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The marine environment is highly stressed by anthropogenic pressures, among
which fisheries, and in particular bottom trawling, are one of the main sources of
impact. Area-based conservation measures can help conserve and restore
ecosystems and population structures and therefore constitute a key tool to
the achievement of the 14th Sustainable Development Goal, preservation of the
ocean. The purpose of this paper is to provide an assessment of the compliance
of area-based conservation measures. The Adriatic Sea has been selected as a
case study area, as one of the most intensively trawled areas in the world where
different countries share its resources and consequently different management
strategies are put in place. We present a review of the marine managed areas
established in the Adriatic Sea in 2019, providing information on their
characteristics, temporal variabilities, and scopes. Through the processing of
Automatic Identification System (AIS) data, the monthly bottom fishing activity
performed within each area was inferred and the intensity was assessed. Thus,
the effectiveness of trawling bans was evaluated. We demonstrated that full
respect of the prohibition was effective in 73% of the areas, while trawling activity
was recorded with different intensities in 149 out of 549 managed areas.

KEYWORDS

fisheries management, marine managed areas, automatic identification system (AIS)
data, trawling ban, Marine Spatial Planning (MSP)

1 Introduction

It is well known that the ocean, the largest ecosystem on Earth covering more than 70%
of its surface, is continuously being damaged as a result of human activities, especially in
coastal areas. Anthropogenic activities have huge impacts on ecosystem services, which are
key elements for human well-being. In order to reverse the negative trend of natural
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resource loss, particularly of biodiversity and functions and services
related to ecosystems (Claudet et al., 2008), over the last decades
different policies and initiatives have been established to protect
environments and their biodiversity.

At a global scale, in 1992, the Convention on Biological
Diversity (CBD) identified the objectives of conserving biological
diversity, sustainably using its components, and distributing the
benefits derived from the use of genetic resources equitably and
fairly. Later in 2000, the United Nations (UN) included the
achievement of environmental sustainability by 2015 as one of the
Millennium Development Goals (MDGs). Both international legal
instruments were correlated, as the CBD Strategic Plan for
Biodiversity 2011-2020 established clear goals and objectives that
had to be accomplished to enable the achievement of the MDGs.
Although some improvements were achieved with the adoption of
the MDGs, in 2015 the UN launched Agenda 2030 with 17
Sustainable Development Goals (SDGs) defined in order to go
further in promoting prosperity while protecting the planet
worldwide. The adoption of SDGs by all countries represented a
step forward to accomplish the conservation of biological diversity
with respect to the previous MDGs, which applied only to
developing countries.

At the European level, in 1992 the Habitats Directive (HD)
defined the Natura 2000 network, which protects a set of key
breeding and resting sites for rare and threatened species and
particular natural habitat types. Focusing on the marine
environment, the HD required the designation of Natura 2000
sites to protect 16 species and nine marine habitat types. In order to
further protect the marine environment, in 2008, the European
Union (EU) adopted the Marine Strategy Framework Directive
(MSFD), the main objective of which was to achieve a Good
Environmental Status (GES) of EU marine waters by 2020.

