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Abstract

Fish or crustaceans stuck in the fishing gear meshes can lead to operational problems in some fisheries and thereby affect the

economic gain. However, mesh sticking probability has never been formally quantified as a part of the estimation of fishing gear
size selectivity. Therefore, this study developed a size selection model and estimation procedure that, besides the size dependent
retention and escape probabilities, includes the size dependent mesh sticking probability. The new method was applied to quantify
the size dependent retention, sticking and escape probabilities for mantis shrimp (Squilla mantis) and Norway lobster (Nephrops
norvegicus) in creels with 41 mm square mesh netting. The mesh sticking probability was found to display a bell-shaped curvature
with a maximum value for a specific carapace length and decreasing probabilities for both smaller and bigger individuals. For
mantis shrimp the maximum sticking probability was found for 32.5 mm carapace length with a value at 13.5%, while 63.1% and
23.4% of that size were respectively retained inside the creels and escaped. For Norway lobster the maximum sticking probability
was 2% and occurred for 34.0 mm carapace length. The method and estimation procedure presented in this study might be appli-
cable for quantifying mesh sticking probability as an integral part of future fishing gear size selectivity studies on other species

and fisheries.
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Introduction

Majority of fishing gears are made of netting. Active
gears, such as trawls, use netting to guide fish toward the
codend, where they are collected and held during the tow.
Passive gears, such as gillnets, use the netting to trap fish
by meshing/enmeshment (gilling, wedging, snagging and
entangling) as they try to pass through the netting (Hov-
gird & Lassen, 2000). However, meshing can also occur
in towed gear (ICES, 2012; Pol et al., 2016), where those
fish are often referred to as “stickers”. Sticker aggrega-
tions in certain parts of a trawl can indicate areas where
fish are attempting to escape, and can often be used for
stipulating optimal position for bycatch reduction de-
vices, such as square mesh panels (Arkley, 2001). The
presence of stickers in the trawl gears often presents a
problem for fishermen as they have to remove them and
clean the net prior to the subsequent shooting (ICES,

Medit. Mar. Sci., 20/3, 2019, 487-495

2012). These stickers are often damaged and unsalable
(Pol et al., 2016). This may be challenging, especially in
pelagic trawl fisheries where the volume of catch is often
very high. Sometimes changes in mesh size can partially
solve this problem. For example, reduced growth rate of
herring in the Baltic region in 1990s incited trawl fish-
ermen to use smaller meshes in order to avoid stickers
(Rahikainen et al., 2004). On the other hand, increase
in mesh size in the west of Scotland resulted in a higher
number of stickers, thus increasing the overall number of
discarded fish (Anonymous, 2011). In addition, if stick-
ers are not removed prior to the subsequent shooting of
the gear, they attract seabirds which can get entangled in
the netting during the shooting as they dive into the trawl
for feeding on stickers (Lokkeborg, 2011). This is espe-
cially pronounced in trawl fisheries targeting small fish
(Weimerskirch et al., 2000). Some researchers speculate
that removal of stickers could also help reducing seal by-
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catch in trawl nets by making net less attractive to seals
(Hamer & Goldsworthy, 2006).

The literature on mesh sticking in trawl fishery is
scarce, and a formal methodology for quantifying it as an
integral part of the size selection modelling, has not been
developed yet. Even less literature is available on other
gear types, with the exception of gillnets. For example,
sticking in the Mediterranean Norway lobster (Nephrops
norvegicus) creel fishery has never been reported. This
fishery is not as large in catch volume as the bottom trawl
fishery, but it is an important small-scale fishing activ-
ity that targets a highly priced species (Eriksson, 2006;
Ridgway et al., 2006). In Croatia, this fishery is a year-
round activity practiced almost exclusively in the internal
waters. The creels with square mesh netting of either 36
mm or 40 mm (Anonymous, 2015) are deployed from the
small artisanal vessels in a longline system (Soldo et al.,
1999). In our study, stickers were recorded for the first
time in this fishery and were used to address the follow-
ing objectives:

Developing a new method for quantifying sticking
probability in creel fishery as an integral part of size-se-
lectivity estimation.

Applying the new method to quantify mesh sticking
probability for two main crustacean species in the Medi-
terranean Norway lobster creel fishery.

