint in resource
allocation exercises (Beaumont 1997; Sumaila et al. 2000),
and may lead to conflicts between diﬀerent user groups. In this
respect, a resource-use analysis is deemed necessary in zoning and management plans. Jameson et al. (2002) suggested a
management based on a business plan approach. The business
planning process can be understood as the link between two
processes: strategic planning and operational planning. This
kind of approach could be helpful for an integrated management through the understanding of the relationships between
environmental and economic processes able to bring economic
returns.
Beyond the long-term ecological and short-term economic
trade-oﬀs, the successful design, development and management of ARs or MPAs should involve all interested groups of
people in a multi-disciplinary and co-management approach
(White et al. 1990; Attwood et al. 1997a,b; Beaumont 1997;
Cocklin et al. 1998; Pomeroy 1999; Shafer 1999). There is a
need to associate main users to such projects early in the decision process, and in particular fishermen (Pomeroy 1999). This
is also true for local administration involved in regional planning to control potentially harmful human activities, outside
the protected area or around ARs, that could impact both populations and habitats (Rogers and Beets 2001; Salmona and
Verardi 2001).
To develop participative approaches, all user groups must
be identified. In the case of AR projects, knowing the actual
users that will benefit from ARs will help to choose the appropriate design (Bombace 1989). Participants in the management process are defined as “groups of people with common
objectives and sets of interests with regard to the resource in
question and the environment” (Grimble and Chan 1995). In a
second step, primary, secondary and external participants may
be distinguished, according to their influence on the decision
process. Then, socio-economic and political interactions between user groups have to be carefully analyzed. Decision processes can then proceed. For instance, Brown et al. (2001) used
a multi-criteria analysis in order to increase participation in the
decision process, and to develop consensus-based approaches
for management. A multi-criteria analysis allows attributing
scores to criteria that should be accounted for, but are diﬃcult
to measure quantitatively.
In addition, the links between coastal and terrestrial activities make it necessary to integrate MPAs and ARs in
general environment management and conservation strategies. Management of ARs and MPAs should be consistent with fisheries management, e.g. to avoid stock overexploitation through unexpected reallocation of fishing eﬀort
over space, at MPA borders or around ARs (Polovina 1991;
Bohnsack 1996; Grossman et al. 1997; Murray et al. 1999;
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Botsford et al. 2003; Denny and Babcock 2004). In particular,
the integration of MPA and AR projects with Essential Fish
Habitats (EFH) initiatives could contribute to link coastal management and fisheries management (Polovina 1991; Lindeman
et al. 2000). EFH are defined as “those waters and substrate
necessary to fish for spawning, breeding, feeding, or growing
to maturity” (NOAA 1996).
Once stakeholders and managers have stated management
objectives, they should be formalized for scientists and for
other stakeholders including users.
2.2 Formalizing management expectations

In conventional management, decision processes are described according to three diﬀerent steps: problem identification, possible evolutions under a range of actions, and selection of action among available choices (Janssen 1994 in Brown
et al. 2001). Therefore, the information concerning the objectives of the MPA and AR projects is crucial (Attwood et al.
1997b; Shafer 1999). It should be noted that this information is
more societal than scientific. This procedure is critical in that it
allows formalizing management expectations, to define eﬀective designs, and to build targets against which progresses of
MPAs and ARs can be assessed (Steimle and Meier 1997; Bain
et al. 2000). Without a clear framework for management, objectives for monitoring are likely to be unclear, which is bound
to hinder monitoring programs. Unclearly stated or ambiguous
objectives may lead to the measurement of wrong variables in
the monitoring process (Dale and Beyeler 2001).
Following appropriate specifications, a management plan
may then be developed from these specifications. Objectives including conservation, scientific research and education
should be formally stated in the management framework even
if they might change with time (Kelleher and Kenchington
1992; Attwood et al. 1997a,b). Once management objectives
and expectations are clearly specified, biologists, and ecologists, as well as scientists from other domains, can together
be helpful to identify the important steps and prioritize them
(Shafer 1999). This should in principle lead to eﬀective MPAs
and ARs (White et al. 1990; Seaman 1996; Steimle and Meier
1997; Agardy 1999).
To assess whether objectives are reached or not, the plan
must then include a monitoring program (Attwood et al.
1997a,b; Bohnsack et al. 1997; Steimle and Meier 1997;
Halpern 2003). This program could also be used to inform the
public about the evolution of the MPA and AR. In the case
of ARs, Baine (2001) pointed out a lack of information from
managers about property rights, responsibility, regulation, conflicts between users, environmental evaluation, and more generally concerning the need for long-term management.

