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Abstract: The economic performances of four trawling fleets (those of the Sicilian cities of Trapani,
Sciacca, Licata and Porto Palo di Capo Passero) operating in the coastal waters along the southern
coast of Sicily (geographical Subarea 16), and potentially affected by the establishment of the Fisheries
Restricted Areas (FRAs), were analysed. The main economic performance results (revenues, costs
and profits) of 37 trawlers were calculated prior to the implementation of FRAs and compared with
those estimated by the spatial bio-economic model SMART after the FRAs’ establishment. Results
showed that the fleets of Sciacca and Licata, located in the central part of the southern Sicilian coast,
had a short-term reduction of profits as a result of the implementation of the FRAs; conversely, a
short-term increase in the economic performances of Trapani and Porto Palo di Capo Passero fleets
was expected. Although the FRAs represent a good tool for rebuilding overexploited stocks, the
different socio-economic impacts of the single fleets should be assessed before adopting them and the
implementation of specific compensative measures should be planned for the impacted fleet until a
more productive state of the stock is reached.

Keywords: bottom trawling; catch composition; bio-economic model; SMART; strait of Sicily

1. Introduction

Fisheries play a key role in providing food, income and employment in many parts of
the world [1]. In particular, marine capture fisheries have a significant role in reaching the
nutritional requirements of the population, providing food security, particularly for the
coastal population of developing countries, and achieving the Sustainable Development
Goals (SDGs) [2].

Despite these important roles in the world food system, too often fisheries have
been determined as undertaking the unsustainable exploitation of resources (the so-called
overfishing) and fish stocks are in decline worldwide [3-7].

Within this context, the socio-economic dimensions assume a fundamental role, en-
compassing both the basic bio-economic aspects of fisheries and the different effects of
fishery policies on stakeholders and their potential social consequences [8]. Compara-
tive scenario analyses of different potential remedial actions examine the economic costs
and benefits of stock rebuilding policies when stocks are overfished or depleted [8] and
economic indicators provide powerful instruments in assessing and supporting fishery
management [9,10].

The Strait of Sicily (SoS hereafter), situated in the central Mediterranean Sea, represents
one of the highest productive areas for demersal fisheries of the basin [11-15]. In 2016, the
395 Italian bottom trawlers operating in this area landed approximately 13,300 tons with
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an economic value of EUR 114 million [16]. The deep-water rose shrimp (DPS, Parapenaeus
longirostris—Lucas, 1846), the European hake (HKE, Merluccius merluccius—Linnaeus, 1758),
and the giant red shrimp (ARS, Aristaeomorpha foliacea—Risso, 1827) represent the main
demersal targeted species with a yield of about 5290, 1490 and 1370 tons, respectively,
and total revenue of approximately EUR 75.6 million in 2016 [16]. According to the most
recent stock assessment [17], both HKE and DPS are overfished with a high proportion of
undersized catches.

To help reduce overfishing, the General Fisheries Commission for the Mediterranean
(GFCM) established three Fisheries Restricted Areas (FRAs) in the SoS, corresponding to
areas where juveniles of European hake and deep-water rose shrimp aggregate annually
(stable nurseries), aimed at improving the exploitation pattern of both HKE and DPS [18].
In these FRASs, located close to the Sicilian coast to the east of Adventure Bank, west of
Gela Basin and east of Malta Bank [19], trawling activities are prohibited. By using the
spatially explicit bio-economic model SMART (Spatial MAnagement of demersal Resources
for Trawl fisheries), Russo et al. [14] demonstrated that the three FRAs improved both the
state of HKE and DPS stocks and the overall fishery economic performance of the whole
Italian trawler fleet operating in the SoS. However, since these closures can affect different
fleets according to the spatial position of their traditional fishing grounds, further studies
to assess the possible negative economic effects of management measures at local level
are advisable.

