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Fish welfare in capture fisheries: a review of injuries and mortality 1 
 2 

Abstract 3 

Concerns about the welfare of production animals have extended from farm animals to fish, but 4 
an overview of the impact of especially capture fisheries on fish welfare is lacking. This review 5 
provides a synthesis of 85 articles, which demonstrates that research interest in fish welfare in 6 
capture fisheries has increased over time and that research has focused more on trawls and 7 
hooks than on purse seines, gillnets, traps and seines. We found that various gear characteristics, 8 
fish characteristics and context variables affect external injuries and mortality. Although the 9 
influence of gear characteristics on injuries and mortality can by nature not be compared across 10 
gear types, synthesis of the articles reviewed shows that fish characteristics and context 11 
variables influence injuries and mortality across gear types. In terms of fish characteristics, 12 
decreasing fish length and certain fish species were associated with higher mortality. In terms 13 
of context variables, greater capture depth and a longer fishing duration were associated with 14 
more injuries and higher mortality, whereas a large change in water temperature, a longer 15 
duration of air exposure and a high density in the net were associated with higher mortality. 16 
These relations provide options to reduce injuries and mortality from commercial capture 17 
fisheries. Implementation of such options, however, would require analysis of potential trade-18 
offs between welfare benefits, and ecological and economic consequences. 19 
 20 

21 
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1. Introduction  22 
Concerns about the welfare of production animals have extended from farm animals to fish in 23 
aquaculture and capture fisheries (Diggles et al., 2011; Huntingford et al., 2006; OIE, 2016). 24 
Huntingford et al. (2006) reviewed the scientific literature on fish welfare and identified welfare 25 
issues that arise in aquaculture, recreational fisheries and ornamental fish keeping, but they did 26 
not identify the welfare issues that arise in capture fisheries other than pointing out that “there 27 
is very little information on the welfare of fish in the context of commercial fisheries” 28 
(Huntingford et al., 2006: 362).  29 

This limited information on fish welfare in commercial capture fisheries is likely due to 30 
three causes. First, the experience of pain in fish is debated (for insightful but contrasting 31 
reviews on this topic, please see Huntingford et al. (2006) and Rose et al. (2014) or special 32 
issues on this topic in the journals Diseases of Aquatic Organisms (2007, volume 72, issue 2) 33 
and Animal Sentience (2016, no. 3)). Despite the debate whether or not fish can feel pain, fish 34 
welfare is increasingly acknowledged to be an important societal issue (Arlinghaus et al., 2007; 35 
Braithwaite and Boulcott, 2008; Branson, 2008; OIE, 2016). 36 

Second, information on fish welfare in capture fisheries might be limited because, contrary 37 
to fish in aquaculture, the welfare of fish in capture fisheries is directly affected by humans only 38 
during the fishes’ final life stage. In capture fisheries, various fishing gear types are used, such 39 
as trawls, purse seines and traps. Each of these gear types has its own modus operandi, for 40 
example in terms of the depths at which the gear type is deployed and the species that it targets. 41 
Consequently, the impact on fish welfare differs among gear types; e.g. compare a fish being 42 
caught by hook and line with a fish being caught by a trawl net (Metcalfe, 2009). Hence, an 43 
investigation into the impact of the capture process on fish welfare should acknowledge these 44 
differences in gear types.  45 

Third, information on fish welfare in capture fisheries might be limited because of a 46 
(perceived) lack of economically viable, welfare-friendly alternatives to current practices 47 
(Jennings et al., 2016). However, by considering the effects of the capture process on fish 48 
welfare, improvement options and research gaps pertaining to fish welfare can be identified. 49 
Such improvement options may also benefit fishers, e.g., when a change in current practices 50 
results in improved societal and consumer acceptance or in less external damages of the 51 
captured fish, which increases product quality (Rotabakk et al., 2011; Savina et al., 2016).  52 

Although animal welfare can be defined in various ways (Broom, 2011; Hagen et al., 2011; 53 
Korte et al., 2007; Ohl and van der Staay, 2012), key to all definitions is that poor welfare is 54 
associated with exceeding the coping capacity of animals, which may result in chronic stress-55 
related physiology and behaviour, pathology and increased mortality. Fish welfare can focus 56 
on the measurable, objective condition of the fish (function-based), on the subjective experience 57 
of the fish (feelings-based), and on whether the fish can lead a natural life (nature-based) 58 
(Fraser, 2008; Fraser et al., 1997). For the purpose of this study, we selected indicators for fish 59 
welfare that are relatively easy measured in both field and laboratory settings: external injuries 60 
and mortality. External injuries are the visible effects of the capture process on the fish and 61 
mortality is the ultimate consequence resulting from the capture process exceeding the fish’s 62 
coping capacity. Incidences of injuries or mortality thus indicate that welfare issues occurred 63 
during the capture process, which can be the result of a combination of various gear 64 
characteristics, fish characteristics and context variables.  65 

The objective of this study was to conduct a review to determine what is known about the 66 
effects of the capture process in capture fisheries on fish welfare. This review focuses on 67 
external injuries and mortality in teleost (ray-finned) fish species caught in commercial 68 
fisheries. Results from this review are derived from and relevant for both discarded fish and 69 
landed fish. Although every fish species has its own species-specific characteristics, external 70 
injuries and mortality can be assessed across species. 71 
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2. Methods 72 
This review on fish welfare in capture fisheries started with the development of a search strategy 73 
that was subsequently applied to the literature. Next, the information that was extracted from 74 
each relevant article in the literature search was synthesized in relation to this review’s objective 75 
(Brunton et al., 2012; European Food Safety Authority, 2010).  76 

2.1 Development and application of a search strategy 77 
The first step in developing a search strategy for this review was to determine relevant search 78 
terms based on key concepts in the research objective, i.e., capture fisheries and fish welfare. 79 
Potential search terms relating to capture fisheries were based on the different gear types used 80 
in capture fisheries (Nédélec and Prado, 1990). Since not all these gear types are used in the 81 
commercial capture of teleost fish, only trawl nets, hook and line (hereafter referred to as 82 
hooks), surrounding nets (hereafter referred to as purse seines), gillnets and entangling nets 83 
(hereafter referred to as gillnets), traps, and seine nets were included (see Appendix A for a 84 
description of these gear types and their main subtypes). Potential search terms relating to fish 85 
welfare were identified based on two earlier reviews on fish welfare (Ashley, 2007; Huntingford 86 
et al., 2006). The efficacy of each potential search term was determined by comparing results 87 
based on all search terms with results based on all search terms except one. In case the exclusion 88 
of a search term resulted in the exclusion of a relevant article, the search term was retained 89 
because this meant that the search term resulted in an additionally relevant result. Searches to 90 
determine search terms were performed in October 2015, and the resulting search terms are 91 
shown in Appendix B. 92 

Next, exclusion criteria were defined that were used to determine relevant exclusion terms. 93 
These exclusion criteria were based on the objective of this review and subsequent delineations. 94 
An article was excluded when it did not focus on teleost fish, capture fisheries, fish welfare, 95 
relevant gear types, external injuries or mortality, or when it lacked empirical or experimental 96 
data. Such exclusion criteria could not be used directly to exclude irrelevant articles, but rather, 97 
were used to define specific exclusion terms. The efficacy of each exclusion term was assessed 98 
by adding the exclusion term to the confirmed search terms and determining whether this 99 
exclusion term excluded (relevant) results or not. In case relevant or zero results were excluded, 100 
an exclusion term was not retained. In addition to these specific exclusion terms, additional 101 
exclusion terms were defined to ensure that only peer-reviewed scientific articles and reviews 102 
(thus excluding e.g. conference proceedings) in English would be included. Searches to 103 
determine exclusion terms were performed in October and November 2015, and the resulting 104 
exclusion terms are shown in Appendix B. 105 

