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Summary

In recent years, the focus in bottom trawl development has expanded beyond size selectivity to
include reducing environmental impacts, particularly those related to seabed contact. This study
aimed to compare the performance of a traditional rockhopper (RH) ground gear with a
semicircular spreading gear (SCSG) in the demersal trawl fishery targeting gadoids in northern
Norway. Specifically, comparing the capture efficiency between a RH and a SCSG made of
steel, and comparing the seabed impact between a RH and a SCSG made of steel, and one made
of HDPE.

Ground gear catch efficiency was assessed using catch comparison methods, and seabed
interaction was assessed using a benthic sledge equipped with laser-based measurement to
quantify gear penetration into the seabed. The assessment of seabed impact was unfortunately
not successful due to loss of gear. The catch efficiency results showed that the steel SCSG
caught significantly more cod (Gadus morhua). Unfortunately, due to repeated collecting bag
malfunction and bad weather it was not possible to collect enough data for other species. The
SCSG built of steel performed good during fishing, with good seabed contact and passing
obstacles efficiently. Since this SCSG is built of steel, it reduces microplastic pollution issues
compared to the SCSG built of High-Density Polyethylene. However, the weight of the steel SCSG
in air is similar to that of a standard rockhopper gear, which may be unnecessarily heavy. Future
modification should aim to reduce the total weight of the gear.



Sammendrag

I lopet av de siste arene har fokuset & redusere miljopavirkningen fra bunntrélfisket okt.
Forsgkene i denne rapporten hadde som mal & sammenligne ytelsen til et tradisjonelt
rockhopper gir (RH) med et semisirkelgir (SCSG) i bunntralfiskeriet i Barentshavet. Malet var
a4 sammenligne fangsteffektiviteten mellom RH og SCSG laget av stdl, samt undersoke
bunnpavirkningen av RH sammenlignet med SCSG laget av stél og SCSG laget av HDPE.

Forsgkene hadde som hensikt badde & wvurdere fangsteffektiviteten og dokumentere
bunnpavirkningen fra begge girene. Forsekene med & dokumentere bunnpavirkningen ble
avbrutt grunnet tap av utstyr. Fangsteffektivitetsresultatene viste at SCSG laget av stal fanget
betydelig mer torsk. Dessverre, pa grunn av edelagt utstyr, dérlig veer osv., var det ikke mulig
a samle nok data for de andre artene. SCSG laget av stal presterte godt under fiske, med god
bunnkontakt og effektiv passering av hindringer. Siden dette semisirkelgiret er laget av stal, har
det ingen utfordringer med mikroplast, slik SCSG laget av HDPE har. Imidlertid er vekten av
SCSG i stél angivelig lik vekten av et standard rockhopper-gir i vann. Dette kan vaere
ungdvendig tungt, og fremtidige modifikasjoner ber sikte pa & redusere den totale vekten av
giret.



Background

Bottom trawling has long been criticized for its negative physical and biological consequences
for the seabed (Collie et al., 2000; Hiddink et al., 2017). Especially in the last decade there has
been a growing attention to the environmental impacts of demersal trawling, particularly its
effects on the seabed (Kaiser et al., 2016; McConnaughey et al., 2020; Mazor et al., 2021).
Consequently, besides by-catch reduction, minimizing seabed impact has become a central
objective in the development of more sustainable trawling practices.

Besides from lifting the trawls off the seabed to reduce seabed impact, increasing the catch
efficiency and/or modifying demersal trawls can be two other ways to reduce the negative
impact of trawling on the seabed. L.e., higher capture efficiency leads to a decrease in fishing
time, and consequently less seabed impact. The ground gear is the largest contact point of a
demersal trawl on the seabed. Ground gears are attached to the fishing line in demersal trawls
for protection against the seabed and to ensure proper contact with the seabed (Sistiaga et al.,
2025). They can vary a lot 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 et al., 2015, 2021; McHugh et al., 2017; Fakioglu et al., 2023; Sistiaga
et al., 2025). In the Barents Sea demersal trawl fishery targeting cod (Gadus morhua) and
haddock (Melanogrammus aeglefinus) for example, rockhoppers (RH) are the most commonly
used ground gear. However, later studies showed that substantial numbers of fish escape
underneath the trawl and between the discs of the RH gear (Ingolfsson and Jergensen, 2006).
Also, RH gears can be heavy (i.e. > 4 tons in large whitefish or shrimp trawls) meaning that
they can inflict substantial impacts to the seabed substrate and the animals and flora associated
to it (Watling and Norse, 1998; Grabowski et al., 2014). In 2014 Grimaldo et al. (2014)
presented for the first time a new ground gear concept based on semicircular HDPE modules:
the semicircular spreading gear (SCSG) (Sistiaga et al., 2025), that was much lighter than the
RH gear.

