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Case Studies:

The Western sector, which included FAO GSA9, 10, 11.1 and 11.2 (Fig. S1A), is a
morphologically and ecologically heterogeneous area. It encompasses the Tyrrhenian Sea, the
northernmost portion of the Ligurian Sea, and the seas surrounding the island of Sardinia. The
continental shelf is narrow in the western Ligurian Sea and widens towards the northern
Tyrrhenian Sea. The central and southern Tyrrhenian Sea features a well-developed continental
platform, slope, abyssal plain, and seamounts. Near the island of Sardinia, the seafloor varies
in size, geomorphology, and associated biodiversity. The eastern coast features a narrow
continental shelf and a slope with complex and profound submarine canyons (Moccia et al.,
2022). In contrast, the western coast has a wide continental shelf that can extend for hundreds
of kilometres from the coast, particularly on the southwestern side of the island.

The Southern sector comprised GSAs 12 to 16 (Fig. S1B). The continental shelf along the
Sicilian coast is divided into two vast banks, Adventure Bank to the west and Malta Bank to
the east, separated by a narrow shelf strip. The African shelf extends from the coast to the
middle of the Strait, becoming steep and uneven between Sicily and Tunisia(Gargano et al.,
2017). The area is ecologically significant as it connects the Eastern and Western Mediterranean
(Coll et al., 2010; Di Lorenzo et al., 2018). The continental shelf extension, stable upwelling,
and the ecotonal characteristics of the area promote high diversity and biomass of demersal
communities (Gristina et al., 2013), resulting in high productivity of fishery resources
(Milisenda et al., 2017). Bottom trawling is the primary seabed-impacting activity in the area.
Trawlers exploit both the inshore and offshore regions of the Strait, targeting Deep Water Rose
Shrimp (DPS) as the main species, representing approximately 50% of the total landings of the
Italian fleet. Trawlers targeting DPS also catch a significant amount of European Hake (HKE)
as by-catch, which makes up about 10% of their total landings. Two other economically
important species are the red mullet (MUT), which is found on the shelf south of the Sicilian
coast, and the giant red shrimp (ARS), which are fished almost exclusively by Italian trawlers
operating on slope bottoms (Russo et al., 2019).

The Adriatic sector included the GSA 17 and 18. The Adriatic Sea is a semi-enclosed basin
between the Italian and the Balkan Peninsula (Fig. S1C). It covers an area of about 138,000
km? and can be divided into three basins (northern, central and southern) with an increasing
depth moving southwards. The north and central basins are characterised by the largest
continental shelf of the Mediterranean. Water temperature in the northern and central Adriatic
is significantly affected by seasonal dynamics, and the whole area acts as a dilution basin. An
important geographical feature of this area is the Pomo Pit (reaching depths over 200 m), which,
owing to its peculiar position and morphology, hosts essential nursery and spawning areas for

species of commercial interest (Russo et al., 2018). The southern Basin is characterised by a
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steep slope descending to a maximum depth of 1223 m. The Strait of Otranto connects the
Southern Adriatic to the lonian Sea. The Adriatic Sea is divided into GSA 17 and GSA 18 and
borders six countries: Italy, Slovenia, Croatia, Boshia and Herzegovina, Montenegro and
Albania. Demersal resources in these areas are exploited through a single métier: bottom otter
trawl (OTB) (Fouzai et al., 2012). Norway lobster (NEP) is the most valuable crustacean
species fished in the Adriatic Sea. It is widely distributed in the Northern and Central Adriatic
at depths greater than 50 m. Still, it is particularly abundant in the Pomo Pit area, representing
an important fishing ground for this species (Chiarini et al., 2022). European hake (HKE) is the
most critical demersal species in the Adriatic Sea regarding catches and commercial value
(UNEP-MAP-RAC/SPA, 2014). It is distributed mainly from several metres’ depth down up to
800 m and spawns throughout the year, although with different intensities. Other significant
demersal resources are the red mullet (MUT), the common sole (SOL), the deep water rose
shrimp (DPS) and the mantis shrimp (MTS).

