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Abstract

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 (diamond and square) on the size selectivity of nine

commercial species commonly captured in the Mediterranean demersal trawls. Two

codends having meshes with the same opening (ca. 39 mm, stretched) but different

mesh configuration (DM38: diamond-mesh and SM38: square-mesh configuration)

were fished daily and alternately on the same trawl. Selectivity was measured us-

ing the covered codend technique, the cover being supported by circular hoops. The

results were analysed taking into account the between-haul variation in selectivity.

Two other important external variables were identified: the trawling depth and the

codend catch, which for some species influenced between-haul variation, but there

was no evidence of a coherent effect on selectivity parameters.

Current results demonstrated a substantial improvement in selectivity with square-

mesh. The selectivity of 40mm diamond-mesh codend has been reported to be rather

poor because a large proportion of the codend catch is composed by juveniles (i.e.

virginal and early maturing) and smaller than the minimum landing size (MLS) or

first maturity size. With the exception of the flatfish (Arnoglossus laterna), the effect

of a change of mesh configuration from diamond- to square-mesh on size selectivity

positively affected the retention length at 50% (L50). Square mesh codend appeared

to protect individuals under the MLS of Nephrops norvegicus and Mullus barbatus

even if for some other species such as Merluccius merluccius, the increase in L50

with square-mesh would not avoid the catch of juveniles.

1 Introduction

The bycatch has become a priority issue for

global fisheries management during the last

two decades. The majority of interest in

bycatch has focused on demersal trawl fish-

eries because conventional otter trawls are

generally non-selective fishing gears and

so catch a wide range of unwanted species

and undersized individuals. Mediterranean

bottom trawl fisheries commonly imply

the capture of a large number and vari-

ety of commercially important species. In

this area the bottom trawl may simultane-

ously catch target species, such as whit-

ing (Merlangius marlangus), Norway lob-

ster (Nephrops norvegicus), hake (Merluc-

cius merluccius), squid (Loligo vulgaris),

short-finned squid (Illex coindetii), monk-

fish (Lophius spp.), red mullet (Mullus bar-

mailto:a.lucchetti@ismar.cnr.it


Fishery and Sea Resources

batus) or other species. Currently, Mediter-

ranean stocks are mainly managed and con-

served by regulations by defining closed ar-

eas and seasons, Minimum Landing Sizes

(MLS) and Minimum Mesh Sizes (MMS).

Nevertheless it is recognised that in multi-

species fisheries a MMS in the codend ap-

propriate for one species could be unsuit-

able for many others [1].

Traditionally the Mediterranean bottom

trawl codend is made of small diamond

meshes (in some cases minimum mesh

opening less than 40 mm stretched) re-

sulting in a very poor selective fishing

gear [2, 3]. At the moment, in Italy the

MMS of trawl codends is 40 mm stretched

mesh size, resulting in the capture of large

amounts of fish below the MLS. Improving

trawl net selectivity is therefore of prime

importance. The use of square-mesh co-

dends has been specified as a conserva-

tion requirement in the ICES regions [4].

Relatively little scientific work, however,

has been done to assess the selectivity of

square-mesh codend in the highly variable

multi-species conditions prevailing in the

Mediterranean demersal trawl fisheries [1].

In Mediterranean, some works have as-

sessed the codend selectivity for some

important species in demersal trawl fish-

eries; however, selectivity parameters have

been traditionally estimated for pooled data

within all hauls, while few studies used the

general framework, introduced by Fryer in

1991 [5], for modelling codend selectiv-

ity data in which between-haul variation is

modelled by allowing the selectivity curves

to vary randomly between hauls about a

mean selectivity curve with a given prob-

ability distribution.

The main goal of current study was un-

dertaken to analyse the effect, according

to [5], of inserting a 40 mm square-mesh

codend in a commercial Italian demersal

trawl, on selectivity of some commercially

important fish species and some species

with unknown selectivity. In fact, in or-

der to avoid further increases in mortality

rates for juveniles and to substantially re-

duce the amount of discards of dead ma-

rine organisms by fishing vessels, Council

Regulation (EC) No 1967/2006 [6], con-

cerning management measures for the sus-

tainable exploitation of fishery resources in

the Mediterranean establishes that it is ap-

propriate to provide for increases in mesh

sizes for trawl nets used for fishing for cer-

tain species of marine organisms and for

the mandatory use of square-meshed net-

ting.

