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Abstract :

In the Bay of Biscay, the selective properties of otter trawls have mainly been studied with regard to
single species. However, for bottom trawl multispecific fisheries targeting fish, it remains challenging to
find a selective device capable of limiting catches of small individuals of several species without
commercial losses. The present study focuses on an innovative technical solution to reduce catches of
undersized individuals in a multispecies bottom trawl fishery in the Bay of Biscay. We tested a cylinder
made of 100-mm diamond meshes turned at 90°, namely T90 inserted in the extension piece. We
present the selectivity results obtained for six commercial species. This device allows the escape of
small Solea solea, Trachurus trachurus and Spondyliosoma cantharus individuals. No commercial
losses of Sepia officinalis were recorded. Patterns for Dicentrarchus labrax and Mullus surmuletus
require further investigation due to limited fish size ranges in the dataset.
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1. Introduction

In 2013, the European Union reformed its Common Fisheries Policy (CFP) and approved the landing
obligation, prohibiting the discard of any individual of the species under quota (Official Journal of the
European Union, 28 December 2013). De minimis exemptions to this landing obligation could be
granted on the condition that scientific evidence indicates that increases in selectivity are very
difficult to achieve (Council of the European Union, 2013). Thus the landing obligation serves as
motivation for fishermen to implement selectivity measures to reduce discards. Among these
measures, improving gear selectivity was identified as one way to reduce unwanted bycatch such as
commercial species under specific legislation or individuals below the Minimum Conservation
Reference Sizes (MCRS) (Graham 2006).

Gear selectivity can be improved by i) adding a selective device (e.g. Lomeli and Wakefield 2016), ii)
changing mesh size and shape (e.g. Sala et al. 2008; Aydin and Tosunoglu 2010) or iii) by combining
both approaches (e.g. Lovgren et al. 2016; Vogel et al. 2017). Bycatch reduction devices, such as grids
(Fonseca et al. 2005), horizontal separator panels (Ferro et al. 2007) or topless trawls (Revill et al.
2006) have already proven to significantly reduce discards in fisheries. However, the diversity of
species caught in multispecies fisheries, their corresponding morphologies and behaviours, as well as
the variability in their MCRS may impede the overall efficiency of a given selective device (Bullough et
al. 2007; Ryer 2008; Krag et al. 2014; Santos et al. 2015). Improvements of fishing gear selectivity in
multispecies fisheries remain challenging and experimental testing of various selective techniques
continues in Europe (e.g. Ordines et al. 2006; Sala et al. 2008; Bayse et al. 2016; Lévgren et al. 2016;
Krag et al., 2016; Vogel et al. 2017).

The T90 mesh based techniques, i.e. a diamond mesh turned 90° and remaining wide open
throughout the fishing process, was first introduced in the early 1990s in the Baltic Sea (Moderhak
1997). It was later tested in the Bay of Biscay (Meillat and Morandeau 2001) and in other European
ecoregions (Madsen et al. 2012; Tokag et al. 2014; Bayse et al. 2016). Conclusions on its selective

properties vary, depending on whether roundfish or flatfish species are considered (Madsen et al.
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2012; Herrmann et al. 2013; Bayse et al. 2016). Compared to equivalent diamond mesh sizes,
enhanced selectivity in the codend is found for roundfish with T90 netting whereas T90 decreases
selectivity for flatfish like plaice. So far, T90 meshes were mainly tested in the codend (Madsen et al.
2012; Herrmann et al. 2013; Bayse et al. 2016) while other parts from the trawl might be relevant to
increase fishing gear selectivity. The present study focuses on an innovative technical solution to
reduce catches of undersized individuals in a multispecies fish-directed bottom trawl fishery in the
Bay of Biscay, France. No selective studies have been reported to date on this fishery and there is a
need to provide fishermen with selective devices adapted to multispecies catches, which can be
extended to other demersal fisheries or areas. The experimental selective device we present, a
cylinder composed of 100 mm T90 meshes mounted in the extension piece, is innovative since to our

knowledge, T90 netting has never been tested in the extension piece of the trawl.

