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a b s t r a c t

Mediterranean demersal trawl fisheries traditionally operate using small diamond-shape meshes in the
codend, which tend to retain almost all animals. We investigated the effect of mesh configuration on
the size selectivity of nine species (the scaldfish Arnoglossus laterna, the broad-tail shortfin squid Illex

coindettii, the European hake Merluccius merluccius, the red mullet Mullus barbatus, the Norway lobster
Nephrops norvegicus, the common pandora Pagellus erythrinus, the deepwater rose shrimp Parapenaeus
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1. Introduction

Mediterranean demersal trawl fisheries are noteworthy for
the large number and variety of commercially important species
caught. Stocks are managed and conserved by regulations defin-
ing closed areas and seasons, minimum landing sizes (MLS) and
minimum mesh sizes (MMS). It is recognised that in multi-species
fisheries, there is rarely a single MMS in the codend of towed nets
which is appropriate for all the species caught in an area, due to dif-
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horse mackerel Trachurus mediterraneus and the poor-cod Trisopterus min-
ured in the Mediterranean demersal trawls. Two codends having meshes

m) but different mesh configuration (DM38: diamond-mesh and SM38:
ere fished daily and alternately on the same trawl. They demonstrated a
lectivity with square-mesh. Selectivity was measured using the covered
ing supported by circular hoops.
aking into account the between-haul variation in selectivity. Two other
ere identified: the trawling depth and the codend catch, which for some
ul variation, but there was no evidence of a coherent effect on selectivity

mond-mesh codend has been reported to be rather poor because a large
is immature and smaller than the minimum landing size (MLS) or first

on of the flatfish (A. laterna), the effect of a change of mesh configuration
h on size selectivity positively affected the retention length at 50% (L50).

found to be unsuitable for flat and/or deep-bodied fish as these escape

eshes.
No. 1967/2006, concerning management measures for the sustainable

s in the Mediterranean, establishes the MLS of marine organisms. However,
mesh would not avoid some of the existing contradictions in allowing the
s to lower L50 than the MLS.

© 2008 Elsevier B.V. All rights reserved.

ferences in body shape and size at maturity. A mesh size appropriate
for one species will be unsuitable for many others (Stewart, 2002).

Mediterranean demersal trawl fisheries traditionally operate
using small diamond-shape meshes in the codend (Caddy, 1990),
which tend to retain almost all animals (Stergiou et al., 1997a;
Stewart, 2002). Furthermore, the use of such small mesh sizes leads
to a by-catch which is of low commercial value and often almost
entirely discarded (Stewart, 2002).

In order to reduce mortality rates for juveniles and discards
of dying marine organisms by fishing vessels, Council Regulation
(EC) No. 1967/2006, concerning management measures for the sus-
tainable exploitation of fishery resources in the Mediterranean,
establishes that it is appropriate to provide for increases in mesh

http://www.sciencedirect.com/science/journal/01657836
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sizes for trawl nets used for fishing for certain species of marine
organisms and for the mandatory use of square-meshed netting.

At the moment, in Italy the MMS of trawl codends is 40 mm
stretched mesh size (EC Reg. 1626, 1994), resulting in the cap-
ture of many fish below the MLS. Improving trawl net selectivity
is therefore of prime importance.

Since the 1980s, the use of square-mesh codends has been
specified as a conservation requirement in the ICES regions and
recognised as being particularly useful for the escape of juvenile
whiting and haddock (Isaksen, 1986; Robertsen, 1983).

Fig. 1. Design of the trawl adopted for the study during the first (30 August 2004 to 7
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Relatively little scientific work, however, has been done to assess
the selectivity of square-mesh codends in the highly variable multi-
species conditions prevailing in the Mediterranean demersal trawl
fisheries (Stewart, 2002).

In the Mediterranean, some works have assessed the codend
selectivity for some important species in demersal trawl fish-
eries, e.g. European hake (Merluccius merluccius), red mullet
(Mullus barbatus), Norway lobster (Nephrops norvegicus), pink
shrimp (Parapenaeus longirostris), and red shrimp (Aristeus anten-
natus) (see review by Sala et al., 2007a; Stewart, 2002). However,

September 2004) and second sea trials (22 September 2004 to 6 October 2004).
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selectivity parameters have been traditionally estimated for pooled
data within all hauls for which controlled parameters remain
unchanged. Few studies have used the general framework, intro-
duced by Fryer (1991), for modelling codend selectivity data in
which between-haul variation is modelled by allowing the selectiv-
ity curves to vary randomly between hauls about a mean selectivity
curve with a given probability distribution.

This study was undertaken to analyse the effect, according to
Fryer (1991), of inserting a 40-mm square-mesh codend in a com-
mercial Italian demersal trawl, on selectivity of some commercially
important fish species and some species with unknown selectivity.
A traditional 40 mm diamond-mesh codend, typical of the commer-
cially demersal fisheries in Italy, was selected as a reference codend
for the comparative analysis.

2. Materials and methods

2.1. Research vessel and trawl gear

The gear employed in the sea trials was a typical Italian com-
mercial trawl as used in the Central Adriatic, entirely made up of
knotless polyamide (PA) netting that was approximately 58 m long
from the wing tips to the codend, with 600 meshes in the top panel
at the footrope level. It was equipped with a 60.3 m footrope com-
prising a 38 mm-combined rope weighted with 80 kg of leads over
its whole length (Fig. 1).

Trawl rigging included 150 m sweeps and Italian otter boards
(280 kg each). All rigging components of the gear were identical
with those commonly adopted in commercial practice in Central
Adriatic demersal trawl fisheries.

Two codends were made using the same netting, having meshes
with ca. 40 mm nominal opening, but in one codend the netting
was rigged in square-mesh configuration (Table 1). Such a square-

mesh codend is described in the current paper by the numbers of
meshes around its mouth and along its length. However, the so-
called meshes around the circumference are actually the number
of netting bars.

2.2. Sea trials and gear behaviour performance

Selectivity trials were conducted on the Italian research vessel
RV “Andrea” (1350× 2 HP at 2300 rpm; length over all 29.15 m and
Gross Tonnage 285 GT). Sea trials were conducted in the course
of two subsequent fishing cruises on two different fishing grounds
of the Central Adriatic normally exploited by local fishermen. The
first cruise took place from 30 August 2004 to 7 September 2004 at
about 15–21 m of depth, approximately 5 nm off Ancona, and the
second from 22 September 2004 to 6 October 2004 in the Ortona
depression also named Western Pomo pit, at a depth of about 70 m
(Table 2). Commercial practice was followed with regard to trawling
speed.