3 Objectives and observed effects
3.1 Marine protected areas

Many authors stated general objectives for MPA establishment, focusing on some specific fields; e.g. ecological implications (Jones et al. 1993; Agardy 1998, 1999; Harmelin 2000),
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fisheries implications (Bohnsack 1993, 1996; Agardy 2000a;
Botsford et al. 2003), educational implications (Meinesz et al.
1983; Konovalov 1991) or social and economic implications
(Cocklin et al. 1998; Badalamenti et al. 2000; Carter 2003).
From this literature MPA objectives were synthesized as
follows: (1) conservation and protection of natural resources
in areas that are recognized as particularly important in terms
of ecological diversity to ensure their long-term viability and
to maintain their genetic diversity or to allow populations to
recover to their pristine level; (2) restoration of damaged or
over-exploited areas considered as critical to the survival of
such species, or of significance for the life cycles of economically important species; (3) improvement of the relationship
between man, his environment, and economic activities, by
maintaining traditional uses and the sustainable exploitation of
resources, by preventing outside activities from detrimentally
aﬀecting the MPA, and by protecting and managing historical,
cultural and aesthetic sites; (4) improvement of fishing yields,
by protecting spawning stock biomass, by acting as a source
of recruited and post-recruited stages for surrounding areas,
by restoring the age structure of natural populations, and by
acting as an insurance against mismanagement in fishing areas; (5) resolution of present or anticipated conflicts between
coastal area users; (6) improvement of knowledge about marine environment by dealing with research and educational aspects; and (7) valuation of heritage for the local administration
through tourism and economic profitability for the residents.
Boersma and Parrish (1999) estimated from a literature survey
that the main reasons for establishing MPAs were marine environment protection (93% of the papers), biodiversity maintenance and tourism promotion (67%) and fisheries management
(53%). Research and education were secondary objectives.
Objectives previously quoted correspond to theoretical expectations. But in the literature what kind of ecological and
biological eﬀects were indeed observed after establishment
of MPAs? Many authors listed observed ecological benefits
for fish populations (e.g. Bell 1983; Alcala and Russ 1990;
García-Rubies and Zabala 1990; Roberts and Polunin 1993;
Francour 1994; Dufour et al. 1995; Harmelin et al. 1995;
Attwood et al. 1997a; Agardy 1998; Allison et al. 1998;
Boersma and Parrish 1999; Caddy 2000; Francour et al. 2001;
Lubchenco et al. 2003). There exist several reviews about
this subject, Halpern (2003) being the most recent. Few general conclusions about the ecological eﬀects of MPAs may be
drawn from these studies. Obviously, the vast majority of exploited fish species displays increases in abundance, biomass
and/or mean size when protection is eﬀective. Jones et al.
(1993) claimed that this is true whatever the age or size of
the reserve; but some studies show that this reserve eﬀect is
tied to the age of the MPA (Russ and Alcala 1996). At a regional scale, MPAs can be an eﬃcient conservation tool only
if they are representative of all biogeographic areas (Boersma
and Parrish 1999; Airamé et al. 2003; Benedetti-Cecchi et al.
2003). In many studies, ecological eﬀects were not found to
be significant, in relation with low statistical power or the lack
of an appropriate experimental design (Fraschetti et al. 2002;
Russ 2002).
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3.2 Artificial reefs

