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A B S T R A C T   

Damage incurred during the catch process is an indicator of the overall quality of fish and fish welfare. Because 
catch quality is difficult to improve once it has deteriorated, it is important to preserve quality during the catch 
process. Atlantic cod (Gadus morhua) is the most important species in the Barents Sea bottom trawl fishery. 
Bottom trawling is a non-benign fishing method, and it is therefore considered important to reduce damage 
imparted to fish during capture, and subsequently improve catch quality and fish welfare. In the present study, 
the levels of damage on cod captured with a new gear design were assessed in the Barents Sea bottom trawl 
fishery. Furthermore, this study investigated to what extent the compulsory sorting grid and diamond mesh 
codend configuration employed in the fishery is responsible for the damage incurred by cod during the capture 
process. In total, 750 cod captured over 25 hauls were evaluated for catch damage (marks, ecchymosis, 
exsanguination, and scale loss). The results showed that substituting the grid and codend configuration with a 
four-panel selective knotless section followed by a gentle codend increased the probability of cod having no catch 
damage by 6.00% (CI: 0.6%–11.41%). Moreover, the gentle codend led to a significant reduction in the severity 
of all catch damage categories.   

1. Introduction 

The high densities of gadoid fish in the Barents Sea (Norwegian 
Directorate of Fisheries, 2018; Yaragina et al., 2011) have led to an 
increased focus on two main areas in the demersal trawl fishery: i) 
improving catch quality, and ii) improving size selectivity. Improved 
catch quality results in increased revenue and improved fish welfare. 
The latter is a factor that is also subject to increasing attention by NGOs 
and consumers (Veldhuizen et al., 2018). One method for investigating 
the overall catch quality is to assess the extent and severity of catch 
damage (Dowlati et al., 2013). Catch damage on fish has been used in 
the past as an indicator of fish welfare (Madsen et al., 2008; Veldhuizen 
et al., 2018) and to determine the survival probability of fish (Soldal 
et al., 1993; Davis, 2010). 

Tveit et al. (2019), recently tested the effect of codend construction 
(2- and 4-panel codend constructions) and the potential advantage of 
using knotless netting in the codend on catch damage in the Barents Sea 

demersal trawl fishery. The design changes tested in the study did not 
significantly decrease the catch damage present on trawl-caught cod 
(Gadus morhua). Brinkhof, Larsen et al., 2018 presented a new codend 
design, termed a sequential codend, which significantly improved the 
catch quality of cod without compromising size selectivity (Brinkhof 
et al., 2019). In the sequential codend, the quality preserving codend 
segment was adhered behind an ordinary selective diamond mesh 
codend. The passage between the two codend segments was closed 
during towing by a hydrostatic catch releaser that enabled fish to pass 
into the quality preserving codend segment during haul-back. Using a 
sequential codend makes this part of the gear twice as long as the or-
dinary configuration, and makes the codend difficult to handle, beside 
that the passage between the codend segments needs to be tied up after 
each haul, which is time-consuming. Moreover, the fish are kept in the 
quality preserving codend segment only during haul-back and can still 
be subject to severe damage during towing. 

The compulsory gear in the Barents Sea demersal trawl fishery 
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includes a 55 mm bar spacing sorting grid followed by a codend with a 
minimum mesh size of 130 mm ( Grimaldo et al., 2015; Norwegian 
directorate of Fisheries, 2018b; Brinkhof et al., 2020). This system en-
sures the effective release of undersized fish, which are mainly cod 
(50–100%) and haddock (0–50%) (Melanogrammus eaglefinus). Catches 
usually also contain a small percentage of redfish (Sebastes spp.), 
Greenland halibut (Reinhardtius hippoglossoides), and wolfish (Anar-
hichas spp.). Fishers complain that sorting grids damage fish, and thus 
reduce the catch quality. Therefore, it is relevant to investigate if the 
existing grid and codend can be replaced with a design that would 
preserve catch quality while maintaining the efficiency of sorting out 
undersized fish. The current study builds on the work of Brinkhof, Larsen 
et al., 2018 by testing a gear configuration where the compulsory sorting 
grid and diamond mesh codend configuration were substituted with a 
knotless large meshed section with short lastridges (Isaksen & Valde-
marsen, 1990, p. 46) followed by a gentle codend. The short lastridges 
ensured that the meshes in the large mesh section stay open during the 
fishing process to enable the release of undersized fish through this 
section of the gear. The rationale for testing this gear configuration was 
the hypothesis that the small meshed gentle codend in the aft would 
cause a “bucket effect”, pushing the water sideways in front of its entry. 
Thus, the water would mostly flow out of the anterior section with large 
meshes increasing the possibility of undersized fish utilizing these 
meshes to escape. If working as intended, such a configuration could 
simultaneously improve catch quality by reducing the levels of stress 
and mechanical strain on the catch, and simultaneously provide a size 
selective method that does not require a size selective grid. 

However, before testing the release efficiency of undersized fish it 
was necessary to investigate if the new gear configuration reduces catch 
damage to cod. The study aimed to answer the following research 
questions:  

• What level of catch damage is observed for cod with the compulsory 
grid and codend configuration used in the Barents Sea demersal trawl 
fishery targeting cod?  

• Does removing the sorting grid and substituting the ordinary codend 
with a gentle codend reduce catch damage to cod? 

2. Materials and methods 

2.1. Vessel, area, time and gear set-up 

Sea trials were carried out onboard the R/V “Helmer Hanssen” (63.8 
m length overall and 4080 HP engine) from the 1st to the March 5, 2019. 
The fishing area was off the northern coast of Norway between 
71◦31.33–71◦54.76 N and 24◦40.65–25◦57.53 E, with depths ranging 
between 263 and 291 m. 

