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 6 

The species selectivity of demersal fishing gear in mixed whitefish fisheries needs to be improved 7 

for vessels with limited cod (Gadus morhua) quota which are encountering increasing abundances 8 

of cod in some areas of the North Sea, particularly around Shetland. Based on the known 9 

behavioural characteristics of cod within a demersal trawl, a new escape panel concept was 10 

designed and tested using an alternate haul methodology aboard a 12 m trawler. A modified 11 

(henceforth “experimental”) net was made by incorporating an upwardly inclined panel 12 

connected to a horizontal middle panel that extends back over and beyond a large mesh escape 13 

panel in the lower side of the net extension. The results of 22 paired comparative hauls are 14 

presented which demonstrated the relative selectivity of the experimental net by reference to a 15 

control net. Catch rate data showed a significant reduction in cod in the experimental net by an 16 

estimated 81% (p < 0.001). Importantly, no significant differences in the catches of other main 17 

target species were recorded between the two nets. The results indicated that the escape 18 

probability of cod increased for larger fish, whereas no significant length effects were found for 19 

haddock (Melanogrammus aeglefinus) or plaice (Pleuronectes platessa). Further research and 20 

development is recommended to evaluate the escape panel concept in commercial conditions and 21 

to optimise this promising method for vessels in the mixed demersal fishery. 22 

 23 
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1. Introduction 25 

Increases in cod (Gadus morhua) abundance in the North Sea over recent years, especially in 26 

the waters around Shetland, have proved challenging for vessels undertaking the mixed demersal fishery 27 

in the area. Vessels, often with limited cod quota, may encounter high catches of cod when targeting 28 

other species (Ulrich et al., 2011; Mortensen et al., 2018). Consequently, there are concerns that the 29 

implementation of landing obligations raises the risk of cod becoming a so-called “choke species” due 30 

to the rapid uptake of available cod quota and early closure of the mixed demersal fishery. 31 

The potential impact of choke stocks on a fishery provides a strong incentive for the 32 

modification of fishing gears to reduce catches of unwanted species. Successful designs to significantly 33 

reduce cod catches have included sorting grids and square-mesh panels in the Nephrops (e.g., 34 

Valentinsson and Ulmestrand, 2008) and flatfish (e.g., Madsen et al., 2006) trawl fisheries. Gear trials 35 

in the North Sea demersal fishery have shown that cod catches can be reduced by increasing mesh size 36 

in the forward section of trawl gear but with significant losses of some other target species (Holst and 37 

Revill, 2009; Campbell et al., 2010; Kynoch et al., 2011). As a result, the uptake of gears that reduce 38 

cod catches in the Scottish whitefish fisheries has been limited (Kraak et al., 2013) and despite the 39 

extensive recent research into species selectivity (O’Neill and Mutch, 2017) new solutions to reduce 40 

cod catches are required.  41 

This paper details the design and trial of a novel experimental net intended to selectively enable 42 

the cod catch to escape while retaining the remainder of the catch, which was done by exploiting 43 

behavioural characteristics of the target species. Cod are known to be powerful swimmers (Krag et al., 44 

2009) that have a preference for the lower part of the trawl (Rosen et al., 2012). In comparison, other 45 

gadoids such as haddock (Melanogrammus aeglefinus) are known to have a tendency to swim upwards 46 

within the net (Holst et al., 2009). The experimental net design incorporated an upwardly inclined panel 47 

which was connected to a middle panel that extended back past a large mesh escape panel in the lower 48 

side of the net extension. It was hypothesised that once fish had passed over the inclined and horizontal 49 

middle panel that cod would swim downwards and forwards in the net extension going below the 50 
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horizontal panel and out through the escape panel while other species would be unable or unwilling to 51 

access the escape panel.  52 

The objective of this study was to assess the effect of the escape panel concept on the catches 53 

of cod and other species present in the Shetland mixed demersal fishery. This first trial using a small 54 

(12 m) trawler and relatively short duration tows aims to determine whether the experimental net had 55 

potential for further development and trials on larger vessels where the design could be optimised to 56 

allow the escape of unwanted catches of cod during commercial fishing. 57 

 58 

2. Material and methods 59 

2.1 Gear development 60 

Two trawls were constructed based on a standard “Jackson” demersal otter trawl with a fishing 61 

circle of 352 (160 mm) meshes (Figure 1). These trawls were identical except for modifications made 62 

to one of the nets in the net extension near the cod-end. The unmodified net is referred to as the “control” 63 

net, and the modified net is referred to as the “experimental” net. The experimental net incorporated an 64 

inclined panel and a horizontal middle panel in the extension made using 120 mm mesh and single 4 65 

mm twine. The middle panel was 40 meshes wide and was laced into the selvedges between the top and 66 

bottom extension panels. The inclined panel was connected to the middle panel at one end where it was 67 

