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Abstract

The small-scale fisheries (SSF) sector has attracted considerable attention over the last decade due to its major importance
in sustaining the livelihoods of coastal communities worldwide, poverty alleviation, food security, social wealth and traditions.
Despite this importance, quantitative and qualitative information on SSF is still largely lacking and when available, it tends to be
scattered or very localized. SSF are also among the very few professional extractive activities generally allowed within Marine
Protected Areas (MPAs), and are therefore expected to acquire further momentum in the near future in light of the projected in-
crease of protected marine surface area due to international commitments. However, SSF associated with areas including MPAs
may differ from those operating in unprotected contexts with regard to a range of socio-ecological aspects, thus potentially making
management strategies currently in force unsuitable, and requiring the development of ad hoc local and regional policies. Here,
we assessed the socio-ecological dimension of SSF operating within and around 11 Mediterranean MPAs, in six EU countries,
with the aim of identifying relevant patterns that could inform policy and management relative to this fishing sector in view of the
forthcoming increase of the marine surface area under protection. To do so, we have adopted a collaborative approach with fishers
and combined a photo-sampling survey of 1,292 set net (mainly trammel-nets) fishing operations at landing with 149 semi-struc-
tured interviews with fishers, to gather information on features and catches of SSF fleets (e.g. vessel characteristics, gears, catch
composition, catch and revenue per unit of effort). Overall, results highlighted: 1) multiple shared features emerging at regional
level (i.e. among the 11 study areas), such as the predominant use of set nets, the major contribution of a limited number of species
to the overall catch and revenue, the occurrence in the catch of threatened species and/or undersized individuals; 2) a variety of
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distinctive socio-ecological features differentiating local SSF communities such as the species mainly contributing to catch and
revenue, species size distribution and fleet characteristics. In addition to presenting elements to inform common policies and strat-
egies for SSF management in the context of MPAs, our study provides guidance for the development of a standard methodology

for the full documentation of SSF in the Mediterranean Sea.

Keywords: catch composition; ex-vessel price; fishing gears; fleet characteristics; small-scale fisheries; Mediterranean; photo-

sampling; fully documented fisheries.

Introduction

The United Nations General Assembly declared 2022
the International Year of Artisanal Fisheries and Aquacul-
ture (IYAFA 2022), underlining the crucial contribution
of small-scale fisheries (SSF) to human well-being, food
security, and environment and biodiversity protection.
SSF employ about 90% of the world’s fishers, account
for more than 25% of global catches, and play a key role
in sustaining poverty alleviation, social wealth and the
cultural heritage of coastal communities (Jentoft et al.,
2017). For this reason, the proper management of this
sector is acknowledged as a major priority for marine
scientists, practitioners and policy makers (Smith & Ba-
surto 2019; Pauly & Zeller, 2016; Kittinger et al., 2013;
Chuenpagdee & Jentoft, 2016; Teh et al., 2011).

The importance of SSF management acquires further
relevance in the light of the projected increase in protect-
ed marine surface area to meet the international 30% tar-
get of protected oceans from the Convention of Biolog-
ical Diversity by 2030 (i.e. 30x30), mainly through the
establishment of new multiple-use marine protected areas
(MPAs). In this perspective, SSF will likely play a key
role, as they are among the very few extractive human
uses allowed in MPAs owing to their ability to sustain the
livelihoods and economy of local communities potential-
ly without jeopardizing the ecological benefits provided
by area-based conservation measures (Zupan et al., 2018,
Grorud-Colvert et al., 2021). Achieving SSF socio-eco-
logical sustainability, however, requires effective and
evidence-based management that can be attained only
through a deep and widespread knowledge of this sector
under protected and unprotected conditions (Di Franco
et al., 2016). This is especially important considering the
increasing competition for space and resources SSF are
facing from other sources of extractive (e.g. recreational
fisheries) and non-extractive (e.g. tourism) human activ-
ities (Lloret et al., 2018, Goémez et al., 2021), and that is
contributing, among other factors, to the general decline
of the small-scale sector (Gémez et al., 2006; Lloret et
al.,2018).

In this context, the FAO ‘Voluntary Guidelines for
Securing Sustainable Small-Scale Fisheries in the Con-
text of Food Security and Poverty Eradication’, and their
adoption by member states, represented international ac-
knowledgment of the urgent need to overcome current
issues related to SSF worldwide, by targeting key aspects
for the sustainable development of the sector (FAO, 2015;
Jentoft et al., 2017; Chuenpagdee et al., 2019). Despite
SSF being generally acknowledged as potentially less
impacting on coastal ecosystems and more socially eq-
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uitable for fishery communities compared to large-scale
fisheries, until very recently they have been relegated to
a more marginal status and a lower priority on nation-
al and global fisheries agendas (Smith & Basurto, 2019;
Jacquet & Pauly, 2008). One specific element stressed in
the guidelines is the urgent need to fill the current infor-
mation and data gap on the characteristics of SSF (Pauly
& Charles, 2015; Pita et al., 2019), that are crucial to in-
form sound policies and management strategies (Chuen-
pagdee & Jentoft, 2016). This data gap derives from fac-
tors both intrinsic and extrinsic to the SSF sector. On one
hand, the inherent nature of SSF, which are extremely
heterogeneous from an ecological and social-economic
perspective and with communities often geographically
isolated or socially difficult to access, hinders the de-
velopment and application of long-term and spatially
consistent monitoring approaches (Guyader et al., 2013;
Outeiro et al., 2018; Pita et al., 2019). On the other hand,
the secondary role that SSF have played compared to
large scale fisheries, both in scientific and policy agendas
(Cohen et al., 2019; Smith & Basurto 2019), along with
the insufficient effort and scanty investments devoted to
monitoring SSF, raise additional concerns (Pauly, 1997,
Smith & Basurto, 2019; Teh et al., 2011). Unsurprisingly,
a commonly accepted definition of SSF is still lacking,
often varying depending on the region or the country con-
sidered (Teh & Pauly, 2018; Halim et al., 2019; Smith &
Basurto, 2019). Although data collection on SSF has im-
proved worldwide in recent years, e.g. by broadening data
gathering to include social aspects (FAO, 2018; STECF,
2021) and by creating global research networks (e.g. Too
Big To Ignore, 2017), a common effective framework
that would allow the transition from local to regional or
global assessments of SSF is still a long way from be-
ing developed, thus hindering effective SSF management
(Chuenpagdee et al., 2019; Gill et al., 2019). Most of the
time, accurate assessments of SSF are a prerogative of
specific studies, generally sparse, sporadic or intermit-
tent, and mostly referring to single local communities
or small geographical areas (Maynou et al., 2011; Batt-
aglia et al., 2010; Leleu et al., 2014; Lloret et al., 2018,
Bousquet et al., 2022). In the few cases in which common
protocols for SSF monitoring do exist, such as the EU’s
Data Collection Framework (DCF) for fisheries, they are
mostly based on declarative data from fishers (STECF,
2021). These statistics, usually self-reported through log-
books or self-declarations, have a degree of reliability
that can vary widely depending on fishers’ willingness to
collaborate and support SSF monitoring and management
(Basurto et al., 2017; STECF, 2021). Assessment meth-
odologies based on the direct collection of catch data by
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operators at landings have been generally limited to a few
areas, based on a relatively small number of fishing days
monitored and aggregating data at the scale of geograph-
ical sub-areas, due to the overall effort needed and to the
usually limited engagement of fishers, often impeding the
systematic and reliable characterization of the fisheries
(Stoll et al., 2023; STECF, 2021). From this perspec-
tive, there is an urgent need to develop and extensively
implement accounting systems for SSF able to provide
comprehensive, widespread and complete information on
SSF catches, with the aim of fully documenting this fish-
ery sector, as required for example by the reformed Com-
mon Fishery Policy (CFP) of the EU (Mangi et al., 2015).

Furthermore, in the Mediterranean Sea, SSF have
long been overlooked, despite their crucial role in re-
lation to coastal social-ecological systems (Coll et al.,
2012; Tsikliras et al., 2015). Only in recent years consid-
erable attention has been focused on this sector thanks to
a series of initiatives aimed at improving knowledge on
SSF in order to achieve meaningful goals. For example,
the ‘Regional Plan of Action for SSF in the Mediterra-
nean and the Black Sea’ (RPOA-SSF), by the General
Fishery Commission for the Mediterranean (GFCM),
was designed to increase knowledge and understanding
of SSF by improving and fostering data collection on a
set of socio-ecological aspects. These recent efforts, how-
ever, have rarely, if ever, targeted the SSF associated with
MPAs that may differ from those operating in unprotect-
ed contexts in terms of a wide range of socio-ecological
aspects, thus requiring specific assessments capable of
providing a basis for sound management and policy strat-
egies in the forthcoming years.