During the fishing trials two identically rigged two-panel Alfredo 3 
trawls built entirely of 150-mm polyethylene (PE) meshes were used. 
The trawls were kept open by a set of Injector Scorpion otter boards 
(each weighing 3100 kg and measuring 8 m2) that were linked to 60 m 
sweeps by 7 m long chains. The sweeps were equipped with a Ø 53 cm 
steel bobbin at the center, to protect them from excessive abrasion. The 
ground gears were 46.9 m in length and consisted of 18.9 m long 
rockhopper gears with Ø 53 cm discs in the center and 14 m chains (Ø 
19 mm) on each side equipped with three steel bobbins (Ø 53 cm). 

In one of the trawls, a 2-panel Sort-V grid section (Herrmann et al., 
2013), a 2- to 4-panel transition section and a 4-panel diamond mesh 
codend were installed (Fig. 1a). The grid section (1234 × 1750 mm) was 
made of steel and installed so that it maintained an angle of approxi-
mately 25–26◦ while fishing, which is considered optimal for selectivity 
(Brinkhof et al., 2020; Herrmann et al., 2019; Sistiaga et al., 2010). The 
bar spacing of the grid was 55.88 ± 2.38 mm (mean ± SD). The 2- to 
4-panel transition section between the grid section and the codend was 
5.9 m long and built of 130 mm meshes (8 mm PE twine). The 4-panel 
codend was 11 m long, 64 meshes in circumference, and was 

constructed of 8 mm PE knotted twine. The meshes were 131.1 ± 2.73 
mm (mean ± SD). Measurements were made according to the protocol 
described in (Wileman, Ferro, Fonteyne, & Millar, 1996). 

In the other trawl, a gentle codend identical to the quality preserving 
codend segment used by Brinkhof, Larsen et al., 2018 was installed. This 
codend was 10 m long and comprised four panels. It was built of 6 mm 
nominal mesh size and had a circumference of 1440 meshes 
(360-meshes wide in each panel). To strengthen the codend, the small 
mesh netting was reinforced with an outer codend of knotless Ultra cross 
with a nominal mesh size of 112 mm (90 meshes in circumference), and 
four 36 mm lastridge ropes (5% shorter than the codend netting). The 
large mesh section in front of the gentle codend, consisted of four panels 
built of 150.2 ± 3.4 mm (mean ± SD) mesh size knotless Ultra cross 
netting with 9 mm PE twine. This section was 49 meshes long and had 60 
open meshes around. The lastridges in the section were 30% shorter 
than the stretched meshes, with the purpose of keeping the meshes 
constantly open. A 2- to 4-panel transition section identical to the one 
described for the first trawl was installed between the trawl and the 
Ultra cross selective section (Fig. 1b). 

Both trawls were monitored by Scanmar acoustic sensors measuring 
the door spread and trawl height, a catch sensor, and a trawl eye. A grid 
sensor was installed at the grid for a couple of hauls before and after the 
trials to ensure that the grid angle was approximately 25◦. 

2.2. Data collection and assessment of damage on fish 

The two trawls were deployed alternately during the trials. Towing 
time was set based on fish registration on the echo-sounder and the 
signal from the catch sensor. Due to capacity limits onboard the research 
vessel the catches were limited to 2–3 tons. To ensure random sampling, 
once the catch came onboard, approximately ten fish were collected at 
the end of the codend, ten from the middle, and ten from the beginning 
of the codend, while emptying the catch into the holding bin. This 
resulted in 30 cod from each haul for the damage analysis. These fish 
were killed immediately and exsanguinated in a tank containing 1000 L 
of running seawater. The exsanguination time was 30 min, as practised 
in the commercial fishery. As factory trawlers mostly deliver headed and 
gutted fish (i.e. HG product), all cod were headed and gutted prior to 
catch damage assessment. For each cod, the level of damage incurred 
during the capture process was evaluated on both body sites following 
the scaling scheme presented in Table 1 (Rotabakk et al., 2011; 
Essaiassen et al., 2013; Brinkhof, Larsen et al., 2018). 

Four different types of catch damage were assessed: marks, ecchy-
mosis, exsanguination, and scale loss (Table 1; Fig. 2). These damages 
are commonly assessed when evaluating headed and gutted fished 
(Rotabakk et al., 2011; Essaiassen et al., 2013; Brinkhof, Larsen et al., 
2018,b). Absence of a given category is scored as 0 (no damage). If a 
damage was present it was scored from 1 (slight) to 3 (severe) depending 
on its severity (Table 1). Marks are seen as marks or imprint on the fish, 
ranging from minor marks/imprint on the skin (without scale loss) that 

Fig. 1. Grid and codend configuration (a) and configuration with gentle 
codend (b) used during the sea trials. 
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have little effect on the quality to major marks and/or impress through 
the skin and into the muscle causing severe degradation of the quality 
(Table 1; Fig. 2a). Ecchymosis was detected as red discoloration on the 
skin, ranging from slight discoloration at the base of the fins to severe 
red discoloration on the belly, loin part and/or tail (Table 1; Fig. 2b). 
The degree of exsanguination of a fish was seen in the belly, ranging 
from fully exsanguinated, were all blood vessels in the belly are emptied 
for blood, to poor exsanguinated were the blood vessels in the belly are 
not drained for blood and the belly and neck was coloured red (Table 1; 
Fig. 2c). Scale loss was seen as descaling on the skin, ranging from minor 
scale loss, often seen at the tail, to major scale loss covering a large area 
of the fish (Table 1; Fig. 2d). 

