
 Elsevier Editorial System(tm) for Fisheries 

Research 

  Manuscript Draft 

Manuscript Number: FISH8081R1 

Title: Size selection of Antarctic krill (Euphausia superba) in a 

commercial codend and trawl body 

Article Type: Research Paper 

Keywords: zooplankton fishery; size selectivity; sequential selectivity 

process 

Corresponding Author: Dr. bent herrmann, Ph.D 

Corresponding Author's Institution: SINTEF Fisheries and Aquaculture 

First Author: bent herrmann, Ph.D 

Order of Authors: bent herrmann, Ph.D; Ludvig A Krag, PhD; Bjørn A 

Krafft, PhD 

Manuscript Region of Origin: DENMARK 



Size selection of Antarctic krill (Euphausia superba) in a commercial codend and trawl 1 

body 2 

Bent Herrmann
1,a*

, Ludvig A. Krag
2,a

, Bjørn A. Krafft
3,a

 3 

1
SINTEF Fisheries and Aquaculture, Fishing Gear Technology, Hirtshals, Denmark 4 

2
DTU Aqua, Technical University of Denmark, Hirtshals, Denmark 5 

3
Institute of Marine Research, Bergen, Norway 6 

a
These authors have equal authorship 7 

*: Corresponding author. Tel.: +45 98 94 43 00 8 

E-mail address: Bent.Herrmann@sintef.no (B. Herrmann). 9 

Keywords: zooplankton fishery, size selectivity, sequential selectivity process 10 

Abstract 11 

During fishing, many fish species are able to avoid the net walls of the trawl body and so the 12 

majority of size selection occurs in the codend of the net. Antarctic krill (Euphausia superba) 13 

are regarded as true planktonic organisms passively drifting with currents, but they also 14 

display self-locomotion by active swimming. There is a lack of knowledge regarding the 15 

behavior of krill during the fishing process, and extrapolating results obtained for other 16 

species to krill is of limited value. In the case of krill, it is largely unknown to what extent the 17 

codend versus the trawl body contributes to the size selection process. The current study aims 18 

to quantify the size selection of krill in a commercially applied codend during experimental 19 

fishing. Combining these results with a model for full trawl size selectivity it was possible to 20 

provide an insight to the size selection process in the trawl body. Specifically, the study 21 

applied a two-step approach by first estimating the size selectivity of a commercial codend 22 

and second used the codend size selectivity obtained in this study to estimate the trawl body 23 
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size selectivity of a commercial trawl based on entire trawl-selectivity obtained in a previous 24 

study.  The results of this two-step analysis revealed that the trawl body contributes 25 

significantly to the total size selection process, demonstrating that size selectivity of Antarctic 26 

krill in commercial trawls is affected by both the trawl body and the codend. 27 

1. Introduction 28 

Several fish species avoid the netting of trawls during capture (Wardle, 1993) and so the 29 

majority of size selection for those species occurs in the codend of the trawl (Wileman et al., 30 

1996). Other species, such as smaller invertebrates, may display a different pattern of 31 

behavior. For example, prawns tend to display a more limited response to trawl stimuli 32 

(Lochhead, 1961; Newland & Chapman, 1989) and size selection resembles more of a sieving 33 

process in which individuals may meet the trawl netting frequently and with a more random 34 

orientation. Polet (2000) found that it was mainly the rounded lateral part of the net belly that 35 

was responsible for size selectivity for Crangon shrimps (Crangon crangon). Antarctic krill 36 

(Euphausia superba) are generally regarded as true planktonic organisms that drift with the 37 

currents, however they also display the ability to move horizontally and vertically in the water 38 

column, by swimming at higher speeds for limited periods of time (Marr, 1962; Kanda et al. 39 

1982). Krag et al. (2014) speculated if size selection may occur throughout the entire trawl 40 

body when harvesting Antarctic krill. 41 

 42 

Size selectivity results and underwater video recordings indicate that Antarctic krill escape 43 

through the mesh head first, at an angle perpendicular to the netting wall (Krag et al., 2014). 44 