2 Materials and methods

2.1 Research vessel and trawl

gear

The gear employed in the sea trials was a

typical Italian commercial 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 compris-

ing a 38 mm combined rope weighted with

80 kg of leads over its whole length (Fig-

ure 1). 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 mesh size (ms), but in one codend

the netting was rigged in square-mesh con-

figuration.

In the current work, we used a diamond-

codend with 280 meshes (nm - number of
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Figure 1: Design of the trawl adopted for the study during the first (30/08/04 - 07/09/04)

and second sea trials (22/09/04 - 06/10/04).

meshes) having nominal mesh size (ms)

of 40 mm and a fractional mesh open-

ing (fmo) of 0.25. Therefore, the ac-

tual fishing circumference (afc) is: acf =

0.25*40*280=2800 mm. To find out the

number of meshes of the square-mesh co-

dend (nms) to match at such circumfer-

ence, it is enough to divide it by the nom-

inal square-mesh size (or bar): nms =

2800/20=140 meshes.

2.2 Sea trials and gear be-

haviour performance

Samplings were conducted on the Italian

research vessel RV “Andrea” (1350x2 HP

at 2300 rpm; length over all 29.15 m and

Gross Tonnage 285 GT). Sea trials were

carried out in the course of two subse-

quent fishing cruises on two different fish-

ing grounds of the Central Adriatic nor-

mally exploited by local fishermen. The

first cruise took place from 30/08/04 to

07/09/04 at about 15-21 m of depth, ap-

proximately 5 nm off Ancona, and the sec-

ond from 22/09/04 to 06/10/04 in the Or-

tona depression also named Western Pomo

pit, at a depth of about 70 m.

The two codends were alternated daily on

the same trawl. Commercial practice was

followed with regard to trawling speed and

tow time.
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Table 1: Direct estimate of the selectivity parameters for the diamond- (DM38) and

square-mesh (SM38) codends. Mean values (in bold) and respective Standard Errors

(SE) of the retention length at 50% (L50) and Selection Range (SR) are reported for:

Arnoglossus laterna (AL), Illex coindettii (IC), Merluccius merluccius (MM), Mul-

lus barbatus (MB), Nephrops norvegicus (NN), Pagellus erythrinus (PE), Parapenaeus

longirostris (PL), Trachurus mediterraneus (TM) and Trisopterus minutus capelanus

(TMC). SF: Selection factor and v1, v2: maximum likelihood estimators of the selec-

tivity parameters; R: variance matrix measuring the within-haul variation; D: measures

the between-haul variation in the parameters v. Definitions of selection parameters: a)

The 50% retention length (L50) of a codend for a particular species is the fish length at

which 50% of the species entering the codend is retained. b) The selection range (SR) is

the length difference between the 75% retention length and 25% retention length. c) The

selection factor (SF) of a codend for a particular species is the ratio of the 50% retention

length and the mean measured mesh opening.

The actual mesh openings, measured us-

ing an ICES mesh gauge with 4 kg tension,

were 38.70 ± 0.73 mm for the diamond-

(DM38) and 38.65 ± 1.09 mm for the

square-mesh (SM38) codend.

Gear performance (i.e., door spread, hori-

zontal and vertical net openings) was mea-

sured on all hauls using the SCANBAS

SGM-15 system (SCANMAR, Norway).

A laptop automatically controlled data ac-

quisition and provided for real time correct

system functioning through a customized

software. The main goal of these measure-

ments 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 sup-

ported by circular hoops to keep it clear

of the codend and minimize masking ef-

fects [7]. The cover, made from the same

PA netting, was approximately 1.5 times

larger and longer than the codend, as rec-

ommended by [8].