2.3. Data analysis 

Quantifying the probability of obtaining a cod without any catch 
damage at all (i.e., a fish with no evidence of any of the damage types) is 
relevant knowledge for especially the industry (Brinkhof, Larsen et al., 
2018). In addition, quantifying the probability of obtaining fish with 
different severities (score) of specific damage types in the catch will help 
identify the potential to improve catch quality and fish welfare. 
Furthermore, knowing the probability of obtaining a given combination 
of catch damage types that does not exceed a given level (severity) will 
provide an estimate for the fraction of the catch that can be expected to 
be within a certain minimum quality level. 

The method presented by Brinkhof, Larsen, et al. (2018) estimates 
the probability of obtaining a given catch damage score. It also quan-
tifies the probability of obtaining a given score for a given combination 
of catch damage types, as well as the probability of not exceeding a given 
score (i.e. the probability of obtaining a given score or lower). The ex-
pected average value p̂as for the probability for a score s on catch 

damage type a was determined using Equation (1): 

p̂as =

∑m

j=1

{
1
nj

∑nj

t=1
equal

(
s, kajt

)
}

m

with

equal(s, k) =

⎧
⎨

⎩

1 ∀ k = s

0 ∀ k ∕= s

(1)  

where m is the number of hauls conducted, nj is the number of fish given 
a score in haul j, and kajt is the score given for catch damage type a to fish 
number t evaluated in haul j. The probability p̂mas of obtaining a score 
that does not exceed s for catch damage type a (i.e. the probability of 
obtaining a given score or lower) was quantified using Equation (2): 

p̂mas =
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{
1
nj

∑nj
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m
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1 ∀ k ≤ s
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(2) 

Equations (1) and (2) provide an evaluation of each catch damage 
type separately. However, it is also relevant to assess the probability of a 
fish scoring s or maximum s for two or more of the catch damage types 
simultaneously. To estimate such probabilities, Equations (1) and (2) 
were extended to Equations (3) and (4), respectively:  

Table 1 
Scoring scheme used to evaluate damage on the fish included in the study. Terms in brackets are the abbreviations for each damage type.  

Damage type Description  Score 

Marks (Marks) No damage: No marks or imprint on the fish 0 
Slight: Minor marks or imprint on the fish 1 
Moderate: Major marks or imprint on a defined area on the fish 2 
Severe: Severe and major marks or imprint on large areas of the fish 3 

Ecchymosis (Ecchy) No damage: No red discoloration on the skin 0 
Slight: Slight red discoloration around the base of the fins 1 
Moderate: Red discoloration on the belly and around the base of the fins 2 
Severe: Severe red discoloration on the belly and around the base of the fins, as well as the on the loin or tail 3 

Exsanguination (Exsan) No damage: No blood in the blood vessels in the belly, white neck and belly 0 
Slight: Some of the blood vessels in the belly are partly filled with blood 1 
Moderate: Blood vessels are only partly emptied for blood 2 
Severe: Blood vessels in the belly are filled with blood, red belly and neck 3 

Scale loss (Scale) No damage: No loss of scales 0 
Slight: Minor loss of scales 1 
Moderate: Major loss of scales on a defined part of the fish 2 
Severe: Major loss of scales on large areas of the fish 3  

Fig. 2. Illustration of the four damage types evaluated during this study: marks, exsanguination, ecchymosis, and skin abrasion.  
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and   

Equations (3) and (4) were applied to all possible combinations of 
catch damage types. 

The method described above incorporates the effect of potential 
between-haul variation in fish quality and the uncertainty resulting from 
only examining a limited number of fish from each haul. This is done by 
estimating uncertainties in the form of 95% percentile confidence in-
tervals (CI) by applying a double bootstrap methodology. By providing 
bootstrap-based estimates with uncertainties for the differences in the 
estimated quality scores, this method allowed a direct comparison be-
tween the two trawl configurations. The bootstrapping method is thor-
oughly described in Brinkhof, Larsen, et al. (2018). 

All analyses in the study were carried out using the computer soft-
ware SELNET (Herrmann, Sistiaga, Nielsen, & Larsen, 2012). 

3. Results 

3.1. Data collection 

During the sea trials a total of 25 hauls were carried out, 13 with the 
grid and codend configuration and 12 with the gentle codend (Table 2). 

Catch damage was evaluated for 750 cod. Examination of the CI’s in 
Tables 3–5 indicate that this sample size was sufficient to provide 
conclusive results (i.e. narrow CI’s). The catches contained 84.9 ± 13% 
(mean ± SD) cod, 13.04 ± 11.41% (mean ± SD) haddock, and 2.02 ±
2.7% (mean ± SD) redfish. 

3.2. Damage on cod captured with the grid and 130 mm diamond mesh 
codend configuration 

The data based on the scores derived from the catch damage 
assessment is presented in Fig. 3. 

