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The number of Marine Protected Areas (MPAs) has grown exponentially in the last decades as marine envi-
ronments steadily deteriorate. The success of MPAs stems from the overall positive benefits attributed to the
“reserve effect,” the totality of the consequences of protecting marine systems. The reserve effect includes but
is beyond the goal of protecting particular species or areas with economical or cultural value. However, most
data on the effects of MPAs focus on target species and there is limited evidence for the consequences of pro-
tection at larger levels of organization. Quantitative information on the reserve effect remains elusive partly
because of its complex nature. Data on biodiversity can be used to quantify the reserve effect if not restricted
to specific taxonomic groups. In our study, we quantified species diversity, trophic diversity, and an approach
to functional diversity in five MPAs and adjacent non-protected areas along the Mediterranean coast of Spain.
Our three measures of diversity were based on the abundance of algae, fish, sessile and mobile invertebrates
in shallow water rocky communities and could be used to estimate the reserve effect based on species, tro-
phic levels, or functional roles. We tested the hypothesis that species, trophic, and functional diversity
were higher in protected areas than in adjacent non-protected areas. Species diversity varied with geographic
area but not with protection status. However, we found higher functional diversity inside MPAs. Also, the ef-
fect of protection on functional diversity varied as a function of the geographic area. Our results support the
uniqueness of MPAs at a species level and the universality of the reserve effect at the level of the trophic
groups' composition. This type of comprehensive ecological approach may broaden our understanding of
MPAs and their efficiency as management tools.

© 2012 Elsevier B.V. All rights reserved.
1. Introduction

Ever since the beginning of conservation biology as a science in
the 70s, biodiversity has been considered one of the most impor-
tant indicators of ecological value and a main target for protection
(Chapin et al., 2000). Biodiversity studies are challenged not only
by the complexity of natural systems but also by the concept of bio-
diversity itself. Measuring biodiversity includes quantification of
the number of entities (e.g., species richness), their abundances
(e.g., evenness), dissimilarities (e.g., genetic divergence or mor-
phological disparity), and functional roles in the communities
they inhabit (Magurran, 2004; Sala and Knowlton, 2006). These
four pillars of biodiversity complement each other and should all
be taken into account specially when making decisions on protec-
tion policies.
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Protected Areas are a widespread tool for resource management and
biodiversity protection and excel among the numerous lines of actions
to preserve biodiversity (Bruner et al., 2001). Protected areas provide
multiple conservation benefits and their numbers have increased to
cover over 12%of the Earth's land surface (Jenkins and Joppa, 2009).How-
ever Marine Protected Areas (MPAs) lag far behind their terrestrial coun-
terparts. For example, the World Database on Protected Areas (www.
wdpa.org) includes 362 MPAs in the Mediterranean but they only cover
a 3% of its surface. MPAs vary tremendously in conservation benefits
(Barrett et al., 2007) partially due to intrinsic differences between MPAs,
levels of enforcement, and variety of goals among other factors
(Guidetti et al., 2008; McClanahan and Arthur, 2001). Regardless of the
specific goals of MPAs, the “reserve effect” is an inherent goal to any
type of protected area. It is known as the totality of consequences in the
marine environment of the protectionmeasures on benthic and demersal
organisms (Bell andHarmelin-Vivien, 1983; Francour, 1994). This reserve
effect includes all levels of the community, beyond target species or direct
effects of protection, and it remains to be accurately documented.

