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Increasing trammel mesh size
reduces biomass removal,
mitigates discards and increases
economic revenue in
artisanal fisheries
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Serena Felline5, Valerio Sbragaglia6, Stanislao Bevilacqua7,
Perla Tedesco8, Giuseppe Scordella9 and Antonio Terlizzi1,4,7
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Sciences, University of Barcelona, Barcelona, Spain, 3Department of Integrative Marine Ecology, Stazione
Zoologica “Anton Dohrn”, Amendolara, Italy, 4National Biodiversity Future Center (NBFC), Palermo, Italy,
5Department of Environment, Landscape and Urban Quality Environmental Authorisations Section, Bari, Italy,
6Department of Marine Renewable Resources, Institute of Marine Sciences, Barcelona, Spain, 7Department
of Life Sciences, University of Trieste, Trieste, Italy, 8Department of Veterinary Medical Sciences, University of
Bologna, Bologna, Italy, 9Methodo Scientific Consulting, Monteroni di Lecce, LE, Italy
Small-scale fishing plays a major role in regional economies worldwide and, with a

large number of small vessels involved, it provides employment and livelihood to

coastal communities. Generally recognized as more selective than other fishing

practices, small-scale fishery can nevertheless be subjected to high rates of

discards of both non-target species and small-sized individuals, which in turn

could lead to both decreased incomes for fishers and increased depletion of fish

stocks. However, if the relationship between fish size and price has long been

assessed, the effect of enhanced size-selectivity of fishing gears and consequent

economic gains has been little investigated. This study, set in the Porto Cesareo

Marine Protected Area (Italy, Ionian Sea), aimed at testing effective strategies to

improve trammel net selectivity, reducing discards and maximizing the income for

fishers. Different mesh sizes (20, 22 and 24mm) trammel nets were employed. The

study consisted in 72 fishing days from July 2012 to September 2013 and each day

involved experimental fishing with the three mesh sizes. A total of 16008

specimens (103 species) were collected but the analysis focused on the 18 most

common species in the area for a total of 12782 individuals. Mesh size trammel nets

of 20mmand 22mmyieldedmost of the biomass, 324.8 and 321.5 kg respectively,

while the 24 mmmesh yielded 280.7 kg. The 24 mmmesh, even if accounted for

lower income compared to the 22 mmmesh (2383.9 € vs 2590.5 €, respectively),

provided significant 50% reduction of discards compared to the 20 and 22 mm

mesh. The use of 24mmmesh size was found to be an effective strategy to reduce

the number of discarded organisms and, consequently, the pressure exerted on

local fish stocks with associated higher revenue for fishers. The results of this study

demonstrated that trammel net selectivity can improve and support conservation

measures and concurrently increase profitability of local fishery.
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1 Introduction

Small-scale fishery (SSF), or artisanal fishery is an ancient fishing

practice widespread throughout the world, involving different

techniques and gears and targeting a wide variety of fish, crustacean,

and mollusk species. SSF accounts for 15% of total catches worldwide

(FAO, 2022) and contributes significantly to ensure food and

livelihoods to coastal communities (Kurien, 2015). However, though

SSF are commonly considered as a low-impact activity if compared to

large-scale, industrial fisheries, it can result in detrimental effects to

both commercial and non-commercial species and vulnerable marine

habitats (Exton et al., 2019; Gutierrez et al., 2023).

In this context, management actions commonly aim to protect

the health of marine ecosystems and reduce the impact of fishing

activities and, in regions where fishing is tightly controlled, stock

abundance has been shown to increase and remain within desired

levels (Hilborn et al., 2020). Generally, guidelines from policy

makers focused on reducing fishing pressure to marine

ecosystems establishing several measures such as landing size

limits (Halliday and Pinhorn, 2002; Hall and Mainprize, 2005),

improving gears selectivity (Kennelly and Broadhurst, 2002) and

reducing spatio-temporal fishing efforts through the restriction of

fishing activity in priority areas (e.g., nursery areas) and/or in

sensitive (e.g., reproductive) periods (Dunn et al., 2011).