Materials and Methods
Experimental fishing trials

Experimental fishing trials were conducted in the
Adriatic Sea from May 26" to July 5" 2016 (Fig. 1).
A small commercial fishing vessel (6.9 m, 84 hp) was

used to deploy test creels made of 41 mm (+0.72 mm
SD) polyamide netting mounted to obtain a square mesh
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Fig 1: Map of the sampling area showing position of test (emp-
ty circles) and control (solid squares) longline deployments.
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shape, and control creels of the same dimensions (700
mm x 450 mm x 265 mm), but with 12 mm polyamide
netting meshes. Both creels had two entrances placed op-
posite to each other. The creels were used in a longline
system, each with 30 creels, deployed early in the morn-
ing and retrieved after 24h soaking if the weather per-
mitted, following common commercial fishing practice
in the fishery. Before deployment all creels were baited
with pieces of fresh Atlantic horse mackerel (43.29 g +
11.33 g SD) without using any bait protection.

After retrieving the creels, a total catch of each long-
line was categorized in one of the three groups: catch
group caught inside the test creel, stuck in the test creel
meshes or caught in the control creels. Each catch group
was sorted and lengths measured. Carapace length of
mantis shrimp (Squilla mantis) and Norway lobster (Ne-
phrops norvegicus) were measured to the nearest 1 mm.

Model for size selection

There are three possible scenarios for a crustacean
entering the creel: 1) retaining inside the creel (r(1)), ii)
sticking in the creel mesh (s(1)), iii) escaping through the
creel mesh (e(1)).

[ denotes carapace length and its presence in (1), s(l)
and e(l) signals that we anticipate that these probabilities
will depend on the size of the crustacean that entered the
creel. To model these probabilities, we used a sequential
model with two barriers dividing into three chambers
with each chamber associated exclusively to one of the
three options considered (Fig. 2).

In order to escape, crustacean starting inside the creel
needs to pass barrier I and barrier II (Fig. 2). An individ-
ual that does not pass barrier I will remain retained inside
the creel, while an individual that passes barrier I, but
fails to pass barrier II, will be stuck in a mesh (Fig. 2).

Barrier I can be interpreted as the barrier that prevents
full or partway passage through the mesh. In case a crus-
tacean passes barrier I, barrier II represents the condition
that can prevent it from passing completely through the
mesh in order to escape (Fig. 2). The above consider-
ations lead to the following model for the length depen-
dent probability for each of the three scenarios:

r() =r)
s(D = (1.0 —r(D)) x (D)
e() = (1.0 =, (D) x (1.0 — (D)

(1)

If r,(]) is zero, then the sticking probability is also
zero because barrier 11 does not exist, implying that all
individuals that have passed the first barrier will escape.
r,(l) can, in case of zero sticking, be interpreted as the
traditional creel size selectivity process. Both r (1) and
r,(l) are modelled by the traditional s-shaped logit size
selection model (Wileman et al., 1996) with respective
parameters (L50, SR)) and (L50,, SR):

)

n(9)
WX([—LSO))

exp(
Tiogit (1, L50, SR) = =
1+exp(Wx(l—L50))
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Fig. 2: Schematic representation of the three-chambers sequen-
tial model with two barriers used to describe the selection pro-
cess in the test creels. In order to escape, crustacean starting
inside the creel needs to pass Barrier I (/- 7,(1)) and Barrier 11
(I- 7,(1)). An individual that does not pass Barrier I will remain
retained inside the creel, while an individual that passes Barrier
I (I-7,(1)), butis retained by the Barrier 11 (r,(1)) will be stuck in
a creel mesh; r(1), s(l) and e(l) represent probabilities of being
retained inside the creel, probability of being stuck in a creel
mesh and probability of escapement through a creel mesh, re-
spectively.

L50 denotes the carapace length for crustaceans that
have 50% probability to pass the barrier (L50, for bar-
rier I and L50, for barrier I in Fig. 2). SR denotes the
difference in carapace length between crustaceans with
75% and 25% probability, respectively, for passing the
barrier (SR, for barrier I and SR, for barrier II in Fig. 2).
With model (1), using (2), four parameters have to be es-
timated to be able to describe the size selection in the
creel: L350, SR, L502, and SR,. As different species have
different morphology and behaviour, the values for the
parameters will be species specific. Therefore, the analy-
sis was applied separately for specific species.

