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A B S T R A C T

Marine protected areas (MPAs) provide multiple conservation benefits, thus raising the question of how good
and consistent they are at their roles. Here, we quantified three components, namely, diversity, biomass, and
other relevant variables, in numerous protected and unprotected areas across four marine ecoregions in south-
western Europe. We created a “global conservation status index” (CSIglobal) as the sum of CSIdiversity, CSIbiomass,
and CSIrelevant. We then tested whether CSI and its three components varied as a function of protection and
marine ecoregion. MPA efficiency, defined as the effect size of protection on CSIglobal, was unreliable and varied
with geography. CSIbiomass and CSIrelevant contributed to the unreliability of MPA efficiency, while CSIdiversity was
reliable. CSIbiomass showed the major efficiency in protected areas (60%). Biomass of threatened species was the
single largest variable that contributed to MPA efficiency. Our easy-to-use approach can identify high- and low-
efficient MPAs and help to clarify their actual roles.

1. Introduction

Marine protected areas (MPAs) are one of the main management
tools for the current human-driven biodiversity crisis. With increasing
anthropogenic pressures, MPAs are essential to preserve natural re-
sources, biodiversity, and ecosystem properties (Micheli et al., 2012;
Hilborn, 2016; Campbell et al., 2017). MPAs have steadily increased in
the last decades to> 5% of coastal areas under national jurisdictions
and<1% of the high seas (Spalding et al., 2013) figures that keep on
increasing with the establishment of some large MPAs, particularly in
tropical waters (Devillers et al., 2015). MPAs are pivotal tools for
coastal fisheries management and biodiversity conservation (Edgar
et al., 2014). Yet, only 10% of the MPA surfaces are no-take zones, free
of extraction, or habitat alteration activities, while 94% of MPAs allow
fishing and other activities (Thomas et al., 2014; Costello and
Ballantine, 2015; Campbell et al., 2017). Certainly, MPAs include a
high range of areas, designs, uses, and management goals (Al-
Abdulrazzak and Trombulak, 2012; Edgar et al., 2014; Pérez-Ruzafa
et al., 2017), which could result in many benefits and varying degrees

of protection efficiencies.
Besides MPAs, additional protection measures have been taken to

contribute to biodiversity conservation, protection of threatened spe-
cies, and restoration of fish stocks, including national parks, marine
sanctuaries, natural parks, or natural monuments (Al-Abdulrazzak and
Trombulak, 2012). Moreover, areas such as military zones can offer
protection because of strong surveillance, highly restrictive access, and
ban of extractive activities. All these protection measures can lead to
the recovery of natural resources and other positive effects on natural
communities (Russ et al., 2005; Weeks et al., 2010; Campbell et al.,
2017).

The benefits of protection in marine communities are abundant,
mostly focused on traits associated with diversity, biomass, or other
relevant aspects related to protection. Protected areas are associated
with larger species richness (Wantiez et al., 1997; Ciriaco et al., 1998;
Edgar and Barrett, 1999; Barrett et al., 2007), larger trophic diversity
(Shears and Babcock, 2003; Harmelin-Vivien et al., 2015), and larger
functional diversity (Stelzenmüller et al., 2009; Villamor and Becerro,
2012; Guilhaumon et al., 2015) than unprotected areas. Protection also

https://doi.org/10.1016/j.marpolbul.2019.04.015
Received 29 May 2018; Received in revised form 26 March 2019; Accepted 3 April 2019

⁎ Corresponding author at: The BITES Lab, Center for Advanced Studies of Blanes (CEAB-CSIC), Acc Cala S Francesc 14, 17300 Blanes, Gerona, Spain.
E-mail addresses: jsanabriafernandez@gmail.com (J.A. Sanabria-Fernandez), josucham@gmail.com (J.G. Alday), natalidenise.23@gmail.com (N. Lazzari),

rriera@ucsc.cl (R. Riera), mikel.becerro@csic.es (M.A. Becerro).