This suggests that individual krill are either able to orientate themselves optimally in relation 45 

to the net mesh to facilitate their escape or, alternatively, their escape is a random process, where 46 

frequent contact with the trawl netting will result in some krill meeting the netting at an 47 

optimal orientation for escape by chance. Recent trawl designs in the fishing industry also 48 



support these mechanisms: Traditional net designs in the krill fishery comprised midwater 49 

trawls (Budzinski et al., 1985) with large openings (e.g. 60x50m) and large meshes near the 50 

mouth of the net with a successive reduction in size towards the small meshed codend. More 51 

recent designs comprise small mouthed (20x20m), low-tapered trawls with small meshes 52 

throughout the length of the trawl body (Bakketeig et. al, 2017). Detailed knowledge of the 53 

selection processes operating in fishing gear is important both in terms of understanding catch 54 

efficiency and gaining a better insight into ecosystem based management practices (Krafft et 55 

al., 2016).  56 

 57 

Krag et al. (2014) assessed the selectivity of a full commercial trawl. However, it is unknown 58 

whether their results represented size selection over the full trawl body, with krill having 59 

multiple random contacts with the mesh in the trawl body, eventually resulting in escape, or 60 

they were due to the fact that krill are very effective at orientating themselves towards the 61 

meshes at an angle that facilitates escape in the codend. Therefore, it is unknown to what 62 

extent trawl body and codend each contribute to the size selection in the trawl. If the majority 63 

of size selection occurs in the codend, management of size selection in the krill fishery would 64 

only require changes in codend design. However, if the trawl body is important, adjusting the 65 

gear selectivity would require changes to other parts of the trawl . Therefore, it is important to 66 

quantify size selection in commercial codends and  trawl bodies . The current study aimed to 67 

provide data to bridge this knowledge gap. Specifically, the main objectives were: 68 

- To quantify size selection in a commercial krill trawl codend. 69 

- To investigate to what extent size selection of krill in commercial trawls is attributed 70 

to the codend and the main trawl body. 71 



2. Materials and Methods  72 

To obtain the objects described above, the study applied a two -step approach: i) 73 

estimating the size selectivity of a commercial codend (sections 2.1 and 2.2); and 74 

ii) used the codend size selectivity obtained in this study to estimate the trawl 75 

body size selectivity of a commercial trawl based on entire trawl -selectivity 76 

obtained in a previous study under the assumption that the codend selectivity in 77 

both studies is similar (sections 2.2 and 2.3). 78 

2.1 Sea trials and gear specifications  79 

To quantify the size selection process that occur in the codend, a survey trawl with a codend 80 

of commercial mesh size was used. The codend was surrounded by a small-meshed cover to 81 

collect codend escapees. The trawling was carried out off the coast of the South Orkney 82 

Islands (60◦35´S, 45◦30´W) in January and February 2014 and 2015, using the 83 

Norwegian commercial ramp trawlers FV Saga Sea (96m, 6000 hp) in 2014, and the FV 84 

Juvel (99.5 m, 8158 hp) in 2015. A 30 m long  small mesh survey trawl (‘Macroplankton 85 

trawl’) was used (see Krafft et al., 2010; 2016; Krafft & Krag, 2015), with a 6 × 6 m 86 

mouth and 7 mm netting from the trawl mouth to the end of the last tapered section. The 87 

trawl body and cover were supported by an outer 200 mm protection net (single 3mm PE twine). 88 

The codend was 5 m long (stretched) with four similar panels joined into four selvedges. 89 

Each codend panel was 270 meshes wide forward and 96 meshes wide at the codline 90 

following a 3N2B cutting rate. The codend was about 440 meshes in circumference 91 

where the codend was closed and made of  16 mm (nominal; 15.4 mm measured) 92 

diamond mesh PA netting. The actual mesh size was obtained by placing a small sample 93 

of the codend netting on a flatbed scanner with no tension in the netting together with a 94 

measuring unit to determine the precise mesh size. Individual meshes in the picture were 95 

analysed in FISHSELECT software tool (Herrmann et al., 2009) using the built-in image 96 



analysis function, and mesh size was assessed following the procedures described in 97 

