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Abstract In demersal trawls, ground gears are typi-
cally fixed to the fishing line to protect against the
seabed and ensure seabed contact. Rockhoppers (RH)
are among the most applied types of ground gears,
especially in fisheries with rough seabed. However,
their use has earlier been associated with substan-
tial loss of catch under the fishing line and low catch
efficiency. A new ground gear concept known as the
semicircular spreading gear (SCSG) has been docu-
mented to reduce this loss, but the catch efficiency
of RH and SCSG gears has never been directly com-
pared in a systematic commercial scale trial. Using
twin trawl configuration, the present study compared
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the catch efficiency of a RH gear and a SCSG gear
with both size selective and blinded trawls. Eighteen
hauls were conducted in the Barents Sea demersal
trawl fishery where cod (Gadus morhua) and had-
dock (Melanogrammus aeglefinus) are target species
and redfish (Sebastes spp.) is an important com-
mercial bycatch species. Using size selective trawls,
the catches with the trawl equipped with the SCSG
resulted in an average increase of 25.44 for cod, 32.04
for haddock and 64.34% for redfish compared to the
trawl equipped with the RH gear. With blinded trawls,
the increase changed to 41.35, 65.76 and 44.23% for
cod, haddock and redfish, respectively. Despite the
significant increase in catch efficiency observed for
the trawl equipped with the SCSG, it also caught
significantly more undersized fish than the trawl
equipped with the RH gear. This increase illustrates
the importance of size selective devices, especially if
the use of the SCSG is widely adopted by industry.

Keywords Ground gear - Demersal trawl -
Semicircular spreading gear - Rockhopper - Catch
efficiency

Introduction
The operation of demersal trawls, which are one of
the most widespread fishing gears worldwide (FAO

2025), involves the use of different gear compo-
nents that are towed simultaneously and close to- or
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on the seabed (He et al. 2021). These include trawl
doors, sweeps, ground gears and trawl nets, which can
vary substantially in size and shape depending on the
characteristics of the specific fishery where they are
applied (McConnaughey et al. 2020; FAO 2025). The
seabed impacts of demersal trawls are a long-known
and well-acknowledged problem (Jones 1992; Clark
et al. 2016; Eigaard et al. 2017; Hiddink et al. 2020;
Willer et al. 2022) and the number of theoretical
and practical studies conducted to investigate these
impacts have been substantial in the last decades (e.g.
Esmaeili and Ivanovic 2014; Broadhurst et al. 2015;
O’Neill and Ivanovic, 2016). Part of this develop-
ment has led for example to the development of semi-
pelagic trawls, where the doors, and in some cases
other components of the gear, have reduced contact
with the seabed (He and Winger 2010; Sistiaga et al.
2015, 2016a).

Ground gears are attached to the fishing line in
demersal trawls for protection against the seabed and
ensure proper contact with the ground. They can vary
considerably in size and shape depending on the type
of substrate in the fishing grounds, the nature of the
target species in the fishery, and the dimensions of
the trawl it is attached to (Broadhurst 2021; McHugh
et al 2017; Fakioglu et al. 2023). In some fisheries,
the ground gears used can be simple and consist of a
single chain or wire attached to the fishing line. How-
ever, in most fisheries, they consist of more or less
complex arrangements of different components like
ropes, wires, chains, rubber discs or bobbins (Valde-
marsen et al. 2007; McHugh et al 2017; O’Neill and
Mutch 2017). Depending on their characteristics, dif-
ferent types of ground gears have earlier been docu-
mented to inflict different levels of disturbance on the
seabed (Esmaeili and Ivanovic 2014; Eigaard et al.
2016).

Rockhoppers (RH), composed of rubber spacers
and discs often built from discarded vehicle tires, are
very widespread worldwide due to their versatility,
especially in fisheries where the seabed can be rough.
However, RHs can be heavy (i.e., in-water weight of
25 kg/m in large whitefish or shrimp trawls) meaning
that they can inflict substantial impacts on the seabed
substrate and the animals associated to it (Watling
and Norse 1998; Grabowski et al. 2014). In the Bar-
ents Sea demersal trawl fishery targeting cod (Gadus
morhua) and haddock (Melanogrammus aeglefinus)
for example, bobbins as ground gears were substituted
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by RHs during the late 80-ies because the latter
proved to be more efficient at capturing fish herded
in front of the trawl. However, later studies showed
that the numbers of cod and haddock that escaped
underneath the trawl were still substantial (Ingélfs-
son and Jgrgensen 2006). This loss has implications
for catch efficiency and thereby the environmental
impact of the trawl as the catch per unit effort (CPUE)
is reduced and consequently, the towing time needed
for the same yield of these species must be increased.
Further, the loss of fish underneath the ground gear
can have implications for the unaccounted mortality
in the fishery and future management of the perti-
nent stock, as the damages inflicted, and future fate
of these fish are generally unknown (Suuronen 2005).