The codend to be used first was chosen randomly at the begin-
ning of each trip, and then the two codends were alternated
daily on the same trawl. Adverse weather conditions prevented

Table 1
Characteristics of the diamond- (DM38) and square-mesh (SM38) codend and the
cover tested during the sea trials

DM38 SM38 Cover

NML (mm) 40 40 20
MMO (mm) 38.70 ± 0.73 38.65 ± 1.09 –
CCN 280 140 1050
CLN 150 150 550

NML: nominal mesh length; MMO: measured mesh opening; CCN: circumference
mesh number; CLN: length mesh number.
arch 93 (2008) 8–21

the same number of hauls from being performed with both
codends.

During the sea trials each codend was fished daily on the same
trawl. The codend mesh openings were measured using an ICES
mesh gauge (ICES, 1962) with 4 kg tension while the netting was
wet.

For knotless netting, diamond-mesh size refers to the inside
distance between two opposite joints in the same mesh fully
extended in the N-direction, while square-mesh size indicates the
largest diagonal. The actual mesh openings were 38.70 ± 0.73 mm
for the diamond- (DM38) and 38.65 ± 1.09 mm for the square-mesh
(SM38) codend (Table 1).

Gear performance (i.e., door spread, horizontal and vertical net
openings) was measured on all hauls using the SCANBAS SGM-
15 system (SCANMAR, Norway). A laptop automatically controlled
data acquisition and provided for real time correct system func-
tioning through customized software. The main goal of these
measurements was to obtain for each haul detailed, real time data
on gear performance.

Selectivity was measured using the covered codend technique,
where a cover with a nominal mesh opening of 20 mm is supported
by circular hoops to keep it clear off the codend and minimize mask-
ing effects (Wileman et al., 1996). The cover, made from the same
PA netting, was approximately 1.5 times larger and longer than the
codend, as recommended by Stewart and Robertson (1985).

2.3. Selectivity data analysis

For each haul, the retention probability r(l) in the codend
was modelled by means of the logistic selectivity curve: r(l) =
e�1+�2l/(1 + e�1+�2l), where r(l) is the probability that a fish of
length l is retained, given that it entered the codend (Wileman et al.,
1996), and �̂ = (�1, �2)T is the vector of the selectivity parameters.
The model of between-haul variation proposed by Fryer (1991) was
then used to investigate the between-haul variation of the selectiv-
ity parameters �1 and �2 by mesh configuration, allowing a mean
curve to be estimated for each codend mesh.

Finally the selectivity data were modelled according to Fryer
(1991) by estimating the individual contribution of various
explanatory variables to the selectivity parameters. All possible
linear combinations of the selectivity parameters as functions of
the explanatory variables mesh configuration (mi), trawling depth
(di) and codend catch weight (ci) were tested. All were adjusted
as continuous variables except for mesh configuration, which was

adjusted as a two-level factor (DM38 = 0; SM38 = 1). The choice of
the model best fitting the data was based on the lowest value for
Akaike’s Information Criterion-AIC (Fryer and Shepherd, 1996).

The haul-by-haul maximum likelihood of selectivity parame-
ters for individual hauls was estimated using the CC2000 software
(ConStat, 1995). Models, including between-haul variation, were
estimated using the ECModeller software (ConStat, 1995), which
adopts the residual maximum likelihood (REML) method proposed
by Fryer (1991).

3. Results

3.1. Selectivity parameters

A summary of hauls and catches is presented in Table 2. Over-
all, 21 valid hauls were performed in the first cruise and 27 in the
second. The length frequency distributions of the main and most
abundant species were taken both for the animals found in the
cover and in the codend. In particular the total length for fishes, the
mantle length for cephalopods and the carapace length for crus-
taceans were recorded. The collected data allowed analysis of the
selection characteristics for nine species: scaldfish (Arnoglossus lat-
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Table 2
Summary of the hauls of the first (FC1: 30 August 2004 to 7 September 2004) and second selectivity cruise (FC2: 22 September 2004 to 6 October 2004)

ID haul CT Date Towing time Latitude Longitude CDC (kg) CVC (g)

Start End D Start End Start End

FC1
1436 SM38 30/08/2004 7:16 8:01 0:45 43◦52.95′ 43◦51.43′ 13◦07.36′ 13◦10.30′ 41.3 34.9
1437 SM38 30/08/2004 8:53 9:53 1:00 43◦53.22′ 43◦51.03′ 13◦07.21′ 13◦11.06′ 80.6 58.3
1440 DM38 30/08/2004 15:07 16:12 1:05 43◦53.25′ 43◦51.04′ 13◦07.00′ 13◦11.21′ 96.1 14.3
1441 DM38 30/08/2004 17:13 18:13 1:00 43◦53.16′ 43◦51.13′ 13◦07.03′ 13◦10.93′ 101.8 14.4
1442 DM38 31/08/2004 7:16 9:05 1:49 43◦16.78′ 43◦23.20′ 15◦09.73′ 15◦10.46′ 324.0 2.1
1443 DM38 31/08/2004 10:14 11:59 1:45 43◦21.79′ 43◦16.40′ 15◦10.80′ 15◦14.32′ 77.0 1.3
1444 SM38 31/08/2004 13:50 15:47 1:57 43◦16.18′ 43◦22.49′ 15◦13.03′ 15◦10.73′ 7.6 2.6
1445 SM38 31/08/2004 16:31 18:31 2:00 43◦21.71′ 43◦15.48′ 15◦10.88′ 15◦13.77′ 68.8 7.3
1446 SM38 31/08/2004 19:32 21:30 1:58 43◦16.06′ 43◦22.63′ 15◦13.11′ 15◦10.45′ 14.7 1.5
1447 SM38 01/09/2004 8:57 9:57 1:00 43◦57.16′ 43◦54.89′ 13◦03.53′ 13◦07.06′ 141.9 58.6
1448 SM38 01/09/2004 11:12 12:12 1:00 44◦01.08′ 43◦59.03′ 13◦05.99′ 13◦09.63′ 28.1 12.9
1449 SM38 01/09/2004 13:12 14:12 1:00 44◦05.02′ 44◦03.08′ 13◦07.72′ 13◦11.62′ 41.5 8.3
1450 SM38 01/09/2004 15:23 16:23 1:00 44◦10.90′ 44◦13.23′ 13◦13.99′ 13◦11.41′ 14.7 0.8
1451 DM38 02/09/2004 7:35 8:35 1:00 44◦06.65′ 44◦08.34′ 13◦12.72′ 13◦08.92′ 29.5 3.7
1452 DM38 02/09/2004 9:10 10:10 1:00 44◦05.19′ 44◦03.44′ 13◦07.45′ 13◦11.84′ 147.0 1.3
1453 DM38 02/09/2004 11:04 12:04 1:00 44◦01.43′ 43◦59.25′ 13◦05.34′ 13◦09.33′ 50.0 3.0
1454 DM38 02/09/2004 13:00 14:00 1:00 43◦57.43′ 43◦54.97′ 13◦03.24′ 13◦06.86′ 182.4 12.8
1455 DM38 02/09/2004 15:27 15:57 0:30 43◦54.91′ 43◦56.02′ 13◦00.34′ 12◦58.56′ 50.4 8.9
1456 DM38 07/09/2004 10:20 11:20 1:00 43◦54.26′ 43◦52.50′ 13◦10.27′ 13◦13.88′ 181.4 16.9
1457 DM38 07/09/2004 12:46 13:46 1:00 43◦58.47′ 43◦56.20′ 13◦12.67′ 13◦16.62′ 47.8 5.0
1458 DM38 07/09/2004 14:50 15:50 1:00 44◦01.68′ 44◦02.41′ 13◦20.96′ 13◦15.97′ 29.1 5.2

