
AQUATIC CONSERVATION: MARINE AND FRESHWATER ECOSYSTEMS

Aquatic Conserv: Mar. Freshw. Ecosyst. 20: 239–242 (2010)

Published online 3 December 2009 in Wiley InterScience
(www.interscience.wiley.com). DOI: 10.1002/aqc.1087

VIEWPOINT

Improving assessments of marine protected areas

JOACHIM CLAUDET� and PAOLO GUIDETTI

Laboratory of Zoology and Marine Biology, Department of Biological and Environmental Sciences and Technologies,

University of Salento, via Monteroni 73100 Lecce, Italy

ABSTRACT

1. The use of experimental design and statistical analysis to evaluate the effects of marine protected areas
(MPAs) is increasingly popular throughout the world.
2. However, in looking at historical approaches to MPA evaluations, flaws were identified in the execution of

theoretically correct designs, as well as disconnects between the stated objectives of MPAs and those
of assessment studies.
3. MPA assessments can be improved by: (1) considering the enforcement/compliance level; (2) linking

explicitly the choice of indicator(s) to the MPA objectives; (3) accounting for habitat structure; (4) taking into
account the age and size of the MPA; and (5) quantifying the fishing pressure outside the MPA (including
possible displacement effects).
4. Neglecting social factors, using inappropriate indicators, and/or ignoring relevant covariates, carries the risk

of having MPAs dismissed as an effective management tool. Societal expectations are strong that MPAs will
confer benefits, and thus assessment studies need to be progressively improved using new methodologies and the
best available scientific evidence.
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INTRODUCTION

Marine protected areas (MPAs) are spatially explicit tools widely
used for ecosystem-based management (Agardy et al., 2003).
They are mainly aimed at reconciling consumptive or non-
consumptive human uses with conservation needs, possibly

producing ecological, socio-economical and cultural benefits
(Badalamenti et al., 2000; Klein et al., 2008; White
et al., 2008). A large number of MPAs have been established

so far worldwide, and assessed for their effectiveness (Lubchenco
et al., 2007). Due to the continuous advances in ecological
science and assessment methods, it is timely to consider some

options to improve the evaluation of ecological effects of MPAs.

THE NEED FOR A HISTORICAL STANDPOINT

To provide a quantitative idea of the historical development of

the approaches used to assess protection effects, we searched

the peer-reviewed literature on empirical fish assessments
of MPAs using Web of Science. The search string was

‘(‘marine protected area’ OR ‘marine reserve’) AND
Mediterranean AND fish’. In order to gain a proper
historical perspective it was necessary to search back beyond

the 1990s, thus additional information sources such as
personal archives and libraries were exploited. The search
focused on the Mediterranean basin, as an illustrative example:

51 peer reviewed papers were found (see Appendix). The
publication rate on MPA assessment studies in the
Mediterranean has progressively increased up to the present,

as has the establishment of new MPAs in the basin.
Port-Cros (France) was the first Mediterranean MPA,

established in 1963, for which few years after its establishment,
pioneer surveys on fish (Harmelin-Vivien, 1982) provided

important early data on protection effects and highlighted
critical technical aspects (e.g. the novel use, at that time, of
non-destructive underwater visual census). However, conclusions

were not robust, due to the qualitative-observational nature of

*Correspondence to: Joachim Claudet, Laboratory of Zoology and Marine Biology, Department of Biological and Environmental Sciences and
Technologies, University of Salento, via Monteroni 73100 Lecce, Italy. E-mail: joachim.claudet@gmail.com

Copyright r 2009 John Wiley & Sons, Ltd.



data collected and the use of poorly replicated sampling designs
(i.e. no controls were sampled to allow comparison with the
protected condition), and/or inappropriate methods of statistical

analysis. This would represent a serious ‘fault’ undermining the
validity of any investigation now, but, at that time, there was no
tradition, nor solid scientific consensus, for the use of appropriate

sampling designs in MPA studies (see Guidetti, 2002 and
references therein).

During the 1980s, all papers (n5 7; see Appendix) were still

observational or used inappropriate experimental designs
(Figure 1). In the 1990s, about 50% of the studies (n5 8)
used appropriate experimental designs with replicated controls
to assess protection effects on fish in space and/or time (Figure 1).

From 2002 to present, the number of observational studies or
investigations with poor experimental designs (i.e. with
unreplicated controls) represented less than 15% of the

published papers (n5 4), with 40% of the studies (n5 11)
adopting correctly replicated experimental designs. Around
45% of the studies (n5 12) used correct experimental design

and additionally accounted for covariates that could
potentially confound with the effects of protection (Figure
1). These assessment studies were first published in regional

journals, with low or no impact factors. Over time, some
studies were published in international journals, covering a
broader range of impact factors. The identified progress
towards improved studies could therefore have been driven

by both the continuous advances in ecological science leading
to improved assessments and the increased rigour in reviews
and publication standards.

Published studies that contrasted one protected with a
single fished (control) location, or one location for each level
of full, partial or null protection were common (n5 11),

across all years examined. These represent typical cases of
pseudoreplication (Hurlbert, 1984), where the effects of
protection cannot be logically separated from other sources

of variability. A technical definition of an MPA could be ‘one
or more locations protected by a set of regulations based on a
goal or goals to induce expected changes in some variable(s)
(e.g. increased mean abundance and/or size of fish) from

before to after their enforcement, in comparison with a

number of unprotected locations (used as multiple controls)’.
Based on the experimental design theory aimed at assessing
human impacts (Underwood, 1993), the ideal sampling

design for MPA assessments should thus include temporal
replication before and after its establishment and spatial
replication within and outside (i.e. before-after-control-impact

[BACI] design).
Scientists are not often in the position to use the ideal

design (e.g. when the MPA is already established, or when

funds are limited to allow temporal and/or intense spatial
replication). Nevertheless, there is the chance to use
progressively deconstructed sampling designs with at least
replicated controls, such as after-control-impact (ACI)

designs, with temporal and spatial comparisons after the
MPA establishment, or control-impact (CI) designs, with only
spatial comparisons (Osenberg et al., 2006).