As part of the global efforts to reduce the impacts
of bottom trawling, Grimaldo et al. (2014) presented
for the first time a new ground gear concept based
on semicircular high-density polyethylene (HDPE)
modules: the semicircular spreading gear (SCSG).
During the initial testing, the gear showed 7% higher
spreading and somewhat higher catch efficiency
than an equivalent RH gear. However, the number of
hauls performed was too small to draw any conclu-
sions regarding catch efficiency. Further, due to that
a SCSG weighs approximately half of a RH gear of
similar diameter in the water, it was assumed that it
would lead to reduced seabed impact. However, no
scientific trial has tested the magnitude of the seabed
impact infringed by SCSGs yet.

Brinkhof et al. (2017) and Larsen et al. (2018)
conducted sea trials to estimate potential differences
in the loss of cod and haddock underneath the trawl
between size-equivalent SCSG and RH gears. The
studies concluded that the loss of both species under
the ground gear was reduced when a SCSG was used
instead of a RH gear and consequently, the catch effi-
ciency of the trawl with the SCSG was higher. Brink-
hof et al. (2017) and Larsen et al. (2018) investigated
the selectivity efficiency (probability that a fish enters
the trawl body) of the trawls with the two gears, but
they did not assess the overall length-dependent
retention including undersized fish. Therefore, they
could not consider the implications of other potential
effects of using the SCSG. Earlier studies have shown
for example that the SCSG can lead to changes in
trawl geometry, which could by itself have an effect
in the catch efficiency of the trawl (Grimaldo et al.
2014). Further, their trials were based on individual
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assessments of the efficiency of the ground gears con-
ducting alternate hauls rather than a direct compari-
son of the length-dependent retention.

The use of the SCSG is spreading fast among fish-
ers operating demersal trawlers in the north Atlantic
(Knut Steffen Solvag, Selstad AS, personal com-
munication). However, no study has compared these
two gears directly in an experimental design that
can evaluate the magnitude of the potential length-
dependent differences in retention between these two
gears. Therefore, the aim of this study was to conduct
commercial scale sea trials that directly compared the
catch efficiency of two similar-sized SCSG and RH
gears and investigate whether they can lead to differ-
ences in the overall catch patterns of demersal trawls.

Material and methods
Vessel, gear and experimental design

The sea trials were conducted onboard the trawler
“Hermes”, a modern fishing vessel built in 2020 with
a total length of 70 m, a width of 16 m and a gross
tonnage of 3400 tons. The vessel has four separate
trawl lanes that allow switching between trawls effi-
ciently and two separate bins to keep the catch from
different trawls separated.

During the trials we used a twin trawl configura-
tion (i.e., simultaneous towing of two trawls along

immediately adjacent tracks) with trawl doors and
a roller clump. The trawl doors were of the type
Rock Seamaster (4,800 kg, 11.5 mz) and the roller
clump of the type Injector (7,500 kg). The doors
and roller clump were joined with the ground gears
of the trawls by 105 m sweeps. In the two trawls,
the ground gear was composed of 15 m chains with
two steel and four rubber bobbins in each side of
the trawl. The center parts of the ground gears
were a 30.25 m RH weighing 750 kg in the water
in one of the trawls, and a 30.0 m SCSG weigh-
ing 350 kg in the water in the other trawl (Fig. 1).
The RH was composed of five 6.05 m long sections
joined by 22 mm shackles. The one in the middle
had a diameter of 61.0 cm whereas the other four
had a diameter of 53.3 cm. In all five sections the
width of the discs was 10 cm, and both the diameter
and width of the spacers between the discs 20 cm.
The SCSG was composed of 7 sections joined by
shackles: a 4.3 m section in the middle followed
by a 4.55 m section on each of the sides, and two
4.14 m sections in each of the sides after that. The
SCSG was produced in sections to improve maneu-
verability onboard. The diameter of the SCSG was
44.1 cm for all seven sections. We used two identi-
cal Mgrenot #634 trawls with a headline of 51.2 m,
a fishing line of 31.1 m and constructed entirely of
155 mm diamond meshes. The square and belly sec-
tions of the Mgrenot #634 trawl are 47.5 and 307.5
meshes long, respectively. The extension pieces

Fig. 1 Illustration of the
two different ground gears
tested during the trials

Rockhopper gear

SCSG
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attached in each of the trawls were 75.5 meshes
long built of 145 mm euroline diamond mesh net-
ting. The codends were 138.5 meshes long, 86 free
meshes around, and were built of 10 mm knotless
PE twine. The trawls were constantly monitored
by means of acoustic sensors. Catch sensors were
mounted on the codends for continuous information
on catch size, and each trawl was equipped with a
trawl eye on the headline. In addition, distance and
depth sensors were mounted on the doors and roller
clump. The sensors on the headlines, doors and
roller clump provided symmetry information and
ensured that the trawls were spreading correctly and
fishing perpendicular to the direction of towing.