In the present study, the economic performances of the trawling fleet operating in the
S0S were analysed in order to (i) provide more detailed information on the structure of the
different Italian trawling fleets operating in the SoS, in terms of capacity indicators and
(ii) apply the spatial bio-economic model SMART to estimate the different effects in terms
of short economic performances on single fleets operating close to the Italian territorial
waters which are assumed to be more strongly affected by the FRAs.

2. Materials and Methods
2.1. Study Area

The study area is located in the central Mediterranean Sea and comprises the Italian
side of the SoS (Figure 1). According to the definition by the GFCM of geographical
subareas (GSAs), this area corresponds to the GSA16 (southern Sicily) and extends for
about 34,000 km? [20]. Situated in the northern sector of the SoS, the FRAs occupy a total
area of 1711 km?: 621 km? (mean depth = 175 m; depth range = 73-720 m) for the FRA to
the east of Adventure Bank, 621 km? (mean depth = 315 m; depth range = 20-662 m) for the
FRA to the west of Gela Bank and 469 km? (mean depth = 249 m; depth range = 60~1195 m)
for the FRA to the east of Malta Bank [21].

Finally, the study area is characterised by complex seafloor morphology and hydrody-
namic process [22] with a wide range of water depths including two shallow banks (<100 m
depth) on the western (Adventure Bank) and eastern (Malta Bank) side, respectively, sepa-
rated by a narrow shelf in the middle.

The SoS constitutes an important fishing area for demersal resources and hosts several
important marine fisheries (Figure 1). Among them, Mazara del Vallo is the main port for
demersal fisheries; its fleet represents the main commercial fleet of trawlers in the SoS and
one of the most important fleets in the Mediterranean Sea [11,23,24]. Bottom trawling is the
most important fishing activity and includes three main segments: small vessel trawlers,
with a length overall (LOA) between 12 and 18 m, medium vessels between 18 and 24 m and
vessel trawlers larger than 24 m LOA. The first and the second segment (“domestic fleet”)
operate mainly within or close to the Sicilian territorial waters (within 12 miles from the
coast, fishing from 1 to 2 days); while the third one (“distant fleet”) operates some distance
from the Sicilian coast both on the continental shelf and the slope down to 700-800 m
depth with fishing trips lasting between 1-2 months. Every 20-30 days the catch, which
is frozen on board, was landed in the closest port and then skipped to the home port in
refrigerated trucks and, finally, distributed throughout Italy for consumption. According to
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De Angelis et al. [25], these “distant” trawlers adopt 4 different fishing strategies: (i) fishing
on the African shelf and (ii) on the Sardinia shelf, both strategies being targeted at shallow
waters species (mainly fish and cephalopods), (iii) wide deep water, operating from the
Sardinia Channel to the coast of Libya and (iv) Eastern deep water, operating in the Aegean
and in the Levant Sea, targeting deep water crustaceans.
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Figure 1. Main trawl fleets based along the south coast of Sicily and the Fisheries Restricted Areas
(FRAs) situated in the Strait of Sicily (SoS). In red, the investigated fleets in this work. A: the FRA
situated to the east of Adventure Bank; B: the FRA situated to the west of Gela Basin; C: the FRA
situated to the east of Malta Bank.

Since the objective of the work is to evaluate the short-term expected effects of the
FRAs on the fleets which are more strongly affected by the reduction of fishing grounds,
we selected only the vessels with LOA comprised between 12 and 24 m, which operate
almost exclusively within the territorial waters (hereafter “domestic” trawlers [25]).

2.2. Data

A set of 186 trawlers, equipped with vessel monitoring systems (VMS) and with an
LOA between 12 and 24 m, representing 51% of the total trawlers based in GSA 16, was
initially considered for this study. In order to identify how domestic fleets are affected by
the FRAs, we decided to consider only the vessels that during the year, for at least 8 months,
use the same port both as home and landing port. Thus, the initial set was reduced to a
subset of 37 trawlers as shown in Table 1. The economic results of the fishing activities of
these fleets were therefore interpreted according to their proximities to the adopted FRAs
(Figure 1).