Marine Pollution Bulletin 143 (2019) 24–32

0025-326X/ © 2019 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/0025326X
https://www.elsevier.com/locate/marpolbul
https://doi.org/10.1016/j.marpolbul.2019.04.015
https://doi.org/10.1016/j.marpolbul.2019.04.015
mailto:jsanabriafernandez@gmail.com
mailto:josucham@gmail.com
mailto:natalidenise.23@gmail.com
mailto:rriera@ucsc.cl
mailto:mikel.becerro@csic.es
https://doi.org/10.1016/j.marpolbul.2019.04.015
http://crossmark.crossref.org/dialog/?doi=10.1016/j.marpolbul.2019.04.015&domain=pdf


triggers an increase in fish biomass, particularly of commercial fish
species (Barrett et al., 2007; Fenberg et al., 2012; Parravicini et al.,
2014; Pérez-Ruzafa et al., 2017), likely as a result of decreased fishing
pressures (e.g., larger biomass of fish over 20 cm; Edgar and Barrett,
1999; Barrett et al., 2007; Stuart-Smith et al., 2017). However, the
biomass of other groups of species such as fish species in the IUCN Red
List (Nieto et al., 2015) has received less attention (Willis et al., 2003;
Afonso et al., 2011; Harmelin-Vivien et al., 2015). Other relevant
variables unevenly used to assess the effects of marine protection in-
clude abundance of higher carnivores (Cole, 1994; Harmelin et al.,
1995), vulnerability of fish community (Cheung et al., 2007; Stuart-
Smith et al., 2017; Vasconcelos et al., 2017), and fish size (Shears and
Babcock, 2003; Sciberras et al., 2013). Overall, most available evidence
supports for a positive effect of protection on all these traits, providing
ample MPA benefits in terms of fish diversity, fish biomass, and relevant
traits of the fish community.

The variability in MPA traits and benefits also points toward the
possibility that MPAs may be inconsistent in their multiple roles,
leading to varying degrees and contrasting levels of efficiency
(Dichmont et al., 2013; White et al., 2014). In fact, the positive effects
of protection are unevenly spread across MPAs, and numerous studies
fail to provide evidence for the expected beneficial effects of protection.
Literature on the so-called paper parks provides ample evidence that
MPAs can be inefficient (Bustamante et al., 2014; Gallacher et al., 2016)
due to multiple factors (Rife et al., 2013; Edgar et al., 2014). Often, the
protection effects of MPAs, e.g., increase in species richness or abun-
dance, are noticeable after sufficiently long periods together with sui-
table control sites (Stobart et al., 2009; Chirico et al., 2017). Moreover,
many studies that assessed MPA efficiency have focused on one rather
than several benefits (McClanahan et al., 1999; Vanderklift et al.,
2013), which could account for differences associated with the specifics
of each benefit, MPA, or geographic region investigated (Caveen et al.,
2015; Fletcher et al., 2015; Hughes et al., 2016).

Studies examining the effects of protection on multiple benefits over
large geographic scales can provide opportunities to advance our un-
derstanding on how good MPAs are at achieving their multiple benefits
and how reliable MPAs are at providing such benefits. In this study, we
followed this approach to shed some light on the relationship between
protection and their benefits. We used fish communities across south-
western Europe to investigate how fish diversity, fish biomass, and
other relevant protection-related benefits contributed to the overall
differences between fish communities in protected and unprotected
areas and tested whether these benefits were consistent or varied as a
function of geography. We investigated>20 protected sites distributed
in four marine ecoregions of the world (Spalding et al., 2007) in the
Atlantic-Mediterranean confluence area. We used species richness,
trophic diversity, and functional diversity to evaluate MPA benefits on
fish diversity; biomass of commercial fish, biomass of large fish, and
biomass of threatened fish species to evaluate MPA benefits on fish
biomass; and fish vulnerability, fish size, and abundance of higher
carnivores as other MPA benefits on fish communities. Our results
showed evidence for a small but consistent protection effect on fish
diversity as opposed to larger and geographically variable protection
effects on biomass and other relevant variables that resulted in un-
reliable MPA efficiency in our study area.