Several objectives tied to the establishment of ARs pertain to conservation and biodiversity or ecological knowledge (Bohnsack and Sutherland 1985; Ardizzone et al. 1996;
Barnabé et al. 2000), to habitat protection (Polovina 1991;
Pickering et al. 1998; Ramos-Esplà et al. 2000), to fisheries
enhancement (Nakamura 1985; Samples and Sproul 1985;
Polovina 1991; Bohnsack et al. 1994), and to economy profitability (Whitmarsh and Pickering 1995, 1997). They can be
stated as follows: (1) to increase fish biomass, by providing
shelter from fishing; (2) to increase fauna diversity, by providing new habitats; (3) to reduce detrimental impacts on existing
habitats, through trawl exclusion, and to restore damaged habitats; (4) to improve cost-eﬀective fishing practices, by reducing
displacement costs for nearby coastal fleets; (5) to reduce conflicts between inshore and oﬀshore fleets; (6) to provide economic benefits, through fisheries or diving activities; and (7) to
improve knowledge on colonization processes. According to
Bohnsack and Sutherland (1985) and Bohnsack et al. (1994),
the primary goal of ARs is to ensure fisheries’ sustainability.
Ecological eﬀects of ARs are well documented (Bohnsack
and Sutherland 1985; Ambrose and Anderson 1990; White
et al. 1990; Bohnsack 1991; Bohnsack et al. 1994; Bombace
et al. 1994; Santos et al. 1995a,b, 1996; Grossman et al. 1997;
Charbonnel et al. 2000, 2002; Zalmon et al. 2002). In most
cases, higher abundances, densities, and biomasses were found
close to ARs compared to undisturbed natural control areas,
even when community structures are quite similar (Ody and
Harmelin 1994). Note that diﬀerences in community structure
might be due to a higher structural complexity on AR compared to natural temperate reefs, while in the case of MPAs,
such diﬀerences may be attributed to protection. Also, ARs
that are in areas not protected from fishing seem to display a
refuge eﬀect (Charbonnel et al. 2000). Whether ARs act more
as fish aggregation devices or by actually contributing to increased fish abundance has not been demonstrated yet.
The immersion of ARs around MPA borders can also protect the area from illegal trawling activities. In the Côte Bleue
Marine Park (French Northwestern Mediterranean), illegal inshore trawling substantially decreased following AR immersions (Harmelin 2000).
In summary, observed eﬀects of MPAs and ARs mostly
pertain to diﬀerences in abundance and mean size between the
MPA/AR and comparable control areas, and to diﬀerences in
fish yield at MPA border and around ARs. However, there appears to be a gap between management objectives stated in
very general terms, a number of expected ecological eﬀects,
and in fine relatively few significant results in published scientific studies. As such, it is diﬃcult to deduce from these eﬀects
that the general objectives listed above were reached.

4 Place and role of monitoring and research
studies in the management process
The literature reviewed showed that management of MPAs
and ARs should be an important component of coastal management, that it needs a comprehensive knowledge of the

ecosystems to protect, and that MPA and AR impacts should
be routinely monitored. In management activities, the respective roles of scientific monitoring and research have to be distinguished. Monitoring has to be understood as a set of actions
that permits impact assessment directly related to managers’
expectations. It is generally undertaken or supervised by scientists. In contrast, research programs aim at improving ecosystem knowledge and understanding. It hence seems desirable
to design scientific projects that integrate on the one hand routine monitoring in cooperation with managers, and on the other
hand, academic research projects aimed at improving knowledge and understanding of ecosystem dynamics (Allison et al.
1998).
4.1 Scientific monitoring and management