40 meshes wide and tapered as it joined the bottom extension panel. Under the middle panel, a section 68 

of the bottom panel was replaced by 300 mm square mesh using double 5 mm twine to form an escape 69 

panel fitted between the selvedges. The position and assembly of these modifications (Figure 1) was 70 

guided by the evaluation of scale models. 71 

The experimental and control nets were rigged identically and fished in the same way. The 72 

ground gear consisted of 23 m of 150 mm and 200 mm diameter rubber disks. The headline was fitted 73 

with 30 floats of 200 mm diameter. The trawl doors used were Bison No. 6½ (Edwin Ashworth Ltd., 74 

York) which were connected to the trawl by 92 m long sweeps. 75 

A battery-powered trawl camera system was developed to observe the performance of the 76 

experimental net and record fish behaviour around the gear modifications. A high definition colour 77 
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camera (Veho Muvi K2 NPNG) was used to record video footage in depths up to 100 m, with artificial 78 

lighting provided by two LED diving lights (BlueFire 1200 Lumen XM-L2). The camera and lights 79 

were mounted in a custom-built protective stainless-steel housing which was fitted to the net extension 80 

by means of bolts attaching a separate float plate.  81 

2.2 Sea trial and data collection 82 

The trial was undertaken between the 30th of November 2017 and the 1st of March 2018 aboard 83 

the MFV Atlantia II (LK 502), a 12 m in length, 131 kW (172 HP) main engine vessel with matching 84 

twin net drums. The gear was towed at approximately 2.5 knots (4.6 km hr-1) with headline height and 85 

door spread monitored continuously using a Notus trawl monitoring system.  86 

An alternate haul method was used to replicate local commercial fishing practices as far as 87 

possible. This method involved a standardised pattern of haul pairs consisting of experimental and 88 

control net tows in the same areas. Haul pairs were fished along the same track during daylight 89 

conditions as close together in time as possible. The first tow of each pair was swapped between the 90 

experimental and control nets after each valid pair.  91 

During the trial, 31 hauls were completed, of which 22 hauls in 11 pairs provided valid data for 92 

analysis. Six hauls were invalid due to damage to the net, operational issues, or entanglement of the 93 

gear during the first or second haul of a pair. The camera system was used with the experimental net in 94 

three hauls from which the catch data were not included in analysis due to potential affects that the 95 

presence of the camera or artificial illumination might have had on results. Fishing was undertaken on 96 

grounds where cod were expected to be present in sufficient numbers at the time of year (Figure 2). 97 

Fished depths ranged from approximately 60 to 130 m. Tow durations were consistent within pairs and 98 

ranged from approximately 45 mins to 2.8 hours depending on the location.  99 

The catch from each haul was first sorted by species. For each commercial species the 100 

individual fish total lengths (L) were measured (cm below), the number (n) per length class noted, and 101 

the total live weight recorded. In some hauls, subsampling for length measurements was required for 102 

large numbers of haddock and plaice (Pleuronectes platessa). No subsampling was undertaken for cod. 103 
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For non-marketable species (those not typically landed by boats into Shetland markets) the combined 104 

total live weight was recorded.  105 

2.3 Data analysis 106 

All data visualisation and statistical analyses were carried out using R (version 3.4.0, R Core 107 

Team, 2017). Live weight data were used to assess the overall catch composition for each net. To 108 

compare catch rates, the catch per unit effort (CPUE), i.e., catch weight divided by towing time, was 109 

calculated for each species and each haul. Following F-tests for variance, CPUE for the control and 110 

experimental nets was compared using the non-parametric Wilcoxon signed rank test for matched pairs.  111 

Length distributions were analysed for species where sufficient numbers had been caught. 112 

Raised length distributions were used where any subsampling had been necessary. The non-parametric 113 

two-sample Kolmogorov-Smirnov test was used to statistically compare length distribution results 114 

between the control and experimental nets.  115 

The proportion of fish retained by the experimental net per length class (1 cm bins) was defined 116 

