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In the Mediterranean, experiments and technical measures aimed at improving the selectivity of bottom trawl nets mostly concern modifications to the codend. Grids have been tested in various areas, but have not been adopted for management purposes so far. The present study aims to evaluate whether the adoption of diamond meshes turned by 90° (T90 configuration) and a selection grid with 2 cm bar spacing, both placed in the extension piece of a commercial bottom trawl net, can contribute in reducing the capture of specimens under the Minimum Conservation Reference Size (MCRS) for the main commercial species. The results indicated that the T90 configuration has no effect compared to the commercial net commonly used by fishers. The grid showed a reduction of the catches of European hake individuals between 11 and 19 cm Total Length (TL). However, the use of this device reduced the catch of many species, such as red mullet, deep-water rose shrimp and broad tail short fin squid. This reduction was observed also for specimens above MCRS. In conclusion, the T90 applied to the extension piece does not provide any improvement in selectivity, contrary to what has been observed when the T90 is placed at the codend. In contrast, the grid could be a possible way to increase selectivity. However, the use of grid should be further investigated to identify settings that can avoid the loss of a substantial fraction of commercial catch.
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Introduction

The practice of discarding at sea is a major issue for many commercial fisheries. Pérez Roda et al. (2019) report that in the Mediterranean and Black Sea a biomass of at least 275,000 tonnes is discarded every year. Discarding occurs because most fishing gears and practices are not selective enough for the targeted species and sizes (Clucas, 1997). Therefore, discards are the effect of inefficient fishery exploitation patterns and may have negative consequences on the stocks, ecosystems and the marine environment (Frid et al., 2003; FAO, 2011).

Discards include both target species and any other commercial and non-commercial species, that are returned at sea dead or alive (Alverson et al., 1994). According to Tsagarakis et al. (2014), the biomass discarded by the Mediterranean fisheries can vary between 20% and 65% of the total biomass caught. This wide range is the consequence of large-scale geographic and regional differences in discarding practices, mainly due to commercial preferences, fishing strategies (gear type and target species), and environmental characteristics, such as substrate type, depth, productivity and seasonality which affects the species composition of demersal communities. Discards in the Mediterranean fisheries are also due to the presence of specimens of commercial species below the Minimum Conservation Reference Size (MCRS), a management measure in force in the EU Member States that fixes a threshold size for the landings of the most important commercial species, included in the Annex IX Part A of the Regulation (EU) 2019/1241 (EU, 2019a).

Bellido et al. (2017) reported that in the Mediterranean Sea the discards of undersized individuals of regulated species, such as European hake (Merluccius merluccius), horse mackerels (Trachurus spp.) and sparids (Sparidae), can vary from 18% to 77% of the catch of each species. Sartor et al. (2016) and Spedicato et al. (2018) reported that discards of individuals below MCRS account for 18% of the total catch of European hake, 7% of red mullet, 1% of deep-water rose shrimp, and 37% of horse mackerel in the Ligurian and northern Tyrrhenian Sea.

The European Union has tried to implement strategies to reduce discards in bottom trawling. Under the EU Common Fisheries Policy (CFP), the Art. 15 of the EC Regulation 1380/2013 (EU, 2013), known as the “Landing Obligation”, which provides for the prohibition of discarding of the regulated species, aims at streamlining the development of more selective technical solutions and fishing practices. In 2010, the minimum legal mesh size of codend of bottom trawl nets was increased from 40 mm diamond mesh to 40 mm square mesh (or 50 mm diamond mesh) following Council Regulations (EC) 1967/2006 and EU Regulation 2019/1241 (EC, 2006; EU, 2019a). The updated legal meshes still allow catching specimens under the MCRS for most of the regulated species, therefore this does not seem a fully effective measure to solve the problem of discarding (Lucchetti et al., 2021). According to the Landing Obligation, discards management should lead to disproportionate costs for fishers, which would therefore force them to adopt more selective fishing strategies (Prellezo et al., 2016).

