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Abstract – Square mesh panels (SMPs) are often integrated into trawl sections ahead of diamond-mesh codends to
improve release efficiency of undersized individuals of some species. Often, these release panels are integrated into the
top panel of the trawl. This is particularly true for some mixed-trawl fisheries in western European Atlantic waters,
where a diamond-mesh codend with a mesh size of only 70 mm can be applied, on the condition that an SMP with a
mesh size of at least 100 mm is integrated into the upper panel of the trawl. The purpose of this SMP is to avoid catching
undersized hake, for which the codend of 70 mm diamond mesh has been shown to have insufficient release potential.
However, some studies have demonstrated this configuration to have poor release efficiency because most of the hake
simply do not make contact with the SMP. Based on these poor results, we tested the release efficiency using 10 m
long SMPs, integrated into the sides of the trawl in the last tapered section of the belly. The system is supplemented
by a pentagon-shaped device, mounted in the belly to guide fish towards the SMPs. Based on the data collected we
quantified the contact probability, i.e. the fraction of individuals that, during their travel towards the codend, came into
contact with the SMPs to be size selected by them. Analysis revealed that 62% of hake (Merluccius merluccius), 44% of
four-spotted megrim (Lepidorhombus boscii), 51% of Norway lobster (Nephrops norvegicus), and 41% of blackmouth
catshark (Galeus melastomus) made contact with the SMPs. Therefore, the contact probability estimated for side long
escape panels (SLEP) by far exceeded that of SMPs integrated into the top of the gear. Based on these promising results,
SLEP might be a potential tool for improving species and size selection also in other trawl fisheries where the traditional
use of SMP’s is not effective.
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1 Introduction

Unselective fishing is the main cause for the high bycatch
rates associated with demersal trawl fisheries (Kelleher 2005).
Once on-board, these incidental catches are sorted and often
thrown back to sea dead or dying. Discarding is a widespread
fishing practice and one of the biggest issues in world fish-
eries (Catchpole et al. 2005; Kelleher 2005). Its occurrence
is often associated with the prevalence of management regu-
lations controlling what the fishermen land on harbour with-
out influencing what they catch. Rather than incentivising
selective fishing to avoid unintended catches, these manage-
ment strategies encourage fishermen to discard those catches
not allowed to land or with no commercial interest for them