The use of appropriate fishing gears for selective catching of

individuals of optimal size, to attain a legal exploitation and to

optimize the economic value of fish stocks, is also crucial to

implementing sustainable fisheries (Sathianandan, 2017). The size

of fish is related to their growth, maturation, and reproductive

capacity (Uusi-Heikkilä et al., 2015; Birkeland and Dayton, 2005),

with larger and older individuals showing higher reproductive

potential, due to their higher fecundity and greater investment in

offspring with respect to smaller ones (Barneche et al., 2018).

Furthermore, larger and older individuals of predator fish play a

key role in the ecosystem by exerting a regulative control through

the trophic webs (Frank et al., 2005; Ruttenberg et al., 2011), and

their reduction can trigger cascading effects with unexplored

consequences (Friedlander and DeMartini, 2002; Frank et al.,

2005; Scheffer et al., 2005; Myers et al., 2007; Bianchi et al., 2021;

Cavan and Hill, 2022). From a commercial perspective, larger

specimens command higher prices than smaller ones (Gates,

1974), influencing economic dynamics and management

strategies (Reddy et al., 2013; Zimmermann and Jorgensen, 2015).

At the same time, market demand can influence catch size, affecting

population abundance, fishers’ income and even gear choice.

However, the potential effect of the use of more selective gears on

fishers’ income has not been adequately studied so far.

In the Mediterranean and Black Sea, SSF accounts for over 82%

(68 800 vessels) of the fishing fleet and employs around 59% of people

working in the fishery sector (FAO, 2022). In these basins, SSFmainly

uses passive gears such as trammel nets and gillnets (Stergiou et al.,

2006; FAO, 2022). Trammel nets are fixed nets kept vertical in the

water column by floats and sinkers used to intercept fish, crustaceans,

and cephalopods as they swim. They usually range in length from

1,000 m to 6,000 m, depending on the size of the vessel and the
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available manpower. Trammel nets consist of three panels of net, an

inner panel that can be made of nylon, twisted or monofilament, and

two outer panels with larger meshes, usually made of twisted nylon

monofilament. Since static gears are generally considered more

selective and less harmful to stocks and habitats than other gear

types, their selectivity has been less studied. Their fishing effort is

strongly related to net length and height, while selectivity depends

mainly onmesh size, material, vertical slack, visibility of the net in the

water and suspension ratio (Lucchetti et al., 2020).

The aim of this study was to test good practices that can be

implemented within a Mediterranean Marine Protected Area (MPA)

to improve gear selectivity, reduce discards, and maximize the

economic income of local fishers facilitating potential changes in

their fishing habits (Reddy et al., 2013). MPAs, due to their more

streamlined and rapid administration, are a useful testing ground for

conservation measures which, if successful, can then be extended to

other areas. Here, we (1) assessed the selectivity of trammel nets with

different mesh sizes (i.e., 20 mm, 22 mm, 24 mm) through the

analysis of species composition, abundance, size and biomass of

catches and discards, and (2) quantified the ensuing differences in

fishers’ incomes associated to the use of these different mesh sizes.
2 Materials and methods

2.1 Study area

The study was conducted within the Porto Cesareo MPA (Apulia,

northern Ionian Sea). Porto Cesareo is the third MPA in Italy in terms

of surface, with a surface of 16,554 hectares. The MPA extends over 32

km of coastline, covering a bathymetric range of 5-40 m and including

12 different habitats classified according to the nomenclature of the

Regional Activity Centre for Specially Protected Areas (RAC/SPA). The

MPA is divided into three different zones (Figure 1) characterized by

different protection regimes. Two fully protected areas (Zones ‘A’)

defined as “no-take, no-access”, two areas of general protection

(Zones ‘B’) where human activities are restricted and fishing is

allowed only for authorized small scale fishers with specific gears, and

a buffer area (Zone ‘C’) of partial protection where human activities are

regulated, commercial and recreational fishing activities are allowed

with gears authorized by the MPA managing body. Trawling, purse

seine fishing and underwater fishing are not permitted within the MPA.