Finally, a search with all final search and exclusion terms was performed on 7 January 106 
2016 and resulted in 677 articles. This search was repeated right before article submission (30 107 
June 2017), which resulted in 73 additional articles. The titles, abstracts and full text of the 750 108 
articles were screened using the aforementioned exclusion criteria (Brunton et al., 2012), which 109 
resulted in a final list of 85 peer-reviewed scientific articles. 110 

2.2 Synthesizing information 111 
For each article, basic information on data collection, species, capture process and capture site 112 
was recorded in Excel. Moreover, relevant empirical results, experimental results, results from 113 
data analysis, conclusions, limitations and generalizability were recorded for each article. The 114 
synthesis of this information focused on the influence of explanatory variables on injuries and 115 
mortality.  116 

Since terminology for external injuries was not used consistently across the articles 117 
reviewed, these injuries were classified into five broad categories, i.e., scale, skin, fin, pressure 118 
and hooking injuries. Scale injuries are injuries such as scale damage and scale loss, skin 119 
injuries are injuries such as cuts and tissue loss, fin injuries are injuries such as fin erosion and 120 
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fin loss, pressure injuries are injuries that arise from large changes in depth and pressure such 121 
as stomach eversion and exophthalmia (i.e., bulging eyes), and hooking injuries are injuries 122 
from hooks specified by their location, i.e., hooking in the mouth, deep-hooking (hook is 123 
swallowed) and foul hooking (hooking outside the mouth).  124 

Variables that were commonly used to explain injuries and mortality in the articles 125 
reviewed were classified into gear characteristics, fish characteristics and context variables. 126 
Gear characteristics that were considered are gear subtype, size and material, and selectivity 127 
device. Fish characteristics that were considered are fish length and species. Context variables 128 
that were considered are change in water temperature (due to higher temperatures of surface 129 
water), capture depth, fishing duration (from setting out to surfacing the gear), duration of air 130 
exposure after surfacing, density in the net, species composition in the net and boarding 131 
procedure. 132 

Relations between explanatory variables, and injuries and mortality are presented in the 133 
Results and Discussion Section if findings on such relations were reported in the articles 134 
reviewed.  135 

3. Results and discussion 136 
In total, 85 relevant articles were identified that focused on the welfare of approximately 150 137 
fish species, with cod, herring and sablefish among the main species (see Appendix C for a 138 
complete overview including scientific names). Eight of these articles included results on 139 
injuries, 51 articles included results on mortality and 26 included results on injuries and 140 
mortality.  141 

Table 1 shows that the number of articles on fish welfare in capture fisheries has increased 142 
over time and that fish welfare in the northeast Atlantic, the world’s third most important fishing 143 
area in terms of volumes landed (FAO, 2014), received most research interest. Only eight 144 
articles investigated fish welfare in the four other most important fishing areas i.e., the 145 
northwest, western central and southeast Pacific, and the eastern Indian Ocean. No studies on 146 
fish welfare were found in other fishing areas, such as the eastern central and southwest 147 
Atlantic.  148 

In terms of gear types used, Table 1 shows that trawls and hooks received most research 149 
interest, whereas purse seines, gillnets, traps and seines received considerably less research 150 
interest. Hence, there is less knowledge on the impact of purse seines, gillnets, traps and seines 151 
on fish welfare while with these gear types a substantial amount (~45%) of fish is caught 152 
worldwide (Watson et al., 2006). 153 

3.1 Injuries 154 
The occurrence of scale, skin, fin and pressure injuries differs among gear types. Scale, skin 155 
and fin injuries are mainly caused by contact with the net (Davis and Ottmar, 2006; Gregory, 156 
1998), with other fish (Davis and Ottmar, 2006) and with species with hard body parts such as 157 
crustaceans (Bottari et al., 2003; Suuronen and Erickson, 2010). Hence, such injuries occur 158 
more frequently in trawls, purse seines, gillnets and seines than in hooks (Gregory, 1998). 159 
Hooks, however, inevitably result in hooking injuries. Pressure injuries commonly occur in fish 160 
caught at depths of 25-30 m or more (Gregory, 1998; Humborstad and Mangor-Jensen, 2013), 161 
which means that all gear types (unless operated near the surface such as, for example, drifting 162 
gillnets or small purse seines) can result in pressure injuries.  163 

The occurrence of injuries not only differs among gear types, but also within gear types 164 
due to gear characteristics, fish characteristics and context variables. Table 2 shows that the 165 
majority of relations between these explanatory variables and injuries was identified for trawls 166 
and hooks, which is in line with the larger number of articles on these gear types included in 167 
this review. An example of such a relation that helps in interpreting Table 2 is the relation 168 
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between fish length and injuries when using trawls. Fish length was found to influence injuries 169 
positively (i.e., larger fish sustained more injuries) for some but not for all species studied.  170 

Sections 3.1.1 – 3.1.3 discuss only those relations between injuries and explanatory 171 
variables from Table 2 that were identified for a given injury category across multiple gear 172 
types or for a single gear type if multiple articles were available. Appendix D provides the 173 
references for all relations in Table 2. 174 

3.1.1 Influence of gear characteristics on injuries 175 
Table 2 shows that an influence of gear characteristics on injuries was only identified in trawls 176 
and hooks. Of these two gear types, a clear relation was only identified for hooks. 177 

In hooks, circle hooks commonly result in less deep-hooking (Kerstetter and Graves, 178 
2006a; Mapleston et al., 2008) and more hooking in the mouth (Falterman and Graves, 2002; 179 
Orsi et al., 1993) than J-style hooks, in line with circle hooks’ purpose. Cooke and Suski (2004) 180 
found that variables such as mouth morphology and hook size have an influence on deep-181 
hooking in circle and J-style hooks. Such variables could explain why the influence of hook 182 
type on foul hooking differs in the literature reviewed, with more foul hooking on J-style hooks 183 
in chinook salmon (Orsi et al., 1993), but more foul hooking on circle hooks in white marlin 184 
(Kerstetter and Graves, 2006b). No relation between hook type and deep- or foul hooking was 185 
identified in other studies (Kerstetter and Graves, 2006a; Mapleston et al., 2008). When circle 186 
hooks are offset to increase catch, this may result in more deep-hooking (Rice et al., 2012) and 187 
skin injuries (Mapleston et al., 2008), although such relations were only identified in two studies 188 
and not even for all species considered in one of these studies (Rice et al., 2012). The influence 189 
of hook size on injuries remains unclear since larger hooks were only associated with more skin 190 
injuries than smaller hooks in one study and not even for all species included (Mapleston et al., 191 
2008). 192 

3.1.2 Influence of fish characteristics on injuries 193 
Table 2 shows that the relation between fish length and injuries remains unclear. For example, 194 
larger cod caught by trawl showed more scale and skin injuries than smaller cod caught by trawl 195 
(Suuronen et al., 2005), whereas larger cod caught by hook showed less scale injuries than 196 
smaller cod caught by hook (Pálsson et al., 2003), while no relation was identified in other 197 
studies on cod caught by trawl (Ingólfsson and Jørgensen, 2006; Suuronen et al., 1996b). 198 
Identified differences in the relation between fish length and injuries across gear types 199 
(Ingólfsson and Jørgensen, 2006; Jones, 1993; Mapleston et al., 2008; Pálsson et al., 2003; Raby 200 
et al., 2015; Suuronen et al., 2005, 1996b) could be explained by differences in fish-gear 201 
interactions (He, 2010). 202 

The literature reviewed shows that the occurrence of scale, skin, fin and pressure injuries 203 
differs between species in trawls and hooks (Depestele et al., 2014; Digre et al., 2010; Pribyl et 204 
al., 2011). Such differences between species are likely explained by differences in, for example, 205 
morphology and behaviour, and can thus occur in other gear types as well. Therefore, fish 206 
species (and fish length) should be included in statistical analyses on catch data to prevent that 207 
these fish characteristics become confounding variables. 208 