a Corresponding author: juan.santos@thuenen.de
b Equal authorship

(Rochet and Trenkel 2005; Bellido et al. 2011). Discarding
is widely seen as an unnecessary waste of natural resources
that compromises the sustainability of fish stocks and fish-
eries (Hall et al. 2000). It decreases the efficiency of fish-
ing operations and changes the trophic flows in foodwebs
and entire ecosystems (Greenstreet et al. 1999; Catchpole
et al. 2005). This perception has motivated regional or na-
tional political bodies to adopt concrete actions to reduce or
completely avoid discards in commercial fisheries (Diamond
and Beukers-Stewart 2011). The Landing Obligation (LO) for
quoted species adopted by the European Common Fisheries
Policy (CFP) reform (EU1380/2013) is the most recent mile-
stone to shift the old paradigm in fisheries management; it
seeks to prompt fishermen to find their own technical solu-
tions towards more selective fishing, a stepping-point to pro-
gressively phase out discards in European fisheries.
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Altering codend selectivity has been one of the most used
strategies to reduce the bycatch of undersized fish and thereby
discarding in trawl fisheries. More recently, an increasing num-
ber of alternative selective devices have been developed to ad-
dress specific bycatch problems (Glass 2000; Catchpole and
Revill 2008). Square mesh panels (SMPs) are simple selec-
tive devices usually applied in demersal trawl fisheries when
codend selectivity alone is not sufficient to prevent catches
of unintended species or sizes (Catchpole and Revill 2008).
The functioning of SMPs utilizes escape behaviour of bycatch
species and facilitates escape by maintaining open mesh geom-
etry in a certain area of the gear (Arkley 1990; Briggs 1992).
The conceptual simplicity, and the effectiveness demonstrated
for some gadoid species (Arkley 1990; Briggs 1992), have
made SMPs one of the most tested and applied additional se-
lection devices in Norway lobster fisheries in the past decades
(ICES 2003; 2004). For SMPs to work efficiently in these fish-
eries, it is necessary that fish identify the potential escape zone
(the section of the gear where the SMP is mounted), altering
their swimming path towards the SMP to make contact with
it. In this context, contact can be defined as the attempt made
by the fish to use the selection device to escape (Sistiaga et al.
2010; Santos et al. 2015). Once such contact occurs, the size
selection properties of the device will determine the possibil-
ities of escapement for the fish. Several studies have inves-
tigated ways to improve SMP efficiency, by testing different
panel dimensions (Armstrong et al. 1998; Graham and Kynoch
2001; Herrmann et al. 2015), different positions along the trawl
(O’Neill et al. 2006; Herrmann et al. 2015), and the addition of
multiple SMPs (Revill et al. 2007). In contrast to the variation
in designs found in the literature, inserting SMPs in the up-
per panels of the trawl is a widespread strategy (Briggs 1992;
Armstrong et al. 1998; Zuur et al. 2001; O’Neill et al. 2006;
Frandsen et al. 2009). With this approach, it is assumed that
fish will actively alter their swimming direction upwards to en-
counter the SMP, although the natural behaviour of many fish
species is to stay clear of the netting around them (Glass 2000).
On the other hand, it is reasonable to expect low contact prob-
ability for species swimming close to the bottom net panel,
or for those species not perceiving the presence of the SMP
in the travel towards the codend. Such behaviour can explain
for example the poor release efficiency of this device observed
in the Norway lobster fishery in the Bay of Biscay (Nikolic
et al. 2015; Alzorriz et al. 2016), where fishermen are allowed
to use diamond-mesh codends with a mesh size of 70 mm,
on the condition that an SMP with a mesh size of at least
100 mm is integrated into the upper panel. Using French on-
board-observer data, Nikolic et al. (2015) have demonstrated
that SMPs mounted in the top of the net ahead of the codend
did not mitigate the fishery’s bycatch problem, and the catch of
small hake remains high. The findings of Nikolic et al. (2015)
are consistent with recent sea trials carried out in an equiva-
lent Basque trawl fishery, which estimated that only ∼4% of
hake entering the gear make contact with the standard SMP
(Alzorriz et al. 2016). This low contact probability indicates
that hake does not use the escaping zone; therefore, it cannot
be expected to reduce bycatch of undersized hake substantially
by inserting an SMP on the top of the net.

Contrary to the widespread strategy for utilizing SMPs,
this paper investigates an alternative selection system based
on positioning two long SMPs (hereafter referred to as side
long escape panels (SLEP)) into the lateral sides of the trawl
belly. The new selection system includes a guiding device to
enhance fish contact with the SLEP. Mounting selective de-
vices in the sides of the gear has been demonstrated to be effi-
cient in releasing small roundfish (Swedish codend) (Madsen
2007) or flatfish species (FRESWIND) (Santos et al. 2015). In
the present study, the aim with this alternative positioning is
to increase the probability that species such as hake are size-
selected by the SMP on their way to the codend. The SLEP
was developed to reduce the high bycatch rates observed in
the Northwest Iberian bottom otter trawl fishery (fleet segment
SP_OTB_DEF_01). The concept relies on fishermen observa-
tions, who during their fishing activities often notice high con-
centrations of fish meshed in the lateral sides of the trawl belly,
indicating that many fish contact the netting naturally at this
area of the trawl. Unlike SMPs inserted in the top panel, the
effectiveness of SLEP does not rely on changes in the individ-
ual’s swimming direction in the presence of SMPs. Rather, it
utilizes their natural swimming path towards the codend.

Fernandes et al. (2015) analyzed the discard composition
of the Iberian bottom otter trawl fishery using data from the
Spanish on-board sampling programme and found that the
highest discards rates (more than 50% of total catch) occurred
during trips targeting demersal species including anglerfish
(Lophius spp.), hake, and four-spotted megrim (hereafter re-
ferred to as megrim). Specifically for the target species, the
high annual discard rates estimated for hake (ranging from
∼14% to ∼40% of the total catch weight, between 2011 and
2013) and megrim (from 24% to ∼41% for the same period;
ICES 2015). were of concern. It is mandatory for the tar-
get fleet segment to use diamond-mesh codends with a mesh
size of at least 70 mm (Real Decreto1441/1999). However, the
fleet’s high discard volume estimated in recent years indicates
that codend selectivity is not sufficient to reduce the bycatch
in the fishery. This problem makes the fishery a perfect case
study to test the SLEP.