The trials were carried out in the Barents Sea
and in this area, it is obligatory to use a sorting grid
with a minimum bar spacing of 55 mm combined
with a size selective codend with a minimum mesh
size of 130 mm. We conducted two series of hauls.
The first series was conducted with the trawls mim-
icking a commercial configuration, i.e., both trawls
had a 55 mm bar spacing grid of the type “flexi-
grid” (Sistiaga et al. 2016b) and a size selective
codend. The diamond meshes in the codends were
measured to be 134.8+3.3 mm (mean=+ STD) and
136.7+3.1 mm, respectively. The aim with this
first series was to compare both ground gears in a
commercial setting. Conversely, during the sec-
ond series the grids were removed from the trawls
and the codends were blinded through their whole
length with inner nets built of 45 mm nominal mesh
size diamond meshes. These inner nets were 300
meshes around and ensured the retention of nearly
all sizes of cod, haddock or redfish (Sebastes spp.).
With this series, the goal was to compare the per-
formance of the gears for all sizes of fish in the
fished population, avoiding the discriminating
effect of size sorting devices. Halfway through each
series the side where the tested ground gears were
installed was changed to account for potential dif-
ferences in the fishing power of the trawls and mini-
mize any potential trawl effect in the evaluation of
the ground gears.

After each haul was completed, the catch from
each of the trawls was emptied in the two separate
bins onboard. All cod, haddock and redfish were
measured to the nearest cm below (e.g. a fish of
50.9 cm was registered as 50 cm).

@ Springer

Data analysis

In the two series conducted, the data collected from
the RH and SCSG gears could be treated as paired
because they were fished in a twin trawl configura-
tion. The aim of the data analysis was to determine
potential length-dependent differences in catch effi-
ciency and the magnitude of these potential differ-
ences between the RH gear and the SCSG pooled
(summed) over hauls. For this purpose, a catch com-
parison ratio (CC)) analysis was conducted using the
number of individuals caught for each length class
(one cm) and in each of the gears. The analysis was
carried out for cod, haddock and redfish separately.
The method applied here is identical to that used by
Herrmann et al. (2017), Olsen et al. (2019), and more
recently by Sistiaga et al. (2024). In a CC, analysis,
CC,; summed over hauls is defined as:

> {nSCsGy )
3L, {nSCSGy; + nRH,}

CC = ey

In Eq. (1), nSCSGZj and nRH;; are the numbers of
individuals of the species caught in length class / in
the trawl with the SCSG and RH, respectively for
haul j. k is the number of hauls carried out in each
specific series.

The functional form for the catch comparison rate
CC(l, v) is obtained using maximum likelihood esti-
mation by minimizing the following expression:

2

h
{Z {nSCSG); x In(CC(L,v)) + nRH; X In(1.0 — CC(l,v))} } @
=1

In Eq. (2) v represents the parameters describing
the catch comparison curve defined by CC(/, v). The
outer summation in expression (2) is the summation
over the length classes /. At equal catch efficiency,
CC(l, v) would be 0.5, which can be used as baseline
to identify potential differences in catch efficiency
between the SCSG and the RH gear for the different
length classes. The experimental CC; was modelled
by the function CC(I, v), on the following form:

Lvgs ..,
cClyy = P 0o v) )

1+ exp(f(l,vo, ,vs))
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In Eq. (3) fis a polynomial of order s with coef-
ficients v, to v,. The values of the parameters in CC(/,
v) were estimated by maximum likelihood, i.e., mini-
mizing Eq. (2). s of up to an order of 4 with param-
eters vy, v;, V5, vz and v, was considered. One or more
parameters v,... v, were left out at the time, which led
to 31 additional models being considered as potential
models for CC(L,v). Among these models, estimations
of the catch comparison rate were made using multi-
model inference to obtain a combined model (Burn-
ham and Anderson 2002; Herrmann et al. 2017).

To evaluate how well the combined model
described the experimental data we used the p-value,
which is calculated based on the model deviance
and the degrees of freedom. This p-value should not
be <0.05 for the combined model to describe the
experimental data sufficiently well, except for cases
where the data were subjected to overdispersion (Her-
rmann et al. 2017; Wileman et al., 1996).