Many ecological and biological data often refer to one species or
group of species that are somehow emblematic and reports of in-
creased abundance and larger size of target species are common in
the literature (Barrett et al., 2007; Claudet et al., 2006; Lasiak, 2006;
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Fig. 1. Situation map of the five MPAs studied on the east coast of Spain, western
Mediterranean: from north to south Cap de Creus, Medas Islands, Tabarca island,
Cabo Palos—Islas Hormigas, and Cabo de Gata.
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Pederson and Johnson, 2006; Tuya et al., 2006, among others). This
approach is understandable since resource extraction of particular
species is a major interaction with the environment and many
MPAs aim to preserve these types of resources (Forcada et al., 2008,
2009; Harmelin-Vivien et al., 2008; Ordines et al., 2005). Whether
single species conservation can preserve biodiversity or communities
as a whole is repeatedly questioned and depends largely in the target
species life habits. Single species approach to protection has been and
still is widely used for its simplicity and flagship value when facing
the public opinion (e.g., panda bear, lynx, monk seal). However, sin-
gle species conservation has numerous limitations (Lister, 1998;
Simberloff, 1998). Comparatively, we barely know the effect of pro-
tection on non-target species let alone on whole communities. Stud-
ies reporting effects of MPAs on biodiversity often focus on a
specific group of species such as algae (McClanahan, 1997; Sala et
al., 1998a), molluscs (Lasiak, 2006), macrofauna (Sala et al., 1998b)
or fish (Guidetti and Sala, 2007; Guidetti et al., 2005) rather than on
biodiversity at the whole community level (Edgar and Barrett, 1999;
Guidetti, 2006; Micheli et al., 2005). This is probably due to the inher-
ent difficulty to assign causality to changes in diversity and identity of
species (Benedetti-Cecchi, 2004).

Moreover, species inventories are of limited use to set conservation
priorities. Many ecosystem processes and services dependmore on func-
tional diversity than species diversity per se (Nyström, 2006). Under-
standing the significance of species in their natural habitats is therefore
critical in conservation. However, less than 1% of species described have
been studied beyond merely noting their existence (Wilson, 2000), so
our understanding of their role in nature is limited. We must preserve
functional diversity to assure ecosystem functionality. The majority of in-
formation on how MPAs affect functional diversity refers to shifts in the
abundance of trophic levels mediated by consumer–prey interactions,
i.e., trophic cascades (Pace et al., 1999; Paine, 1980). Because fishing typ-
ically follows a top-down approach (Friedlander and DeMartini, 2002;
Pauly et al., 1998), MPAs provide unique systems to assess the role of tro-
phic cascades inmarine environments (McClanahan et al., 1996; Pinnegar
et al., 2000; Sala et al., 1998a). Indeed, available evidence supports the
contention that the strongest response to protection corresponds to spe-
cies that are at top trophic levels (Micheli et al., 2004). Beyond the trophic
approach, a better understanding of the effect of protection on functional
diversity would benefit MPA research tremendously.

The scarcity of information on the effect of protection on species and
functional diversity at a community level contrasts with the worldwide
reliance on MPAs to preserve biodiversity and the services it provides.
We need empirical evidence to support or refute the capacity of MPAs
to preserve species, trophic, and functional diversity. In this studywe fo-
cused on the overall reserve effect at a community level, testingwhether
MPA-driven changes in marine communities cause shifts in the ecologi-
cal organization and functioning of the ecosystem (García-Chartón et al.,
2008). Protection may increase both the number and abundance of spe-
cies locally absent in a particular area, contributing to increase species
richness and evenness after protection. We therefore expect higher spe-
cies diversity, higher trophic levels, and higher functional diversity in
protected as compared to non-protected areas. Specifically, we tested
whether the Shannon diversity index calculated with i) species, ii) tro-
phic groups, and iii) functional groups differ between protected and
non-protected areas. To categorize species, we used the six widespread
trophic groups modified from McClanahan and Sala (1997) and a func-
tional grouping that join species life history traits and taxonomic groups
(Villamor and Becerro, 2010). Since the magnitude of the reserve effect
may vary with the geographic location, the species present, the design
of theMPA, and type of community (García-Chartón et al., 2008), replica-
tion is mandatory to overcome the confounding effects of treatments
with those of uncontrolled natural factors (García-Chartón and
Pérez-Ruzafa, 1999). Although spatial and temporal replication before
and after MPA implementation is the ideal sampling design to test for
the effect of reserves (Guidetti, 2002), most studies seldom satisfy this
design. In our study, we identified and quantified the abundance of
algae, sessile invertebrates, echinoderms, and fish fauna inmultiple loca-
tions of five well-established MPAs and nearby unprotected areas dis-
tributed along the Spanish Mediterranean coast. Because our surveys
took place at least 10 years after the creation of theMPA, our data repre-
sent an estimate of the effect of protection on the biodiversity and func-
tional diversity of Mediterranean shallow communities.
2. Materials and methods