Sistiaga et al. (2011). Standard mesh measuring methods using the OMEGA measuring 98 

gauge (Fonteyne, 2005), which are applied for larger mesh sizes, could not be used in this 99 

study because the measuring jaws are too large for the small mesh sizes used in the krill 100 

fishery. 101 

A 26.5 m long cover comprised of 7 mm mesh was mounted to the codend to collect 102 

escaping individuals. To prevent the cover net from masking the codend, two aluminium 103 

hoops (4 m diameter) were used (Fig 1). The cover had a zipper to facilitate easy access 104 

to the codend catch. The trawl was towed at speeds of approximately 2.5 knots as used in 105 

the commercial fishery.  106 

When a trawl was landed on deck, a random subsample of krill from both the codend 107 

and the cover was taken. The length of the krill in the subsamples were measured from 108 

the anterior margin of the eye to the tip of the  telson excluding the setae, 109 

following Marr (1962). The catch data was sorted into 1 mm wide length classes 110 

with count numbers quantifying the number of krill belonging to each length class 111 

from the codend and cover catch, respectively. The total catch and the subsample 112 

were weighed for both cover and codend in all hauls. 113 

 114 

Fig. 1: Covered codend sampling system used to collect krill codend escapees and retainers. 115 

 116 



 117 

2.2 Analysis of data from sea trials  to estimate codend size selectivity  118 

Data was pooled from different hauls in order to estimate average size selection over hauls 119 

rav(l,v) (Herrmann et al., 2012), where v is a vector consisting of the parameters of the size 120 

selectivity model and l is the length of the krill. The purpose of this analysis is to estimate the 121 

values of the parameters v that make the experimental data (averaged over hauls) most likely 122 

to be observed, assuming that the selectivity model is able to describe the data sufficiently 123 

well. Therefore, expression (1) was minimized with respect to parameters v, which is 124 

equivalent to maximizing the likelihood for the observed data in form of the length-dependent 125 

number of krill retained in the codend (nRjl) versus those escaping to the cover (nEjl): 126 

    
    

   
              

    

   
                   

 
    (1) 127 

The outer summation in (1) is over k hauls conducted and the inner summation is over length 128 

classes l. qRj and qEj are the sampling factors for the fraction of krill length measured in the 129 

codend and cover, respectively.   130 

Four different models were chosen as basic candidates to describe rav(l,v): Logit, Probit, 131 

Gompertz and Richard (Wileman et al., 1996). The first three models are fully described by 132 

the two selection parameters L50 (length of krill with 50% probability of being retained) and 133 

SR (difference in length between krill with 25% and 75% probability of being retained, 134 

respectively). The Richard model requires one additional parameter (1/δ) that describes the 135 

asymmetry of the curve. The formulas for the four selection models, together with additional 136 

information, can be found in Wileman et al. (1996). In addition to the four classical size 137 

selection models (Logit, Probit, Gompertz, Richard), which assume that all individual krill 138 

entering the codend are subject to the same size selection process, we also considered one 139 



additional model that we refer to as the double logistic model DLogit (Herrmann et al., 2016). 140 

The Dlogit model is constructed by assuming that a fraction C1 of krill entering the codend 141 

will be subject to one logistic size selection process with parameters L501 and SR1 while the 142 

remaining fraction (1.0 – C1) will be subject to an additional logistic size selection process but 143 

with parameters L502 and SR2. The rationale behind considering the DLogit model for the 144 

codend size selection of krill is the expectation that the selection process may constitute more 145 

than one process. Therefore, a total of five models were considered for rav(l,v): 146 
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(2) 149 