The results showed that the probability of catching cod with no 
damage was 5.38% (2.56%–8.72%) when the grid with the regular 
codend gear was used. Marks, exsanguination and scale loss were the 
most frequent types of damage observed, but in most cases, these were 
only slight (Table 3, Fig. 3). The probability of recording cod with 
moderate or severe damage for any of the four damage types investi-
gated did not exceed 10%, and for ecchymosis. Further, the probability 
of obtaining cod that simultaneously showed only slight or moderate 
damage of any of the types investigated were 82.82% (75.13%–89.49%) 
and 98.21% (95.9%–100.00%), respectively (Table 3). 

p̂aspbs =

∑m

j=1

{
1
nj

∑nj

t=1
equal

(
s, kajt

)
× equal

(
s, kbjt

)
}

m

̂paspbspcs =

∑m

j=1

{
1
nj

∑nj

t=1
equal

(
s, kajt

)
× equal

(
s, kbjt

)
× equal

(
s, kcjt

)
}

m

̂paspbspcspds =

∑m

j=1

{
1
nj

∑nj

t=1
equal

(
s, kajt

)
× equal

(
s, kbjt

)
× equal

(
s, kcjt

)
× equal

(
s, kdjt

)
}

m

̂paspbspcspdspes =

∑m

j=1

{
1
nj

∑nj

t=1
equal

(
s, kajt

)
× equal

(
s, kbjt

)
× equal

(
s, kcjt

)
× equal

(
s, kdjt

)
× equal

(
s, kejt

)
}

m

(3)   

̂pmaspmbs =

∑m

j=1

{
1
nj

∑nj

t=1
lequal

(
s, kajt

)
× lequal

(
s, kbjt

)
}

m

̂pmaspmbspmcs =

∑m

j=1

{
1
nj

∑nj

t=1
lequal

(
s, kajt

)
× lequal

(
s, kbjt

)
× lequal

(
s, kcjt

)
}

m

̂pmaspmbspmcspmds =

∑m

j=1

{
1
nj

∑nj

t=1
lequal

(
s, kajt

)
× lequal

(
s, kbjt

)
× lequal

(
s, kcjt

)
× lequal

(
s, kdjt

)
}

m

̂pmaspmbspmcspmdspmes =

∑m

j=1

{
1
nj

∑nj

t=1
lequal

(
s, kajt

)
× lequal

(
s, kbjt

)
× lequal

(
s, kcjt

)
× lequal

(
s, kdjt

)
× lequal

(
s, kejt

)
}

m

(4)   

J. Brinkhof et al.                                                                                                                                                                                                                                



Food Control 120 (2021) 107562

5

3.3. Damage on cod captured with the gentle codend configuration 

Like for the grid and 130 mm diamond mesh codend configuration 
the most frequent damage types observed on cod captured with the 
gentle codend were marks, poor exsanguination and to a lesser extent 
scale loss. The probability of observing ecchymosis and scale loss were 
observed less frequent. These latter damages were mostly slight (Fig. 4; 
Table 4) and the probability of moderate or severe damage was only 
over 10% for scale loss (38.21% CI: 26.49%–51.54%). The probability of 

capturing cod with no damage with this configuration was estimated to 
be 11.39% (7.22%–16.11%), and the probability of capturing cod with 
slight or no damage was 84.72% (77.22%–92.50%). 

3.4. Differences in damage on cod captured with the grid and codend 
configuration versus with the gentle codend 

The results demonstrated that the probability of capturing cod with 
no damage was significantly higher (6.00% CI: 0.60%–11.41%) for the 

Table 3 
Probability of obtaining cod with different types and levels of catch damage (scores) when captured with the grid and regular codend configuration. Values in brackets 
represent 95% confidence intervals.  

Grid & Codend 0 1 2 3 ≤1 ≤2 

Marks 42.31% (32.31%– 
51.54%) 

56.41% (47.69%– 
65.64%) 

1.03% (0.00%– 
2.82%) 

0.26% (0.00%– 
1.28%) 

98.72% (96.41%– 
100.00%) 

99.74% (98.72%– 
100.00%) 

Ecchy 85.38% (80.77%– 
89.74%) 

14.62% (10.26%– 
19.23%) 

0.00% (0.00%– 
0.00%) 

0.00% (0.00%– 
0.00%) 

100.00% (100.00%– 
100.00%) 

100.00% (100.00%– 
100.00%) 

Exsan 34.10% (26.67%– 
41.79%) 

58.97% (52.56%– 
65.38%) 

6.67% (3.08%– 
10.77%) 

0.26% (0.00%– 
1.28%) 

93.08% (88.97%– 
96.92%) 

99.74% (98.72%– 
100.00%) 

Scale 42.05% (33.85%– 
50.77%) 

47.95% (38.97%– 
56.67%) 

8.72% (4.62%– 
13.59%) 

1.28% (0.00%– 
3.33%) 

90.00% (84.10%– 
94.87%) 

98.72% (96.67%– 
100.00%) 

Marks & Ecchy 37.18% (27.69%– 
46.67%) 

8.97% (5.90%– 
12.56%) 

0.00% (0.00%– 
0.00%) 

0.00% (0.00%– 
0.00%) 

98.72% (96.41%– 
100.00%) 

99.74% (98.72%– 
100.00%) 

Marks & Exsan 14.36% (8.97%– 
20.51%) 

34.10% (27.18%– 
41.54%) 

0.26% (0.00%– 
1.28%) 

0.00% (0.00%– 
0.00%) 

92.05% (86.92%– 
96.67%) 

99.49% (98.46%– 
100.00%) 

Ecchy & Exsan 32.05% (24.62%– 
39.49%) 

10.77% (6.92%– 
14.87%) 

0.00% (0.00%– 
0.00%) 

0.00% (0.00%– 
0.00%) 

93.08% (88.97%– 
96.67%) 

99.74% (98.97%– 
100.00%) 

Marks & Ecchy & Exsan 13.33% (7.95%– 
20.26%) 

7.18% (4.10%– 
10.77%) 

0.00% (0.00%– 
0.00%) 

0.00% (0.00%– 
0.00%) 

92.05% (87.18%– 
96.67%) 

99.49% (98.46%– 
100.00%) 

Marks & Scale 20.26% (14.36%– 
26.92%) 

27.18% (20.77%– 
33.59%) 

0.51% (0.00%– 
1.79%) 

0.00% (0.00%– 
0.00%) 

89.49% (83.85%– 
94.10%) 