Landings data by vessel and species were collected within the Italian National Pro-
gram under the European Data Collection Framework [26] during 2016. Price by species
(EUR/kg) during 2016 year was taken from Maiorano et al. [16].
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Table 1. Selected trawlers to calculate the economic performance by fleet.

Port Length Overall (m) NF° of Vessels
Li 12-18 5
icata 18-24 0
. 12-18 8
Porto Palo di Capo Passero 18-24 4
Sci 12-18 4
ciacca 18-24 13
Trapani 12-18 0
P 18-24 3
Total 12-24 37

2.3. Economics Performance: Revenues, Costs and Profits

We used SMART, a spatial model to assess the state of the demersal resources and some
aspects of bio-economic performance under different management scenarios [14,27,28].
In particular, this model combines multiple modeling components, integrating the best
available sets of spatial data about catches and stocks, fishing footprint from VMS and
economic parameters to describe the relationships between fishing effort pattern and
impacts on resources and socio-economic performances. The structure of the SMART
model can be summarised as follows:

(1) Processing of landings data, combined with VMS data, to estimate the spatial / temporal
productivity of each cell, in terms of aggregated landings per unit of effort (LPUE) by
species, according to the method described and applied in Russo et al. [14];

(2) Processing biological data to estimate LPUE by age and by species, for each cell/time;

(3) Analysing VMS data to access the fishing effort by vessel/cell /time;

(4) Combining LPUE by age with VMS data to model the landings by vessel/species/length
class/time/cell;

(5) Estimating the cost by vessel/time associated with a given effort pattern and the
related revenues, as a function of the landings by vessel/species/length class/time
(step 4);

(6) Combining costs and revenues by vessel, at the early scale, to obtain the profit, which
is the proxy of the vessel performance. Profit could be aggregated at the fleet level to
estimate the overall performance;

(7) Using estimated landings by species/age, together with survey data, to run a mouse
model for the selected case of study in order to obtain a biological evaluation of
the fisheries.

In this work, the fishing activity of each trawler before (2016) and after the FRAs
adoption (2017-2019) was simulated and compared at the level of each single “domestic”
fleet. Although the FRAs were implemented in 2016, they became effective only in July
2019 and, consequently, empirical data of the economic performance of the fleets/trawlers
considered in this study were not available in the period examined. For this reason, we
decided to use a simulation approach to compare the effects pre and post-FRAs in terms of
economic performance.

To evaluate the positive or negative variation in profit of each fleet, the three “clas-
sical” indicators of economic performance by fleet were used: revenue (R), cost (C) and
profit (P) [10]. According to Tietze et al. [29], R depends on species and quantities caught
and prices which mainly vary according to markets and seasonal fluctuations. The main
C factors are the operation costs (e.g., fuel and crew salaries) and the vessel costs (re-
pair/maintenance of the vessel). Operation costs are principally composed of labour costs
and fuel costs; other cost items include: cost of selling fish, port duties, cost of ice, food and
supplies for the crew. The major components of labour cost are wages and other labour
charges such as insurance and employer contributions to pension funds. Moreover, the
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major elements of vessel costs are vessel and gear repair and maintenance expenses and
vessel insurance [30]. Finally, the economic performance in terms of P of each fleet was
calculated according to a step-by-step procedure, considering the balance between costs
and revenues of the vessels monitored in the fisheries.

Concerning the revenue before the FRAs’” adoption, the mean monthly revenue (R;,)
of a single vessel v during the year 2016 (y) was firstly calculated as follows:

Rinp = (ZSS:1 (dsy X Psy))/12 1)

where gy is the number of landings (expressed in Kg) for the species s during the year y by
the respective mean price at the market (ps ) in EUR.