Based on CC(l, v), the relative catch efficiency
CR(l, v), which is commonly known as the catch
ratio, was estimated. The CR(l, v) between the SCSG
and the RH gears can be estimated based on the CC(/,
v) and following Eq. (4):

CcC(l,v)

CR(l,v) = m )

In these trials, CR(l,v) is the ratio between the
catch efficiency the SCSG and the catch efficiency
of the RH gear. For example, if the catch efficiency
of the SCSG and the RH gears for a particular length
class of a specific species is equal, CR(/,v) would be
1.0. Likewise, if the SCSG catches for example 30%
more of a particular length class of that species, CR(I,
v)=1.3. Contrary, if the RH catches more individuals
of that particular length class, CR(l,v) for that length
class will acquire a value< 1.

The confidence intervals (Cls) for CC(lv) and
CR(l,v) were estimated by the double bootstrapping
method presented in Herrmann et al. (2017). This
bootstrap approach has an outer loop that accounts
for the uncertainty due to between-haul variation by
selecting m hauls with replacement from the m hauls
available during each bootstrap repetition. However,
contrary to the method described in Herrmann et al.
(2017), the outer bootstrapping loop in this study was
made pairwise because during the trials both gears
were fished simultaneously (Sistiaga et al. 2024). To

account for the uncertainty in the haul due to that the
number of fish of each specific species was finite, the
number of fish in each length class were resampled
in an inner bootstrap number within each resampled
haul. The method also accounted for the uncertainty
in model selection by using multi-model inference in
each bootstrap iteration. For each series and species,
1000 bootstrap repetitions were conducted. Based on
these bootstrap iterations, the Efron 95% confidence
limits were estimated (Efron 1982). To identify the
individual length classes of cod, haddock and redfish
with significant differences in catch efficiency, the
cases where the 95% confidence limits for CR(l,v) did
not contain 1.0 were checked.

While CR(I, v) is estimated based on the models
established, performance indicators are estimated
based on the original data. Thus, performance indi-
cators will vary between trials for the same gear
because they depend on the population structure
met by the gear during the specific trials. Therefore,
results cannot be extrapolated to other fishery situa-
tions. However, they enhance the understanding of
the performance of the gear providing a specific
example of how the gear performed at a specific time
and therefore, are often used in selectivity studies to
supplement size selectivity results (Santos et al. 2016;
Kalogirou et al. 2019; Melli et al. 2020; Cuende et al.
2022). As in Sistiaga et al. (2024), size-integrated
average values for the catch ratio (CR,,,,,) were
also estimated in this study. CR,,,q000 CRypergge- and
CR yerage+» Which represent the probability for capture
for fish of all sizes, fish below minimum size (MS)
and fish above MS respectively, were estimated by:

Y, X {nSCSGy )

X, 3, {nRH}
2i<ums 2?:1 {nSCSGy;}
2icms Z;l=1 {”RHIJ‘}
2izms Zf:l {”SCSGIJ‘}
2isms 2?:1 {”RHI./‘}

In Eq. (5) the outer summations include all
length classes (CRy,ppq0)s length classes below MS
(CR 4yerage-) and length classes above MS (CR . rq0e+)
of cod, haddock and redfish captured during the fish-
ing trials. The MS for cod, haddock and redfish in the

CR =100 x

average

CR, =100 X

average—

®

CR =100 x

average+
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experimental area are 44, 40 and 30 cm, respectively.
When the size-integrated average values for CR ;4.
are 100%, the catch efficiency for both gears would
be equal. In this case, when CR,,,,,. is>100% the
SCSG has a higher catch efficiency than the RH gear
and vice versa when CR,,,,,,,, 18 < 100%.

In addition to the CR,,,,,,. the discard ratios for
the SCSG and the RH gears were estimated. Accord-
ing to the regulations in the Barents Sea demersal
trawl fisheries, the maximum allowed discard ratio
is 15% of the catch in numbers. The discard ratios
for each of the gears estimates the percentage of fish
below MS captured in each case and were estimated

by:

Y, XL, {nSCsGy }
St (o) (©)
E/ 2;’:1 {nRH,j}

nDiscardRatioSCSG = 100 X

nDiscardRatioRH = 100 X

All data analyses presented in this work were con-
ducted in the software SELNET (Herrmann et al.
2012, 2017).