A monitoring program is a program that organizes, controls and adapts a set of operations ranging from collection of
field data to data-processing for impact assessment. It should
be used for a sound management of MPAs and ARs, to assess whether they meet management objectives, and to possibly adapt their design to increase their production or conservation potential (Allison et al. 1998; Dale and Beyeler 2001).
Francour et al. (2001) advocated a stronger cooperation
between users, managers and scientists. For example, monitoring fish populations through simple measures of fish abundance e.g. presence/absence of common species (Harmelin
1999) could facilitate the participation of coastal area users.
Aubert (1991) stressed that politicians, administrators and marine environment scientists should: (1) participate to the collection of information and data on ecological, scientific and
administrative aspects in the areas of interest; (2) give advice on the evolution and management of these areas; and
(3) suggest common actions for their scientific and economic
promotion. Monitoring of marine populations should be facilitated by such cooperation programs, in that all relevant information whether ecological, socio-economic or from management would be gathered in a common database in order to be
used to monitor the eﬃciency of MPAs and ARs, and to consequently adapt management (Blankenship and Leber 1995;
Schwartz 1999; Jensen 2002a; Seaman 2002). This kind of
tool for the management of coastal ecosystems is for instance
an objective of the SysCoLag (Coastal and Lagoon Systems)
Programme of the Languedoc-Roussillon Region in the French
Mediterranean started in 2003.
A large proportion of management plans for MPAs or for
ARs were not implemented, and no monitoring or evaluation program was planned upon their creation (Kelleher 1996;
Attwood et al. 1997b; Baine 2001). Among other examples,
the Goukamma Marine Reserve in South Africa does not have
a regular monitoring strategy, although the Scientific Service
Division of the Cape Nature Conservation provides scientific
expertise to support conservation programs in the Western
Cape Province (Attwood et al. 1997b). In Victoria (Australia),
the initial selection of MPAs was not based on ecological criteria because of a lack of knowledge. Now, initiated by the
Victorian government and chaired by the Department of Natural Resources and Environment (2001), a program have been
established to assess long-term changes in marine biodiversity
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on shallow water rocky reefs. In contrast, scientific committees guide research and monitoring undertaken in many MPAs
such as the Côte Bleue Marine Park (French Northwestern
Mediterranean). In the Philippines, the AR program, supervised by the Department of Agriculture, serves as a mean for
disseminating information on resource management and conservation. Examples are numerous and are only provided for
illustrating the diversity of monitoring situations relative to
MPAs and ARs.
To improve knowledge about species dynamics, the management of MPAs or ARs should be actively adaptive in order to react to non predicted changes in the ecosystem or
in its uses (Palumbi 2002). In practice, monitoring programs
should include control areas so that rigorous hypothesis testing can take place, and it may use a variety of options, among
which the possibility of selective fishing that would reduce unexpected predation or competition between species (Agardy
2000b). To facilitate such processes, prioritizing target species
and developing an approach based on the whole fish community are helpful to management decisions, in particular when
conservation and restoration of populations is a primary objective (Blankenship and Leber 1995). Prioritizing is all the more
necessary since the implementation of a MPA or an AR may
have positive impacts on some species and negative impacts
on others, as shown in the case of MPA by empirical or modeling studies (e.g. St-Mary et al. 2000). In these conditions,
a diagnosis of the overall performance of the MPA or AR is
necessary.