The recent Multiannual Management Plan (MAP) launched by the European Union for the demersal resources of the western Mediterranean (EU, 2019b) is mainly focused on the recovery of the stocks of target and by-catch species exploited by bottom trawling. The Plan is based primarily on a fishing effort regime, but it foresees also measures aimed at reducing the impact of fishing mortality on juveniles (e.g., temporal closures of nursery areas). The MAP also includes the possibility to adopt technical measures to increase the selectivity of fishing gears.

In the last 15 years, a wide range of selectivity studies aiming at reducing unwanted catches in trawl fisheries have been conducted in the Mediterranean, testing diamond and square meshes of different sizes in the codend (Bahamon et al., 2006; Guijarro and Massutí, 2006; Sala et al., 2008; Sala and Lucchetti, 2011; Ordines et al., 2014; Brčicć et al., 2018; Mytilineou et al., 2021, among others), as well as modifications of the codend circumference (Özbilgin et al., 2005; Sala and Lucchetti, 2011; Sala et al., 2016; Tokaç et al., 2016), and changes in twine thickness or net material (Tokaç et al., 2004; Bahamon et al., 2006; Sala et al., 2007).

Technical solutions affecting the mesh configuration of the net can be alternative technical solutions to be tested. The 90° turned mesh configuration (T90) is a simple rotation by 90° of a traditional diamond mesh netting; as a result, the meshes remain open during towing and under the weight of the catch, enabling smaller specimens to escape (Wienbeck et al., 2011; Madsen et al., 2012). The T90 in the extension piece of the net has been recently tested in the Catalan Sea (Sola and Maynou, 2018a; Maynou et al., 2021) with promising results (e.g., the increase of modal length of the catch of European hake and red mullets), and in the Adriatic Sea (Petetta et al., 2022).

Other technical solutions aiming at reducing the unwanted catch are the by-catch reducing devices (BRDs), which are structures inserted in fishing gears with the aim of providing an escape route for unwanted species or sizes (Eayrs et al., 2007). A recent study carried out in the Strait of Sicily (Vitale et al., 2018a) showed improved selectivity of European hake and deep-water rose shrimp using juvenile and trash excluder devices (JTED) grids with spaced bars of 20 and 25 mm inserted in the extension piece of the trawl net.

The present study aims to test two selectivity devices placed in the extension piece of the commercial trawl net commonly used by fishers operating in the northern Tyrrhenian Sea (NW Mediterranean): i) a section of the net with diamond meshes rotated by 90° (T90); ii) a selection grid oriented to guide small animals to be released through an escape opening in the upper panel of the net. The effects of these two devices in improving the exploitation pattern and reducing the discard rates of the traditional trawl net were tested by means of an experimental study. The present work focuses on three important species of the WestMed MAP, European Hake, M. merluccius (HKE), deep-water rose shrimp, Parapenaeus longirostris (DPS), and red mullet, Mullus barbatus (MUT), as well as two additional commercial species, horse mackerel, which are abundant, Trachurus trachurus (HOM), and broad tail short fin squid, Illex coindetii (SQM).



Materials and methods


Data collection

The experimental trials aiming at testing the T90 mesh geometry on the extension piece and the juveniles selection grid (GRID) were conducted using a chartered trawler belonging to the Porto Santo Stefano fleet (FV Ciro I) in August 2020. Two transects of five hauls each (depth range 80-230 m) were selected in the fishing grounds exploited by the Porto Santo Stefano trawl fleet (Figure 1), where European hake and deep-water rose shrimp are the main targets. The experiment was carried out by means of the alternated hauls method (Wileman et al., 1996); hauls were conducted using the commercial trawl net (control net, CTRL) to compare catches with those obtained with the tested devices (T90 and GRID). A total of 81 experimental hauls was performed during daytime:

	- 27 hauls with the control net (extension piece 44 diamond mesh (DM); codend 40 square mesh (SM));

	- 27 hauls with 44 mm T90 mesh geometry in the extension piece (codend 40 SM);

	- 27 hauls with the GRID in the extension piece (extension piece netting 44 DM; codend 40SM).






Figure 1 | Northern Tyrrhenian Sea (part of the FAO-GFCM GSA9). Location of the two transects (red and black lines) selected for the implementation of the survey.