FC2
1459 DM38 22/09/2004 10:40 13:05 2:25 43◦55.55′ 43◦54.61′ 13◦03.02′ 13◦02.89′ 155.4 11.1
1460 SM38 23/09/2004 10:05 11:05 1:00 44◦02.17′ 44◦07.79′ 13◦04.24′ 13◦08.91′ 39.1 13.1
1461 SM38 23/09/2004 11:55 12:55 1:00 44◦02.72′ 44◦04.53′ 13◦11.20′ 13◦06.85′ 36.2 8.4
1462 SM38 23/09/2004 13:30 14:17 0:47 44◦04.67′ 44◦04.01′ 13◦06.95′ 13◦10.71′ 28.4 7.3
1463 SM38 29/09/2004 14:55 15:55 1:00 43◦53.29′ 43◦51.09′ 13◦06.94′ 13◦11.38′ 84.1 16.2
1464 SM38 29/09/2004 16:33 17:31 0:58 43◦53.33′ 43◦51.56′ 13◦07.10′ 13◦10.53′ 42.9 12.9

◦53.5 ′ ◦ ′ ◦ ′ ◦ ′
◦53.2
◦53.3
◦53.5
◦03.5
◦02.3
◦04.2
◦58.7
◦04.7
◦00.6
◦54.4
◦48.4
◦51.16
◦41.55
◦35.12
◦41.56
◦34.6
◦41.64
◦

1465 SM38 29/09/2004 18:07 18:55 0:48 43
1466 DM38 30/09/2004 11:50 12:50 1:00 43
1467 DM38 30/09/2004 13:32 14:32 1:00 43
1468 DM38 30/09/2004 15:19 16:19 1:00 43
1469 DM38 01/10/2004 15:50 17:34 1:44 43
1470 DM38 01/10/2004 18:15 19:56 1:41 43
1471 DM38 01/10/2004 21:33 23:18 1:45 43
1472 DM38 02/10/2004 6:10 8:03 1:53 42
1473 DM38 02/10/2004 9:45 11:40 1:55 43
1474 DM38 02/10/2004 12:25 14:10 1:45 43
1475 DM38 02/10/2004 15:10 15:46 0:36 42
1476 DM38 02/10/2004 16:50 18:40 1:50 42
1477 DM38 05/10/2004 7:07 9:27 2:20 42
1478 DM38 05/10/2004 11:55 14:25 2:30 42
1479 DM38 05/10/2004 15:16 18:06 2:50 42
1480 DM38 05/10/2004 18:55 21:25 2:30 42
1481 SM38 06/10/2004 0:45 3:15 2:30 42
1482 SM38 06/10/2004 4:15 6:45 2:30 42

1483 SM38 06/10/2004 7:35 10:10 2:35 42 34.5
1484 SM38 06/10/2004 10:55 13:20 2:25 42◦41.29
1485 SM38 06/10/2004 14:00 16:25 2:25 42◦35.14

Duration (D) of the towing time is the time from optimum gear openings (start) to the tim
and SM38 correspond to the diamond- and square-mesh codend respectively; CDC: code

erna), broad-tail shortfin squid (Illex coindettii), European hake (M.
merluccius), red mullet (M. barbatus), Norway lobster (N. norvegi-
cus), common pandora (Pagellus erythrinus), deepwater rose shrimp
(P. longirostris), Mediterranean horse mackerel (Trachurus mediter-
raneus) and poor-cod (Trisopterus minutus capelanus).

The REML parameter estimates of each codend obtained from
direct analysis (no fixed effects) are shown in Table 3. Individual
haul and mean curves are shown in Figs. 2a–10a. The estimated
alpha parameters of all species are listed in Table 4, along with
their standard deviation and t-Values, which indicates the relative
importance of the variables in the models.

For some species, the DM38 codend had very poor selectivity
and did not provide sufficient length classes in particular hauls
and/or a sufficient number of fish both retained and released; there-
fore, some of these hauls have been discarded.
0 43 51.32 13 07.17 13 10.85 5.2 2.5
7′ 43◦50.93′ 13◦07.51′ 13◦11.97′ 97.7 4.4
2′ 43◦51.30′ 13◦07.29′ 13◦10.64′ 93.0 14.9
6′ 43◦50.68′ 13◦07.45′ 13◦11.97′ 73.0 7.9
1′ 43◦01.81′ 14◦31.22′ 14◦39.20′ 57.8 7.4
1′ 43◦05.65′ 14◦40.53′ 14◦34.19′ 4.3 1.1
6′ 43◦02.18′ 14◦40.45′ 14◦47.96′ 2.6 0.3
8′ 43◦04.74′ 15◦06.74′ 15◦03.73′ 2.2 0.0
4′ 43◦02.95′ 14◦42.42′ 14◦33.99′ 142.2 25.7
8′ 42◦55.47′ 14◦35.36′ 14◦39.05′ 64.6 15.6
8′ 42◦53.11′ 14◦37.19′ 14◦35.11′ 12.7 0.9
6′ 42◦43.36′ 14◦29.68′ 14◦33.48′ 0.8 0.1
′ 42◦50.53′ 14◦39.16′ 14◦43.22′ 39.9 1.3
′ 42◦34.35′ 15◦11.96′ 15◦16.81′ 71.9 9.7
′ 42◦42.42′ 15◦16.34′ 15◦10.47′ 102.7 15.0
′ 42◦34.44′ 15◦11.28′ 15◦16.78′ 31.4 2.8