The aim of this study is to assess the efficiency of SLEP to
release fish from the gear before they enter the codend, and its
potential application to reduce the bycatch in demersal mixed
fisheries. Specifically, we are interested in assessing the advan-
tages of inserting the SMPs in the lateral sides of the gear to
achieve high probability of fish contact.

2 Materials and methods

2.1 SLEP design and experimental gear

The SLEP consisted of net pieces 10 m in length mounted
on the lateral sides of the aft part of the belly section. Diamond
polyethylene (PE) netting with 110 mm mesh size and 3 mm
single twine was used, but was turned 45◦ to force the mesh
to assume a square shape during fishing. In addition, two
net pieces forming a pentagon-shaped guiding device were
inserted in the belly to further improve the probability that
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Fig. 1. Functioning scheme with constructive details of SLEP. The
pentagon-shaped device is intended to guide fish towards the lateral
sides of the belly, where the SMPs are mounted. After contacting the
SMPs, the probability that a fish will escape is determined by the size-
selective properties of the open meshes. Bottom right: Front view of
a scaled-up version of SLEP.

fish will contact the lateral SMPs. The pentagon-shaped guid-
ing device was constructed using 80 mm mesh size 2.5 mm
single-twine diamond netting, and the total length was 13 m
(125 meshes). The vertex of the “V” was oriented towards the
front of the gear and the endpoints towards the sides of the
belly, to guide fish sideways towards the SLEP zone (Fig. 1).
The strategy of mounting a guiding device in the central path
of the cross section of the gear to encourage fish contact with
the escape windows is analogous to the strategy applied in the
FRESWIND concept, which also includes a deflector mounted
in front of the escape zone (Santos et al. 2015).

SLEP and the pentagon-shaped guiding device were
mounted in a standard four-panel gear introduced in the com-
mercial fishery in recent decades. The vertical dimensions of
SLEP were 20 meshes in the fore decreasing to 12 meshes
in the aft, and were defined considering the height of the
lateral sides of the gear where the panels were mounted
(∼1 m and 0.6 m, respectively), with the aim of keeping the
turned meshes of the SLEP open during towing. The exper-
imental gear was tested in commercial conditions using a
fishing vessel from the northwest Iberian bottom otter trawl
fleet. The trawl was rigged with TPC-5 model doors, weigh-
ing 850 kg and connected to the trawl by 260 m Polysteel
sweeps and 15 m bridles. The footrope was made of steel
wire covered with 80 mm diameter rubber discs, and the total
length/weight was 80 m/440 kg. The codend was constructed
using 75 mm nominal-sized diamond mesh, according to Span-
ish regulations (Real Decreto 1441/1999).

2.2 Species investigated

Four species were selected for the investigation from the
list of species available in the catches: hake and megrim, two of
the most important target species, which present high discard
ratios in the fishery, Norway lobster, a valuable target species
in Europe, but not considered a primary target species in the

Fig. 2. Spatial distribution of the experimental hauls with the F/V
Nuevo San Cibrán.

fishery investigated because of its scarcity on the local fishing
grounds, and black-mouthed catshark (hereafter referred to as
catshark), the bycatch species with the largest discard volume.

2.3 Sea trials and data collection

Sea trials were conducted using the commercial vessel
“Nuevo San Cibrán”, an otter trawler, with 490 HP and 27.9 m
long, which is representative of the demersal mixed fishery in
western Galician waters (ICES VIIIc–IXa; Fig. 2).

Two PE covers made of 40 mm diamond mesh were at-
tached to the sides of the belly where the SLEP was inserted,
and the catches obtained in both side covers were put in a
single bin during the data collection (hereafter referred to as
compartment P). A codend cover (CC) 17.5 m long of 40 mm
diamond mesh was used to collect codend escapees (Fig. 3).
Two hoops were mounted in the cover codend to prevent phys-
ical contact between the cover and the codend. Codend catches
were separated into two compartments: the catch fraction re-
tained on board for landing (R), and the discarded catch frac-
tion (D). The design of the hoops with insufficient diameter
(considering the recommendations stated in Wileman et al.
1996), and the small catches observed in the CC compartment,
led to concern that the cover might have masked the codend
meshes during the sea trials, affecting its selectivity. There-
fore, catch information from the R, D, and CC compartments
were treated as single compartments in subsequent analysis.