During the towing operations, the net was equipped with acoustic sensors to monitor the net geometry (vertical and wing openings). A Kruskall-Wallis H test (χ2) was applied to evaluate possible differences in vertical and wing openings among the three net configurations.

For the experiments, the vessel used a 4-faces trawl net (i.e. 4 panel trawls, with bottom, upper and side panels). The overall trawl net length was about 75 m. The scheme of the gear is summarized in Figures 2, 3. The polyethylene headrope was 43.5 m long and its diameter was 28 mm. The number of floats was 30, with a diameter of 100 mm. The footrope was 56 m long with a diameter of 34 mm; the material was a combination between polyethylene, steel braid and nylon. The extension piece had a conical shape with a length of 10 m, and with the number of meshes along the circumference ranging from 390 in the proximal part to 200 in the distal part. The mesh in the extension piece was 44 mm DM. Finally, the codend was 6 m long, and the number of meshes at circumference was 200 with a 40 mm SM.




Figure 2 | Scheme of the trawl nets used in the survey, with details of the extension piece of the three net configurations (Control, Grid and T90).






Figure 3 | Characteristics of the trawl used for the experiment.



The 90° turned mesh configuration (T90) was built from the same netting panel used for the traditional 44 DM configuration of the commercial net. The T90 configuration was mounted along the entire length (10 m) of the extension piece of the experimental net (Figure 4).




Figure 4 | Scheme of the structure of cod-end and extension piece in the CTRL (above) and the T90 (below) nets (from Sola and Maynou, 2018a; modified). SM40: 40 mm square mesh. DM44: 44 mm diamond mesh.



The selection grid (GRID) developed for the sea trials was the “FLEXGRID” designed by “Ocean Marine and Fishing Gear A/S”, a company based in Denmark with high experience in developing and providing selection grids for commercial fishing. FLEXGRID is a very light grid made of an alloy of high-strength plastic material. This material ensures a remarkable elasticity and ability to withstand considerable bends and resume its natural shape when the mechanical stress is over. These features allow the grid maintaining a stiff configuration during trawling, and safely winding around a standard net winch as the net is hauled on board. The dimensions of the FLEXIGRID used for this study (Figure 5) were 110 x 85.6 cm (height x width). It had three horizontal bars (20 mm thick) spaced 25 cm each other, and 27 cm from the top to the bottom of the grid. These horizontal bars are required to maintain the rigidity of the grid during towing. The grid had 24 vertical bars (15 mm thick) spaced 20 mm each other. The lower section of the grid (approximately 25% of the total area) had a hole that guides large animals (i.e. the commercial catch) towards the codend (Figure 5, blue area). The grid was mounted on a tubular netting section (6 m in length) with a tilt angle of approximately 46˚ and placed in the extension piece, just in front of the codend. The inclination of the grid favours the contact between the vertical bars and the specimens entering the net and, therefore, the escapement of the smaller ones. An escape opening was cut in the upper part of the net, just behind the selection grid. The opening in the lower part of the grid allows the conveying of the larger fish towards the codend.




Figure 5 | Scheme of the “FLEXGRID”, a juvenile selection grid employed for the sea trials. The blue area indicates the hole in the grid through which the commercial catch is diverted to the codend.



Each towing operation was performed with a duration ranging between 30 and 40 minutes, and at a speed of about 3.0 nautical miles per hour (knots). At the end of each experimental haul, once the net was opened on board, the catch was sorted by the fishing crew, and divided into commercial and discarded fractions. The commercial fraction was processed on board. The size of all commercial species (Total Length, TL, to the 0.5 cm below for bony fishes; Carapace Length, CL, to the 1 mm below for crustaceans; Mantle Length, ML, to the 0.5 cm below for cephalopods) was measured on board (sub-sampling was usually performed for deep-water rose shrimp catches, which weighed between 10 and 40 kg per haul). For each haul, discards (whole or a sub-sample) were frozen and brought to the lab for analysis. At the end of each sampling day at sea, the meshes of the net used were measured using the Omega Mesh Gauge. The GRID meshes were checked as well.