For fixed nets, the minimum mesh size allowed during the sampling

period was 20 mm. Fishing for octopus (Octopus spp.) weighing less

than 200 g is prohibited. The managing body holds the right to regulate

the way in which fish resources are harvested in the interest of

environmental requirements.

The local fleet consists of 250 fishers and 130 registered small

fishing boats. Most of the vessels operating in the area mainly use fixed

gear as trammel nets and gill nets throughout the year. This fishery is

multi-specific, with the most valuable species being cuttlefish (Sepia

officinalis), octopus (Octopus vulgaris), mullet (Mullus surmuletus,

Mullus barbatus) and the common pandora (Pagellus erythrinus).

All boats involved in this study are joined to the fishing

cooperative operating within the Porto Cesareo MPA. The
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majority (70%) of fishing boats fell within the range of 6 to 10 m of

total length. Approximately 21% of the boats exceeded 10 m, while

9% were smaller than 6 m. In terms of engine power, 70% of the

boats had 80 HP power or lower, while the remaining 30% had

engine power >80 HP. During the study, each boat took part in

fishing activities for a maximum of 5 times.
2.2 Sampling and data collection

Sampling was conducted from July 2012 to September 2013 for

a total of 72 fishing days, with a single interruption in October 2012

due to the seasonal fishing closure. Sampling activities mostly

occurred within the partially protected zone of the MPA

(Figure 1), on sea bottoms characterized by the habitats

‘Biocenosis of coarse sands and fine gravels under the influence of

bottom currents’ (2/3 of samples), ‘Posidonia oceanica meadows’

and ‘Coralligenous platform’ (1/3 of samples collectively).

On each fishing day, three vessels drawn at random from the fleet

were involved, each equipped with a trammel net with different internal

mesh sizes, 20 mm, 22 mm or 24 mm respectively (measured from

knot to knot). The mesh size of the outer net panels, on the other hand,

was 17 cm regardless of the size of the inner mesh. The nets, regardless

of mesh size, were 2000 m long and 4 m high. The soak time of fishing

nets was about 5 hours in all cases, although slightly varied depending

on season, specific locations and prevailing weather and sea conditions,

based on the usual fishing strategy of local fishermen. At least one

member of the scientific staff was always onboard to supervise the

execution of the sampling procedure.

Captured specimens were refrigerated and brought to the

laboratory as soon as possible for taxonomic identification. Size

(total length, i.e., the distance between the front end of the snout

and the end of the longest lobe of the caudal fin, and standard
Frontiers in Marine Science 03
length, i.e., the distance from the tip of the snout to the end of the

caudal peduncle) and weight of each specimen were recorded. The

size measurement was carried out in accordance with Annex IV of

Regulation CR 1967/2006 “Measurement of the size of a marine

organism” [(CE) n. 1626/94. 2006].
2.3 Assessment of the economic value of
species in local markets

Commercial size for all landed species was determined based on

fish length, while for invertebrates the commercial size was

determined based on their weight. To assess the economic value of

individual species, we conducted a comprehensive study tracking the

average selling prices within the local market over a year. To improve

the accuracy of our economic evaluations, particularly for rare species

or remarkably large specimens, we integrated the assessment with

expert judgement of by specialists from the local fishing cooperative,

who provided valuable historical perspectives on species prices.

In addition, for the 10 species reported in Supplementary Table

S1, we observed a correlation between fish size and price/kg, with

larger specimens sold at higher prices. Based on market values, for

each species, we determined a size threshold at which price/kg

increased. Subsequently, we computed the number of specimens

captured using each different mesh size, that exceeded these

thresholds (Supplementary Table S1).
2.4 Data analysis

For the analysis, the full dataset was filtered by removing all

species with very few observations and selecting the most abundant

species (18 species) accounting for more than 70% of the total
FIGURE 1

Map of the Porto Cesareo Marine Protected Area. In red the no-take, no-access areas (A zones), in yellow the areas of general protection (B zones),
in green the partially protected area (C Zone). Colored tracks in the map represent samples (i.e., trammel net positions): 20 mm (red), 22 mm
(green), 24 mm (blue). See text for further details.
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abundance, which were also the most important species on the local

market. We estimated the percentage distribution of total landings,

the ratio of non-commercial to commercial size individuals, the

total biomass landed (expressed in grams), and the legal (i.e.,

considering only individuals of legal size) economic income

(expressed in €) of the catch.