Catch sampling was carried out separately for each com-
partment. A total of 54 species or group of species, including
fish and invertebrates, were observed in the catches. The large
number of species observed forced subsampling over the dif-
ferent hauls. Target fish species were measured to the half cen-
timetre below (total length), while Norway lobster were mea-
sured to the millimetre below (cephalothorax length).
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Fig. 3. Compartment-wise experimental design applied to the data
collection. P represents the side panel compartments; the codend
compartment is a combination of three different subcompartments:
codend landed catch (R), codend discarded catch (D), and cover co-
dend catches (CC).

2.4 Data analysis

2.4.1 Modelling release efficiency of the SLEP

We define the release efficiency of the SLEP as the proba-
bility for a fish to escape through one of the SMPs. Mathemat-
ically this is described with the following structural model:

eSLEP (l, v) = C × (1 − rc (l, L50, S R)) . (1)

This model (Eq. (1)) quantifies the length-dependent prob-
ability for a fish to be released through the SMPs, where
u = (C, L50, S R). Model (1) is similar in structure to the model
used by Zuur et al. (2001) to describe the escape probabil-
ity for haddock and whiting through a SMP inserted into the
top section of the extension piece. The functional structure of
model (1) accounts for the fact that not all fish necessarily
come into contact with the SMPs. As a consequence, the prob-
ability that a fish will make contact with the SLEP is modelled
by a length-independent number C, which was constrained to
the interval [0.0, 1.0]. A value of C = 1.0 estimates that all

fish entering the SLEP zone will make contact with the selec-
tive device, while if, for example, C = 0.5, then the probabil-
ity of contact falls to 50%. Once a fish makes contact with the
SLEP, the probability that it will escape depends on whether
or not it can pass through the open mesh, being the later part
of the condition modelled by the function rc(l, L50, S R). This
function quantifies the probability that fish with length l are
retained by the escape panels, on the condition that fish make
contact with the panel. The parameter L50 represents the fish
length with 50% probability of retention by SLEP, and SR is
the length range between lengths with 75% and 25% probabil-
ity of retention. Three different functions, logit (Eq. (2)), pro-
bit (Eq. (3)), and Gompertz (Eq. (4)), often used for modelling
codend size selectivity (Wileman et al. 1996), were considered
here as potential candidates to describe rc (l, L50, S R):

rc (l, L50, S R) =
exp

(
ln(9)×(l−L50)

S R

)
1 + exp

(
ln(9)×(l−L50)

S R

) (2)

rc (l, L50, S R) ≈ Φ
(
1.349 × (l − L50)

S R

)
(3)

rc(l, L50, S R) ≈ exp

(
− exp

(
1.573 × (l − L50)

S R
− 0.366

))
.

(4)

The logit function (Eq. (2)) is the most applied in selectivity
studies, and usually provides curves with slightly flatter tails
than the probit function (Eq. (3)), where Φ is the cumulative
distribution function (CDF) of a standard normal distribution
(Wileman et al. 1996). The Gompertz function (Eq. (4)) pro-
vides asymmetric curves, in contrast to the symmetric curves
estimated by equations (2) and (3).

Information on the number of fish measured in the differ-
ent compartments (Pil, Ril, Dil, CCil) and the corresponding
subsampling ratios (qPi, qRi, qDi, qCCi) was collected sep-
arately for each haul. For each of the models, we searched
for the parameters which make the observed experimental data
most likely. Therefore, we minimized the following function:

−
∑

l

haul∑
i

{
Pil

qPi
× ln (eS LEP(l, v)) +

(
Ril

qRi
+

Dil

qDi
+

CCil

qCCi

)

× ln (1 − eS LEP(l, v))

}
, (5)

where i denotes summation over hauls, l denotes summation
over length classes.

The choice of a single model among the three candidate
models was based on the AIC value (Akaike 1974). Therefore
the model resulting in the lowest AIC value was chosen to de-
scribe the size selection by SLEP for a given species. Evalua-
tion of the ability of the selected model to describe the data suf-
ficiently well was done following the recommendations stated
in Wileman et al. (1996). The first diagnosis was done by cal-
culating the p-value on the Pearson’s Chi-squared statistic. The
p-value expresses the likelihood for obtaining, by coincidence,
at least as large a discrepancy between the fitted model and
the observed experimental data. This p-value is based on test-
ing the null hypothesis, that the modelled length-dependent
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release efficiency and the observed experimental data belong
to the same length-dependent distribution. Therefore, this p-
value should not be <0.05 for the fitted model to be a candidate
to model the size-selection data. To calculate this fit statistics,
data were pooled without raising them, to avoid making them
appear artificially stronger than they are. If the model selected
did not produce an acceptable p-value, it had to be determined
whether the failure was caused by the model’s inability to de-
scribe the length-based structure of the data, or simply caused
by overdispersion in the data. We plotted the modelled curve
against the experimental rates to check for patterns in the devi-
ations between model and data (Wileman et al. 1996; Madsen
et al. 2012). In case of no clear pattern, we would assume that
poor fit statistics would be due to overdispersion in data.