Data analysis

Catch rates in biomass (kg h-1) of target species and bycatch categories were analysed by means of Generalized Additive Model (GAM) (Hastie and Tibshirani, 1990; Zuur et al., 2009) to assess the performance of the different net types tested in the sea trials. A simple GAM with Gaussian error distribution (and identity link), and Depth and NetType as covariates was fitted to catch rate data (kg h-1) as dependent variable, according to the following model:

	

Depth was modelled as a smoother, while NetType was used as a 3-levels factor: CTRL, T90, and GRID. A significance level of 0.05 was used for the analysis. Model residuals were visually analysed to check for assumptions of homogeneity and normality (Zuur et al., 2009). All the analyses were performed in R (version 4.0.3) (R Core Team, 2020) with the package mgcv (Wood, 2006).

The absence of cover did not allow evaluating the absolute selectivity (i.e. estimation of a L50 and a Selection Range), because the total population that is exposed to the gears is not known. However, it was possible to estimate the relative catch performance and efficiency between the nets equipped with the selective devices (T90 and GRID) and the commercial net (CTRL). The methodology applied to evaluate the effectiveness of Test net vs a Control net (namely, a traditional commercial net) was based on the catch comparison method described by Holst and Revill (2009).

The sampling was designed to minimize the differences between control and test hauls. They were parallel each other, thus simulating a “twin net” operating in the same area, approximately with the same trawl duration and on the same fish population. In this way, the same number of controls and tests were carried out, simulating a paired sampling design. A standardization (individuals per hour) was applied to adjust for the small differences in time duration between corresponding control and test hauls, making the following analysis unbiased.

To assess the influence of the test nets (GRID or T90) on the size composition of the species caught, the polynomial regression Generalized Linear Mixed Model (GLMM, with hauls as random intercept) was used to fit curves for the expected proportions of the total catch and thus to assess the catch efficiency (at length) of test nets relative to Control net.

The probability of a fish of a determined length being retained by the Test gear follows the formula:

	

where   and   are species subsampling ratios (namely, the proportions taken out for measurements, if any, from the catch bulk) in each Test and Control h haul, k is the order of the polynomial to be tested and bh ~ N(0,σ2) is the error associated to the model. A binomial error distribution was used to calculate the probability of the number of fish caught in the Test net given they enter both gears by each size class. A probability of 0.5 (the split parameter) corresponds to equal catches in both gears. As suggested by Holst and Revill (2009), the best model was the minimal degree polynomial curve that captures the main trends indicated by the observed proportions, although in some instances a 1st or 2nd order would be enough. The best model describing the retention probability was decided based on the lowest value of AIC (Zuur et al., 2009). According to the parsimony rule, when two models showed AIC values difference less than 5 units, the best model was chosen based on the degree of freedom (the less degree of freedom, the more parsimonious model).

The models were reported with 95% confidence intervals (Efron, 1987) accounting for within- and between-hauls variation (Millar, 1993). Confidence intervals were calculated by means of a double bootstrap resampling first hauls, then resampling fish with hauls and fitting the chosen model to the resampled data. The procedure was repeated 1000 times. The analyses were performed using the selfisher R package (v. 1.0; Brooks et al., 2022).




Results

No significant differences in the trawl opening among the three net configurations were found (Kruskal–Wallis H test, χ2 = 0.386, df = 2, p > 0.05 for the wing horizontal opening; χ2 = 0.421, df = 2, p > 0.05 for the vertical opening).

During the survey, a total of 154 species or major taxa was collected, 69 bony fish, 5 elasmobranchs, 15 cephalopods, 16 decapod crustaceans and 49 other taxa. The taxonomic list with the abundance indices (biomass in kg and number of specimens per fishing hour) for the three types of net employed is shown in Table 1S in the Supplementary Material.

In general, the catches obtained in all the experimental hauls were characterised by a great number of species, most of them belonging to by catch and non-commercial fraction. The standardised yields of the total biomass caught were 56.4 kg/h, 62.5 kg/h and 49.3 kg/h for CTRL, T90 and GRID, respectively. According to the sorting of the catch made by the fishers on board, discards in biomass represented 17.5% of the total catches in CTRL, 20.2% in T90 and 23.5% in GRID; this fraction included 38.7% of the total biomass of bony fish in CTRL, 39.2% in T90 and 36.0% in GRID. For crustaceans the proportion of discard was 3.8%, 3.4% and 7.4% in CTRL, T90 and GRID, respectively. In contrast, the biomass discarded was very low for cephalopods in all the net configurations.

