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Abstract

Fishing companies are faced with decreasing profitability and increasing
competition. These companies can try to gain a competitive advantage by
differentiating their products, e.g. by marketing new product attributes that
consumers are interested in such as attributes relating to sustainability. Although
consumers could be considerably interested in social sustainability of fish, this
sustainability dimension has received little research interest so far. The main
objective of this thesis is to understand social sustainability of capture fisheries.
Social sustainability can be understood by applying the framework for social
sustainability assessment, which consists of stakeholder consultation and issue
selection, indicator development and quantification, and interpretation of the results,
to the case considered. The case considered in this thesis was capture fisheries in the
northeast Atlantic. Stakeholder consultation resulted in the identification of 27 social
sustainability issues relevant for capture fisheries in the northeast Atlantic. Overall,
social sustainability issues concerning working conditions, employees' job fulfilment
and fish welfare were seen as more important than other social sustainability issues.
Indicators were defined for the most important social sustainability issues of capture
fisheries in the northeast Atlantic. To interpret values for each indicator, rubrics were
developed that articulated levels of performance. Application of these indicators and
their accompanying rubrics to a Norwegian trawler demonstrated that the indicators
and rubrics provide insight into social sustainability at the level of the vessel, which
can be used to identify potential room for improvement. To determine whether social
sustainability issues can be used for product differentiation, consumer interest in
social sustainability issues of whitefish from the northeast Atlantic was studied.
Results from a choice modelling survey demonstrated that consumers prefer the
issue fish welfare over the issues product quality, worker safety and local
employment. Given the lack of overview of the knowledge on fish welfare, the most
important social sustainability issue for consumers, the literature on this topic was
reviewed to determine how the capture process in capture fisheries affects fish
welfare, using the indicators external injuries and mortality. This review showed that
scale, skin and fin injuries occur more frequently in trawls, purse seines, gillnets,
traps and seines than in hooks, whereas hooking injuries occur in hooks only.
Pressure injuries can occur in all gear types when deployed at greater depth. Trawls,
purse seines and seines result in higher mortality than gillnets, hooks and traps.
Mortality appears to increase with decreasing fish length, and differs across fish
species. A greater capture depth and a longer fishing duration were associated with
more external injuries and higher mortality, whereas a large change in water
temperature, a longer duration of air exposure and a high density in the net were
associated with higher mortality only. This thesis shows that application of the
framework for social sustainability assessment to capture fisheries in the northeast
Atlantic leads to an understanding of social sustainability that fishing companies can
use to their advantage. In addition, this thesis shows that fishing companies in the
northeast Atlantic need to start paying attention to fish welfare because consumers
consider fish welfare the most important social sustainability issue of capture
fisheries in the northeast Atlantic.
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1. Background

The global human population is expected to grow from 7.3 billion in 2015 to 8.5
billion in 2030 (United Nations Population Division, 2015). This growing world
population, coupled with growing per capita consumption, is expected to result in
a 1.1% annual increase in the demand for agricultural products (Alexandratos and
Bruinsma, 2012). The increase in the demand for animal-source proteins is likely
more pronounced due to expected increases in wealth and urbanization, resulting
in a dietary shift towards more animal-source food products (WHO and FAO,
2003).

The growing demand for animal-source food products has been met thus far by
increased production levels, which have been most notable for fish (Béné et al.,
2015, FAO, 2014b). During the past 50 years, the global supply of fish from
capture fisheries and aquaculture has, on average, increased with 3.2% per year
(FAO, 2014b). The majority (approximately 63% in 2012) of this global fish
supply originates from capture fisheries (FAO, 2014d), which is the sum of all
(commercial) fishing activities on wild fish (FAO, 1997). The growth in the global
fish supply, however, has come at the cost of the world’s fish stocks, with 30%
being overexploited in 2009 (FAO, 2012).

In order to curb this overexploitation, various input and output controls have
been put in place in fisheries worldwide (Worm et al., 2009). One commonly used
output control is a reduction in total allowable catch (Worm et al., 2009), which
limits the fishers’ catch. This limited catch and stagnant prices for fish (World
Bank and FAO, 2009) likely resulted in stagnant revenues for fishers. At the same
time, harvesting costs have increased, causing profitability of fisheries worldwide
to become negative (World Bank and FAO, 2009). This declining profitability,
coupled with excess capacity in the fleet (World Bank and FAO, 2009), will have
resulted in increased competition among fishers.

Companies faced with increasing competition can try to gain a competitive
advantage by differentiating their products, e.g. by marketing new product
attributes that consumers are interested in (Chamberlin, 1933). In recent years,
consumers have displayed increasing interest in products with attributes relating
to sustainability such as organic or Fairtrade products (Andorfer and Liebe, 2012,
Tully and Winer, 2014). This makes it likely that consumers are also interested in
sustainability of fish.

2. Sustainability of capture fisheries

Sustainability is generally composed of environmental, economic, and social
sustainability (Jeswani et al, 2010, Kloepffer, 2008). Environmental
sustainability of capture fisheries has attracted considerable scientific attention
(e.g. Pelletier et al., 2007, Seves et al., 2016, Ziegler et al., 2003). Moreover, there
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is considerable consumer interest in environmental sustainability, given that, for
example in the United Kingdom, consumers are currently paying price premiums
of approximately 10% for fish labelled by the marine stewardship council (better
known under the abbreviation MSC) as originating from sustainably managed
stocks (Roheim et al., 2011, Sogn-Grundvag et al., 2013). In contrast, economic
sustainability (e.g. Barnes-Mauthe et al., 2013, Coglan and Pascoe, 2015,
Whitmarsh et al., 2003) and social sustainability (e.g. Glaser and Diele, 2004,
Van Holt et al., 2016) have attracted less scientific attention. Economic
sustainability of capture fisheries is not so much of interest for consumers since
this concerns fishing companies’ viability, which is mainly of interest for these
companies themselves and related economic actors such as suppliers and
processors. Social sustainability of capture fisheries, however, could be of interest
for consumers since a meta-analysis on willingness to pay for sustainability issues
of products showed that consumers are generally more interested in social
sustainability than in environmental sustainability (Tully and Winer, 2014).

Social sustainability is an abstract concept that concerns the human dimension of
sustainability and represents various issues (Ahman, 2013) that depend on
context and time (Bostrom, 2012). Therefore, studies on social sustainability of
e.g. animal husbandry systems commonly use specific issues (i.e. relevant and
important aspects of social sustainability) to operationalize this concept (Meul et
al., 2008, Mollenhorst and De Boer, 2004, Van Calker et al., 2005). Examples of
such social sustainability issues are working conditions, animal welfare,
professional pride, and landscape management (Meul et al., 2008, Mollenhorst
and De Boer, 2004, Van Calker et al., 2005).

Operationalization of social sustainability issues based on stakeholder
perspectives is the first step in the framework used by several authors (e.g. Meul
et al., 2008, Mollenhorst and De Boer, 2004, Van Calker et al., 2005) to assess
social sustainability. The second step in this framework is to develop and quantify
indicators that measure the state of these social sustainability issues. The
information that these indicators provide can additionally be interpreted using
performance reference points (Bell and Morse, 1999, UNEP/SETAC, 2009). This
framework has been applied in sustainability assessment of animal husbandry
systems, but not yet in social sustainability assessment of capture fisheries.

3. Capture fisheries in the northeast Atlantic

The northeast Atlantic (Figure 1.1) is the world’s third most important fishing
area in terms of volumes landed (FAO, 2014c) and includes many of Europe’s
seas, such as the Barents Sea, the North Sea and the Bay of Biscay (FAO, 2008).
Fishers from 21 countries operate in this area and catch over 50 species of fish in
volumes over 10,000 tonnes, of which herring, cod and mackerel are the main
species (Statistics office Iceland, 2015).
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Figure 1.1: The Northeast Atlantic (Figure is based on spatial information
from the International Council for the Exploration of the Sea (ICES, 2016))

Fishers in the northeast Atlantic not only face increased competition among
themselves, but also fear the additional competition from aquaculture due to the
growing supply of fish from aquaculture (FAO, 2010, FAO, 2014d). These fishers
are concerned that consumers will substitute fish originating from capture
fisheries with cheaper fish originating from aquaculture, which would cause
prices to drop and profitability to decline further. Norwegian and Icelandic
fishing companies targeting whitefish (e.g. cod, haddock, saithe), therefore,
initiated the EU-project ‘WhiteFish’ with the aim of documenting their (social)
sustainability impacts in order to gain a competitive advantage in markets for
whitefish.
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4. Social sustainability of whitefish from the northeast
Atlantic

Thus far, one study focused on social sustainability of whitefish from the
northeast Atlantic. This study dealt with Norwegian cod fisheries and included
the social sustainability issues accident risk and employment (Utne, 2007).
Although Utne (2007) recognizes that stakeholders can offer various perspectives
on social sustainability, stakeholders were not consulted on relevant issues.
Hence, issue identification based on stakeholder perspectives likely results in
more or other social sustainability issues relevant for northeast Atlantic fisheries
that are currently not known.

The social sustainability issues that are at stake in a given case provide an
operationalization of social sustainability, but these issues in themselves do not
provide information on the state of social sustainability. Such information is
provided by indicators, but no indicators currently exist to assess social
sustainability of whitefish from the northeast Atlantic other than Utne’s (2007)
indicators for accident risk and employment in Norwegian cod fisheries.

Fishing companies could use the information from a social sustainability
assessment to differentiate their products and to improve their social
sustainability. However, consumer interest is important or even essential for any
of these applications of a social sustainability assessment. For example, product
differentiation based on social sustainability can only occur when consumers are
interested in and value such a product characteristic (Chamberlin, 1933).
Moreover, consumer interest in social sustainability issues can help prioritize
improvement options and identify potential reputational risks such as the use of
child labour. As mentioned earlier, results from Tully and Winer (2014) on
general willingness to pay for sustainability issues of products indicate that
consumers are more interested in social than in environmental sustainability.
Results from McClenachan et al. (2016) on willingness to pay in the USA for
sustainability labels of fish, however, indicate the opposite, i.e. consumers are
more interested in environmental than in social sustainability. Hence, the level of
consumer interest in social sustainability issues of whitefish from the northeast
Atlantic is not clear.

Animal welfare is considered an important social sustainability issue in animal
husbandry systems (Broom, 2010, Napolitano et al., 2010) that is partly driven by
consumer interest in this topic (Gracia et al., 2011, Nocella et al., 2010, Van Loo
et al., 2014). This consumer interest in animal welfare could extend from animal
husbandry to capture fisheries. In capture fisheries, however, no overview is
available of the current knowledge on fish welfare (Huntingford et al., 2006).
Such knowledge on the effects of the capture process in capture fisheries on fish
welfare is essential for debates on fish welfare and for fishers who want to reduce
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their impact on fish welfare (Metcalfe, 2009). A lack of knowledge, combined
with consumer interest in fish welfare, could pose a reputational risk to fishers.

5. Objective and outline of the thesis

The objective of this thesis is to understand social sustainability of capture
fisheries. Given that social sustainability is context-specific, this thesis focuses
specifically on capture fisheries in the northeast Atlantic.

The first step towards understanding social sustainability of capture fisheries in
the northeast Atlantic is to understand what social sustainability in this context is
about. In Chapter 2, therefore, relevant and important social sustainability issues
for cod and haddock fisheries in the northeast Atlantic are determined based on
input from a heterogeneous group of stakeholders.

The next step is to assess social sustainability of capture fisheries in the northeast
Atlantic by determining the state of the relevant and important social
sustainability issues. In Chapter 3, therefore, a method is developed that consists
of indicators and rubrics (i.e. categories that articulate levels of performance) for
the issues of Chapter 2 to assess social sustainability of capture fisheries. This
method is subsequently applied to a Norwegian trawler that targets cod and
haddock in the northeast Atlantic to determine whether this method provides
vessel-specific information on social sustainability that can be used to identify
potential improvement options.