2.4.2 Indicators for SLEP release efficiency

Three indicators were calculated for each species, to help
evaluate the SLEP’s effectiveness at releasing fish from the
gear. Contrary to the size-selection properties, which provide
information independent of the size structure of the fished pop-
ulation, the indicators defined in this section depend directly
on the size structure of the population. Thus, these indica-
tors supplement the evaluation of size-selective properties with
properties that depend directly on a population size structure in
the specific fishery. The following indicators were used:

nP =

∑
l
∑haul

i
Pil
qPi∑

l
∑haul

i

(
Pil
qPi
+

Ril
qRi
+

Dil
qDi
+

CCil
qCCi

) . (6)

nP is the proportion of fish over the full range of length classes
released by the SLEP. In addition we evaluated such propor-
tions for the catch fractions below and above minimum landing
size (MLS). Therefore nP− and nP+ represent the proportion
of fish below and above MLS that escaped through the SLEP.
The indicators nP− and nP+ were only applied to species with
MLS (hake, MLS = 27 cm, total length; megrim = 20 cm, to-
tal length; Norway lobster = 2 cm, cephalothorax length (EC
850/98)).

2.4.3 Assessment of confidence intervals

The 95% confidence intervals (CIs) for the averaged es-
cape curve eS LEP(l, u) (model 1), and for model parameters
u = (C, L50, S R), were estimated using double bootstrap-
ping, based on the technique introduced in selectivity studies
by Millar (1993). The double bootstrap technique takes into
account both the within-haul and between-haul variation in the
release efficiency of the SLEP. To account for the between-
haul variation, the experimental hauls were resampled with re-
placement at each bootstrap iteration until the same number
of hauls as the original dataset was reached. Within each re-
sampled haul, the data for each length class was resampled
with replacement to account for the within-haul variation. The
inner resampling of the data in each length class was per-
formed prior to the raising of the data, to avoid underestima-
tion of the within-haul variation. Each bootstrap iteration re-
sulted in a “pooled” set of data, which was then analyzed ac-
cording to equation (1), resulting in an individual eS LEP (l, u)

curve. This procedure was repeated a total of 2000 times,
and the simulated population of results were used to calcu-
late the “Efron percentile” 95% confidence limits (Efron 1982;
Chernick 2007) for the eS LEP (l, u) curve and the selective pa-
rameters u = (C, L50, S R). This approach, which avoided
underestimating CIs when averaging over hauls, is identical
to the one described in Sistiaga et al. (2010), Eigaard et al.
(2012), and Herrmann et al. (2012). The CIs for nP−, nP+, and
nP were also assessed by including these parameter estimates
in the same bootstrap scheme used for eS LEP (l, u).

The size selectivity analyses were performed using the
software tool SELNET. Additional information about the soft-
ware can be found in Sistiaga et al. (2010), Frandsen et al.
(2011), Wienbeck et al. (2011), and Herrmann et al. (2012).

3 Results

Between 21 and 25 May 2012, 13 valid hauls were per-
formed using the test gear, in the same area where the vessel
operates during commercial fishing (Fig. 2). All hauls were
conducted during daylight hours and in good weather condi-
tions (1–3 Beaufort scale). Fishing depth ranged from 142 m to
421 m (average depth 303 m), while fishing duration varied be-
tween 2 and 5 h (Table 1). Megrim was the species taken most
frequently during the sea trials and was observed in all ex-
perimental hauls. In all, 1930 megrim individuals were length
measured over hauls. Hake was observed in 12 hauls (1276 in-
dividuals measured), while Norway lobster and catshark were
only observed in 9 hauls (744 and 554 individuals measured,
respectively; Table 1).

3.1 Modelling release efficiency of the SLEP

The Gompertz model was identified as the best model
(AIC) for describing hake and Norway lobster data, while pro-
bit was chosen for megrim data. All candidate models yielded
the same AIC value for the catshark; therefore, the logit model
was selected for this species analysis, because it is the most
common model used in selectivity studies (Table 2).