Among the commercial species, the five target species of this study ranked among the most abundant ones, both in numbers and weight in the three gear configurations. The largest catches in biomass were obtained for deep-water rose shrimp (12.0 kg/h in CTRL, 12.8 kg/h in T90 and 8.5 kg/h in GRID), while horse mackerel, T. trachurus, showed values of 3.2 kg/h in CTRL, 3.3 kg/h in T90 and 1.9 kg/h in GRID. European hake showed yields of 1.7 kg/h in CTRL, 1.8 kg/h in T90 and 1.5 kg/h in GRID. Broadtail shortfin squid, I. coindetii, showed notably higher catches in CTRL (2.6 kg/h) and T90 (2.4 kg/h) than in GRID (0.5 kg/h). Yields of red mullet, M. barbatus, were 1.4 kg/h in both CTRL and T90 and 0.9 kg/h in GRID. Detailed data are reported in Table 1S in the Supplementary Material.

As shown in Table 1, the catch below the Minimum Conservation Reference Size (MCRS) represented an important fraction of European hake catches, especially in terms of number of specimens (specimens below the 20 cm TL MCRS: 73.4% in CTRL, 77.9% in T90 and 70.4% in GRID); it was noticeably lower in deep-water rose shrimp (specimens< 20 mm CL: 10.1% in CTRL, 9.1% in T90 and 11.2% in GRID) and horse mackerel (specimens< 15 cm TL: 6.6% in CTRL, 6.2% in T90 and 5.1% in GRID). The percentage of specimens< 11 cm TL (MCRS) was null for red mullet in all the net configurations.


Table 1 | Mean (± SD) biomass (kg h-1) and abundance (n h-1) indices of the total catch and discarded fraction of the target species.




Catch comparison - Yields

Table 2 shows the results of the GAM analyses to compare catches in biomass obtained with the three net configurations, performed on a suite of 12 combinations of categories and species (total catch; commercial fraction; discards; catches by species, above and below MCRS). Table 2 shows the outcomes for the factor NetType only. The full overview of the results of the GAM analysis (including the effect of the Depth variable, modelled as a smoother) is reported in the Supplementary Material. Figure 6 shows the violin plots for each net type made through an exploratory analysis before performing the GAM.


Table 2 | Summary of the results of the GAM analyses performed on the catch rates (kg h-1) of a suite of 12 combinations of species/taxa and categories.






Figure 6 | Violin plots in kg h-1 for the three types of net. The lower and higher lines of the boxes are the first and third quantile, respectively; the bold line is the median and the vertical lines delimit the minimum and maximum values excluding outliers. The kernel probability density of the data at different values is also shown.



As concerns total catches, a significant reduction was observed for the net equipped with the GRID compared to the CTRL, while no significant difference was observed comparing the net equipped with the T90 and the CTRL.

For the discarded fraction, the catch rates did not show significant differences among the three net configurations tested. A significant reduction in total commercial catches was observed for GRID compared to CTRL and T90, while no significant difference was observed between the latter two nets configurations.

Regarding the group of benthic organisms, that includes mainly Echinoderms, Gastropods and Cnidarians, no significant difference was found comparing the catches obtained with the three net configurations.

At species level, a significant reduction in the catch rates of undersized individuals (<MCRS, 20 cm TL) of European hake was observed for the GRID compared to the CTRL, while no significant difference was observed comparing CTRL and T90. No significant difference was observed among the three nets tested in terms of catches of individuals above the MCRS.

As regards deep-water rose shrimp, no significant difference in the catch rates of undersized individuals (MCRS, 20 mm CL) was observed among the three nets. However, a significant reduction in the catch rates of individuals above the MCRS was observed for the GRID compared to the CTRL, while no significant difference was observed comparing T90 and CTRL. For the broadtail shortfin squid, which does not have a MCRS, a significant reduction in the catch rates was observed for the GRID compared to the CTRL, while no significant difference was observed between the T90 and the CTRL. As regards horse mackerel and red mullet, no significant differences were observed in the catch rates of the three nets.