2.3 Selectivity data analysis

For each haul, the retention probability r(l)

in the codend was modelled by means of
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Table 2: Alpha parameter estimates, standard deviation (SD), t-value, degrees of freedom

(dof) and p-value for the species studied. α is the vector that determines the direction and

magnitude of the influence of the explanatory variables on selectivity parameters (L50

and SR).

the logistic selectivity curve:

r(l) =
ev1+v2l

1 + ev1+v2l
, (1)

where r(l) is the probability that a fish of

length l is retained, given that it entered the

codend [9], and v̂ = (v1, v2)
T is the vector

of the selectivity parameters. The model

of between-haul variation proposed by [5]

was then used to investigate the between-

haul variation of the selectivity parameters

v1 and v2 by twine thickness, allowing a

mean curve to be estimated for each co-

dend mesh.

Finally the selectivity data were modelled

according to [5] by estimating the individ-

ual contribution of some explanatory vari-

ables to the selectivity parameters. All pos-

sible linear combinations of the selectivity

parameters as functions of the explanatory

variables mesh configuration (mi), fishing

depth (di) and codend catch size (ci) were

tested. All were adjusted as continuous

variables except for mesh configuration,
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Figure 2: Arnoglossus laterna (scaldfish). (a) Selectivity curves for individual hauls

(thin lines) and mean curve (thick line) according to [5]. (b) Confidence regions (95%)

for expected mean REML values of Selection Range (pred.SR) plotted against the 50%

retention length (pred.L50) calculated by the best model, based on the lowest value of

Akaike’s Information criterion (AIC). DM38: diamond-mesh codend; SM-38: square-

mesh codend.

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 [10].

The haul-by-haul maximum likelihood of

selectivity parameters for individual hauls

was estimated using the CC2000 software

[11]. Models, including between-haul

variation, were estimated using the EC-

Modeller software (Constat, 1995), which

adopts the REML method (REsidual Max-

imum Likelihood) proposed by [5].

Traditionally the results of a selectivity

analysis is a logistic curve were the inflex-

ion point coincide with the L50 or 50% re-

tention length.

3 Results

Overall, 21 valid hauls were performed

in the first cruise and 27 in the sec-

ond. The collected data allowed analy-

sis of the selection characteristics for 9

species: scaldfish (Arnoglossus laterna),

broad-tail shortfin squid (I. coindettii), Eu-

ropean hake (M. merluccius), red mullet

(M. barbatus), Norway lobster (N. norvegi-

cus), common pandora (Pagellus erythri-

nus), deepwater rose shrimp (Parapenaeus

longirostris), Mediterranean horse mack-

erel (Trachurus mediterraneus) and poor-

cod (Trisopterus minutus capelanus). The

REML parameter estimates of each codend

obtained from direct analysis (no fixed ef-

fects) are shown in Table 1. Individual

haul and mean curves are shown in Fig-

ure 2a to Figure 10a. The estimated al-

pha parameters of all species are listed in

Table 2, along with their standard devia-
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Figure 3: Illex coindettii (broad-tail shortfin squid). For the explanations see caption

Figure 2. Total length refers to the Mantle length.

tion and t-values, which indicates the rela-

tive importance of the variables in the mod-

els. Of all the external variables, mesh

configuration (mi) was consistently signif-

icant (p<0.001) in the between-haul varia-

tion for all species. With the exception of

scaldfish (A. laterna), square-mesh config-

uration positively affect L50 (Table 2), in

contrast there is no evidence of a coherent

significant effect on SR. Scaldfish was the

most abundant flatfish species and showed

a size range of aproximately 4-16 cm (to-

tal length, TL, as for all fish species). Both

the diamond- (DM38) and square-mesh co-

dend (SM38) demonstrated good selection

properties below 7 cm, as also revealed

by the high proportion escaping from the

codend (98% and 94% in the DM38 and

SM38, respectively) and retained by the

cover. Such a proportion is important as

regards fish that may be landed legally in

Italy (MLS: 7 cm, DPR 1639, 1968). How-

ever, escape of fish above MLS is of little

concern to crews, given the very low mar-

ket value of scaldfish around this size. In-

dividual haul and mean selectivity curves

for both codends are shown in Figure 2a.