5′ 42◦42.49′ 15◦15.99′ 15◦15.03′ 22.2 9.5
′ 42◦34.36′ 15◦11.54′ 15◦16.50′ 20.9 9.2
′ ◦ ′ ◦ ′ ◦ ′
9 42 41.78 15 16.61 15 11.38 53.4 24.4
′ 42◦34.55′ 15◦11.79′ 15◦16.07′ 47.2 8.4
′ 42◦41.18′ 15◦15.75′ 15◦08.74′ 38.3 17.4

e when the speed was reduced to recover the warp (end); codend type (CT): DM38
nd catch; CVC: cover catch.

The selectivity of all species in both codends is significantly
dependent on mesh configuration (mi) (p < 0.001). With the
exception of scaldfish (A. laterna), the L50 of the square-mesh
codend is greater than that of the diamond-mesh one (Table 4).
In contrast, there is no evidence of a coherent effect on SR
(Table 4).

Scaldfish (A. laterna) was the most abundant flatfish species
and showed a length range of approximately 4–16 cm. Both the
diamond- (DM38) and square-mesh codend (SM38) demonstrated
good selection properties below 7 cm, as is also revealed by the high
proportion escaping from the codends (98% and 94% in the DM38
and SM38, respectively). Such a proportion is important as regards
fish that may be landed legally in Italy (MLS: 7 cm; DPR 163, 1968).
However, escape of fish above MLS is of little concern to crews,
given the very low market value of scaldfish around this size.
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Table 3
Direct estimate of the selectivity parameters for the diamond- (DM) and square-mesh (SM) codends

Species Codend L50 (cm) S.E. (cm) SR (cm) S.E. (cm) d.f. SF �1 �2 {Ri} {D}
Ri11 Ri12 Ri22 Ri11 Ri12 Ri22

AL
DM38 8.30 0.088 1.18 0.114 19 2.15 −15.403 1.855 0.020 0.024 0.067 0.008 0.004 0.013
SM38 7.61 0.139 0.77 0.087 7 1.97 −21.626 2.842 0.086 0.018 0.017 0.019 0.004 0.008

IC
DM38 4.90 0.198 0.97 0.114 11 1.27 −11.069 2.260 0.274 0.023 0.048 0.039 0.002 0.013
SM38 8.38 0.392 1.90 0.248 9 2.17 −9.691 1.157 1.004 −0.530 0.311 0.153 −0.081 0.061

MM
DM38 8.26 0.212 1.74 0.179 5 2.13 −10.440 1.264 0.107 −0.081 0.061 0.045 −0.034 0.032
SM38 14.17 0.370 3.64 0.222 5 3.67 −8.544 0.603 0.536 0.068 0.009 0.137 0.039 0.049
MB
DM38 7.76 0.201 1.86 0.086 17 2.00
SM38 10.91 0.166 1.43 0.132 15 2.83

NN
DM38 1.46 0.122 0.28 0.029 3 0.38
SM38 1.91 0.086 0.37 0.045 3 0.49

PE
DM38 7.56 0.278 2.43 0.135 9 1.95
SM38 9.67 0.305 1.36 0.096 5 2.50

PL
DM38 1.20 0.043 0.24 0.049 5 0.31
SM38 1.49 0.027 0.26 0.029 9 0.39

TM
DM38 9.71 0.256 2.75 0.184 15 2.51
SM38 13.12 0.417 2.43 0.351 9 3.40

TMC
DM38 8.11 0.390 2.07 0.263 5 2.10
SM38 11.26 0.234 1.65 0.174 9 2.92

Mean values (in bold) and respective standard errors (S.E.) of the retention length at 50% (
coindettii (IC, broad-tail shortfin squid), Merluccius merluccius (MM, European hake), Mu
erythrinus (PE, common pandora), Parapenaeus longirostris (PL, deepwater rose shrimp), Tr
capelanus (TMC, poor-cod). d.f.: degrees of freedom; SF: selection factor; �1 and �2: ma
measuring the within-haul variation; {D}: measures the between-haul variation in the pa
of a codend for a particular species is the length at which 50% of the species entering the c
75% retention length and 25% retention length; (c) the selection factor (SF) of a codend for
mesh opening.

Fig. 2. Arnoglossus laterna (scaldfish). (a) Selectivity curves for individual hauls (thin line
for expected mean REML values of selection range (pred. SR) plotted against the 50% rete
Akaike’s information criterion (AIC). DM38: diamond-mesh codend; SM-38: square-mesh
−9.184 1.184 0.409 −0.109 0.056 0.041 −0.012 0.007
−16.737 1.534 0.267 0.110 0.156 0.027 0.011 0.017

−11.412 7.798 0.037 0.003 0.000 0.015 0.001 0.001
−11.200 5.869 0.039 −0.016 0.008 0.007 −0.003 0.002

−6.840 0.905 0.512 −0.173 0.066 0.077 −0.024 0.018
−15.623 1.616 0.384 −0.023 0.007 0.093 0.002 0.009

−10.859 9.078 0.007 0.002 0.008 0.002 0.00.0 0.002
−12.635 8.474 0.004 0.000 0.003 0.001 0.000 0.001

−7.751 0.799 0.561 0.077 0.150 0.066 0.014 0.034
−11.855 0.904 0.613 −0.278 0.468 0.174 0.019 0.123

−8.597 1.060 0.551 −0.173 0.054 0.152 −0.063 0.069
−15.011 1.333 0.309 0.029 0.063 0.055 0.008 0.030

L50) and selection range (SR) are reported for Arnoglossus laterna (AL, scaldfish), Illex
llus barbatus (MB, red mullet), Nephrops norvegicus (NN, Norway lobster), Pagellus
achurus mediterraneus (TM, Mediterranean horse mackerel) and Trisopterus minutus
ximum likelihood estimators of the selectivity parameters; {R}: variance matrix

rameters {�}. Definitions of selection parameters: (a) the 50% retention length (L50)
odend is retained; (b) the selection range (SR) is the length difference between the
a particular species is the ratio of the 50% retention length and the mean measured

s) and mean curve (thick line) Fryer (1991) method. (b) Confidence regions (95%)
ntion length (pred. L50) calculated by the best model, based on the lowest value of
codend.
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Fig. 3. Illex coindettii (broad-tail shortfin squid). (a) Selectivity curves for individual hauls
(95%) for expected mean REML values of selection range (pred. SR) plotted against the 5
value of Akaike’s information criterion (AIC). DM38: diamond-mesh codend; SM-38: squ