Companies that want to improve their social sustainability, gain a competitive
advantage or identify potential reputational risks need to understand consumer
preferences for social sustainability issues. In chapter 4, therefore, a consumer
survey is developed to determine consumer preferences for social sustainability
issues of whitefish from the northeast Atlantic. In addition, consumer
characteristics are investigated to explore what explains these preferences.

The social sustainability issue that is most likely to form a reputational risk for
fishing companies is fish welfare. In Chapter 5, therefore, a systematic literature
review is performed to determine what is known about the effects of the capture
process in capture fisheries on fish welfare.

Finally, in Chapter 6, the understanding of social sustainability of capture
fisheries in the northeast Atlantic that arises in this thesis is discussed. In
addition, recommendations are provided for the fishing sector, researchers,
certification organizations and policy-makers.









Social sustainability of cod and
2 haddock fisheries in the northeast
Atlantic: what issues are important?

L.J.L. Veldhuizen, P.B.M. Berentsen, E.A.M. Bokkers, 1.J.M. de Boer

Journal of Cleaner Production 94 (2015) 76-85
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Abstract

Research on the sustainability of capture fisheries has focused more on
environmental and economic sustainability than on social sustainability. To
assess social sustainability, first relevant and important social sustainability
issues need to be identified. The objective of this study was to identify relevant
social sustainability issues for cod and haddock fisheries in the northeast Atlantic
and to determine the importance of these issues based on stakeholder input. A
heterogeneous group of stakeholders was invited to take part in two consecutive
surveys on social sustainability issues. The first survey (n=41) resulted in a long
list of 27 relevant social sustainability issues, including six issues that were not
identified in previous studies and that address aspects of fish welfare, employees’
training and education opportunities, and employees’ time off from work. The
second survey (n=51) resulted in a ranking of the social sustainability issues in
order of importance. The most important issues are worker safety, product
freshness and companies’ salary levels. In general, social sustainability issues
concerning working conditions, employees’ job fulfilment and fish welfare are
seen as more important than other social sustainability issues. A main discussion
point concerns the relation between the importance of a social sustainability issue
on the one hand and the type of need that the issue relates to and the state of the
issue on the other hand. From the study it can be concluded that the relative
importance of social sustainability issues differs per stakeholder group depending
on the relation between the stakeholder group and each particular issue. This
demonstrates the importance of consulting different stakeholder groups in future
studies on social sustainability in order to get a balanced view on the importance
of social sustainability issues. Results on the relevance and importance of social
sustainability issues for cod and haddock fisheries in the northeast Atlantic
enable the fishing industry and policy-makers to direct improvement efforts
towards the more important issues.
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1. Introduction

Since the release of ‘Our Common Future’ (Brundtland, 1987), sustainability
assessment of food production has been an important research domain.
Sustainability assessment concerns environmental, economic and social
sustainability, as well as the inter-linkages between these pillars of sustainability
(Lozano and Huisingh, 2011). Methodologies for environmental sustainability
assessment (e.g. life cycle assessment), however, are far better developed than
methodologies for economic or social sustainability assessment (Finkbeiner et al.,
2010, Kloepffer, 2008, Martinez-Blanco et al., 2014).

Environmental sustainability assessment of capture fisheries (i.e. the sum of all
fishing activities on wild fish; FAO, 1997) has attracted considerable scientific
attention (e.g. Pelletier et al., 2007, Thrane, 2006, Ziegler et al., 2003). Research
has focused on traditional impact categories such as global warming potential and
eutrophication (e.g. Ellingsen and Aanondsen, 2006, Vazquez-Rowe et al., 2010,
Ziegler et al., 2011), and biological impact categories such as overfishing
(depletion of natural resources), discarding and by-catch (e.g. Emanuelsson et al.,
2014, Hornborg et al., 2013, Langlois et al., 2014). Some of these impacts have
been addressed by policy responses such as total allowable catch, individual
transferable quotas, marine protected areas and effort restrictions (e.g. Chu,
2009, CoOté et al, 2001, Karagiannakos, 1996). Economic sustainability
assessment of capture fisheries has received little scientific attention, as
evidenced by the limited number of publications on this topic (i.e. Glaser and
Diele, 2004, Pelletier et al., 2009, Utne, 2007, Whitmarsh et al., 2003). Since
social sustainability assessment has received even less scientific attention (Glaser
and Diele, 2004, Utne, 2007), social sustainability is the focal point of this study.

A social sustainability assessment should start with a description of the (problem)
situation (Mollenhorst and De Boer, 2004, Van Calker et al., 2005). The situation
considered in this study concerns a group of cod and haddock fishing companies
in the northeast Atlantic that initiated and participated in the EU-project
‘WhiteFish’. The study described in this paper formed part of this EU-project.
These Norwegian and Icelandic fishing companies employ trawlers, longliners,
auto-liners, and Danish seiners in coastal and offshore fisheries to produce fresh
and frozen fillets. The second step in social sustainability assessment is
identification of social sustainability issues (SSIs) (Mollenhorst and De Boer,
2004, Van Calker et al., 2005), i.e. aspects of social sustainability that should be
considered in an assessment. In general, SSIs have been identified in the context
of various initiatives (Parris and Kates, 2003), such as social life cycle assessment
(Benoit-Norris et al., 2011) and the global reporting initiative (Parris and Kates,
2003). There is no consensus, however, on the set of issues that should be

t WhiteFish is a research project on the automated and differentiated calculation of sustainability impact for
cod and haddock products that ran from January 2012 to December 2014. Visit
http://www.whitefishproject.org/ for more information on this project.
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addressed in social sustainability assessments (Hutchins and Sutherland, 2008,
Parris and Kates, 2003). Since it is not practicable nor desirable to consider all
SSIs identified (Mitchell et al., 1995), social sustainability assessment should
concentrate on the most important issues.

The importance of SSIs depends on the cultural, political, social and economic
context of the situation considered (Benoit-Norris et al., 2011, Glaser and Diele,
2004). Therefore, stakeholder input should be used to identify SSIs for cod and
haddock fisheries in the northeast Atlantic. Stakeholders are those individuals or
organizations that can affect or are affected (Freeman, 1984) by the activities of
the cod and haddock fishing companies in the northeast Atlantic. This approach
has been used successfully to identify SSIs for egg production systems
(Mollenhorst and De Boer, 2004), dairy farming systems (Meul et al., 2008, Van
Calker et al., 2005) and aquaculture (Caffey et al., 2000), but not for capture
fisheries.

So far, SSIs for capture fisheries have been identified by FAO (1999), Utne (2007)
and Kruse et al. (2009). FAO (1999), however, only provided eight examples of
SSIs such as employment and income, recognizing that the set of issues that
should be addressed in an assessment depends on the context of the situation
considered. Utne (2007) identified accident risk and employment as important
SSIs for Norwegian cod fisheries, though she did not specify the method used to
identify issues. These two SSIs cannot adequately address social sustainability of
Norwegian cod fisheries, since social sustainability concerns a diversity of
stakeholders with different interests (Caffey et al., 2000, Van Calker et al., 2005).
Kruse et al. (2009) identified 11 SSIs such as fair wage and employment benefits
as important issues for salmon production systems (i.e. capture fisheries and
aquaculture). The method used to identify SSIs was a combined top-down and
bottom-up approach, using international conventions while taking into account
industry specific impacts. As SSIs identified by Kruse et al. (2009) covered only
industry specific impacts, it is unlikely that these issues will also cover interests of
other stakeholders.

The objective of this study is to identify relevant SSIs for cod and haddock
fisheries in the northeast Atlantic and to determine the importance of these issues
based on stakeholder input. Since social sustainability concerns a diversity of
stakeholders with different interests, a heterogeneous group of stakeholders was
consulted in order to get a representative set of issues (Caffey et al., 2000, Meul
et al., 2008, Mollenhorst and De Boer, 2004, Van Calker et al., 2005).

2. Methods

Stakeholders were invited to take part in two consecutive surveys on SSIs. The
first survey served to compile a long list of relevant SSIs. The second survey
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served to determine the importance of each issue on the long list of relevant
issues that resulted from the first survey. Similar to Caffey et al. (2000) and Van
Calker et al. (2005), surveys were chosen rather than focus groups as in
Mollenhorst and De Boer (2004), because surveys allow more structured data
collection and because the geographical scope of the study precluded the use of
focus groups. Surveys, however, do not allow for interaction between
respondents.

2.1 Stakeholder identification

Stakeholders for the two surveys were identified from the value chain
characterization. This value chain characterization (Table 2.1) starts with the five
fishing companies participating in the EU-project. At this stage of the value chain,
four different types of vessels are employed in Norway’s offshore waters and in
Iceland’s coastal and offshore waters. Catch of these fishing vessels is processed
into fillets in China, Iceland and the UK, either by separate processing companies
that purchase catch in auction markets or by the same companies that own these
vessels. Processed fillets are then sold in Iceland, the UK and the rest of Europe.

Owners and employees of these fishing companies were identified as stakeholders
and regarded as separate stakeholders because the interests of owners and
employees can differ. Other value chain actors, i.e. processing companies (both
company owners and employees), merchants and retailers were identified as
stakeholders because their mutual dependency in the value chain means that they
all can affect and are affected by the activities of the fishing companies. Fishing
company associations, labour unions, processing company associations and
consumer organizations were identified as stakeholders because they represent
the interests of different value chain actors, i.e. fishing companies, employees,
processing companies and consumers, respectively. Municipalities where the
vessels are harboured were identified as stakeholders because fishing companies’
decisions can affect these communities. Governments’ fisheries departments were
identified as stakeholders because any change in policy can affect the fishing
companies’ activities. Certifiers of stock sustainability were identified as
stakeholders because future assessments of stock sustainability may be extended
to include social sustainability. Organizations promoting the sector were
identified as stakeholders because social sustainability might become another
factor that these organizations can use to promote the sector. Finally, a fish
welfare organization was identified as a stakeholder because concerns for fish
welfare (Chandroo et al., 2004a, Huntingford et al., 2006, Robb and Kestin,
2002) might affect the fishing companies in the near future.

Based on this stakeholder identification, seven distinct stakeholder groups were
defined: fishing companies, fishing company employees, suppliers and
processors, sales organizations, consumers, policy-makers, and fish welfare
organizations. These stakeholder groups encompass multiple stakeholders who
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share similar interests. Table 2.2 presents the distribution of stakeholders across
these seven stakeholder groups.

2.2 Survey 1

The first survey focused on the relevance of SSIs for cod and haddock fisheries in
the northeast Atlantic and served to compile a long list of relevant issues as input
for the second survey. This first survey started with a short introduction on social
sustainability and on the survey. Then, an initial list with possible SSIs was
provided (Table 2.3). These issues were extracted from studies that include social
sustainability in capture fisheries and outside the area of capture fisheries. SSIs
on this initial list can be classified into five issue categories that encompass issues
concerning similar aspects in relation to employees, the company or the product
(Table 2.3). Issues relating to employees can be classified into the issue categories
concerning working conditions, terms of employment, or employees’ job
fulfilment. Issues relating to the company can be classified into the issue category
concerning companies’ contribution to the local community. Issues relating to the
product can be classified into the issue category concerning food safety and
product quality.

In the first survey, respondents gave input on SSIs by 1) indicating whether each
issue on the initial list is relevant or not for cod and haddock fisheries in the
northeast Atlantic and 2) adding new issues in case of deficiencies. The survey
ended with questions on respondents’ occupation, an opportunity for
respondents to comment on the survey, and an announcement of and an
invitation to the second survey.

This first survey was translated from English to Icelandic and Norwegian. To
avoid erroneous translations, the survey was discussed with translators before it
was translated. Moreover, the translations were checked by translating them back
to English using translating software. The paper version of this survey was
introduced and distributed to those stakeholders who were present at a fishing
industry meeting in March, 2013 in Reykjavik, Iceland. Fishing company
associations present at that meeting were asked to distribute the survey among
their members to increase the number of fishing companies reached. Paper
versions of the survey were distributed among fishing companies in Iceland and
Norway. Owners of these fishing companies were asked to fill out the survey and
to distribute copies among their employees. An online version of the survey was
used for all other stakeholders in Iceland, Norway and the UK who were invited
via e-mail to take part in the survey.