Despite the development and application of multiple
regulations and conservation strategies, current anthropogenic
stressors continue to impact and modify ecosystems globally
(Aronson et al,, 2011; Adyasari et al., 2021). Fisheries are one of
the main sources of ecological disturbance in the marine
environment (White and Pickett, 1985; Halpern et al., 2015),
which has increased considerably over the last century as
technological advancements have allowed the increase of
effectiveness and the expansion to areas beyond the continental
shelf. In fact, the cumulative effects of fishing, together with other
relevant pressures (e.g., climate change, invasion of alien species,
and marine pollution), have led the UN to include the preservation
of the oceans as the 14th SDG, namely, “conserve and sustainably
use the oceans, seas and marine resources for sustainable
development.” Although the impact of fisheries on marine stocks
has been recognized since the fifties (Garcia & Newton, 1994), their
(often devastating) impact on the ecosystems did not become a
global concern until the mid-1990s (Watling & Norse, 1998). In
fact, the Common Fisheries Policy (CFP) of the EU, which initially
focused exclusively on the control of exploitation rates (Casey et al.,
2016), states that an ecosystem-based approach to fishery
management (EAFM) is needed as fisheries impact all levels of
biological organization and community structures, including
organisms, habitats, and ecosystems (Jackson et al., 2001).
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Among the different types of fishing activities, bottom trawling
produces the highest physical disturbance on the marine
environment (Halpern et al.,, 2008) while contributing
considerably to global landings (Amoroso et al., 2018).
Consequently, bottom trawling activities have become of main
concern for fisheries and environmental management regulations.
The Food and Agriculture Organization of the United Nations
(FAO) classifies the management and industry practices for
minimizing the impact of bottom trawling into four main classes
of action: gear design and operation, spatial controls, quotas, and
effort controls (FAO, 2020). Spatial controls are the class of action
with the most established management practices, involving freeze
trawling footprints, nearshore restrictions, prohibitions by habitat
type, broad-scale habitat management, and move-on rules. The
positive effect of spatial controls on fish abundance and biomass has
been demonstrated in areas with varying protection regimes
worldwide (Evans & Russ, 2004; Weigel et al., 2014; Pereira et al.,
2017; Dimarchopoulou et al., 2018). Moreover, spatial controls
contribute to preservation of biodiversity, maintain natural
habitats undisturbed, and conserve population structures. Thus,
the application of spatial controls of fisheries can be considered a
key tool to achieve UN SDG 14, as they have a direct effect on the
achievement of three main targets: protect and restore ecosystems,
achieve sustainable fishing, and conserve coastal and marine areas.

The Mediterranean Sea is a high-biological diversity area (Coll
etal, 2010; Costello et al., 2010) in which a high number of relevant
species and ecosystems are protected by international laws and EU
legislation such as the Barcelona Convention (UNEP/MAP, 1995),
the Habitats Directive (EU, 1992), the Marine Strategy Framework
Directive (EU, 2008), and the Common Fisheries Policy (EU, 2013).
Despite the lack of good historical data, the highly diverse
multispecies fisheries, and the complex and fragmented
geopolitical framework in the area (FAO, 2005), a wide variety of
area-based conservation measures under different protection
regimes have been established in the basin.

According to the Regional Activity Centre for Specially
Protected Areas (RAC/SPA), which aims to assist Mediterranean
countries in implementing the Protocol concerning Specially
Protected Areas and Biological Diversity, 8.33% (97% of which is
within EU member country waters) of the Mediterranean is under
official designation of a protected statute. This includes Marine
Protected Areas (MPAs) with national statutes, MPAs within the
Natura 2000 network established by the EU, and the Pelagos
Sanctuary, the widest protected marine area in the Mediterranean,
which is subject to an agreement between Italy, Monaco, and France
for the protection of marine mammals. Nevertheless, MPAs have
different levels of protection as well as restrictions of human uses as
they vary in regulations, management approaches, and purposes
(Horta e Costa et al., 2016). In fact, some MPAs are established to
ban all types of extractive human activities (no-take MPAs or no-
take marine reserves) while the great majority allow fishing
activities (Costello & Ballantine, 2015).

In the Mediterranean, the EU Fisheries Regulation (1967/2006)
ban EU trawl activities within 3 nautical miles from the coast or the
50-m isobaths where this is closer to the shoreline. Besides MPAs
and other nationally defined restricted areas, the General Fisheries
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Commission for the Mediterranean (GFCM) establishes Fisheries
Restricted Areas (FRAs), which are geographically delimited areas
in which specific fishing activities are temporarily or permanently
banned or restricted to improve the exploitation patterns and
conservation of specific stocks, habitats, and deep-sea ecosystems.
As a matter of fact, 1,760,000 km? of sea habitats is protected by 10
FRAs, including the large deep-water FRA (1,730,000 km?) in which
the use of trawl nets in all waters deeper than 1,000 m is banned in
order to protect deep-sea benthic habitats (REC. GFCM/29/2005/1,
2015). Also, according to the GFCM, the FRA of Jabuka/Pomo
Pit in the Adriatic Sea is an important example of how both
fisheries and the environment can benefit from effective
management measures.