Results

The sea trials took place in the central Barents Sea
(74°41’—73°57"  N/24°42’—20°32" E). During
the first series of the experimental data collection,
where the trawls were fished with sorting grids and
size selective codends, a total of ten hauls were con-
ducted. In this series a total of 17,420 cod, 420 had-
dock and 1,475 redfish were captured and length
measured. During the second series, where the grids
were removed and codends were blinded using inner
nets, a total of eight hauls containing 12,589 cod,
2,918 haddock, and 1,248 redfish were captured and
length measured. Within the 18 hauls conducted tow-
ing speed varied between 3.5 and 4 knots. Towing
duration varied between 61 and 302 min and the total
catches between 1,026 and 7,307 kg (Table 1).

Potential length dependent differences in catch
efficiency

Series 1 Trials with selective trawls

Independent of the type of ground gear employed,
the retention of cod, haddock and redfish below
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30 cm was low when the trawls were fished with a
55 mm bar spacing size sorting grid and a size selec-
tive codend with a mesh size of ~135 mm (Fig. 2).
This led to increased binominal noise in the data
and wider confidence intervals for undersized fish
in general. The fit statistics for cod and redfish show
that the polynomial models used in these cases were
good representations of the data as the p-values were
0.3177 and 0.1974, respectively (Table 2). For had-
dock, the p-value was 0.0083. However, despite the
limited number of haddock caught, the modelled
curves represented the main trends in the data. There-
fore, the small p-value was considered caused by
overdispersion in the experimental data and we were
confident in using the estimated curves to describe
the length dependent catch comparison rate and catch
ratio.

For cod, the CR(lv) plot shows that practically
all length classes up to 67 cm differ significantly
from the baseline (Fig. 2b). This demonstrates that
the trawl equipped with the SCSG is more efficient
at capturing cod both above and below its MS. For
haddock, the length classes between 52 and 63 cm
showed to be significantly different from the baseline,
whereas for redfish the interval with length classes
that were significantly different from the baseline
was between 28 and 39 cm (Fig. 2d, f). In all cases,
the length classes that showed significant differences
between the gears showed higher catch efficiency for
the trawl equipped with the SCSG.

Series 2 Trials with blinded trawls

The fit statistics for cod and haddock resulted in
p-values <0.05. However, in both cases the CC(Lv)
models used showed to represent the data well and
therefore, the low p-values are assumed to be a conse-
quence of overdispersion in the data (Table 2; Fig. 3a,
¢). For redfish, despite the low numbers of individu-
als above 25 cm, the p-value obtained was> 0.05 and
the model also represented the data well (Table 2;
Fig. 3e).

The use of trawls that were blinded with the
inner net increased the catch of fish below 30 cm
substantially when compared to the catches in series
1 (Fig. 2, 3). For cod, all length classes from 10
to 88 cm differed significantly from the baseline
meaning that the SCSG captured significantly more
fish than the RH gear for all these length classes
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Fig. 2 In series 1 using selective trawls, CC (left) and CR
(right) results for cod (a, b), haddock (c, d) and redfish (e, f)
comparing the SCSG with the RH gear. In the CC plots the
black circles are the experimental catch comparison rates, the
solid and stippled lines are the CC (I, v) and its correspond-
ing 95% confidence intervals, respectively, and the green and

(Fig. 3b). The trawl equipped with the SCSG also
significantly more haddock than the
RH gear for length classes between 10 and 70 cm
(Fig. 3d). For redfish the catches were lower than
for cod and haddock and the results were therefore
not as conclusive. The CR(/, v) curve was over the

captured
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red lines show the size distribution captured by the trawls with
the SCSG and RH, respectively. In the CR plots the solid and
stippled lines are the CR (I, v) and its corresponding 95% con-
fidence intervals, respectively. The vertical blue lines show the
MS for each of the species

baseline for all redfish length classes represented
in the catches. However, only the length classes
between 24 and 32 cm differed significantly from
the baseline and could prove higher catch efficiency
for the SCSG than the RH gear (Fig. 3f).
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Table 2 Fit statistics for the CC(l, v) curves for cod, haddock
and redfish shown in Fig. 1 and 2

Species P-value Deviance DOF
Series 1 Cod 0.3177 95.82 90
Haddock 0.0083 68.33 43
Redfish 0.1974 32.99 27
Series 2 Cod 0.0015 143.56 97
Haddock 0.0430 83.49 63
Redfish 0.3764 37.01 35

Performance indicators

The size-integrated performance indicator CR,,,,,,.
showed that the trawl with the SCSG captured signifi-
cantly more cod and haddock than the trawl with the
RH gear, both when the selective and blinded trawls
were used (Table 3). Specifically, the trawl equipped
with the SCSG captured 25.44 and 41.35% more cod
than the trawl equipped with the RH gear with the
selective and blinded trawls, respectively. Further,
the trawl with the SCSG captured 32.04 and 65.76%
more haddock than the trawl with the RH gear in the
two series conducted. For redfish, CR,,,,,, Was sig-
nificantly higher than 100% when the selective trawls
were used and showed that in this series the trawl
equipped with the SCSG caught on average 64.34%
more redfish than the trawl equipped with the RH
gear. When the blinded trawls were employed on
the other hand, the trawl with the SCSG still caught
44.23% more redfish than the trawl with the RH
gear, but this difference was not significant (Table 3;
Fig. 4).