2. Materials and methods
2.1. Selective device and collection of escaping fish

The experiment was conducted onboard the commercial fishing vessel Déesses de I'Océan (NO
930 461) using a single otter trawl with semi pelagic rig, with a 22 m ground rope and 18 m headline.
The codend was 25 meshes deep, 140 free meshes in circumference and made of double-twine PE
with a stretched-mesh size of 74.6 + 3.1 mm (70 mm nominal). The selective device was mounted in
the extension piece, between 22 meshes in the anterior part and 10 meshes in the posterior part
(Fig. 1). Fish were prevented from escaping these two sections by: i) a flapper (70 mm mesh) in the
anterior part, ii) an overlapping net (100 mm mesh) used as connection with the inner bag in the
posterior part (Fig. 1). To avoid escape from the codend, a fine mesh inner bag of 37.2 £ 0.8 mm
mesh size (20 mm nominal) was inserted there. The selective device used was a cylinder composed
of 113.9 + 1.8 mm (100 mm nominal) meshes mounted in the extension piece with a netting
orientation turned at 90° (T90 ; Fig. 2) with a 72 mesh circumference and 40 mesh length

polyethylene (PE). The selective performance of the T90 extension piece was estimated using the
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covered codend method (MacLennan 1992), held open by kites as developed by Madsen et al.
(2001). The cover was made of polyamide netting with a 20 mm nominal mesh size, a circumference
of 1370 meshes and a length twice as long as the extension piece and codend combined. A
combination of kites, floats and chains was used to keep the cover away from the test extension
piece (Madsen et al. 2001) (Fig. 1). Prior the sea trials, the kite cover and the selective device were
tested and validated in the flume tank at IFREMER Lorient, using a half scale model. All mesh
measurements of gear parts were made on 30 meshes with the Omega mesh gauge.
2.2. Field data collection
The sea trials were conducted in the fishing grounds of the Bay of Bourgneuf (Bay of Biscay, off
France, 47°02N; 02°10W) in June 2016 (Fig. 3). Nine hauls were performed during daytime at a mean
(£ SD) depth of 11 + 4 m. Haul speed was 3.5 knots as under commercial conditions and tow duration
was set at one hour. After each haul, the total catches from the codend (i.e. the fine mesh-size inner
bag) and from the cover were sorted separately and by species. The weight of all individuals from a
given species was recorded and the total length of each individual was measured. When the total
catch was too large to allow measurement of every individual (e.g. for horse mackerel), sub-sampling
was performed by randomly dividing the species catch into two baskets, repeating this operation
until reaching a manageable and representative sample size. Resultant sampling ratios were used to
elevate numbers at length used in the subsequent modelling process. The species investigated in this
study were black seabream Spondyliosoma cantharus, cuttlefish Sepia officinalis, horse mackerel
Trachurus trachurus, red mullet Mullus surmuletus, European seabass Dicentrarchus labrax and
common sole Solea solea.
2.3. Data analysis

The size selectivity of our device was assessed by comparing the distribution of individual total length
between the codend and cover fractions. Length—frequency curves were plotted for the six species in
the codend and the cover. Proportions of fish retained per length class, P(l), were calculated

according to:
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Nyc+ Ny,

P =
where N ; is the sum of fish of length [ in the codend and N, . the sum of fish of length [ in the cover,
across all hauls.

For each one of the six species, the proportions P(l) were analyzed using Generalized Linear
Modelling (GLM), with the logit link function. The aim was to examine whether the retention and
escape of the different species was length related. A logistic model, whose parameters a and b were
estimated by maximum likelihood, was adjusted to the observed retention proportions P(l) (Fryer

1991; Millar and Fryer 1999).

In the case of the covered codend method, the logistic model is reduced to

logit(P(1)) = In (%) =a+b.l

where P (1) is the probability that a fish of length [ will be retained in the test codend given it enters
the trawl. The goodness of fit of the model to data was evaluated by plotting the deviance residuals
vs the fitted values. When a pattern was observed from GLM residuals, polynomial of second order
GLM was tested.

Finally, the selectivity parameters Ls, (50% retention length) and SR (selection range) were calculated

from the 1* order polynomial model parameters (Wilemand et al. 1996):

_-a __2log(3)
L50 = 5 and SR = —

All statistical analyses were performed in R (R Core Team, 2017).

3. Results

Catches per length classes displayed contrasting retention patterns for the different species (Fig. 4).
Sole from 5 to 24 cm were able to escape the fishing gear, but this trend steadily decreased from
length 25 cm and upwards. For black seabream, individuals between 15 and 23 cm escaped, while
individuals below 15 cm and over 23 cm were mostly retained and those above 28 cm were always

captured in the codend. On the whole range of length classes observed (most of the catch was made
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up of individuals below 18 cm), cuttlefish was always more numerous in the codend than in the
cover. It is worth noting that, even though no size related differences in seabass retention rates could
be detected by the model, there was a slight increase in the catch proportion in the codend. Red
mullets escaped on the whole length range observed. For horse mackerel, more individuals of 10-15
cm long were recorded in the cover than in the codend.