3.1.3 Influence of context variables on injuries 209 
Table 2 shows that greater capture depth and longer fishing duration result in more injuries 210 
across multiple gear types, whereas none of the other context variables was studied across gear 211 
types in the literature reviewed. Greater capture depth resulted in more skin injuries in several 212 
species caught by trawl (Bottari et al., 2003) and hook (Pálsson et al., 2003). In addition, greater 213 
capture depth resulted in more pressure injuries in several species caught by trawl (Bottari et 214 
al., 2003), hook (Drumhiller et al., 2014; McLennan et al., 2014; Pribyl et al., 2011; Stephen 215 
and Harris, 2010) and trap (Rudershausen et al., 2008), although this relation was not identified 216 
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for pearl perch caught by hook (Campbell et al., 2014). Most teleost fish have closed swim 217 
bladders that they use for buoyancy, which are inflated and deflated by diffusing gas from the 218 
blood. Hence, these fish can adjust to moderate changes in depth and pressure but not to changes 219 
as large as those experienced at the end of the capture process when the gear is hauled to the 220 
surface. As a result, pressure injuries such as bulging eyes or protrusion of the gut via the mouth 221 
or anus occur (Gregory, 1998). In cod, however, overinflation, and therewith pressure injuries, 222 
are prevented when internal swim bladder puncture occurs (Humborstad and Mangor-Jensen, 223 
2013), which Humborstad and Mangor-Jensen suggest could also apply to other robust species 224 
like cod, but perhaps not to less robust species such as saithe and haddock. 225 

In trawls, longer fishing duration resulted in more skin injuries and additionally in more 226 
pressure injuries (Bottari et al., 2003). In traps, longer fishing duration resulted in more fin 227 
injuries and for some species also in more scale and skin injuries (Colotelo et al., 2013). Longer 228 
fishing duration results in more injuries likely because this explanatory variable aggravates the 229 
influence of other explanatory variables on injuries such as density in the net.  230 

3.2 Mortality 231 
Mortality of fish caught by trawls, purse seines and seines is higher than mortality of fish caught 232 
by gillnets (Benoît et al., 2010), hooks (Benoît et al., 2010; Davis and Olla, 2001) or traps 233 
(Rudershausen et al., 2014). This higher mortality for trawls, purse seines, seines and gillnets 234 
is likely explained by the higher occurrence of scale, skin and fin injuries in these gear types as 235 
compared to hooks and traps, commonly resulting in higher mortality (e.g., Depestele et al., 236 
2014; Olsen et al., 2012; Smith and Scharf, 2011). The higher mortality for trawls, purse seines 237 
and seines than for gillnets is additionally explained by the active fishing of these gears as 238 
compared to the passive fishing of gillnets. Movement and turbulence of a trawl can cause the 239 
codend to twist, adding to the compression that the fish already experience due to the density 240 
in the codend (Gregory, 1998). 241 

As for injuries, the occurrence of mortality not only differs among gear types, but also 242 
within gear types due to gear characteristics, fish characteristics and context variables. Table 3 243 
shows that the majority of relations between these explanatory variables and mortality was 244 
identified in trawls and hooks, though a relatively large number of relations was also identified 245 
in the other gear types except seines.  246 

Sections 3.2.1 – 3.2.3 discuss only those relations between mortality and explanatory 247 
variables from Table 3 that were identified across multiple gear types or for a single gear type 248 
if multiple articles were available. Appendix D provides the references for all relations in Table 249 
3. 250 

3.2.1 Influence of gear characteristics on mortality 251 
In trawls, hooks and gillnets, gear subtype was found to affect mortality, although only for 252 
hooks a clear relation was identified across articles. In hooks, mortality was higher on J-style 253 
hooks than on circle hooks (Falterman and Graves, 2002; Kerstetter and Graves, 2006b, 2008; 254 
Orsi et al., 1993) because of more frequent deep-hooking, which results in higher mortality than 255 
hooking in the mouth (Campbell et al., 2014; McLennan et al., 2014). 256 

Selectivity devices used in trawls and purse seines sometimes reduce mortality. In trawls, 257 
mortality is higher after escape via codend meshes than after escape via sorting grid (Suuronen 258 
et al., 1996c), in line with the sorting grid’s purpose of reducing escapee mortality. Within 259 
codend meshes, mortality was higher after escape from smaller rather than larger meshes 260 
(Düzbastilar et al., 2016) and after escape via diamond meshes rather than square meshes 261 
(Düzbastilar et al., 2010a, 2015, 2016), in line with square meshes’ purpose of reducing escapee 262 
mortality. In purse seining, the influence of selectivity device on mortality was variable, with 263 
higher mortality among mackerel that escaped via a sorting grid than for controls, but with no 264 
such difference in mortality for saithe (Misund and Beltestad, 2000). In several studies on trawls 265 



7 
 

and purse seines, however, there was no relation between selectivity devices and mortality 266 
(Düzbastilar et al., 2010b, 2016; Ingólfsson et al., 2007; Suuronen et al., 1996a, 2005). 267 

3.2.2 Influence of fish characteristics on mortality 268 
Table 3 shows that fish length and species influence mortality. In general, mortality is higher 269 
among smaller than among larger fish in all gear types, i.e., trawls (Depestele et al., 2014; 270 
Düzbastilar et al., 2010a, 2010b, 2015, 2016; Hyvärinen et al., 2008; Ingólfsson et al., 2007; 271 
Richards et al., 1995; Suuronen et al., 1996a, 1996c; Uhlmann et al., 2016), hooks (Milliken et 272 
al., 1999; Pálsson et al., 2003; Stephen and Harris, 2010), purse seines (Marçalo et al., 2010; 273 
Tenningen et al., 2012), gillnets (Broadhurst et al., 2009; Purbayanto et al., 2001; Smith and 274 
Scharf, 2011), traps (Stewart, 2008) and seines (Broadhurst et al., 2008). The higher mortality 275 
among smaller fish could be explained by their poorer swimming ability and endurance as 276 
compared to larger fish (Suuronen and Erickson, 2010), which disables them to avoid contact 277 
with the trawl, purse seine or seine net (Olla et al., 1997). In gillnets, differences in captured 278 
condition between smaller and larger fish could explain differences in mortality since smaller 279 
fish are more likely to be gilled (Purbayanto et al., 2001), whereas larger fish are more likely to 280 
be pocketed (Purbayanto et al., 2001). The reason for the higher mortality of smaller rather than 281 
larger fish caught by hooks, however, remains unclear. In traps, the reverse was also found, i.e., 282 
mortality was higher among larger than among smaller herring (Lundin et al., 2012), but the 283 
study of Lundin et al. focused on escaped herring, where larger fish likely sustain more severe 284 
injuries during their escape than smaller fish. No relation between fish length and mortality was 285 
identified for several species in almost all gear types (Bettoli and Scholten, 2006; Broadhurst 286 
et al., 2008, 2009; Candy et al., 1996; Düzbastilar et al., 2010a; Kerstetter and Graves, 2006a; 287 
McLennan et al., 2014; Stachura et al., 2012; Stephen and Harris, 2010; Suuronen et al., 2005), 288 
possibly due to differences between species in e.g. endurance.  289 

An influence of fish species on mortality was reported for each gear type except purse 290 
seines (Broadhurst et al., 2008, 2009; Davis, 2007; Digre et al., 2010; Falterman and Graves, 291 
2002; Gisbert and López, 2008; Jurvelius et al., 2000; Morfin et al., 2017; Olla et al., 1997; 292 
Santos et al., 2017). Such differences are likely explained by differences between species in, 293 
for example, morphology and endurance. In addition, differences in mortality between species 294 
are partly explained by the negative relation between fish length and mortality, since species 295 
with higher mortality are generally smaller (Broadhurst et al., 2008; Davis, 2007; Digre et al., 296 
2010; Gisbert and López, 2008; Jurvelius et al., 2000).  297 