The Adriatic Sea represents an optimal case study on fishery
management as it is one of the most intensively trawled areas in the
world (Eigaard et al., 2017; Amoroso et al, 2018) and its
management presents difficulties due to a long history of
exploitation with different management systems. Moreover, there
is frequent interaction between countries, insisting on shared
resources (Bastardie et al., 2017), which should be considered to
design effective management strategies (Carpi et al., 2017). In the
present paper, we present a review of the area-based conservation
measures established in the Adriatic Sea for trawling activities and
an easily reproducible assessment of their compliance by
controlling the existence of fishing activity within the
managed areas.

2 Materials and methods

2.1 Study area and area-based
conservation measures established

The Adriatic is a semi-enclosed sea between the Balkan Peninsula
and Italy included in Geographical Sub-areas (GSAs) 17 and 18
(GFCM, 2009), characterized by a shallow water depth, with a narrow
shelf reaching a maximum depth of 260 m in the central part while in
the southern part reaching 1,200 m (Trincardi et al, 2014). Six
(interacting) countries face the basin: Albania, Bosnia and
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Herzegovina, Croatia, Italy, Montenegro, and Slovenia (Figure 1).
The two main players in the fishing sector, Croatia and Italy, account
for 1,452 km of the coastal front, followed by Albania (265 km),
Montenegro (92 km), Slovenia (17 km), and finally Bosnia and
Herzegovina (10.5 km) (Blake and Topalovic, 1996). As Bosnia and
Herzegovina is completely enclaved within Croatia’s international
waters and no marine fishery legislation has been established
(Cacaud, 2000), this country was not included in our study.

Different area-based conservation measures have been
established in the Adriatic Sea, by either international laws or
national regulations. Here, a review of the measures that were
active during 2019 is presented. Areas have been classified into six
main categories: biological protection areas (BPAs), coastal ban,
FRAs, Croatian trawling ban areas, MPAs, and offshore
platforms (Figure 2).

2.1.1 Biological protection areas

BPAs are marine areas established by the Italian government
(zone di tutela biologica in Italian) that have been recognized as
grounds for spawning and/or a nursery of economically important
species or as areas depleted due to local over-exploitation. In BPAs,
fishing activities are limited or prohibited in order to preserve/
recover commercial fish stocks (Tassetti et al., 2019).

Seven BPAs were in force in 2019 in the Adriatic Sea, six of
them banning bottom trawling permanently and one (Tremiti BPA)
prohibiting this activity temporally, from April (01/04) to October
(31/10) (D.M. 22 gennaio, 2009).

2.1.2 Coastal ban

Generally, in the Mediterranean Sea, trawling activities are
banned within the 40-m to 60-m isobath and/or within 3 nautical
miles (nm) to 6 nm from the coast. Nevertheless, in the Adriatic Sea,
some countries apply less restrictive legislation in this regard.

In Albania, trawling activities are banned within the 30-m
isobath (Law No. 7908 of 5 April 1995 on fisheries and
aquaculture and Regulation No. 1 of 26 March 1997).

The trawling coastal ban in Croatia varies depending on the
area; generally, it is set at 1 nm from the mainland and island coast,

Marine regions (FMI, 2020)
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although in some areas, it goes up to 2 nm (e.g., around Galijula,
Lastovo, Glavat, and Mljet Islands) and up to 3 nm around Blitvica
and Jabuka (STECF, 2019). Furthermore, trawling is prohibited in
numerous bays and channels (e.g., Cres Bay and Vindol and
Velebit Channels).

In Italy, trawling activities are prohibited within 3 nm from the
coast or the 50-m isobath, as amended by the EU Fisheries
Regulation (1967/2006). In addition, since 2012, the ban has been
extended up to 6 nm or the 60-m isobath for vessels with length
overall (LOA) >15 m from the beginning of the biological rest
period until 31 October (STECF, 2019). The biological rest period is
established each year by a ministerial decree, prohibiting trawling
activities in maritime compartments for 30 consecutive days. In
2019 in the Adriatic Sea, an extension of up to 6 nm was set from 29
July until 31 October, only with the exception of maritime
compartments of Monfalcone and Trieste.

Fishing with bottom trawls is banned at a distance of less than 3
nm from the coast or at a depth of 50 m in Montenegro; moreover,
this activity is prohibited in the area of the Bay of Boka Kotorska
(LMFM, 2009).

Slovenia, which counts with a limited marine fishing area,
allows trawling up to 1.5 nm from the coast (Commission
Implementing Regulation (EU) 2017/2383).