98.46% (96.15%– 
100.00%) 

Ecchy and Scale 37.95% (29.49%– 
46.92%) 

7.95% (4.62%– 
11.54%) 

0.00% (0.00%– 
0.00%) 

0.00% (0.00%– 
0.00%) 

90.00% (84.62%– 
94.87%) 

98.72% (96.92%– 
100.00%) 

Marks & Ecchy & Scale 18.21% (12.31%– 
24.36%) 

5.38% (2.82%– 
8.46%) 

0.00% (0.00%– 
0.00%) 

0.00% (0.00%– 
0.00%) 

89.49% (83.85%– 
94.87%) 

98.46% (96.41%– 
100.00%) 

Exsan & Scale 13.33% (8.21%– 
19.23%) 

30.00% (23.59%– 
36.41%) 

0.26% (0.00%– 
1.28%) 

0.00% (0.00%– 
0.00%) 

83.33% (75.90%– 
89.74%) 

98.46% (96.41%– 
100.00%) 

Marks & Exsan & Scale 5.38% (2.56%– 
8.46%) 

18.21% (13.85%– 
23.33%) 

0.26% (0.00%– 
1.28%) 

0.00% (0.00%– 
0.00%) 

82.82% (75.64%– 
89.49%) 

98.21% (95.90%– 
100.00%) 

Ecchy & Exsan & Scale 13.33% (8.72%– 
19.49%) 

6.41% (3.33%– 
10.00%) 

0.00% (0.00%– 
0.00%) 

0.00% (0.00%– 
0.00%) 

83.33% (75.90%– 
90.00%) 

98.46% (96.15%– 
100.00%) 

Marks & Ecchy & Exsan 
& Scale 

5.38% (2.56%– 
8.72%) 

4.62% (2.31%– 
7.44%) 

0.00% (0.00%– 
0.00%) 

0.00% (0.00%– 
0.00%) 

82.82% (75.38%– 
89.74%) 

98.21% (95.90%– 
100.00%)  

Table 2 
Overview of the hauls conducted during the data collection period. *: missing values.  

Haul # Marks Date Time Tow time (Min) Lat. Long. Depth (m) Catch (kg) 

1 Grid + codend March 01, 2019 00:41:15 60 7151.94 N 02444.80 E 269.86 * 
2 Gentle codend March 01, 2019 02:46:23 90 7149.58 N 02446.53 E 267.63 854.11 
3 Gentle codend March 01, 2019 05:09:55 91 7154.01 N 02449.99 E 263.35 636.38 
4 Grid + codend March 01, 2019 07:46:12 90 7154.76 N 02440.65 E 276.94 524.19 
5 Grid + codend March 01, 2019 20:24:56 60 7136.96 N 02540.52 E 280.38 3421.05 
6 Gentle codend March 02, 2019 02:40:34 30 7133.94 N 02540.77 E 281.03 2324.22 
7 Gentle codend March 02, 2019 07:01:42 43 7136.10 N 02548.26 E 282.57 1659.81 
8 Grid + codend March 02, 2019 11:20:45 90 7134.91 N 02542.77 E 282.62 2275.19 
9 Grid + codend March 02, 2019 16:02:01 60 7135.04 N 02554.40E 285.33 562.59 
10 Gentle codend March 02, 2019 18:00:05 50 7135.12 N 02543.03 E 279.40 1589.05 
11 Gentle codend March 02, 2019 22:17:11 19 7133.59 N 02544.88 E 280.48 948.18 
12 Grid + codend March 03, 2019 00:41:59 43 7131.33 N 02548.15 E 275.99 1467.88 
13 Grid + codend March 03, 2019 04:00:23 60 7132.49 N 02545.98 E 280.44 1374.52 
14 Gentle codend March 03, 2019 06:47:57 60 7129.95 N 02546.59 E 284.85 1073.62 
15 Gentle codend March 03, 2019 10:09:03 59 7137.49 N 02545.90 E 288.25 824.2 
16 Grid + codend March 03, 2019 12:12:32 120 7134.93 N 02546.25 E 284.01 1343.71 
17 Grid + codend March 03, 2019 15:01:58 118 7138.04 N 02540.20 E 281.74 1468.71 
18 Gentle codend March 03, 2019 17:54:47 68 7132.66 N 02529.15 E 287.47 1782.58 
19 Gentle codend March 03, 2019 22:51:55 54 7135.18 N 02532.81 E 280.98 1868.32 
20 Grid + codend March 04, 2019 03:06:06 61 7135.78 N 02535.72 E * 1893.18 
21 Grid + codend March 05, 2019 02:08:01 75 7134.32 N 02530.93 E 286.35 2331.8 
22 Gentle codend March 05, 2019 05:43:05 78 7132.93 N 02531.58 E 289.13 2945.39 
23 Gentle codend March 05, 2019 12:31:24 75 7135.00 N 02554.64 E 290.10 2825.49 
24 Grid + codend March 05, 2019 18:28:02 24 7136.67 N 02557.30 E 290.48 1257.19 
25 Grid + codend March 05, 2019 20:10:49 38 7136.82 N 02557.53 E 290.85 *  
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gentle codend than for the grid and codend configuration (Table 5). 
Scale loss was the damage type where the difference observed between 
the gear was largest. The probability of obtaining fish without scale loss 
was significantly higher for the cod captured with the gentle codend 

22.39% (9.79%–34.70%). In addition, the probability of capturing fish 
with slight − 15.73% (− 28.29%–3.46%) or moderate − 6.22% 
(− 11.20%–1.26%) scale loss was significantly lower for this codend 
than for the grid and codend configuration (Table 5). The differences 

Table 5 
Differences in probability for different types and levels of catch damage (scores) between cod captured with the gentle configuration, and cod captured with the grid 
and codend configuration (gentle codend – grid & codend). Values in brackets represent 95% confidence interval. Significant differences are highlighted in bold.  