Considering the MS for each of the species evalu-
ated, the results showed that the trawl equipped with
the SCSG captured significantly more cod above MS
than the trawl equipped with the RH gear when the
trawls were blinded (Table 3). Despite the difference
in catch efficiency between the gears being reduced
from 38.93 to 23.99% in the hauls conducted with
the selective trawls, the difference was still signifi-
cant. The difference in catch efficiency was larger
for undersized cod. Specifically, the SCSG captured
on average 49.70% and 59.94% more undersized cod
than the RH gear when these were mounted in the
blinded and selective trawls, respectively (Table 3;
Fig. 4). The trawls with the SCSG showed also to
catch significantly more haddock over MS than the

trawls with the RH gear. Specifically, the SCSG cap-
tured 59.39 and 30.13% more haddock over MS than
the RH gear when they were mounted in the blinded
and selective trawls, respectively. Regarding under-
sized haddock, the SCSG captured 82.30% more fish
than the RH gear when mounted in the blinded trawl,
but the difference between the gears became non-sig-
nificant in the series with the selective trawl (Table 3;
Fig. 4). For redfish, CR ;4. and CRy;p 40+ Were not
significantly different from the baseline at 100%, nei-
ther when the selective nor when the blinded trawls
were used. Thus, based on the indicators, no differ-
ence in the catch efficiency between the SCSG and
the RH gear could be determined for this species
(Table 3; Fig. 4).

The differences in discard ratio between the SCSG
and the RH gear were small for all three species in
both the series with the selective and blinded trawls
(<3% in every case). When selective trawls were
employed, the discard ratios for cod and redfish were
significantly lower than 15%, which is the maximum
allowed discard ratio in the Barents Sea demersal
trawl fishery. For haddock, the discard ratios were
close to 15% both with the trawl equipped with the
SCSG and the trawl equipped with the RH gear.
‘When the blinded trawls were used on the other hand,
the discard ratios were significantly higher than 15%
for all three species and both the SCSG and RH gears.
For all three species and both gears, the discard ratio
was significantly higher when the blinded trawls
were used than when the selective trawls were used
(Table 3; Fig. 4).

Discussion

Grimaldo et al. (2014) introduced the SCSG as a
gear that, due to its reduced weight and ease to over-
come underwater obstacles, was assumed to inflict
lower seabed impacts than RH gears. A few years
later Brinkhof et al. (2017) and Larsen et al. (2018)
demonstrated that the use of a SCSG also reduced
the numbers of fish escaping under the ground gear.
These three studies also highlighted the higher
catch efficiency of the SCSG compared to the RH
gear, which was attributed to the reduction of open
spaces under the fishing line and increased spread-
ing force of the SCSG. However, the results in
these three studies were not considered conclusive
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Fig.3 In series 2 using blinded trawls, CC (left) and CR
(right) results for cod (a, b), haddock (c, d) and redfish (e, f)
comparing the SCSG with the RH gears. In the CC plots the
black circles are the experimental catch comparison rates, the
solid and stippled lines are the CC (I, v) and its correspond-
ing 95% confidence intervals, respectively, and the green and

regarding the potential increase in catch efficiency
by the SCSG because the former did not conduct
enough hauls, and the latter two only used size
selective gear during the trials. Further, all three
studies presented indirect performance comparisons
between the SCSG and RH gears.
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red lines show the size distribution captured by the trawls with
the SCSG and RH respectively. In the CR plots the solid and
stippled lines are the CR (I, v) and its corresponding 95% con-
fidence intervals, respectively. The vertical blue lines show the
MS for each of the species

The present study reports the first direct compari-
son of the catch efficiency between trawls equipped
with the SCSG and the RH gears, respectively. As
reported from the indirect comparisons in Grimaldo
et al. (2014), Brinkhof et al. (2017) and Larsen et al.
(2018), the results in the present study also show that
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Table 3 Size-integrated average values for all three species
comprising all fish (CR ), fish below MS (CRy,,,4.) and
fish above MS (CR,g+) in Series 1 and 2. Discard ratios for

the SCSG and the RH gears are also provided for all three spe-
cies and both series