2.1.3 Croatian specific trawling ban areas

Multiple areas have been established by the Croatian
government in which trawling is banned for some part of the
year or weeks, which makes the system of trawl fishing regulations
complex (Bitunjac et al., 2016). Bottom trawling is forbidden during
6 months in the spring-summer period in most part of the channel
area in the central Adriatic, while in the winter-autumn period,
trawling is allowed only 2 days per week (STECF, 2019). Two areas
are settled in the Rijeka Bay in order to divide it in half; the trawl
ban is alternated every 6 months between each area.

Also, trawling is forbidden within the 12 nm around Jabuka/
Pomo Island on Saturdays and Sundays in order to protect recruits
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of Merluccius merluccius and Nephrops norvegicus. In addition,
trawling activities are banned in some areas because of the presence
of explosive materials. Above all the territorial sea, 30% is
permanently closed to trawling, while around 10% is partially
protected with a 100- to 300-day ban (STECE, 2019). In total, 19
areas have been identified as Croatian non-trawling areas.

2.1.4 Fisheries Restricted Areas

As of 2019, two different FRAs have been established in the
Adriatic Sea, each of them with a different objective. The large deep-
water FRA aims to protect deep-sea habitats and resources and was
the first confirmed (REC. GFCM/29/2005/1, 2015). It is located in
the southern Adriatic Pit, and within it, the use of trawl nets is
permanently prohibited at depths beyond 1,000 m.

In the central Adriatic, the Jabuka/Pomo Pit was settled to
contribute to the protection of essential fish habitats for European
hake (M. merluccius) and Norway lobster (N. norvegicus) (REC.
GFCM/41/2017/3, 2017) and is divided into three zones. Bottom
trawls are permanently forbidden within zone A (central area),
while in zones B and C, trawling is prohibited from 1 September to
31 October, and only authorized vessels are allowed to fish during
the rest of the year. In addition, in zone B (closer to the Italian
coast), authorized vessels are not allowed to fish for more than two
or one fishing days per week. At the other side, in zone C (closer to
the Croatian coast), authorized bottom trawlers are entitled to fish
only during weekends from 05:00 until 22:00.

2.1.5 Marine Protected Areas

A total of 320 areas fall within this category, which includes
nationally designated MPAs and Natura 2000 sites. Data have been
retrieved from the Protected Planet website (UNEP-WCMC, 2022).
In Table 1, a summary of the Adriatic MPAs according to their
designation and the country in which the area jurisdictionally
resides within is presented.

This category encompasses areas with different typologies of
designation, and within each designation category, allowed uses can
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TABLE 1 Summary of Marine Protected Areas by designation and country.

10.3389/fmars.2023.1213211

Designation Albania Croatia Italy Montenegro Slovenia
Area protected by municipal decision 1

Landscape park 2
Managed nature reserve 2

Marine protected area 4

National park 2 3

Natural monument 3 1
Nature park 1

Nature reserve 4 1
Protected landscape 1

Significant landscape 9

Site of community importance (Habitats Directive) 207 1

SPA (Birds Directive) + Habitats Directive 11

SPAMI 1 2 1
Special area of conservation (Habitats Directive) 3 26 6
Special protection area (Birds Directive) 10 8 3
Special reserve 7

Total 6 243 56 1 14

vary considerably. Therefore, the authors have decided to assess
MPAs as if trawling was permanently banned in all areas.

2.1.6 Offshore platforms

A total of 193 offshore structures are located in the Adriatic Sea,
most of them in the northern side. According to regulations, fishing
activities are banned in the safety zone of 500 m around each oil and
gas installation.

2.2 Assessment of the effectiveness of
trawling fishing bans

In order to evaluate the compliance of trawling bans in the Adriatic
Sea, an intersection between the managed areas and the bottom
trawling activity was performed. To this aim, a spatial layer with all
area-based conservation measures described before was created,
considering for each category a time range for those areas with
temporal bans. Thus, offshore platforms, MPAs, and coastal areas
were always considered closed areas. Additionally, in Italy the coastal
ban was extended to 6 nm from August to October 2019; this extension
was considered for that period. Regarding the other categories, each
area was categorized according to its own temporal range.