2. Material and methods

2.1. Study area and field survey

We sampled a total of 372 sites that are mostly scattered along, but
not limited to, the coast of Spain, Portugal, and North Africa (Fig. 1).
The locations included 22 MPAs from four marine ecoregions (Alboran
Sea; Azores Canaries Madeira, hereafter Canary Is.; South European
Atlantic Shelf, hereafter Atlantic; and Western Mediterranean) defined
by Spalding et al. (2007) as “areas of relatively homogeneous species

composition, clearly distinct from adjacent systems.” The species
composition of each ecoregion is likely to be determined by the pre-
dominance of a small number of ecosystems or a distinct suite of
oceanographic or topographic features (Spalding et al., 2007, Table 1).
In this paper, we define MPA broadly to accommodate for the multiple
protection measures available in our study area, including marine re-
serves, national parks, natural parks, and no-access military zones with
strong enforcement. Specific goals of these 22 MPAs include biodi-
versity conservation (17 MPAs), fish stock restoration (12 MPAs), na-
tional defense (4 MPAs), and protection of endangered species (1 MPA).
Our sampling design covered many protected and unprotected sites in
each of the four ecoregions investigated, providing a good representa-
tion of both factors. All sampling was conducted in the summers of
2014, 2015, and 2016.

We used the Reef Life Survey protocol (Edgar and Stuart-Smith,
2014) to quantify the number, abundance, and size distribution of the
fish community at each site. Briefly, in each sampled site, we took at
least two underwater visual surveys along 50-m long × 10-m wide
transects (Edgar and Stuart-Smith, 2014), with all conspicuous fish
(> 25mm size) identified and their abundances and sizes estimated.
We restricted sampling between 6- and 15-m deep to minimize the
influence of depth on fish communities.

2.2. Conservation status index (CSI)

Our quantitative data allowed us to calculate multiple variables
from which we selected nine mostly unrelated traits to characterize fish
communities (Table 2). These selected variables provided quantitative
information on the status of each fish community in terms of diversity
(species richness, trophic diversity, and functional diversity), biomass
(biomass of commercial species, biomass of large specimens, and bio-
mass of threatened species), and relevant traits (vulnerability, size
community, and abundance of higher carnivores; Fig. 2). We calculated
species richness as the total number of fish species in each transect. To
calculate trophic diversity, we categorized every fish specimen into its
respective trophic group, i.e., benthic invertivore, browsing herbivore,
higher carnivore, planktivore, or scraping herbivore, and we computed
the Shannon-Weaver diversity index as natural logarithm on the
abundance of these trophic groups. To calculate functional diversity, we
assigned all fish specimens to their corresponding levels of eight func-
tional traits (water column position, preferred substrate, trophic group,
dial activity pattern, habitat complexity, gregariousness, trophic
breadth, and maximum length) and calculated Rao-Q following Stuart-
Smith et al. (2013). Information on the trophic groups and functional
traits of every fish species is available in FishBase (www.fishbase.com),
(Froese and Pauly, 2000).

We used our observed abundance of fish size groups to estimate
biomass of fish species (Ln transformed) based on species-specific
length-weight relationships available in FishBase (Froese and Pauly,
2000). We defined large specimens as fish individuals larger than
200mm length (hereafter biomass> 200mm). We used Spanish
Commercial List of Marine Fishes (http://www.mapama.gob.es/es/
pesca/temas/mercados-economia-pesquera/fichas_sp_comerciales.
aspx) to assign fish species to the commercially interesting species
group and the European Red List of Marine Fishes of the International
Union for Conservation of Nature (IUCN) to assign fish species to the
threatened species group (Nieto et al., 2015).

We also used FishBase information (Froese and Pauly, 2000) to
quantify the abundance of higher carnivores (log transformed) and to
assign vulnerability values to every fish specimen in our data set. Then,
we used the community-weighted mean as a vulnerability index. We
calculated fish size as the community-weighted mean of the total length
of the observed fish specimens in each site.

We defined the global conservation status index (CSIglobal) as the
sum of the nine variables investigated, which were standardized be-
tween 0 and 100 to give equal possible weight to their contribution to
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