Catch comparison – Demographic structures

The comparison of the demographic structure (Figure 7; Table 3 and Table 2S in Supplementary Material) of the catches obtained with the CTRL and those with the T90 did not show any improvement in selectivity using the T90 in the extension piece.




Figure 7 | Length frequency distributions (above) and modelled catch comparison rates (below) of the T90 extension and the CTRL. HKE: M. merluccius; MUT: M. barbatus; HOM: T. trachurus; DPS: P. longirostris; SQM: I. coindetii. Black dotted vertical lines correspond to the MCRS of each species, if any. In the catch comparison graphs, the point-dashed horizontal line at 0.5 represents the point at which both gears have equal catch rates. The solid black line corresponds to the modelled catch comparison while the grey area is its 95% confidence interval. Dots corresponds to the individual proportions retained and the size is proportional to the total individual of each size class.




Table 3 | Summary of the length frequency distributions of the target species.



The comparison of the demographic structure of the catches between the CTRL and the GRID (Figure 8; Table 3 and Table 2S in Supplementary Material) showed improved selectivity with the GRID, which allowed reducing the catch of European hake specimens between 11 and 19 cm TL. No difference for European hake individuals above MCRS was found.




Figure 8 | Length frequency distributions (above) and modelled catch comparison rates (below) of the GRID and the CTRL. HKE: M. merluccius; MUT: M. barbatus; HOM: T. trachurus; DPS: P. longirostris; SQM: I. coindetii. Black dotted vertical lines correspond to the MCRS of each species, if any. In the catch comparison graphs, the point-dashed horizontal line at 0.5 represents the point at which both gears have equal catch rates. The solid black line corresponds to the modelled catch comparison while the grey area is its 95% confidence interval. Dots corresponds to the individual proportions retained and the size is proportional to the total individual of each size class.



In most of the other investigated cases, the GRID produced important losses in the catch; this was evident for broadtail short fin squid, with a sharp decrease of all size classes in the catch.

For red mullet, the loss of catches produced by the GRID affected specimens of the commercial fraction, below 17 cm TL, as no individuals below MCRS were caught during the experiment. Also for deep-water rose shrimp, the use of this device determined a loss of specimens from 20 to 25 mm CL. As regards horse mackerel, the high dispersion of the experimental data hampered to detect differences between the size distributions of the GRID and the CTRL.




Discussion

In the Mediterranean, the presence of a large number of undersized and juvenile specimens in the trawl catches produces negative effects on the population dynamics of most commercial species. As shown by recent stock assessments, the situation in the Mediterranean is particularly critical, where 75% of the analysed stocks are overexploited (FAO, 2020).

In order to reduce fishing mortality on juveniles, different management actions aiming at increasing the size at first capture of the exploited stocks have been proposed and implemented in EU Mediterranean waters, such as spatio-temporal closures and technical measures, as well as a general reduction of fishing effort.

Several technical measures have been tested with the aim of increasing the trawl net selectivity by means of changes in the mesh size of the codend. The adoption of 40 mm square or 50 mm diamond meshes enforced with the Mediterranean regulation (EC, 2006) still not sufficient to improve the stocks status, as for many species it does not ensure a length at first catch larger than their MCRS (Bahamon et al., 2006; Tokaç et al., 2010; Sala et al., 2015 among others). In recent years, several experiments have been testing the T90 configuration applied to the codend, and they have shown some improvement in selectivity compared to the codend with diamond mesh configuration (Tokaç et al., 2014; Deval et al., 2016).

The adoption of the T90 configuration does not present technical difficulties and is almost inexpensive, therefore it could be easily adopted by fishers and managers. This is a not negligible aspect given that fishers are always reluctant to implement changes that imply losses of catch volume and values in the short term, though benefits are expected in the long-term (Bahamon et al., 2007).