In this study, we assessed the socio-ecological fea-
tures of SSF operating in the context of 11 Mediterranean
MPAs (i.e. operating within and around the MPAs), in 6
EU countries, in order to identify patterns that could in-
form sustainable management and policy for this sector in
view of the upcoming implementation of new spatial con-
servation measures (mainly MPAs) in European waters.
Specifically, by adopting an interdisciplinary approach,
combining photo-sampling of catches at landings with
questionnaires administered to fishers, we aimed to a)
identify common aspects emerging at regional level (i.e.
over the spatial domain considered), and b) reveal local
heterogeneities (i.e. among areas) in relation to a set of
social-ecological features of SSF fleets and communities
(e.g. vessel characteristics, types of gear employed, catch
composition, catch per unit of effort, revenue per unit of
effort). Besides presenting novel elements related to SSF
in the Mediterranean Sea, our study provides useful in-
sights for the development of a standard methodology for
the full documentation of Mediterranean SSF.

Materials and Methods
Study area

The study was carried out between June 2017 and Oc-
tober 2018 and encompassed 11 areas, distributed in the
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Mediterranean waters of 6 EU countries, partially includ-
ing or in proximity to 11 Marine Protected Areas (MPAs,
sensu lato, including areas established under different des-
ignations), and where one or multiple SSF communities
operate: South Corsica, Cap Roux, Cote Bleue (France),
Portofino promontory, Egadi Archipelago and southern
Trapani coast, northern Brindisi coast (Italy), Straits of
Ibiza and Formentera, Cabo de Palos and adjacent Mur-
cia coast (Spain), Dugi-Otok island (Croatia), Strunjan
(Slovenia) and Zakynthos island (Greece) (Fig. 1). The
sampling process was embedded within the framework
of a larger collaborative project where small-scale fish-
ers, MPA management bodies and researchers agreed to
collaborate with the goal of improving SSF management
in the context of Mediterranean MPAs (see Di Franco et
al., 2020, for further details). Fishers interested in taking
part in SSF monitoring were instructed on the specifics
of the data to be collected and the monitoring protocols,
with the aim of ensuring the reliability of the sampling
process. In addition, in situ MPA management bodies
were appointed as local data collection centers (i.e. staff
members from each MPA were in charge of adminis-
tering the questionnaires and collecting the photo-sam-
ples of the fishing operations, see below, that were then
transferred to researchers for the analyses), benefiting
from their widespread coverage of the territory and their
long-standing relationship with local SSF communities.
This allowed a capillary and continuous sampling effort
over the study period in all areas.

Fishing fleet and gear characterization

Here we refer to SSF as fishing operated by relatively
small vessels, <12 meters total length, (‘’length overall”,
LOA), and not using towed gear, as formally defined by
the European Maritime and Fisheries Fund (EU 2014).
Typically, most SSF operate within the first three nautical
miles (ca. 5.5 km) from the coast (Coppola, 2006; Guyad-
er et al., 2013) and within a limited distance of operation
from their home harbor, using low-power engines and op-
erated by a single fisher (usually the owner) or a few fish-
ers (frequently family members) (Di Franco et al., 2014).
SSF communities in each area were characterized using a
questionnaire administered to fishers by trained operators
in summer 2017. The questionnaire was designed to gath-
er information on the features of SSF fleets operating in
each area, specifically focusing on: the number of boats
owned by fishers, their LOA and engine power. Fishers
were also asked about the gears used, distinguishing the
following categories: set nets (i.e. trammel nets and gill-
nets), bottom longlines, pelagic longlines, multi-species
traps, traps for lobsters, traps for cephalopods and ‘other
gears’. Additional complementary information was ob-
tained in 2018 by asking fishers to provide an estimate
of their overall fishing effort over the year, indicating the
approximate number of annual fishing days. Regarding
this aspect, fishers from South Corsica elected not to
respond to this specific question, as they were involved
in too many projects and suffering from interviewer fa-
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Fig. 1: Study areas. Donut-plots represent, for each area, the proportion of mean catch per unit of effort (CPUE) of the 5 most fished
groups (all other groups are included in ‘Others’, refer to Table S2), the radius of each plot is proportional to the mean total CPUE
recorded for that area. The total number of species recorded in each area is indicated within each donut plot. The size of the black
dots, indicating the position of the study areas, is proportional to the total number of small-scale fishers operating in each area.

tigue. Therefore, in this area, the Environmental Office of
Corsica directly provided the information on the average
number of fishing days recorded in the context of anoth-
er project (DACOR project). Since the total number of
fishers is variable among areas (Table S1, Supplementary
Material), we aimed at sampling a minimum of 30% of
fishers in each area and increased the percent sampled
as the size of the SSF community decreased. Finally, we
were able to interview between 5 and 21 fishers in each
area, with a percentage of interviewees relative to the
total number of fishers in the community ranging from
34% (South Corsica) to 100% (North Brindisi coast). The
total sample (considering all SSF communities together)
accounted for about 60% of all fishers operating in the
study areas. Respondents were mostly targeted through
purposive, opportunistic and snowball sampling (Bry-
man, 2012).

Catch composition
The assessment of fishing operations was done on a
subsample of the fishers interviewed in each area. In or-

der to obtain the most comprehensive dataset possible,
and considering that different fishers may have different

494

fishing habits, we monitored fishing operations from all
fishers willing to take part in the assessment (ranging
from 5 for North Brindisi coast to 12 for South Corsi-
ca). In a few cases, the relatively small size of the SSF
communities and prolonged adverse meteorological con-
ditions, especially in the winter season, contributed to a
reduced number of fishing operations assessed compared
to the majority of the areas. Fishing operation assessment
was restricted to set nets only (i.e. trammel nets, gillnets
and combined trammel-gillnets). There were various rea-
sons for this choice: in the sector of the Mediterranean
Sea considered, set nets are the most commonly used
fishing gear (Grati et al., 2022, but see also the Results
of this study); moreover, although potential differences
in the type of nets may exist, focusing on a single cate-
gory of gears allows for a reliable comparison of fishery
descriptors (e.g. catch per unit of effort, CPUE, and rev-
enue per unit of effort, RPUE) between areas and fishing
grounds. In order to obtain detailed and verifiable data
on SSF catches, we used a photo-sampling technique
for catches at landing (see Calo et al., 2022; Di Loren-
7o et al., 2022 for additional details). This approach also
minimized sampling time in the field, fish manipulation,
and caused fishers the least disturbance possible during
monitoring operations. More specifically, at the port, the
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operator waited for the fisher to return from the fishing
trip, and scheduled the monitoring in advance in order
to avoid any fish being sold before the monitoring. Ad-
ditionally, fishers were requested to land the entire catch,
without throwing overboard any specimen fished, with
the aim of ensuring reliable full documentation of set net
fisheries in the areas. The operator spread out the catch
over a flat horizontal surface (e.g. a table or by directly
arranging the fishes in the fish box to minimize manip-
ulation), and took one or more (for the largest catches)
pictures of the entire catch, along with a ruler (as length
reference) placed within the same frame (Fig. S1 Sup-
plementary Material). Each picture was associated with
a unique identifier of the fishing operation (e.g. a small
paper tag with a unique reference code) for the subse-
quent image analysis (Fig. S1). For all the fishing op-
erations monitored, the type of set net used and the net
length were also recorded, thus enabling the calculation
of catch and revenue per unit of effort (CPUE and RPUE,
respectively). An operator using the image-analysis free
software Image] (Abramoff et al.,, 2004) then processed
the images. From each picture, we extracted information
on species composition and frequency of occurrence in
the catches. Individual specimens were identified to the
lowest possible taxonomic level (usually species).