Secondly, the mean monthly revenue (Ry) by fleet f, considering all the vessels v using
the same landing port during the year y, was calculated as follows:

Ry = (Yo Rmo)/n 3]

where n is the total number of vessels (v) that, in the same month, show the same
landing port.

The simulated revenues (R) after the FRAs” adoption for the vessel v during the period
t were calculated as follows:

S L
Rv,t = Zs:l Zl (%,l,t X ps,l,t) (3)

where g, is the number of landings for the species s and size class [ during the period t by
the respective price at the market (p; ).

Accordingly, the simulated mean monthly revenue (RR) for fleet (f) during the period
t was calculated as follows:

RRyy = (Y Ros)/n )

where n is the total number of vessels (v) that, in the same month, show the same
landing port.

Concerning costs, SMART distinguishes them into “spatial-based”, “effort-based” and
“production-based” components. The spatial-based costs (SC) are a function of spatial
locations of fishing operations being mainly related to fuel consumption and they were
estimated starting from real values related to a subset of vessels. The effort-based costs
(EC) regarding the number of days at sea spent by each vessel and include the labor costs
(e.g., salaries) and the other expenses (repair/maintenance of the vessel) directly linked
to the temporal duration of fishing activities. Finally, the production-based costs (PC) are
linked to the number of landings (e.g., commercialisation costs) [14]. The EC and the PC
were based on official aggregated data for the study area in the same period (source: [31]).
The total costs (T'C) before (2016) and after (2017-2019) the implementation of the FRAs
were both simulated in the same way using the Smart model.

The spatial domain of the SMART model for the SoS was defined as a grid with
500 square cells ¢ (15 x 15 nautical miles) and the spatial (for each cells ¢) and temporal (for
each time t) distribution of the effort for each vessel v was reconstructed using VMS data.
In particular, for the spatial-based costs, a spatial index (SI) was computed, for each vessel
v and time ¢t (month) as:

C
SIv,t = Zc=1 (dv,c X Ec,v,t) (5)

where 4, is the distance between cell ¢ and the harbour of departure (computed as the
linear distance between the center of each cell and the position of the harbour) for the vessel
v and E; is the amount of effort (in hours of fishing) deployed by vessel v in the cell ¢
during the time period t.

The relationship for spatial-based costs is defined as:

SCyt =& x LOAy x Sy (6)



Sustainability 2022, 14, 4743

6 of 15

where SC,; are the spatial-based costs (in EUR) borne by vessel v during the time period ¢;
Sl is the spatial index defined above; LOA, is the length overall of the vessel v and « is
the parameter to be estimated.

Instead, the effort-based costs were calculated as follows:

ECy =y x LOA, x DSy @)

where EC,; are the effort-based costs (in EUR) borne by vessel v during the time period ¢
and y is the parameter to be estimated.
The production-based costs were defined as:

PCyr=p X LVyy 8)

where PCy; are the production-based costs (in EUR) by vessel v during the time period ¢;
u is the parameter to be estimated and LV is the landing value, which is the product of
landings by species and size times the respective prices.
Consequently, the mean total costs (TC) for fleet (f) during the period t were obtained
as follows:
TCpy = (Yo, SCut + ECuy + PCoy) /0 )

where n is the total number of vessels (v) that, in the same month, show the same
landing port.
Thus, the mean monthly landings profit (P;) for a fleet f during the period  is:

while the simulated mean monthly profit (PS;,) for a fleet f during the period t is:

PS,+ = RR; — TCy (11)

3. Results
3.1. Structure and Fleet Capacity of the Marine Fisheries in the SoS

In 2016, according to the EU Community Fishing Fleet Register [32], 186 trawlers with
LOA between 12 and 24 m were registered and operated in the investigated area with a total
gross tonnage (GT) of about 7000 tons and engine power (kW) of about 35,000 kilowatts.
Overall, vessel trawlers with LOA between 18 and 24 m are the most abundant (111 trawling
vessels corresponding to 59.7% of the total). Sciacca constituted the fleet with the greatest
number of vessels (78 vessels corresponding to 41.9% of the total), followed by Porto Palo
di Capo Passero and Licata fleets with 40 (21.5%) and 39 vessels (21%), respectively. Trapani
fleet showed the lowest number with 29 vessels (equivalent to 15.6% of the total) (Table 2).