Recently, some experiments have been carried out in the Mediterranean to evaluate whether the T90 configuration can lead to a significant increase in selectivity if applied to different sections of the trawl net, other than the codend. Sola and Maynou (2018a) and Maynou et al. (2021) in the Catalan Sea, and Petetta et al. (2022) in the Adriatic Sea experimented trawl nets with the T90 configuration placed in the extension piece, i.e. the section of the net just in front of the codend. The results obtained by those experiments are contrasting. In the case of Sola and Maynou (2018a) and Maynou et al. (2021), the T90 placed in the extension piece determined an increase in the size at first catch of European hake, well above the MCRS, as well as an increase in the catch rates of this species. For red mullet and striped red mullet, the legal mesh size of codend (40 mm square or 50 mm diamond) already allows catching individuals larger than the MCRS and the use of the T90 in the extension piece would mainly result in a commercial catch reduction. Petetta et al. (2022) tested both a reduction in the number of meshes in the extension piece, a modification that reduces the net diameter, and the T90 placed in the same section of the net. In this case, although the number of meshes was lower, the T90 arrangement did not cause a reduction in the diameter of the experimental net compared to that of the commercial one. The main findings by Petetta et al. (2022) revealed that the T90 configuration performed differently based on the different target species. For the European hake, no substantial difference was found between the control and the T90 nets, also considering the catch of individuals below MCRS (20 cm TL). Therefore, the size selectivity was not improved for this species using the net with T90 configuration in the extension piece. Concerning red mullet, the T90 net proved to be the most size selective net, but this was associated to a significant loss of individuals above MCRS.

Similarly to what was reported by Petetta et al. (2022), the comparative analysis that we did between the size structure of the control net and that of the net equipped with the T90 did not show any significant improvement in selectivity. Therefore, the hypothesis suggested by Petetta et al. (2022) and formulated by other authors (Grimaldo et al., 2007; He et al., 2008; Winger et al., 2010) seems to be supported also by our results. According to these authors, a common behaviour of many fish species is to stay away from the meshes when they enter a relatively narrow section of the net such as the extension piece. Likely, fish, in particular the small sized ones, continue to swim in the direction of towing without attempting to escape until they get tired and are dragged into the codend where the interaction with the meshes of the net and the eventual escape take place. Although these hypotheses need to be validated by direct observations, e.g. from underwater cameras, our results confirm that the extension piece does not significantly contribute to increasing the selectivity process of the net, which occurs essentially at the level of the codend, especially during hauling operations (Madsen et al., 2012).

The differences between our findings and those by Sola and Maynou (2018a) and Maynou et al. (2021) in the Catalan Sea for the T90 net configuration could be related to the characteristics of the nets used in the two different areas. In the Catalan Sea, the net was equipped with a codend considerably shorter than the one used in the present study (1.4 m vs 6.0 m). The use of a very short codend, whose length is further reduced by the binding closure applied at the bottom of the codend, could facilitate its quick filling and consequently the interaction between the fish and the terminal part of the extension piece. In fact, the experiment performed by Maynou et al. (2021) showed an increase in selectivity in the case of T90 meshes placed in the rear part of the extension piece, in close contact with the codend, while in the case of the T90 meshes placed in a frontal position in the extension piece, at a distance of 8.0 m from the codend, no significant variation in selectivity with respect to the control net was observed.

Selection grids aimed at reducing bycatch of undersized individuals have been tested in some areas of the Mediterranean (Sardà et al., 2005; Massuti et al., 2009; Özvarol, 2016). Although this device was proposed in the early 1980s to reduce the capture of large sized animals, such as sea turtles (Epperly, 2003; Lucchetti et al., 2016; Lucchetti et al., 2019; Vasapollo et al., 2019), experiments have shown that grids can be used to reduce the catch of juveniles, without affecting the catch of large sized fish (Aydın et al., 2011; Aydın and Tosunoğlu, 2011). Therefore, according to the characteristics of the fishery and the target species, different typologies of grids can be used.

Previous experiments showed that the installation of selection grids can increase the selectivity for European hake up to 19 cm TL (Sardà et al., 2004; Sardá et al., 2006; Bahamon et al., 2007; Massutí et al., 2009). Sardá et al. (2006), testing grids in a continental shelf mixed fishery in the Catalan Sea, reported that selection grids of 15 and 20 mm bar spacing resulted less size selective than the 36 mm square mesh codend, at least for the main target species of the fishery (European hake, red mullet, horse mackerel). In contrast, the selectivity of 20 mm selection grid substantially improved the selection length of European hake, poor cod (Trisopterus capelanus), greater forkbeard (Phycis blennoides) and Norway lobster (Nephrops norvegicus), when compared against the selectivity of 40 mm diamond mesh (Bahamon et al., 2007).