3.2.3 Influence of context variables on mortality 298 
Table 3 shows that the context variables change in water temperature, capture depth, fishing 299 
duration, duration of air exposure and density in the net affect mortality across several gear 300 
types. A larger change in water temperature due to higher temperatures of surface water resulted 301 
in higher mortality of fish caught by trawl (Davis and Olla, 2001; Davis et al., 2001; Hyvärinen 302 
et al., 2008; Olla et al., 1998; Suuronen et al., 2005; Uhlmann et al., 2016; Van Beek et al., 303 
1990), hook (Davis and Olla, 2001; Davis et al., 2001; Düzbastilar et al., 2016; Milliken et al., 304 
2009), purse seine (Marçalo et al., 2008, 2010), gillnet (Bettoli and Scholten, 2006; Broadhurst 305 
et al., 2009) and trap (MacMillan and Roth, 2012). A larger change in water temperature can 306 
expose fish to thermoclines, i.e., changes in water temperature that exceed fish’ tolerance limits 307 
(Olla et al., 1998). In some studies, however, no relation between water temperature and 308 
mortality was identified (Broadhurst et al., 2009; Dieterman et al., 2000; Jurvelius et al., 2000; 309 
Turunen et al., 1994), possibly because the change in temperature these fish were exposed to 310 
fell within their tolerance limits. 311 

Greater capture depth resulted in higher mortality of fish caught by trawl (Depestele et al., 312 
2014; Ingólfsson et al., 2007; Jurvelius et al., 2000; Richards et al., 1995), hook (Drumhiller et 313 
al., 2014; Milliken et al., 2009; Pálsson et al., 2003; Stachura et al., 2012; Wilson Jr and Burns, 314 
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1996), gillnet (Basaran and Samsun, 2004) and trap (MacMillan and Roth, 2012; Rudershausen 315 
et al., 2008; Stewart, 2008), although not for pink snapper caught by hook in one study 316 
(McLennan et al., 2014). Greater capture depth often results in more pressure injuries (e.g., 317 
Bottari et al., 2003; McLennan et al., 2014; Rudershausen et al., 2008), a common cause of 318 
mortality (Campbell et al., 2014). 319 

Longer fishing duration resulted in higher mortality of several species caught by trawl 320 
(Barkley and Cadrin, 2012; Davis, 2007; Uhlmann et al., 2016; Van Beek et al., 1990), hook 321 
(Kerstetter and Graves, 2006a), purse seine (Candy et al., 1996; Digre et al., 2016; Lockwood 322 
et al., 1983; Marçalo et al., 2010; Tenningen et al., 2012) and gillnet (Bettoli and Scholten, 323 
2006; Buchanan et al., 2002), although not for several other species caught by trawl (Hyvärinen 324 
et al., 2008; Jurvelius et al., 2000). Fishing duration likely aggravates the influence of other 325 
variables such as gear (sub)type and density in the net on injuries and mortality. For example, 326 
mortality of mackerel as a result of fish density in a purse seine increased with fishing duration 327 
(Lockwood et al., 1983). 328 

Longer duration of air exposure resulted in higher mortality of several (but not all; Morfin 329 
et al., 2017) species caught by trawl (Barkley and Cadrin, 2012; Davis, 2007; Jones, 1993; 330 
Morfin et al., 2017; Richards et al., 1995) and trap (Gisbert and López, 2008), though deck time 331 
(which involves air exposure) did not explain mortality of black sea bass (Rudershausen et al., 332 
2008). Longer duration of air exposure increases the chance that asphyxiation occurs and results 333 
in mortality. The exact time after which asphyxiation occurs differs between fish (Lambooij et 334 
al., 2012; Olsen et al., 2013). In addition, asphyxiation occurs earlier when fish are exposed to 335 
air temperatures above their body temperature and later when fish are exposed to air 336 
temperatures below their body temperature (Davis and Schreck, 2005; Kestin et al., 1991). 337 

Higher density in the net resulted in higher mortality of several species caught by trawl 338 
(Depestele et al., 2014; Richards et al., 1995; Suuronen et al., 2005), purse seine (Digre et al., 339 
2016; Huse and Vold, 2010; Lockwood et al., 1983; Marçalo et al., 2010; Tenningen et al., 340 
2012) and trap (Rudershausen et al., 2008), though not for all species (Candy et al., 1996; 341 
Stewart, 2008; Suuronen et al., 1996a). Higher density in the net could also explain the higher 342 
mortality of herring and South American pilchard after purse seining and net burst (Misund and 343 
Beltestad, 1995) or slipping (Mitchell et al., 2002) rather than after purse seining alone, due to 344 
the high density in the net prior to net burst or slipping. Mortality from higher density in the net 345 
is likely explained by asphyxiation. High density in the net causes compression that can disable 346 
fish to move their gills to breathe, causing them to asphyxiate (Gregory, 1998). 347 

4. Conclusions and recommendations 348 
This review has shown that research interest in fish welfare in capture fisheries has increased 349 
over time and that research on this topic has focused more on trawls and hooks than on purse 350 
seines, gillnets, traps and seines. A comparison across gear types shows that scale, skin and fin 351 
injuries occur more frequently in trawls, purse seines, gillnets, traps and seines than in hooks, 352 
whereas hooking injuries occur in hooks only. Pressure injuries occur in all gear types included 353 
in this review, though their occurrence depends on the depth at which gear types are deployed. 354 
Mortality is generally higher in trawls, purse seines and seines than in gillnets, hooks and traps. 355 
The choice for gear type based on concerns for fish welfare, however, involves a trade-off 356 
between injury types, injury levels, mortality levels, and ecological and economic consequences 357 
such as by-catch rates and fuel costs. Still, there are improvement options available within gear 358 
types, such as using circle hooks rather than J-style hooks to reduce deep-hooking and resulting 359 
mortality. 360 

Although a general conclusion on gear characteristics is by nature not possible, fish 361 
characteristics and context variables were found to influence injuries and mortality from capture 362 
fisheries across gear types. A decreasing fish length and certain fish species were associated 363 
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with higher mortality. Hence, continued size and species selectivity contributes to improving 364 
fish welfare from capture fisheries. A longer fishing duration and a greater capture depth were 365 
associated with more external injuries and higher mortality. Such injuries and mortality could 366 
be reduced by reducing fishing duration or by bringing gear to the surface more slowly to ensure 367 
a more gradual change in depth and pressure, though the ideal surfacing speed (at which fish 368 
are retained in the gear but sustain less pressure injuries) is not known. Injuries and mortality 369 
could also be reduced by reducing capture depth, although most fish species are only found at 370 
specific depths. A large change in water temperature, a longer duration of air exposure and a 371 
high density in the net were associated with higher mortality. Catching fish at lower surface 372 
water temperatures could thus be one way to reduce mortality, although variations in surface 373 
water temperature are likely limited within a fishing season. Mortality could also be reduced 374 
by decreasing duration of air exposure (e.g., by pumping fish from the gear and boarding fish 375 
in water tanks rather than in air on deck) and by decreasing density in the net (for example by 376 
reducing catch weight), though these and other improvement options might have economic 377 
consequences (e.g., catch reduction, cost increase, quality improvement) that would require 378 
further analysis. 379 