𝑃(𝐿) = 𝑛𝐿,𝑒𝑥𝑝𝑒𝑟/(𝑛𝐿,𝑒𝑥𝑝𝑒𝑟 + 𝑛𝐿,𝑐𝑜𝑛𝑡𝑟𝑜𝑙) where 𝑛𝐿,𝑒𝑥𝑝𝑒𝑟 is the number of fish of length 𝐿 from the 117 

experimental net and  𝑛𝐿,𝑐𝑜𝑛𝑡𝑟𝑜𝑙 is the number of fish of length 𝐿 from the control net. A proportion of 118 

0.5 indicates no difference in catch between the control and experimental nets at a specific length, while 119 

P < 0.5 indicates less retained in the experimental net and P > 0.5 indicates more retained in the 120 

experimental net. A generalised linear mixed model (GLMM) framework was used to fit lines for P as 121 

a function of L following the methodology described in Holst and Revill (2009) to produce curves with 122 

confidence intervals (e.g., Soetaert et al., 2016; Bayse et al., 2016; Vogel et al., 2017). This GLMM 123 

method considers a binomial distribution and uses low-order polynomial approximations for the logit 124 

of P. Variability in catch results between hauls was handled by implementing “haul pair number” as a 125 

random term and the subsampling ratio was used as an offset. This analysis was conducted for the main 126 

species caught by attempting to fit a cubic polynomial followed by the subsequent removal of one term 127 

at a time (i.e., quadratic, linear, then constant) until all terms were statistically significant based on the 128 

Wald test. 129 
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The catch ratio (CR) was calculated as 𝐶𝑅(𝐿) = 𝑃(𝐿)/(1 − 𝑃(𝐿)) following the derivation in 130 

Sistiaga et al. (2015) to provide direct quantification of the length-dependent relative catch efficiency 131 

(e.g., Brčić et al., 2017; Herrmann et al., 2017; Herrmann et al., 2018). Thus, the catch ratio gives a 132 

useful direct relative estimate for the catch retention at length by the experimental net such that a value 133 

of 1.0 for CR indicates that catches between the experimental and control net are equal, while CR = 0.5 134 

indicates that only 50% of the catch has been retained by the experimental net compared to the control 135 

net. 136 

 137 

3. Results 138 

In the 22 valid hauls, a total catch of 4997.0 kg was recorded and 3788 individual fish lengths 139 

were measured. Total towing time for each net was 21.6 hours. From the control net a total catch of 140 

2972.5 kg was recorded of which 2839.6 kg (95.5%) was of marketable species; and from the 141 

experimental net the total catch was 2024.5 kg of which 1869.2 kg (92.3%) was of marketable species. 142 

Non-marketable species present were predominately: common dab (Limanda limanda), flounder 143 

(Platichthys flesus), grey gurnard (Eutrigla gurnardus), red gurnard (Chelidonichthys cuculus), and 144 

lesser-spotted dogfish (Scyliorhinus canicular).  145 

The catch weights for each species summed over all valid hauls are shown in Table 1. Cod was 146 

the biggest contributor by weight from the control net, followed by haddock and plaice, and combined 147 

these three species accounted for three-quarters of the total marketable control catch. Haul by haul catch 148 

data for these three species are shown in Table 2 along with operational information. The principal 149 

difference between the control and experimental nets was in catches of cod, with 1269.8 kg of cod in 150 

the control hauls compared to 312.7 kg in experimental hauls, corresponding to an overall 75.4% 151 

reduction in cod catch weight in the experimental net. Less cod was recorded in the experimental net in 152 

every haul pair. The combined total weight of all other species (excluding cod) from the control hauls 153 

was 1702.7 kg and from the experimental hauls was 1711.8 kg, an overall difference of less than 1%. 154 

Excluding cod, the relative weights in the experimental net catches for each species were similar to 155 
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those of the control net except for ling (Molva molva) and this was due to a single haul in which 123.5 156 

kg of large (up to 116 cm length) ling were caught.  157 

Catch rates were compared for the control and experimental hauls by considering the mean 158 

CPUE for each species (Figure 3). The most significant difference was in the reduction in cod from 159 