All models selected to describe the experimental data had
poor fit statistics, with p-values <0.001 (Table 3). A visual in-
spection of Figure 4 indicated that all models provided rea-
sonably good descriptions of the structure of the experimen-
tal data, except for hake above 30 cm, where the data of a
few length classes do not follow the main trend of the curve.
This problem is caused by the low catches obtained for hake
above 30 cm (Fig. 4), which is well reflected by the wide CI
provided by the double bootstrapping method. It was therefore
assumed that the low p-values obtained for megrim, Norway
lobster and catshark were caused by overdispersion in the ex-
perimental data. Based on this, we were confident in applying
the selected models to describe the release efficiency of the
SLEP for each species investigated, with the exception of hake
above 30 cm. The contact probability estimated by the SLEP
release-efficiency model for hake obtained the highest value
of all species studied (C = 0.62 (0.45–1.00); Table 3). Con-
sidering the CI associated with the hake contact probability, it
is likely that at least 45% of all hake entering the SLEP zone
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Table 2. Calculated AIC value for the candidate models for describ-
ing SLEP release efficiency. Selected models’ values in bold.

Model Hake Megrim Norway lobster Catshark
Logit 15403.09 6121.35 2358.91 5800.38
Probit 15401.87 6118.25 2361.16 5800.38

Gompertz 15394.72 6125.64 2357.59 5800.38

attempted to escape through the SMPs. The species with the
second highest contact probability was Norway lobster (C =
0.51 (0.14–1.00)), but the wide CI associated with the expected
value reduced the inferential power of the estimate. The low-
est contact probabilities were found for megrim and catshark,
with average values below 50% (C = 0.44 (0.14–1.00) and
C = 0.41 (0.18–0.53), respectively).

The size selectivity for the hake making contact with the
SLEP yielded an L50 = 33.87 cm (14.88–46.17 cm), a value
∼7 cm above the MLS. This L50 value and the reduced propor-
tion of fish with lengths above MLS observed in the catches,
explains why most hake were observed in the side covers
(Fig. 4). On the other hand, the large selection range (S R =
18.98 cm (0.10–48.10 cm)) explains the slow decrease in re-
lease efficiency with increasing fish length (Fig. 4). The av-
erage contact L50 estimated for megrim was below species
MLS (L50 = 15.47 cm (6.63–21.23 cm)), while the selec-
tion range was less than half of the value estimated for hake
(S R = 7.26 cm (1.02–13.52 cm)), providing a sharper escap-
ing curve for the flatfish. The estimated L50 for Norway lobster
was above the species MLS (L50 = 3.20 cm (0.10–5.16 cm)),
which could result in considerable economic loss if this species
were a primary target species of the fishery. Contrary to the
other species, the length-dependent catch proportions of cat-
shark in the lateral covers do not show a clear size selection
signature. This lack of trend results in a very low estimation
of the selection range value (S R = 0.10 (0.01–1.82)), which
explains the knife-edge shape of the estimated curve (Fig. 4).
Finally, the length of 50% retention for catshark is estimated
with high uncertainty (L50 = 28.35 cm (23.23–63.71 cm)).

3.2 Indicators for SLEP release efficiency

The population-dependent indicators estimate that be-
tween ∼42% and ∼70% of the total number of hake en-
tering the gear would escape through SLEP during fishing
nP = 59.17% (41.87–69.31%; Table 4). The values of the
indicator that summarizes average percentage of retained in-
dividuals below MLS provided results similar to the previ-
ous ones (nP− = 59.80% (44.01–69.82%)), while the ex-
pected marketable catch losses were estimated at 24.14%,
(nP+ = 24.14% (5.38–50.57%)). The adoption of the SLEP in
the fishery would also help reduce the bycatch of undersized
megrim (nP− = 17.80% (10.98–28.37%)), and the marketable
catch losses for the flatfish species would be less than 10%
(nP+ = 8.73% (3.23–14.51%)). By using the current mesh size
in the SLEP design, the analysis predicts considerable catch
losses of marketable Norway lobster (nP+ = 17.10% (11.40–
24.76%)). Only one individual below MLS was observed dur-
ing the experimental sea trials; therefore, the nP− indicator was
not calculated for Norway lobster. Finally, the indicator for
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Fig. 4. Left: SLEP release efficiency curves (solid black line) and associated 95% CI (dashed black line) for the species considered. Vertical
dotted lines represent species MLS. Right: raised number of fish in the side panel covers (SP, solid line) compared with the total fish caught.
The body length of Norway lobster corresponds to cephalothorax measurements.