Each of the five models were fitted in (1). Selection of the best model of the five considered 150 

in (2) was carried out by comparing the AIC values for the model fit in (1). The selected 151 

model is the one with the lowest AIC value (Akaike, 1974).  Evaluating the ability of a model 152 

to describe the data sufficiently is based on calculating the corresponding p-value, which 153 

expresses the likelihood of obtaining at least as big a discrepancy between the fitted model 154 

and the observed experimental data as would be expected by coincidence. Therefore, for the 155 

fitted model to be a candidate to model the size selection data, this p-value should not be 156 

below 0.05 (Wileman et al., 1996). In the case of a poor fit statistic (p-value < 0.05), the 157 

residuals were inspected to determine whether the result was due to structural problems when 158 

modeling the experimental data using the different selection curves or if it was due to 159 

overdispersion in the data (Wileman et al., 1996).  160 



Once the specific size selection model was identified, bootstrapping was applied to estimate 161 

the confidence limits for the average size selection. We applied the software tool SELNET 162 

(Herrmann et al., 2012) for size selection analysis and utilized the double bootstrap method 163 

implemented in this tool to obtain confidence limits for the size selection curve and the 164 

corresponding parameters. This bootstrapping approach is identical to the one described in 165 

Millar (1993) and takes both within-haul and between-haul variation into consideration. Each 166 

of the 1000 bootstrap repetitions conducted resulted in a “pooled” set of data which was 167 

analyzed using the identified selection model. The bootstrap results were used to estimate the 168 

Efron percentile 95% confidence limits for the selection curve and its parameters (Herrmann 169 

et al., 2012). 170 

2.3 Assessing contribution to full trawl size selectivity  from trawl body 171 

The commercial trawl used by Krag et al. (2014) was a four panel Omega 7 krill trawl 172 

having a 400m
2
 mouth opening (20 *20m) and a total length of about 220m. The trawl 173 

was supported by an outer netting ranging from 400mm in 2*6mm PE in the mouth area 174 

to 144mm in 2*4mm PE in the codend. 20 N-cut in-liner sections in 16mm PA netting 175 

were sequentially attached from the mouth of the trawl to the codend. These in-liners 176 

were only attached in the forward end and there was about 1m overlap between in-liner 177 

sections. The codend was about 50m long having about 2000 meshes in circumference. 178 

The entire codend section was supported by an arrangement of roundstraps and lastridge 179 

ropes to provide strength to the section. The codend used during the experimental fishing in 180 

this study was made of the exact same netting as used in both the codend and the trawl body 181 

in the trials reported in Krag et al. (2014). This means that the two diamond mesh codends are 182 

identical with respect to at least two of the most important factors, mesh size and twine 183 

properties, for determining codend size selectivity (O'Neill & Herrmann, 2007). For fish 184 

trawls number of meshes in codend circumference have been found to influence size selection 185 



in diamond mesh codends by affecting the openness of the meshes (Herrmann et al., 2007; 186 

O'Neill and Herrmann, 2007; O'Neill et al., 2008; Wienbeck et al., 2011; Tokaç et al., 2016). 187 

However, for the small mesh krill codends we expect that the water flow acting on the netting 188 

will keep the meshes open and therefore lowering the potential influence of number of meshes 189 

in circumference on the codend size selection of krill. Therefore, despite not all codend design 190 

factor are identical, including number of meshes incercumference,   we assume for explorative 191 

purposes that the two codends would have approximately similar size selectivity. Considering 192 

that the codend was attached to a small meshed survey trawl in the current study and to a 193 

commercial trawl in the study by Krag et al. (2014) we could interpret the difference in size 194 

selection between the experiments to be mainly due to size selection in the commercial trawl 195 

body as opposed to the codend. Therefore, any significantly higher retention probabilities for 196 

the size selection curve in the current study in comparison to the full trawl and codend size 197 

selectivity curve of Krag et al. (2014) are assumed to be caused by size selection in the 198 

commercial trawl body in Krag et al. (2014).   199 

If we look at the size selection of the whole net from Krag et al. (2014)            as a 200 

sequential process we get:   201 

                             

 

         
         

          

 (2) 202 

Where rbody (l) is the size selectivity in the main trawl body and           is the full trawl size 203 

selectivity from Krag et al. (2014). 204 

By using (2) and           from Krag et al. (2014) and the estimate for            from the 205 

dataset in this study, an estimate for          for the commercial trawl applied by Krag et al. 206 