The lonian sector (GSA 19) covered an area of approximately 16,500 km?and is the largest and
deepest sea in the Mediterranean basin (Fig. S1D). The region has complex geomorphology
and oceanography (Maiorano et al., 2010). It is separated by the Taranto Valley, an underwater
canyon that reaches depths of 2200 m. The eastern part of the valley consists of a broad
continental shelf, while the shelf is extremely limited in the west where the coasts host several
submarine canyons. These canyons are unsuitable for trawling and thus constitute sheltered
sites for several species (Capezzuto et al., 2010). The Santa Maria di Leuca cold-water coral
area, located in the waters off the coast of Puglia, is a critical habitat. Communities of colonial
scleractinians build structures in this area that obstruct trawling activities. Additionally, the
structures host a variety of faunal associations and serve as shelter, feeding, spawning, and
nursery areas for many important fish and invertebrate species (D’Onghia et al., 2016). The
most critical demersal resources in the lonian sector are the red mullets (MUT and MUR) on
the continental shelf, European hake (HKE), deep water rose shrimp (DPS) and Norway lobster
(NEP) over a wide bathymetric range and the deep-water red shrimps (ARA and ARS) on the
slope (Maiorano et al., 2010).
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110  Figure S1 - Maps of the four case studies. The Geographical Sub Areas (GSAs) are represented (red

111  polygons) together with the sea bottom depth in blue scale.
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Figure S2 - Map of the scenarios simulated with SMART in the four case studies. Closed areas are

represented in red. Depth bans were coloured in yellow, orange, and red for 600m, 700m, and 800m

respectively.



122  Table S1. The number of fishing vessels operating with bottom otter trawling for which both VMS and
123 Logbook data were processed by Case Study and Country.

Case Study Country | Number of fishing vessels
Western sector Italy 569
Southern sector Italy 407
Adriatic sector Italy 562
Adriatic sector | Croatia 147
lonian sector Italy 224

124
125  The application of SMART allowed us to reconstruct the spatial and temporal dynamics of the bottom
126  otter trawling in the four case study areas. The consistency and reliability of the results returned by

127  SMART were assessed by performing the comparisons introduced in Section 2.2. Namely:

128 e The cross-validation at the level of single vessels (Fig. S3) indicated that there is very good
129 agreement between predicted and observed values of LV. This result suggests that the estimated
130 patterns of the LPUE are realistic and, together with the fishing pattern of effort obtained
131 through VMS and AIS data, allowed us to model the spatial origin of landings and the related
132 economic parameters.

133 e The comparison with an external source of information (Fig. S4) is represented by the yearly-
134 aggregated Landings, LV, Costs and GVA for each year of the period 2017-2019 and each GSA
135 in the case study.

136  Both checks indicate that the application of SMART to the four case studies returned a realistic

137  modelling of the respective fisheries.
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Figure S3 - Distribution of the adjusted R2 obtained comparing the observed and estimated Landing Value
(LV) for a set of 20% randomly selected vessels for each case study. These vessels were not used to estimate

the LPUE. The whole procedure was applied 100 times for each case study.



142

143
144

145
146
147
148
149
150
151
152
153
154
155

Landings Revenues

3e+07 1
3e+08

(GsA17)e (GSA17)s
(GSATe e

1e+07 4

*
e8]

[
ses07{ *(GSA11]
g +[GsAt1]
g 3e+06 1 . . . . .
S 5e+06 1e+07 2e+07 3e+07 5e+07 1e+08
k=]
£ Costs GVA
g
o
(GSAT7)s
1e+08 4
1e+08 A = °

(GSA09| (GSA16]e

3e+07 4

5e+07 4

lasan]

1e+07 A

38+07'

3e+07 5e+07 1e+08 3e+06 5e+06 1e+07
Official (Euros)

Figure S4 - Comparison between estimated and official (Source: NISEA/Annual Economic Report) values
of total landings, Revenues (LV), Costs and Profts for the fleets of trawlers aggregated by GSA.

For each case study, several results are reported from the SMART analysis. First of all, for every
scenario, the distribution of effort in the different bathymetric ranges is shown in a histogram (for mean
values of effort) and a boxplot. The boxplot shows a percentage difference with the status quo, the
statistical distribution of the results coming from the different simulations carried out in the SMART
analysis. Delta effort (the difference between the effort in a given scenario and the effort in the status
quo) and its distribution within bathymetric ranges is also shown in a histogram, as well as in maps, one
for each management option, in which every cell is coloured according to the expected difference in
fishing effort. As for the economic aspect of the simulations, the results are reported in a boxplot for
each management scenario, which shows the difference in costs, profits and revenues compared to the
status quo. Finally, the difference in landings is also shown, specifically for each of the considered

species.
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