Data analysis and parameter estimation

Due to low catches, each longline comprising of 30
creels, was considered as a base unit in the analysis. Catch
data were collected in two groups: test and control long-
lines. The control longlines that retained all sizes were
used to sample information on the size composition of
crustaceans that could be expected to enter the size selec-
tive test creels. In this way the catches from the group of
control longlines can be compared with the catches from
the test longlines and used in an un-paired estimation
method following Sistiaga et al. (2016) and as applied by
Br¢ic et al. (2018a) in creel fishery. However, compared
to the standard un-paired estimation method, the catches
from our test longlines were treated in a different manner.
This is because they were separated into two-compart-
ment data: individuals retained inside the test creels and
those stuck in the test creel meshes.

To estimate the average size selection of the test creels,
we compared the pools of catch data from the test creels
with the pool of catch data from the control creels. Based
on this approach, the experimental data were treated as
three-compartment data in the analysis. The first com-
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partment comprised individuals retained inside the test
creel (RT), the second one comprised individuals stuck
in the test creel meshes (ST) and the third one comprised
individuals retained by the control creels (RC). The prob-
ability that a crustacean would enter one of the creels of
the test longlines and one of the creels of the control long-
line was modelled by the split factor, SP, as traditional-
ly done for unpaired-gear data analysis (Sistiaga et al.,
2016). This means that the probability that a crustacean
will enter the test creel is SP, whereas the probability of
entering the control creel is 1.0-SP, conditioned it en-
ters one of them. All crustaceans caught with the control
longlines are retained because of the small mesh size. For
a crustacean entering one of the creels included in the
analysis (test or control), the probability that it will be
retained in one of the creels of the test longline would,
based on equation (1), be:

SP X rl(l,L501,SR1)

For a crustacean entering a creel in one of the sets in-
cluded in the analysis, the probability that it will be stuck
in a test creel mesh would, based on equation (1), be:

SP X (10 - Tl(l,L501,5R1)) X rz(l,LSOZ,SRz)

Considering this, the probability y that a crustacean
entering one of the test or control longlines will be ob-
served in one of the three compartments (RT, ST, or RC)
can be expressed as:

]/(l, 501, SRl, LSOZ, SRz, SP) =
SP X Tl(l,LSOl,SRl) + SP X (10 - rl(l,LSOI,SRl)) X
r,(1,L50,, SR,) + 1.0 — SP

)

Based on equation (3) and the considerations above,
the probak?ilities P psz,'and Dy that a fish or crustacean
observed in the catch will be found in the compartment
RT, ST, or RC, respectively, can be expressed by:
pRT(l' 501, SRl, L502, SRz, SP) =

sPxry(L,L501,SR1)
v(,501,SR1,L50,,SR,,SP)

pST(ll 501' Sle LSOZ! SRZ! SP) =
SPx(1.0—71 (1,L501,SR1)) X175 (1,L502,5R5)
y(L501,SR1:L502:SR7:SP)

pRC(lJ 501, SRl, LSOZ, SRz, SP) =
1.0-SP
v(1,501,SR1,L50,,SR,,SP)

“4)

By using equation (4), the values for the parameters in
the selection model (1) can be estimated from the collect-
ed experimental data by minimizing the following func-
tion with respect to L50,, SR, L50,, SR, and SP:

— 3 {59 [nRTy; X In(prr(l, 505, SRy, L50,, SRy, SPY)] ()
+ X%, [nSTy; x In(psr (L, 504, SRy, L50,, SRy, SP))]
+ Z?zl [TLRCU X ln(pRC(l, 501, SRl, L502, SRz, SP))]}

where the outer summation is over length classes / in
the experimental data and the inner summation is over
deployments i (from / to a) and j (from / to b) with,
respectively, the test and control setup. nRTZj, nSle. and
nRClj are the number of crustaceans caught and length
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measured for length class / in set 7 and j in the respective
compartment. Minimizing (5) with respect to the param-
eters in it, corresponds to maximizing the likelihood for
the observed experimental data based on a multinomial
model, assuming that the formulated model (4) describes
the experimental data sufficiently well. The observed
experimental length dependent portioning of the catches
between the three compartments RT, ST and RC, which
model (4) is expected to describe, are given by:

. nRT, (6)
Prr; NRT+nST;+nRC;

— nsT;

Psti = JRT,+nsT+nRC,

— nRC;

Prc; =

NnRT+nST;+nRC;

Due to the experimental procedure followed, there was
no obvious way to pair the data from the individual test
and control deployments. Hence, to estimate the mean se-
lectivity parameters for the experimental gear, the length
dependent expected total catches for the test sets were
combined and compared with the combined expected to-
tal catches for the control deployments as formulated in
function (5). The confidence limits for the parameters and
curves for the size selection model were estimated using
a double bootstrapping method that accounts for the un-
certainty resulting from this unpaired nature of the data
collection. For this, we adopted and further generalized
the method for estimating uncertainty in size selectivity
based on unpaired catch data described by Sistiaga et al.
(2016). This procedure accounts for uncertainty caused
by between-deployment variation in size selection pro-
cesses (Fryer, 1991) and by the un-paired data collection
method with groups of test and control sets by selecting
independently a deployments, with replacement from the
set of test deployments, and b deployments from the set
of control deployments during each bootstrap iteration.
Uncertainty caused by finite sample sizes on deployment
level (within-deployment variability) is accounted for by
randomly selecting crustaceans with replacement from
each of the selected sets for each compartment separate-
ly, where the number selected from each compartment in
each deployment is the same as the number sampled in
that compartment in that deployment. These data are then
combined as described above, and the selectivity param-
eters are estimated again. A total of 1000 bootstrap rep-
etitions were performed to estimate the 95% percentile
confidence limits (Efron, 1982; Chernick, 2007) for the
selection parameters and curves.

The model’s ability to describe the experimental data
sufficiently well, was evaluated based on the p-value,
model deviance versus degrees of freedom (DOF) and in-
spection of how the model curve reflects the length-based
trend in the data (Wileman et al., 1996). The p-value ex-
presses the likelihood to obtain at least as big a discrepan-
cy between the fitted model and the observed experimen-
tal data by coincidence. In case of the poor fit statistics
(p-value being <0.05; deviance being >>DOF), the model
curve plots were inspected to determine whether the poor
result was due to structural problems when describing the
experimental data using the model, or if it was due to
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over-dispersion in the data (Wileman et al., 1996).

In addition, the following parameters related to the
mesh sticking probability were calculated based on the
estimated sticking probability curve using a numerical
technique (Fig. 3): LMAX_ , (carapace length where
maximum sticking probability occur), PMAX ~(max-
imum sticking probability) and STR (size range where
the sticking probability is at least x%). STR was estimat-
ed in step of 1% up to PMAX ..

The analyses described above were all carried out
using the software SELNET (Herrmann et al., 2012),
which implements the models and the bootstrap method
described above.

Results

A total of 131 tests and 16 control longlines were used
during the study. Mantis shrimps were always stuck in the
test creel meshes with their carapace protruding outside
the creel, while Norway lobsters were always stuck with
their tails protruding outside the creel meshes (Fig. 4).

1.00 A

Probability

S~

Fig 3: Plot of sticking probability curve indicating sticking pa-
rameters: sticking range (S7R ), maximum sticking probability
(PMAX ) and carapace length with maximum sticking prob-
ability (LMAX ).

Carapace length

X !
4
>
/

Fig. 4: Mantis shrimp (left) and Norway lobster (right) stuck in
the test creel meshes.
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Mantis shrimp

Out of a total number of 791 mantis shrimps caught
and measured during the study, 581 were retained inside
the test creels without sticking, 68 were stuck in the test
creel meshes and 142 individuals were retained by the
control creels. Number of individuals retained by the test
and control creels each fishing day are shown in the Ta-
bles 1 and 2, respectively.

Table 1. Number of mantis shrimp individuals retained inside
the test creel longlines (RT) and stuck in the meshes of test
creel longlines (ST) on each fishing day; Test deployment in-
dex [{]: test deployment indexes used in the inner summation of
expression (5) (see Sistiaga et al. (2016) for details).