Both L50 and SR were negatively affected

by mesh configuration (Table 2). Merely

for this flatfish species the square-mesh

was less selective and a highly significant

(p<0.001) decrease in expected L50 from

8.27 cm to 7.62 cm was calculated in cor-

respondence with the use of square-mesh

codend (SM38). Expected SR followed a

similar trend, being lower (0.79 cm) for the

square-mesh codend and increasing to 1.15

cm for the diamond-mesh codend (Figure

2b). In Mediterranean, broad-tail shortfin

squid (I. coindettii) is not subjected to any

MLS and may be always landed legally.

For several hauls it was one of the most

abundant species (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 codend. Only

mesh configuration appeared to positively

affect (p<0.001) both L50 and SR (Table

2), which the first increased from 4.89 cm

(DM38) to 8.60 cm (SM38) and SR from

0.97 cm to 1.82 cm (Figure 3b). All indi-
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Figure 4: Merluccius merluccius (European hake). For the explanations see caption Fig-

ure 2.

viduals of European hake (M. merluccius)

equal or above 20 cm, which is the MLS

[6] 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 present study the expected

L50, calculated using Fryer’s model (Fig-

ure 4b), declined from 14.11 cm to 8.30 cm

when the DM38 codend replaced the SM38

codend, while SR decreased significantly

from 3.64 cm to 1.75 cm (Figure 4b). No-

tably, for this species the model best de-

scribing the data (Table 2) showed that

fishing depth also significantly (p<0.001)

influenced SR (α8 = 0.011). Red mul-

let (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 [6]. Both

the expected L50 and SR estimates, ac-

cording to Fryer’s model (1991), demon-

strate a highly significant (p<0.001) in-

crease in the selectivity parameters with

the use of square-mesh (Table 2). The

change from diamond- to square-mesh in-

creased L50 from 7.89 cm to 10.75 cm,

while SR decreased significantly from 1.85

cm to 1.33 cm (Figure 6b). The model best

describing the data (Table 2) showed that

total catch size also negatively (p<0.01)

affected L50 (α7 = -0.006); therefore, a

mean catch size of 73 kg was used to cal-

culate the expected L50s in the model and

to compare the two codends. N. norvegi-

cus is very abundant in the Pomo pit area,

therefore it was very advantageous to carry

out here the selectivity of this species. 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)

[6]. Both the expected L50 and SR esti-

mates, according to Fryer’s model (1991),

demonstrate a highly significant (p<0.01)

increase in the selectivity parameters with

the use of square-mesh Figure 6b. The

change from diamond- to square-mesh in-

creased L50 from 1.56 cm (CL, DM38)

to 1.92 cm (CL, SM38), which is really

close to the MLS of this species. However,

SR increased significantly from 0.19 cm

(DM38) to 0.35 cm (SM38) (Figure 6b).
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Figure 5: Mullus barbatus (Red mullet). For the explanations see caption Figure 2.

The model, best describing the data (Ta-

ble 2), showed that total catch size nega-

tively (p<0.05) affected L50 and positively

the SR (p<0.01); therefore, the mean catch

size of 44 kg was used to calculate the

expected L50s in the model and to com-

pare the two codends. The MLS of com-

mon pandora (P. erythrinus) in the Mediter-

ranean is 12 cm [6]. Use of the square-

mesh resulted in a significant (p<0.001)