Fig. 4. Merluccius merluccius (European hake). (a) Selectivity curves for individual hauls (
(95%) for expected mean REML values of selection range (pred. SR) plotted against the 5
value of Akaike’s information criterion (AIC). DM38: diamond-mesh codend; SM-38: squ
(thin lines) and mean curve (thick line) Fryer (1991) method. (b) Confidence regions
0% retention length (pred. L50) calculated by the best model, based on the lowest

are-mesh codend.

thin lines) and mean curve (thick line) Fryer (1991) method. (b) Confidence regions
0% retention length (pred. L50) calculated by the best model, based on the lowest

are-mesh codend.
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Fig. 5. Mullus barbatus (red mullet). (a) Selectivity curves for individual hauls (thin line
for expected mean REML values of selection range (pred. SR) plotted against the 50% rete
Akaike’s information criterion (AIC). DM38: diamond-mesh codend; SM-38: square-mesh

Fig. 6. Nephrops norvegicus (Norway lobster). (a) Selectivity curves for individual hauls (t
(95%) for expected mean REML values of selection range (pred. SR) plotted against the 5
value of Akaike’s information criterion (AIC). DM38: diamond-mesh codend; SM-38: squ
s) and mean curve (thick line) Fryer (1991) method. (b) Confidence regions (95%)
ntion length (pred. L50) calculated by the best model, based on the lowest value of
codend.

hin lines) and mean curve (thick line) Fryer (1991) method. (b) Confidence regions
0% retention length (pred. L50) calculated by the best model, based on the lowest

are-mesh codend.
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Fig. 7. Pagellus erythrinus (common pandora). (a) Selectivity curves for individual hauls (t
(95%) for expected mean REML values of selection range (pred. SR) plotted against the 5
value of Akaike’s information criterion (AIC). DM38: diamond-mesh codend; SM-38: squ

Fig. 8. Parapenaeus longirostris (deepwater rose shrimp). (a) Selectivity curves for individu
regions (95%) for expected mean REML values of selection range (pred. SR) plotted again
lowest value of Akaike’s information criterion (AIC). DM38: diamond-mesh codend; SM-3
hin lines) and mean curve (thick line) Fryer (1991) method. (b) Confidence regions
0% retention length (pred. L50) calculated by the best model, based on the lowest

are-mesh codend.

al hauls (thin lines) and mean curve (thick line) Fryer (1991) method. (b) Confidence
st the 50% retention length (pred. L50) calculated by the best model, based on the
8: square-mesh codend.
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Fig. 9. Trachurus mediterraneus (Mediterranean horse mackerel). (a) Selectivity curves fo
Confidence regions (95%) for expected mean REML values of selection range (pred. SR) plo
on the lowest value of Akaike’s information criterion (AIC). DM38: diamond-mesh coden

Fig. 10. Trisopterus minutus capelanus (poor-cod). (a) Selectivity curves for individual h
regions (95%) for expected mean REML values of selection range (pred. SR) plotted again
lowest value of Akaike’s information criterion (AIC). DM38: diamond-mesh codend; SM-3
r individual hauls (thin lines) and mean curve (thick line) Fryer (1991) method. (b)
tted against the 50% retention length (pred. L50) calculated by the best model, based
d; SM-38: square-mesh codend.

auls (thin lines) and mean curve (thick line) Fryer (1991) method. (b) Confidence
st the 50% retention length (pred. L50) calculated by the best model, based on the
8: square-mesh codend.
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Table 4
Alpha parameter estimates (in bold), standard deviation (S.D.), t-Value, degrees of freedom (d.f.) and p-Value for the species studied

Species Alpha parameters

˛1 ˛2 ˛3 ˛4 ˛5 ˛6 ˛7 ˛8

(L50, constant) (SR, constant) (L50, mesh) (SR, mesh) (L50, catch) (SR, catch) (L50, depth) (SR, depth)

AL Estimate 8.267 1.152 −0.643 −0.361 – – – –
S.D. 0.108 0.104 0.164 0.151 – – – –
t-Value 76.348 11.062 −3.930 −2.396 – – – –
d.f. 29 29 29 29 – – – –
p-Value 0.000 0.000 0.000 0.023 – – – –

IC Estimate 4.890 0.966 3.710 0.856 – – – –
S.D. 0.272 0.139 0.418 0.230 – – – –
t-Value 17.986 6.936 8.878 3.715 – – – –
d.f. 21 21 21 21 – – – –
p-Value 0.000 0.000 0.000 0.001 – – – –

MM Estimate 8.302 – 5.812 1.895 – – – 0.011
S.D. 0.237 – 0.340 0.297 – – – 0.001
t-Value 35.101 – 17.078 6.371 – – – 9.920
d.f. 13 – 13 13 – – – 13
p-Value 0.000 – 0.000 0.000 – – – 0.000

MB Estimate 8.342 1.854 2.864 −0.522 −0.006 – – –
S.D. 0.227 0.078 0.232 0.107 0.002 – – –
t-Value 36.809 23.919 12.348 −4.880 −3.493 – – –
d.f. 34 34 34 34 34 – – –
p-Value 0.000 0.000 0.000 0.000 0.001 – – –

NN Estimate 1.835 – 0.363 0.160 −0.006 0.004 – –
S.D. 0.148 – 0.132 0.055 0.003 0.001 – –
t-Value 12.368 – 2.742 2.931 −2.479 4.668 – –
d.f. 12 – 12 12 12 12 – –
p-Value 0.000 – 0.018 0.013 0.029 0.001 – –

PE Estimate 7.655 3.644 2.022 −1.173 – – – −0.071
S.D. 0.273 0.490 0.434 0.143 – – – 0.026
t-Value 28.055 7.435 4.656 −8.195 – – – −2.745

d.f. 16 16 16
p-Value 0.000 0.000 0.000

PL Estimate 1.189 0.709 0.306
S.D. 0.038 0.135 0.050
t-Value 31.123 5.265 6.153
d.f. 16 16 16
p-Value 0.000 0.000 0.000

TM Estimate 9.694 2.595 3.518
S.D. 0.276 0.178 0.498
t-Value 35.138 14.581 7.060
d.f. 28 28 28
p-Value 0.000 0.000 0.000

TMC Estimate 8.284 1.772 2.958
S.D. 0.305 0.128 0.390

t-Value 27.127 13.792 7.585
d.f. 18 18 18
p-Value 0.000 0.000 0.000

˛ is the vector that determines the direction and magnitude of the influence of the exp
(scaldfish); IC: Illex coindettii (broad-tail shortfin squid); MM: Merluccius merluccius (Eur
lobster); PE: Pagellus erythrinus (common pandora); PL: Parapenaeus longirostris (deepw
TMC: Trisopterus minutus capelanus (poor-cod).