Date Numb.er of Dc.eploym.ent RT ST
longlines index |[i]

26/05/2016 8 1-8 33 5
27/05/2016 8 9-16 23 5
28/05/2016 10 17 -26 37 6
03/06/2016 8 27 -34 25 2
04/06/2016 9 35-43 42 7
05/06/2016 8 44 - 51 24 5
07/06/2016 8 52-59 34 5
08/06/2016 8 60 - 67 39 1
14/06/2016 7 68 - 74 50 1
20/06/2016 6 75-80 38 3
22/06/2016 6 81 - 86 23 3
26/06/2016 7 87-93 39 11
29/06/2016 8 94 - 101 49 1
01/07/2016 9 102 - 110 44 4
03/07/2016 9 111 -119 47 4
05/07/2016 10 120 - 129 34 5

Table 2. Number of mantis shrimp individuals retained by the
control creel longlines (RC) on each fishing day; Control de-
ployment index [/]: control deployment indexes used in the in-
ner summation of expression (5) (see Sistiaga et al. (2016) for
details).

Date Numb.er of De.:ploym.ent RC
longlines index [j]

26/05/2016 1 1 13
27/05/2016 1 2 6
28/05/2016 1 3 12
03/06/2016 1 4 6
04/06/2016 1 5 8
05/06/2016 1 6 4
07/06/2016 1 7 4
08/06/2016 1 8 17
14/06/2016 1 9 15
20/06/2016 1 10 5
22/06/2016 1 11 12
26/06/2016 1 12 10
29/06/2016 1 13 5
01/07/2016 1 14 11
03/07/2016 1 15 7
05/07/2016 1 16 7
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From the Figure 5 it can be seen that the modelled
curves reflect well the length-based trend in the exper-
imental data. Fit statistics (Table 3) confirm the visual
inspection. The average SP value was not significantly
different from the expected value of 0.89 [number of test
longline fished (129) divided by total number of longline
fished (145)]. The probability of sticking in the test creel
meshes exhibited a bell-shaped signature with an average
maximum sticking probability of 13.47% estimated for
mantis shrimp carapace length at 32.5 mm (Table 3). For
carapace lengths less than ~26 mm and over ~39 mm,
the sticking probability was estimated to be less than 1%
(Fig. 6). The length for maximum sticking probability
was not significantly different from the creel L50 value
estimated by Br¢i¢ et al. (2018a) (Fig. 6).

Table 3. Modelling results for mantis shrimp; L50 is the cara-
pace length for mantis shrimp that has 50% probability to pass
the barrier (L50, for barrier I and L50, for barrier Il in Fig. 2);
SR denotes the difference in carapace length between mantis
shrimp with a 75% and 25% probability, respectively, passing
the barrier (SR, for barrier I and SR, for barrier II in Fig. 2); SP
is the probability that a mantis shrimp will enter one of the test
creels, on condition that it enters one of the creels (test or con-
trol); STR : the width of the size range where the sticking prob-
ability is at least x%; PMAX_ : maximum sticking probability;
LMAX  : carapace length at the maximum sticking probabili-
ty; DOF: degrees of freedom.

L50, [mm] 31.63 (30.64 — 35.31)
SR, [mm] 3.55(2.63 -4.95)
L50, [mm] 33.40 (31.66 —49.24)
SR, [mm] 3.59(2.33 - 12.20)

SP 0.89 (0.85 - 0.95)
LMAX ,, [mm] 32.50 (31.55 - 34.60)
PMAX, , [%] 13.47 (3.26 - 20.66)
STR ,[mm] 13.09 (10.13 - 18.91)
STR ,[mm] 10.74 (8.09 — 13.81)
STR ,[mm] 9.25 (6.16 — 11.49)
STR ,[mm] 8.20 (0.00 — 10.04)
STR . [mm] 7.25 (0.00 — 8.99)
STR ,[mm] 6.47 (0.00 — 8.05)
STR ,[mm] 5.77 (0.00 — 7.38)
STR ;[mm] 5.06 (0.00 — 6.75)
STR ,[mm] 4.39 (0.00 — 6.17)
STR ,,[mm] 3.73 (0.00 — 5.67)
STR |, [mm] 3.07 (0.00 — 5.18)
STR ,,[mm] 2.14(0.00 — 4.73)
STR ,,[mm] 1.17 (0.00 — 4.36)
DOF 44
Deviance 31.36
p-value 0.9238