Table 3. Parameters estimated by the best SLEP models for the different species analyzed, together with fit statistics. Efron percentile bootstrap
CI in brackets.

Parameter Hake Megrim Norway lobster Catshark
C 0.62 (0.45–1.00) 0.44 (0.14–1.00) 0.51 (0.14–1.00) 0.41(0.18–0.53)

L50 (cm) 33.87 (14.88–46.17) 15.47 (6.63–21.23) 3.20 (0.10–5.16) 28.35(23.23–63.71)
SR (cm) 18.98 (0.10–48.10) 7.26 (1.02–13.52) 1.48 (0.10–4.30) 0.10 (0.01–1.82)

Deviance 181.49 105.02 50.76 87.40
d.o. f . 103 45 29 25

p-value <0.001 <0.001 <0.001 <0.001
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Table 4. Values for the population-dependent indicators for adapting SLEP to the commercial fishery. The values indicate the expected per-
centage of fish escaping through the lateral side panels once they enter the SLEP zone. Values in brackets represent Efron percentile 95% CI.
Species Minimum Landing Size (MLS) showed in the last row of the table.

Parameter Hake Megrim Norway lobster Catshark
nP (%) 59.17 (41.87–69.31) 14.50 (10.52–19.41) 17.08 (11.39–24.71) 40.82 (16.13–53.77)
nP− (%) 59.80 (44.01–69.82) 17.80 (10.98–28.37) NA NA
nP+ (%) 24.14 (5.38–50.57) 8.73 (3.23–14.51) 17.10 (11.40–24.76) NA

MLS (cm) 27 20 2 NA

the catshark data estimated that ∼40% (nP = 40.82% (16.13–
53.77%)) of the total number entering the trawl would be re-
leased by SLEP before they entered the codend.

4 Discussion

New concepts for selection devices developed for spe-
cific bycatch problems are required, more than ever, in those
regions where the problem of discards has been addressed
by means of restrictive legislation. This is the case in Euro-
pean fisheries, where a landing obligation for quoted species
has been implemented in the new Fisheries Policy reform
(EU1380/2013) towards sustainable exploitation of Commu-
nity Fisheries.

This study assessed the release efficiency of the SLEP, a
new selective device based on positioning two long SMPs in
the lateral sides of the tapered section of the trawl belly, and
supplemented with a pentagon-shaped guiding device to en-
hance fish contact with the escape windows. The conceptual
basis of the SLEP was proposed by fishermen, after being
asked to provide advice on new selectivity strategies adapted
to the studied fishery. The industry also contributed to devel-
opment and testing of the new device. Rather than imposing
technical solutions developed in other regions, we consider
that enhancing collaboration with the local industry to address
concrete bycatch problems improves the probability of the pro-
posed solution being adopted in the commercial fishery.

In addition to the size selectivity properties of this proto-
type, it was of primary interest in this study to quantify the
probability that a fish will make contact with the SMP. By es-
timating such probabilities, we intended to evaluate whether
this positioning provides better results than those reported for
the commonly applied top panel positioning in other designs.

The new device was found by the crew to be easy to handle
during the manoeuvres and to store on the net drum. Since it
was not clogged during fishing, it did not require special main-
tenance efforts. In general, large catches were found in the side
covers during the sea trials, confirming that many fish made
contact with the SLEP and escaped through it. The models
used to describe the experimental data (models 1 and 2) suc-
cessfully quantified the probability of escape attempts (contact
probability) by species, and the size selection properties of the
new device. The asymmetric Gompertz curve was selected to
describe the size selection of hake and Norway lobster. The
large differences in the AIC value between candidate models
applied to hake data (Table 2) demonstrate that the Gompertz
curve clearly improved the model fit compared to the sym-
metric logit and probit curves, while such improvement is not