80.8 kg hr-1 in the control net to 15.1 kg hr-1 in the experimental net, a reduction of 81.3% in cod catch 160 

rate. Wilcoxon tests of the CPUE results of the control and experimental nets confirmed that the cod 161 

catch rate was significantly different (p < 0.001) and that for all other species no significant differences 162 

were observed (p > 0.05 in all cases). 163 

Length data were analysed in detail for the three species caught in sufficient abundance during 164 

the trial: cod, haddock, and plaice (Figure 4). Cod and plaice results showed unimodal length 165 

distributions while haddock lengths appeared bimodal. Comparison of control and experimental net 166 

length distributions show that fewer cod were caught by the experimental gear over most of the length 167 

range sampled. The Kolmogorov-Smirnov tests confirm that the difference between the experimental 168 

and control nets was statistically significant for cod (p < 0.001), while no significant difference was 169 

observed for haddock (p = 0.11) or plaice (p = 0.26).  170 

Any length dependence on the apparent retention of cod, haddock and plaice in the experimental 171 

net was investigated by considering P (Figure 4). For cod, P results were generally below 0.5 especially 172 

for larger fish which indicated a higher probability of escape from the experimental net with increased 173 

length. In contrast, P results for plaice and haddock were scattered around 0.5 which suggested that the 174 

experimental net had no detectable effect on the retention of these species. Following the GLMM 175 

method, the best fitting model for cod was a logit-linear curve which indicated that the proportion of 176 

cod retained in the experimental net decreased significantly with length. The mean model fit showed 177 

reduced retention of cod in the experimental gear for L > 35 cm and suggested a significant likelihood 178 

of escape for cod in excess of 49 cm length based on the model 95% confidence intervals. However, 179 

the GLMM method failed to determine any significant relationship for P and L in the haddock and 180 

plaice results following the polynomial regression approach (Holst and Revill, 2009), providing further 181 

evidence that there was no significant difference between the catches of the control and experimental 182 
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nets for these species. For comparison with the best fitting cod model then logit-linear curves for the 183 

haddock and plaice results are also presented. 184 

The results for CR (Figure 4) also demonstrated the trend of decreasing cod catches in the 185 

experimental net associated with increased cod length, with 50% relative catch efficiency for cod 186 

observed at approximately 54 cm length. The haddock and plaice results for CR showed that the baseline 187 

for no change in relative catch efficiency (1.0) is within the confidence intervals, further suggesting no 188 

significant difference in the catch retention by the experimental and control nets for these species.  189 

The camera system was successful in recording the behaviour of fish in the net extension but 190 

the duration of coverage was not sufficient to enable a formal analysis of the footage. The available 191 

footage confirmed that cod demonstrated a consistent tendency to occupy the lower part of the net 192 

extension, compared to the other gadoids recorded, and were likely to swim underneath the middle 193 

panel against the flow to access the escape panel during towing. The available footage also confirmed 194 

that other species were either not inclined to swim underneath the middle panel or would tend to tire 195 

and fall back to the cod-end before accessing the escape panel. Thornback rays (Raja clavata) were 196 

observed to occasionally become snagged in the middle panel as they passed towards the cod-end, 197 

which forced down the middle panel resulting in the temporary blockage of the escape panel. 198 

 199 

4. Discussion and conclusions 200 

The increased abundance of cod in Shetland waters has motivated the trial of a novel escape 201 

panel concept to selectively reduce cod catches. The results indicated that the design leads to a 202 

consistent and substantial reduction in cod catches due to the selective escape of cod capable of 203 

accessing the large mesh escape panel. This trial showed a significant reduction (p < 0.001) in mean 204 

cod catch rate of 81.3%. Such a reduction indicates that the design has potential as a useful technical 205 

measure to prevent cod becoming a choke species in the Scottish mixed demersal fishery and the 206 

associated economic impacts to individual vessels. A potential 87% decrease in revenue was estimated 207 

by Mortensen et al., (2018) for an individual demersal trawler operating in the North Sea due to the 208 

early exhaustion of available cod quota, and so there exists a clear motivation for switching to selective 209 

gears that can demonstrate viability in the mixed fishery.  210 



9 

 

A key result of this study was that the experimental net had no detectable effect on the retention 211 

of any species other than cod. In all other cases except cod, the catch rates of marketable species from 212 

both nets were not significantly different (p > 0.05). Haddock and plaice were caught in sufficient 213 

numbers to enable a more detailed analysis of length data and this showed no significant difference in 214 

the size distribution caught by the two nets and no significant relationship between length and the 215 

proportions retained by the experimental net. Although the data available in this first trial were relatively 216 

limited and the results of species caught in low abundance should be treated cautiously, the apparent 217 

relative species selectivity of the proposed net design could represent a practical alternative to previous 218 

gear modifications which have shown significant impacts on catches of other species important to the 219 