Haddock

Redfish

125.44 (109.38—139.85)
159.94 (118.29—203.85)
123.99 (107.63—137.87)

141.35 (122.97—169.01)
149.70 (126.52—179.24)
138.93 (120.53—171.03)

(%) Cod
Series 1 Selective trawls CR Average

CR pverage-

CR pverage+

n Discard Ratio SCSG 5.15 (3.92—6.27)

n Discard Ratio RH 4.04 (3.27—4.81)
Series 2 Blinded trawls  CRy,p a0,

CRpserge-

CRysurges

n Discard Ratio SCSG ~ 23.82 (18.46—29.71)

n Discard Ratio RH 22.49 (17.64—28.90)

132.04 (104.24—161.58)
144.00 (90.00—225.00)
130.13 (103.00—160.41)
15.06 (10.33—20.16)
13.81 (8.82—19.49)
165.76 (146.54—183.44)
182.30 (134.63—227.48)
159.39 (140.37—176.81)
30.55 (23.25—40.92)
27.78 (22.711—36.34)

164.34 (109.17—191.15)
77.78 (26.32—333.33)
165.76 (109.56—194.14)

0.76 (0.26—4.74)

1.61 (0.47—6.67)
144.23 (88.18—168.85)
142.26 (71.79—166.67)
150.00 (85.95—221.62)

73.54 (34.87—80.00)
74.55 (37.93—84.84)

Numbers in brackets represent the lower and upper Cls respectively

overall, the trawls equipped with the SCSG lead to
higher catch efficiency than the trawls equipped with
the RH gear. The results (CR(/, v) curves in Figs. 2
and 3) were clearest for cod, which was the predomi-
nant species during the trials. For haddock, the dif-
ferences between the gears were also clear when the
blinded trawls were employed, but these differences
partially disappeared when the selectivity of the sort-
ing grid and the codend in the selective trawls came
into play. The results showed also higher catch effi-
ciency for redfish with the trawl equipped with the
SCSG both with the selective and blinded trawls, but
as these differences were only significant for a few
length classes in each case, the results were less con-
clusive. This is likely due to the low numbers of fish
for most length classes present in the catches, which
lead to high binominal noise, wide CIs for most
length classes and consequently inconclusive results
for these cases.

The results clearly show that the catch efficiency of
the SCSG is significantly higher than that of the RH
gear as the former captured on average between 25
and 64% more individuals of the three species investi-
gated than the latter during the series conducted with
selective trawls. In the series conducted with blinded
trawls, these differences varied between 41 and 66%
for all three species. Especially for cod and haddock,
the differences in catch efficiency between the trawl
equipped with the SCSG and the trawl equipped with
the RH gear were observed for a larger number of
length classes during the trials with the blinded trawl
compared to the trials with the selective trawl. This

result shows that trawls equipped with the SCSG
are not only more efficient at capturing commercial-
sized fish but also at capturing undersized individu-
als, illustrating the importance of applying selectivity
devices in trawls. If it is not combined with efficient
size sorting devices, the use of the SCSG may con-
tribute to increase the impact of trawls on fish stocks
due to increased numbers of undersized fish retained.
Thus, when a SCSG is to be considered in a fishery,
it is important to weigh whether the potential increase
in catch efficiency of commercial-sized fish can jus-
tify the potential increase in retention of undersized
fish in the fishery.

The SCSG was more efficient than the trawl
equipped with the RH gear at capturing fish above
(CRyyerage) and below (CR,,,.0.) MS. It is to be
expected that because the blinded trawl retains the
smallest length classes of fish that otherwise would
escape from the selective trawl, the power of the
blinded trawl to find potential differences between the
gears was larger than that of the selective trawl, espe-
cially for fish under MS. This was illustrated by the
results for haddock, where CR,,,,,,q.. Was significantly
different from 100% for the blinded trawl but not for
the selective trawl. For cod, the differences in catch
efficiency between the trawl equipped with the SCSG
and trawl equipped with the RH gear were so sub-
stantial in favor of the trawl equipped with the SCSG
that CR ... Was significantly larger than 100% even
when the selective trawl was applied.