improvement in L50, which increased from

7.65 cm to 9.68 cm when the DM38 co-

dend was replaced by the SM38 codend

(Figure 7b). Also in the SR there was an

improvement with the use of square-mesh,

in this case the expected SR followed an

opposite trend, being higher (2.54 cm) for

the DM38 codend and decreasing to 1.37

cm for the SM38 codend (Figure 7b). For

this species the model best describing the

data (Table 2) showed that fishing depth

negatively (p<0.01) influenced SR (α8 =

-0.071). Deepwater rose shrimp (P. lon-

girostris) was caught at depths more than

150 m. Selectivity estimates and the se-

lectivity curves, based of Fryer’s model are

presented in Figure 8a. Compared to the

other species, the model best describing the

data was more complex (Table 2). Both

codend catch size and fishing depth have

played a significant role for SR, whilst L50

has been affected only by mesh configura-

tion, particularly the values estimated for

L50s were 1.19 cm and 1.50 cm, respec-

tively for the diamond- and square-mesh

codend (Figure 8b). The MLS for this

species is 2.0 cm carapace length [6]. Esti-

mates of SRs were 0.24 cm, with overlap-

ping confidence intervals (Figure 8b). In

Mediterranean, this shrimp is not subjected

to any MLS, however considering that the

size at 50% of maturity ranges between 2.0

cm and 2.8 cm, the use of both codends

tends to reduce the spawning potentiality of

the stock, determining the direct (by cap-

ture) death of a great amount of shrimps,

the most part still immature. Individual

haul and mean curves for T. mediterraneus

are shown in Figure 9a. Retention was very

high in the diamond-mesh codend, partic-

ularly a fraction of more than 45% of the

individuals below the MLS of 12 cm [6]

entered was retained, whilst in the square-

mesh codend only 3% of the undersized
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Figure 6: Nephrops norvegicus (Norway lobster). For the explanations see caption Figure

2.

individuals entered was retained. Only

mesh configuration had a highly significant

(p<0.001) effect on selectivity, however it

affected only L50 (Table 2), while the es-

timates of SRs were 2.59 cm with overlap-

ping confidence intervals. L50 estimates of

9.69 cm and 13.21 cm were obtained for

the DM38 and SM38 codends respectively,

with non-overlapping confidence intervals

(Figure 9b). Given the very low market

value of poor-cod (T. minutus capelanus)

of MLS or similar size (7 cm; DPR 1639,

1968), escape of fish above the MLS is not

a cause for concern to crews. Mesh con-

figuration appeared to affect significantly

(p<0.001) only L50 (Table 2), which de-

creased from 11.24 cm (SM38) to 8.28 cm

(DM38) (Figure 10b). SRs were 1.77 cm

with overlapping confidence intervals (Fig-

ure 10b).

4 Discussion and conclu-

sions

The present study provides information on

the 40 mm diamond mesh and 40 mm

square mesh codends performances in the

Mediterranean demersal trawl fishery. It

highlights the existing problem regarding

the very poor selection of the traditional

diamond mesh used by bottom trawlers

in multi-species fisheries of the Mediter-

ranean sea, as already showed in recent

studies [2, 12]. To deal with the multi-

species characteristics of this fishery, the

comparison was focused on the main com-

mercial species of this area. Some of them

were already studied in other Mediter-

ranean areas [13, 14, 15, 16, 17, 12, 18],

however in many cases the low captures

and the poor selectivity prevented to es-

cape enough specimens and the estimation

of size selectivity parameters using Fryer’s

methodology was unsuitable. In these situ-

ations, selectivity curves have been tradi-

tionally estimated for pooled data within

all hauls for which controlled parameters
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Figure 7: Pagellus erythrinus (common pandora). For the explanations see caption Fig-

ure 2.

remain unchanged, however the conclu-

sions must be considered no more than an

indication as any variance estimates will

surely be underestimated [5]. Worthy of

mention is that in some of those studies

(see Table 3), selectivity was measured us-

ing the covered codend technique where a

cover was not supported by circular hoops

as suggested by Main and Sangster (1991)

and likely this does not prevented mask-

ing effects. Furthermore, the parameter

estimates for European hake (M. merluc-

cius) obtained by [12], are extreme results

and may be caused both by the large mesh

size used in the control codend and by dis-

crepancies between the applied paired-gear

method and the other covered codend ex-

periments (see Table 3). In fact, [19], [20]

and [21] pointed out that the reliability of

selection parameters based on data from

sea trials depends both on the structure of

the data collected and on the methods of

measuring gear selectivity. Recent stud-

ies confirmed that the methods referred to

as paired-gear methods [9] may lead to bi-

ased results and overrepresentation of ex-

treme parameter estimates (Frandsen et al.,

2006a, 2006b), [21]. We noted that many

experiments did not provided the gear de-

sign and it was difficult for us to explain

the variability observed in the reviewed se-

lectivity results. Usually selectivity data

are normally presented for a specific gear.