Discard in terms of both total abundance and biomass for

Invertebrates, fish and the total of the two taxa were calculated for

each net mesh according to the formula:

Discards =
Discard   abundance   or   biomass

Commercial   abdundance   or   biomass +  Discard   abundance   or   biomass

The catch per unit effort (CPUE) was calculated for each net

mesh according to the following formula. Each net was 2 km long,

was set for two hours for a total of 72 sampling days.

CPUE =
Biomass   landed

(N °   sampling   days*hours   of   net   operation*km   of   nets

To test for temporal patterns in catches in relation to mesh size,

a permutational multivariate analysis of variance (PERMANOVA;

Anderson, 2014) based on Bray-Curtis similarity was performed on

species abundance data (Supplementary Table S2). The design for

the analysis consisted of four factors: net mesh (three levels, fixed),

year (two levels, fixed and crossed to net mesh), season (four levels,

fixed and nested in year), month (four levels, random, nested in

season). The analysis was based on untransformed data and 9999

permutations. The same analysis was also performed on biomass

data (Supplementary Table S3). Patterns of variation were depicted

through MDS ordination of Season × Mesh centroids based on the

Bray-Curtis similarity matrix for both abundance and biomass

(Supplementary Figures S1, 2).

We used General Linear Models (GLM) to investigate statistical

differences in catch among different mesh size. We implemented

three GLMs (formulas, details and outputs of the models are

reported in Supplementary Materials) for each species with

weight, standard length and discards number as dependent

variables and mesh size as fixed effect (three levels: 20 mm, 22

mm, 24 mm). The statistical models were developed under the R

statistical environment v.3.6.2 (R Core Team, 2021) using package

stats (see all details in Supplementary Tables S4–S6).

To test for statistical differences in economic revenue, a one-

way PERMANOVA on the economic revenue with mesh size (three

levels) as fixed factor were performed for each species. The test was

performed using 999 permutations. When significant, post-hoc pair-

wise comparisons were performed via PERMANOVA t statistic

with 999 permutations (Supplementary Table S7). PERMANOVAs
Frontiers in Marine Science 04
were performed using Primer 7 PERMANOVA+ (Anderson, 2014;

Clarke and Gorley, 2015), R package Vegan (Jari Oksanen et al.,

2018) and pair-wise PERMANOVA package RVAideMemoire

(Hervé, 2018).
3 Results

The 216 experimental fishing events (72 with each mesh size)

collected a total of 16008 specimens and 103 species (76 were fishes,

18 molluscs, 7 crustaceans and 2 echinoderms). Raw data about

captures are reported in Supplementary Table S8. The five most

fished species, accounting for 56% of total catches, were Scorpaena

porcus (17%), Mullus surmuletus (13%) Diplodus annularis (13%),

Sepia officinalis (7%) and Pagellus erithrinus (6%). The remaining

44% of the total catch included the other 98 species.

Table 1 summarized the catch data across all species separately

for each trammel net mesh size (see Supplementary Table S9 for

details on single species). Filtered dataset consisted of 18 species and

12782 individuals, of which 43% (5475 individuals) were caught

using 20 mm mesh, 37% (4748 individuals) were caught using 22

mm mesh, and 20% (2559 individuals) were caught using 24 mm

mesh (Figure 2A). Considering the corresponding biomass, the 20

mm mesh size amounted to 324.8 kg, the 22 mm mesh size to 321.5

kg, and the 24 mm mesh size to 280.7 kg. The associated total

income was 2222.9 € using the 20 mmmesh size, 2590.5 € using the

22 mm mesh size and 2383.9 € using the 24 mm mesh size

(Figure 2B). Among the three mesh sizes, the 24 mm mesh

recorded the highest values in terms of average standard length,

weight of organisms caught and in terms of income for

fishers (Table 1).