Size, Biomass and CPUE estimation

We measured the total length of each individual to the
nearest 1 mm using the ruler in the picture as a reference
for calibrating the measurement tool in ImageJ, and es-
timated the biomass (i.e. wet weight) of each specimen
using specific length-weight relationships (LWR) avail-
able from www.fishbase.org (Froese & Pauly, 2019). For
crustaceans and cephalopods (mollusks), respectively,
carapace length and mantle length was measured, us-
ing length-weight information from www.sealifebase.
ca (Palomares & Pauly, 2022) to estimate the biomass.
We selected LWR parameters referred to Mediterranean
samples. The accuracy of the photo-sampling method
was tested in one of the study areas (Zakynthos island)
by comparing the length of individuals measured directly
at landing using a fish-measuring device with those as-
sessed through ImageJ. Results showed that the devia-
tion between individuals’ length measured in the field and
lab-estimated length from pictures was negligible (0.68%
+ (.72, mean + se) (see Supplementary Material for de-
tails). Whenever one or more specimens were not com-
pletely visible from pictures, the fishing operation was
not retained for further analyses (36 out of 1,292 cases,
i.e. 2.8% of all fishing operations). The biomass of each
species and the total biomass of each fishing operation
were used to estimate the catch per unit of effort (CPUE,
measured as kg/1000 m of net), standardizing for the
length of the net.

biomass of the fishing operation

CPUE =

length of the net used
where
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biomass of the fishing operation = Y;-, (biomass);

with 7 the total number of species (k) occurring in the
fishing operation

Ex-vessel price and RPUE estimation

We built an ex-vessel price (i.e. the price that fishers
receive directly for their catch, Tai et al., 2017) database
for each species appearing in the catches. To do so, during
summer 2018, in each area a group of fishers was asked
about the yearly average price per kilogram they charge
to sell their fish. These values were successively used to
estimate the revenue per unit of effort (RPUE, measured
as euros/1000 m of net) for each fishing operation and
for each species within it, by combining prices with the
biomass of each species in the catch:

revenue of the fishing operation

RPUE =
length of the net used

where
revenue of the fishing operation = Y,
(biomass * ex.vesselprice),

with # the total number of species (k) occurring in the
fishing operation

We therefore refer to ‘revenue’ as the landed value of
the catch (i.e. the total amount of money a fisher gains
by selling the catch without considering any fixed cost
or expense incurred by fishers) in accordance with Sala
etal., (2018).

Data analyses

The main characteristics of the fishing fleets were in-
vestigated through descriptive statistics.

Species richness (measured as total number of spe-
cies in the catch) and the frequency of occurrence (i.e.
the number of fishing operations in which a species oc-
curred at least once divided by the total number of fish-
ing operations monitored) were used to characterize the
composition of catches in each area. The species occur-
rence over the monitoring period was assessed by pooling
fishing operations by season and by month. A specific as-
sessment concerned the presence of species considered at
risk of extinction in the Mediterranean Sea with the aim
of providing preliminary insights on the potential impacts
set nets may have on these species. For this, following the
criteria defined in Lloret ef al. (2019), we identified the
species in the catches that are considered as threatened,
therefore falling within ‘Critically Endangered’ (CR),
‘Endangered’ (EN) or “Vulnerable’ (VU) categories (as
listed in the IUCN Red List), or vulnerable to fishing (us-
ing a vulnerability index based on life history traits and
ecological characteristics of a marine fish, Cheung et al.,
2007). Moreover, we checked for the presence of non-in-
digenous species for the Mediterranean Sea according to
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the Marine Mediterranean Invasive Alien Species (MA-
MIAS) database (UNEP & RAC/SPA, 2019).

Differences in size distribution between areas were
graphically inspected through boxplots for the most rel-
evant species in terms of contribution to total biomass
caught (see Results). For the species with minimum con-
servation reference size (MCRS, EU 2008), we estimat-
ed the fraction of specimens below this size. In addition,
we investigated the potential effect of the gears used on
the frequency of occurrence of undersized individuals
for these species. To do so, we implemented a general-
ized linear model on the ratio “'number of undersized
individuals/total number of individuals”, including the
mesh size as covariate and the species as fixed categor-
ical factor, thus taking into account also the interaction
term Mesh size x species. This analysis was restricted to
5 species (Diplodus vulgaris, D. annularis, D. sargus,
Pagellus acarne and Palinurus elephas), being those for
which a number of individuals high enough to run robust
analyses was recorded (see Results).

Total biomass of each species and mean biomass per
area were computed to identify the species contributing
the most to the catches of each area. Due to the large
number of species identified and to improve CPUE de-
scription and visualization, all species identified during
photo-analysis were also lumped into categories (see Ta-
ble S3) based on the main taxonomic groups.

Fish ex-vessel prices were assessed to identify the
most valuable species per unit of biomass. Mean RPUEs
values per species and per area were analyzed in order to
assess which species contributed the most to fishers’ rev-
enues locally (i.e. in each area) and at the regional level
(i.e. over the spatial domain considered).

All statistical analyses were performed using R 3.6.3
(R Core Team 2020).

Table 1. Small scale fishing fleet characteristics in each area.

Results
Fleet characterization

In total, 149 fishers were interviewed to characterize
the fishing fleet in the study area (Table S1). The majority
of interviewed fishers (85%) owned a single boat while
the rest owned two (12%) or more boats (up to 4 boats,
3%). Mean boat LOA was 7.9 + 0.2m (mean + se), 13%
belonging to the size class <6m and 87% to the class
6-12m and with a mean per study area comprised be-
tween 5.8 + 0.4m (at Strunjan) and 9.4 + 0.4m (at Zakyn-
thos island, Table 1). Overall, fishers used from one to six
categories of gears (Fig. S2). Set nets were the only gear
category used in all areas (Fig. 2), and by far the gear
most widely used by small scale fishers, with almost 92%
of the fishers interviewed using these nets, and were also
always the most widely used gear in the case of fishers
using multiple gear categories (Fig. 2 and Fig. S2). Fish-
ers declared that they went fishing on a variable num-
ber of days in the different areas, ranging between 120
+ 18 days (in South Corsica) and 275 + 12 days (around
Zakynthos island) (Table 1).

Catch composition

Actotal of 1,292 fishing operations in the 11 areas were
assessed (ranging from 37 at Dugi-Otok island to 169 at
Straits of Ibiza and Formentera) (Table S1). Out of all
fishing operations monitored, about 95% deployed tram-
mel nets, 4% gillnets and 1% combined trammel-gillnets.
Fishing operations were unevenly distributed among sea-
sons, with a lower number of fishing operations assessed
in winter (9.6% of all fishing operations), and higher and
comparable numbers in the other seasons (Table S2). In
all, we identified 33,439 individuals in the catches (in-

Mean boat Mean Engine  Mean number of Number of annual

Location length (m) power (CV) gear categories fishing days

(Mean + SE) (Mean £ SE)  used (Mean = SE) (Mean + SE)
South Corsica (SCO) 83+0.5 157 £ 27 39+04 120+ 18
Cabo de Palos & Murcia coast (CPM) 82+0.5 114 +£29 31+03 239+ 12
Cap Roux (CRO) 72+0.3 80+ 11 2.84+0.2 198 £12
Cote Bleue (CBL) 8.8+0.7 107 £22 22+0.3 213+13
Egadi archipelago & Trapani coast (EAT) 7.6+0.2 22+ 1 2.7+£0.3 217+ 16
Straits of Ibiza and Formentera (SIF) 8.6+0.3 119+ 15 39+0.3 198 £8
Portofino promontory (POR) 74+0.2 66+9 2.1+03 193 +£29
Strunjan (STR) 58+04 33+ 14 1.2+0.1 204 +23
Dugi-Otok island (DOI) 7.1+0.8 47+9 1.1+0.1 274 £ 16
North Brindisi coast (NBC) 62+04 40+5 14+04 209 + 18
Zakynthos island (ZAI) 94+04 67+9 3.7+£0.1 275+ 12
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Fig. 2: Proportion of fishers using different categories of fishing gears in each area (SN=Set Nets, BL=Bottom Longlines, PL=Pe-
lagic Longlines, MT=Multispecies traps, LT=Lobster Traps, CT=Cephalopods traps, OT=Other gears). Dot radius is proportional
to the number of interviewed fishers using that relative gear in each area (refer to Table 1 for area names). The barplot on the right

shows the total percentage of fishers using each category of gear.

cluding cartilaginous and bony fishes, crustaceans and
mollusks). The total number of taxa caught was 142,
encompassing 106 taxa of bony fishes (specifically, 105
identified at species level plus the family of Mugilidae),
24 species of cartilaginous fishes, 8 species of crusta-
ceans and 4 species of mollusks (Table S3). Note that,
from now on, in order to avoid confusion with the termi-
nology, we also use the term ‘species’ when referring to a
group of species including the family Mugilidae.