Scottish demersal fishery (e.g., Kynoch et al., 2011). 220 

 Cod length data showed that the proportion retained by the experimental net decreased for 221 

larger fish indicating that the escape probability for cod increased with length. This contrasts with large 222 

mesh trials which have found that smaller cod were less likely to be retained (Campbell et al., 2010). 223 

The maximum sustained swimming speeds of fish around fishing gear is related to their length (He, 224 

1993), and so the reduction in proportion of retained cod with length is interpreted as being due to the 225 

ability of larger individuals to swim at speed forward against the flow and under the middle panel then 226 

out the escape panel. The observed reduction in cod retention for lengths exceeding 35 cm was very 227 

similar to the length dependent effect on cod catch shown by Krag et al. (2015) where larger individuals 228 

(≥ 35 cm) were found to be more likely to escape from a topless trawl design. Since smaller cod were 229 

more likely to be retained then a potential disadvantage of this effect is that available cod quota may be 230 

used (albeit more gradually) by smaller fish of less value. The extent to which this may occur is an area 231 

that would require further investigation and analysis in more extensive trials. 232 

The alternate haul method used here meant that a larger number of hauls was required for 233 

comparison (than for example in gear trials using a twin-rig). However, the single trawl is the dominant 234 

gear type used in the Shetland demersal fishery and an alternate haul pattern has been used successfully 235 

in various previous gear trials in the area with low natural variability in catches between successive 236 

hauls reported (Bullough et al., 2007). A full assessment of the experimental gear under a wider range 237 

of conditions is recommended and would require much more data collection. The relatively short tow 238 
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durations in this trial were beneficial in reducing the variation in environmental conditions between 239 

consecutive tows as far as possible. Tow duration could have been a significant factor in the overall 240 

performance of the experimental gear if escape behaviour had been observed to increase during hauling; 241 

however, this effect was not observed in the limited available camera footage. 242 

The application of the escape panel concept trialled here to the local fishery is likely to require 243 

further refinements to optimise the design for commercial fishing practices. The exact location of square 244 

mesh panels and separator panels along the length of a trawl has been shown to affect species selectivity 245 

(Holst et al., 2009; Herrmann et al., 2014) and so alterations to the design trialled here could include 246 

moving the position of the escape panel relative to the cod-end and varying the length or height of the 247 

middle panel. The observed temporary reduction in accessibility of the escape panel due to skate could 248 

be prevented by further modifications to reduce snagging or to increase the rigidity of the middle panel 249 

and net extension. Additional video footage would be highly informative and would enable a 250 

quantitative video analysis of behaviour during refinement of the gear. 251 

Overall, the gear modifications trialled here have demonstrated encouraging results with a 252 

significant reduction in cod catches and no detectable effects on the catches of other main target species. 253 

These results suggest that the new escape window concept has potential as a viable method to reduce 254 

cod bycatch in mixed demersal fisheries. Further research and development is therefore recommended 255 

to support the application and trial of this promising method with larger vessels, representative of the 256 

local demersal fleet, operating under commercial conditions.  257 
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Tables and figures 332 

Species 
Common  

name 

Total catch (kg) 

Control net Experimental net 

Gadus morhua Cod 1269.8 312.7 

Melanogrammus aeglefinus Haddock 479.3 503.3 

Pleuronectes platessa Plaice 390.2 380.3 

Raja naevus Cuckoo ray 203.9 151.0 

Lophius spp. Monkfish 185.8 156.0 

Raja clavata Thornback ray 88.2 68.0 

Raja montagui Spotted ray 51.1 15.1 

Merlangius merlangus Whiting 45.0 41.2 

Microstomus kitt Lemon sole 35.2 33.2 

Loligo spp. Squid 27.3 52.0 

Pollachius virens Saithe 24.8 3.3 

Molva molva Ling 11.7 126.0 

Leucoraja circularis Sandy ray 10.3 8.7 

Merluccius merluccius Hake 7.2 0.9 

Lepidorhombus 

whiffiagonis 
Megrim 5.9 9.8 

Glyptocephalus cynoglossus Witch 2.6 4.0 

Zeus faber John Dory 1.2 1.1 

Scomber scombrus Mackerel 0.1 0.3 

Scophthalamus maximus Turbot 0.0 1.4 

Clupea harengus Herring 0.0 0.9 

Non-marketable species --- 132.9 155.3 

Table 1. Overview of species present in the trial and catch weights for the control and experimental 333 

nets summed over all valid hauls. 334 

Tow Pair Date Net Towing 

time 

(min) 