Focusing on discards, a ratio for discards in terms of total

abundance and total biomass for each net mesh has been measured

for both invertebrates, fish and the cumulative value (Tables 2, 3). A

similar trend was observed with the 24 mmmesh net accounting for

the lower discards compared to the other nets.

Regarding the catch per unit effort (CPUE) (Table 4;

Supplementary Tables S10), in terms on total biomass the highest

CPUE is observed for the 20 and 22 mesh. When looking at the legal

size biomass, the 24 mesh net records the highest CPUE in terms of

commercial size biomass together with the 22 mmmesh net and the

lowest discards CPUE compared to the two other nets.

PERMANOVAs on fish abundance and biomass detected in

both cases a significant interaction between factors ‘net mesh’ and

‘season’, indicating significant changes in the structure of catches
TABLE 1 Summary of catch data across all species.

Mesh N° Over Under Mean ind.
W (g)

SD ind
W (g)

Mean ind.
StdL (cm)

SD ind.
StdL (cm)

Mean ind.
Income (€)

SD ind.
Income (€)

20 5475 3284 2191 59.33 76.64 12.18 3.14 0.41 0.83

22 4748 3160 1588 67.72 87.11 12.84 3.31 0.55 0.99

24 2559 2149 410 109.73 154.98 14.62 3.88 0.93 1.54
Number of samples (N°), individuals below legal size (Under), individuals above legal size (Over). Individual mean value and standard deviation (SD) for each of the following parameters: weight
(W), standard length (StdL), legal income (measured on individuals above legal size).
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among seasons that varied with net mesh (Supplementary Tables

S2, 3), with a lower seasonal changes observed for the 24 mm mesh

if compared to those observed for the other two mesh sizes, which

instead both showed larger and similar seasonal patterns of changes

(Supplementary Figures S1, 2).

Results of GLMs for each species (weight, standard length,

under/over legal-size specimens) and PERMANOVA (for income)

are reported in Figures 3–6 and Supplementary Tables S4–S6. In

particular, focusing on the five most frequently harvested species (S.

porcus, M. surmuletus, D. annularis, S. officinalis, P. erithrinus), we

found that the use of trammel nets with the 24 mm mesh size

resulted in a significant increase (p-value<0.001 for all significant

tests, Supplementary Tables S3–S7) in the selectivity of the

organisms caught if compared to the other two nets. We observed

an increase in terms of both average weight (Figure 3) and standard

length (Figure 4), a decrease in the number of discards (Figure 5),

and an increase in fishers’ income (Figure 6) for most of the species,

except for the undercut/oversized ratio in M. surmuletus and for

S.officinalis, where no differences were found for all variables.
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Most species show a variation in market price as a function of

weight (Supplementary Table S1). The total catches of species

characterized by higher price/kg at higher sizes (compared to

baseline price at minimum commercial size) yielded by the 20

mm, 22 mm, and 24 mm mesh fell over the size at which the price/

kg increase for 24%, 34% and 28% respectively (Table 5).
4 Discussion

The effectiveness of current management strategies and

conservation measures to reduce fishing pressure on wild

populations of target fishes is often difficult to assess and the

effects on stock health are still uncertain (Guillen et al., 2018;

Maynou et al., 2018; Lucchetti et al., 2020; Borges, 2021);. For

example, selective harvesting of larger individuals, usually

considered a “good practice”, can be equally detrimental than less

selective fishing practices. As size is closely linked to growth,

maturation, reproductive output and survival (Birkeland and
BA

FIGURE 2

(A) Number of individuals over (red) and under (blue) the legal sale size as established by Regulation EC 1967/2006. (B) Mean income in € (log
transformed) for each mesh size. 20 mm (red), 22 mm (green), 24 mm (blue).
TABLE 2 Summary of discards for both invertebrates, fish and total by net mesh expressed for total abundance (number of individuals).