Out of the 142 species identified, 98.5% appeared
at least once in trammel net catches; 38.2% appeared at
least once in gillnets; 11% appeared at least once in com-
bined trammel-gillnets. Regarding the uniqueness, only 2
species appeared in gillnets, but not on trammel-nets. In
all other cases, species caught with gillnets (52 in total)
were also observed in trammel-nets.

Concerning the species associated with a risk of ex-
tinction in the Mediterranean Sea, around 12% of all
species identified (17) are considered threatened by the
IUCN, i.e. belonging to the ‘Critically Endangered’ (CR),
‘Endangered’ (EN) or ‘Vulnerable’ (VU) groups (Table
S3). Specifically, 2 species are listed as CR (the rays Dip-
turus batis and Leucoraja fullonica), 4 species are listed
as EN (the dusky grouper Epinephelus marginatus and
the cartilaginous fishes Rhinobatos rhinobatos, Rostrora-
ja alba and Raja radula), and 11 as VU (these including
the Common Spiny lobster Palinurus elephas). Some of
these species sporadically occurred in the catches with
very low abundances, as in the case of the two CR spe-
cies (2 individuals caught for both species) and the EN
R. rhinobatos (1 individual) (Table S4). In contrast, other
species such as the EN rays R. alba and R. radula were
caught with higher frequencies of occurrence, reaching
in some cases almost 25% of occurrence in the catches
locally [e.g. Straits of Ibiza and Formentera (Table S4)].
Overall, ‘vulnerable’ bony fishes appeared in almost all
areas with similar frequency of occurrence, while shark
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and ray species belonging to the same risk category pre-
dominantly occurred only in specific areas (Table S4).

Evident differences among areas were also observed
in the case of non-indigenous species for the Mediterra-
nean Sea, i.e. the rabbit fishes (Siganus luridus and S.riv-
ulatus) and the silver-cheeked toadfish (Lagocephalus
sceleratus). These three species were in fact caught ex-
clusively around Zakynthos Island.

The total number of species caught per area ranged
between 40 at Strunjan and 85 at Straits of Ibiza and For-
mentera (Fig. S3), with a mean of 65.2 + 4.3 species per
area (mean =+ se). Concerning the variation in the number
of species over the year, overall higher numbers of spe-
cies were caught in spring (111) and summer (121), while
lower numbers were caught in autumn (97) and winter
(82).

The most frequent species was the red scorpionfish
Scorpaena scrofa (present in 45.6% of the catches), fol-
lowed by the brown scorpionfish S. porcus (32.0%), the
striped red mullet Mullus surmuletus (30.4%), the cuttle-
fish Sepia officinalis (26.5%) and the common pandora
Pagellus erythrinus (23.7%) (Fig. S4). At the local level,
a diversified pattern was observed with the most frequent
species varying among areas (Table S5), but with S. scro-
fa being the most frequent species in 5 out of 11 areas.
Considering species frequency of occurrence over the
year, some species showed a relative stability over the
twelve-month period, (e.g. P. erythrinus ranged between
11% in October and 33% in August, Fig. 3), while other
species showed wider fluctuations (e.g. the cuttlefish S.
officinalis ranged from 6% of occurrence in October to
61% in March and Sparus aurata ranged from 4% in Au-
gust to 51% in October, Fig. 3). The species S. scrofa, M.
surmuletus, P. erythrinus, D. vulgaris and S. porcus had
a frequency of occurrence >10% for all the months of the
year (Fig. 3).

497



Boops boops

Conger conger
Dactylopterus volitans
Dasyatis pastinaca
Dentex dentex
Dicentrarchus labrax
Diplodus annularis
Diplodus puntazzo
Diplodus sargus
Diplodus vulgaris
Epinephelus marginatus
Euthynnus alletteratus
Labrus merula
Labrus viridis
Lithognathus mormyrus
Loligo vulgaris
Lophius piscatorius
Maja squinado
Merluccius merluccius
Mugilidae

Mullus barbatus
Mullus surmuletus
Muraena helena
Mustelus mustelus
Oblada melanura
Octopus vulgaris
Pagellus acarne
Pagellus erythrinus
Pagrus pagrus
Palinurus elephas
Phycis phycis

Raja radula
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Sarpa salpa

Sciaena umbra
Scomber colias
Scomber scombrus
Scorpaena notata
Scorpaena porcus
Scorpaena scrofa
Scyliorhinus canicula
Scyllarides latus
Sepia officinalis
Seriola dumerili
Serranus cabrilla
Serranus scriba
Solea solea
Sparisoma cretense
Sparus aurata
Sphyraena viridensis
Spicara maena
Spondyliosoma cantharus
Squilla mantis
Symphodus tinca
Synodus saurus
Torpedo marmorata
Trachinus draco
Trachinus radiatus
Trachurus mediterraneus
Trachurus trachurus
Trigloporus lastoviza
Uranoscopus scaber
Zeus faber
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Fig. 3: Species frequency of occurrence in set net catches (for the species present in at least 1% of all fishing operations) per
month and over the year. The colored scale on the right represents the relative frequency of occurrence, i.e. the number of fishing
operations in which a species occurs divided by the total number of fishing operations carried out in a specific period (i.e. each
month or the entire year).
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Size, Biomass and CPUE

The size distribution of the 12 most abundant species
differed among areas (Fig. S5). Although differences be-
tween areas showed an inconsistent pattern among spe-
cies, some areas (e.g. Dugi-Otok island and Portofino
promontory) were generally associated with smaller fish
sizes at landing, while others (e.g. South Corsica) were
generally associated with larger sizes (Fig. S5). Out of
the 28 species with MCRS, only 7 (Dicentrarchus labrax,
Merluccius merluccius, Mugilidae, Mullus barbatus,
Sardina pilchardus, Scomber japonicus and Trachurus
mediterraneus) were always fished above their MCRS,
while for all other species, undersized individuals were
observed with variable frequency of occurrence (Table
2). Six species had a limited proportion of undersized
individuals (<2%), while groupers were fished system-
atically at a size below MCRS (from 67.5% to 100% of

undersized individuals depending on the species). A high
proportion of undersized individuals was also found for
P acarne (51.2%) and P. bogaraveo (100%, although this
species was only caught 3 times). Furthermore, seabream
were frequently fished under their MCRS: D. vulgaris
(35.6%), D. annularis (29.7%), D. sargus (28.5%). Al-
most half (46.4%) of all European spiny lobsters (P. el-
ephas) fished were below the relative MCRS (Table 2).
A negative relationship between mesh size and the per-
centage of undersized individuals (i.e. in relation to the
total number of conspecific individuals in the same catch)
was observed for the four fish species considered (Table
S6). That is, the percentage of undersized individuals de-
creased with increasing mesh size, with a variable coef-
ficient depending on the species (Fig. S6). Only in the
case of P. elephas was the relationship null, with a rather
constant rate of undersized individuals regardless of the
mesh size (Fig. S6), generating the significant interaction

Table 2. Species with Minimum Conservation Reference Size (MCRS, EU 2008) among those recorded in our study. Absolute and
relative number of undersized individuals observed in the study, total number of individuals measured and overall mean + se per
each species. Species are ranked from the highest percentage of undersized individuals to the lowest.