2.1. Field survey

We surveyed fiveMPAs distributed along the SpanishMediterranean
coast in August 2008. Two MPAs are located in the North of Spain (Cap
Creus and Medes Islands, Girona), at about 30 km of distance from
each other (Fig. 1). The others three MPAs are located in the Southeast
of Spain (Tabarca, Alicante; Cabo Palos-Islas Hormigas, Murcia; and
Cabo de Gata-Níjar, Almeria), and are more distant from each other (60
and 160 km respectively, Fig. 1). Each MPA has its own particularities
(Table 1) but they all represent typical Mediterranean habitats including
shallow rocky bottoms, deeper coralligenous bottoms and Posidonia
oceanica beds. In order to minimize the effect of different protection re-
gimes we aimed to sample in the no-take areas defined in each of
them. To target equivalent communities in each MPA we investigated
rocky bottoms between 4 and 11 m deep. Shallow water habitats are
highly affected bymany human activities so we expected these commu-
nities to obtain the largest benefits from protection.

We surveyed three sites inside each MPA and three in unprotected
areas nearby. Average distance between protected and unprotected
sites was approximately 4 km in Medes Islands and Tabarca MPAs,
7 km in Cabo Palos-Islas Hormigas, 10 km in Cabo de Gata-Níjar and
12 km in Cap Creus, depending mainly on the MPA area and shape.
Precise coordinates of each sampling site are shown in Table 1. In
each of these sites we quantified fish, sessile benthos, sea urchins,
and sea stars. In each site we used underwater visual census (UVC)
to quantify fish fauna by family and size along a 50 m long transect
line in a 5 m wide strip. Size was categorized as small, medium, and
large. For each fish family we defined the size categories according
to the most common species in the area (Table 2). We used this
same 50 m long transect to quantify benthic composition using the
point-intercept method: every 0.5 m, we identified the organism un-
derneath the transect line to the lowest taxonomic level possible. Sea
urchin and sea star abundance was quantified along 50 m2, in a one
meter wide strip centered in the transect line. Only sea urchins over
2.5 cm of diameter were quantified (Edgar et al., 2011).
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2.2. Data treatment

We assigned species to six simple but universal trophic groups: top
predators, carnivores, herbivores, filter feeders, erect producers, and
barren ground producers (modified from McClanahan and Sala, 1997,
for the same geographic area). Abundances of species belonging to the
same trophic group were pooled together. Herbivore data were previ-
ously standardized because herbivore fish and sea urchinswere quanti-
fied in different units. Resulting trophic groupswere again standardized
for the same reason.

We also grouped species into categories that represent ecologically
distinct and relevant groups suitable to examine overall changes in the
benthic community (Britton-Simmons, 2006; Perner and Voigt, 2007;
Villamor and Becerro, 2010). The categories applied merge taxonomy
with physical structure and life history traits, preventing overrating spe-
cies over their function in the community.We classified algal abundance
data into seven widely used groups modified from Steneck and Watling
(1982), i.e. filamentous, foliose, corticated, leathery, calcareous, crustose
coralline algae, and phanerogams (mainly P. oceanica). Invertebrates
were grouped as: sea urchins, sea stars, sciaphilic sponges (those living
away from direct light, as caves, crevices or overhangs), photophilic
sponges (those living exposed to direct light in open areas), Hydrozoa,
Actiniaria, Madreporaria, Alcyonacea, Gorgonacea, Ascidiacea, Bryozoa,
and Polychaeta. We grouped fish according to their taxonomical family
(mainly Sparidae, Serranidae, and Labridae, but also some Sciaenidae)
and body size, so each family is divided in three groups, small, medium
and large. Sarpa salpa was quantified in separate groups, apart from the
rest of the Sparidae family to which it belongs, as this species is herbivo-
rous in contrastwithmost of the family species,which are carnivorous or
omnivorous. The aim of this classification is to propose an intermediate
way of organization, not as rough as trophic groups neither as redundant
as species. It cannot be considered a functional classification aswemain-
tain a certain taxonomic grouping; however we divide taxonomic units
into subgroups, not only for their feeding mode but also for their habitat
use and life history traits (Table 2).
Table 1
Information on the five MPAs investigated in this study ordered from north to south, with ex
area (in Ha), some examples of studies carried out in the same MPAs, and a link to obtain f