The goal of the first survey was to compile a long list of relevant SSIs as input for
the second survey. When at least one respondent indicated that an issue on the
initial list of SSIs was relevant, then this issue was added to the long list. If any
stakeholder mentioned a new issue, this issue was added to the long list as long as
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the issue was clear, concerned social sustainability and did not overlap with any
of the issues on the initial list.

2.3 Survey 2

The second survey focused on the intrinsic and relative importance of each SSI on
the long list of issues. Intrinsic importance relates to the importance of each issue
in itself, whereas relative importance relates to the importance of each issue in
relation to the other issues.

The second survey started with a short introduction on social sustainability and
on the survey. Then, respondents were asked to indicate how important (i.e.
important, neutral, unimportant, don’t know) they considered each SSI on the
long list of issues. The order in which these issues were presented was
randomized to ensure that respondents focused on intrinsic importance only.
Respondents were reminded explicitly that even if an SSI was arranged very well
in cod and haddock fisheries in the northeast Atlantic, this did not necessarily
mean that the issue as such was unimportant. In addition, respondents were
instructed to list an SSI as unimportant in case they really thought that the issue
was not relevant, since there was no full agreement on the relevance of SSIs in the
first survey. After that, respondents were asked to put the five SSIs they found
most important in order of importance.

For most SSIs, the direction leading to higher social sustainability is evident.
More job satisfaction, for example, is preferred over less job satisfaction. The
desired direction, however, was not evident for all SSIs. Seasonality of
employment, for example, means that employees do not have a steady income
year-round, but also that they can spend more time with their families, so
seasonality of employment might be judged negative by one stakeholder and
positive by another stakeholder. Therefore, the survey additionally contained 14
statements (Appendix 2.1) to determine the desired direction of SSIs for which
this was not evident. For each statement, respondents were asked to indicate
whether they agreed with the statement, disagreed, were neutral or did not know.
The survey ended with two questions on respondents’ occupation to determine
their stakeholder affiliation.

This survey was translated from English to Icelandic and Norwegian following the
same procedure used for the first survey, and distributed from October to
November 2013. Paper versions of the second survey were sent to fishing
companies in Iceland and Norway. Owners of these fishing companies were asked
to fill out the survey and to distribute copies among their employees. In addition,
paper versions of the second survey were distributed via contact persons to
certain Icelandic and Norwegian stakeholders of cod and haddock fisheries in the
northeast Atlantic. An online version of the survey was used for all other
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stakeholders in Iceland, Norway and the UK who were invited via e-mail to take
part in the survey.

The analysis of the second survey focused on responses per stakeholder group in
order to correct for unequal numbers of responses between stakeholder groups.
The analysis of the intrinsic importance of SSIs was based on the proportion of
responses (i.e. important, neutral, unimportant and don’t know) in each
stakeholder group (P;j;). These proportions were used to calculate the overall

proportion of responses P;; for issue i per response category j as follows:

ﬁ.zm, (1)

lj Ny
where P;j, is the proportion of responses for issue i per response category j in

stakeholder group k, and n; is the total number of stakeholder groups k
distinguished.

The analysis of the relative importance of SSIs was based on respondents’
rankings of the five most important issues in order of importance. For each
respondent, five SSIs were scored 1 to 5 points, where 1 point was assigned to the
issue that the respondent ranked lowest and 5 points were assigned to the issue
that the respondent ranked highest. These individual scores were used to
calculate the average score S;;, for issue i and stakeholder group k as follows:

§ik — Z%=1Silkl (2)

Nik

where S;;, is the score for issue i of respondent [ in stakeholder group k and ny, is
the number of respondents [ in stakeholder group k. Then, the overall score S; for
issue i was calculated as follows:

§i — z:}’}'§=1~S_‘ik, (3)

ng

where S;;, is the average score for issue i and stakeholder group k, and n,, is the
total number of stakeholder groups k. To gain more insight into the relative
importance of SSIs, the analysis additionally focused on the relative importance
of the issue categories concerning working conditions, terms of employment,
employees’ job fulfilment, companies’ contribution to the local community, food
safety and product quality, and fish welfare. The average score S, for issue
category g and stakeholder group k was calculated as follows:

Sgrc = =, @)
where S, is the average score for issue i in issue category g for stakeholder group
k and n;, is the number of issues i in issue category g. Then, the overall score S,
for issue category g was calculated as follows:

= _ Yk1Sgk
Sg - Nk ’ (5)
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where S, is the average score for issue category g and stakeholder group k, and
ny is the total number of stakeholder groups k.

The analysis of the statements on the desired direction of certain SSIs was based
on the proportion of responses (i.e. agree, neutral, disagree and don’t know) in
each stakeholder group (Pgjx). These proportions were used to calculate the

overall proportion of responses P; for statement s per response category j as
follows:

kK p
P = M’ (6)

ng
where P, is the proportion of responses for statement s per response category j

in stakeholder group k, and n, is the total number of stakeholder groups k
distinguished.

3. Results

In this section, results from the first stakeholder survey are presented first,
followed by results from the second stakeholder survey.

3.1 Survey 1

In total, 41 surveys were returned from April to August 2013 via mail, e-mail and
online. Table 2.4 reports the targeted sample and the number of responses per
stakeholder group for the first survey. The targeted sample refers to the numbers
of respondents that were intended to receive the survey. This sample comprises
the fishing and processing companies participating in this research, their
employees, and other relevant stakeholders. Because of the ways the survey was
distributed, it cannot be stated with certainty that the actual sample equalled the
targeted sample. Fishing companies, for example, were asked to distribute the
survey to their employees, which means that the exact number of employees who
received the survey is not known. Moreover, multiple entries per organization
were allowed, which means that the exact number of individuals within these
organizations who received the survey is not known either. As a result, it is not
possible to determine response rates for the survey.

Each SSI on the initial list was selected by at least 5 and at most 33 respondents.
This indicated that all issues on the initial list had to be included in the long list of
SSIs for the second survey.

In addition, seven respondents suggested 14 new issues. Six of these issues were
added to the long list of SSIs, namely: fish welfare during capture, humane
slaughter of fish, opportunities for life-long learning, on-the-job training,
employees’ travel time from home to work and back, and time at home. The
remaining eight issues suggested were not added to the long list because they did
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not refer to social but to economic sustainability (four issues), they highly
overlapped with other issues (one issue), or they were not clear and not explained
further by the respondents (three issues).

Even though the SSIs internal damages in the fish and external damages to the
fish were found to be relevant in the first survey, they were excluded from the
long list of SSIs for the second survey. The added SSI fish welfare during capture
implicitly included internal and external damages to fish. As such, the first survey
resulted in a long list of 27 relevant SSIs that was used as input for the second
survey.

One stakeholder was added to the initial stakeholder identification (Table 2.2)
based on results from the first survey. The newly identified SSIs opportunities for
life-long learning and on-the-job training made clear that organizations
providing education to employees in fishing companies had to be added to the list
of stakeholders consulted for the second survey (Table 2.4).

3.2 Survey 2

In total, 66 surveys were returned from October to December 2013 via e-mail and
online. Seven surveys were excluded because they were incomplete and no
stakeholder affiliation was entered. In addition, eight surveys were excluded
because stakeholder affiliation was either unclear or irrelevant. Unclear
stakeholder affiliation concerned, for example, respondents who ticked
stakeholder affiliation other and specified this only as fisheries or stakeholder
association. Irrelevant stakeholder affiliation concerned, for example,
respondents from universities who did not fit in the definition of a stakeholder as
an organization or individual that can affect or is affected by the activities of the
fishing companies concerned. Table 2.4 reports the targeted sample and the
number of responses per stakeholder group for the second survey. Responses
from employees in fishing companies represent the largest share of responses. As
for the first survey, the response rate for this survey could not be determined
because the actual sample size was not known.

The analysis of the second survey first focused on the intrinsic importance of each
SSI on the long list of issues. Figure 2.1 presents the proportion of responses (P;;)
for these issues, presented per issue category. The three issues with the highest
proportion of responses for important are: healthy working environment, worker
safety and physical food contamination. The three issues with the lowest
proportion of responses for important are: seasonality of employment, local
employment from cod and haddock fisheries, and arrangements for employees’
overtime. The three issues with the highest proportion of responses for
unimportant are: humane slaughter of fish, seasonality of employment and fish
welfare during capture.
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Table 2.5: Overall scores and ranks indicating the relative importance of
social sustainability issues presented per issue category

Issues per issue category Overall Rank
score

Working conditions
Worker safety 1.99 1
Healthy working environment 1.20
Provisions aboard for the crew 0.28 16
Average for issue category working conditions 1.16

Employees’ job fulfilment
Companies’ salary levels 1.34 3
Employees' job satisfaction 0.86 6
Employees’ professional pride 0.85 7
Average for issue category employees’ job fulfilment 1.02

Fish welfare
Fish welfare during capture 1.03 5
Humane slaughter of fish 0.84 8
Average for issue category fish welfare 0.93

Food safety and product quality
Product freshness 1.46 2
Physical food contamination 0.55 11
Chemical food contamination 0.37 15
Microbiological food contamination 0.17 20
Average for issue category food safety and product quality 0.64

Companies’ contribution to the local community
Community involvement of cod and haddock fishing companies 0.75 9
Local ownership of cod and haddock fishing companies 0.69 10
Local employment from cod and haddock fisheries 0.14 21
Average for issue category companies’ contribution to the local 0.53

community

Terms of employment
Companies’ timely payment of salaries 0.53 12
On-the-job training 0.49 13
Opportunities for life-long learning 0.48 14
Employees’ income security during sickness 0.24 17
Pension fund contributions of companies for their employees 0.24 18
Time at home 0.19 19
Employees’ travel time from home to work and back 0.12 22
Freedom of association and collective bargaining 0.06 23
Employees’ working schedule 0.06 24
Equal opportunities for immigrant workers 0.02 25
Seasonality of employment - 26
Arrangements for employees’ overtime - 26
Average for issue category terms of employment 0.24

The analysis of the second survey then focused on the relative importance of the
SSIs on the long list. Table 2.5 presents the relative importance of SSIs in terms of
overall scores (S;) and consequential ranks, presented per issue category (§g) and
ordered according to overall scores per issue category and per issue. The three
most important SSIs are worker safety, product freshness and companies’ salary
levels, as indicated by the highest overall scores for these issues. The three least
important SSIs are seasonality of employment and arrangements for employees’
overtime, which were not ranked by any respondent, and equal opportunities for
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immigrant workers.

The analysis of the second survey then zoomed in on the relative importance of
the issue categories per stakeholder group. Table 2.6 presents average scores per
stakeholder group (S,;) for the six issue categories. For certain issue categories,
average scores of specific stakeholder groups are larger than average scores of the
other stakeholder groups. Consider for example the issue category concerning
employees’ job fulfilment. Average scores for this issue category are higher for
fishing companies, fishing company employees and education that for the other
stakeholder groups. Similarly, average scores for the issue category concerning
food safety and product quality are higher for sales organizations than for the
other stakeholder groups. Moreover, average scores for the issue category
concerning companies’ contribution to the local community are higher for
education and policy-makers than for the other stakeholder groups.

Lastly, the analysis of the second survey focused on the desired direction of SSIs
for which this was not evident (Figure 2.2). The combined proportions of
responses (P;;) for neutral and don’t know varied from 0.46 to 0.82, indicating a
lack of strong opinions on several statements. Proportions of responses for agree,
however, illustrate that community involvement, local ownership and local
employment are desirable, whereas night work, longer fishing trips and
seasonality of employment are undesirable.