4.2 Scientific research and management

Some managers or scientists may think that MPAs aﬀord
protection for all resident species, with no need for further
management of the species within and outside the MPA or
around the AR. In this respect, a sound knowledge of species
dynamics may appear unnecessary. But avoiding mismanagement requires research (Shafer 1999). In order to support the
management of MPAs or ARs according to the particular needs
of each area, science must provide strategic information, i.e.
basic fundamental knowledge about the ecosystems of interest.
Contrary to terrestrial ecosystems, marine ecosystems are
characterized by the lack of boundaries attached to ecological
processes and to factors influencing those processes. Knowledge about the dispersal schemes and the geographical range
of the populations should be accounted for in management
measures (Agardy 2000b; Barnabé et al. 2000). In addition,
these measures should be tailored to each specific situation
(Shafer 1999; García-Charton 2000; Planes et al. 2000).
Hence, even if positive MPA eﬀects have been observed
for sessile organisms, as well as for highly mobile species
(e.g. bull kelp and snapper – Babcock et al. 1999), fish behaviour can aﬀect reserve function (Kramer and Chapman
1999). Mobile species can also adapt their behaviour as a result
of the reservation or as a function of the distance between one
AR and another or between ARs and adjacent natural areas.
Fish behaviour can also change in answer to the presence of
divers (Jones et al. 1993; Jouvenel and Pollard 2001). Knowledge on life cycles and species dynamics are also required.
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Habitat requirements, fish movements and behaviour, relationships between subpopulations, larval dispersal schemes
and reference points for stock replenishment are specific to
each species and have to be identified to eﬀectively protect
target species (Rowley 1994; Blankenship and Leber 1995;
Guénette et al. 1998; Guénette and Pitcher 1999; Pelletier
2001; Neigel 2003), so as to anticipate density-dependent sideeﬀects (Sánchez-Lizaso et al. 2000). Actually, variations in
community structure can emerge due to changes in the food
web after AR immersion (Barnabé et al. 2000) or after MPA
implementation (Jones et al. 1993). Increases in predator abundance may result in decreases in prey abundance as a consequence of trophic cascades (Pinnegar et al. 2000). Babcock
et al. (1999) showed that changes in community structure indicated a higher trophic complexity and increased primary and
secondary productions within the MPA. Similar results on AR
were observed, primary production and nutrient concentration
being much higher around the AR than in a comparable control area (Branden et al. 1994). But, few studies showed how
and to which extent this primary production is transferred into
productivity or biomass.
Many papers used population dynamics models to understand the potential impact of MPAs or ARs on ecosystem and fisheries (e.g. Botsford et al. 2003; Gerber et al.
2003). Polacheck (1990) used a yield-per-recruit model to explore the consequences of MPAs on a exploited fish population. Catch increased for species with intermediate movement
rates. Polovina and Sakai (1989) modeled catch per unit eﬀort
(CPUE) to demonstrate the potential benefits of ARs. Other
population dynamics models included reproduction in addition to growth and mortality in the context of MPAs (Rijnsdorp
and Pastoors 1995; Apostolaki et al. 2002) or ARs (Harmelin
and Bellan-Santini 1996; Pitcher and Seaman 2000). Community models based on trophic relationships (Fang 1992; Pauly
1998; Walters et al. 1999; Pitcher et al. 2000, 2002; Pitcher
and Seaman 2000; Watson et al. 2000) or on competition and
density-dependent processes (Osenberg et al. 2002) were also
used to study AR eﬀects. Gerber et al. (2002) examined MPA
eﬃciency as a function of life cycles, fishing pressure and reserve size. They founded that MPAs could be eﬀective in preventing species extinction and in increasing species density,
but that they rarely lead to increases in fishing yield.
Studying MPAs and ARs can also be useful to test hypotheses at the ecosystem level, such as trophic relationships
(Bohnsack and Sutherland 1985; Polovina 1991; Allison et al.
1998; Harmelin 2000).
ARs used in conjunction with a MPA may be an important tool for improving our understanding of the ecology of
coastal fish communities and to study the eﬃciency of the
MPA through resulting changes in the ecosystem (Barnabé
et al. 2000). ARs immersion within the MPA could have other
positive aspects. Caddy (2000) suggested two ways to increase
MPA eﬃciency when fishing pressure is high; either by an increase of the surface area protected or by an increase of its
holding capacity. This last can be reached by use of ARs.
Hence, the study of AR eﬀects could improve the understanding of MPA eﬀects (Bohnsack 1991). ARs are also helpful to
study the relationship between habitat complexity and spatial
distribution of fish.
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5 Perspectives for scientific studies
and monitoring
Some of the topics mentioned in the previous section are
not yet well known and deserve further investigations Which
may benefit to management of MPAs or ARs.
Like many other authors (e.g. Bohnsack 1989; Kelleher
and Kenchington 1992; Allison et al. 1998; Botsford et al.
1999) we claim that detailed knowledge on the biology, ecology and life cycles of species to be protected or colonizing the
reefs is essential for an appropriate design of MPA and AR, as
well as for their monitoring. This includes in particular knowledge about the spatial distribution and movements of populations, reproduction features and larval dispersion schemes.
The eﬃciency of MPAs and ARs at restoring or improving
fish biomass largely depends on fishing exploitation, and the
evaluation of the natural and fishing mortality of fished populations is crucial (Baine 2001; Côté et al. 2001). Population dynamics should be closely linked with the oceanographic conditions, and in relation to possible pollution (e.g. dispersion
and intensity of pollutant, scale of MPA or AR with respect
to extent of the threat). Some authors deem that current intensity and direction are more influential on fish abundance
in the AR, than design features e.g. reef size or refuge number (Grossman et al. 1997). Tuya et al. (2000) proposed additional information to be measured for future research including
quantification of human activities dynamics, measurement of
biogeographic characteristics, atmospheric and oceanographic
parameters, and water quality. Better attention should also be
given to the collection of social, cultural and economic data
in the process of establishing and monitoring MPA and AR
(Kremen et al. 1999; Pomeroy 1999).
Regarding habitat, reviewed studies (in relation with the
lack of initial assessment) do not allow to conclude whether
an apparent increase in habitat quality is linked to protection
from detrimental uses or to the initial features of the reserved
area. Natural variability can result in biased interpretations if
it is not properly taken into account (Underwood 1981, 1993;
Underwood 2003). Habitat heterogeneity and the hierarchical
organization of habitats constrain the design of studies on AR
ecological eﬀects (Jensen et al. 2000; Ody and Harmelin 1994)
and on MPA (Lasiak 1998; García-Charton and Pérez-Ruzafa
1999; García-Charton et al. 2000, 2004). It is thus necessary
to monitor habitat characteristics at the same time as fish communities.
The scale of management dictates the spatial and temporal scales for information used in monitoring design (Ward
et al. 1999). Without an adequate long-term monitoring and
scientific study it is diﬃcult to conclude about the eﬃciency
of MPAs or ARs (Bohnsack and Sutherland 1985; White
et al. 1990; Steimle and Meier 1997; Done and Reichelt 1998;
Castilla 2000; García-Charton et al. 2000, 2004). The eﬀects
of MPAs and ARs on fish populations depend on the scales
considered (Bohnsack 1991; Polovina 1991; Carr and Hixon
1997). For example, in the case of a reserve network, species
diversity can decrease within each marine reserve and distinct
communities can emerge, leading to an overall increase in diversity (Hockey and Bosman 1986). Fish abundance can increase in a limited area surrounding an AR, while changes in
abundance are not observed on a larger scale (Bohnsack 1991).