In 2015 Brinkhof et al. (2017) and Larsen et al. (2018) conducted sea trials to estimate potential
differences in the loss of respectively cod and haddock underneath the trawl between size-
equivalent SCSG and RH gears (Fig. 1). The studies concluded that the loss of both species
under the ground gear was reduced when the SCSG was used, resulting in a higher catch
efficiency compared to an equivalent RH gear. Brinkhof et al. (2017) and Larsen et al. (2018)
studied the selectivity (probability that a fish enters the trawl body) of the trawls with the two
gears, but they did not evaluate the overall length-dependent retention of the gears including
undersized fish. Hence, they could not consider the implications of other potential effects of
using the SCSG (e.g. changes in catch efficiency due to differences in trawl geometry
(Grimaldo, 2014). Further, their trials were based on individual assessments of the efficiency
of the ground gears rather than a direct comparison of the length-dependent retention.

A recent study with tests of a SCSG on a commercial fishing vessel showed very promising
results (Sistiaga et al., 2025). The report demonstrates results from trials with a double trawl
rigging where the trawl equipped with the SCSG captured on average 25.44% more cod,
32.04% more haddock and 64.34% more redfish (Sebastes spp.) than the trawl equipped with



the RH gear. With blinded trawls, these differences 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.

Figure 1: Schematics of the rockhopper (RH) gear and the semicircular spreading gear (SCSG).

However, even though the SCSG has demonstrated significantly higher catch efficiency
compared to a RH gear, the impact on the seabed and the environment is still undocumented.
Since the SCSG is built out of HDPE is weighs ca. 1/3 of the weight compared to a rockhopper
gear (in the air) (Larsen et al., 2018). However, the drawback is that the plates of the SCSG are
prone to abrasion and thus release substantial amounts of microplastics (Fig. 2).



Figure 2. Abrasion on the SCSG made out of HDPE.

Also, the impact on the seabed for both the RH and SCSG has never been documented and
quantified. Therefore, the purpose of these trials where to test 1) the catch efficiency of a new
type of SCSG built out of steel, ii) test its abrasion resistance, and iii) document and quantify
the seabed impact of the RH and compare it to both the steel SCSG and the standard HDPE
SCSG.



Materials and methods

Fishing trials

The sea trials were conducted between 21 February-2 March 2025 onboard the R/V “Helmer
Hanssen” (63.8 m LOA, and 4080 HP). The fishing grounds were in the Barents Sea between
71° 04.0644' N- 22° 47.2908' E and 70° 12.9233' N- 17° 09.6058' E. The trawl rigging was
identical to the one described in Brinkhof et al. (2017). The ground gear was either a standard
rockhopper (©53.3 cm), a HDPE SCSG (©950.8 cm) (Figure 1), or a steel SCSG (953.3 cm)
(Fig. 3). The steel SCSG applied was designed and built by Selstad/Isfell. The plates were
entirely built out of steel, thread on chains with rubber spacers in between (Fig. 3).

Figure 3. The SCSG built by Selstad/Isfell.

Method assessing seabed impact

To document and quantify the physical impact on the seabed from the RH and both SCSG’s, a
laser line triangulation technique, described in O’Neill et al. (2009), was used. The laser emitter,
was mounted on a sledge rigged with a laser line triangulation system (Fig. 4a), pointed straight
down from the rig and projects a line across the field of view of the camera (Fig. 4b). This line
follows the topography as the sledge is towed over the seabed in a zig-zag pattern over the track
of the trawl, deployed prior to the sledge (Fig. 5, left). In Fig. 5 (right), having angles A and B



and distance a defined, the rest of the angles/sides can be calculated. The footage subsequently
enables profiling the seabed and thereby any potential impact from the ground gears.
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Figure 4. a) Sledge used for assessing seabed impact. b) Laser stripe on the seabed, resembling the one
used in the present study (from O’Neill et al., 2009).
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Figure 5. The track of the sledge in relation to the track of the trawl (left) and the angle of the camera
on relation to the laser and the seabed (right).