This review focused on injuries and mortality as indicators for fish welfare to provide a 380 
first overview of the effects of the capture process on fish welfare. A relatively low number of 381 
articles reviewed focused on the different injury categories. As a result, more research is needed 382 
on the relationship between external (and internal) injuries, and virtually all explanatory 383 
variables included in this review, except capture depth and fishing duration. Moreover, more 384 
research is needed on the relation between mortality and most gear characteristics, species 385 
composition in the net and various landing procedures to determine their influence on mortality. 386 
In addition to the variables considered in this review, research is needed to determine the 387 
influence of other variables, such as fish’ reproductive cycle, fish morphology, changes in 388 
salinity (Broadhurst et al., 2009), light intensity (i.e., visibility) and towing speeds (Olla et al., 389 
1997) on injuries and mortality. This review could be supplemented by findings from 390 
recreational fisheries for hooks, stress-related indicators, reflex impairment and (capture-based) 391 
aquaculture. Given that capture fisheries precede capture-based aquaculture, this review also 392 
provides relevant insights for capture-based aquaculture, where initial condition and survival 393 
are crucial for later success. 394 
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Table 1: year of publication, capture site and gear type of the 85 articles that were included 754 
in the review 755 

 Number of articles 
Year of publication:  

- 1980-1989 1 
- 1990-1999 15 
- 2000-2009 34 
- 2010-20171 35 

Capture site:  
- Ocean2:   

Northwest Pacific 2 
Western central Pacific  3 
Northeast Atlantic  22 
Eastern Indian Ocean 1 
Southeast Pacific 2 
Western Indian Ocean 1 
Eastern Central Atlantic  - 
Northeast Pacific 6 
Southwest Atlantic - 
Eastern central Pacific  - 
Northwest Atlantic 5 
Southeast Atlantic  - 
Western central Atlantic 7 
Mediterranean and Black Sea 7 
Southwest Pacific 2 
Antarctic Atlantic - 
Antarctic Indian Ocean - 
Antarctic Pacific - 
Arctic sea - 
Northwest Atlantic and western central Atlantic  3 

- Freshwater body (i.e. lake or river) 12 
- Laboratory study 10 
- Not reported 2 

Gear type3:   
- Trawls 33 
- Hooks  24 
- Purse seines 11 
- Gillnets 9 
- Traps  9 
- Seines  2 
- Generally applicable 4 

1 Publications were retrieved on 7 January 2016 and 30 June 2017 756 
2 Based on FAO classification of fishing areas, ordered from largest to smallest volume landed (CWP 2015) 757 
3 Double counting occurred because several articles included results on multiple gear types 758 
  759 
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Table 2: relations1 identified between injuries and gear characteristics, fish characteristics 760 
and context variables2 in trawls, hooks, purse seines and traps3  761 

 Injuries when using: 
 Trawls Hooks Purse seines  Traps  
Gear characteristics:      

Gear subtype ±, 0 ±, 0   
Gear size  +, 0   

Fish characteristics:     
Fish length +, 0  -, 0 -  
Fish species ± ±   

Context variables:     
Change in water temperature    +, 0 
Capture depth  + +, 0  + 
Fishing duration +   +, 0 
Density in the net +, - n.a.   
Species composition in the net ± n.a.   
Boarding procedure   ±  

1 A ‘±’ indicates a relation for categorical variables, ‘+’ indicates a positive relation for continuous variables, ‘-’ 762 
indicates a negative relation for continuous variables, ‘0’ indicates no relation, ‘n.a.’ indicates that such a 763 
relation is not applicable and an empty cell indicates to no information was identified in the literature reviewed 764 
2 Only those gear characteristics, fish characteristics and context variables are included in this Table for which a 765 
relation with injuries was identified in the articles reviewed 766 
3 Only trawls, hooks, purse seines and traps are included in this Table because no relation between explanatory 767 
variables and injuries was identified for gillnets and seines based on the articles reviewed 768 

  769 
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Table 3: relations1 identified between mortality and gear characteristics, fish characteristics 770 
and context variables2  771 

 Mortality when using: 
 Trawls Hooks Purse seines  Gillnets  Traps  Seines  
Gear characteristics:        

Gear subtype ±, 0 ±, 0  ±   
Selectivity device ±, 0  ±, 0    
Gear material  ±  ±   

Fish characteristics:       
Fish length -, 0 -, 0 -, 0 -, 0 -, + -, 0 
Fish species ± ±  ± ± ± 

Context variables:       
Change in water temperature +, 0 + + +, 0 +, 0  
Capture depth  + +, 0  + +  
Fishing duration +, 0 + + +   
Duration of air exposure +, 0    +, 0  
Density in the net +, 0 n.a. + , 0  +, 0  
Species composition in the net  n.a. ±    
Boarding procedure ± ±     

1 A ‘±’ indicates a relation for categorical variables, ‘+’ indicates a positive relation for continuous variables, ‘-’ 772 
indicates a negative relation for continuous variables, ‘0’ indicates no relation, ‘n.a.’ indicates that such a 773 
relation is not applicable and an empty cell indicates to no information was identified in the literature reviewed 774 
2 Only those gear characteristics, fish characteristics and context variables are included in this Table for which a 775 
relation with mortality was identified in the articles reviewed 776 
  777 
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Appendix A 778 
 779 
Source: Food and Agriculture Organization of the United Nations, (1990), Nédélec and Prado, 780 
Definition and classification of fishing gear categories, 781 
(http://www.fao.org/docrep/008/t0367t/t0367t00.htm). Reproduced with permission 782 
 783 
Trawls 784 
Trawls are towed nets that are cone-shaped with a large collection bag at the end (codend). The 785 
two main types of trawls are demersal beam trawl (Figure A1) and pelagic or demersal otter 786 
trawls (Figure A2), operated individually or in pairs. 787 

 788 
Figure A1: beam trawl 789 
  790 

 791 
Figure A2: otter trawl 792 
 793 
Hooks 794 
Hooks are baited with artificial or natural bait to attract and capture fish. A hook on a single 795 
line (either electronically or manually operated) is called a handline, whereas multiple hooks 796 
on single or multiple lines are called (set or drifting) longlines (Figure A3).  797 
 798 

 799 
Figure A3: (set) longline 800 

http://www.fao.org/docrep/008/t0367t/t0367t00.htm
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Purse seines 801 
Purse seines surround a school of fish with a wall of netting that is subsequently closed at the 802 
bottom and drawn up (pursed) to the surface (Figure A4). 803 

 804 
Figure A4: purse seine 805 
 806 
Gillnets 807 
Gillnets (Figure A5) capture fish through snagging (caught by the mouth or head), gilling 808 
(caught by the gills), wedging (caught by a larger part of the body) entangling (caught by 809 
protruding body parts such as teeth or spines), or pocketing (caught in a pocket of netting, 810 
occurs only in trammel nets). These nets can be deployed at the bottom (set gillnets), near the 811 
surface (drifting gillnets), on stakes in coastal waters (fixed gillnets) or in multiple rows of nets 812 
(trammel nets).  813 

 814 
Figure A5: gillnet 815 
  816 
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Traps 817 
Traps are a gear type that the fish enter voluntarily but cannot escape. Subtypes of traps are e.g. 818 
pots (Figure A6) and fyke nets (Figure A7).  819 
 820 

 821 
Figure A6: pot 822 
 823 

 824 
Figure A7: fyke net 825 
 826 
Seines  827 
Seines are towed nets that surround an area of water with a very long net with or without a bag 828 
at the centre (Figure A8). Two types of seines are boat seines and beach seines. 829 
 830 