Bottom trawling was identified by analyzing raw Automatic
Identification System (AIS) data, purchased from a private provider
(www.astrapaging.com). Terrestrial AIS data at a 5-min resolution
for all fishing vessels operating in the Adriatic Sea in 2019 were
analyzed applying the R workflow available in the R4AIS code
repository (Galdelli et al., 2021a), further enhanced in recent
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experiments (Coro et al,, 2022; Pulcinella et al., 2023) in order to
obtain monthly bottom trawling activity data at a 0.01° resolution.

The managed areas’ layer was spatially joined with the monthly
trawling fishing activity data, and the overall activity within each
area was computed. Assuming a lognormal distribution of fishing
activity for the whole Adriatic, the lower and upper confidence
limits were calculated. These limits were used to categorize each
area according to the relative trawling intensity (low/medium/high)
performed within each area taking into account the size of the areas.

In addition, the same procedure was applied to each category of
managed areas, splitting time to obtain information regarding the
open and closed periods. The time ranges used were from August to
October for coastal bans considering the 6-nm ban as closed and the
3-nm one as open, from September to October as closed for the
FRAs, and from April to October for BPAs and Croatian managed
areas. Although in the Croatian managed areas some sub-areas have
different temporal ranges, we decided to apply the April-October
range as it was the most extended temporal closure. This
investigation was not applied for MPAs and offshore structures as
these areas remained always closed to trawling.

3 Results

A total of 549 features representing area-based conservation
measures, prohibiting bottom trawling in almost 50,000 km?, were
identified for the Adriatic Sea in 2019. Around 88% of the features
fell within the categories of Natura 2000 and offshore platforms,
covering only 18% of the total trawling banned area (Table 2).
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TABLE 2 Number and surface of area-based management measures in
force in 2019, by category.

Category Number of features Surface
identified (km?)
BPAs 7 625.8
Coastal ban 6 22,5239
Croatian trawling ban 19 3,035.8
areas
FRAs 4 14,509.8
MPAs 320 8,769.1
Offshore platforms 193 107.9

Coastal bans and FRAs, although the least abundant, were the first
and second most extensive closed areas, accounting for about 75%
of the total area. Notably, the Jabuka/Pomo FRA consists of three
different areas; thus, the number of features was 4 instead of 2.
Additionally, the coastal ban surface was calculated considering
only the Italian ban of 6 nm, to avoid counting the 3-nm
surface twice.

Analyzing bottom trawling fishing activity performed
throughout 2019, it was observed that no fishing was exerted
within 399 (73%) (Table 3) of the managed areas, most belonging
to MPAs and offshore platforms, where 86% and 62% of the areas,
respectively, fell into this category (Figure 3; Table 4). Thus,
trawling activity was performed within 27% of managed areas,
with a low intensity in 14% of the areas, medium in 11%, and high
in 2%. High-intensity fishing activity was observed only within
offshore platforms bans, while coastal ban areas and FRAs were the
only managed areas not reporting null intensity, meaning that there
was at least one fishing event in 2019.

Exploring monthly trawling activity performed within the
managed areas, it was noticed that in August, in 91% of the areas,
there was no interest in trawl fishing, while the lowest proportion of
areas with null activity was reached in April (86%). This variability
in the number of areas with null activity was particularly visible
within MPAs and BPAs (Figure 4).

In 2019, fishing was carried out within up to 144 managed
areas mainly with a low intensity, particularly during August,
when this intensity was reached in 72% of the overall fished areas
(Figure 5). The fraction of areas with a medium fishing intensity
was higher with respect to the low-intensity one only in July, with
49% and 45% each. The highest percentage of areas with a high

10.3389/fmars.2023.1213211

trawling intensity was in April (14%), while the lowest was in
August (2%).

An in-depth inspection of the monthly variability of fishing
intensity was carried out for each category of managed area
(Figure 6). For BPAs, it was observed that fishing prohibition was
respected in six out of seven areas during August (Figure 6A), with
the only temporarily closed BPA (Tremiti area) being the only BPA
reporting fishing activity. The trawling ban was respected for the
whole year only within two areas, while most BPAs reported a low
fishing intensity. The highest number of BPAs reporting a medium
intensity of trawling activity was observed in June, when four BPAs
were substantially fished.