clear in the case of Norway lobster. The asymmetry in the
selection curve estimated for hake is reflected by the slower
progression of the right tail (larger sizes) compared to the left
tail (smaller sizes) (Fig. 4). This asymmetry in the tails sug-
gests that, in addition to the physical relation between body
length and escapement probability, other length-dependent ef-
fects might influence the use of the open meshes to escape. We
could speculate that larger fish might have a lower probabil-
ity of making contact with the SLEP than smaller fish. This
length-dependent contact probability might explain the asym-
metry of the estimated curve. The hake model estimated that
62% of the individuals entering the SLEP zone attempted to
escape through the side panels (C = 0.62). Although not di-
rectly comparable, this value clearly improves the ∼4% con-
tact probability estimated for the SMP tested in the Basque
Norway lobster fishery operating in the Bay of Biscay, which
was mounted on the top of the net, without any guiding panel
complementing the selective device (Alzorriz et al. 2016). Un-
derwater video recordings collected by Alzorriz et al. (2016)
showed hake to simply drift towards the codend when pass-
ing through the section where the SMP was mounted, without
displaying any attempts to use the top window to escape. As
a result, implementing a simple SMP mounted on the top of
the net might not be an effective strategy, if the objective is
to improve the escape possibilities for hake, as in the case of
the French demersal fishery operating in the Bay of Biscay
(Nikolic et al. 2015). The higher contact probability obtained
for hake in the present study supports the selection concept
presented here, which relies on positioning SMPs in the natu-
ral path of the fish in the gear. We assume that the insertion of
the pentagon-shaped guiding panel helped raise the probability
that hake would make contact with the SLEP on their way to
the codend.

The L50 for hake was estimated to be 33.87 cm (14.88–
46.17 cm), a value unexpectedly low considering the potential
size selection properties of square meshes with similar sizes.
For example, fall-through experiments (Herrmann et al. 2009)
conducted in Alzorriz et al. (2016), estimated for hake a poten-
tial L50 value of 51.05 cm when using 100 mm square mesh.
This large difference between the experimental and the theo-
retical estimate might be related to the way in which the fish
made contact with the mesh. In the mentioned fall-through ex-
periment, it was assumed that fish would make contact with
the mesh with an optimal body orientation. Contrary to this,
we argue that fish making contact with the SLEP did so in
a range of different body orientations, explaining the small
L50 value and the large SR estimated for hake. Further, it is
not clear to what extend the forces acting during towing al-
tered the square geometry of SLEP meshes. We speculate that
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the longitudinal towing forces might produce a reduction in
mesh openness, thereby reducing the potential selectivity of
the panel. Additional sea trials including underwater video ob-
servations and specific experimental designs would help to as-
sess the mechanical behaviour of the SLEP during towing, and
to understand how the different fish species interact with the
guiding panel and the escape panels under different physical
conditions (i.e. light conditions or fishing depth). Such infor-
mation would be required to better understand the quantitative
results presented here.

Alzorriz et al. (2016) estimated that 47% of undersized
hake escaped through the 70 mm codend tested, while only
4% escaped through the SMP mounted on top. Since the co-
dend used in Alzorriz et al. (2016) is similar to the commercial
codends used in the present study, we argue that supplement-
ing the selectivity of the standard codend with the SLEP would
drastically reduce the bycatch of undersized hake in the com-
mercial catches.

The analysis estimated that fewer than half of the megrim
individuals entering the SLEP zone attempted to escape
through it (C = 0.44), and the selective properties of the SMPs
reduced the marketable losses to less than 10% (Table 4).

The model estimated that half of the Norway lobsters en-
tering the SLEP zone made contact with the side panels, and
the species’ L50 was 1.2 cm above the species’ MLS. As a
result, ∼17% marketable losses can be expected, using the
current SLEP configuration. These potential catch losses are
not admissible in commercial fisheries where Norway lobster
is the primary target. Assuming that this species rolls over
the lower sheet of the trawl towards the codend (Main and
Sangster 1985), we believe that reducing the mesh size in the
first lower rows of the side panels might reduce the losses of
the marketable fraction observed with the setup presented here.

This study demonstrates that mounting long, square-mesh
panels in the lateral sides of the belly section, combined with
a pentagonal-shaped guiding panel, can significantly improve
the release efficiency observed in standard SMPs on passive
fish species such as hake. The landing obligation implemented
in fisheries from 2016 onwards may be the required incentive
to boost the search for technological solutions. In such a case,
we consider the SLEP concept as a promising solution to be
adopted by the industry in order to reduce the large amounts of
juvenile hake bycatch occurring in the fishery. Based on these
promising results obtained for the studied fishery, the SLEP
might also be a potential tool for improving species and size
selection in other trawl fisheries where the traditional use of
SMPs is not effective.
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