Individual haul and mean selectivity curves for both codends
are shown in Fig. 2a. The L50 and SR of the square-mesh codend are
7.62 and 0.79 cm respectively, significantly smaller than the 8.27
and 1.15 cm of the diamond-mesh codend (Fig. 2b).

In the Mediterranean, broad-tail shortfin squid (I. coindettii)
is not subject to any MLS and may always be landed legally.
For several hauls it was one of the most abundant species and
the mean catch was more than 10% of the total weight. In
this study the size of broad-tail shortfin squid ranged between
3.0–22.5 cm and 4.5–18.0 cm, respectively for the DM38 and SM38
codends.

Only mesh configuration had a significant effect on the selec-
tivity of this species (p < 0.001) (Table 4) and changing from
16 – – – 16
0.000 – – – 0.014

– – −0.0004 – −0.003
– – 0.0002 – 0.001
– – −2.588 – −3.195
– – 16 – 16
– – 0.0198 – 0.006

– – – – –
– – – – –
– – – – –
– – – – –
– – – – –

– – – – –
– – – – –

– – – – –
– – – – –
– – – – –

lanatory variables on selectivity parameters (L50 and SR). AL: Arnoglossus laterna
opean hake); MB: Mullus barbatus (red mullet); NN: Nephrops norvegicus (Norway
ater rose shrimp); TM: Trachurus mediterraneus (Mediterranean horse mackerel);

the diamond-mesh to the square-mesh codend increased the
L50 from 4.89 cm to 8.60 cm and SR from 0.97 cm to 1.82 cm
(Fig. 3b).

All individuals of European hake (M. merluccius) equal to or
above 20 cm and a large proportion of those below 20 cm (79%
and 62% in the DM38 and SM38, respectively) were retained in the
codends. In the Mediterranean, the MLS for European hake is 20 cm
(EC Reg. 1967, 2006). In the present study, the mean L50 and SR for
the DM38 codend were 8.30 and 1.75 cm, which are significantly
smaller (p < 0.001) than the estimates for the SM38 codend, which
are 14.11 and 3.64 cm respectively (Fig. 4b). Notably, for this species
the model best describing the data (Table 4) showed that trawling
depth also significantly influenced SR (p < 0.001).
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Red mullet (M. barbatus) was the most abundant species and,
for several hauls, the catch was more than 70% of the total weight.
In the Mediterranean Sea, red mullet is subject to an MLS of 11 cm
(EC Reg. 1967, 2006). Individual haul and mean selectivity curves
are shown in Fig. 5a.

Both the expected L50 and SR estimates, according to Fryer’s
model (1991), demonstrate a highly significant (p < 0.001) change
in the selectivity parameters with the use of square-mesh (Table 4).
The change from diamond- to square-mesh increased L50 from

Table 5
Review of selectivity studies in Mediterranean demersal trawl fisheries

Species MLS (cm) Reference

Arnoglossus laterna (scaldfish) – Current paper

Illex coindettii (broad-tail shortfin
squid)

– Current paper

Merluccius merluccius (European
hake)

20 Petrakis and Stergiou
(1997)
Ordines et al. (2006)

Sardà et al. (2006)
Bahamon et al. (2006)

Guijarro and Massutı́ (2006)

Current paper

Mullus barbatus (red mullet) 11 Tokaç et al. (1998)

Sardà et al. (2006)
Current paper

Nephrops norvegicus (Norway
lobster)

2 Bahamon et al. (2006)

Guijarro and Massutı́ (2006)

Current paper

Pagellus erythrinus (common
pandora)

12 Ordines et al. (2006)

Current paper

Parapenaeus longirostris (deepwater
rose shrimp)

2 Guijarro and Massutı́
(2006)
Current paper

Trachurus mediterraneus
(Mediterranean horse mackerel)

15 Ordines et al. (2006)

Current paper

Trisopterus minutus capelanus
(poor-cod)

– Petrakis and Stergiou (1997)

Bahamon et al. (2006)

Current paper

Selection parameter estimates: mean values of the retention length at 50% (L50); selectio
mesh (SM) codends. MLS: minimum landing size; Area: Northern Adriatic Sea (NAS); W
North-Western Mediterranean Sea (NWM). Cover: hooped cover-codend method (HCC); c
mesh codend). MI: method for the estimation of the selectivity (FM = Fryer’s method; PD
test codend (DM = diamond-; and SM = square-mesh). Definitions of selection parameters
at which 50% of the species entering the codend is retained; (b) the selection range (SR) is
(c) the selection factor (SF) of a codend for a particular species is the ratio of the 50% rete
arch 93 (2008) 8–21

7.89 cm to 10.75 cm (Fig. 5a), while SR decreased significantly
(p < 0.001) (Table 4) from 1.85 cm to 1.33 cm (Fig. 5a).

The model best describing the data (Table 4) showed that total
catch weight also negatively affected L50 (p < 0.01); therefore, a
mean catch weight of 73 kg was used to calculate the expected L50s
in the model and to compare the two codends.