Coastal ban areas were particularly affected by fishing activities,
mainly with a low intensity (Figure 6B) with the exception of
September and October, when the intensity within the Italian 6-nm
area was medium. In contrast, the trawling prohibition was fully
respected in February and May in the Slovenian coastal area, in
September in the Montenegrin area, and in October in both coastal
areas (Figure 3).

Among Croatian trawling ban areas, we noticed a great
variability in the number of areas in force throughout the year
(Figure 6C). Only within 5 out of 19 areas was the trawling
prohibition fully followed during 2019; moreover, in some
months, more than 50% of areas were not targeted by fishing
activities. Only in February, March, November, and December
was the fraction of areas with a low intensity of trawling was
higher than that of the null one. A medium intensity of trawling was
not always reported, and when it was, it occurred only within one
area except from August, when there were two affected areas.

In September and October, the number of FRAs in force was
double that for the rest of the year as it is in this period when zones
B and C of the Jabuka/Pomo FRA are completely closed to bottom
trawling (Figure 6D). No fishing activities were observed within the
deep-sea FRA, except for November, when a low intensity was
reported (Figure 3). Differently, within the Jabuka/Pomo FRA,
trawling activity was always present with a low intensity.

No fishing activity was recorded between 297 and 307 out of the
overall 320 MPAs; thus, more than 90% of these areas were always
exempt from trawling (Figure 6E). A low intensity of trawling was
reported in all months, reaching its highest fraction in August,
when this intensity was observed in 20 areas. No areas with a
medium intensity were identified during February, while in
November, the highest number of areas (six) reported this intensity.

Regarding the 500-m ban around offshore platforms, the month
with less fishing activity was August, when no trawling was reported

TABLE 3 Summary of the number and surface of area-based management measures in force in 2019 categorized by the fishing intensity registered.

Intensity Number of features Surface (km?) Proportion of number of areas (%) Proportion of surface (%)
identified

Null 400 2,397.4 72.9 438

Low 75 31,337.3 137 63.2

Medium 62 15,830.5 113 319

High 12 6.8 22 0.01

Only the Italian 6-nm ban area has been considered to calculate the surface to avoid counting the 3-nm surface twice.

Frontiers in Marine Science

frontiersin.org


https://doi.org/10.3389/fmars.2023.1213211
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Ferra and Scarcella

100

50

. high

25

Proportion of number of managed areas (%)

I
Intensity
M o
low
[ medium

3 2
g > 2 S
2 g )
¥ Fs & <FF & &
< [ @s < OQ\W

<

FIGURE 3
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in 182 areas (94%), while low, medium, and high intensities were
observed in two, eight, and one platforms, respectively (Figure 6F).
Instead, April was the month with more fishing intensities, when
152 platforms recorded no trawling; 10, low intensity; 21, medium
intensity; and 10, high intensity. Offshore platforms were the only
typology of management area to report all intensity categories in
each month.

Although a high intensity of fishing was observed only within
offshore platforms, when the same thresholds were applied to a
larger time range, in order to study the intensity variability between
open and closed periods, areas with a high intensity increased.
Within BPAs, the temporarily closed area (Tremiti BPA) reported a
high trawling intensity when in force, while Barbara BPA, which
monthly reported mainly a medium intensity, became a high-
intensity area (Figure 7). Moreover, only one area remained with
a low trawling intensity and two with a medium intensity, while as
mentioned before only two areas were completely free of fishing.

Regarding the coastal closures, only within the Italian ones, at
both 3 nm and 6 nm, the fishing intensity reached a medium level,
while in the other areas it remained low.

During the closed period, almost half of the Croatian trawling
areas reported a low trawling intensity, while only within one was
the intensity observed high (Figure 8). Moreover, during the open

TABLE 4 Summary of the number and surface of area-based management measures in force in 2019 by category and fishing intensity registered and
proportions over each category and overall.