Number of under-

0, -
% of under Number of individuals Mean size + SE

Species MCRS (em) sized individuals sizedui:l(:ivid- measured (cm)
Epinephelus caninus 45 1 100 1 43.01 + NA
Pagellus bogaraveo 33 3 100 3 18.08 £2.71
Epinephelus costae 45 8 80 10 29.54+2.16

Epinephelus marginatus 45 27 67.5 40 43.58 £2.69
Pagellus acarne 17 215 51.19 420 17.24 £0.13
Palinurus elephas 9 186 46.38 401 9.39+0.11
Diplodus vulgaris 18 351 35.56 987 19.82+£0.14
Diplodus annularis 12 169 29.7 569 13.29+0.1
Diplodus sargus 23 140 28.51 491 2527+0.2
Lithognathus mormyrus 20 18 26.47 68 23.97 £ 0.66
Pagrus pagrus 18 58 19.4 299 23.76 £ 0.4
Diplodus puntazzo 18 14 13.46 104 24.06 +0.56
Pagellus erythrinus 15 108 12.2 885 21.64+0.2
Scomber colias 18 6 6.59 91 345+0.85
Euthynnus alletteratus 30 12 4.07 295 41.72 £0.39
Sarda sarda 25 2 1.92 104 48.4+0.79
Sparus aurata 20 79 1.85 4265 26.48 £0.06
Trachurus trachurus 15 2 1.54 130 25.11 £0.44
Scomber scombrus 18 1 0.66 152 28.75+0.33
Mullus surmuletus 11 15 0.3 4966 19.26 = 0.05
Solea solea 20 1 0.18 562 2929 +£0.17
Dicentrarchus labrax 25 0 0 178 37.76 £ 0.4
Merluccius merluccius 20 0 0 573 33.54+£0.27
Mugilidae 20 0 0 496 40.15+£0.28
Mullus barbatus 11 0 0 169 18.43 £0.21
Sardina pilchardus 11 0 0 1 17.99 £ NA
Scomber japonicus 18 0 0 24 30.38 £0.96
Trachurus mediterraneus 15 0 0 260 26.48 £0.27
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between mesh size and species.

The total biomass estimated during the study account-
ed for 10,154 kg. In contrast to the frequency of occur-
rence, the most fished species in terms of biomass was
S. aurata with a total biomass caught of 1,226 kg over
the monitoring period, followed by S. scrofa (1,046 kg)
and S. officinalis (778 kg) (Fig. 4). The ten most caught
species in terms of biomass (namely: S. aurata, S. scrofa,
S. officinalis, Mugilidae, M. surmuletus, S. dumerili, E.
alletteratus, S. porcus, P. elephas and O. vulgaris) togeth-
er accounted for almost 60% of the total biomass caught.
Interestingly, among the species with the highest biomass
recorded, some were associated with relatively low fre-
quencies in the catches (i.e. S. dumerili, Mugilidae and
E. alletteratus). Mullet (Mugilidae), for example, turned
out to be the 4™ most caught taxon in terms of biomass,
but the 22" in terms of frequency of occurrence in the
catches (Fig. 4 and Fig. S4).

Considering all areas, the total biomass of a fishing
operation ranged between less than 0.1 kg and more than
150 kg, with a mean value of 8.08 = 0.33 kg (mean =+ se).
Mean value of CPUE was 13.05 = 0.55 kg per 1000 m
of net. The lowest mean value of CPUE was recorded at
Egadi archipelago and Trapani coast (5.49 + 0.55 kg per
1000 m of net), and the highest at Cabo de Palos-Murcia
coast (34.08 + 5.64 kg per 1000 m of net). The proportion
of main fished groups in terms of CPUE widely varied
among areas (refer to donut-plots reported in Fig. 1), but
with seabream and scorpionfish often occurring among the
main fished categories (see also Fig. S7 in Supplementary
materials for all groups considered). In some areas (e.g.
Cote Bleue, Strunjan, Cabo de Palos-Murcia coast and
South Corsica), a few (from one to three) groups of fishes
accounted for the majority of CPUE, while all other cate-

gories represented less than 20% of mean CPUE (Fig. 1).
In other areas, fishery catches appeared more diversified
with an even proportion of the main fished groups and
a strong contribution to CPUE from a set of less fished
groups (e.g. at Zakynthos island, Straits of Ibiza and For-
mentera, Portofino promontory). Also at species level, a
certain variability of the most fished species in terms of
mean CPUE was found (Table 3).

Ex-vessel price and RPUE

The average ex-vessel prices (& se) for all the species
identified in the catches are provided in Fig. S8. Lobsters
(P, elephas, P. mauritanicus, H. gammarus and S. latus) are
by far and consistently the species with the highest ex-ves-
sel price. Among fishes, the species with highest price are
the dusky grouper (E. marginatus), the common dentex (D.
dentex) and the John Dory (Z. faber). At the local level, the
species generating the highest revenue per unit of effort
(RPUE) values corresponded to the most fished species in
terms of CPUE in 8§ out of 11 areas (Table 3).

Considering all areas, the total revenues of a fishing
operation ranged between less than 10 euros and almost
3,000 euros, with a mean value of 129.6 + 5.5 euros (mean
+ se). Mean value of RPUE was 220.06 + 11.4 euros per
1000 m of net. The lowest mean value of RPUE was re-
corded at Egadi archipelago and Trapani coast (72.9 +
7.8 euros per 1000 m of net) and the highest at Cabo de
Palos-Murcia coast (584.4 + 126.3 euros per 1000 m of
net). The proportion of fish groups contributing to RPUE
varied among areas, but, as for CPUE, seabreams, scor-
pionfish and lobsters were often found among the most
strongly contributing groups among all areas (Fig. S9).

Table 3. Most important species in terms of frequency of occurrence, catch per unit of effort (CPUE) and revenue per unit of effort

(RPUE) in the 11 areas.

Area

Most frequent species Highest CPUE species

Highest RPUE species

South Corsica

Cabo de Palos and adjacent
Murcia coast

Cap Roux
Cote Bleue
Egadi archipelago and Trapani coast
Straits of Ibiza and Formentera
Portofino promontory
Strunjan
Dugi-Otok island
North Brindisi coast

Zakynthos island

Scorpaena scrofa

Scorpaena porcus

Scorpaena scrofa
Sparus aurata
Scorpaena scrofa
Scorpaena scrofa
Mullus surmuletus
Sparus aurata
Sparus aurata
Mullus surmuletus

Scorpaena scrofa

Palinurus elephas

Seriola dumerili

Scorpaena scrofa
Sparus aurata
Mustelus mustelus
Sepia officinalis
Seriola dumerili
Sparus aurata
Mustelus mustelus
Scorpaena scrofa

Mullus surmuletus

Palinurus elephas

Euthynnus alletteratus

Scorpaena scrofa
Sparus aurata
Mustelus mustelus
Scorpaena scrofa
Seriola dumerili
Sparus aurata
Sparus aurata
Scorpaena scrofa

Mullus surmuletus
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I Sparus aurata
I Scorpaena scrofa
I Sepia officinalis
I  Cuthynnus alletteratus
] Seriola dumerili
[— Mugilidae
I  Vullus surmuletus
B Falinurus elephas
[ ] Dentex dentex
I  Scorpaena porcus
[ ] Sciaena umbra
I Dicentrarchus labrax
Solea solea
Phycis phycis
Mustelus mustelus
Octopus vulgaris
Diplodus sargus
Sarda sarda
Sarpa salpa
Zeus faber
Uranoscopus scaber
Diplodus vulgaris
Pagellus erythrinus
Symphodus tinca
Merluccius merluccius
Sparisoma cretense
Epinephelus marginatus
Pagrus pagrus
Lichia amia
Scyliorhinus stellaris
Scyliorhinus canicula
Rostroraja alba
Labrus viridis
Muraena helena
Labrus merula
Spondyliosoma cantharus
Torpedo marmorata
Lophius piscatorius
Torpedo torpedo
Oblada melanura
Raja radula
Myliobatis aquila
Sphyraena viridensis
Raja clavata
Trachinus radiatus
Pomatomus saltatrix
Dasyatis pastinaca
Pagellus acarne
Scomber colias
Diplodus puntazzo

2000 1500 1000 500 0 10000 20000 30000 40000
Total CPUE (kg/1000m of net) Total RPUE (euros/1000m of net)

Fig. 4: First 50 most abundant species in terms of CPUE (blue bars) and relative RPUE generated (purple bars). All fishing op-
erations from the 11 areas were pooled.

o
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Discussion

Our multi-area study revealed the multi-scale and
multi-faceted nature of Mediterranean set net fisheries
in the context of MPAs, evidencing both common so-
cial-ecological patterns emerging at regional level and
peculiarities characterizing SSF communities at local
level.