Geographic area Protection status Sampling sites coordinates Year o

1. Cap de Creus Terrestrial and
marine natural park

42° 17′ 4 ″ N/3° 17′ 54″ E
42° 14′ 56″ N/3° 13′ 39″ E
42° 19′ 22″ N/3° 18′ 29″ E

1998

Unprotected areas 42° 6′ 50″ N/3° 10′ 1″ E
42° 25′ 35″ N/3° 9′ 53″ E
42° 21′ 6″ N/3° 11′ 9″ E

2. Medas Islands Natural reserve 42° 2′ 31″ N/3° 13′ 34″ E
42° 3′ 0.1″ N/3° 13′ 28″ E
42° 2′ 50″ N/3° 13′ 33″ E

1983

Unprotected areas 42° 3′ 39″ N/3° 12′ 49″ E
42° 4′ 1″ N/3° 12′ 39″ E
42° 4′ 23″ N/3° 12′ 20″ E

3. Tabarca Island Marine reserve 38° 9′ 41″ N/0° 27′ 30″ W
38° 9′ 22″ N/0° 28′ 11″ W
38° 10′ 8″ N/0° 29′ 28″ W

1986

Unprotected areas 38° 10′ 35″ N/0° 29′ 9″ W
38° 10′ 3″ N/0° 27′ 8″ W
38° 11′ 37″ N/0° 31′ 1″ W

4. Cabo Palos-Is.
Hormigas

Marine reserve 37° 39′ 21″ N/0° 39′ 0″ W
37° 39′ 9″ N/0° 39′ 12″ W

1995

Unprotected areas 37° 38′ 5″ N/0° 41′ 42″ W
37° 38′ 13″ N/0° 41′ 19″ W
37° 37′ 26″ N/0° 42′ 9″ O

5. Cabo
Gata-Níjar

Protected landscape
and seascape

36° 56′ 21″ N/1° 54′ 4″ W
36° 49′ 51″ N/2° 0′ 26″ W
36° 43′ 15″ N/2° 11′ 33″ W

1995

Unprotected areas 37° 15′ 13″ N/1° 45′ ′ 49″ W
37° 1′ 4″ N/1° 52′ 40″ W
36° 59′ 30″ N/1° 53′ 12″ W
Three diversity indexeswere calculated using the classic ShannonH'
diversity index on the abundance of species, trophic levels, and our
functional groups, providing a single value for each of the three classifi-
cations of our multivariate data. Since H' values can be affected by sam-
pling size (Ramezani and Holm, 2011), the functionality of this index as
a standard measure of biodiversity is limited. However, the method
used provides identical sample size among all sites so, within the
scope of our study, H' values are comparable and hence can be used to
quantify differences in biodiversity between geographic areas and pro-
tection status (Garrabou et al., 2002; Wlodarska-Kowalczuk et al.,
2005).

2.3. Data analysis

We tested for differences in species, trophic, and functional diver-
sity between geographic areas and protection status with a two-way
mixed model analysis of variance. Geographic area was the random
factor and included all protected and unprotected sites located in
and around each particular MPA (6 replicates for each geographic
area). Protection status was the fixed factor, which referred to the
protected and unprotected sites regardless of geographic location
(15 replicates for each protection status). This analysis allowed test-
ing for a significant interaction between geographic area and protec-
tion status, i.e. for the variable effect that protection may have on
diversity as a function of geographic area.