Depth 

(m) 

Door 

spread 

(m) 

Total fish 

measured 

Total 

catch 

(kg) 

Cod 

catch 

(kg) 

Haddock 

catch (kg) 

Plaice catch 

(kg) 1 1 30/10/17 C 120 95 62 140 272.5 162.4 11.0 18.9 

2 1 30/10/17 E 120 95 64 94 124.2 22.6 22.2 14.8 

3 2 31/10/17 E 120 95 62 35 76.1 12.0 1.0 6.1 

4 2 31/10/17 C 120 95 64 49 85.2 25.5 3.4 6.6 

5 3 02/11/17 C 65 63 52 134 209.5 98.0 29.0 9.6 

6 3 02/11/17 E 65 63 53 88 123.7 34.8 23.0 9.1 

7 4 02/11/17 C 46 90 55 111 338.6 299.8 8.3 8.2 

8 4 02/11/17 E 46 90 53 91 70.8 10.1 8.3 29.2 

9 5 13/11/17 E 153 97 59 178 163.2 18.6 61.3 15.3 

10 5 13/11/17 C 153 97 59 150 150.6 20.5 48.7 3.9 

11 6 14/11/17 C 102 67 48 308 344.9 136.6 42.4 98.9 (0.32) 

12 6 14/11/17 E 102 67 49 262 193.4 9.5 50.8 58.7 (0.48) 

13 7 21/11/17 C 152 113 51 376 611.6 115.0 117.6 182.5 (0.54) 

14 7 21/11/17 E 152 113 51 439 490.9 70.1 131.8 136.1 

15 8 13/12/17 E 100 127 --- 168 304.4 40.6 153.7 (0.42) 30.7 

16 8 13/12/17 C 100 127 --- 132 303.9 112.6 115.4 (0.50) 8.1 

17 9 21/02/18 E 120 98 51 108 108.3 21.3 24.7 17.3 

18 9 21/02/18 C 120 98 51 176 153.6 24.2 72.9 9.9 

19 10 27/02/18 C 167 103 50 312 340.2 189.4 5.2 32.7 

20 10 27/02/18 E 167 103 51 164 243.0 17.7 1.4 35.1 

21 11 28/02/18 E 153 116 51 114 126.5 55.4 25.1 27.9 

22 11 28/02/18 C 153 116 51 159 161.9 85.8 25.4 10.9 

Table 2. Summary of operational parameters and catch data for each valid control (C) and experimental 335 

(E) haul. Catch data for cod, haddock, and plaice are presented with subsampling factors indicated by 336 

values in brackets for the catches where subsampling was required. 337 
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338 

Figure 1. Net design schematics. Upper schematics show the overall design of the control and 339 

experimental nets based on a standard demersal otter trawl. Lower schematics show details of the 340 

extension and cod-end. The two nets were identical except for the modifications to the experimental net 341 

extension (i.e., the escape panel, inclined panel, and middle panel). Arrows demonstrate the movement 342 

of retained and escaped fish in the experimental net extension and cod-end.  343 
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 344 

Figure 2. Locations of haul pairs by the Atlantia II around Shetland. Each location represents the 345 

average mid-point of each valid haul pair (numbered 1 to 11) calculated between shot and haul 346 

coordinates.  347 

348 

Figure 3. Catch rates for the control and experimental net. Mean catch per unit effort (CPUE) is shown 349 

per species with standard errors.  350 
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351 

Figure 4. Results for the catch at length for the main species (cod, haddock, and plaice) caught during 352 

the trial. Top panels are histograms showing the number (n) in each length class (L) for both nets. 353 

Middle panels show the proportion (P) of the total catch retained by the experimental net, with the 354 

dashed line at 0.5 indicating no difference between the two nets. Bottom panels show the relative catch 355 

efficiency between the two nets by the catch ratio (CR), with the dashed line at 1.0 indicating equal 356 

catches. The GLMM outputs are shown with 95% confidence intervals (shading) around the mean 357 

model fit (thick black line).  358 