Common features between areas were observed con-
cerning fleet characteristics. Common features among
SSF communities in different Mediterranean regions are
to be expected because, besides being driven by tradi-
tions and culture, they arise from common EU fisheries
policies implemented at national level. Confirming what
has been previously observed, both at Mediterranean and
global level, we highlighted that small-scale fishers gen-
erally use owner-operated boats, and that fishers rarely
own more than one boat (Jacquet & Pauly 2008; Quet-
glas et al., 2016; Tzanatos et al., 2020). Boats are small
and equipped with low/medium power engines, reflecting
the coastal and local nature of this fishery. However, a
certain variability can also be observed in vessel features
both among and within areas. In some cases, specific
fleet traits seem to be determined by external features,
such as the geo-political context in which fisheries are
embedded. This is the case at Strunjan (Slovenia) where
fishers own, on average, smaller boats than in other ar-
eas. Considering that small-scale fishers do not generally
cross borders during fishing operations, and that Slovenia
has a relatively short coastline (less than 50 km), the dis-
tances that can be covered for fishing are simply imposed
by the length of the Slovenian coastline. Interestingly,
although SSF are generally considered as multi-gear
fisheries (Too Big To Ignore, 2017), there are cases in
which most of the community uses only one category of
fishing gears (set nets). This is the case at Strunjan, Du-
gi-Otok island and North Brindisi coast, where only very
few fishers declared the use of other gear categories. In
contrast, in some areas (e.g. Zakynthos island, Straits of
Ibiza and Cabo de Palos-Murcia coast), the use of multi-
ple gear categories seems to be the rule. This is a relevant
aspect when specific traditional fishing gears are subject
to changes in regulations at local or regional level, for
example following the establishment of new MPAs. In
some cases, the implementation of new spatial protection
measures can result in a negative effect on traditional
coastal gears (primarily set-nets), whose fishing effort is
relocated outside the MPA (Mallol et al., 2019). These
changes can be highly detrimental for those communities
strictly depending on the gears affected by new regula-
tions and, in general, may give rise to disadvantages es-
pecially for older fishers associated to traditional fishing
gears and may give grounds for deciding to retire, finally
resulting too in the significant loss of fishers’ traditional
knowledge (Lloret et al., 2018, Mallol et al., 2019).

In all, species diversity was relatively high, in accor-
dance with other studies conducted at local level in the
same geographic context for SSF (Battaglia et al., 2010;
Forcada et al., 2010; Falautano et al., 2018). From this
perspective, we highlight here that our assessment is the
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first in the Mediterranean Sea to implement a standard-
ized monitoring approach in multiple areas and spanning
such an extensive geographical domain. This approach
enabled us to achieve an unprecedented characterization
of species diversity in SSF catches that, to the best of
our knowledge, is the highest ever recorded in the Med-
iterranean Sea. Yet this figure is rather conservative and
should not be considered as representative of SSF in gen-
eral, since we focused only on a single category of fish-
ing gears (i.e. set nets) and hence the number of species
harvested by SSF is likely to be higher. Catch composi-
tion certainly depends on the availability and abundance
of species, but the predominant occurrence in terms of
frequency and biomass of a restricted set of species is
also a consequence of specific fishing choices, in terms of
gears and tactics, made by fishers (Maynou et al., 2011).
In fact, although small-scale fishers exploit a wide range
of species, they probably focus their effort on a limited
group of species (Damasio et al., 2020). From this per-
spective, the multi-specific nature of SSF appears to be
the consequence of an opportunistic strategy to take ad-
vantage of non-target species, unlike what happens in the
case of large-scale fisheries where most of non-target spe-
cies are discarded (Jacquet & Pauly, 2008).

Regional common patterns also emerged in terms of
catch composition. The scorpionfishes (S. scrofa and S.
porcus), the striped red mullet (M. surmuletus) and the
common pandora (P, erythrinus), were the most frequent-
ly caught species overall (lumping together all fishing
operations), and among the ten most caught species in
almost all areas. Across the Mediterranean Sea, fish-
ers have developed particular strategies (i.e. metiérs)
to target these species (Stergiou et al., 2006; Ulrich et
al. 2012), based on local ecological knowledge that has
enabled fishers to identify the periods and the areas in
which these species are more frequent and more abun-
dant (Raicevich et al., 2020). It is not by chance that over
the year the above-mentioned species are among those
widely changing in frequency of occurrence, but always
maintaining a relatively high frequency and abundance in
catches year-round. Frequency is probably driven by the
natural fluctuation of abundance of these species over the
year, but fishers are able to foresee this variability and tar-
get areas and periods to optimize their catches (Forcada
et al., 2010; Maynou et al., 2011; Quetglas et al., 2016).
Overall, in our assessment two species appeared in gill-
nets only, while all other species caught by gillnets were
also observed in trammel-nets. It is important to note,
however, that gillnets and combined nets may be consid-
erably underrepresented, due to the extreme imbalance in
the use of these gears in our work compared to trammel
nets. On the other hand, our results also highlighted rele-
vant differences in catch composition between areas, with
some areas associated with twice the number of species
as others. It is important to underline here that almost all
the areas were monitored throughout the year, and only
in the case of Strunjan were catch data gathered over a
shorter time window (only during autumn). This could
contribute to explaining the lowest value for the number
of species recorded in this area. All areas also differed in
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terms of the proportion of main fish groups, although a
few groups such as scorpionfishes and seabreams were
found to strongly contribute to both CPUEs and RPUEs
in many areas. The predominance of species with spe-
cific ecological traits in the catches of a given area (e.g.
demersal vs. pelagic) is likely a consequence of mor-
pho-ecological differences between areas and therefore
of the fishing strategies (e.g. the metiér) adopted by local
communities, as well as key biological and ecological
processes (e.g. recruitment and migration) which may
depend, in turn, on regional environmental fluctuations
(Marengo et al., 2016). As highlighted in other studies,
in some areas of the Mediterranean small-scale fishers
mainly catch demersal resources, while elsewhere catch-
es are largely composed of pelagic species (Stergiou et
al., 2006; Battaglia et al., 2010; Falautano et al., 2018;
Tzanatos et al., 2005). This broad separation is also evi-
dent from the results of this study: carangids, small tunas
and other pelagic species represent an important propor-
tion of the catch in some areas (Cabo de Palos-Murcia,
Egadi Archipelago-Trapani and Dugi-Otok island), while
in all others they are almost completely absent in favor of
benthic species. This differentiation is also highlighted by
the presence in the catches of species exclusive to some
areas. The three non-indigenous species (NIS) recorded
(two rabbit fishes and the silver-cheeked toadfish) are
Lessepsian invaders and only found around Zakynthos
island, this area being the easternmost, and thus the first
in the studied domain to face this immigration from the
Indo-Pacific region through the Suez Canal (Giakoumi
et al., 2019a). The rapid expansion of NIS is nowadays
one of the major ecological and socio-economic issues
the Mediterranean Sea is facing (Giakoumi et al., 2019b),
capable of causing major economic losses for the SSF
sector (Lloret et al., 2018). This problem is exacerbat-
ed in central Mediterranean areas where NIS do not yet
represent a valuable resource for fishers and local mar-
kets, probably as a consequence of their recent arrival.
This also determines low fishing pressure where fishing
is allowed, and the consequently low control of NIS pop-
ulations, conversely from what occurs in eastern Medi-
terranean countries (e.g. Lebanon, Cyprus), where edible
Lessepsian species (e.g. rabbit fishes) have nowadays an
important role for the SSF economy and represent a sig-
nificant proportion of catches (Kleitou et al., 2022). Even
more alarming is the case of Lessepsian non-edible spe-
cies, because of their toxicity (as it is the case for the sil-
ver-cheeked toadfish), that besides exerting a detrimental
effect on fishing nets and entangled fishes, may pose se-
rious risks to human health (Lloret et al., 2018). These
species will likely never represent a fishing resource, thus
relevant actions for controlling the expansion of their
populations cannot count on local market adaptation and
the role played by the SSF communities.

In addition to environmental features, different geo-
graphical and social factors between areas probably pro-
duced a variety of cultural facets and consumption habits
of local people that strongly influence the commercial
value of the species caught, finally shaping the compo-
sition of landings. Certain species considered non-com-
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mercial, and thus only occasionally present, in some ar-
eas are among the most intensively fished in others. This
is the case of skates (Rajidae), a taxon usually associated
with a very low or null economic value, but that in the
Balearic archipelago (here represented by the SSF com-
munities operating in the Straits of Ibiza and Formentera)
is a resource historically integrated within the local fish-
ery traditions (Quetglas et al., 2016). Remarkably, some
areas seem to depend on few or a single category of spe-
cies, while in others greater diversification was observed.
At Cote Bleue and Strunjan, the majority of CPUE is
represented by seabreams (Sparidae), while at Cabo de
Palos-Murcia and Cap Roux, half of CPUE is composed
of small tunas/carangids and scorpionfishes (Scorpaeni-
dae), respectively. This information has to be taken into
account when specific species are targeted by manage-
ment measures at the Mediterranean level as some com-
munities, strongly dependent on those species, could be
deeply affected economically and be unable to adapt to
the new regulations.