In the present study, the comparison of the size structure of the catch retained by the control net and the net equipped with the selection grid did show some improvement in selectivity.

The net equipped with the grid was effective in reducing the catch of European hake specimens between 11 and 19 cm TL. However, the grid also showed significantly lower catch rates of individuals greater than MCRS, as in the case of red mullet and deep-water rose shrimp, the main target species on the fishing grounds exploited by the local trawl fleet. Moreover, a significant loss in catches of other species, such as broadtail shortfin squid, another target species for the local trawl fleet, was observed in the net equipped with the grid. These results agree with those by Vitale et al. (2018a), who tested different types of grids in the Strait of Sicily, including a grid with 20 mm bar spacing similar to the one experimented in the present work.

The selection grids operate in a similar way to the codend meshes. Differently to the T90 in the extension piece, where the selection occurs only if the fish try to escape by actively swimming towards the meshes of the net, in the case of the grid the contact between the fish and the gear occurs almost passively. Thus, the use of the grid placed in the extension piece may be an alternative option to the increase of mesh size. The studies by Brčicć et al. (2015) and Lucchetti et al. (2016) have shown that the specimens that escape through the selection grid seem to have a greater survival rate than those selected at the level of the codend. However, information on the survival rate of the specimens escaped from the selectivity devices is currently scarce and scattered in the Mediterranean. At present, there is no information on the survival of deep-water rose shrimp and European hake selected through the grid. This is an important aspect to be taken into account when evaluating the performance of any device aimed at increasing the selectivity of the catch.

Another important aspect for a proper assessment of the performance of the grids is the effect of the debris or the abundant catches in the net that can obstruct the grid itself (Suuronen and Sardà, 2007). To this end, experiments replicating the “commercial conditions” of the nets should be performed; for example, the duration of the usual commercial hauls is notably longer (e.g. up to 3 of 4 hours) than that of the experimental ones. This aspect can strongly affect the net filling, especially on fishing grounds where the presence of discards (e.g. invertebrates) is abundant.

The adoption of gears modified to increase selectivity can find their application if they are easy to use, does not substantially increase the costs of building and maintaining fishing gears, and does not imply economical losses. Fishers are always reluctant to increase the selectivity of the gear, as this always determines, at least in the short-medium term, a loss in commercial yields. This reluctance could be overcome by providing, at least in the initial stages of adopting changes to the gears, compensation measures that can mitigate the effects of economic losses. Bio-economic forecasting models applied to simulate the use of more selective fishing gears have shown that the initial economic loss could be in many cases largely recovered in the medium and long term (Prellezo et al., 2017; Sola and Maynou, 2018b; Vitale et al., 2018b).

In conclusion, the studies of the selectivity of trawl nets in the Mediterranean mainly concerned the cod-end. Only recently, experiments have been carried out modifying the meshes in other parts of the net, e.g. the T90 configuration in the extension piece. The few experiments conducted so far have shown contradictory results, and the need to continue investigating to obtain more robust knowledge. Also in the case of selection grids to avoid the capture of small specimens there are aspects to be explored more deeply, such as the operation of this device in commercial fishing conditions and the survival of the escaped specimens to evaluate whether the grids can be a valid alternative to codend selectivity.

The results of our study showed that the T90 mesh configuration placed in the extension piece does not produce a positive effect on the selectivity of the bottom trawl net, at least for the nets used in the northern Tyrrhenian Sea, which are characterized by large dimensions (length and diameter) and long codend. The grid seems to be a better solution to reduce the catch of specimens below the MCRS, although in the present study the reduction of unwanted catches was usually associated with some loss in the commercial fraction. Therefore, there is the need for further investigations to better understand the technical feasibility of such a device when working in commercial conditions (e.g., 3-4 hours towing), and evaluate its economic viability taking into consideration the observed loss of commercial catches.
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