GLM of first order polynomial was fitted to cuttlefish, horse mackerel, red mullet, seabass and sole
data and polynomial of second order GLM was fitted to black seabream data. For all species, graphics
of deviance residuals versus fitted values did not display any special pattern and less than 5% of the
values were found outside the 95%-confidence interval. GLMs identified significant size related
differences in retention rates for cuttlefish, sole, black seabream. Ls, for sole is 26.1 cm with
associated SR of 55.7 cm. The Ls, for cuttlefish is 0.7 cm, showing a poor selectivity of the device for
this species (Table 1). Associated prediction curves correctly pick up the retention profile of the T90
cylinder for cuttlefish and black seabream (Fig. 4), while it is less evident for sole. No size related
differences in retention rates could be shown for horse mackerel, red mullet and seabass based on

the GLM procedure, leading to the absence of Ls, (Table 1).

4. Discussion

Our experiments demonstrate that, for coastal trawlers from the Bay of Biscay, a T90 cylinder
mounted in the extension piece let escape part of the unwanted catch such as horse mackerel
though selection of other commercial species are mixed and discussed hereafter.

Results for sole showed a Lsy of 26 cm with most of the individuals from 5 to 24 cm escaping when
using the selective device. However, a wide SR of 55.7 cm is observed, which leads to both
escapement of commercial size individuals and retention of unwanted individuals. Bayse et al. (2016)
observed a smaller selection range of 3.5 cm when using a 80 mm T90 codend. Such difference
suggests that the position of the selective mesh in the trawl has an effect on fish contact probability,

which is supported by Graham et al. (2003) who found that a square mesh panel provides better
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escapement rates when placed close to the codend than in the extension piece. Fish behaviour
combined to the contact probability of the device are known to have an effect on selectivity patterns
(Ryer 2008; Krag et al. 2014, 2016; Santos et al. 2016), which may explain wider SR from extension
than from codend selective device.

Sole falls under the new PCP legislation and the landing obligation. Given that its MCRS is set at 26
cm in the Bay of Biscay, the escape of individuals under MCRS is beneficial to both fishermen and the
stock, as escaping individuals would not account for TAC but would contribute to stock dynamics. The
implementation of the T90 cylinder would lead to less discards. Moreover, according to Suuronen
(2005) and references therein, mortality observed for escaped individuals may be relatively low for
flatfish; for example, a survival probability of nearly 100% was estimated for escaped white flounder
(DeAlteris and Reifsteck 1993).

The three-part pattern observed for black seabream could be explained by two independent
processes. While large individuals (> 23 cm) are mechanically retained, smaller individuals seem to be
under physiological constraints; thus individuals smaller than 15 cm are retained in the codend whilst
individuals 15-23 cm are able to escape. Based on Breen et al. (2004), we hypothesize that larger
individuals are able to swim for a longer time whereas smaller ones drop back rapidly into the
codend.

Our experiment revealed that nearly the whole fraction of horse mackerel under 15 cm total length
escaped from the T90 cylinder, which is the species MCRS. As this species constitutes the third most
discarded species (in tons) in the coastal bottom trawl fisheries of the Bay of Biscay (Cornou et al.
2016), this escape would allow fisherman to avoid lengthy sorting periods while later discarding the
fish. Moreover this species shows particularly low survival probability when exposed to air on deck
(Morfin et al. 2017); their direct escape at sea from the gear would be highly beneficial for the
species stock. Finally, because the catch is mostly composed of individuals below 15 cm, these
immature fish (Mahé al. 2007) may further contribute to the stock replenishment. Moreover,

schooling behaviour characterise horse mackerel aggregations (Masse et al. 1996) and may be
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responsible for the high escapement rate observed during our experiment. Although the
phenomenon provides a particularly interesting demonstration of escapement from the T90 cylinder,
the dominance of the 10-15 cm size-class compared to the whole size range of the species impairs
the model ability to pick up an overall pattern and flattens the shape of the retention curve.