The dependence on a few species may also be an indi-
cation of a high fishing pressure on those species, which
could contribute to the local and regional depletion of
some resources. In this sense, the size distribution of
targeted species could reflect population traits of fished
resources, also providing information on the fishing ef-
fort exerted on them. Our focus on the size distribution
of economically relevant species highlighted import-
ant differences between areas in terms of landing sizes,
potentially indicating different fishing habits among the
communities investigated, either as consequence of a
variable compliance with the fishing regulations in force
at multiple levels or in terms of fishers’ personal choic-
es. Some species, in fact, may be fished on purpose only
at specific sizes (either large or small), because highly
marketable or associated with a higher price per kg. This
aspect is especially concerning when high biomasses of
small individuals are caught. From this perspective, we
highlight that in our assessment a very low frequency of
undersized individuals was observed for about half of
the species presenting a MCRS and the two most fished
species of this list in terms of abundance (i.e. S. aurata
and M. surmuletus) were associated with values for un-
dersized individuals close to zero, suggesting a relatively
low potential impact of SSF on these fishery resources.
On the other hand, multiple species were occasionally,
or systematically, fished below the relative MCRS, as in
the case of groupers, lobsters and seabreams, this pattern
being consistent in many areas. This further improves
our knowledge on the potential impact SSF may have on
coastal resources even when carried out in the context
of MPAs, suggesting that the mere presence of protected
grounds where set nets operate does not guarantee a halt
to unsustainable fishing practices both for commercially
valuable species and for those associated with a low or
null economic value (i.e. in the case of bycatch). The har-
vesting of species at different sizes also likely depends on
the conservation status of the local fish stocks and overall
coastal ecosystems in each area, which in turn is relat-
ed to a variety of environmental and management fac-
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tors, such as primary productivity (Piroddi et al., 2017),
the complexity and heterogeneity of structural habitat
(Garcia-Charton et al., 2004; Di Franco ef al., 2021), the
fishing pressure both historically (Piroddi ef al., 2017,
Leitao ef al., 2019) and in present times, and the effec-
tiveness of management tools such as MPAs (Di Franco
et al., 2016; Giakoumi et al., 2017; Guidetti et al., 2014;
Rojo et al., 2019). From this perspective, we speculate
that the occurrence of undersized individuals of multi-
ple species observed in our study could be exacerbated in
completely unprotected areas, where fishing regulations
are generally less strict and enforcement levels potential-
ly lower, as is the health status of fished populations. An
additional factor in this context concerns the decreasing
number of undersized individuals with increasing mesh
size we observed for a set of selected species, suggesting
that sustainability in the SSF sector could be improved by
fostering the adoption of more size-selective gears (Luc-
chetti et al., 2020).

On the other hand, our results also show that multiple
species caught by set nets in our assessment are, in fact,
considered threatened by the [IUCN at Mediterranean lev-
el, and thus worthy of special management measures. Re-
markably, some species listed as ‘Vulnerable’ or ‘Endan-
gered’ were associated with high landed biomass and catch
values (e.g. P. elephas, E. marginatus and M. merluccius),
being target species for Mediterranean SSF. These species
were also associated with a relatively similar frequency
of occurrence in many areas, indicating that the fishing of
threatened species is a common feature of set net fisheries,
even within or around MPAs. Other threatened species,
mainly among sharks and rays, although less valuable,
were also caught at relatively high frequency and biomass,
and in some specific cases appear among the most caught
species. This is the case for example of the ‘Endangered’
rays R. radula and R. alba or the common smooth-hound
(M. mustelus). These results are in line with those of other
studies carried out in other Mediterranean contexts high-
lighting a significant proportion of endangered sharks and
rays in SSF catches (Lloret et al., 2019, Marengo et al.,
2023). These various considerations may be seen as an
addition to the sparse available literature recognizing that
although SSF is often considered to have a limited ecologi-
cal impact on coastal ecosystems, it may actually represent
a non-negligible threat for coastal species, targeted or un-
intentionally caught by fishers (Lloret ez al., 2019, Maren-
go et al., 2023). This aspect is highly relevant for those
SSF target species that are already particularly vulnerable
due to their biological traits and especially their repro-
ductive biology. This is the case, for example, of species
with complex mating strategies (such as some labrids and
scorpenids) and species showing sex-reversal, in particular
protogynous ones such as the dusky grouper E. margina-
tus, for which the size selection by SSF may be magnified
(Lloret et al., 2012).

Concerning the economic descriptors, differences in
the species mostly contributing to RPUEs seem to reflect
the variability in CPUE between areas, as higher catches
produce, generally, higher revenues. However, RPUE is
also driven by catch composition, as certain species are
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more valuable than others. For example, as shown also
in other global ex-vessel price databases and local stud-
ies carried out in the Mediterranean Sea, lobsters are the
species with the highest ex-vessel price (Gomez et al.,
2006; Sumaila et al., 2007; Swartz et al., 2013), and of-
ten represent a key economic resource for the viability of
Mediterranean small scale fishers (Gomez et al., 2006).
The range of mean RPUE was relatively wide, with the
highest recorded (Cabo de Palos-Murcia coast) more than
six times higher than the lowest (Egadi archipelago and
Trapani coast). These values should be contextualized
with reference to the socio-economic context in which the
areas are embedded as the cost of living can strongly con-
tribute to shaping differences, both in terms of ex-vessel
price (that determines revenue, as defined here following
Sala et al., 2018) and in terms of potential profit for fish-
ers that can impact individual economic wellbeing. From
this perspective, the relative differences in RPUE between
areas observed in this study may not necessarily mirror
differences in fishers’ net incomes and overall wellbeing,
which are also related to the expenses fishers incur and
the cost of living of a certain area. In that respect, a more
detailed investigation of fishers’ revenues should also
take into account the variation in species ex-vessel price
due to the total amount of fish caught in a day (the price
of a species generally decreases with increasing amounts
caught) (Sumaila et al., 2007). Although we did not take
these elements into account in our analyses, we highlight
that the ex-vessel database compiled in this study is, to
our knowledge, the most detailed and complete available
for coastal species of the Mediterranean Sea, and comple-
ments other global databases being built for large-scale
data-rich fisheries that are scarcely applicable for assess-
ing economic aspects of SSF at regional or local scales
(Swartz et al., 2013; Tai et al., 2017).

Overall, our integrated approach for data collection
enabled us to comprehensively gather an unprecedented
amount of information, reconciling data quality (ensuring
accurate information for each fish individual caught and
fishing operation monitored) with feasibility (minimizing
the time required for fishers and the manipulation of the
catch). In this sense, this study provides elements for the
development of an integrated approach potentially able
to overcome issues currently hampering the systematic
and reliable collection of SSF data in multiple contexts.
The participatory engagement of local communities was
a fundamental component to ensure high and stable sup-
port of and willingness to take part in the monitoring sur-
vey. The effective implementation of the data collection
in all areas considered, in terms of the quantity and accu-
racy of data collected, suggests that in a participatory en-
vironment, the availability of fishers can be kept high also
when the sampling effort is intense. This is extremely im-
portant for the monitoring of the SSF sector, especially
in the case of MPAs, as it would allow identification of
trends over time in catch descriptors, crucial to develop
sound management actions. Directly involving local fish-
ers in monitoring SSF activities offered the opportunity
for knowledge coproduction and for the development of
a tailored methodology based on the mutual availability
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of fishers and operators. A major issue for the monitoring
of SSF is, in fact, the difficulty of taking into account fish-
ers’ daily availability and time, often related to multiple
rapidly changing factors (e.g. weather conditions, time of
fishing). This could induce fishers to prefer self-declar-
ative forms (e.g. logbooks) or other forms of daily or
monthly declarations to operators. In both cases, collect-
ed data are provided in an aggregated form, without any
detail on single fishing operations and often suffer from
low levels of reliability (STECF, 2021). In contrast, the
constant presence of an operator, readily available for the
sampling on the basis of fishers’ availability, gave us the
possibility to increase the resolution of SSF monitoring,
collecting data on single fishing operations. We highlight
here that this was only possible by engaging local MPAs
and their staff for the data collection, guaranteeing a cap-
illary and continuous presence of operators at local level.