Discards (Abundance)

Mesh 20 mm 22 mm 24 mm

Group Comm Disc Comm Disc Comm Disc

Inv 282 17 394 17 738 405

Fish 3002 2174 2766 1571 1411 5

tot 3284 2191 3160 1588 2149 410

Discards 20 mm 22 mm 24 mm

Inv 0.05 0.04 0.006

Fish 0.42 0.36 0.22

Tot 0.40 0.33 0.16
frontiers
Comm, Commercial size; Disc, Discard size.
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Dayton, 2005; Zimmermann and Jorgensen, 2015), size-selective

harvesting can have both short and long-term effects on fish

populations by reducing their reproductive potential and genetic

variability (Bruggemann et al., 1996; Friedlander and DeMartini,

2002; Birkeland and Dayton, 2005; Uusi-Heikkilä et al., 2015;

Zimmermann and Jorgensen, 2015; Gandra et al., 2021). On the

other hand, size-unselective fishing tools remove individuals across

all size classes, thus mining the persistence of fish populations in

two ways by combining potentially negative effects of removing

larger and older specimens to those deriving from killing

individuals before they achieve sexual maturity and reproduce.

Indeed, the use of size-selective tools could alleviate fishing

pressure on target populations and increase socio-ecological

benefits of fishing. This is particularly true for small-scale fisheries

due to their commonly scarce economic income (Gomez et al.,

2006; Vasilakopoulos et al., 2014; FAO, 2022) and the potential

threats of these activities on fish stocks (Exton et al., 2019; Gutierrez

et al., 2023). Here, we found that the use of the 24 mm mesh

trammel net, compared to 20 mm and 22 mmmesh, increased catch

size-selectivity, reduced discards, and resulted in larger fish size.

Focusing on gears selectivity, several studies on trap and gill net

mesh sizes pointed out that the mesh size of different gears is

directly related to body size (weight and standard length) of fish

caught (Petrakis and Stergiou, 1995; Petrakis and Stergiou, 1996;

Mahon and Hunte, 2001). However, other factors such as the

different body shapes of the various species and their capability to

pass through the mesh, greatly influence the selectivity of fishing

gears and the whole picture is still poorly understood and difficult to
Frontiers in Marine Science 06
predict (Mahon and Hunte, 2001; Fabi et al., 2002). The significant

differences we found for the majority of commercially valuable

species, both in terms of weight and standard length, suggested the

greater effectiveness of the 24 mm mesh in catching larger

specimens respect to the 20 mm and the 22 mm mesh. Such

findings agreed with other studies carried out in the

Mediterranean Sea aimed at assessing the effect of varying mesh

size on catches. Fabi et al. (2002) found that the use of trammel nets

and gillnets with larger mesh sizes (respectively of 70 mm and 90

mm) allowed the capture of larger specimens compared to 45 mm

mesh net. Petrakis and Stergiou (1995; 1996) stated that, on average,

larger meshes lead to catch larger specimens for some target species

of high commercial value, such as Mullus surmuletus, Pagellus

acarne and P. erythrinus.