Difference 0 1 2 3 ≤1 ≤2 

Marks 8.80% (− 3.61%– 
22.63%) 

¡10.30% (-23.08%– 
1.07%) 

1.47% (− 1.22%– 
4.19%) 

0.02% (− 1.03%– 
0.88%) 

− 1.50% (− 4.49%– 
1.47%) 

− 0.02% (− 0.88%– 
1.03%) 

Ecchy 1.84% (− 5.19%– 
8.48%) 

¡2.67% (-9.12%– 
3.72%) 

0.83% (0.00%–2.22%) 0.00% (0.00%– 
0.00%) 

− 0.83% (− 2.22%– 
0.00%) 

0.00% (0.00%– 
0.00%) 

Exsan 5.90% (− 4.98%– 
17.22%) 

¡8.14% (-16.94%– 
0.90%) 

1.67% (− 4.36%– 
7.78%) 

0.58% (− 0.77%– 
1.97%) 

− 2.24% (− 8.61%– 
4.10%) 

− 0.58% (− 1.97%– 
0.77%) 

Scale 22.39% (9.79%– 
34.70%) 

¡15.73% (-28.29%–- 
3.46%) 

¡6.22% (-11.20%–- 
1.26%) 

− 0.45% (− 2.78%– 
1.67%) 

6.67% (0.71%– 
13.53%) 

0.45% (− 1.67%– 
2.78%) 

Marks & Ecchy 7.26% (− 5.90%– 
20.06%) 

¡3.42% (-8.29%– 
0.98%) 

0.00% (0.00%–0.00%) 0.00% (0.00%– 
0.00%) 

− 2.33% (− 5.73%– 
0.96%) 

− 0.02% (− 1.11%– 
1.03%) 

Marks & Exsan 5.64% (− 3.61%– 
14.89%) 

¡11.88% (-21.86%–- 
2.93%) 

0.02% (− 1.03%– 
1.11%) 

0.00% (0.00%– 
0.00%) 

− 3.72% (− 11.79%– 
3.68%) 

− 0.60% (− 2.24%– 
1.00%) 

Ecchy & Exsan 3.50% (− 7.82%– 
14.42%) 

− 4.66% (− 9.76%– 
0.58%) 

0.00% (0.00%–0.00%) 0.00% (0.00%– 
0.00%) 

− 3.08% (− 9.89%– 
3.48%) 

− 0.58% (− 2.22%– 
0.75%) 

Marks & Ecchy & Exsan 4.72% (− 5.30%– 
13.57%) 

¡4.40% (-8.80%–- 
0.17%) 

0.00% (0.00%–0.00%) 0.00% (0.00%– 
0.00%) 

− 4.55% (− 12.78%– 
2.69%) 

− 0.60% (− 2.24%– 
0.98%) 

Marks & Scale 11.41% (2.37%– 
20.24%) 

¡14.96% (-22.74%–- 
6.97%) 

− 0.51% (− 1.79%– 
0.00%) 

0.00% (0.00%– 
0.00%) 

4.68% (− 1.97%– 
11.39%) 

0.43% (− 1.73%– 
2.80%) 

Ecchy and Scale 18.72% (6.82%– 
29.51%) 

¡4.62% (-8.76%–- 
0.64%) 

0.28% (0.00%–1.11%) 0.00% (0.00%– 
0.00%) 

6.11% (0.19%– 
12.37%) 

0.45% (− 1.41%– 
2.29%) 

Marks & Ecchy & Scale 9.57% (1.41%– 
18.14%) 

¡4.55% (-7.67%–- 
1.65%) 

0.00% (0.00%–0.00%) 0.00% (0.00%– 
0.00%) 

4.12% (− 2.31%– 
11.18%) 

0.43% (− 1.97%– 
2.76%) 

Exsan & Scale 11.39% (2.76%– 
20.15%) 

¡14.44% (-22.01%–- 
6.24%) 

− 0.26% (− 1.28%– 
0.00%) 

0.00% (0.00%– 
0.00%) 

4.17% (− 5.32%– 
14.32%) 

− 0.13% (− 2.56%– 
2.50%) 

Marks & Exsan & Scale 7.39% (1.69%– 
13.03%) 

¡13.48% (-19.25%–- 
7.88%) 

− 0.26% (− 1.28%– 
0.00%) 

0.00% (0.00%– 
0.00%) 

2.46% (− 8.01%– 
13.12%) 

− 0.15% (− 2.84%– 
2.74%) 

Ecchy & Exsan & Scale 8.33% (− 0.06%– 
16.13%) 

¡4.47% (-8.31%–- 
0.96%) 

0.00% (0.00%–0.00%) 0.00% (0.00%– 
0.00%) 

3.61% (− 6.79%– 
12.63%) 

− 0.13% (− 2.56%– 
2.54%) 

Marks & Ecchy & Exsan 
& Scale 

6.00% (0.60%– 
11.41%) 

¡4.34% (-6.92%–- 
1.77%) 

0.00% (0.00%–0.00%) 0.00% (0.00%– 
0.00%) 

1.90% (− 8.29%– 
12.48%) 

− 0.15% (− 2.80%– 
2.74%)  

Table 4 
Probability of obtaining cod with different types and levels of catch damage (scores) when captured with the gentle codend configuration. Values in brackets represent 
95% confidence intervals.  