The creation and design of initiatives involving work-
ing hand-in-hand with fishers has been demonstrated to
ease and enhance the management of SSF resources on
numerous occasions in the case of MPAs too (Guidetti et
al., 2010; Guidetti & Claudet 2010; Lloret ef al., 2012;
Lleonart et al., 2014; Morales-Nin et al., 2017). The col-
laborative approach used in our project fostered increased
support from fishers toward management initiatives (Di
Franco et al.,, 2020). On one hand, this enabled the im-
plementation of the photo-sampling methodology as op-
posed to declarative approaches, commonly used in the
monitoring of SSF (Homes et al., 2018). On the other
hand, it enabled us to monitor the entire catch, obtain-
ing full documentation of the sector in the areas consid-
ered (sensu Mangi et al., 2015), finally contributing to
achieving high reliability and accuracy of catch data and
providing a basis for supporting improved management
of the harvested resources in the near future. It is import-
ant to emphasize that the approach deployed here is not
devoid of potential errors, especially in situations where
the collaboration platform involving managers, research-
ers, and fishers is not robust or mature enough. In fact,
the monitoring at landing always relies on the willing-
ness of fishers to fully display their catches, including, as
for example in our case, part of the bycatch that in nor-
mal conditions would have been discarded at sea before
reaching the port. In this regard, further accuracy can be
achieved through the on-board presence of the monitor-
ing operator, who would have the opportunity to moni-
tor all individuals hauled in by the net, also allowing the
accurate analysis of discards or any portion of the catch
that a fisher might hide (Lloret et al., 2012; Mallol et al.,
2019; Gil et al., 2018; Marengo et al., 2023). However,
on-board sampling, unless carried out directly by trained
and trusted fishers within a self-sampling program (see
Lloret et al., 2012), represents a very challenging task for
systematic implementation at EU level as national legal
aspects, mainly related to safety issues, currently prevent
external operators in many EU countries from being pres-
ent on the boat during fishing operations. In addition, the
large number of SSF vessels operating in the Mediterra-
nean Sea (68,800, FAO 2022) makes it extremely diffi-
cult to sample a relevant percentage of fishing operations
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distributed across the entire area, through the adoption of
on-board trained observers.

Conclusions

Quantitative and qualitative information on SSF is
generally lacking, and when available, it tends to be scat-
tered or very localized, which makes it unusable for in-
forming regional policies (Too Big To Ignore, 2017; FAO,
2018). To develop sound management strategies, import-
ant international policy instruments such as the Voluntary
Guidelines for SSF (FAO, 2015), the Common Fishery
Policy (EU, 2013) and the Marine Strategy Framework
Directive (EU, 2008) advocate a solid knowledge of the
ecological and socio-economic characteristics of the SSF
sector and its targeted resources. These assessments can-
not overlook the fundamental role MPAs will have in the
near future for the management of coastal ecosystems.
In the next years, coastal areas will likely be affected
by the establishment of new MPAs, that are projected to
increase in number and surface area in order to match
international commitments concerning protection targets
(e.g. Aichi target 11, Convention of Biological Diversi-
ty; 2030 Agenda for Sustainable Development). It is thus
crucial to gather accurate and wide-ranging information
on a broad range of human activities that will be carried
out within or around future MPAs. Small-scale fisheries
will certainly have a crucial role for the economy and
wellbeing of local communities associated with protected
marine ecosystems and will likely be one of the pillars of
blue growth in coastal areas. In this sense, the results of
our assessment set an important and novel baseline for
the future assessments of Mediterranean SSF conducted
in fishing areas including or close to MPAs, providing el-
ements for the implementation of an integrated approach
for the study of SSF at Mediterranean level, in line with
its multifaceted nature.

Our study highlights that regional patterns of SSF as-
sociated with MPAs derive from a multitude of facets at
local scale, that can profoundly differ even at relative-
ly small spatial scales. This being so, governance and
management actions cannot neglect the particular char-
acteristics of SSF when specific regulations target fleet
characteristics, gears and species. Regional management
measures (e.g. in terms of fishing gears or species restric-
tions) could unevenly affect communities with different
socio-ecological features, in some cases potentially dis-
advantaging SSF communities dependent on few/single
species or gears.

Overall, the approach used in this study enabled us
to gather an unprecedentedly detailed dataset on SSF
socio-ecological features associated with Mediterranean
MPAs, both in terms of data reliability and spatial cov-
erage, and to draw conclusions at large scale (covering
multiple locations) highlighting at the same time local
specificities. In this regard, we may point out that a sys-
tematic and reliable assessment of SSF socio-ecological
aspects could be streamlined, not only in the context of
MPAs, if 1) a sound monitoring protocol (maximizing ac-
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curacy while minimizing fishers’ time and fish manipula-
tion) is adopted; 2) local management authorities (e.g. the
MPA management bodies in our study) are appointed for
the capillary and systematic collection of data (this can
eventually involve fishers associations or partnerships
between private and public fishery stakeholders such as
EU Fisheries Local Action Groups - FLAGS); 3) the data
collection is based on a collaborative platform that en-
gages and trains fishers for the monitoring, giving them
the opportunity to contribute to the co-development of an
efficient data collection protocol, adapted to the specific
aims and circumstances of the data collection. All this can
be implemented only if adequate economic resources are
allocated, as is currently the case for other fishery sectors
(e.g. large-scale fisheries).
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The following supplementary information is available online for the article:

Table S1. Main details of the survey carried out with questionnaires administered to fishers

Table S2. Distribution of the fishing operations over the year

Table S3. Species identified in the catches monitored. Major Taxa: Elasmobranchii (CF), Osteichthyes (F), Cephalopoda Mollus-
ca (M) and Crustacea (C). Vulnerability: Least concern (LC), Near-threatened (NT), Vulnerable (VU), Endangered (EN), Critical-
ly Endangered (CR). For the reference numbers of the locations investigated, see Table S1

Table S4. Relative frequency of occurrence (F %) of threatened species (i.e. belonging to the IUCN categories CR=red, EN=orange
and VU=yellow) in the considered areas.

Table S5. The 5 most frequently caught species in SSF catches for each area

Table S6. Results from the glm on the ration undersized/total individuals for 5 species with a MCRS.

Fig. S1: Example of a picture composing the photo-sample of a set net catch

Fig. §2: Percentage of fishers using different categories of gear with increasing number categories. On top of each bar, the per-
centage of fishers using the relative number of gear categories is reported.

Fig. §3: Barplot of total number of species recorded in SSF catches in each area. Different colors represent different Taxa: C=Crus-
taceans, CF=Elasmobranchii, F=Osteichthyes, M=Cephalopos Mollusks. For the location codes, see Table S1.

Fig. §4: Species relative frequency of occurrence for species present in at least 1% of catches

Fig. §5: Boxplots of size (cm) distribution for the 12 most abundant species in terms of biomass caught. Width of boxplots pro-
portional to the number of specimens. For each species, boxplots are ordered from the bottom to the top on the basis of increasing
median size in each area considered. Red dashed lines represent the species MCRSs, where present.

Fig. S6: Relationship between the relative frequency of occurrence of undersized (total length<MCRS) individuals (in relation
to the total number of conspecific individuals present in the catch) and the mesh size, for 5 species with a MCRS (Dv=Diplodus
vulgaris, Da=Diplodus annularis, Ds=Diplodus sargus, Pa-Pagellus acarne, Pe=Palinurus elephas)

Fig. S7: Proportion of CPUE for each group of species in each area. Values for each area sum up to 100. The codes of the locations
are shown in Table S1, those of the groups in Table S3.

Fig. §8: Prices (euro per kg) at landing for the species assessed in SSF catches. Dots represent mean prices for all areas, segments
represent standard errors.

Fig. §9: Proportion of RPUE for each group of species in each area. The codes of the locations are shown in Table S1, those of
the groups in Table S3.

Questionnaire administered for fishing fleet characterization.
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