In the Mediterranean sea, Norway lobster is subject to an MLS
of 2 cm of carapace length (CL) or 7 cm of total length (TL) (EC Reg.
1967, 2006). Individual haul and mean selectivity curves are shown

Area Cover MI MS (mm) CMC L50 (cm) SR (cm) SF Diff. SF

NAS HCC FM 39 DM 8.30 1.18 2.15 −8%
39 SM 7.61 0.77 1.97

NAS HCC FM 39 DM 4.90 0.97 1.27 71%
39 SM 8.38 1.90 2.17

WAS CC PD 40 DM 13.79 7.06 3.45 9%
40 SM 15.10 5.68 3.78

WMS CC PD 40 DM 10.60 3.30 2.65 43%
40 SM 15.20 3.30 3.80

NWM AH40 PD 36 SM 18.47 5.07 5.13 –
NWM HCC FM 40 DM 10.10 3.10 2.51 58%

40 SM 16.00 3.20 3.97
WMS CC PD 40 DM 11.60 0.80 2.90 32%

40 SM 15.30 2.20 3.83
NAS HCC FM 39 DM 8.26 1.74 2.13 72%

39 SM 14.17 3.64 3.67

EAS HCC PD 36 DM 11.02 1.76 3.06 7%
36 SM 11.82 1.58 3.28
40 DM 12.19 2.15 3.05 8%
40 SM 13.20 1.85 3.30
44 DM 13.50 2.65 3.07 9%
44 SM 14.67 2.89 3.33

NWM AH40 PD 36 SM 10.40 3.90 2.89 –
NAS HCC FM 39 DM 7.76 1.86 2.00 41%

39 SM 10.91 1.43 2.83

NWM HCC FM 40 DM – – – –
40 SM 2.20 0.65 0.55

WMS CC FM 40 DM – – – –
40 SM 2.66 0.34 0.67

NAS HCC FM 39 DM 1.46 0.28 0.38 31%
39 SM 1.91 0.37 0.49

WMS CC PD 40 DM – – – –
40 SM 10.40 2.00 2.60

NAS HCC FM 39 DM 7.56 2.43 1.95 28%
39 SM 9.67 1.36 2.50

WMS CC FM 40 DM 1.66 0.38 0.42 22%
40 SM 2.02 0.23 0.51

NAS HCC FM 39 DM 1.20 0.24 0.31 25%
39 SM 1.49 0.26 0.39

WMS CC FM 40 DM 13.70 2.10 3.43 11%
40 SM 15.20 3.00 3.80

NAS HCC FM 39 DM 9.71 2.75 2.51 35%
39 SM 13.12 2.43 3.40

WAS CC PD 40 DM 13.73 5.50 3.43 −14%
40 SM 11.85 5.95 2.96

NWM HCC FM 40 DM 9.20 3.00 2.28 41%
40 SM 13.00 3.00 3.23

NAS HCC FM 39 DM 8.11 2.07 2.10 39%
39 SM 11.26 1.65 2.92

n range (SR) and selection factor (SF) are reported for diamond- (DM) and square-
estern- or Eastern-Aegean Sea (WAS, EAS); Western Mediterranean sea (WMS);

over-codend without hoops (CC); alternate hauls method (AH40, Control of 40 mm
= pooled data). MS: mesh size of the test codend. CMC: mesh configuration of the
: (a) the 50% retention length (L50) of a codend for a particular species is the length
the length difference between the 75% retention length and 25% retention length;

ntion length (L50) and the mean measured codend mesh opening.
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in Fig. 6a. Both the expected L50 and SR estimates, according to
Fryer’s model (1991), demonstrated a highly significant increase

with the use of square-mesh (p < 0.01) (Fig. 6b). The change from
diamond- to square-mesh increased L50 from 1.56 cm to 1.92 cm,
which is very close to the MLS of this species, and SR from 0.19 cm to
0.35 cm. The model, best describing the data (Table 4), also showed
that total catch weight negatively affected L50 (p < 0.05) and posi-
tively the SR (p < 0.01); therefore, the mean catch weight of 44 kg
was used to calculate the expected L50s in the model and to compare
the two codends.

The MLS of common pandora (P. erythrinus) in the Mediter-
ranean is 15 cm (EC Reg. 1967, 2006). Use of the square-mesh
resulted in a significant improvement in L50 (p < 0.001), which
increased from 7.65 cm to 9.68 cm (Fig. 7b) when the DM38 codend
was replaced by the SM38 codend. There was also an improve-
ment in the SR, which decreased from 2.54 cm for the DM38
codend to 1.37 cm for the SM38 codend (Fig. 7b). Contrary to Euro-
pean hake, the model best describing the data (Table 4) showed
that trawling depth negatively influenced SR for this species
(p < 0.01).

Deepwater rose shrimp (P. longirostris) was caught at depths of
more than 150 m. Selectivity estimates and the selectivity curves
are presented in Fig. 8a. In the Mediterranean sea, this shrimp is

Fig. 11. Box-plot exploratory analysis of the reviewed selectivity studies in multi-species M
(DM38) and square-mesh (SM38) codends. AL: Arnoglossus laterna (scaldfish); IC: Illex coin
Mullus barbatus (red mullet); NN: Nephrops norvegicus (Norway lobster); PE: Pagellus ery
TM: Trachurus mediterraneus (Mediterranean horse mackerel); TMC: Trisopterus minutus
SM38 = Square-Mesh codends). The selection factor (SF) of a codend for a particular specie
opening.
arch 93 (2008) 8–21 19

subjected to an MLS of 2 cm of carapace length (CL) (EC Reg. 1967,
2006). Compared to the other species, the model best describing

the data was more complex (Table 4). Both codend catch weight
and trawling depth play a significant role for SR (p < 0.01), while
L50 is significantly affected only by mesh configuration (p < 0.05)
(Table 4). The estimated L50s values are 1.19 cm and 1.50 cm, for the
diamond- and square-mesh codend respectively, while the SR of
both codends is 0.24 cm (Fig. 8b). Considering that the size at 50%
of maturity ranges between 2.0 cm and 2.8 cm (Sobrino and Garcia,
1994; Relini et al., 1999), the use of both codends will tend to reduce
the spawning potentiality of the stock.

Sufficient data were collected in both codends to allow the
analysis of selection for Mediterranean horse mackerel (T. mediter-
raneus). Individual haul and mean curves are shown in Fig. 9a.
Retention was very high in the diamond-mesh codend. More than
45% of the individuals below the MLS of 15 cm (EC Reg. 1967, 2006)
that entered were retained, while in the square-mesh codend only
3% of the undersized individuals entered were retained. Only mesh
configuration had a significant effect on selectivity (p < 0.001). It
affected only the L50s, which were estimated to be 9.69 cm and
13.21 cm for the DM38 and SM38 codends, respectively. The esti-
mates of SRs were 2.59 cm with overlapping confidence intervals
(Table 4) (Fig. 9b).

editerranean demersal trawl fisheries. Selection factor (SF) is reported for diamond-
dettii (broad-tail shortfin squid); MM: Merluccius merluccius (European hake); MB:
thrinus (common pandora); PL: Parapenaeus longirostris (deepwater rose shrimp);
capelanus (poor-cod). CMC: Codend Mesh Configuration (DM38 = Diamond-Mesh;
s is the ratio of the 50% retention length (L50) and the mean measured codend mesh
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Poor-cod (T. m. capelanus) can be landed legally in Italy above
7 cm (DPR 163, 1968). Given the very low market value of poor-cod
of MLS or similar size, escape of fish above the MLS is not a cause
for concern to crews. Mesh configuration significantly affected only
L50 (p < 0.001) (Table 4), which decreased from 11.24 cm (SM38)
to 8.28 cm (DM38) (Fig. 10b). SRs were 1.77 cm with overlapping
confidence intervals (Fig. 10b).