We also ran two factor PERMANOVAs (Anderson, 2001) on the spe-
cies, trophic groups, and functional groups multivariate data with geo-
graphic area as random and protection status as fixed factors, using
Bray–Curtis as similarity measure. Similarity percentage analysis pro-
vided the main trophic and functional groups that differed between
protected and unprotected areas. The significance of the differences
found among groups between protected and unprotected sites was
evaluated with univariate analysis of variance with protection status
as a fixed factor. Post-hoc multiple comparisons were performed
when the interaction term resulted significant. This analytical strategy
act coordinates of our sampling points, protection status, year of declaration, protected
urther information.

f declaration Area Recent MPA research Web site

3064 Rossi et al. 2008
Lloret and Riera 2008

www.gencat.cat/parcs/

511 Francour et al. 2001
Lopez-Sanz et al. 2009
Sala et al., 1998a, 1998b

www.gencat.cat/parcs/

1400 Francour et al. 2001
Forcada et al., 2008;
Forcada et al., 2009

www.alicante-ayto.es

1931 García-Chartón &
Pérez-Ruzafa 2001
García-Chartón et al. 2004

www.magrama.es

4613 Figueroa et al. 2002 www.magrama.es

http://www.gencat.cat/parcs/
http://www.gencat.cat/parcs/
http://www.alicante-ayto.es
http://www.magrama.es
http://www.magrama.es
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takes full advantage of ourmultivariate data, provides detailed informa-
tion on the specific groups that are responsible for differences between
protected and unprotected sites, and can be used to check the adequacy
of single diversity values to estimate reserve effect.
3. Results

Species diversity varied significantly between geographic areas
but not between protected and unprotected sites (Table 3, Fig. 2a).
We also found significant differences in species composition between
geographic areas (PERMANOVA, p=0.001, Table 4, Fig. 3a).

Differences in trophic diversity between protected and unprotected
sites varied with geographic area (significant interaction term, Table 3,
Fig. 2b). Only Tabarca and Cabo de Palos showed significant differences
between protected and unprotected trophic diversity (F-ratio=48.39
and 42.83; p=0.006 and 0.002 respectively). We found no differences
in trophic diversity associatedwith geographic area or protection status
alone. Multivariate analysis of trophic groups composition showed sig-
nificant differences associated exclusively with protection status
(PERMANOVA, p=0.027, Table 4, Fig. 3b). Top predators and herbi-
vores contributed the most to the dissimilarity between protected and
unprotected sites (26.34% and 21.46% respectively, Fig. 4). Top preda-
tors were significantly more abundant inside than outside MPAs
(ANOVA, p=0.021, Fig. 4) but the higher abundance of herbivores out-
side MPAs was not statistically different (ANOVA, p=0.271). We also
found significantly larger abundances of carnivores and filter feeders
(p=0.022 and p=0.029 respectively) inside MPAs (Fig. 4).

We found higher functional diversity (sensu the present approach)
in protected than in unprotected areas (Table 3, Fig. 2c). Functional di-
versity also varied between geographic areas (Table 3). We found dif-
ferences in functional groups composition between geographic areas
(PERMANOVA, p=0.001, Table 4). Differences in functional groups be-
tween protected and unprotected sites might vary as a function of geo-
graphic area (interaction term nearly significant, p=0.072, Table 4).
Several functional groups consistently showed different abundances
between protected and unprotected areas across all geographic areas:
fish functional groups were generally more abundant inside MPAs, with
Table 2
Trophic groups, categories, sizes, and example species used to calculate the three diver-
sity measures studied.