 831 
Figure A8: seine nets  832 
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Appendix B 833 
 834 
Final search string:  835 
((((TITLE-ABS-KEY (injur* OR mortality OR exhaust* OR "physical damage" OR "scale 836 
loss" OR abrasion OR asphyxia*) AND TITLE-ABS-KEY (fisheries OR fishing OR sein* OR 837 
trawl* OR "trammel net") AND NOT TITLE-ABS-KEY (whale OR lobster OR mollusc OR 838 
cetacean OR krill OR clam OR urchin OR seal OR seabird OR population OR recruitment OR 839 
growth OR exploitation OR "natural mortality" OR oil OR "sea lice" OR worker OR 840 
occupation* OR farm* OR patient OR trophic OR virus OR medic* OR viral OR pond OR 841 
accident* OR genetic OR infectious OR closure OR nitrogen OR genotype OR "marine 842 
protected area" OR octopus OR phenotype OR toxi* OR *economic OR reared OR diet* OR 843 
hatching OR shrimp OR decision OR overfish* OR immun* OR feed OR aquarium OR 844 
tournament OR rearing OR "risk assessment" OR "ghost fishing" OR hatched OR real-time OR 845 
ornamental OR crocodile OR derelict OR "fish aggregating device") AND NOT TITLE (shark 846 
OR turtle OR stock OR managing OR fishermen OR fisher OR angl* OR environment OR 847 
biology OR disease OR conservation OR "climate change" OR crab OR habitat OR infect* OR 848 
ecosystem OR gen* OR seasonal OR bacteria OR benthic OR cage OR clos* OR "sport fishing" 849 
OR vulnerable OR egg OR coral OR acid* OR effort OR distribut* OR exposed OR "fisheries 850 
management" OR *cultured OR fauna OR hatch* OR quota OR captive OR risk OR tagged) 851 
AND NOT KEY (health OR catch-and-release OR shark OR turtle OR fishermen OR fisher 852 
OR bacteria OR habitat OR drug OR recreational OR pheno* OR clos* OR benthic OR crab 853 
OR suscept* OR egg OR feed* OR quota OR fauna))))) AND (LIMIT-TO (DOCTYPE, "ar") 854 
OR LIMIT-TO (DOCTYPE, "re")) AND (LIMIT-TO (LANGUAGE, "English")) 855 
 856 
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Appendix C 857 
 858 

Reference Species Scientific names 
Barkley and Cadrin (2012) Yellowtail flounder Limanda ferruginea 
Basaran and Samsun (2004) Black Sea turbot  Psetta maxima maeotica 
Benoît et al. (2010) American plaice Hippoglossoides platessoides 

Atlantic cod  Gadus morhua 
Atlantic halibut Hippoglossus hippoglossus 
Eelpouts Lycodes lavalaei, Lycodes vahlii, 

Zoarces americanus 
Greenland cod Gadus ogac 
Sculpins Myoxocephalus octodecemspinosus, 

Myoxocephalus scorpius, 
Hemitripterus americanus 

White hake Urophycis tenuis 
Winter flounder Pseudopleuronectes americanus 
Witch flounder Glyptocephalus cynoglossus 
Wolffishes Anarhichas lupus (mainly) 

Bettoli and Scholten (2006) Paddlefish  Polyodon spathula 
Bottari et al. (2003) Blue whiting Micromesisitius poutassou 

European hake Merluccius merluccius 
Greater forkbeard Phycis blennioides 
Red mullet Mullus barbatus 

Broadhurst et al. (2008) Blue salmon catfish Neoarius graeffei 
Castelnau's herring Herklotsichthys castelnaui 
Common silver belly Gerres subfasciatus 
Common toadfish Tetractenos hamiltoni 
Dusky flathead Platycephalus fuscus 
Eastern Sea Garfish Hyporhamphus australis 
Flat-tail mullet Liza argentea 
Flathead grey mullet Mugil cephalus 
Goldlined seabream Rhabdosargus sarba 
Old wife Enoplosus armatus 
Sand whiting Sillago ciliata 
Surf bream Acanthopagrus australis 
Trevallies Caranx sp. 

Broadhurst et al. (2009) Black sole Synaptura nigra 
Common silver belly Gerres subfasciatus 
Dusky flathead Platycephalus fuscus 
Estuary perch Macquaria colonorum 
Goldlined seabream Rhabdosargus sarba 
Largetooth flounder Pseudorhombus arsius 
Parore Girella tricuspidata 
Sand whiting Sillago ciliata 
Surf bream Acanthopagrus australis 
Yellowfin leather jacket Meuschenia trachylepis 

Buchanan et al. (2002) Coho salmon Oncorhynchus kisutch 
Campbell et al. (2014) Pearl perch Glaucosoma scapulare 
Candy et al. (1996) Chinook salmon Oncorhynchus tshawytscha 
Colotelo et al. (2013) Bluegill Lepomis macrochirus 

Largemouth bass Micropterus salmoides 
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Reference Species Scientific names 
Northern pike Esox Lucius 

Davis (2007) Coho salmon Oncorhynchus kisutch 
Northern rock sole Lepidopsetta polyxystra 
Pacific halibut Hippoglossus stenolepis 
Walleye pollock Theragra chalcogramma 

Davis and Olla (2001) Pacific halibut  Hippoglossus stenolepis 
Davis and Ottmar (2006) Northern rock sole Lepidopsetta polyxystra 

Pacific halibut Hippoglossus stenolepis 
Sablefish Anoplopoma fimbria 
Walleye pollock Theragra chalcogramma 

Davis and Schreck (2005) Pacific halibut  Hippoglossus stenolepis 
Davis et al. (2001) Sablefish  Anoplopoma fimbria 
Depestele et al. (2014) Cod Gadus morhua 

European plaice Pleuronectes platessa 
Poutings Trisopterus sp. 
Sole  Solea solea 
Whiting Merlangius merlangus 

Dieterman et al. (2000) Paddlefish  Polyodon spathula 
Digre et al. (2010) Cod Gadus morhua 

Haddock  Melanogrammus aeglefinus 
(Digre et al. 2016) Mackerel  Scomber scombrus 
Drumhiller et al. (2014) Red snapper Lutjanus campechanus 
 Annular seabream Diplodus annularis 

Blotched picarel Spicara maena 
Brown comber Serranus hepatus 
Red mullet  Mullus barbatus 
Mediterranean scaldfish Arnoglossus laterna 
Common pandora Pagellus erythrinus 

Düzbastilar et al. (2010b) Brown comber Serranus hepatus 
Düzbastilar et al. (2015) Red mullet Mullus barbatus 
(Düzbastılar et al. 2016) Solenette Buglossidium luteum 
 Mediterranean scaldfish Arnoglossus laterna 
 Spotted flounder Citharus linguatula 
Falterman and Graves (2002) Albacore Thunnus alalunga 

Bigeye tuna Thunnus obesus 
Dolphinfish Coryphaena hippurus 
Gempylids Alepisaurus spp. 
Longbill spearfish Tetrapturus pfluegeri 
Oilfishes Ruvettus sp. 
Sailfish Istiophorus platypterus 
Wahoo Acanthocybium solandri 
Yellowfin tuna  Thunnus albacares 

Gisbert and López (2008) Big-scale sand smelt Atherina boyeri 
Common bleak Alburnus alburnus 
Common goby Pomatoschistus microps 
Common rudd Scardinius erythrophthalmus 
Eastern mosquitofish Gambusia holbrooki 
Flathead grey mullet Mugil cephalus 
Golden grey mullet Liza aurata 
Ironfishes Carassius sp. 
Spanish toothcarp Aphanius iberus 
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Reference Species Scientific names 
Thinlip mullet  Liza ramada 

Humborstad and Mangor-Jensen 
(2013) 

Cod  Gadus morhua 

Humborstad et al. (2016) Cod  Gadus morhua 
Huse and Vold (2010) Mackerel  Scomber scombrus 
Hyvärinen et al. (2008) Pike-perch Sander lucioperca 
Ingólfsson and Jørgensen (2006) Cod  Gadus morhua 

Haddock Melanogrammus aeglefinus 
Saithe  Pollachius virens 

Ingólfsson et al. (2007) Cod  Gadus morhua 
Haddock Melanogrammus aeglefinus 
Saithe  Pollachius virens 

(Jones 1993) Hoki  Macruronus novaezelandiae 
Jurvelius et al. (2000) Brown trout Salmo trutta 