Gentle codend 0 1 2 3 ≤1 ≤2 

Marks 51.11% (42.22%– 
60.83%) 

46.11% (37.50%– 
54.44%) 

2.50% (0.56%– 
5.00%) 

0.28% (0.00%– 
1.11%) 

97.22% (94.72%– 
99.17%) 

99.72% (98.89%– 
100.00%) 

Ecchy 87.22% (81.94%– 
92.22%) 

11.94% (7.50%– 
16.67%) 

0.83% (0.00%– 
2.22%) 

0.00% (0.00%– 
0.00%) 

99.17% (97.78%– 
100.00%) 

100.00% (100.00%– 
100.00%) 

Exsan 40.00% (32.50%– 
47.78%) 

50.83% (44.17%– 
57.78%) 

8.33% (3.61%– 
13.33%) 

0.83% (0.00%– 
2.22%) 

90.83% (85.83%– 
95.83%) 

99.17% (97.78%– 
100.00%) 

Scale 64.44% (56.39%– 
73.06%) 

32.22% (23.61%– 
40.28%) 

2.50% (0.28%– 
5.28%) 

0.83% (0.00%– 
2.22%) 

96.67% (93.33%– 
99.44%) 

99.17% (97.78%– 
100.00%) 

Marks & Ecchy 44.44% (35.56%– 
53.89%) 

5.56% (2.50%– 
9.17%) 

0.00% (0.00%– 
0.00%) 

0.00% (0.00%– 
0.00%) 

96.39% (93.33%– 
98.89%) 

99.72% (98.61%– 
100.00%) 

Marks & Exsan 20.00% (12.78%– 
27.22%) 

22.22% (16.39%– 
28.89%) 

0.28% (0.00%– 
1.11%) 

0.00% (0.00%– 
0.00%) 

88.33% (81.94%– 
94.44%) 

98.89% (97.50%– 
100.00%) 

Ecchy & Exsan 35.56% (27.50%– 
43.61%) 

6.11% (3.33%– 
9.44%) 

0.00% (0.00%– 
0.00%) 

0.00% (0.00%– 
0.00%) 

90.00% (84.44%– 
95.56%) 

99.17% (97.78%– 
100.00%) 

Marks & Ecchy & Exsan 18.06% (11.11%– 
25.28%) 

2.78% (0.83%– 
5.28%) 

0.00% (0.00%– 
0.00%) 

0.00% (0.00%– 
0.00%) 

87.50% (80.83%– 
93.89%) 

98.89% (97.50%– 
100.00%) 

Marks & Scale 31.67% (25.83%– 
38.06%) 

12.22% (7.78%– 
17.22%) 

0.00% (0.00%– 
0.00%) 

0.00% (0.00%– 
0.00%) 

94.17% (89.72%– 
98.06%) 

98.89% (97.50%– 
100.00%) 

Ecchy and Scale 56.67% (49.72%– 
63.61%) 

3.33% (1.39%– 
5.83%) 

0.28% (0.00%– 
1.11%) 

0.00% (0.00%– 
0.00%) 

96.11% (92.50%– 
98.89%) 

99.17% (97.78%– 
100.00%) 

Marks & Ecchy & Scale 27.78% (22.50%– 
33.89%) 

0.83% (0.00%– 
2.50%) 

0.00% (0.00%– 
0.00%) 

0.00% (0.00%– 
0.00%) 

93.61% (88.89%– 
97.78%) 

98.89% (97.22%– 
100.00%) 

Exsan & Scale 24.72% (17.78%– 
31.67%) 

15.56% (10.83%– 
20.56%) 

0.00% (0.00%– 
0.00%) 

0.00% (0.00%– 
0.00%) 

87.50% (80.56%– 
94.17%) 

98.33% (96.67%– 
99.72%) 

Marks & Exsan & Scale 12.78% (8.06%– 
17.50%) 

4.72% (1.94%– 
8.33%) 

0.00% (0.00%– 
0.00%) 

0.00% (0.00%– 
0.00%) 

85.28% (77.22%– 
92.50%) 

98.06% (96.11%– 
99.44%) 

Ecchy & Exsan & Scale 21.67% (15.83%– 
28.06%) 

1.94% (0.28%– 
3.89%) 

0.00% (0.00%– 
0.00%) 

0.00% (0.00%– 
0.00%) 

86.94% (80.00%– 
93.61%) 

98.33% (96.67%– 
99.72%) 

Marks & Ecchy & Exsan & 
Scale 

11.39% (7.22%– 
16.11%) 

0.28% (0.00%– 
1.11%) 

0.00% (0.00%– 
0.00%) 

0.00% (0.00%– 
0.00%) 

84.72% (77.22%– 
92.50%) 

98.06% (96.39%– 
99.44%)  
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between the gears in the probability of capturing cod without marks or 
poor exsanguination were 8.80% (− 3.61%–22.63%) and 5.90% 
(− 4.98%–17.22%), respectively. However, these differences were not 
significant. The differences for ecchymosis was below 2% and non- 
significant (Table 5). 