Trophic groups Categories Species (examples)

Top predators Serranidae L Epinephelus marginatus
Sparidae L Dentex dentex

Carnivores Labridae S, M, L Coris julis, Thalassoma pavo,
Symphodus tinca

Sparidae S, M Oblada melanura, Diplodus sargo
Serranidae S, M Serranus cabrilla, Mycteroperca sp.
Sea stars Marthasterias glacialis

Herbivores Sarpa salpa S, M, L Sarpa salpa
Sea urchins Paracentrotus lividus

Filter feeders Sciaphilic sponges Phorbas sp.
Photophilic sponges Ircinia fasciculata
Hydrozoa Aglaophenia pluma
Madreporaria Cladocora caespitosa
Actiniaria Anemonia sulcata
Alcyonacea Alcyonum palmatum
Gorgonacea Eunicella singularis
Ascidiacea Didemnum sp.
Bryozoa Schizobrachiella sp.
Polychaeta Serpula vermicularis

Erect producers Filamentous Cladophora sp.
Corticated Cladostephus hirsutus
Calcareous Jania rubens
Foliose Udotea petiolata
Leathery Cystoseira sp.
Phanerogams Posidonia oceanica

Barren
ground producers

Crustose coralline algae Mesophyllum sp.
the exception of S. salpa, which was more abundant in unprotected
sites, although only small labrids and serranids showed significant coeffi-
cients (p=0.007 and p=0.033 respectively). Two invertebrate groups,
Madreporaria and Bryozoa, were also more abundant inside than outside
MPAs (p=0.046 and p=0.05). On top of these broad scale differences,
each geographic area showed particular differences between protected
and unprotected sites. Filamentous algae were more abundant inside
than outside Cap de Creus MPA (p=0.002). Foliose algae were more
abundant and corticated algae less abundant inside than outside Cabo
Palos MPA (p=0.032 and p=0.021 respectively). Calcareous algae and
sciaphilic sponges were more abundant inside than outside Tabarca
MPA (p=0.013 and p=0.012 respectively). We found no significant dif-
ferences in benthic functional compositionbetweenprotected andunpro-
tected sites neither in Medas nor in Cabo de Gata geographic areas.

4. Discussion

Our study aimed to test for community-level differences in marine
protected and unprotected areas as an attempt to quantify the so called
“reserve effect,” i.e., the consequence of protection on the system rather
than on specific target species (Bell andHarmelin-Vivien, 1983; Francour,
1994). We took a comprehensive approach to quantify the abundance,
trophic levels, and functional groups of the species inhabiting shallow
rocky communities inside and outside five Mediterranean MPAs. Our
data also allowed us to calculate species, trophic, and functional diversity,
reducing our multivariate data into single diversity values. We found
higher functional diversity in MPAs than in adjacent unprotected areas.
Species diversity differed between the localities studied but not between
protected and unprotected sites while differences in trophic diversity be-
tween protected and unprotected sites varied as a function of the locality.
Beyond these differences in diversity values, we also found that species
and functional groups composition varied with locality while trophic
structure differed between protected and unprotected areas. Overall,
our results suggest that the effect of protectionmay bemore pronounced
in the functional traits of the ecosystem than in species composition and
abundance.

Species composition varied between localities but not between
protected and unprotected sites. The value of species diversity
showed the same pattern. Besides supporting the role of geography
in the abundance and distribution of species, these results suggest
that we need to increase the number of geographic areas that are
protected to increase biodiversity protection. Barrett et al. (2009)
detected quite stable species richness of benthic invertebrates and
algae on four adjacent Tasmanian MPAs regardless of protection sta-
tus, while Alexander et al. (2009) even found lower species richness
inside than outside one of these Tasmanian MPAs. They concluded
that species abundance was correlated with structural features rather
than protection status. Although species can clearly respond to pro-
tection, species diversity fails to account for species identity so i)
Table 3
Two-way Anova on species diversity, trophic diversity, and functional diversity as a func-
tion of geographic area (random factor) and protection status (fixed factor). p-Values
under 0.05 are considered significant.

Measure Effect df Mean squares F-ratio p-Value

Species diversity Geographic area 4 0.718 6.322 0.003
Protection status 1 0.243 4.492 0.101
Interaction 4 0.054 0.478 0.751
Error 17 0.114

Trophic diversity Geographic area 4 0.022 0.960 0.454
Protection status 1 0.195 1.826 0.248
Interaction 4 0.107 4.599 0.011
Error 17 0.023

Functional diversity Geographic area 4 0.504 7.686 0.001
Protection status 1 0.340 10.113 0.033
Interaction 4 0.033 0.513 0.726
Error 17 0.065



Table 4
PERMANOVA on the abundance species, trophic groups, and functional groups as a func-
tion of geographic area (random factor) and protection status (fixed factor). p-Values
under 0.05 are considered significant.