The T90 cylinder does not let cuttlefish escape from the trawl; almost the whole species catch is
found in the codend. Given that there is no MCRS for that species, status quo is preserved: no discard
reduction or commercial loss are observed. Further work would need to be carried out on the
financial implications for fishermen, as potential economic losses on other associated demersal
species may be compensated for by cuttlefish catches.

Concerning European seabass, it is worth noting that, while the model detects high escapement rate
and a weak size effect on retention, the length range observed in the experimental hauls does not
cover the whole size range of the species in the wild nor the MCRS set at 42 cm in the Bay of Biscay.
Therefore, no conclusion can be drawn on commercial size retention though, based on a small
number of individuals, our experiment suggests that retention is initiated from 32cm.

Finally, from the sea trials, it appears that the T90 let escape a majority of red mullet individuals
across the observed size range. However, the small number of individuals captured during the trial
limits our understanding of the effect of the T90 cylinder on this species. Even if the landing tonnage
of this species is rather small compared to the other commercial species caught, its high market
value (around 10€/kg in 2014) (Coupeau et al. 2016) and its low legal minimum landing weight (40g;
Council Regulation (EC) No 2406/96) renders the cylinder detrimental in terms of financial outcomes
for fishermen. Red mullets reach sexual maturity above 15 cm total length (Mahé et al. 2013) and
from a stock management point of view, the escape of immature individuals by the implementation
of the T90 cylinder would be beneficial for further fish reproduction and subsequent stock
recruitment.

To the best of our knowledge, this is the first time that the T90 mesh configuration has been tested

in a cylinder located in the extension part of the trawl, although the T90 codend has been frequently
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tested (Moderhak 1997; Digre et al. 2010; Herrmann et al. 2013; Bayse et al. 2016). Also, it is
expected that the gear configuration we tested enhances escapees’ survival potential by giving
unwanted fish the opportunity to escape before entering the codend and preventing them from
swimming related exhaustion in the trawl body. It may also help preserving the physical integrity of
escapees since they do not face compression in the codend nor are in contact with abrasive objects
within the catch bulk such as crustacean pincers or bivalve shells. The large size of the mesh (100
mm) as well as the mesh orientation (i.e., not classical diamond mesh but T90 open meshes) prevent
escaped fish from injuries due to skin and scale loss as already observed for round fish passing
through a T90 codend (Digre et al. 2010).

To conclude, based on the multispecies approach we present, the proposed 100 mm T90 cylinder
mounted in the extension part of a coastal otter trawl provides fishermen with a selective device
relevant to reduce discards. The device appears especially efficient when by-catch is made of high
proportion of pelagic species displaying schooling behaviour, as demonstrated for horse mackerel in
our experiment. Such a selective device may therefore be of interest for other multispecies demersal
fisheries facing by-catch of anchovy, sardine and sprat in the Bay of Biscay, and herring in the

Channel and North Sea areas.

Acknowledgements

This work was part of the FUSION project supported by France Filiere Péche and the Direction des
Péches Marines et de I’Aquaculture. The authors thank the crew of the Déesses de I’Océan for their
help in conducting the experiments on board, and Niels Madsen for his fruitful comments on the
covered codend design. We also would like to express our gratitude to Marie Morfin whose expertise

in statistical analysis helped to improve the manuscript.

Reference list

10



243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

Aydin C, Tosunoglu Z (2010) Selectivity of diamond, square and hexagonal mesh codends for Atlantic
horse mackerel Trachurus trachurus, European hake Merluccius merluccius, and greater forkbeard
Phycis blennoides in the eastern Mediterranean. J Appl Ichthyol 26:71-77

Bayse SM, Herrmann B, Lenoir H, Depestele J, Polet H, Vanderperren E, Verschueren B (2016) Could a
T90 mesh codend improve selectivity in the Belgian beam trawl fishery? Fish Res 174:201-209

Breen M, Dyson J, O’Neill B, Jones EG, Haigh M (2004) Swimming endurance of haddock
(Melanogrammus aeglefinus L.) at prolonged and sustained swimming speeds, and its role in their
capture by towed fishing gears. ICES J Mar Sci 61:1071-1079

Bullough LW, Napier IR, Laurenson CH, Riley D, Fryer RJ, Ferro RST, Kynoch RJ (2007) A year-long trial
of a square mesh panel in a commercial demersal trawl. Fish Res 83:105-112