Table 2. The number of trawlers by length overall (LOA) of each port in 2016.

Port. LOA (m) No. of Vessels
Li 12-18 24
icata 18-24 15
. 12-18 21
Porto Palo di Capo Passero 18-24 19
Sei 12-18 12
ciacca 18-24 66
Trapani 12-18 18
p 18-24 11

No differences were evident in the capacity indicators between the fleets, with the
exception of Trapani’s vessels in the segment 12-18 m which showed LOA, GT and kW
lesser than the other fleets (Figure 2).
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Figure 2. Boxplots of fleet capacity indicators in terms of gross tonnage (GT), engine power (kW)
and length overall (LOA) of the different fleets considered in this study. Red point: mean; black line:
median; boxplot: 25-75% quartiles.

3.2. Catch Composition and Economic Performance

Approximately 1300 tons was landed by the 37 selected “domestic” trawlers (belong-
ing to 89 species) in 2016. The landings consisted mainly of Crustacea (580 tons; 42.9%
total landing), Osteichthyes (520 tons; 38.5%), Cephalopoda (about 230 tons; 17.2%) and
Chondrichthyes (18 tons; 1.3%) commercial. The most abundant species was Parapenaeus
longirostris which represent the 38.9% (about 520 tons) of the total landings; while Lepidopus



Sustainability 2022, 14, 4743 8 of 15

caudatus, followed by Merluccius merluccius, constitute the second and the third most rele-
vant fraction in terms of landings values with the 13% (about 175 tons) and the 9.5% (about
127 tons), respectively (Table 3).

Table 3. Landings by species of investigated “domestics” trawlers in 2016 (Source: [26]).

Species Taxonomic Group Total Landings (Tons) Percentage (%) Cumulative Percentage (%)
Parapenaeus longirostris Crustacea 523.3 38.9 38.9
Lepidopus caudatus Osteichthyes 175.1 13.0 51.9
Merluccius merluccius Osteichthyes 127.6 9.5 61.4
Eledone moschata Cephalopoda 62.1 4.6 66.0
Mullus surmuletus Osteichthyes 62.0 4.6 70.6
Illex coindetii Cephalopoda 40.8 3.0 73.6
Sepia officinalis Cephalopoda 32.6 24 76.0
Trachurus trachurus Osteichthyes 25.1 1.9 77.9
Loligo vulgaris Cephalopoda 23.7 1.8 79.7
Octopus vulgaris Cephalopoda 23.6 1.8 81.5
Other Osteichthyes 128.3 9.5 91.0
Other Crustacea 55.2 41 95.1
Other Cephalopoda 49.4 3.7 98.8
Other Chondrichthyes 18.1 1.2 100

Approximately 1200 tons of landings were simulated by the SMART model for the
37 selected “domestic” trawlers after the establishment of the FRAs (2017-2019). The
simulated landings consisted mainly of Osteichthyes (557 tons; 45.9% total simulated
landing), Crustacea (about 442 tons; 36.5%), Cephalopoda (about 201 tons; 16.6%) and
Chondrichthyes (about 11 tons; 0.9%) commercial. Furthermore, during the simulations, the
three most abundant species were Parapenaeus longirostris (about 276 tons; 22.8%), Lepidopus
caudatus (about 266 tons; 22%) and Merluccius merluccius (about 91 tons; 7.5%) (Table 4).

Table 4. Simulated landings by species of investigated “domestic” trawlers after the establishment of
the FRAs (2017-2019).