4. Discussion

The first stakeholder survey resulted in the identification of 27 relevant SSIs for
cod and haddock fisheries in the northeast Atlantic. These 27 issues include six
issues that were not considered in any of the studies that were used to form the
initial list of SSIs for the first survey (see Table 2.3). These six newly identified
issues address aspects of employees’ training and education opportunities,
employees’ time off from work and fish welfare. Despite emerging concerns for
fish welfare in recent years (Braithwaite and Boulcott, 2007, Galhardo and
Oliveira, 2009, Mood, 2010), issues addressing aspects of fish welfare were not
considered before in studies on social sustainability of capture fisheries. Aspects
of animal welfare are often considered in studies on social sustainability of other
animal production systems (Caffey et al., 2000, Meul et al., 2008, Mollenhorst
and De Boer, 2004, Van Calker et al., 2005).

The second stakeholder survey established the intrinsic and relative importance
of the 27 relevant SSIs. With regard to the intrinsic importance of these issues,
there was almost full agreement on the intrinsic importance of the issues healthy
working environment, worker safety and physical food contamination. There
was disagreement, however, on the intrinsic importance of the issues seasonality
of employment, fish welfare during capture and humane slaughter of fish.
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Disagreement on the intrinsic importance of the latter two issues is likely to be a
result of the relative novelty of the research area concerning fish welfare. With
regard to the relative importance of SSIs, the most important issues for cod and
haddock fisheries in the northeast Atlantic are worker safety, product freshness
and companies’ salary levels. Worker safety (Kruse et al., 2009, Utne, 2007) and
companies’ salary levels (Kruse et al., 2009) were identified as important issues
in other studies on social sustainability of capture fisheries before, but product
freshness was not.

This study covers a larger number of SSIs than previous studies on capture
fisheries, which covered between two (Utne, 2007) and eleven issues (Kruse et al.,
2009). This difference probably occurred because a larger number of different
stakeholders was consulted in the present study and because issues were defined
at a relatively high level of detail. The issues physical food contamination,
chemical food contamination and microbiological food contamination could
have been combined into the less detailed issue food safety (Van Calker et al.,
2005). Similarly, the issues worker safety, healthy working environment and
provisions aboard for the crew could have been combined into the less detailed
issue working conditions (which was labelled as an issue category here) (Van
Calker et al., 2005). In this study, however, ranks for the individual issues
relating to food safety ranged from 11 to 20, and ranks for the individual issues
relating to working conditions ranged from 1 to 16. The large range of these ranks
indicates that a high level of detail in SSI definition provides extra information
which will be lost when these issues would be combined.

Results on the relative importance of issue categories per stakeholder group show
that the importance of SSIs partly depends on the stakeholder group that the
issue relates to. This demonstrates the value of consulting a heterogeneous group
of stakeholders on the importance of SSIs. Next to the stakeholder group that the
issue relates to, two other factors might influence the importance of SSIs. The
first one is the type of need that the issue relates to: basic needs, social needs, or
needs for self-actualization (Bavinck and Monnereau, 2007). These three types of
needs show a similarity with Maslow’s (1954) hierarchy of needs where the
satisfaction of basic needs is a prerequisite to pursuing the satisfaction of other
types of needs. This factor could explain why issues relating to basic needs (e.g.
worker safety and companies’ salary levels) were ranked higher than most other
SSIs. The second factor that might influence the importance of issues is the state
of these issues, which depends on the context of the case considered. This factor
could explain why the issue worker safety, for example, was the most important
issue in this study, since fishing at sea is considered a dangerous occupation
(Hisamune et al., 2006, Roberts, 2010). Understanding which factors influence
the importance of SSIs can help to simplify SSI identification.
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It is important to consider to what extent results on the importance of SSIs for
cod and haddock fisheries in the northeast Atlantic are applicable beyond the
context of this case. This applicability depends on the context-specificity of the
three factors that could influence the importance of an SSI as discussed in the
previous paragraph. Of these three factors, the state of an SSI is the only factor
that depends on the context of the case considered. The context of the case
considered in this study is mainly connected to the type of fishing technique used
and the region considered. In this study, several different types of fishing
techniques were considered (i.e. trawling, seining, auto-lining and long-lining in
coastal and offshore waters), whereas only one region was considered. As such,
the context of cod and haddock fisheries in the northeast Atlantic is mainly
determined by the regional setting of this case. This means that similar results on
the importance of SSIs can be expected for other capture fisheries (e.g. herring or
mackerel fisheries) in the northeast Atlantic and its subareas, and for capture
fisheries in similar regions (e.g. the northwest Atlantic).

Results presented on the relevance and importance of SSIs for cod and haddock
fisheries in the northeast Atlantic were based on the relatively low number of 51
responses to the second survey. A larger number of responses to the second
survey would have been preferable, but consulting a diversity of stakeholders was
prioritized over consulting a large number of respondents. Consulting a diversity
of stakeholders was accomplished, although there were no responses from
consumers, one of the seven stakeholder groups distinguished. Therefore, this
perspective on social sustainability should be addressed in future research.

The 51 responses to the second survey were unevenly distributed across
stakeholder groups. The largest number of responses per stakeholder group was
20, whereas the smallest number of responses per stakeholder group was one.
Not correcting for this uneven distribution of responses across stakeholder
groups would have resulted in a disproportionately large influence of certain
stakeholder groups at the expense of other stakeholder groups. This was
corrected for by first determining proportions of responses (intrinsic importance
SSIs) or average scores (relative importance SSIs) per stakeholder group and then
averaging these proportions of responses or average scores over all stakeholder
groups.

All in all, the present study adds to the current literature on social sustainability
assessment by presenting a systematic approach to identification of relevant and
important SSIs. This approach was applied to cod and haddock fisheries in the
northeast Atlantic, which is one of the stages in the cod and haddock value chain.
To accommodate for social life cycle assessment, issues for other stages of this
value chain would need to be identified by using the same approach.



36 | Chapter 2

5. Conclusion

This study resulted in 27 relevant SSIs for cod and haddock fisheries in the
northeast Atlantic, including six issues that were not identified in previous
studies and that address aspects of fish welfare, employees’ training and
education opportunities, and employees’ time off from work. The 27 issues
identified were classified into issue categories concerning working conditions,
terms of employment, employees’ job fulfilment, companies’ contribution to the
local community, food safety and product quality, and fish welfare.

The most important SSIs are worker safety, product freshness and companies’
salary levels. In general, issues in the issue categories concerning working
conditions, employees’ job fulfilment and fish welfare are seen as more important
than issues in the remaining issue categories.

The relative importance of SSIs differs per stakeholder group depending on the
relation between the stakeholder group and each particular issue. This
demonstrates the importance of consulting different stakeholder groups in future
studies on social sustainability in order to get a balanced view on the importance
of SSIs.

For most SSIs identified, the direction leading to higher social sustainability is
evident. Several statements on desired direction of issues for which this was not
evident clarified that stakeholders value fishing companies’ influence on the often
small communities they are located in and want residents of these communities
to benefit from these fishing companies.

This study on the relevance and importance of SSIs for cod and haddock fisheries
in the northeast Atlantic informs stakeholders, and especially the fishing industry
and policy-makers, about the relevant SSIs and their valuation by different
stakeholders. This enables the fishing industry and policy-makers to direct
improvement efforts towards the more important SSIs. In the next step,
indicators will be designed to assess the state of these SSIs, which further assists
the fishing industry in directing improvement efforts towards the more important
and urgent SSIs.
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Appendix 2.1

Statements used to determine desired direction of social sustainability issues for
which this was not evident, presented in the format that was used in the second
survey

I I neither agree | I Idon't

disagree | or disagree agree | know
Working at night in fishing companies is undesirable o O o o
Being out to sea for longer periods of time per fishing o o o o

trip is undesirable from a family life point of view

Being out to sea for longer periods of time per fishing
trip is acceptable when this is compensated with o O O O
longer periods of time at home

Seasonality of employment in cod and haddock

fisheries is undesirable Q Q Q Q
Product freshness of non-frozen fish is about the o o o o
time between catching and selling the fish

Product freshness of frozen fish is about the time o o o o
between surfacing and freezing the fish

You cannot call fish fresh when the fish has been o o o o
frozen

Food contamination (either microbiological,

chemical or physical) up to legally defined barriers is O] O O] O]
acceptable

Fishing companies should be involved in the o o o o
communities they are located in

It is undesirable when a fishing company is owned by o o o o
somebody from outside the local community

In fishing companies, hiring local people should be o o o o

preferred over hiring people from outside the area

Hiring workers from outside the area who are willing
to move to the local area should be just as preferred O] O O] O]
as hiring local people

In fishing companies, hiring national residents
should be preferred over hiring immigrant workers

In fishing companies, immigrant workers should be
paid the same wage as native workers







A method to assess social sustainability
3 of capture fisheries: an application to a
Norwegian trawler

L.J.L. Veldhuizen, P.B.M. Berentsen, E.A.M. Bokkers, 1.J.M. de Boer

Environmental Impact Assessment Review 53 (2015) 31-39



40 | Chapter 3

Abstract

Social sustainability assessment of capture fisheries is, both in terms of method
development and measurement, not well developed. The objective of this study,
therefore, was to develop a method consisting of indicators and rubrics (i.e.
categories that articulate levels of performance) to assess social sustainability of
capture fisheries. This method was applied to a Norwegian trawler that targets
cod and haddock in the northeast Atlantic. Based on previous research, 13 social
sustainability issues were selected. To measure the state of these issues, 17
process and outcome indicators were determined. To interpret indicator values,
rubrics were developed for each indicator, using standards set by international
conventions or data retrieved from national statistics, industry agreements or
scientific publications that explore rubric scales. The indicators and rubrics were
subsequently used in a social sustainability assessment of a Norwegian trawler.
This assessment indicated that overall, social sustainability of this trawler is
relatively high, with high rubric scores, for example, for worker safety, provisions
aboard for the crew and companies’ salary levels. The assessment also indicated
that the trawler could improve on healthy working environment, product
freshness and fish welfare during capture. This application demonstrated that our
method provides insight into social sustainability at the level of the vessel and can
be used to identify potential room for improvement. This method is also
promising for social sustainability assessment of other capture fisheries.
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1. Introduction

Northeast Atlantic fisheries produced 8.3 million tonnes of fish in 2011,
accounting for approximately 10% of the global production of fish from capture
fisheries (Statistics Office Iceland, 2013b). In the northeast Atlantic, demersal
fisheries, targeting species living close to the ocean floor, comprise the majority of
fisheries and nearly a third of these demersal fisheries targeted cod and haddock
in 2011 (Statistics Office Iceland, 2013a). Recently, fishing companies that target
cod and haddock in the northeast Atlantic have expressed interest in assessing
and improving sustainability of their products at the level of the fishing vessel.
These Norwegian and Icelandic fishing companies, therefore, initiated the
WhiteFish project on sustainability of cod and haddock fisheries in the northeast
Atlantic, which was funded under the EU 7th Framework Programme for
Research.

Sustainability is generally composed of environmental, economic, and social
sustainability (Jeswani et al.,, 2010, Kloepffer, 2008). Assessment of
environmental performance is well developed (e.g. life cycle assessment; ISO,
2006a, 2006b). Economic sustainability or viability (e.g. profitability) is a
prerequisite for companies to stay in business, so this is generally well monitored
by companies themselves. Assessment of social sustainability is, however, both in
terms of method development and measurement, not well developed.

Increasing interest of companies in social sustainability can be viewed in light of
wider changes in welfare economics from a traditional focus on profitability and
income to a more inclusive view on welfare based on Sen’s (1984, 1993)
capabilities approach. This approach considers welfare not only in terms of utility
as quantified by profitability and income, but also in terms of, for example,
individual freedom, non-material values and equal opportunities. At the company
level, this capabilities approach has given rise to a focus on corporate social
responsibility (CSR) to consider environmental and social sustainability in
addition to profitability. The standard on CSR of the international organization
for standardization (ISO, 2010) however, does not provide methodological
assistance on social sustainability assessment. One method that is often proposed
for social sustainability assessment is social life cycle assessment (S-LCA)
(Benoit-Norris et al., 2011, UNEP/SETAC, 2009). S-LCA however, focuses on the
value chain rather than on the single company or vessel.