Norway lobster
Out of 683 Norway lobsters caught and length mea-

sured during the study, 612 were retained inside the test
creels without sticking, 2 individuals were stuck in the
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Fig 5: Mantis shrimp: experimental length dependent portioning of the catches (left column) and length dependent probability for
retention inside the creel, sticking in the test creel meshes and escapement from the test creel (right column). The black solid cir-
cles represent the experimental catch rates according to equations (6); black curves in left column represent modelled probability
according to equations (4); black curves in right column represent modelled probability according to equations (1); dashed lines
represent 95% confidence intervals; A: catch proportion retained inside test creels; B: probability of retention inside the creel; C:
catch proportion stuck in test creel meshes; D: probability of sticking in test creel meshes; E: catch proportion in control creels; F:

probability of escapement from the test creels.

test creel meshes and 69 individuals were retained by the
control creels. The number of individuals retained by the
test and control creels on each fishing day is shown in
tables 4 and 5, respectively.

The fit statistics for Norway lobster (Table 6) show
that model describes well the length-based trend in the
data, which is confirmed by the visual inspection of
model fit to data (Fig. 7). The average SP value was not
significantly different from the expected value of 0.89
[number of test creels fished (124) divided by total num-
ber creels fished (140)] (Table 6). Similar as for mantis
shrimp, the sticking probability curve for Norway lobster
is bell-shaped, but the sticking probability was not esti-
mated to be significantly different from zero. This can be
seen from the curve’s 95% confidence intervals, where
lower CI limit equals zero for all length classes (Fig. 7).
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The maximum sticking probability was estimated to be
2.01 % for Norway lobster carapace length at 34 mm, but
it was not significantly different from zero (95% confi-
dence intervals of the estimated maximum sticking prob-
ability include zero).

Discussion

Mediterranean creel fishery catch data were used as
a case study to develop a modelling and estimation ap-
proach able to quantify the probability of mesh sticking
as integral part of size selection estimation. Results were
obtained for mantis shrimp and Norway lobster for creels
with 41 mm square meshes. To our knowledge, this is
the first study that quantifies the sticking probability in

Medit. Mar. Sci., 20/3 2019, 487-495



Table 4. Number of Norway lobster individuals retained inside
the test creel longlines (RT) and stuck in the meshes of test creel
longlines (ST) on each fishing day; test deployment index [7]:
test deployment indexes used in the inner summation of expres-
sion (5) (see Sistiaga et al. (2016) for details).

Number of Test Deployment

Date longlines index [i] RT ST
26/05/2016 7 1-7 45 1
27/05/2016 7 8-14 46 0
28/05/2016 10 15-24 49 1
03/06/2016 8 25-32 40 0
04/06/2016 9 33-41 48 0
05/06/2016 8 42-49 32 0
07/06/2016 7 50 - 56 36 0
08/06/2016 8 57 - 64 25 0
14/06/2016 7 65-71 40 0
20/06/2016 6 72-77 41 0
22/06/2016 6 78 - 83 29 0
26/06/2016 7 84 -90 28 0
29/06/2016 8 91-98 28 0
01/07/2016 10 99 - 108 42 0
03/07/2016 8 109 - 116 43 0
05/07/2016 8 117-124 40 0

Table 5. Number of Norway lobster individuals retained by
the control creel longlines (RC) on each fishing day; control
deployment index [/]: control deployment indexes used in the
inner summation of expression (5) (see Sistiaga et al. (2016)
for details).

Number of  Control Deploy-

Date longlines ment index |[j] RC
26/05/2016 1 1 3
27/05/2016 1 2 12
28/05/2016 1 3 5
03/06/2016 1 4 1
04/06/2016 1 5 2
05/06/2016 1 6 6
07/06/2016 1 7 3
08/06/2016 1 8 1
14/06/2016 1 9 5
20/06/2016 1 10 6
22/06/2016 1 11 2
26/06/2016 1 12 9
29/06/2016 1 13 2
01/07/2016 1 14 7
03/07/2016 1 15 4
05/07/2016 1 16 1