Measure Effect df Mean
squares

Pseudo-F P-PERMANOVA

Species Geographic
area

4 2601.8 2.9218 0.001

Protection
status

1 1640.5 1.2512 0.286

Interaction 4 1314.9 1.4767 0.052
Residuals 17 890.48

Trophic groups Geographic
area

4 791.5 0.9731 0.493

Protection
status

1 4438.7 3.8971 0.027

Interaction 4 1141.8 1.4037 0.187
Residuals 17 813,43
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changes in species identity may alter the functioning of the ecosystem
without changing species diversity values and ii) low diversity values
may correspond with high quality environments such as those dom-
inated by meadows of the seagrass P. oceanica (Pergent-Martini and
Pergent, 2000; Romero et al., 2007). As explained before, in the pres-
ent study fish were not treated as species but as families and sizes,
that in the area of study might mean an average of 5 different species
in each of the categories used (Ojeda-Martinez et al., 2007). Studies
focused on fish populations have clearly demonstrated that diversity
is higher inside protected areas (Barrett et al., 2007; Claudet et al.,
2006). When included as a part of the whole community those differ-
ences may weaken unless the remaining organisms follow the same
trend.

Links between biodiversity and ecosystem processes are debateable
(Duarte, 2000; Duffy, 2002). Given that higher level consumers are less
diverse, less abundant, and under stronger anthropogenic pressure, it
Functional
groups

Geographic
area

4 1164.7 2.2869 0.001

Protection
status

1 1084.4 1.4572 0.217

Interaction 4 746.3 1.4653 0.072
Residuals 17 509.29

Fig. 2. Bar graphs of the species diversity, trophic diversity, and functional diversity on
the five MPAs studied. Significance values of protection, geographic area, and the inter-
action of both factors are listed in Table 2.
seems reasonable to assume that top predator species are likely to be-
come locally extinct even in areas with moderate anthropogenic pres-
sure like those investigated in our study area. We found evidence that
trophic and functional diversity could respond to protection more
than species diversity. Similarly, Libralato et al. (2010) studied trophic
Fig. 3.Multi dimensional scaling of a. species composition, b. trophic groups, and c. functional
groups inside (solid symbols) and outside (empty symbols) thefiveMPAs: CapCreus (red di-
amonds),Medas Islands (blue circles), Tabarca (black squares), Cabo Palos (orange triangles)
and Cabo Gata (green triangles). p Values of protection status effect and geographic area are
given in Table 3. (For interpretation of the references to color in this figure legend, the reader
is referred to the web version of this article.)
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levels in several Mediterranean areas and found that inside protected
areas there are higher mean trophic levels. Our data showed that top
predators were much more abundant inside than outside MPAs, oppo-
site to herbivores that were more abundant outside than inside
protected areas. This shift on the trophic interactions after protection
of over exploited species has been reported in many MPAs around the
world (Friedlander and DeMartini, 2002; Pace et al., 1999; Pinnegar et
al., 2000) from Australian temperate MPAs (Barrett et al., 2009;
Shears and Babcock, 2003) to the Mediterranean Sea (Hereu et al.,
2008; Pinnegar et al., 2000), and according to our results these changes
in the ecosystem trophic structure are general for everyMPA studied re-
gardless their geographic location.

The significant change in the abundance of filter feeders inside
protected areas is also noteworthy. Thismight be due to other processes
interacting with the top-down control dominating on temperate MPAs
(Shears and Babcock, 2002). Bottom-upprocesses relatedwith amyriad
of environmental variables, water quality for instance, could be modu-
lating the net outcome of the trophic shift (Freidenburg et al., 2007)
by enhancing competitive exclusion for space between colonial filter
feeders and algae (Cebrian and Uriz, 2006; Rützler, 1970; Schmidt and
Warner, 1986). Ward et al. (1999) concluded that not only fish but
also invertebrate assemblages are good surrogates of species diversity,
so taking into account not only target species but every trophic level
of the community, might uncover other aspects of the complex reserve
effect.