Species Taxonomic Group Total Landings (Tons) Percentage (%) Cumulative Percentage (%)
Parapenaeus longirostris Crustacea 276.8 22.8 22.8
Lepidopus caudatus Osteichthyes 266.7 22.0 448
Merluccius merluccius Osteichthyes 91.5 7.5 52.3
Eledone moschata Cephalopoda 48.9 4.0 56.3
Mullus surmuletus Osteichthyes 48.3 4.0 60.3
Illex coindetii Cephalopoda 35.8 3.0 63.3
Sepia officinalis Cephalopoda 33.0 2.7 66.0
Trachurus trachurus Osteichthyes 219 1.8 67.8
Loligo vulgaris Cephalopoda 25.3 21 69.9
Octopus vulgaris Cephalopoda 28.5 24 72.3
Other Osteichthyes 128.6 10.6 82.9
Other Crustacea 165.9 13.7 96.6
Other Cephalopoda 29.8 2.5 99.1
Other Chondrichthyes 11.2 0.9 100

The selected “domestic” trawlers of Sciacca, Porto Palo di Capo Passero and Licata
showed the most abundant annual landings with about 770 tons (57.3%), about 340 tons
(25.1%) and about 190 tons (14%), respectively; while Trapani represented the fleet with the
lowest landings in the SoS with about 50 tons (3.6%).

Parapenaeus longirostris was the most caught species with landings amounting to: about
86 tons (46%) of the Licata fleet, about 149 tons (44%) of the Porto Palo di Capo Passero
fleet, about 280 tons (36%) of the Sciacca fleet and about 8 tons (16%) of the Trapani fleet
(Figure 3).
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Figure 3. Comparison between the total landings composition of the selected “domestic” trawlers by
fleet and species in 2016 and the simulated total landings composition of the same trawlers by fleet
and species after the establishment of the FRAs (2017-2019).

Except for the Sciacca fleet, the second most important catch is represented by Mer-
luccius merluccius for all the fleets considered, with the Porto Palo di Capo Passero fleet
showing the highest value (about 35 tons, 10.5%), followed by the Licata fleet with a land-
ing value of about 23.5 tons (12.5%). Conversely, the most abundant species of Sciacca
trawlers, after Parapenaeus longirostris, were Lepidopus caudatus and Merluccius merluccius
with, respectively, landing values of about 169 tons (22%) and 62 tons (8.1%) (Figure 3).

Excluding the Sciacca fleet, the composition of the simulated landings confirmed
that DPS is always the most caught species, even if it shows a general decrease in all the
considered fleets: 40% for the Licata fleet, 38% for the Porto Palo di Capo Passero fleet, 25%
for the Sciacca fleet and 16% for the Trapani fleet. L. caudatus was the most caught species
of the fleet of Sciacca (Figure 3).

In this context, SMART returned estimates of the expected fishing effort pattern by
vessels, and then at the aggregated level of the fleet, including the fishing effort displace-
ment. Indeed, the establishment of the three FRAs is associated with an increase of the
fishing effort around the FRAs, and in the south and southeast region of the SoS (for more
details see [14]).

The comparison between the mean monthly economic performances and the corre-
sponding standard deviation before the establishment of the FRAs (2016) and the simulated
one after the FRAs establishment (2017-2019) for each fleet is shown in Figure 4.

Considering the landings economic performances before the FRAs adoption, the
monthly revenues and profits of Sciacca and Licata fleet were the highest with the value of
about EUR 23,500 + 9900 and EUR 19,500 4+ 1500 (revenues) and about EUR 13,000 4+ 1300
and EUR 10,000 £ 1000 (profits), respectively. Trapani is the fleet providing the lowest
revenues with about EUR 13,500 £ 140 per month. On the other hand, Porto Palo di Capo
Passero showed the lowest monthly profits with a value of about EUR 2500 =+ 750 (Figure 4).