Landlocked salmon Salmo salar m. sebago 
Pike-perch Sander lucioperca 

Kerstetter and Graves (2006a) Albacore Thunnus alalunga 
Bigeye tuna Thunnus obesus 
Escolar Lepidocybium flavobrunneum 
Great barracuda Sphyraena barracuda 
Lancetfishes Alepisaurus spp. 
Oilfish Ruvettus pretiosus 
Sailfish Istiophorus platypterus 
Snake mackerel Gempylus serpens 
Swordfish Xiphias gladius 
White marlin Tetrapturus albidus 
Yellowfin tuna  Thunnus albacares 

Kerstetter and Graves (2006b) White marlin Tetrapturus albidus 
Kerstetter and Graves (2008) Sailfish  Istiophorus platypterus 
Kestin et al. (1991) Rainbow trout  Oncorhynchus mykiss 
Lambooij et al. (2012) Cod Gadus morhua 

Haddock Melanogrammus aeglefinus 
Lockwood et al. (1983) Mackerel  Scomber scombrus 
Lundin et al. (2012) Herring  Clupea harengus 
MacMillan and Roth (2012) Lake trout Salvelinus namaycush 

Walleye  Sander vitreus 
Mapleston et al. (2008) Blackbloth emperor Lethrinus semicinctus 

Blue spotted rock cod Cephalopholis cyanostigma 
Coral trout Plectropomus leopardus 
Crimson snapper Lutjanus campechanus 
Red emperor Lutjanus sebae 
Redthroat emperor Lethrinus miniatus 
Saddletail snapper Lutjanus malabaricus 
Trevallies Carangidae 

Marçalo et al. (2008) Chub mackerel Scomber japonicus 
Jack mackerel Trachurus picturatus 
Sardine Sardina pilchardus 

Marçalo et al. (2010) Sardine  Sardina pilchardus 
McLennan et al. (2014) Pink snapper Pagrus auratus 
Milliken et al. (1999) Cod  Gadus morhua 
Milliken et al. (2009) Cod  Gadus morhua 
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Reference Species Scientific names 
Misund and Beltestad (1995) Herring  Clupea harengas 
Misund and Beltestad (2000) Horse mackerel Trachurus trachurus 

Mackerel Scomber scombrus 
Saithe Pollachius virens 

Mitchell et al. (2002) South American pilchard Sardinops sagax 
(Morfin et al. 2017) European seabass  Dicentrarchus labrax 
 European hake Merluccius merluccius 
 Whiting Merlangius merlangus 
 Horse mackerel Trachurus trachurus 
 Black seabream Spondyliosoma cantharus 
 Gurnard  Triglidae 
 Pouting Trisopterus luscus 
 Plaice Pleuronectes platessa 
 Common sole Solea solea 
Olla et al. (1997) Sablefish Anoplopoma fimbria 

Walleye pollock Theragra chalcogramma 
Olla et al. (1998) Sablefish  Anoplopoma fimbria 
Olsen et al. (2012) Herring  Clupea harengus 
Olsen et al. (2013) Cod  Gadus morhua 
Orsi et al. (1993) Chinook salmon Oncorhynchus tshawytscha 
Pálsson Ó et al. (2003) Cod  Gadus morhua 
Pribyl et al. (2011) Black rockfish  Sebastes melanops 

Blue rockfish  Sebastes mystinus 
Canary rockfish Sebastes pinniger 
Quillback rockfish Sebastes maliger 
Yelloweye rockfish Sebastes ruberrimus 
Yellowtail rockfish Sebastes ruberrimus 

Purbayanto et al. (2001) Japanese whiting Sillago japonica 
Raby et al. (2015) Coho salmon Oncorhynchus kisutch 
Ragonese and Morara (2012) Blunthead puffer Sphoeroides pachygaster 
Rice et al. (2012) Billfishes  Istiophorus platypterus (mainly) 

Blue marlin Makaira nigricans 
 Bigeye tuna Thunnus obesus 
 Swordfish Xiphias gladius 
Richards et al. (1995) Pacific halibut Hippoglossus stenolepis 
Rudershausen et al. (2008) Black sea bass  Centropristis striata 
Rudershausen et al. (2014) Black sea bass Centropristis striata 
(Santos et al. 2017) Black marlin Istiompax indica 
 Blue marlin Makaira nigricans 
 Striped marlin Kajikia audax 
 Sailfish Istiophorus platypterus 
 Shortbill spearfish Tetrapturus angustirostris 
 Swordfish Xiphias gladius 
 Albacore  Thunnus alalunga 
 Bigeye tuna Thunnus obesus 
 Yellowfin tuna Thunnus albacares 
 Short snouted lancetfish Alepisaurus brevirostris 
 Long snouted lancetfish Alepisaurus ferox 
 Barracuda Sphyraena spp 
 Medusafish  Centrolophidae 
 Dolphinfish Coryphaena hippurus 
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Reference Species Scientific names 
 Snake mackerel Gempylus serpens 
 Opah Lampris guttatus 
 Escolar  Lepidocybium flavobrunneum 
 Ocean sunfish  Mola spp. 
 Oilfish  Ruvettus pretiosus 
 Oarfish  Regalecidae 
 Wahoo  Acanthocybium solandri 
Smith and Scharf (2011) Southern flounder Paralichthys lethostigma 
Stachura et al. (2012) Sablefish  Anoplopoma fimbria 
Stein et al. (2004) Atlantic sturgeon Acipenser oxyrinchus 
Stephen and Harris (2010) Bank sea bass Centropristis ocyurus 

Black sea bass Centropristis striata 
Gag  Mycteroperca microlepis 
Gray triggerfish Balistes capriscus 
Greater amberjack Seriola dumerili 
Red grouper Epinephelus morio 
Red porgy Pagrus pagrus 
Red snapper Lutjanus campechanus 
Sand perch Diplectrum formosum 
Sand tilefish Malacanthus plumeri 
Scamp Mycteroperca phenax 
Snowy grouper Epinephelus niveatus 
Tomtate Haemulon aurolineatum 
Vermilion snapper  Rhomboplites aurorubens 
White grunt Haemulon plumeiri 
Yellow fin grouper Mycteroperca venenosa 
Yellowtail snapper Ocyurus chrysurus 

Stewart (2008) Snapper  Pagrus auratus 
Suuronen et al. (1996a) Herring  Clupea harengus 
Suuronen et al. (1996b) Cod  Gadus morhua 
Suuronen et al. (1996c) Herring  Clupea harengus 
Suuronen et al. (2005) Cod  Gadus morhua 
Tenningen et al. (2012) Herring  Clupea harengus 
Turunen et al. (1994) Brown trout Salmo trutta 
(Uhlmann et al. 2016) Sole Solea solea 
 Plaice  Pleuronectes platessa 
Van Beek et al. (1990) Plaice  Pleuronectes platessa 

Sole Solea solea 
Vander Haegen et al. (2004) Chinook salmon Oncorhynchus tschawytscha 
Willis and Millar (2001) Snapper  Pagrus auratus (Sparidae) 
Wilson Jr and Burns (1996) Gag  Mycteroperca microlepis 

Red grouper Epinephelus morio 
Scamp  Mycteroperca phenax 

Yergey et al. (2012) Summer flounder Paralichthys dentatus 
 859 
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Appendix D 
 

 Injuries when using: 
 Trawls Hooks Purse seines  Traps  
Gear characteristics:          
Gear subtype ±  (Digre et al. 2010) ± (Falterman and Graves 2002, Kerstetter and 

Graves 2006a, Kerstetter and Graves 2006b, 
Mapleston et al. 2008, Orsi et al. 1993, Rice et 
al. 2012, Willis and Millar 2001) 

    
0 (Digre et al. 2010) 

  0 (Kerstetter and Graves 2006a, Mapleston et al. 
2008, Rice et al. 2012) 