4. Discussion 

In general fishers, retailers and scientist consider a catch to be of 
good quality, when it contains fish with negligible (score 0–1) physical 
injuries. Fish caught with bottom trawls often show marks, scale loss, 
internal and external ecchymosis, and poor exsanguination, all of which 
contribute to a reduction in overall quality (Esaiassen et al., 2004; 
Ingólfsson & Jørgensen, 2006; Digre et al., 2010; Rotabakk et al., 2011; 
Olsen et al., 2013, 2014). From a management perspective, poor catch 
quality increases the risk of illegal discards and high-grading (discarding 
of unwanted species, sizes or quality for the benefit of better payed 

catch) of fish, which contribute to unaccounted fishing mortality 
(Batsleer et al., 2015). From a fisheries perspective, poor catch quality 
limits how fish can be used for various products, and thus reduces rev-
enue (Brinkhof, Larsen et al., 2018,b). In addition, catch quality can also 
influence shelf life (Bonilla et al., 2007; Cole et al., 2003). Hence, 
improving the quality of trawl caught fish could increase its value and 
contribute to a more sustainable fishery. Several studies have investi-
gated the effect of post-catch handling onboard bottom trawlers (Bor-
derías & SánchezAlonso, 2011; Botta et al., 1986; Erikson et al., 2016; 
Olsen et al., 2014, 2013). However, relatively few studies have inves-
tigated the effect of various trawling procedures and trawl components 
(including the codend) on catch quality. Karlsen et al. (2015) docu-
mented improved catch quality when separating crustaceans from fish, 
however, this is not an issue in the Barents Sea gadoid bottom trawl 
fishery. Redfish, which are caught as by-catch species in the Barents Sea 
fishery, can due to their spines have a negative effect on the catch 
quality. However, the levels of by-catch are usually low as demonstrated 

Fig. 3. Catch damage score histograms for cod captured with the grid and 130 mm regular codend configuration in each haul.  
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in this study (catches contained 2.02 ± 2.7% (mean ± SD) redfish), and 
the negative effect is therefore believed to negligible. To our knowledge 
only the studies from Digre et al. (2010), Brinkhof, Larsen et al., 2018 
and Tveit et al. (2019), all conducted in the same fishery, investigated 
the effect of substituting conventional codends with T90-codends, a 
sequential codend, and 4-panel codends, respectively. However, only 
the sequential codend resulted in a significantly improved catch quality. 
It is difficult, if not impossible, to improve catch quality based on 
existing processing methods once it has already deteriorated during the 
catch process. Hence, preventing the deterioration of the catch during 
the capture process is key to improving the quality of trawl caught cod. 

The results of this study demonstrated that the gentle codend 
significantly improved the catch quality of cod by 6.00% (0.60%– 
11.41%) compared to the conventional configuration with the grid and 
codend. Brinkhof, Larsen et al., 2018 demonstrated a 14.00% (6.00%– 
24.00%) higher probability of catching cod without any catch damage 
by applying a quality preserving codend, similar to the gentle codend in 
the present study, in a sequential configuration, which was compared to 
a conventional trawl rigging similar to the one applied in this study. 
However, for scale loss, the current study demonstrated a larger 
improvement (22.39% CI: 9.79%–34.70%) than that reported by 
Brinkhof, Larsen et al., 2018 (16.00% CI: 6.00%–26.00%). Thus, the 
reduction in catch damage found in the current study was lower than 
that in Brinkhof, Larsen et al., 2018 for all damage types except for scale 

loss. This was somewhat unforeseen, especially considering that the 
gentle codend entry was open during the entire towing phase, and not 
closed as in the case of Brinkhof, Larsen et al., 2018. 

The flow of fish in the aft of the two trawl configurations tested in the 
current study differed. In the compulsory trawl configuration, cod first 
pass through a sorting grid and may subsequently attempt to escape 
through the codend meshes. In the experimental trawl configuration, the 
cod could potentially escape through the meshes in the section with 
shortened lastridges before entering the gentle codend. The results of 
this study showed that some of the damage observed on cod captured 
with the grid and 130 mm diamond mesh codend configuration were 
caused by one or both of these gear components, because the damage 
was significantly reduced when they were substituted by another 
codend. In particular, the results showed that scale loss on trawl-caught 
cod could be significantly reduced by substituting the sorting grid and 
diamond mesh codend configuration by a gentler codend with a size 
selective section in front. The results also demonstrated that this 
configuration significantly reduced the probability of cod obtaining 
slight damage (score 1) for all categories. Due to the experimental design 
used in the current study, it was not possible to conclude whether the 
reduction in catch damage demonstrated a sole effect of the change in 
the codend configuration used, or if removing the size sorting grid also 
contributed to the observed reduction in catch damage. The passage 
below the sort-V grid was quite narrow and similar grids have previously 

Fig. 4. Catch damage score histograms for cod captured with the gentle codend configuration in each haul.  
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been documented to have clogging problems (Sistiaga et al., 2016), 
which one would expect to contribute to damage like marks and scale 
loss on fish. However, considering the similarity between the sequential 
codend used by Brinkhof, Larsen et al., 2018 and the gentle codend used 
in the present study, it is likely that at least part of the difference 
observed for cod between the two designs tested in this study was due to 
difference in the codends used, and not solely due to the fact that the 
grid was not present in the configuration with the gentle codend. 

Because the gentle codend configuration significantly improved 
catch quality, it could be applied to commercial fishing fleets. However, 
commercial implementation would require this new gear design to be as 
efficient at releasing undersized fish as the gear currently used in the 
fishery. Investigating the size selection of this new gear design and the 
release and retention efficiency of undersized and targeted sizes of fish 
were outside of the scope of the current study. It was hypothesized that 
the small meshed gentle codend in the aft of the gear would cause a 
“bucket effect”, pushing the water sideways in front of the gentle codend 
entry. If working efficiently, such a configuration could provide a size 
selection method that would not require a size selective grid, a rigid 
structure that complicates the gear. Avoiding the use of the grid would 
result in a gear configuration that is both easier to handle and less 
hazardous for fishermen to work with. Thus, before this new gear design 
can be considered for the commercial fleet, further research is required 
to investigate its efficiency in releasing undersized fish, and compare it 
to the current grid and codend configuration applied in the fishery. 
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