The monthly costs are lower for the marine fisheries of Trapani and Licata (about EUR
9000 £ 1600 and EUR 9600 =+ 3700, respectively); while they are slightly higher in the other
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marine fisheries: about EUR 12,800 % 1100 for the Porto Palo di Capo Passero fleet and
about EUR 10,300 £ 1300 for the Sciacca fleet (Figure 4).
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Figure 4. Mean monthly revenues (mean + standard deviation), mean monthly total costs
(mean + standard deviation) and corresponding profits (mean + standard deviation) by fleet, before
(2016) and after the establishment of the FRAs (2017-2019).

Simulation of the economic performance after the adoption of the FRAs suggested
strong short-term variation. In particular, the Porto Palo di Capo Passero fleet obtained
the highest values both for revenues and profits with about EUR 26,000 & 8000 and



Sustainability 2022, 14, 4743

11 of 15

EUR 16,500 £ 8500, respectively. While, Sciacca and Trapani represent the second and the
third marine fisheries in terms of revenues and profits with values of about EUR 19,500 £ 7000
and EUR 15,500 + 2300 (revenues) and about of EUR 9000 + 7000 and EUR 5500 + 2000
(profits), respectively. Finally, Licata fleets show the lowest values both for revenues (about
EUR 12,200 £ 10,500) and profits (about EUR 3500 £ 1000) (Figure 4).

As simulated the monthly costs concerns, Licata fleet obtained the lowest value with
about EUR 8700 + 3500. Conversely, the other fleets show very similar values being about
EUR 10,300 £ 2100 for Porto Palo di Capo Passero, EUR 10,600 % 1300 for Sciacca and EUR
10,200 £ 1700 for Trapani (Figure 4).

4. Discussion

In recent years, bio-economic models have been increasingly used to evaluate the
impact of fishery policies before they are put in place [8,33,34]. In this study, the short-term
effects of the FRAs” implementation were evaluated by using the SMART bio-economic
model on four trawler fleets distributed along the southern coast of Sicily and fishing
within the territorial waters.

In the SoS, bottom trawling provides considerable revenue for marine fisheries. Con-
sidering the bottom trawlers with LOA > 24 m, the three shrimp species represented by
DPS, ARS and ARA accounted for 65% of total landings for a value of about EUR 74,500 in
2016 [23]. Our results showed that DPS represents the most widely caught species also for
the bottom trawlers with LOA < 24 m operating close to the territorial waters (“domestic”
fleet), ranging from 17 to 45% of the total landings in the investigated fleets. These findings
confirm the important role of this species in SoS fisheries and also in smaller vessels as
reported by Knittweis et al. [35]. However, it is worth noting that the landings of smaller
trawlers of the “domestic” fleet comprise a higher number of species than the yield of larger
trawlers forming the distant fleet.

Prior to the implementation of the FRAs, results showed that the fleets operating in the
central area of the southern coast of Sicily had the highest revenues and profits; this result
could probably be due to the proximity of these marine fisheries to the Adventure Bank
and the Malta bank, that are known as spawning and nursery areas for many demersal
species of commercial interest, such as the deep-water rose shrimp, the European hake and
the red mullet [36-39].

In particular, the Sciacca trawlers showed the greater value of DPS landing and the
highest revenues before the adoption of the FRAs. This result could be explained by the
favourable position of this fleet, situated in the middle of Adventure Bank and Gela basin,
that would favour fishing activities in this area. Moreover, the high amount of Lepidopus
caudatus landing, a species increasingly appreciated by Sicilian consumers [40], contributed
to increasing fleet profits.

In terms of fleet capacity, Porto Palo di Capo Passero and Sciacca showed the highest
mean values of LOA, GT and kW for the investigated vessel segments. In this context, in
terms of costs and especially considering the price and consumption of fuel, it is interesting
to note the relatively high costs for the Porto Palo di Capo Passero fleet. This result could
mean that the Porto Palo di Capo Passero fishermen decided to fish in areas away from
the coast where the main demersal target species are not overexploited and where they are
more abundant or to fish near the Malta Bank, a fishing area located very far from the coast,
but these operations mean greater fuel consumption and, also, an increase in the number of
days at sea with a consequent increase of salaries. Probably, these increased costs are the
main reasons why the Porto Palo di Capo Passero fleet has the lowest profits compared to
the other marine fisheries distributed along the SoS.