Thus far, social sustainability of capture fisheries has been studied using
qualitative methods (e.g. Glaser and Diele, 2004, Glass et al., 2015, Reed et al.,
2013) and quantitative methods (e.g. Ceriola et al., 2008, Guyader et al., 2013,
Utne, 2007). Qualitative methods such as semi-structured interviews and field
observations have been used in sustainability assessments of a Brazilian
mangrove crab fishery (Glaser and Diele, 2004), the Alaskan weathervane scallop
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fishery (Glass et al., 2015) and inshore fisheries in the UK (Reed et al., 2013).
Quantitative methods have been used in sustainability assessments of the
Southern Adriatic trawl fishery (Ceriola et al., 2008), European small scale
fisheries (Guyader et al., 2013) and Norwegian cod fisheries (Utne, 2007). These
social sustainability assessments performed thus far concerned fisheries as a
whole and hence do not inform individual companies about their social
sustainability. When companies would know about their social sustainability,
they can improve their social sustainability and communicate outcomes from
their assessment to consumers.

Sustainability assessment starts with a description of the (problem) situation
(Mollenhorst and De Boer, 2004, Van Calker et al., 2005). The situation
considered in this study concerns cod and haddock fishing companies that
participate in the WhiteFish project and that employ trawlers, longliners, auto-
liners, and Danish seiners in coastal and offshore fisheries to produce fresh and
frozen fillets. The second step in sustainability assessment is the identification of
social sustainability issues (Mollenhorst and De Boer, 2004, Van Calker et al.,
2005), i.e. aspects of social sustainability that are important to consider in an
assessment. This step was performed for cod and haddock fisheries in the
northeast Atlantic by Veldhuizen et al. (2015) who identified social sustainability
issues based on stakeholder input. The third step in sustainability assessment
consists of determining suitable indicators for the issues identified (Mollenhorst
et al., 2006, Van Calker et al., 2004, Van Calker et al., 2007) and quantifying
these indicators to measure the state of the social sustainability issues (Bell and
Morse, 1999). Application of this third step to cod and haddock fisheries in the
northeast Atlantic is the subject of the present paper.

Fishing companies that want to assess and improve their social sustainability
need to be able to interpret indicator values, for example, by using performance
reference points that provide target or threshold values based on conventions or
best practice (UNEP/SETAC, 2009). A scoring system that can include
performance reference points and that can be used to interpret indicator values is
a rubric assessment, which is an overall assessment of performance based on a
series of rubrics. Rubrics are categories that articulate levels of performance, from
poor to excellent (Goodrich, 1997, Hafner and Hafner, 2003). The advantage of
applying a rubric assessment is that it explicates desired directions, and desirable
and undesirable values (Jonsson and Svingby, 2007). As a result, social
sustainability assessment based on rubrics informs companies about their
performance and about potential room for improvement. In addition, the use of
rubrics ensures that the social sustainability assessment is transparent (Jonsson
and Svingby, 2007). Rubric assessment is traditionally applied in education
(Hafner and Hafner, 2003), but it has also been applied in other areas, e.g.
sustainability assessment (e.g. FAO, 2014a, Hani et al., 2003, Zahm et al., 2008),
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certification of buildings (e.g. BREEAM, LEED and CEEQUAL Sev, 2011) and
fisheries management (Pitcher et al., 1998, 2013, Pitcher and Preikshot, 2001).

The objective of this study was to develop a method consisting of indicators and
rubrics to assess social sustainability of capture fisheries. To demonstrate this
method, the indicators and the accompanying rubrics were used to determine
social sustainability of a Norwegian fishing company from Tromsg that operates a
trawler to target cod and haddock in the northeast Atlantic.

2, Methods

2.1 Selection of issues

Social sustainability issues for cod and haddock fisheries in the northeast Atlantic
were previously identified through two consecutive stakeholder surveys
(Veldhuizen et al., 2015). In these two surveys (n=41 and n=51), stakeholders
from seven stakeholder groups were consulted, i.e. fishing companies, fishing
company employees, suppliers and processors, sales organizations, consumer
organizations, policy-makers (at the national and at the local level), and fish
welfare organizations. The first stakeholder survey resulted in the identification
of 27 relevant issues. These issues were subsequently grouped into issue
categories entitled working conditions, employees’ job fulfilment, terms of
employment, food safety and product quality, fish welfare, and companies’
contribution to the local community. Since it is not practical nor desirable to
consider all issues identified as relevant in a social sustainability assessment
(Mitchell et al., 1995), a second survey was used to determine the importance of
each issue (Veldhuizen et al., 2015). For the present study, issues were selected
that were considered important by at least a two-thirds weighted majority of
respondents. Table 3.1 shows the resulting 13 issues and the issue categories these
selected issues belong to.

2.2 Determining indicators

Outcome and process indicators (Evans et al., 2011, Good et al., 1999) were
determined for the 13 important social sustainability issues of cod and haddock
fisheries in the northeast Atlantic. An outcome indicator measures the state of a
sustainability issue, whereas a process indicator measures factors that influence
the state of a sustainability issue. Outcome and process indicators can be both
quantitative (e.g. number of workplace accidents) and qualitative (e.g. severity of
workplace accidents).

To warrant quality and practicability, according to Mitchell et al. (1995),
indicators should be: 1) valid, i.e. provide accurate and precise information, 2)
measurable, i.e. easily measured given time and budget constraints, 3) sensitive,
i.e. show changes in the state of the issue, 4) simple, i.e. easily understood by
users, and 5) accompanied by performance reference points that assist in the
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Table 3.1: Social sustainability issues selected based on the proportion of
stakeholders that consider each issue important, ordered per issue category
(based on Veldhuizen et al., 2015)

Issues per issue category Proportion
Working conditions

Healthy working environment 0.99

Worker safety 0.96

Provisions aboard for the crew 0.73
Employees’ job fulfilment

Employees’ job satisfaction 0.86

Employees’ professional pride 0.85

Companies’ salary levels 0.69
Terms of employment

On-the-job training 0.80

Companies’ timely payment of salaries 0.72
Food safety and product quality

Physical food contamination 0.87

Chemical food contamination 0.86

Product freshness 0.80

Microbiological food contamination 0.72
Fish welfare

Fish welfare during capture 0.71

interpretation of indicator values. Outcome indicators provide direct information
on the state of an issue, whereas process indicators provide only indirect
information on the state of an issue. Therefore, outcome indicators were the
preferred indicator type. In case an outcome indicator for an issue failed to meet
the indicator criteria, process indicators were determined.

2.3 Rubric development

Rubrics with scores ranging from 1 to 5 (integers only) were developed for all
indicators to interpret indicator values. In all cases, a rubric score of 1 represents
the least desirable value for an indicator and a rubric score of 5 represents the
most desirable value for an indicator. Note that these rubric scores indicate
relative levels of social sustainability and not absolute levels of social
sustainability (i.e. sustainable, unsustainable) as Pope et al. (2004) advocate.

Rubrics were preferably developed based on international conventions since
international conventions represent values that are assumed to be broadly
recognized (Kruse et al.,, 2009, UNEP/SETAC, 2009). In the absence of
international conventions, rubrics were developed based on data retrieved from
national statistics, industry agreements, scientific publications or unpublished
data that explore rubric scales. Rubric scores for quantitative indicators were
determined by linearly distributing the possible range of indicator values across
rubric scores. Only when additional information on this range indicated that a
non-linear distribution of indicator values across rubric scores was more
appropriate, a non-linear approach was applied. Rubric scores for qualitative
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indicators were based on the different levels that could be distinguished for these
rubrics. All rubrics were developed for cod and haddock fisheries in the northeast
Atlantic and only specified to the case of a Norwegian trawler where necessary.

2.4 Social sustainability assessment applied to a Norwegian
trawler

The derived indicators and rubrics for cod and haddock fisheries in the northeast
Atlantic were used for social sustainability assessment of a Norwegian trawler.
This trawler mainly targets cod and haddock in the Barents Sea, the Norwegian
Sea, and the North Sea on fishing trips that last between one and four weeks. The
trawler has 33 employees: one works onshore and 32 work on the trawler in two
shifts of 16 that succeed one another every four weeks.

Data on the different social sustainability issues were collected through self-
administered questionnaires for the manager and for the employees of this
trawler. The questionnaire for the manager contained 25 questions on all
indicators. Responses to some of these questions immediately resulted in the
establishment of indicator values, whereas remaining indicator values were
established after additional questions. The questionnaire for employees contained
nine questions on indicators that concerned the trawler’s employees and on
certain indicators that the manager provided information on as well, as an extra
check. This check did not reveal any discrepancies between responses of the
manager and responses of the employees, or among responses of the employees.
All responses of employees to the questionnaires were anonymous and treated
confidentially. As for the manager, responses of employees to some questions
resulted in the direct establishment of indicator values, whereas remaining
indicator values had to be established through additional questions.

3. RESULTS

3.1 Indicators and rubrics for cod and haddock fisheries in the
northeast Atlantic

In this section, indicators and rubrics are determined for the 13 social
sustainability issues that were selected for cod and haddock fisheries in the
northeast Atlantic (Table 3.1). The indicators and the accompanying rubrics for
each issue are presented and discussed for each of the five issue categories
distinguished (see Table 3.2 to 3.6).

3.1.1 Issue category ‘working conditions’

The issue worker safety is assessed on the basis of outcome indicators that
concern the occurrence and severity of workplace accidents. However, such
outcome indicators violate the indicator criterion of sensitivity since a lack of
accidents on single vessels (especially on vessels with a relatively low number of
employees) in a given time period could either be coincidental or a result of
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effective worker safety measures. Therefore, an additional process indicator was
determined for this issue as well. The first outcome indicator concerns the
number of employees injured in workplace accidents in the past year, expressed
as a percentage of the vessel’s total number of employees in that year (expressed
in full-time equivalents, or FTEs). The accompanying rubric is based on the
number of workplace accidents that occurred in Norwegian fisheries from 2000
to 2013, as a percentage of the total number of people employed in Norwegian
fisheries each year. During that period, on average 1.29% of people employed in
fishing were injured each year, with percentages generally decreasing from 2.15%
in 2000 to 0.80% in 2013 (Norwegian Directorate of Fisheries, 2014, Statistics
Norway, 2014a). Given these percentages and similar percentages for Iceland
(Ziegler et al., 2014), the possible range of values for this indicator was set
between 0% to 2%, and intermediate rubric scores were based on the linear
distribution of this range across rubric scores (Table 3.2). The second outcome
indicator for worker safety concerns the severity of the most severe workplace
accident that occurred aboard the vessel in the past year. This indicator is
accompanied by a rubric based on triage coding, which is used to prioritize
patients based on the severity of their injuries in, for example, emergency rooms
or field hospitals (Table 3.2). Finally, the process indicator for worker safety
concerns the number of worker safety categories that are addressed by worker
safety measures aboard. The rubric for this indicator is based on the ten worker
safety categories for fishing vessels that were formulated by the FAO, IMO and
ILO (FAO et al., 1975). Since there is no prioritization in these worker safety
categories, the number of categories addressed is linearly distributed across
rubric scores (Table 3.2).

The first outcome indicator for the issue healthy working environment concerns
the number of employees with musculoskeletal complaints in the past year, as a
percentage of the vessel’s total number of employees in that year (expressed in
FTEs). No data exist, however, that could be used to develop a rubric for this
indicator. Instead, the rubric for percentage of musculoskeletal complaints
resembles the rubric for percentage of accidents for the issue worker safety
(Table 3.2). The second outcome indicator for healthy working environment
concerns the severity of the most severe musculoskeletal complaint that occurred
aboard the vessel in the past year. This rubric is based on the degree to which
musculoskeletal complaints disable an employee to perform tasks aboard the
vessel (Table 3.2).