size selectivity studies. The method was inspired by the
un-paired size selection estimation method described by
Sistiaga et al. (2016). In this study, we modelled experi-
mental data summed over longline deployments, for test
and control creels. The model describes the experimen-
tally observed length-dependent portioning of catches
between compartments, enabling quantification of the
length dependent probabilities of retaining inside the
creel, sticking in the creel meshes and escaping from
the test creels.
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Table 6. Modelling results for Norway lobster; L50 is the cara-
pace length for Norway lobster that has 50% probability to pass
the barrier (L50, for barrier I and L50, for barrier Il in Fig. 2);
SR denotes the difference in carapace length between Norway
lobster with a 75% and 25% probability, respectively, passing
the barrier (SR, for barrier I and SR, for barrier I in Fig. 2); SP
is the probability that a Norway lobster will enter one of the
test creels, on condition that it enters one of the creels (test or
control); STRx: the width of the size range where the sticking
probability is at least x%; PMAX  : maximum sticking prob-
ability, LMAX _ : carapace length at the maximum sticking

stick®

probability; DOF: degrees of freedom.

L50 [mm] 32.89 (30.61 - 34.02)
SR [mm] 1.95 (0.10 - 3.07)

L50, [mm] 36.42 (32.52 - 196.44)
SR, [mm] 2.30 (0.10 - 3.74)

SP 0.91 (0.88 — 0.94)

LMAX,, [mm] 34.01 (1.00 — 38.15)
PMAX , [%] 2.01 (0.00 -37.01)
STR, [mm] 4.41 (0.00 — 6.86)
STR,[mm] 0.07 (0.00 — 4.57)
DOF 72
Deviance 44.28
p-value 0.9959
0.204
0.154

Probability
o
)

0.051

0.001

20 30 40
Carapace length [mm]
Fig 6: Probability of mantis shrimp sticking in the test creel
meshes. Light grey band: 95% confidence intervals of the man-
tis shrimp L50 estimated by Br¢i¢ et al. (2018a) without ac-
counting for sticking; dark grey band: 95% confidence intervals
of the carapace length at the maximum sticking probability for
mantis shrimp from the present study.

The obtained bell-shaped sticking probability curve
was expected, since only a specific range of crustacean
lengths can get stuck in the creel meshes. Sticking proba-
bility curve differed between the two investigated species.
Further, all mantis shrimps were stuck with their head
protruding outside the creel, while Norway lobsters were
stuck with their tail protruding outside the creel (Fig. 4),
emphasizing the difference in escape behaviour between
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Fig 7: Norway lobster: experimental length dependent portioning of the catches (left column) and length dependent probability for
retention inside the creel, sticking in the test creel meshes and escapement from the test creel (right column). The black solid cir-
cles represent the experimental catch rates according to equations (6); black curves in left column represent modelled probability
according to equations (4); black curves in right column represent modelled probability according to equations (1); dashed lines
represent 95% confidence intervals; A: catch proportion retained inside test creels; B: probability of retention inside the creel; C:
catch proportion stuck in test creel meshes; D: probability of sticking in test creel meshes; E: catch proportion in control creels; F:

probability of escapement from the test creels.

these two species. Mantis shrimp is the species with the
highest number of stickers observed and it is probably in
relation to both, the species morphology and behaviour.
The body shape of this species increases in width from
carapace to telson, with short lateral and dorsal spines
pointing backwards. Mantis shrimps are probably using
these spines to gain purchase on the twine as they wiggle
through the meshes, in the same manner as was theorized
for the redfish by ICES (2012). In case where mantis
shrimp is unable to escape through the meshes, the spines
probably prevent it from returning inside the creel.

The results presented here are obtained for creels cov-
ered with square mesh netting. Regarding the sticking
risk, square meshes are not very popular among fisher-
men, for example ICES (2012) reported that fishermen
were not even interested in testing selectivity of square
mesh codends in redfish trawl fishery because of the
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sticking problem (ICES, 2012; Pol et al., 2016). The leg-
islation allows only square meshes for the investigated
creel fishery (with 10% deviation from the perfect square
shape), while the use of diamond meshes which might
reduce sticking probability cannot be applied.

The method described in this paper could potentially
be adopted for trawl fishery, especially when data are col-
lected using paired (Krag et al., 2014) or un-paired meth-
ods (Larsen et al., 2018) using blinded control codends.
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