Method for estimating catch efficiency and escape rate

To quantify the catch efficiency of the trawl and the fish escape rate under it, retainer bags
(Engas and Godg, 1989; Ingolfsson and Jergensen, 2006; Krag et al., 2010) were mounted under
the trawl to enable us to sample the fish escaping under the fishing line and to compare this
catch with the catch retained in the codend (see Brinkhof et al., 2017)(Figure 6).
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Figure 6: Sketch of the retainer bag mounted under the trawl for catching the escapees (Brinkhof et al.
2017).

Data analysis

When comparing the capture efficiency between the RH and the steel SCSG the trawls were
towed alternating between the RH and the SCSG. After each tow the catch from the codend and
the retainer bag were kept in separate holding tanks. Cod, haddock, and redfish above 10 cm
were length-measured to the nearest centimeter below.

The data was analyzed using the same catch comparison methods as described in Brinkhof et
al. (2017; 2025). However, the data was treated as unpaired (Herrmann et al., 2017), since the
trawl configurations were not alternated consequently, and, therefore, we could not treat them
as paired haul data. Subsampling factors were determined by towing time for gear comparison
(Eigaard et al., 2024). The escape rate analysis was identical to Brinkhof et al. (2017) whereas
the catch efficiency analysis was identical to Brinkhof et al., 2025. Using the catch comparison
rates, the catch ratios between the steel SCSG and the RH gear were estimated for the different
length classes. The analysis was conducted for each species separately. The Cls for the catch
ratio were estimated by a double bootstrap approach as described in Herrmann et al., 2017.

Video recordings

In addition to the numerical data collection, video recordings of the new steel SCSG were
conducted in shallow water using GoPro cameras in special underwater housings.

Results

Assessment of seabed impact

During the first part of the cruise, the aim was to collect data assessing the seabed impact from
all three ground gears. The trawls were towed alternately (without retainer bag), and after each
tow the sledge was towed over the towing track in a zig-zag pattern (Fig. 5). A total of seven
hauls with the steel SCSG, three hauls with the SCSG made of HDPE, and ten with the RH
were conducted. Unfortunately, we had technical issues with the camera and the laser on the
sledge, which caused that only 15 valid tows could be collected with the sledge. Also, we lost
all the electronic equipment during the last tow. Before the recordings can be analysed, the
configuration needs to be reconstructed. Therefore, the extent of the results obtained from the
trials is yet unsure.

Assessing catch efficiency

During the second part of the cruise, we attached the retainer bags to the fishing lines of the
trawls to catch the escapees under the gear in addition to the fish in the codend. A total of 8,365
cod, 3,660 haddock, 615 saithe and 1,282 redfish were captured and length measured (Table 1).
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Table 1: Area, date, haul number, time the tow started, tow duration, depth, gear (RH= codend
in the trawl with the rockhopper gear, SCSG = codend in the trawl with the semicircular
spreading gear made of steel, RB= retainer bag under either the SCSG trawl or the RH trawl),
and numbers (n) of cod, haddock, saithe and redfish caught with each of the gears in each haul
for the 23 hauls conducted during these trials.

