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A B S T R A C T

Protected areas not allowing extractive activities (here called fully protected area) are a spatially explicit con-
servation management tool commonly used to ensure populations persistence. This is achieved when an ade-
quate fraction of a species' population spends most of its time within the boundaries of the protected area. Within
a marine context, home ranges represent a tractable metric to provide guidance and evaluation of fully protected
areas. We compiled peer-reviewed literature specific to the home ranges of finfishes and invertebrates of eco-
logical and/or commercial importance in the Mediterranean Sea, and related this to the size of 184
Mediterranean fully protected areas. We also investigated the influence of fully protected areas size on fish
density in contrast to fished areas with respect to home ranges. Home range estimations were available for 11
species (10 fishes and 1 lobster). The European spiny lobster Palinurus elephas had the smallest home range
(0.0039 ± 0.0014 km2; mean ± 1 SE), while the painted comber Serranus scriba (1.1075 ± 0.2040 km2) had
the largest. Approximately 25% of Mediterranean fully protected areas are larger than 2 times the size of the
largest home range recorded. Fish densities were significantly higher when fully protected areas were larger than
the home range, while no change in density occurred when home ranges were larger than fully protected areas.
These results display a direct link between the effectiveness of fully protected areas and species' home range,
suggesting that fully protected areas of at least 3.6 km2 may increase the density of local populations of these
coastal marine species.

1. Introduction

In an effort to reach the Aichi Target 11 of the Convention on
Biological Diversity to effectively protect 10% of the ocean by im-
plementing management measures by 2020, several countries have
established very large (> 30,000 km2) marine protected areas

(Singleton and Roberts, 2014). Marine protected areas are places in the
sea designed to protect marine species and ecosystems, while some-
times allowing for sustainable uses of marine resources within their
boundaries (Pisco and UNS, 2016). Since 2006, the percentage of
marine protected area designations has increased dramatically in the
Pacific Ocean due to initiatives by small island countries (e.g. Kiribati,
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Cook Islands) or nations with territories in the area (e.g. USA, France,
the UK) that take advantage of protecting remote areas with relatively
little human dependency (Wilhelm et al., 2014). Very large marine
protected areas contribute significantly to conserving many aspects of
natural marine systems that cannot be protected with small marine
protected areas (e.g. wide ranging species, all habitats used during the
entire life cycle of marine species including larval dispersing stages)
(Wilhelm et al., 2014). In areas far from population centres and mar-
kets, strict conservation objectives can prevail. However, in more
densely populated areas where conflicting marine resource uses are at
stake, conservation benefits must trade-off with fisheries objectives and
other human uses, thus, establishing very large marine protected areas
can be extremely challenging.

Marine protected areas can be multiple use areas containing a fully
protected area (also called no-take zone), where all extractive activities
are forbidden, and one or more types of partially protected areas, where
a range of extractive uses are allowed. Fully protected areas are the
most effective type of marine protected areas for protecting ecological
systems (Sala and Giakoumi, 2017; Giakoumi et al., 2017) in which
increased abundance, biomass, diversity, body size, and reproductive
output of species have been observed within their borders (Claudet
et al., 2008; Sala et al., 2012), which can also provide benefits to the
surrounding, fished areas (Green et al., 2015; Di Lorenzo et al., 2016).
The movement from inside to outside the fully protected area occurs
when the density of species inside a fully protected area increase to-
wards the carrying capacity and organisms spillover via density-de-
pendent diffusion (Kellner et al., 2007). However, there is contrasting
evidence concerning the effect of habitat continuity on spillover. Some
studies suggest that spillover of certain species can be facilitated by
suitable habitat outside the fully protected area (e.g. Forcada et al.,
2009), while a recent review demonstrated that fish also cross un-
suitable habitats when competition pressure is strong (Di Lorenzo et al.,
2016). To effectively reduce fishing-related mortality, the entire home
range of individuals must be located within a fully protected area
(Kramer and Chapman, 1999). We define home range as the area in
which an individual spends 95% of its time and engages in routine
activities, such as foraging and resting; this generally does not include
ontogenetic changes in habitat or reproductive migrations (Green et al.,
2015).