The community organization,whichwe approached as diversity and
composition of functional groups, seems to be particular of each area.
Evenwhen grouping species into functional groups, the effect of protec-
tion on the relationships among functional groups varies with geo-
graphic area. Some functional groups seem to be more relevant for
this differentiation than others (urchins, fishes…), but no clear pattern
of functional organization is detected according solely to protection sta-
tus in this type of community. Graphically, this is quite clear in theMDS
of Fig. 3c, where protected and unprotected sites appear spatially sepa-
rated but failed to follow a common pattern across MPAs. It is notewor-
thy that northern sites, protected and unprotected localities of Cap de
Creus and Medas Islands geographic areas, appear mixed with no
clear boundary separating protected and unprotected sites, as opposed
to the other three MPAs. The proximity of both MPAs to densely popu-
lated areas together with a permissive policy of permitted uses makes
us think that the two northern MPAs might be less effective than their
southern counterparts.

Vegetal functional groups seem to be the most affected by the pro-
tection, although in a different way in each geographic area. Differences
reflect the specific characteristics of the geographic area. Fish seem to
play a major role as well in the protection status differences, although
these differences detected were not fully significant. This lack of signif-
icance could be due to several and opposing explanations: one answer
would be that the protection is so effective that spillover is enhancing
fish populations in nearby unprotected sites. This enhancement has al-
ready been noted (Goñi et al., 2008; Harmelin-Vivien et al., 2008) in
manyMediterraneanMPAs, including three that were also investigated
in our study. The opposite explanation would be that protection is not
effective and illegal fishing prevents differences between protected
and unprotected areas. This is more unlikely given that all 5 MPAs are
provided with comprehensive surveillance.

The dynamics of Mediterranean communities are well documented
with two opposite stages separated by two distinct phases (Ballesteros,
1991). After a diversification phase, benthic communities reach a stage
withmaximum levels of spatial diversity (sensu Pielou, 1966), followed
by a high production phase that leads to well-developed communities
(Ballesteros, 1991). Although species abundance and distribution may
Fig. 4. Bar graphs of the abundance (mean±st. error) of each trophic group for each geo-
graphic area and protection status (black bars represent protected sites and white bars
represent the unprotected sites). Significant parameters are detailed in the text.
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change seasonally and with other parameters not investigated in our
study, species richness and diversity show no distinct trend between
the developed and diversified stages (Ballesteros, 1991). Given the
age of the MPAs investigated in our study, certain patterns should
arise beyond the natural seasonal variation in species. This has been
shown mainly for fish species (Anticamara et al., 2010; Myers et al.,
2011) and also for invertebrates (Bertocci et al., 2012). For the algal
communities, seasonal variation is also assumed; however the catego-
ries we used as surrogates of diversity have been proved to be consis-
tent in space and time (Smale, 2010).

In our opinion, species diversity shows weaknesses to measure the
effectiveness of protection onMPAs, as it is driven by many factors in-
cluding biogeography. Our data showed that the effect of protection
on trophic structure is more general and independent of geography.
This simple trophic division allowed us to find an effect of protection
common to all the studied MPAs. As expected, the most affected tro-
phic groups were top predators and carnivores, the usual target spe-
cies, but herbivores and filter feeders also showed some differences
related to protection. Producers were not quantitatively affected,
but the effect of protection on the composition of functional groups
varied with geographic areas. Our study showed evidence for an ef-
fect of protection on community organization and trophic structure,
supporting the concept of reserve effect beyond target species. Our
data also showed that the effect of protection varied as a function of
geographic location even between localities a few hundred kilome-
ters apart. These considerations make us suggest that the creation of
more MPAs (even in nearby areas) seems a reasonable practical con-
sequence of our study. By protecting more areas we will increase our
protection on biodiversity and the ecosystem services it provides.
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