Catching larger specimens often turns into higher incomes for

fishers’ due to their higher selling price (€/kg) compared to the

small and medium-sized counterparts of the same species (Colloca

et al., 2013; Tsikliras and Polymeros, 2014). The price of fish is a

factor that greatly influences the behavior of fishers, who tend to

select valuable species and plan fishing strategies in order to

maximize the potential income (Battaglia et al., 2010; Tsikliras

and Polymeros, 2014). Our study indicated that the use of 24 mm

mesh nets resulted in up to double mean income per individual for

fishers with respect to the 20 mm and 22 mm mesh. As far as the

total income, catches from 20 mm net mesh led to a lower gain with

respect the larger mesh (2222.9 €, 2590.5 €, 2383.9 € using the 20,

22, 24 mm mesh respectively). Indeed, the 22 mm mesh net seemed

to perform even better than the 24 mm mesh net. However, it is

worth noting that due to the high rates of discards (i.e., two times

the discards recorded for the 24 mm mesh net), the use of the 22

mm net may probably lead to higher costs for manpower (e.g.,

landing, specimens size selection activities, net cleaning, discard

removal, etc.) which may, in turn, reduce or even counterbalance its

higher income. Such findings may act as an incentive to increase the

compliance towards the management measures aimed at increasing

the selectivity of fishing tools and the sustainability of local fishery

in the study area. Convincing fishermen that management decisions

at European scale works also in terms of their payback is a key step

towards better results. For instance, closed areas and technical
TABLE 3 Summary of discards for both invertebrates, fish and total by net mesh expressed for total biomass (g).

Discards (Biomass)

Mesh 20 mm 22 mm 24 mm

Group Comm Disc Comm Disc Comm Disc

Inv 70190 3561 87978 3172 153580 891

Fish 181038 70043 178143 52239 112296 14025

Tot 251228 73604 266121 55411 265876 14916

Discards 20 mm 22 mm 24 mm

Inv 0 0.03 0

Fish 0.27 0.22 0.11

Tot 0.22 0.17 0.05
frontie
Comm, Commercial size; Disc, Discard size.
TABLE 4 Summary of catch per unit effort (CPUE) for total, commercial
and discards biomass for each net mesh.

Catch per Unit Effort (CPUE)

Mesh 20 22 24

CPUE total biomass 451.15 446.57 389.98

CPUE Commercial biomass 348.92 369.61 369.27

CPUE discard biomass 102.22 76.95 20.71
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measures such as legal minimum sizes, gear sizes and fishing

restrictions (European Regulation (EU) 1967/2006; European

Regulation (EU) 2019/1241, 2019), if supported by local

fishermen, may lead to both economic and ecological benefits.

Another major global issue for fisheries management concerns

discards (FAO, 2022), defined by the FAO as ‘The portion of the

total organic material of animal origin in the catch that is thrown

away or discarded at sea for any reason. It does not include plant

materials and post-harvest discards, such as offal. Discards may be

alive or dead.’, which includes all those species or individuals

discarded by fishers because of their size (below the legal limit),

and low (or null) commercial value (Hall et al., 2000; FAO, 2022).

Discards affect the survival of the stocks, removing juvenile and
Frontiers in Marine Science 07
undersized individuals before they reach optimal size (Cowan Jr.

et al., 2010), and can reduce the income of fishers (Catchpole et al.,

2005). In the Mediterranean Sea, discard rate in small scale fisheries,

estimated by the General Fisheries Commission for the

Mediterranean (GFCM) to range between 3% and 15%, led to

reduced valuable catches, increased depletion of fish stocks, and

subsequent potential effects on the structure and functioning of

marine ecosystems (FAO, 2022). However, these assessments have

covered only a small portion of fisheries of the Mediterranean and

Black Sea, and discard rates are often poorly estimated or

completely unknown (FAO, 2022).

In the current depleted stock scenario, the reduction of discards

is a key aspect within fisheries management and conservation
FIGURE 3

Boxplot of individual weight for each species (filtered dataset) each mesh size. 20 mm (Red), 22 mm (Green), 24 mm (Blue). For each plot, the thick
horizontal line represents the median of the distribution, the box includes 50% of the data (25th-75th percentiles), and the whiskers reach the highest
and lowest value. Open circles represent outliers. Statistical differences are reported as letters, p-values for each pair-wise contrast are reported in
Supplementary Table S4.
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strategies to manage fishery’s strains on ecosystems (Tzanatos et al.,