(2014) was obtained. 95% confidence intervals for          are based on the two bootstrap 207 



populations of results (1000 bootstrap repetitions in each) from            in the current study 208 

and           from Krag et al. (2014), respectively. As these values were obtained 209 

independently, a new bootstrap population of results for           was created using: 210 

          
          

           
              (3) 211 

Where i denotes the bootstrap repetition index. As the sampling was random and independent 212 

for the two groups of results (the current study and Krag et al. (2014)) it is valid to generate 213 

the bootstrap population of results for the ratio based on (3) using two independently 214 

generated bootstrap files (Moore et al., 2003). Based on the bootstrap population we can 215 

obtain Efron 95% percentile confidence limits for           as described above. This analysis 216 

was conducted using the analysis tool SELNET. 217 

 218 

 2.4 Ratio of release form codend and trawl body to full trawl  219 

To quantify the length dependent release potential of the codend and the trawl body relative to 220 

that of the complete trawl the following length dependent release ratios were calculated: 221 

           
              

             

         
            

             

 (4) 222 

In (4) the estimated             and          as described in the previous two sections are 223 

used, in addition to           from Krag et al. (2014). Efron percentile 95% confidence 224 

intervals for             and          were obtained by creating a new bootstrap file 225 

following the approach described for          in the last section. 226 



3. Results 227 

3.1 Codend size selection obtained from sea trials conducted in this study 228 

A total of eight valid hauls were carried out during the sea trials in 2014/2015. Table 1 229 

summarizes the catch data from these hauls. Fishing was based on acoustic registrations of 230 

krill swarms resulting in relatively short towing times ranging from 13 to 57 minutes 231 

(Table 1).  232 

 233 

Table 1: Catch data and haul information. Haul 1 and 2 are from the 2014 cruise while the 234 

remaining hauls are from the 2015 cruise.*: from time the gear is at fishing depth until it is on 235 

deck again. 236 

Haul ID 

(j) 

Number of 

length 

measurements 
from codend 

(nRj ) 

Number of 

length 

measurements  
from cover (nEj) 

Sampling 

factor for 

codend (qRj) 

Sampling 

factor for 

cover (qEj) 

Catch in 

codend 

(kg) 

Catch in 

cover 

(kg) 

Towing 

duration 

(min)* 

Maximum 

towing 

depth (m) 

1 332 292 0.0015 0.0050 108 22 13 60 

2 481 270 0.0053 0.0450 61 3.5 19 111 
3 246 88 0.0137 0.0534 10 0.5 34 155 

4 237 40 0.1155 0.2780 1 0.05 47 160 

5 225 345 0.0016 0.0198 58 6 43 123 
6 249 345 0.0019 0.0222 50 7 27 155 

7 326 322 0.0180 0.2050 9 0.5 33 98 

8 414 442 0.0018 0.0086 15 0.25 57 106 

 237 

Length measurements were obtained for a total of 4654 krill during the cruises and these data 238 

form the basis for the analysis of codend size selection.  239 

 240 

 241 

Each of the five size selection models considered (section 2.2) were fitted to the pooled size 242 

selection data. Table 2 shows the AIC values for the fit of each model to the experimental 243 

data and it is clear that average size selectivity was best described by the DLogit model. 244 

Therefore the Dlogit model is selected to represent the codend size selection (Fig. 2) it is  245 



Table 2: AIC values for models. The model with lowest AIC value is highlighted in bold. 246 

Model AIC value 

Logit 807872.17 

Probit 808023.37 

Gompertz 807795.25 
Richard 807797.31 

DLogit 807050.66 

 247 

 248 

Fig. 2: On the top plot fit of the DLogit  size selection model (black curve) to the 249 

experimental retention rates (white diamond marks). The grey curve represents the raised 250 

codend catch from the eight valid hauls and the black broken curve represents the raised cover 251 

catch. The bottom plot shows the deviance residuals for the fit of the DLogit model to the 252 

experimental data. 253 

 254 
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The fact that the DLogit model provided the best fit could indicate that size selection in a 256 

diamond mesh codend involves more than one size selection process, which is potentially 257 

caused by krill having few contacts with the mesh that facilitate escape in the codend 258 