Cornou A-S, Dimeet J, Goascoz N, Scavinner M, Rochet MJ (2016) Catches and discards in French
fishing fleets. Results of observations onboard commercial vessels in 2015.

http://archimer.ifremer.fr/doc/00353/46441/ (in French)

Coupeau Y, Leblond E, Berthou P, Demaneche S, 2016. Fishing vessels activity in 2014 — Noirmoutier

maritime district. http://sih.ifremer.fr/Publications/Syntheses/Facade-Atlantique/Synthese-par-

guartier-region-et-facade2/2014/Pays-de-Loire (in French)

Council of the European Union, 2013. Position of the Council at first reading with a view to the
adoption of a Regulation of the European Parliament and of the Council on the Common Fisheries
Policy, amending Council Regulations (EC) No 1954 / 2003 and (EC) No 1224 / 2009 and repealing
Council Regulations.

DeAlteris JT, Reifsteck DM (1993) Escapment and survival of fish from the codend of a demersal
trawl. ICES Mar Sci Symposia 196:128-131

Digre H, Hansen UJ, Erikson U (2010) Effect of trawling with traditional and ‘T90’ trawl codends on
fish size and on different quality parameters of cod Gadus morhua and haddock Melanogrammus

aeglefinus. Fish Sci 76:549-559

11


http://archimer.ifremer.fr/doc/00353/46441/
http://sih.ifremer.fr/Publications/Syntheses/Facade-Atlantique/Synthese-par-quartier-region-et-facade2/2014/Pays-de-Loire
http://sih.ifremer.fr/Publications/Syntheses/Facade-Atlantique/Synthese-par-quartier-region-et-facade2/2014/Pays-de-Loire

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

201

292

Ferro RST, Jones EG, Kynoch RJ, Fryer RJ, Buckett B-E (2007) Separating species using a horizontal
panel in the Scottish North Sea whitefish trawl fishery. ICES J Mar Sci 64:1543-1550

Fonseca P, Campos A, Mendes B, Larsen RB (2005) Potential use of a Nordmgre grid for by-catch
reduction in a Portuguese bottom-trawl multispecies fishery. Fish Res 73:49—-66

Fryer RJ (1991) A model of between-haul variation in selectivity. ICES J Mar Sci 48: 281-290

Graham N (2006) Trawling: Historic Development, Current Status and Future Challenges. Mar
Technol Soc J 40:20-24

Graham N, Kynoch RJ, Fryer RJ (2003) Square mesh panels in demersal trawls: further data relating
haddock and whiting selectivity to panel position. Fish Res 62:361-375

Herrmann B, Wienbeck H, Moderhak W, Stepputtis D, Krag LA (2013) The influence of twine
thickness, twine number and netting orientation on codend selectivity. Fish Res 145:22-36

Krag LA, Herrmann B, Karlsen JD (2014) Inferring fish escape behaviour in trawls based on catch
comparison data: model development and evaluation based on data from Skagerrak, Danemark.
PLOS ONE 9:e88819

Krag LA, Herrmann B, Feekings J, Lund HS, Karlsen JD (2016) Improving escape panel selectivity in
Nephrops-directed fisheries by actively stimulating fish behavior. Can J Fish Aquat Sci 74:486-493
Lomeli MJM, Wakefield WW (2016) Evaluation of a sorting grid bycatch reduction device for the
selective flatfish bottom trawl in the U.S. West Coast fishery. Fish Res 183:294-303

Lévgren J, Herrmann B, Feekings J (2016) Bell-shaped size selection in a bottom trawl: A case study
for Nephrops directed fishery with reduced catches of cod. Fish Res 184: 26-35

MacLennan DN (1992) Fishing gear selectivity: an overview. Fish Res 13:201-204

Madsen N, Hansen KE, Moth-Poulsen T (2001) The kite cover: a new concept for covered codend
selectivity studies. Fish Res 49:219-226

Madsen N, Herrmann B, Frandsen RP, Krag LA (2012) Comparing selectivity of a standard and turned

mesh T90 codend during towing and haul-back. Aquat Living Resour 25:231-240

12



293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

Mahé K, Delpech J-P, Carpentier A (2007) Literature review of main marine resources in the Eastern

Channel and the Bay of Biscay. http://archimer.ifremer.fr/doc/00000/6643/ (in French)

Mahé K, Coppin F, Vaz S, Carpentier A (2013) Striped red mullet (Mullus surmuletus, Linnaeus, 1758)
in the eastern English Channel and southern North Sea: growth and reproductive biology. J Appl
Ichthyol 29:1067-1072

Masse J, Koutsikopoulos C, Patty W (1996) The structure and spatial distribution of pelagic fish
schools in multispecies clusters: An acoustic study. lces J Mar Sci 53:155-160.