2007; Fauconnet et al., 2019). With this in mind, since 2015 the EU’s

Common Fisheries Policy (CFP) has introduced a discard ban for

all commercial species subject to catch limits or minimum landing

sizes (landing obligation; Article 15 of Regulation (EU) No 1380/

2013), with the aim of reducing unwanted catches by incentivizing

better selectivity. Beyond negative effects on the overall health of

fish stocks (Diamond and Beukers-Stewart, 2011; Heath et al.,

2014), harvesting individuals under the legal commercial size may

also result in higher costs for fishers (Macher et al., 2008) due to lost

revenues. Discard levels can be related to a multitude of factors

including local species diversity, environmental contexts, constrains

of fishing activity, as well as weather factors (Batista et al., 2009),
Frontiers in Marine Science 08
making comparisons between different managements plans or gear

choice difficult to be done. However, large mesh sizes are generally

expected to catch fewer discards than smaller mesh. As our results

showed, their abundance often declines exponentially with gear size

both within and between species (Jennings et al., 2001; Stergiou

et al., 2006). Batista et al. (2009), investigating the discard from

trammel net fisheries in the south of Portugal, found a very high

value for percentage of discards equal to 52.8% of total catch

numbers, with large socio-economic implications due to the waste

of fishing efforts and the ensuing loss of revenues. Other studies,

carried out in the same area, detected lower level of discards ranging

between 13% (Borges et al., 2001) and 49% (Gonçalves et al., 2007).

In our study, the use of a larger mesh size significantly decreased the
FIGURE 4

Boxplot of individual standard length for each mesh size. 20 mm (Red), 22 mm (Green), 24 mm (Blue). For each plot, the thick horizontal line
represents the median of the distribution, the box includes 50% of the data (25th-75th percentiles), and the whiskers reach the highest and lowest
value. Open circles represent outliers. Statistical differences are reported as letters, p-values for each pair-wise contrast are reported in
Supplementary Table S5. N/A, Not Assigned.
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rejection rate for both fish and invertebrates, with the 24 mm mesh

reducing discards to 16%, half the values (33% and 40%) recorded

for the smaller mesh nets.

Conventional top-down management actions are generally

unenforceable in small scale fisheries due to poor tractability of

these fisheries. Historically, the most successful form of governance

involved local communities in a co-management with local

organizations (Worm et al., 2009; Guidetti and Claudet, 2010; Di

Franco et al., 2016; Giakoumi et al., 2018). Similarly, the
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collaboration between stakeholders and the management bodies is

widely recognized as a determining factor for the success of

conservation objectives of an MPA (Edgar et al., 2014; Watson

et al., 2014; Di Franco et al., 2016; Di Lorenzo et al., 2016). As a

consequence of the results of the present study, Porto Cesareo MPA,

in joint agreement with fishers operating within its boundaries, set

the minimum mesh of nets to 24 mm and banned 20 and 22 mm

nets, with the aim of mitigating the impact on local fish stocks, favor

their recover together with maintaining a substantial income for
FIGURE 5

Number of individuals over (Red) and under (Blue) the legal sales size as established by Regulation EC 1967/2006. Statistical differences are reported
as letters, p-values for each pair-wise contrast are reported in Supplementary Table S6.
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fishers. The experimentation of good practices for fishing activities

within delimited and controlled areas such as MPAs has proven to

be effective and useful for testing new conservation strategies and

gear and, at the same time, to enhance the relationships between

users of marine resources and conservation strategies.
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FIGURE 6

Boxplot for income (expressed in € per individual) for each mesh size. 20 mm (Red), 22 mm (Green), 24 mm (Blue). For each plot, the thick
horizontal line represents the median of the distribution, the box includes 50% of the data (25th-75th percentiles), and the whiskers reach the highest
and lowest value. Open circles represent outliers. Statistical differences are reported as letters, p-values for each pair-wise contrast are reported in
Supplementary Table S7.
TABLE 5 Total number of caught individuals belonging to species
whose price/kg varies at different sizes.

Mesh Catches over the entry
level price/kg

Total N°
of individuals

%

20 908 3676 0.24

22 996 2927 0.34

24 352 1244 0.28

2256 7847 0.28
Number (and percentage on the total) of individuals exceeding the oversize threshold (see text
for further details) for each mesh size are reported.
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