(Frandsen et al., 2010; Herrmann et al., 2016). The two sets of selection parameters (L501, 259 

SR1) and (L502, SR2) can be interpreted as the selection parameters to represent the two 260 

different selection processes accounted for by the DLogit model (Table 3). The difference in 261 

values for L501 and L502 estimated at respectively 32.55 mm and 25.02 mm indicate a 262 

considerable difference in those two selection processes.  The p-value < 0.05 could indicate 263 

problems describing the experimental data, but as the deviation between experimental rates 264 

and the fitted curve as the deviance residual plot (Fig. 2) did not show any systematic patterns 265 

as only few consecutive residual values was found to have same sign. Therefore, it was 266 

assumed that the low p-value was  caused by overdispersion in the data probably resulting 267 

from working with subsampled and data pooled over hauls. Based on this, it was assumed that 268 

the DLogit model can be applied to describe the size selection of krill in the codend. 269 

Table 3: Selection parameters and corresponding fit statistics for DLogit modelling of codend 270 

selectivity data. Values in () represent 95% confidence limits. 271 

L50 (mm) 26.04 (13.82-29.19) 

SR (mm) 7.07 (1.65-27.19) 

C1 0.4361 (0.0346-0.6889) 
L501 (mm) 32.55 (28.17-50.00) 

SR1 (mm) 12.73 (1.00-50.00) 

L502 (mm) 25.02 (16.87-33.18) 
SR2 (mm) 2.69 (1.00-26.35) 

Deviance 213.75 

DOF 31 
P-value <0.0001 

 272 

3.2 Comparison with full trawl selectivity  from former study and predicting trawl 273 

body size selection for trawl in the former study  274 

The estimated codend size selectivity curve was compared with the full trawl selectivity curve 275 

obtained by Krag et al. (2014) (Fig. 3). 276 



 277 

Fig. 3: Size selectivity for: full trawl, codend and trawl body. Top: Comparison of size 278 

selectivity curves for the codend in the current study (black curve) and for the full trawl by 279 

Krag et al. (2014) (grey curve). Bottom: Predicted size selection curve for the trawl body in 280 

the commercial trawl applied by Krag et al. (2014). Broken curves represent 95% confidence 281 

bands. 282 

 283 

 284 

From Fig. 3 it is clear that the codend retains significantly higher proportions of krill between 285 

27 and 33 mm in comparison to the full trawl (Krag et al., 2014). As it is assumed that codend 286 
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size selection was similar in both studies, it is likely that this difference is caused by size 287 

selection processes in the trawl body in the commercial trawl applied by Krag et al. (2014). 288 

For larger krill (37-50 mm) the codend size selection curve is estimated to have a slightly 289 

lower retention rate than the full trawl, which violates the assumption that the two codends 290 

have similar size selection. However, the confidence intervals of the two curves clearly 291 

overlap for krill of these sizes  and therefore this result is not a violation of the assumption 292 

regarding similar codend size selection. Based on the size selection curves for the codend and 293 

the full trawl (Fig. 3, top), size selection in the trawl body for the commercial trawl applied by 294 

Krag et al. (2014) was predicted based on the method described in section 2.3 (Fig. 3, 295 

bottom). 296 

 297 

 298 

From Fig. 3 it was predicted that the trawl body enables release of krill up to about 37 mm in 299 

length because the size selection curve first reach full retention above that size. Considering 300 

the confidence bands, significant size selectivity for krill ranging from 23-33 mm is predicted.   301 