    

Gear size   + (Mapleston et al. 2008)     
   0 (Mapleston et al. 2008)     

 
Fish characteristics: 

        

Fish length + (Suuronen et al. 2005) - (Mapleston et al. 2008, Pálsson Ó et al. 2003)  - (Raby et al. 2015)   
0 (Ingólfsson and Jørgensen 2006, 

Jones 1993, Suuronen et al. 1996b) 
0 (Mapleston et al. 2008) 

Fish species ± (Depestele et al. 2014, Digre et al. 
2010) 

± (Pribyl et al. 2011)     

 
Context variables: 

        

Change in water 
temperature 

      + (Colotelo et al. 2013) 
0 (Colotelo et al. 2013) 

Capture depth  + (Bottari et al. 2003) + (Drumhiller et al. 2014, McLennan et al. 2014, 
Pálsson Ó et al. 2003, Pribyl et al. 2011, 
Stephen and Harris 2010)  

  + (Rudershausen et al. 
2008) 

0 (Campbell et al. 2014) 
Fishing duration + (Bottari et al. 2003)     + (Colotelo et al. 2013) 

0  
Density in the net + (Bottari et al. 2003, Digre et al. 2010)   n.a.     

- (Digre et al. 2010) 
Species composition 

in the net 
± (Bottari et al. 2003)  n.a.     

Boarding procedure     ± (Candy et al. 1996)   
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 Mortality when using: 
  Trawls  Hooks  Purse seines   Gillnets   Traps   Seines  
Gear 
characteristics:  

            

Gear subtype ± (Digre et al. 2010, Van 
Beek et al. 1990) 

± (Falterman and 
Graves 2002, 
Kerstetter and 
Graves 2006b, 
Kerstetter and 
Graves 2008, Orsi 
et al. 1993, Rice et 
al. 2012) 

  ± (Stein et al. 2004, 
Vander Haegen 
et al. 2004) 

    

 0 (Digre et al. 2010) 0 (Rice et al. 2012)         
Selectivity 

device 
± (Düzbastılar et al. 2016, 

Düzbastilar et al. 2015, 
Düzbastilar et al. 2010a, 
Suuronen et al. 1996b) 

  ± (Misund and 
Beltestad 2000) 

      

 0 (Düzbastılar et al. 2016, 
Düzbastilar et al. 2010b, 
Ingólfsson et al. 2007, 
Suuronen et al. 1996a, 
Suuronen et al. 2005) 

  0 (Misund and 
Beltestad 2000) 

      

Gear material    ± (Santos et al. 
2017) 

  ± (Bettoli and 
Scholten 2006) 

    

Fish 
characteristics: 

            

Fish length - (Depestele et al. 2014, 
Düzbastılar et al. 2016, 
Düzbastilar et al. 2015, 
Düzbastilar et al. 2010a, 
Düzbastilar et al. 2010b, 
Hyvärinen et al. 2008, 
Ingólfsson et al. 2007, 
Richards et al. 1995, 
Suuronen et al. 1996a, 
Suuronen et al. 1996b, 
Uhlmann et al. 2016) 

- (Milliken et al. 1999, 
Pálsson Ó et al. 
2003, Stephen and 
Harris 2010) 

- (Marçalo et al. 
2010, Tenningen 
et al. 2012) 

- (Broadhurst et al. 
2009, 
Purbayanto et 
al. 2001, Smith 
and Scharf 
2011) 

- (Stewart 2008) - (Broadhurst 
et al. 2008) 
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 Mortality when using: 
  Trawls  Hooks  Purse seines   Gillnets   Traps   Seines  
 0 (Düzbastilar et al. 2010a, 

Suuronen et al. 2005) 
0 (Kerstetter and 

Graves 2006a, 
McLennan et al. 
2014, Stachura et 
al. 2012, Stephen 
and Harris 2010) 

0  (Candy et al. 1996) 0 (Bettoli and 
Scholten 2006, 
Broadhurst et 
al. 2009) 

+ (Lundin et al. 2012) 0 (Broadhurst 
et al. 2008) 

Fish species ± (Davis 2007, Digre et al. 
2010, Jurvelius et al. 
2000, Morfin et al. 2017, 
Olla et al. 1997) 

± (Falterman and 
Graves 2002, 
Santos et al. 2017) 

  ±  (Broadhurst et 
al. 2009) 

± (Gisbert and López 
2008) 

± (Broadhurst 
et al. 2008) 

Context 
variables: 

            

Change in water 
temperature 

+ (Davis and Olla 2001, Davis 
et al. 2001, Düzbastılar et 
al. 2016, Hyvärinen et al. 
2008, Olla et al. 1998, 
Suuronen et al. 2005, 
Uhlmann et al. 2016, Van 
Beek et al. 1990) 

+ (Davis and Olla 
2001, Davis et al. 
2001, Milliken et 
al. 2009) 

+ (Marçalo et al. 
2010, Marçalo et 
al. 2008) 

+ (Bettoli and 
Scholten 2006, 
Broadhurst et 
al. 2009) 

+ (MacMillan and 
Roth 2012) 

  

 0 (Jurvelius et al. 2000, 
Turunen et al. 1994) 

    0 (Broadhurst et al. 
2009) 

0 (Dieterman et al. 
2000) 

  

Capture depth  + (Depestele et al. 2014, 
Ingólfsson et al. 2007, 
Jurvelius et al. 2000, 
Richards et al. 1995) 

+ (Drumhiller et al. 
2014, Milliken et 
al. 2009, Pálsson Ó 
et al. 2003, 
Stachura et al. 
2012, Wilson Jr 
and Burns 1996) 

  + (Basaran and 
Samsun 2004) 

+ (MacMillan and 
Roth 2012, 
Rudershausen et 
al. 2008, Stewart 
2008) 

  

   0 (McLennan et al. 
2014) 

        

Fishing duration + (Barkley and Cadrin 2012, 
Davis 2007, Uhlmann et 
al. 2016, Van Beek et al. 
1990) 

+ (Kerstetter and 
Graves 2006a) 

+ (Candy et al. 1996, 
Digre et al. 2016, 
Lockwood et al. 
1983, Marçalo et 
al. 2010, 

+ (Bettoli and 
Scholten 2006, 
Buchanan et al. 
2002) 
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 Mortality when using: 
  Trawls  Hooks  Purse seines   Gillnets   Traps   Seines  

Tenningen et al. 
2012) 

 0 (Hyvärinen et al. 2008, 
Jurvelius et al. 2000) 

          

Duration of air 
exposure 

+ (Barkley and Cadrin 2012, 
Davis 2007, Jones 1993, 
Morfin et al. 2017, 
Richards et al. 1995) 

      + (Gisbert and López 
2008) 

  

  0 (Morfin et al. 2017)       0 (Rudershausen et al. 
2008) 

  

Density in the net + (Depestele et al. 2014, 
Richards et al. 1995, 
Suuronen et al. 2005) 

 n.a. + (Digre et al. 2016, 
Huse and Vold 
2010, Lockwood 
et al. 1983, 
Marçalo et al. 
2010, Tenningen 
et al. 2012) 

  + (Rudershausen et al. 
2008) 

  

 0 (Suuronen et al. 1996a)   0 (Candy et al. 1996)   0 (Stewart 2008)   
Species 

composition in 
the net 

   n.a. ± (Marçalo et al. 
2008) 

      

Boarding 
procedure 

± (Turunen et al. 1994) ± (Milliken et al. 1999, 
Milliken et al. 
2009) 

        

A ‘±’ indicates a relation for categorical variables, ‘+’ indicates a positive relation for continuous variables, ‘-’ indicates a negative relation for continuous variables, ‘0’ indicates 
no relation, ‘n.a.’ indicates that such a relation is not applicable and an empty cell indicates to no information was identified in the literature reviewed 
 
 