Meillat M, Morandeau F (2001) Hake selectivity - Summary of work aiming to improve the selectivity

of Nephrops / hake bottom trawls. IFREMER. https://w3.ifremer.fr/archimer/doc/00347/45793/ (in

French with English abstract)

Millar RB, Fryer RJ (1999) Estimating the size-selection curves of towed gears, traps, nets and hooks.
Rev Fish Biol Fish 9:89-116

Moderhak W (1997) Determination of selectivity of cod codends made of netting turned through 90
degree. Bull Sea Fish Inst 140:1-14

Morfin M, Méhault S, Benoit HP, Kopp D (2017) Narrowing down the number of species requiring
detailed study as candidates for the EU Common Fisheries Policy discard ban. Mar Pol 77:23-29
Ordines F, Massuti E, Guijarro B, Mas R (2006) Diamond vs. square mesh codend in a multi-species
trawl fishery of the western Mediterranean: effects on catch composition, yield, size selectivity and
discards. Aquat Living Resourc 19:329-338

R Development Core Team (2017) R: a language and environment for statistical computing. R

Foundation for Statistical Computing, Vienna, Austria. http://www.R-project.org/

Revill A, Dunlin G, Holst R (2006) Selective properties of the cutaway trawl and several other
commercial trawls used in the Farne Deeps North Sea Nephrops fishery. Fish Res 81:268-275

Ryer CH (2008) A review of flatfish behavior relative to trawl. Fish Res 90: 138-146

Sala A, Lucchetti A, Piccinetti C, Ferretti M (2008) Size selection by diamond- and square-mesh

codends in multi-species Mediterranean demersal trawl fisheries. Fish Res 93:8-21

13


http://archimer.ifremer.fr/doc/00000/6643/
https://w3.ifremer.fr/archimer/doc/00347/45793/
http://www.r-project.org/

319

320

321

322

323

324

325

326

327

328

329

330

Santos J, Herrmann B, Mieske B, Stepputtis D, Krumme U, Nilsson H (2015) Reducing flatfish bycatch
in roundfish fisheries. Fish Res 184:64-73

Suuronen P (2005) Mortality of fish escaping trawl gears. FAO Technical paper 478. Rome, FAO, 72p
Toka¢ A, Herrmann B, Aydin C, Kayka¢ H, Unliler A, Gok¢ce G (2014) Predictive models and
comparison of the selectivity of standard (T0O) and turned mesh (T90) codends for three species in the
Eastern Mediterranean. Fish Res 150:76—88

Vogel C, Kopp D, Méhault S (2017) From discard ban to exemption: How can gear technology help
reduce catches of undersized Nephrops and hake in the Bay of Biscay trawling fleet? J Environ Manag
186:96-107

Wileman DA, Ferro RST, Fonteyne R, Millar RB (1996) Manual of methods of measuring the selectivity

of towed fishing gears. ICES Coop Res Rep 215, 126p

14



331  Table 1 Results of the selectivity analysis. Numbers of fish escaped and caught, p-value corresponds
332 to the significance of the length/length? parameters in the GLM, Ls, and SR are presented only when

333 the length parameter is significant in case of first order polynomial model

Species Number Number p-value Lso SR
escaped caught
Black seabream 31 86 0.012/0.006 - -
Cuttlefish 50 47?2 0.000 0.7 8.1
Horse mackerel 5037 172 0.917 - -
Red mullet 76 35 0.828 - -
Seabass 109 31 0.384 - -
Sole 88 66 0.034 26.1 55.7
334
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Figure captions

Fig. 1 Diagram of the selective device with location details within the trawl body (left side) and of the
covered codend (right side)

Fig. 2 a- standard netting used onboard commercial vessel, b- the turned mesh T90 netting used in
this study in the extension piece

Fig. 3 Map of the study area in the Bay of Biscay presenting the location of sampling sites (black dots)
Fig. 4 Selectivity curves for fish including 95% confidence intervals (grey shaded areas). Black dots
represent experimental retention proportions. Solid black lines represent the catch size frequency
distribution in the cover and dotted black lines represent the catch size frequency distribution in the

codend
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