Category Intensity Number of Surface @ Proportion of Proportion of Proportion of Proportion
features (km?) number of areas surface (%) number of of surface
identified (%) over category  over category  areas (%) overall (%) overall

BPAs Null 2 20.3 28.6 32 0.36 0.04

Low 1 179.0 143 286 0.18 036

Medium 4 426.5 57.1 68.2 0.73 0.86
Coastal ban | Low 4 11,354.9 66.7 50.4 0.73 22.90

Medium 2 11,169.0 333 49.6 0.36 22.53

Croatian Null 2 58.6 10.5 1.9 0.36 0.12

trawling ban

areas Low 8 1,237.3 4.1 40.8 1.46 2.49

Medium 9 1,740.0 47.4 57.3 1.64 351

FRAs Low 2 12,705.9 50.0 87.6 0.36 256

Medium 2 1,803.9 50.0 124 0.6 3.64
MPAs Null 277 2,252.0 86.6 257 50.45 454

Low 36 5,846.9 113 66.7 6.56 11.79

Medium 7 669.7 22 7.64 1.27 135

Offshore Null 119 66.6 61.7 61.7 21.67 0.13

platforms
Low 24 13.4 12.4 124 437 0.03
Medium 38 212 19.7 19.7 6.92 0.04
High 12 6.8 6.3 63 218 0.01

Only the Italian 6-nm ban area has been considered to calculate the surface to avoid counting the 3-nm surface twice.
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FIGURE 4

Monthly fishing intensity exerted within the managed areas during 2019.

period, the fishing intensity was higher in the northern areas
(medium), while in the southern areas it was low.

All three zones of the Jabuka/Pomo Pit FRA, located in the
central Adriatic Sea, reported a low trawling intensity during the
period in which fishing was prohibited (September—October), while
when fishing was banned, only in the central zone did the trawling
intensity rise to a medium level (Figure 9). When applying the time
range of the Jabuka FRA closures to the deep-sea FRA, located in
the southern pit of the Adriatic Sea, the fishing intensity was null
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when all three zones of the Jabuka FRA were active, while the
intensity was low when only the central zone was closed to trawling.

4 Discussion

It is well known that area-based conservation measures could
have a positive effect on the environment by protecting ecosystems
and producing conservation benefits to internal fish assemblages
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Percentage of managed areas interested in trawling activities classified according to the fishing intensity performed monthly. Dots represent the
overall percentage of managed areas with null fishing intensity.

and neighboring areas by spillover processes (Murray et al., 1999; The results of this study, which summarizes the 549 marine
Russ and Alcala, 2004; Russ et al, 2008). The effectiveness of  managed areas established in the Adriatic Sea that banned or
managed areas firmly relies on compliance by fishermen; as a  restricted bottom trawling activities, have highlighted that the
consequence, enforcement is crucial. However, it is not compliance with managed area regulations was not fully respected
guaranteed as patrolling is financially expensive, is time  in 2019. Although no fishing activities were identified in 73% of the
consuming, and is reduced to a fine temporal and spatial scale.  managed areas, the fraction of the surface covered by these areas
This study presents an easily reproducible assessment of the  represented only 5% of the study area. Among areas with no fishing
compliance of fishery restrictions in managed areas through the  activity, MPAs were the most effective category as no fishing activity
yearly analysis of AIS data. was reported in 87% of them. Despite 95% of the surface of
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FIGURE 7

managed areas was interested in bottom trawling, more than half of
the protected surface was fished with a low intensity, whereas 30%
was subjected to a medium fishing intensity. Fortunately, only
0.01% of the managed surface, concentrated in offshore platforms
bans, was trawled with a high intensity. Even though this could be
beneficial for the environment, as the extent of highly fished areas
was small, it still affects security for which bans around offshore
platforms were established. Most managed areas with a low trawling
intensity fell within the MPA category although they represented
only 19% of the surface interested in low-intensity fishing.
Regarding areas with a medium trawling intensity, coastal areas,
represented only by Italian coasts, were the most extensive category.
Monthly analysis highlighted that 91% of the managed areas
reported no trawling activities during August, probably due to the
biological rest period established during summer months.
Moreover, right before the biological rest period, in July, the
highest fraction of areas with a medium trawling intensity was
observed, which probably relates to the propensity of fishermen to
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increase their benefits before the mandatory closure of
bottom activities.