The discard ratio values obtained with the blinded
trawl were obviously significantly higher than those
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Fig. 4 (a) Size-integrated average values (%) for the catch
ratio between the trawls equipped with the SCSG and RH
gears considering (a) all fish (CRy,,,qq.), (b) fish below MS
(CRyyerage) and (c) fish above MS (CRyp004) Captured with
size selective trawls (solid fill) and blinded trawls (no fill). d)
n Discard Ratio (%) for fish captured with the trawl equipped

obtained with the selective trawl because the for-
mer retains the undersized fish that otherwise would
escape from the selective trawl. This was so for all
cases, both gears and all three species. While the dis-
card ratios were significantly higher than the legal
limit of 15% for all species when the blinded trawls
were applied, the discard levels were significantly
lower than 15% for cod and redfish and not signifi-
cantly higher than 15% for haddock when the selec-
tive trawls were applied. The reason for the higher
discard ratio levels for haddock compared to cod and
redfish are likely related to the proportion of under-
sized haddock entering trawl, as haddock is otherwise
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with the SCSG (black) and RH gears (red) using size selec-
tive trawls (solid fill) and blinded trawls (no fill). The horizon-
tal stippled line in plots (a), (b) and (c) represent the baseline
for equal size-integrated catch efficiency between the trawl
equipped with the SCSG and RH gear. “Squares” in the plots
represent cod, “circles” haddock and “triangles” redfish

an active species inside the trawl that escapes more
efficiently than for example cod (Tschernij and Suu-
ronen 2002; Grimaldo et al. 2018). The difference in
the results obtained with the selective and blinded
trawls illustrates again the importance of the size
sorting grid and/or codend as size sorting devices in
this particular fishery and trawl fisheries in general.
Without these sorting devices, the fishery would sim-
ply not be allowed according to today’s management
legislations.

The different results obtained with the blinded
and selective trawls utilized in the present study also
exemplify the value of completing trials with both
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trawl configurations, especially in studies where trawl
components other than size sorting devices typically
installed in the aft of the trawl are to be tested (e.g.
trawl doors, sweeps, ground gear or overall construc-
tion of the trawl). The use of blinded trawls provides
a clearer and more complete picture of the effect of
the new gear component tested, i.e., in this case the
effect of applying the SCSG on undersized fish. On
the other hand, tests with selective trawls offer a more
accurate result of the consequences of applying the
specific device tested in the fishery, i.e., the results
include the additional effects of the compulsory size
sorting devices in the fishery. For future experiments
we recommend conducting tests with both trawl con-
figurations as it importantly contributed to the com-
pleteness of the study.

There was a discrepancy between the diameter of
the RH (61.0 and 53 0.3 cm) and the SCSG (44.1 cm)
used during the trials of the present study because at
the time the SCSG was built, 44.1 cm was the largest
available diameter for the modules needed for its con-
struction. The potential effect of SCSG diameter in
catch efficiency has not been investigated, but it is not
unlikely that SCSGs with different diameters could
perform differently and have different catch efficien-
cies. Thus, the difference between the diameters of
the RH and SCSG tested here could be a factor con-
tributing to the differences in catch efficiency found
in the present study.

Another important aspect to consider when evalu-
ating the performance of ground gears in trawl fish-
eries is the potential for fish being run over by the
ground gear. The final fate of these fish is unknown,
and the damage levels inflicted on these individuals,
which most likely vary for different types of ground
gears, have not yet been scientifically evaluated. If
fish run over by ground gears are severely injured and
die, the unaccounted mortality in the fishery would
increase. Further, depending on the magnitude of the
process, this unaccounted mortality could finally lead
to additional difficulties in the management of the
fishery. Earlier results have shown that fewer fish are
likely run over by the SCSG compared to the RH gear
(Brinkhof et al. 2017; Larsen et al 2018). Thus, if the
process of fish being sorted out through a sorting grid
or the meshes in a codend is more benign than being
run over by the ground gear, the use of the SCSG
could contribute to lower unaccounted mortality in
the fishery than if RH gears continue to be used.

In this study, we tested a SCSG that may be a step
in the direction of more environmentally friendly
trawls, as the increased catch efficiency documented
can lead to reduced efforts to capture the same quan-
tities of fish. Reduced efforts in the form of shorter
towing times would result in lower greenhouse gas
emission to the atmosphere, less uncertainty regard-
ing unaccounted mortality or marine animals, and
reduced seabed impacts as trawls would be towed
over smaller seabed areas. However, potential dif-
ferences in the effort needed (i.e., fuel consumed) to
tow these two gears and in the size and species com-
position captured in trawls equipped with these two
gears over time have yet to be investigated. Further,
despite the initial assumption that the SCSG results
in reduced seabed disturbances due to its low weight
(Grimaldo et al. 2014), this still needs to be scientifi-
cally proved. Hopefully, tests that shed light on the
impacts of the SCSG, especially compared to the RH
gear, will be conducted before a global uptake of the
gear by a fishing industry motivated by the proven
increase in catch efficiency.
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