Tow
Area Date I—ﬁi;ll Gear (hngn) d}}? ! Latitude Longitude D(i[:;h CI:) 4 Ha dléock SaIilthe Re(?ﬁsh
( m‘)m
1 210225 | RH 0320 01:02 N7I°01.8101' E22°359857 212 359 40 76 73
1 220225 2 SCSG 02:53 0055 N7I°04.1535  E22°43.9364 222 1001 80 19 312
1 20225 3 RH 08:19  01:00 N7I°04.0644'  E22°47.2908 255 1257 39 3 2
! 23.0225 4 SCSG 0113 0046 N7I°01.8162  E22°44.6985 217 939 103 20 21
! 240225 5 SCSG 0419 0034 N70°58.6522  E22°23.5825 225 566 55 9 19
! 240225 6 RH 1547 0028 N70°59.4918'  E22°263710' 225 276 35 8 34
! 240225 7 RH 19:55 0032 N7I°002762°  E22°34.4943 192 649 243 7 2
! 250225 8 SCSG 0036 0031 N7I°01.2621' E22°37.7995 203 801 245 16 5
! 250225 9 SCSG 06:10 0049 N7I°02.3531'  E22°42.0200 213 847 4l 0 28
! 25.0225 10 RH 1146 0033 N71°025590'  E22°47.6027 221 170 8l 18 2
! 27.0225 11 ;%SG & 312 0041 N7I035659  E220365316 217 533 17 1 5
2 280225 12 RH&RB 0503 0030 N71°01.3062 E21°39.2023 165 210 23 2 20
2 280225 13 RH 0726 0031 N71°00.5856  E21°31.8963 155 52 87 0 34
2 280225 14 SOO% 1004 0027 N0°OSTTISY E21°0732900 145 35 194 0 45
2 280225 15 SOO% e 0029 N70°5824100 E21°045700  1s6 10 147 0 9
2 280225 16 RH&RB 1304 0021 N70°587209' E21°18.0004' 176 1 233 0 1
3 01.0325 17 RH&RB 0522 0032 N70°153188' E17°10.9326 283 10 50 25 30
3 010325 18 SO& o746 0LI6 N70°134461  E17°10.0681 287 274 440 145 177
3 01.0325 19 SSGE T 00:15 N70°11.8898  E17°24.0130'° 214 56 165 5 1
3 01.03.25 20 RH 12:50 0103 N70°13.7233'  E17°09.7571' 306 80 341 52 146
3 020325 21 RH 01:16  01:00 N70°12.9233'  E17°09.6058' 307 23 151 85 94
3 020325 22 RH 0359  01:03 N70°184084  E17°14.8067 271 67 610 88 62
3 02.03.25 23 SOSGE T e 01:00 N70°23.7225  E17°163449 226 149 240 36 31

Unfortunately, for all species except for cod in areas 1 and 3 too few hauls and/or fish were

collected to conduct a meaningful statistical analysis.

For cod, in both area 1 and 3, the steel SCSG captured significantly more individuals than the

RH (Figure 7).
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Figure 7: CC results for hauls conducted with the trawls comparing the catch efficiency for the SCSG
and the RH gears in areas 1 and 3. In the CC plots the black circles are the experimental points, the solid
and stippled lines are corresponding catch comparison rates and 95% confidence intervals, respectively.
The green and red lines show the size distribution captured by the trawls with the SCSG and RH
respectively.

Assessing the escape rate

Comparing the rate of fish escaping under the fishing line between the RH and the steel SCSG
was not possible due to too few hauls and number of fish. The reason for this was that the
retainer bags were repeatedly damaged due to large boulders and rocks. Only a total of three
RH and six SCSG hauls were valid, and 7 cod, 102 haddock, 15 saithe and15 redfish were
captured and length-measured in the retainer bags.

Discussion and conclusion

The catch comparison analysis demonstrated that the steel SCSG captured significantly more
cod compared to the RH gear. This finding aligns with previous studies comparing RH and
SCSGs (e.g., Brinkhof et al., 2017; Larsen et al., 2018; Brinkhof et al., 2025; Sistiaga et al.,
2025). In a recent study Sistiaga et al., (2025) reported that the trawl equipped with the SCSG
captured on average 25.44% more cod, 32.04% more haddock and 64.34% more redfish than
the trawl equipped with the RH gear. These differences increased to 41.35%, 65.76% and
44.23% for cod, haddock and redfish, respectively, when the trawls were blinded with a small
meshed liner. This increase demonstrates the importance of size selective devices, if the use of
the SCSG is widely adopted by industry. Unfortunately, due to broken gear, bad weather etc.,
it was not possible to collect enough data for the other species due to few individuals and/or
haul numbers.

For assessing the seabed impact using the laser triangulation method it is required that the
system applied during the trials is calibrated. However, the gear was lost, and currently an effort
is made to reconstruct the gear to enable calibration and thereafter analysing the footage.

The underwater video recordings performed in a shallow water showed that the new SCSG built
of steel from Selstad/Isfell had similar performance as the SCSG made out of HDPE. The gear
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had good contact with the seabed and passed obstacles efficiently (Fig. 9). Since the SCSG
from Selstad is built of steel, there are no issues with pollution of microplastics. However, the
weight of the SCSG in steel is similar to that of a standard RH gear in water. Since ground gear
weight has been subjected to criticism due to it’s potential to inflict damage to the seabed, future
modification should aim to reduce the total weight of the gear.

Fig. 9: still frame of underwater recording showing the steel SCSG on the seabed.
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