Similarly, if the studied scale is too local, biological eﬀects on
fish stocks may be impossible to detect (Polovina 1991). One
recommendation consists in choosing, in an adequate manner, the spatial and temporal scales of the studies with nonarbitrary operational methods (Bohnsack and Bannerot 1986;
Benedetti-Cecchi 2001). With regard to MPAs and according
to Schwartz (1999), it is necessary to consider conservation
at two scales: the fine-filter scale (genes, populations, species)
and the coarse-filter scale (communities, habitats, ecosystems,
landscapes). In addition, Ardizzone et al. (1996) believed it
is important to consider genetic, phylogenetic and ecological
scales; each scale requiring specific studies. Ideally, monitoring programs should account from the genetic level to the landscape level (Blankenship and Leber 1995).
The evaluation of MPA and AR eﬀects implies the development of rigorous statistical procedures for detecting eﬀects
at several temporal and spatial scales, which stresses the need
to improve empirical and analytical approaches (Murray et al.
1999; Benedetti-Cecchi 2001). It is important to collect data
before the reservation or the AR immersion (BACI, Before
and After Control Impact) to avoid confusion over the eﬀects
(Roberts and Polunin 1991; Underwood 1992; Carr and Hixon
1997). The impacts of MPAs and ARs can be monitored after their establishment (ACI, After Control Impact) if control
points are numerous enough to allow a comparison with the
impacted site (Carr 2000). Following Underwood (1992) and
Chapman et al. (1995), control sites must: (i) be unaﬀected by
the impact under study (in this case MPA or AR); (ii) exhibit
habitats and communities similar to the impact area (MPA or
AR); (iii) be chosen at a spatial scale covering the dispersal of
the sampled populations; and (iv) range from local to regional
distributions when protection eﬃciency is known.

6 Conclusion
Mangel (2000) pointed out that rather than managing
ecosystems, management deals with human interventions in
ecosystems. Managing MPAs and ARs need a good understanding of the objectives for which they are established. Expected ecological eﬀects are multiple but only a few were
evidenced by appropriate experiments. Such results can still
have a heuristic value for the stakeholders in the goal-setting
process. Goal-setting should be based on a participative approach with users or local communities that may possibly lead
to the definition of new social, economic, or political objectives. These management expectations have then to be formalized and prioritized in a management plan including monitoring programs. In the whole process, science must provide
strategic information to back monitoring programs and to help
managers in specifying and formalizing their expectations and
position. However, there is a lack of knowledge in several important scientific domains. Scientific studies have to focus on
ecosystem variability, on the scales to be considered and the
appropriate experimental designs to reveal representative results. Ultimately, the success of a MPA or an AR, as said by
Baine (2001), will “reflect the quality of the prior planning and
ongoing management”.
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