The indicator for the issue provisions aboard for the crew is an outcome
indicator that assesses such provisions on the basis of the type of needs that these
provisions fulfil (i.e. basic needs or higher order needs; Maslow, 1954). The lowest
rubric scores (i.e. 1 and 2) for provisions aboard for the crew are assigned when
the vessel has basic provisions or basic provisions plus hygienic provisions,
respectively. The higher rubric scores for this issue (i.e. 3, 4 and 5) are assigned
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when the vessel has provisions that also fulfil employees’ higher order needs, as
listed in the ergonomic checkpoints of the International Labour Organization
(ILO, 2010) (Table 3.2). Note that the relevance of this issue increases with the
duration of trips.

3.1.2 Issue category ‘employees’job fulfilment’

The indicator for the issue employees’ job satisfaction is an outcome indicator
that concerns employees’ subjective perception of their job in all its facets
(Bavinck and Monnereau, 2007). This indicator is expressed as the average of
employees’ job satisfaction on a scale from 0 to 10, where 0 stands for very
dissatisfied and 10 stands for very satisfied. The rubric for this indicator is based
on the linear distribution of possible indicator values across rubric scores (Table

3.3).

Employees’ professional pride is addressed by an outcome indicator that
measures the percentage of employees proud to be a fisherman. As for the rubric
for employees’ job satisfaction, this rubric is based on the linear distribution of
possible indicator values (i.e. 0% — 100%) across rubric scores (Table 3.3).

The indicator for the issue companies’ salary levels is an outcome indicator that
concerns the lowest salary paid aboard in the past month. When this salary is at
an acceptable level, it is assumed that all other salaries paid aboard are at an
acceptable level as well. The rubric for lowest salary paid aboard is, in this case,
based on Norwegian data on salaries paid in the fishing industry. The minimum
salary in the fishing industry (NNN, 2014) is used to define the boundary between
a rubric score of 1 and a rubric score of 2. The boundaries between rubric scores
of 2 and 3, 3 and 4, and 4 and 5 are defined by the salary levels earned by 25%,
50% and 75% of the industry’s employees (Statistics Norway, 2014b) (Table 3.3).

3.1.3 Issue category ‘terms of employment’

Aghazadeh (2007) describes that the effectiveness of on-the-job training depends
on the way in which employees are trained. Therefore, the outcome indicator for
on-the-job training concerns the type of company procedure for on-the-job
training. The rubric for this indicator is based on the types of procedures for on-
the-job training distinguished by Aghazadeh (2007) (Table 3.4).

The indicator for the issue companies’ timely payment of salaries is an outcome
indicator that concerns the percentage of payments that occurred on time in the
past year, where ‘timely’ is interpreted as the pre-determined moment specified
in employees’ contracts plus two days (in case payments occur monthly; one day
in case payments occur every two weeks). The rubric for companies’ timely
payment of salaries, as for employees’ professional pride, is based on the linear
distribution of percentages across rubric scores (Table 3.4).
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3.1.4 Issue category food safety and product quality’

The issue product freshness concerns an individual’s subjective perception of a
product’s features resulting from post-catch handling of this product. An outcome
indicator for this issue that would focus on these perceptions violates the
indicator criterion of measurability because it is difficult to determine such
perceptions and to connect these to products originating from specific vessels.
Therefore, this issue is addressed by two process indicators that concern the two
main factors of post-catch handling affecting product freshness, i.e. storage
methods (i.e. cooling) and the amount of time elapsed since surfacing the fish
(Giannakourou et al., 2005, Taoukis et al., 1999). The process indicator storage
method used is accompanied by a rubric that is based on the storage methods and
the ordering from bad to good defined by Pitcher and Preikshot (2001),
supplemented with findings from Pifieiro et al. (2004) that slurry ice has a more
beneficial impact on product freshness than flake ice (Table 3.5). Use of the
process indicator average amount of time elapsed from surfacing until freezing
assumes that product freshness of frozen fish does not decrease further once the
fish is frozen. The rubric for this indicator is based on (unpublished) data of a
Norwegian trawler on the amount of time registered per haul (n=1022) that had
elapsed before catch was frozen. The distribution of this data is positively skewed
and ranges from 2.7 hours to 17.7 hours. Therefore, rubric scores are based on
quintiles in this dataset rather than on the linear distribution of these data points
across rubric scores. Boundaries between rubric scores of 1 and 2, 2 and 3, 3 and
4, and 4 and 5 are thus defined by the amounts of time associated with the first,
second, third and fourth quintiles in this dataset (Table 3.5).

Outcome indicators for the issues physical, chemical and microbiological food
contamination cannot be determined because incidences of food contamination
are often only identified at the consumption link of the value chain and can hardly
be traced back to individual vessels (Karlsen et al., 2012). Therefore, process
indicators are determined for these issues that concern hazards analysis and
critical control points (i.e. HACCP). Since HACCP does not distinguish between
the different types of food contamination, the three issues relating to food
contamination are assessed jointly by one process indicator, i.e. steps in HACCP
regarding the prevention of food contamination complied to (Table 3.5). The
rubric for this indicator is based on the steps in HACCP, i.e. 1) conduct hazard
analysis, 2) determine critical control points, 3) establish critical limits, 4)
monitor critical control points, 5) establish corrective actions, 6) perform
verification and 7) ensure recordkeeping. These steps of HACCP are consecutive
and provide a prioritization that is used to develop the rubric for food
contamination (Table 3.5).

3.1.5 Issue category ‘fish welfare’
Two outcome indicators and one process indicator are determined for the issue
fish welfare during capture because the impact of the capture process on fish
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welfare depends on the combined outcome of numbers of fish affected (i.e.
outcome indicator), severity of impacts (i.e. outcome indicator) and duration of
fishing (i.e. process indicator) (Mood, 2010). The first outcome indicator for this
issue concerns the vessel’s average amount of catch per haul in the past year as a
percentage of this vessel’s maximum capacity per haul. This indicator concerns
crowding in the nets, which is likely to have a detrimental effect on fish welfare
(Hattula et al., 1995). The rubric for this indicator is based on a linear
distribution of percentages across rubric scores (Table 3.6). The second outcome
indicator for fish welfare during capture concerns the percentage of fish found
dead in the nets in the past year. The rubric for this indicator is based on findings
on fish mortality that were reported in a study on quality parameters for cod and
haddock (Digre et al., 2010). The percentage of cod and haddock that was
reported dead upon surfacing in that study was 2.5% for cod and 14.3% for
haddock. Digre et al. (2010) did not provide an explanation for this difference in
mortality, so in developing rubrics, a rubric score of 1 was assigned to the highest
percentage, a rubric score of 3 was assigned the average of these two percentages
and a rubric score of 5 was assigned to the lowest percentage (Table 3.6). The
third indicator for fish welfare during capture is a process indicator that
concerns the average amount of time elapsed per haul in the past year from
placing the nets until surfacing, which is the potential amount of time during
which fish are affected by the capture process. The rubric for this indicator is
based on (unpublished) data of a Norwegian trawler on the amount of time
registered per haul (n=999) that had elapsed between placing the nets and
surfacing. The distribution of this data is positively skewed and ranges from 1.1
hours to 7.8 hours. As for time elapsed from surfacing until freezing, rubric
scores for time elapsed from placing the nets until surfacing are based on
quintiles in the dataset rather than on the linear distribution of these data points
across rubric scores (Table 3.6).

3.2 Social sustainability assessment of a Norwegian trawler
Responses of the Norwegian trawler’s manager and employees to their
questionnaires were used to perform social sustainability assessment of this
trawler. Results from this assessment in Table 3.7 show that the trawler had a
rubric score of 1 for 0 indicators, a rubric score of 2 for 2 indicators, a rubric score
of 3 for 3 indicators, a rubric score of 4 for 3 indicators and a rubric score of 5 for
9 indicators.

The Norwegian trawler has high rubric scores for the three indicators of the issue
worker safety, the first issue in the issue category working conditions. These
rubric scores indicate that this trawler’s percentage of employees injured in
workplace accidents was below the long-term average for Norway, that the
severity of these injuries was moderate at most and that all worker safety
categories are addressed by worker safety measures aboard this vessel. Rubric
scores for the issue healthy working environment, the second issue in the issue
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category working conditions, indicate that although the Norwegian trawler had a
low incidence of musculoskeletal complaints, these complaint(s) were severe
(Table 3.7). The Norwegian trawler has a rubric score of 5 for the issue provisions
aboard for the crew, the third issue in the issue category working conditions
(Table 3.7). This score reflects, in part, that the trawler stays out to sea for periods
of up to four weeks, but also that this trawler has better provisions than is to be
expected of a vessel that stays out to sea for longer periods of time.

The Norwegian trawler has a rubric score of 4 for employees’ job satisfaction and
a rubric score of 5 for employees’ professional pride and for companies’ salary
levels, the three issues in the issue category employees’ job fulfilment (Table 3.7).
These rubric scores indicate that employees’ job fulfilment from working for this
trawler is high.

A rubric score of 3 for on-the-job training, the first issue in the issue category
terms of employment, indicate that employees of this Norwegian trawler are
commonly trained by their supervisors. A rubric score of 5 for the issue timely
payment of salaries, the second issue in the issue category terms of employment,
indicates that the vast majority of salaries is paid at the time specified in
employees’ contracts (Table 3.7).

Rubric scores for the issue product freshness, the first issue in the issue category
food safety and product quality, indicate that although the Norwegian trawler
has good storage facilities with advanced freezing methods, it can take quite long
to freeze all catch from a haul (Table 3.7). A rubric score of 5 for food
contamination, the second issue in this issue category, indicates that the vessel
performs well in terms of preventive measures against food contamination (Table

3.7).

A rubric score of 5 for the issue average amount of catch per haul, the first issue
in the issue category fish welfare, indicates that crowding in the nets of the
Norwegian trawler is low (Table 3.7). The trawler performs less well, however, for
the indicators percentage of fish found dead and time elapsed, with a rubric score
of 3 for both indicators (Table 3.7).

4. Discussion

A method consisting of indicators and rubrics was developed for social
sustainability assessment of capture fisheries and applied to a Norwegian trawler
that targets cod and haddock in the northeast Atlantic. Two important choices
were made in developing this method. First, the method focused only on social
sustainability rather than on all pillars of sustainability (i.e. environmental,
economic, and social sustainability) as in, for example, Glaser and Diele (2004),
Ceriola et al. (2008) and Utne (2007). This exclusive focus on social
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sustainability was chosen because methods for environmental sustainability
assessment are generally well developed (e.g. life cycle assessment; ISO, 20064,
2006b) and because economic sustainability at the company level is considered to
be monitored well by companies themselves. Second, in the present study,
indicators and rubrics were developed for 13 issues that were selected based on
the importance of these issues in cod and haddock fisheries in the northeast
Atlantic (Veldhuizen et al., 2015). The importance of social sustainability issues
depends on the context of the case considered (Veldhuizen et al., 2015) and thus
varies between cases. As a result, the issues, indicators and rubrics used in the
present study are applicable to fisheries in the northeast Atlantic and its subareas,
and possibly also to fisheries in similar regions such as the northwest Atlantic.
However, they are not very likely to be applicable to fisheries in very different
regions such as the western Indian ocean where different degrees of importance
may be attached to social sustainability issues and where different issues
altogether may be at stake.

The method that was used in the present study enables quick assessment at the
level of the company and informs a company of its strengths and potential areas
of concern in terms of social sustainability, in line with this study’s objective.
Recognizing that this method is rather quantitative and could thus result in the
exclusion of more qualitative aspects, indicators were determined in the present
study that addressed both quantitative aspects (e.g. number of workplace
accidents) and qualitative aspects (e.g. severity of workplace accidents). These
indicators were subject to indicator criteria to ensure that the indicators were
determined based on their quality and not on alternative, possibly more biased,
considerations. In order to minimize bias in rubric development as well, a
procedure was presented for developing these rubrics, and the steps that were
taken in developing rubrics were explicated in the present study.