Different researchers have studied the enforcement of managed
areas, but they have focused on a specific category (Harasti et al.,
2019; Tassetti et al., 2019; Wong and Yong, 2020), especially MPAs
(Guidetti et al., 2008; Arias et al., 2015; Nunes et al., 2023). To the
best of the authors’ knowledge, this study presents the first
assessment of the compliance of fishing restrictions within
multiple managed areas in a basin where different states compete
for fishing resources. However, some considerations must be taken
into account as information regarding Marine Protected Areas does
not represent all protected areas completely, because the guarantee
of the quality of the public data is up to the data holders, and
trawling is not prohibited within all the MPA extensions.
Nevertheless, we assumed that the combination of the available
data could provide a general insight regarding conservation and
management within Adriatic MPAs. Furthermore, it must be
pondered that some of the managed areas overlap, because they
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were designed to extend the protection of a previously established
area (e.g., the Miramare BPA that enlarges the protected surface of
the Miramare MPA); thus, references on the overall protected
surface are slightly biased.

New management areas are being established in the Adriatic Sea
in recent years; for example, in 2021 the Bari Canyon FRA was
established to contribute to the protection of vulnerable marine
ecosystems (REC. GFCM/44/2021/3, 2021). This area is divided
into two zones, a main protection zone (zone A), where fishing
activity is prohibited, and a buffer zone (zone B), where although
trawling is forbidden some authorized fishing activities are allowed.
The establishment of new areas is a good step toward achieving the
14th Sustainable Development Goal and thus conserve and use
sustainably oceans and their resources. Although without efficient
monitoring, control, and surveillance (MCS) plans that ensure the
full compliance of management areas and financial support to
control activities, success in protecting the environment and
resources cannot be guaranteed.

It has been demonstrated that an increase of enforcement can
have a rapid positive effect on fish populations (Kelaher et al., 2015);
therefore, investments should be done to ensure fishery compliance.
To this aim, strengthening penalties could have a positive effect as
fishermen’s fear of sanctions promotes compliance (Read et al., 2015;
Bergseth and Roscher, 2018). In addition, dissemination of benefits of
fishing closures may increase voluntary compliance among
commercial fishermen as has happened with recreational fishers in
other areas (Arias and Sutton, 2013). In some cases, in order to avoid
the discontent of fishers, the establishment of temporarily closed areas
has been considered a possible compromise. Nevertheless, the present
study has demonstrated that temporary closures do not ensure
compliance with fishing bans; moreover, other authors do not
consider temporal closures to be as effective as permanent bans
(Day et al., 2012; Rodriguez-Rodriguez et al., 2016).

In agreement with other studies (McCauley et al., 2016; Kurekin
et al,, 2019), here the power of AIS data as a tool to monitor potential
illegal fishing within managed areas has been confirmed. An effective
MSC plan would rely on the analysis of tracking data to provide
decision-makers with the evidence required to evaluate mitigation
strategies. However, it must be considered that our assessment is
potentially biased due to AIS coverage as this tracking system is
mandatory only for European fishing vessels with an LOA exceeding
15 m; therefore, smaller fishing boats and those from countries outside
the EU (Albania, Montenegro, and Bosnia and Herzegovina) may not
be represented. This weakness could be overcome by integrating AIS
with other satellite technologies such as vessel monitoring systems
(VMSs) and synthetic aperture radar (SAR), which would allow the
assessment of smaller vessels and those with disabled transponders
(Kurekin et al., 2019; Rowlands et al., 2019; Galdelli et al., 2021b).
Besides integration with other digital technologies, further studies
focusing on the assessment of compliance should analyze the
temporal variabilities of fishing activities in short-term variations in
order to drive controls to increase the efficiency of compliance patrols
(Davis and Harasti, 2020). Furthermore, it should be considered that
the use of aggregated fishing data may add some biases to these studies,
as when trawling activity is performed close to boundaries, the activity
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can be attributed to an internal cell, especially when fishing activity data
are intersected with small managed areas (i.e., offshore platforms). Last
but not least, analysis of compliance is not enough to understand the
value of area-based conservation measures, and thus, assessing the
benefits to fish populations becomes crucial (Hilborn and Ovando,
2014). Moreover, as highlighted in the final agreement of the recent
Conference of the Parties (COP 27), in order to achieve conservation of
biological diversity, there is a strong need to interlink the global crises
of climate change and biodiversity loss. Therefore, future studies should
not only focus on the state of marine resources and ecosystems but also
consider the effects that climate variability has and will have on marine
species and how these will affect economies, particularly
future fisheries.
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