Comparing the economic performance in the short-term before and after FRA estab-
lishment during this “transition period” from 2017 to 2019 and considering this period
representative of the short-term changes caused by the closure of the FRAs, Porto Palo di
Capo Passero represents the fleet with the highest benefits from the FRA implementation,
obtaining the best simulated profits in absolute with an increase of about EUR 13,500. This
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pattern is likely due to the fact that, as the Malta Bank FRA is situated far from the coast,
the fishermen of Porto Palo di Capo Passero are not as affected by the closure of this area in
terms of reduction of fishing grounds but they can benefit from the positive effects of the
northward spill-over from the FRA along the permanent front bordering the outer shelf of
the Malta Bank [22].

On the other hand, the Trapani fleet showed a modest increase of about EUR 850 in
terms of profits if compared to the Porto Palo di Capo Passero fleet. Due to its position
in the southwest along the Sicilian coast, this fleet seems to not be negatively affected by
the establishment of the FRAs and the slight increase in profits could likely be due to the
increase in catches linked to the spill-over effect concerning the species that tend to migrate
northward from Adventure Bank FRA.

As was to be expected, the fleets showing in the short-term the greatest disadvantages
as a consequence of the establishment of the FRAs in terms of profits, were the ones located
in the central part of the southern Sicilian coast, namely the Sciacca and Licata fleets, from
which the FRAs subtracted traditional fishing grounds. These two marine fisheries reduced
their monthly profits by about EUR 4000 and EUR 6500, respectively. Due to the closure of
a part of their fishing areas, these two fleets are expected to be negatively affected by the
FRAs because fishermen must necessarily lengthen their fishing trips with a consequent
increase in costs, especially in terms of fuel consumption.

Even if the primary target of the FRAs is improving the status of fish stocks and
enhancing fisheries [41,42], they can also contribute to biodiversity conservation [43,44]. Of
course, these closures need to be ecologically coherent [45] and potential effects at different
spatial scales must be considered [46].

Although the FRAs are a very important tool for the rebuilding of overexploited stocks
and socio-economic performance at the whole-fleet level in the SoS [14,27], the short term
profits of fleet fishing closer to the FRAs has resulted in them being negatively affected
by the closures. Considering the different socio-economic impacts at the single-fleet level,
specific compensative measures to help the impacted fleets could be planned till a more
productive state of the stocks is reached.

In particular, since the management of Mediterranean fisheries is characterised by a
large variety of complex and interdependent parameters (e.g., the predominance of multi-
species stocks, a wide variety of fishing grounds, the high adaptability and techniques for
ecological and economic market niches, the long-term coexistence of different production
processes) for which the economic and social dimensions are often predominant [47], the
evaluation of the socio-economic effects for each fleet involved in the management plan
to rebuild overexploited stocks should be considered. Moreover, to support a spatially
based approach to fishery management, the climate and environmental changes should be
considered since they strongly affect the productivity of stocks through changes in terms of
recruitment and other demographic parameters, causing a change in the sustainable yields
of stock [48-50]. Consequently, in the long period, the real situation could be very different
from the current one.

Although our analyses were based on a limited set of vessels, the results obtained
seem to be relevant in assessing the short-term effect of closures of critical habitats, such as
the nurseries, at the level of a single fleet. However, due to the growing importance of the
use of the FRAs in the Mediterranean, the results from the simulation should be confirmed
by the specific monitoring of stock within and close to the closures in order to clarify the
spill-over pattern of the juveniles from the FRAs to the adjacent areas, and of trawlers
operating close to the FRA to understand the variation in their economic performances in
the short and long term.
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