An increasing proportion of papers in the last decade
adopted appropriate designs (Figure 1). However, their use
alone does not insure against the wrong conclusions being

drawn about the effects of MPAs, possibly leading to
inappropriate management measures. Besides this increased
attention to formal experimental designs and related statistical

analyses, other substantial issues, which are equally important
to obtain reliable outcomes on the effects of protection,
received little attention. Such issues include: (1) accounting for
the socio-cultural context; (2) paying better attention to the

choice of appropriate indicators; and (3) adapting sampling
and analytical designs to the MPA context. These are
developed and discussed in the next section.

Owing to the large number of studies on MPAs and to
the need to search within libraries and personal archives, the
historical analysis developed above was focused on the

Mediterranean Sea. However, the way research is conducted
within the Mediterranean is not historically different from
MPA evaluations in other regions. In the 1980s, the situation

was almost the same in relation to coral reefs (Russ, 1985), and
then gaps were progressively identified regarding social
considerations (Christie et al., 2003), indicators identification
(Pelletier et al., 2005) and sampling design and statistical issues

(Osenberg et al., 2006). Thus the historical trends and

Figure 1. Percentage of Mediterranean MPA assessment studies published from the 1980s to present. Studies were categorized into four groups
according to the methods used and/or the nature of the data collected: (1) observational, where data were not collected according to any experimental
design; (2) inappropriate, where data were collected using an unreplicated experimental design; (3) appropriate, where a correctly replicated

experimental design was used; and (4) appropriate with covariates, same as (3) in addition considering covariates.
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associated gaps identified here for the Mediterranean are likely
to be transferable to other regions of the globe.

CRITICAL GAPS IN MPA ASSESSMENT STUDIES

First, the social factors are seldom explicitly considered or
quantitatively evaluated (Lundquist and Granek, 2005). In a
recent, well-designed study, where no significant effects of

protection were found, the authors recognized that protection
was not enforced and fishing continued to occur within the
MPA (Lipej et al., 2003). Without enforcement and

compliance, an MPA is just a paper park and no protection
effects should be expected. Actual enforcement and
compliance, and not the formal MPA establishment, must be

considered as the true starting point of protection (Guidetti
et al., 2008). Besides, poor MPA site selection and design or
lack of community involvement undermine public support for
MPAs and create a false sense of security that conservation is

actually being achieved (Agardy et al., 2003; Christie et al.,
2009; Mascia and Claus, 2009).

Second, the choice of the indicators should be clearly linked

to the MPA goal(s), the hypothesis tested and the pre-existing
knowledge (Niemi and McDonald, 2004). For example, species
richness, which seldom responds to protection (Pelletier et al.,

2005), should be used only when the specific MPA goal is to
enhance biodiversity. On the other hand, indicators that
perform well in responding to cessation of fishing (e.g. density

and size of commercial fish; Russ, 2002) should only be used
when the specific MPA goal is the recovery of target
populations.

Third, habitat structure (both heterogeneity and

complexity) affects indicators of the response to protection
(Garcı́a-Charton and Pérez-Ruzafa, 1999). Since MPAs are
often established in complex and heterogeneous habitats

(Garcı́a-Charton et al., 2004), we need to distill the effects of
protection from those attributable to habitat features.
Experimental designs with multiple controls are partly used

to partition the natural variability (due in part to habitat) from
the variability due to protection measures. However, even with
replicated designs, assessing if a positive response is related to
protection or to an intrinsic structural feature of the protected

area can be significantly improved by measurements of habitat
covariates.

Fourth, MPA size and age may exert a strong influence on

the fish response to protection. A strong cumulative response
to protection can only be expected for long established MPAs
(Micheli et al., 2004; Claudet et al., 2008), suggesting that the

evaluation of MPA effectiveness in re-stocking exploited
populations or preserving biodiversity should be framed in a
temporal context. In addition, MPA size-dependency (Claudet

et al., 2008) should also be taken into account in the evaluation
process as MPA effectiveness is increased with increased size of
the no-take zone and decreased size of the buffer zone.
Assessments should thus take into account the sizes of these

two zones.
Fifth, within-MPA conditions are generally much better

quantified than conditions at control locations, usually

summarily described as ‘fished’. Yet, the effectiveness of an
MPA is assessed relative to external controls. Any conclusion
drawn about the effectiveness of an MPA depends on the state

of the population in the control locations. When looking only

at relative differences between control and protected locations,
one MPA could appear more effective than another simply
because its surrounding fishing grounds are more intensively

fished. Quantifying the actual fishing pressure occurring
outside an MPA, the potential spillover across MPA
boundaries, as well as human behaviour in control areas

(e.g. displacement effects) is therefore essential for an
appropriate assessment of MPA effectiveness (Castilla, 1999;
Stelzenmüller et al., 2008; Mascia and Claus, 2009).

In conclusion, even when using appropriately replicated
sampling designs, failing to properly assess effects of
protection due to neglecting social factors, using
inappropriate indicators, or ignoring relevant covariates,

carries the risk of having MPAs dismissed as an effective
management tool. Decision makers, in fact, would be misled to
believe that the price paid in terms of restrictions to human

uses is not equal to or higher than the ecological and socio-
economical benefits realized (Fisher et al., 2008). Societal
expectations are strong that MPAs will confer benefits, and

thus assessment studies need to be progressively improved
using new methodologies and the best available scientific
evidence.
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in the online version of this article
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