Different gears of the same type may vary

in size, design and construction, material

used, rigging and operation, and all may

have an effect on selection [22, 23, 24].

However, where the information was avail-

able we take note of missing measure-

ment of the mesh openings [17, 13, 18]

and the results were based upon nominal

mesh sizes. In some others the authors

did not assessed the selectivity of the co-

dend sensu-strictu, but they measured the

combined selectivity of the extension and

the codend as the cover enclosed both the

two (i.e. [15]). In the current studies,

using the information from the seasonal

trawl surveys carried out along the Italian

coasts we decided a suitable location of ar-

eas and period to assess the selectivity of

the main commercial species according to
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Figure 8: Parapenaeus longirostris (deepwater rose shrimp). For the explanations see

caption Figure 2.

[5]. Data analysis showed that the differ-

ent mesh configurations (square and dia-

mond) did not seem to influence the gear

performance and the general behaviour of

the net. The data analysed in this study

were obtained in the course of two differ-

ent cruises, but the selectivity results for

each species were derived only from one or

the other within the same area. The selec-

tivity of 40-mm diamond-mesh codend has

been reported to be rather poor because a

significant 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 es-

cape 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. laterna). In

agreement with other studies [15, 16, 17],

we confirm that all species, with the ex-

ception 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 Mediterranean de-

mersal trawl fisheries can be a suitable al-

ternative to decrease the capture of imma-

ture individuals. The Council Regulation

(EC) No 1967/2006, concerning manage-

ment measures for the sustainable exploita-

tion of fishery resources in the Mediter-

ranean, establishes in Annex III the Mini-

mum Landing Sizes (MLS) of marine or-

ganisms. However, the increase in L50

with square-mesh would not avoid some of

the existing contradictions in allowing the

use of codend mesh which leads to lower

L50 than the MLS, such as the MLS estab-

lished for European hake (M. merluccius))

which will not correspond to the selectiv-

ity of 40 mm square-mesh. According to

[17], we believe that the improvement of

the resources state, by increasing selectiv-

ity, depends upon the survival rate of the

escaped individuals. In this sense, the data

available is scarce and even null in the case
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Figure 9: Trachurus mediterraneus (Mediterranean horse mackerel). For the explana-

tions see caption Figure 2.

of many Mediterranean species. There-

fore we encourage the promotion of re-

search programs on different fishing tech-

nology aspects in order to know the sur-

vival rates for Mediterranean fisheries and

to assess the actual improvement that could

be achieved with a change of mesh con-

figuration. In according with [12] the re-

sults described in this paper allowed us to

conclude that square mesh codend is not

a definitive solution of the low selection

properties of the traditional bottom trawl

net but it could represent a reasonable, sim-

ple and inexpensive solution waiting for

the implementation of more sophisticated

tools, such as the separator grids, recently

experimented by Sala and Lucchetti in the

Adriatic sea.
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Figure 10: Trisopterus minutus capelanus (poor-cod). For the explanations see caption

Figure 2.
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Table 3: Review of selectivity studies in multi-species Mediterranean demersal trawl fish-

eries. Selection parameter estimates: mean values of the retention length at 50% (L50),

Selection Range (SR) and Selection factor (SF) are reported for diamond- (DM38) and

square-mesh (SM38) codends. MLS: Minimum Landing Size. MI: method for the es-

timation of the selectivity (FM=Fryer’s method; PD=pooled data). MS: Codend mesh

size. CMC: Codend Mesh Configuration (DM38=Diamond-Mesh; SM38=Square-Mesh

codend). Definitions of selection parameters: The 50% retention length (L50) of a co-

dend for a particular species is the fish length at which 50% of the species entering the

codend is retained. The selection range (SR) is the length difference between the 75%

retention length and 25% retention length. The selection factor (SF) of a codend for a

particular species is the ratio of the 50% retention length and the mean measured mesh

opening.
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