In total, 17 process and outcome indicators were determined for the 13 social
sustainability issues that were selected. Indicators could be determined for all
issues selected because process indicators were determined as an alternative to
outcome indicators for certain issues. As a result, indicators could be determined
for the issues product freshness and food contamination that, therefore, did not
have to be omitted. Process indicators were also determined in addition to
outcome indicators for certain issues, which enhanced assessment of the issues
worker safety and fish welfare during capture.

The quality of indicators presented in this study was safeguarded through the use
of five indicator criteria, i.e. validity, measurability, sensitivity, simplicity, and
identifiability of performance reference points. These indicator criteria, or subsets
thereof, are commonly used in defining indicators (e.g. Caffey et al., 2000, Kruse
et al., 2009, Mollenhorst et al., 2006). In general, indicators in the present study
met these indicator criteria. However, the validity of the indicators for employees’
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job satisfaction and employees’ professional pride cannot be guaranteed since
employees might not feel completely free to respond truthfully to questions on job
satisfaction and professional pride. Validity of the indicators time elapsed until
freezing and time elapsed during fishing is not optimal because these indicators
consider the total amount of time elapsed, even though fish enter the nets at
different times, are surfaced all at once and are frozen at different times again.
Finally, the indicator percentage of fish found dead in the nets is difficult to
measure. A lack of movement of fish, for example, can indicate death, but a lack
of movement can also occur as a result of temporary unconsciousness or
paralysation (Gregory, 1998).

The indicators for social sustainability assessment of cod and haddock fisheries in
the northeast Atlantic were each accompanied by a rubric, which resulted in 17
rubrics in total. Rubrics that were based on international conventions or that
were developed by linearly distributing the full range of possible indicator values
(e.g. 0-100%) across rubric scores are generally applicable. The rubric for
companies’ salary levels, on the other hand, only applies to Norway because this
rubric was based on national statistics. Although rubrics for percentage of
employees injured and percentage of musculoskeletal complaints were also
based on national statistics, these rubrics may also apply to other countries where
similar accident rates can be expected, e.g. in countries with similar safety laws
and regulations. The rubric for on-the-job training was based on a publication
that was not specific to capture fisheries and is thus more generally applicable.
The rubric for storage method used, however, was based on publications that
concerned capture fisheries and is thus only applicable to capture fisheries. The
rubric for percentage of fish found dead in the nets was based on a single
publication that reported fish mortality from trawling and is thus not applicable
beyond trawling. Rubrics for time elapsed until freezing and time elapsed during
fishing were based on data from one cod and haddock fishing company in the
northeast Atlantic and may thus not be applicable to other fisheries either.

In general, rubrics articulate levels of performance that inform companies about
their performance and about potential room for improvement. An alternative,
and perhaps more common method to achieve the same outcome is
benchmarking, where a company’s performance for a certain indicator(s) is
compared to best practice in the sector for that indicator(s), or against
performance of a range companies in the sector for that indicator(s). However,
indicator values are not available at the sector level for many social sustainability
indicators, which means that the use of benchmarks is mostly not possible for
social sustainability assessment.

A disadvantage of rubrics is that a loss of information occurs when continuous
variables are transformed into rubrics, which are categorical variables. When, for
example, the exact monthly salary is known, this value is transformed into a
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rubric score that includes a much larger range of salaries, which is a loss of
information. Such a loss of information can be reduced by defining more rubric
scores, e.g. seven or ten instead of five. In the present study, however, only five
rubric scores at most could be determined for certain indicators. Any loss of
information was compensated, however, by the possibility to include indicators in
the interpretation of results that would otherwise be excluded.

The indicators and rubrics for cod and haddock fisheries in the northeast Atlantic
were applied in a social sustainability assessment of a Norwegian trawler. This
assessment made clear that social sustainability of the trawler was at an
undesirable level for 2 indicators (i.e. rubric score of 1 or 2), at an acceptable level
for 3 indicators (i.e. rubric score of 3) and at a desirable level for 12 indicators (i.e.
rubric score of 4 or 5). This result indicates that social sustainability of the trawler
is relatively high in comparison to standards set by international conventions and
performance in the industry. Although certain rubrics are country-specific, this
result is likely to also be high in comparison to other countries since Norway has a
high standard of living and strict regulations in the fishing industry. Still,
improvement opportunities exist for the trawler in terms of healthy working
environment, product freshness and fish welfare during capture, among others.

Rubric scores from the social sustainability assessment of the Norwegian trawler
were presented for each indicator individually, and not aggregated per issue
because the relative weight of each indicator cannot be determined. Likewise,
rubric scores were not aggregated across issues. The relative importance of each
social sustainability issue was known from Veldhuizen et al. (2015), but scores
from that study expressing the relative importance of the issues were not cardinal
and could thus not be used for aggregation. These scores might be used by the
trawler, however, to prioritize between indicators with identical rubric scores.

5. Conclusion

In this study, a method was presented for assessing social sustainability of
capture fisheries. This method enables the inclusion of quantitative and
qualitative aspects in one assessment by determining process and outcome
indicators, and developing rubrics for these indicators. This method was applied
in a social sustainability assessment of a Norwegian trawler that targets cod and
haddock in the northeast Atlantic, but is also promising for social sustainability
assessment of other capture fisheries. Assessment of the Norwegian trawler
demonstrated that the method provides insight into social sustainability at the
level of the vessel. Companies can use results from such an assessment to
improve social sustainability by focusing improvement efforts towards issues with
less desirable rubric scores, and to communicate outcomes from the assessment
to consumers and as a result possibly receive market benefits such as price
premiums or access to niche markets. Crucial for this is the recognition by
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consumers of the value of social sustainability of cod and haddock fisheries in the
northeast Atlantic. Therefore, consumer interest in social sustainability of cod
and haddock fisheries in the northeast Atlantic should be studied.
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Abstract

Capture fisheries in the northeast Atlantic account for approximately 10% of all
fish consumed from capture fisheries globally. Literature shows that consumers
show considerable interest in social sustainability of products in general and of
fish specifically. This interest, however, has not yet been investigated for fish from
the northeast Atlantic. The first objective of this study, therefore, was to
investigate whether consumers are interested in social sustainability issues of
whitefish from the northeast Atlantic by determining preferences for four social
sustainability issues with distinct benefits in relation to a known reference point
(i.e. approach to overfishing). The second objective of this study was to determine
to what degree case-specific and general psychographic consumer characteristics
explain preferences for these issues. Choice modelling results from an online
survey among 457 Dutch consumers show that consumers have the strongest
preference for the environmental sustainability issue approach to overfishing. In
addition, results on the social sustainability issues showed that consumers prefer
fish welfare over product quality, worker safety and local employment,
indicating that in this case, consumers place animal benefits over personal,
worker and community benefits. The case-specific psychographic characteristic
concern contributed most to explaining preferences for the environmental
sustainability issue, whereas the general psychographic characteristic personal
relevance contributed most to explaining preferences for the social sustainability
issues. This result is likely explained by the principal focus on MSC certification
in markets for fish products, which caused consumers to form opinions (e.g.
concern) on overfishing, but not on social sustainability.
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1. Introduction

Global consumption of fish increases with approximately 3% per year (FAO,
2014c) and accounts for one-sixth of the global intake of animal proteins (FAO,
2011). Although an increasing share of fish consumed originates from
aquaculture, the majority still originates from capture fisheries (approximately
63% in 2012) (FAO, 2014d). Capture fisheries in the northeast Atlantic, the
world’s third most important fishing area, account for approximately 10% of all
fish from capture fisheries globally (FAO, 2014c).

Recently, fishing companies targeting whitefish (i.e. gadoids such as cod,
haddock, whiting and saithe) in the northeast Atlantic initiated the EU 7th
Framework research project ‘WhiteFish® to enable them to document
sustainability of their products. A study on social sustainability issues within this
research project showed that fishing companies attach most importance to issues
concerning the well-being of employees (e.g. job fulfilment, working conditions
and terms of employment), some importance to issues concerning product quality
and local communities, but no importance to issues concerning fish welfare
(Veldhuizen et al., 2015). Although the aforementioned study included the views
of various stakeholders, consumers were not included.

Companies can use consumer views on the importance of social sustainability
issues (i.e. consumer interest in social sustainability issues) to their advantage. A
company that wants to improve its social sustainability, for example, can
prioritize its improvement efforts based on consumer interest in various social
sustainability issues (Veldhuizen et al., 2015). In addition, a company can use the
knowledge about consumer interest in social sustainability issues to market the
most valued issues and in that way differentiate their products from other,
seemingly similar products (Chamberlin, 1933).

A meta-analysis on willingness to pay for sustainability issues demonstrated that
consumers show considerable interest in social sustainability of products in
general (Tully and Winer, 2014). In a choice experiment on seafood restaurants
with different sustainability labels, McClenachan et al. (2016) found that
consumers are interested in social sustainability of fish products, although
willingness to pay for social sustainability was lower than for local sourcing and
environmental sustainability. The aforementioned authors did not investigate
why consumers have such preferences, although they did find that the benefits
respondents associated with locally sourced seafood highly overlapped with the
benefits they associated with social sustainability. A further investigation of social
sustainability issues with distinct benefits such as personal, worker and
community benefits could clarify why consumers prefer one social sustainability
issue over another.
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Consumers may differ in their perception of benefits associated with social
sustainability issues due to their psychographic characteristics (Andorfer and
Liebe, 2012), which can be case-specific or general. Case-specific psychographic
characteristics, such as concern (De Pelsmacker and Janssens, 2007, Toma et al.,
2011) and trust (De Pelsmacker et al., 2005), vary depending on context, object
and time. General psychographic characteristics, on the other hand, are
independent from context, object or time. Examples of general psychographic
characteristics are personal relevance, which reflects importance at a high level of
abstraction (Van Dam and Van Trijp, 2013) and value orientation (De Groot and
Steg, 2008, 2010), which is a specific grouping of values (a value is “a desirable
trans-situational goal varying in importance, which serves as a guiding principle
in the life of a person” (Schwartz, 1992: 21)).

The first objective of this study was to investigate consumer interest in social
sustainability issues of whitefish from the northeast Atlantic. Consumer interest
was investigated by determining consumer preferences for several social
sustainability issues with distinct benefits in relation to approach to overfishing, a
known reference point. The second objective of this study was to determine to
what degree case-specific and general psychographic characteristics explain
preferences for sustainability issues.

2. Methods

2.1 Choice modelling

Choice modelling was used to determine consumer preferences for social
sustainability issues of whitefish from the northeast Atlantic. In a choice
modelling survey, respondents are asked to select their preferred product from
among a number of products in multiple choice sets. These products are
described by several features (e.g. in case of bicycles, the features could be the
price, model and colour) that vary across products. The choices that respondents
make can be used to determine preferences for the product features (Ben-Akiva
and Lerman, 1985, Hensher et al., 2005).

2.2 Survey

An online survey was developed that consisted of questions on whitefish
consumption and food purchases in general, the choice task and questions
measuring psychographic characteristics. This survey was distributed by a Dutch
research company from 2 to 9 November 2015 (see Section 2.3 for details on
survey distribution).

2.2.1 Choice task

In the choice task of the survey, each respondent received ten choice sets. Each
choice set consisted of two products that were described by their performance on
five sustainability issues (Table 4.1), and an opt-out, i.e. the option to choose
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Which of the products below would you choose? Please answer this question
as if you are considering to purchase whitefish.