The predicted trawl body release efficiency is high for krill up to 30 mm in length with less 302 

than 25% retained, demonstrating a considerable size selection process in the trawl body of 303 

the commercial trawl.  For krill approximately 28 mm long, the upper confidence limit for the 304 

size selection curve is below 50%, demonstrating that more than 50% of krill at that size 305 

entering the trawl will be released through the trawl body. The contributions of both the trawl 306 

body and the codend in size selection for the commercial trawl can be further illustrated by 307 

quantifying the length dependent fraction of the full trawl escape that can be obtained by the 308 

trawl body and codend  provided from a standalone deployment. This is obtained by the 309 

method described in section 2.4, with results shown in Fig. 5.    310 

 311 



Fig. 5: Fraction of full trawl krill escape rate obtainable for the trawl body alone (top) and 312 

codend (bottom). Broken curves represent 95% confidence bands.   313 

 314 

 315 

 316 

From Fig. 5 it is predicted that more than 80% of the full trawl escape rate can be obtained in 317 

the trawl body for krill up to 30 mm in length. For some sizes of krill, the fraction is very high 318 

with the lower significance limit above the 50% fraction (value above 0.5). In contrast, for the 319 

codend the upper limit for the release fraction does not exceed 75% for sizes of krill between 320 

27 and 33 mm in length. The results in Fig. 5 clearly depict the potential contribution of both 321 

the trawl body and the codend in total krill release through the meshes of the commercial 322 

trawl.  323 
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4. Discussion 325 

Detailed quantification of the size selection of both the codend and the trawl body is essential 326 

to estimate escape mortality, and total removal by the fishery, for the optimization of gear 327 

design and the technical regulation of a fishery. In this study, the covered codend method was 328 

used to investigate size selectivity for Antarctic krill using a 16 mm diamond mesh codend. 329 

Codend selectivity was best described by the double logistic model, indicating that more than 330 

one process affects codend size selectivity. It is possible that only a small fraction of krill 331 

meet the codend mesh at an optimal orientation for escape and so a double logistic model is 332 

necessary to describe size selection in the codend, as opposed to a single logistic for the full 333 

trawl, as in Krag et al. (2014).  334 

By combining new codend size selection results obtained within this study with results for full 335 

trawl size selectivity obtained in a former study, this study provided an insight into the size 336 

selection process in the main trawl body of the commercial trawl, contributing to an 337 

understanding of full trawl size selectivity.  338 

This analysis demonstrates that the trawl body contributes significantly to the size selection 339 

process and that size selectivity of Antarctic krill is affected by  the trawl body of commercial 340 

trawls and by the attached codend. Conclusions from this study are based on the assumption 341 

that the codend in the current study provides similar size selectivity for krill as the one used in 342 

the trials described by Krag et al. (2014). The same type of netting was used for both 343 

experiments, but it is possible that different fishing conditions could affect the predicted size 344 

selectivity. However, we expect the potential maximum difference in codend size selection is 345 

well within the confidence bands obtained in this study and thus is reflected in the 346 

uncertainties for the trawl body size selectivity.  347 



The results for trawl body size selectivity demonstrate considerable size selection for krill <32 348 

mm using commercial 16 mm mesh. Therefore, this study has shown that commercial trawl 349 

bodies in krill-fishery can generally contribute to size selectivity. Nevertheless, a number of 350 

parameters (e.g. tapering of body) will influence the specific selectivity. Therefore, the 351 

specific findings about size selectivity of trawl body are not general, but an example for this 352 

specific gear used in Krag et al. (2014). Other trawl designs might have different selectivity. 353 

In this respect, it is important to mention that some commercial krill trawl designs include 354 

“flapper-panels”, which prevent “stickers” and increase net avoidance (active or passive), 355 

enhancing transportation towards the codend (Bakketeig et. al, 2017). With such flappers 356 

mounted, the size selectivity in the trawl body could potentially be considerably lower than 357 

that estimated in Krag et al. (2104). 358 

The current study found that for krill, size selectivity occurs across the entire trawl. This is 359 

different to what is observed for most fish species, but it is in keeping with results from 360 

fisheries targeting smaller crustaceans (e.g. Polet, 2000). The results of the current study 361 

revealed that a substantial fraction of size selectivity for Antarctic krill occurred in the trawl 362 

body ahead of codend. Such findings can be incorporated into fisheries management, where 363 

technical regulations should consider the entire trawl and not just the codend section.  364 
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