Home range is considered a tractable metric to inform the im-
plementation and configuration of effective marine protected areas or
networks of marine protected areas (Kramer and Chapman, 1999;
Green et al., 2015). Moreover, it is also a practical measurement to
determine the adequacy of a marine protected area and it is an in-
telligible metric to communicate to stakeholders (Weeks et al., 2016).
Information on the home range of marine organisms, and how this
varies within (e.g. related to ontogenetic phases and individual size)
and among species and with changes in environmental factors (e.g.
density, disturbances, habitat composition) is therefore pivotal to de-
signing effective fully protected areas (Green et al., 2015). Since home
range sizes can vary dramatically across species, the multispecies im-
pacts of fully protected area designs will depend upon the range of
biological characteristics of target species. It is difficult to determine
the adequacy of fully protected areas for protecting local populations of
marine species across their home ranges because the available literature
lacks syntheses that associate home ranges and fully protected area
sizes (but see McCauley et al., 2015 and Weeks et al., 2016).

To better understand the relationship between fully protected area
size and species home ranges we synthesised the available data from the
Mediterranean Sea as a case study. The Mediterranean Sea is a densely
populated coastal area and is one of the most exploited seas worldwide
(Micheli et al., 2013a). High coastal population densities, in-
dustrialisation, maritime traffic, and tourism-based economies, along
with a marine area that is partitioned among many differing countries/
regions, are only a few of the challenges that can prevent im-
plementation of large-scale conservation plans for Mediterranean

countries and territories. This has resulted in many Mediterranean
marine protected areas that are quite small. Although well-enforced
small Mediterranean marine protected areas are effective at local scales
(Giakoumi et al., 2017), these may be unable to protect adequate
proportions of species populations at a regional scale (Guilhaumon
et al., 2015). Here we focus on the home range of coastal marine species
of the Mediterranean Sea. It should be noted that depending on the
source, “full protection” can have different definitions (e.g. no access,
no extraction, etc.). However, for our purposes we use the term fully
protected area for sites where no removal of biota is a minimum re-
quirement (sensu Horta e Costa et al., 2016).

The aims of this paper are to: 1) collate all available information on
the home ranges of Mediterranean marine species to explore the re-
lationship between body size and home range and identify evidence of
overlapping home ranges; 2) evaluate current Mediterranean fully
protected area sizes relative to the distribution of home ranges; 3) in-
vestigate the influence of fully protected area size on increased density
of individuals of the species of interest compared to fished areas with
respect to home range size, and 4) provide information about benefits
to local populations based on the size of Mediterranean fully protected
areas. Although our focus is the Mediterranean Sea, the findings of this
study may have implications for other regional seas.

2. Methods

2.1. Data collection, handling, and analyses

We conducted a comprehensive survey of the peer-reviewed lit-
erature to compile data on the home ranges of finfishes and in-
vertebrates from the Mediterranean Sea (see Appendix A for details on
search procedure). Studies had to utilise satellite, radio, or acoustic
telemetry, because they are the most reliable methods to obtain home
range size estimations (Green et al., 2015). Species with large home
ranges and individually legislated protection (i.e. cetaceans, sea turtles)
were not included because they are not directly related to ecological
effects delivered by fully protected areas, and their home range sizes
are not feasibly ecompassed by fully protected areas. A total of 15
studies met our criteria (Table 1).

We compiled information on movements of individuals as well as
the study area (e.g. presence/absence of a marine protected area and
protection level; see Table A2 in Supporting information). To provide
home range estimates at the species level, the values for all individuals
within a species were averaged (as in McCauley et al., 2015). In-
dividuals included in our dataset were those that provided reliable es-
timates of home ranges and were retained in each primary study based
on specific quality control criteria defined by the authors (see Table
A1). Across all studies, approximately 22% (55 out 245) of monitored
individuals were discarded by the primary authors (Table A1). Due to
high variability in tracking time among the retained individuals (see
Results section and Table A1), we performed sensitivity analyses to
determine whether tracking time affected home range estimations and
if there was evidence of a threshold in tracking time below which home
range estimates should be discarded due to high variability and there-
fore of low reliability (see Appendix A and Fig. A1). Variability in home
range estimates was not related to tracking time (Appendix A). There-
fore, all the individuals retained by the primary authors were also in-
cluded in our dataset and analyses.

To test whether home range size varied among species in relation to
body size (McCauley et al., 2015), we assessed the relationship between
the maximum size of a species (extracted from Fishbase with reference
to Mediterranean samples) and its mean home range size.

Only 76 of the 1231 marine protected areas designated in the
Mediterranean include one or more fully protected areas, with a total of
184 individual fully protected areas (collated from MAPAMED 2016
following the fully protected area definition provided by Horta e Costa
et al., 2016). To investigate the influence of fully protected area size on
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