4. Discussion and conclusions

In the present study we have compared the selectivity of a tradi-
tional 40 mm diamond-mesh codend and an experimental 40 mm
square-mesh codend in the Mediterranean demersal trawl fishery.

To deal with the multi-species characteristics of this fishery, the
comparison focused on the main commercial species of this area.
Some of them have already been examined in other Mediterranean
areas (Petrakis and Stergiou, 1997; Stergiou et al., 1997b; Bahamon
et al., 2006; Guijarro and Massutı́, 2006; Ordines et al., 2006; Sardà
et al., 2006; Tokaç et al., 1998), however, in many of these stud-
ies the low capture rates and poor selectivity have prevented the
estimation of single haul selectivity estimates and hence the use
of Fryer’s between-haul methodology (Table 5). In these situations,
selectivity curves have traditionally been estimated using pooled
data. Thus, it is not possible to explore explanatory variables and
the conclusions must be considered no more than an indication as
variance estimates are likely to be underestimated (Fryer, 1991).

It is also worth mentioning that in some of those studies (see
Table 5), selectivity was measured using the covered codend tech-
nique where the cover was not supported by circular hoops as
suggested by Wileman et al. (1996) and so there are likely to be
masking effects (Madsen and Holst, 2002).

Furthermore, the parameter estimates for European hake (M.
merluccius) obtained by Sardà et al. (2006), are extreme results
(Fig. 11) and may be caused both by the large mesh size used in the
control codend and by discrepancies between the applied paired-
gear method (Wileman et al., 1996) and the other covered codend
experiments (see Table 5). In fact, Frandsen et al. (2006a,b) and
Herrmann et al. (2007) pointed out that the reliability of selec-
tion parameters based on data from sea trials depends both on the
structure of the data collected and on the methods of measuring
gear selectivity and that paired-gear methods may lead to biased
results and overrepresentation of extreme parameter estimates.

During the critical review of the literature available (see Table 5

and Fig. 11) we noted that many experiments did not provide the
codend design and it was difficult for us to explain the variability
observed in the reviewed codend selectivity results. Codends may
vary in size, design and construction, material used, twine thick-
ness, joining ratio, and all may have an effect on selection (Kynoch
et al., 1999; Lowry, 1995; Lowry and Robertson, 1996; Sala et al.,
2006, 2007a,b; Shevtsov, 1979). In some cases where the informa-
tion was available the results were based upon nominal and not
measured mesh sizes (Ordines et al., 2006; Petrakis and Stergiou,
1997; Tokaç et al., 1998). In some others, the authors did not assess
the selectivity of the codend sensu-stricto, but they measured the
combined selectivity of the extension and the codend as the cover
enclosed both the two (i.e., Bahamon et al., 2006).

In the current studies, information from the seasonal trawl sur-
veys carried out along the Italian coasts (Ardizzone and Corsi, 1997)
have been used to identify locations and times with sufficient fish
so that a between-haul analysis of the selectivity of the main com-
mercial species could be carried out (Fryer, 1991).

The data analysed in this study were obtained in the course of
two different cruises, but the selectivity results for each species
were derived only from one or the other within the same area.
arch 93 (2008) 8–21

The selectivity of 40 mm diamond-mesh codend has been
reported to be rather poor because a large proportion of the codend
catch is immature and smaller than the minimum landing size or
first maturity size. For all the species considered in this paper,
the square-mesh codend plays a role which is as important as
mesh size. However, square-meshes were found to be unsuitable
for flat and/or deep-bodied fish as these escape more readily from
diamond-meshes. In particular in this study, better values of L50
were found for all species with the exception of scaldfish (A. lat-
erna).

In agreement with other studies (Bahamon et al., 2006; Guijarro
and Massutı́, 2006; Ordines et al., 2006), we confirm that all species,
with the exception of flat fish, make the best use of the square-
mesh opening, either because of their body shape or because of
forcing the mesh to penetrate their body through. In conclusion,
enforcement of installation of square-mesh codends in Mediter-
ranean demersal trawl fisheries can be a suitable technical solution
to decrease the capture of immature individuals.

The Council Regulation (EC) No. 1967/2006, concerning man-
agement measures for the sustainable exploitation of fishery
resources in the Mediterranean, establishes in Annex III the MLS of
marine organisms. However, the increase in L50 with square-mesh
would still not avoid some of the existing contradictions in allowing
the use of codend mesh which leads to a L50 that is lower than the
MLS, e.g. the MLS established for European hake (M. merluccius)
(20 cm) will not correspond to the selectivity of 40 mm square-
mesh (see Table 5). In agreement with Ordines et al. (2006), we
believe that the extent to which increasing selectivity can improve
the state of the resources depends upon the survival rate of the
escaped individuals. There is little or no escape survival data avail-
able for most Mediterranean species. Therefore, we encourage the
promotion of research programs to ascertain the survival rates for
Mediterranean fisheries and to assess the actual improvement that
could be achieved with a change of mesh configuration.
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Tokaç, A., Lök, A., Tosunoglu, Z., Metin, C., Ferro, R.S.T., 1998. Codend selectivities

of a modified bottom trawl for three species in the Aegean sea. Fish. Res. 39,
17–31.

Wileman, D., Ferro, R.S.T., Fonteyne, R., Millar, R.B., 1996. Manual of methods of
measuring the selectivity of towed fishing gear. ICES Coop. Res. Rep. 215, 126.


	Size selection by diamond- and square-mesh codends in multi-species Mediterranean demersal trawl fisheries
	Introduction
	Materials and methods
	Research vessel and trawl gear
	Sea trials and gear behaviour performance
	Selectivity data analysis

	Results
	Selectivity parameters

	Discussion and conclusions
	Acknowledgements
	References