Whitefish product 1, with labels Whitefish product 2, with labels Neither
for: for:

Improved product quality Improved worker safety
Improved fish welfare Improved approach to overfishing
Improved local employment

Figure 4.1: An example of a choice set from the survey (translated from
Dutch)

neither of the two products described. The issues worker safety, product quality,
fish welfare, and local employment concern social sustainability and correspond
to issue categories that were identified after consulting stakeholders on social
sustainability issues relevant for cod and haddock fisheries in the northeast
Atlantic (Veldhuizen et al., 2015). Worker safety concerns worker benefits,
product quality concerns personal benefits, fish welfare concerns animal benefits
and local employment concerns community benefits. The fifth issue approach to
overfishing concerns environmental sustainability and is similar to the MSC
label, a known reference point and the world’s leading eco-label for capture
fisheries (Ward and Philips, 2008) despite critique on subjectivity of its scoring
process for certification (Christian et al., 2013, Jacquet et al., 2010) and the
exclusion of, for example, small-scale fishers it can create (Hadjimichael and
Hegland, 2016).

The performance of the five sustainability issues was varied across two levels, i.e.
1) the current situation in northeast Atlantic fisheries, or 2) a substantial
improvement to this current situation, as indicated by a label (Table 4.1).
Therefore, each product (see Figure 4.1) was described by one or more labels,
where each label indicated a substantial improvement in the performance with
respect to a particular issue, whereas the absence of a label indicated that the
product did not entail any improvement.

An efficient selection of ten choice sets was obtained using the SAS macro
%choiceff (Kuhfeld, 2010). Pre-tests with a preliminary design showed that
whenever a choice set contains two products that differ in the sheer number of
labels by more than one, some respondents only considered the number of labels
in making their choice, without considering the content of the labels. Therefore, a
choice set design was generated by first selecting five choice sets where products
with one label were compared with each other in a cyclic fashion (i.e. worker
safety versus product quality, product quality versus fish welfare, fish welfare
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versus local employment, local employment versus approach to overfishing, and
approach to overfishing versus worker safety). The macro %choiceff was used to
select five additional choice sets, maximizing D-efficiency under the constraint
that the difference in the number of labels for the products was not larger than
one. The latter constraint on the choice set design resulted in a selection of five
additional choice sets where three labels were compared to two labels (see Figure
4.1 for an example). To avoid any possible bias due to the arbitrary pairing of
labels in the first five choice sets, a second selection of ten choice sets (for a
second version of the questionnaire) was generated by placing the remaining five
pairs of labels in the first five choice sets, and the remaining combinations of
three versus two labels in the last five choice sets. The relative D-efficiency was
51.8% for both designs. In both versions of the survey, the five choice sets in
which respondents compared one label to another were shown first (in a
randomized order) as these choice sets helped respondents to get familiar with
the labels and the choice task. The five choice sets where three labels were
compared to two labels were shown next, also in a randomized order.

2.2.2 Psychographic characteristics

The survey included six blocks of questions to determine four psychographic
characteristics, i.e. concern, trust (i.e. trust in ability, trust in benevolence and
trust in integrity; Mayer et al., 1995), personal relevance and value orientations
(Table 4.2).

A higher level of concern for an issue was expected to lead to a stronger
preference for improved performance on this issue, e.g. a higher level of concern
for current worker safety in whitefish fisheries in the northeast Atlantic was
expected to lead to a stronger preference for the issue worker safety. Likewise, a
higher level of trust in the ability of fishing companies to accomplish the
improvement to the current situation that the label for an issue represented was
expected to lead to a stronger preference for improved performance on this issue.
A higher level of trust in benevolence or integrity was expected to lead to a
preference for the issues over the opt-out. A higher level of personal relevance for
the sustainability issue related to food products in general was expected to lead to
a stronger preference for improved performance on the -corresponding
sustainability issue in the survey. Finally, a higher score for the egoistic value
orientation was expected to lead to a stronger preference for improved
performance on the issue product quality, a higher score for the altruistic value
orientation was expected to lead to a stronger preference for improved
performance on the issues worker safety and local employment, and a higher
score for the biospheric value orientation was expected to lead to a stronger
preference for improved performance on the issues approach to overfishing and
fish welfare.
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2.3 Survey sampling

The survey was aimed at consumers of whitefish in the Netherlands and was
distributed by a commercial research company from the Netherlands among a
subsection of their consumer panel. This subsection was selected to represent the
Dutch population in terms of age, gender and education level. Respondents who
did not consume any whitefish were redirected to the end of the survey.

Sample size was set at 400 surveys completed by consumers of whitefish, which
was comparable to sample sizes used in studies by Auger et al. (2003), Mauracher
et al. (2013) and Janssen and Hamm (2012) on consumer interest in social and
environmental sustainability issues. This sample size considerably exceeds the
minimum sample size of 50 that is obtained by following Orme’s (2010) rule-of-
thumb based on number of choice sets, number of alternatives per choice set, and
the maximum number of attribute levels. This was done to account for the fact
that a no-choice option was included in each choice set, the fractional factorial
design had a D-efficiency of just over 50%, and a number of moderating effects
would be estimated. An evaluation of sample size using the guideline suggested by
Louviere et al. (2000) reveals that a sample size of 400 respondents gives a 95%-
confidence interval of +0.015 around a probability of 0.50, which was deemed
sufficiently small. Power calculations using the procedure and R-code from De
Bekker-Grob et al. (2015) indicate that a sample size of 400 gives a power of 80%
to detect coefficients (i.e. a change in log odds) of 0.122 for sustainability labels in
the main-effects conditional logit model, when determining significance at the
level of 5%. A coefficient of 0.122 corresponds to an increase in probability of
0.03 in situations in which the product without labels has a probability of 0.50,
and an increase of 0.02 when the product without labels has a probability of 0.20.

2.4 Analysis

The analysis of the survey data consisted of two parts. The first part aimed to
determine consumer preferences for the sustainability issues (main effects). The
second part aimed to determine to what degree these preferences and variability
therein were explained by case-specific and by general psychographic
characteristics (moderating effects).

2.4.1 Analysis of main effects

Results from the choice sets were analysed using Stata statistical software,
version 13 (StataCorp., 2013). The basis for these analyses lied in McFadden’s
(1974) random utility theory, which stipulates that within a given population, one
can expect:

Ul'j: Vj+€l'j’ (1)
where the utility U;; that individual i derived from product j consists of a

systematic component V; that reflects the preferences of a population and an
unobserved component ¢;; that reflects the random component for individual 1.
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To determine the main effects from the choice data, a conditional logit model was
estimated where the systematic component V; was specified as:

V=B, *Optj+ B, * Worker; + B3 * Quality; + B, * Fish; + s * Local; + (2)
P * Overfishing;,

where B, to S, are coefficients for the contribution of Optj, Workerj, Quality;,
Fishj, Local; and Overfishing;, where Opt;j is a dummy variable for the opt-out
(with o for whitefish product, and 1 for the opt-out), and where Worker;, Quality;,
Fishj, Local; and Overfishing; are dummy variables for the presence of labels
(with 0 = no label (current situation) and 1 = label) for the issues worker safety,
product quality, fish welfare, local employment and approach to overfishing,
respectively.

2.4.2 Analysis of moderating effects

The second part of the data analysis aimed to determine the moderating effects of
the psychographic characteristics on the main effects in the survey data. This part
of the data analysis consisted of three steps, i.e. 1) validating the measuring of
value orientations, 2) determining separate interaction models for each
psychographic characteristic to select interaction terms for a final model, and 3)
estimating the final model.

Validating the measuring of value orientations

Confirmatory factor analysis was performed to validate the 3-factor model for the
egoistic, altruistic and biospheric value orientations as identified by De Groot and
Steg (2008, 2010). Model fit indices for this 3-factor model of 0.106 for the root
mean square error of approximation (RMSEA) and 0.876 for the comparative fit
index (CFI) (Table 4.3) are not in the acceptable ranges of <0.1 for RMSEA and
>0.9 for CFI (Hair et al., 2006). However, a standardized root mean square
residual (SRMR) of 0.088 is within the acceptable range of <|4.0| (Hair et al.,
2006).

Model fit of this confirmatory factor analysis was likely lowered by the egoistic
value orientation, as indicated by low factor loadings for the values wealth, being
influential and ambition on the egoistic value orientation (Table 4.3). Inspection
of Pearson correlations among the values of each value orientation confirms this;
correlations of the egoistic value orientation ranged from 0.21 to 0.60, whereas
correlations of the altruistic and biospheric value orientations ranged from 0.46
to 0.59 and from 0.41 to 0.78, respectively. Modification indices following
confirmatory factor analysis indicate that model fit could be improved by
including the values being influential, social power and ambition in the altruistic
value orientation rather than in the egoistic value orientation. However, these
values have better factor loadings on the egoistic value orientation (0.398, 0.744
and 0.377, respectively) than on the altruistic value orientation (0.179, -0.352 and
0.123, respectively). Therefore, the value orientations identified by De Groot and
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Table 4.3: Results from confirmatory factor analysis! on the 3-factor model
for the egoistic, altruistic and biospheric value orientation as identified by De
Groot and Steg (2008, 2010)

Value orientation Value Factor Standard P-value
loading error
Egoistic value orientation Social power 0.744 0.007 <0.001
(Cronbach’s a: 0.699) Wealth 0.471 0.008 <0.001
Authority 0.813 0.007 <0.001
Being influential 0.398 0.008 <0.001
Ambition 0.377 0.008 <0.001
Altruistic value orientation Equality 0.752 0.005 <0.001
(Cronbach’s a: 0.821) A world at peace 0.716 0.005 <0.001
Social justice 0.731 0.005 <0.001
Being helpful 0.735 0.005 <0.001
Biospheric value orientation Preventing pollution 0.863 0.003 <0.001
(Cronbach’s a: 0.881) Respecting the earth 0.767 0.004 <0.001
Unity with nature 0.722 0.005 <0.001
Protecting the 0.879 0.003 <0.001

environment

1 Root mean square error of approximation (RMSEA): 0.106, standardized root mean square
residual (SRMR): 0.088, comparative fit index (CFI): 0.876.

Steg (2008, 2010) were maintained. The Cronbach’s o’s reported in Table 4.3 for
these value orientations are satisfactory.

Interaction models

The second step in the analysis of moderating effects was to add interactions
between each psychographic characteristic and the sustainability issues
(following the hypotheses specified in Section 2.2.2) to the conditional logit
model specified in Equation (2). An example of such a separate interaction model
for one psychographic characteristic can be seen in Equation 3:

V;=p1x0pt;+ P, xWorker; + 3 x ConcernW,; » Worker; + p, * (3)
Quality; + PBs * ConcernQ; x Quality; + P * Fish; + [, * ConcernkF; *
Fish; + Bg * Local; + Bo * Concernl; * Local; + B, * Overfishing; + B4 *
ConcernO; * Overfishing;,

where ConcernW,;, ConcernQ;, ConcernF;, ConcernL; and Concern0O; indicate
individual 7’s concern about the current situation for worker safety, product
quality, fish welfare, local employment, and approach to overfishing, respectively,
and all other elements are as previously defined.

The significance of each interaction in the separate interaction models was
assessed through likelihood ratio (LR) tests comparing the separate interaction
model with all interactions against the same model without that particular
interaction. In addition, the relative size of the contribution of each interaction
was determined using the Bayesian information criterion (BIC). The BIC is a
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Figure 4.2: Model selection process

measure for the trade-off between model fit and model complexity (i.e. increased
number of parameters). A lower BIC value indicates a better trade-off.

Next, the separate interaction models for concern, trust in ability, trust in
benevolence and trust in integrity were combined into a larger interaction model
for the case-specific psychographic characteristics (Figure 4.2), and the separate
interaction models for personal relevance and the three value orientations were
combined into a larger model for the general psychographic characteristics
(Figure 4.2). The contribution of each interaction to these two combined
interaction models was assessed using LR tests and BIC values. These two
interaction models were then combined into one final model (Figure 4.2), where
again, each interaction was assessed using LR tests and BIC values.

Final model

Interactions with significant and sizeable contributions to the separate, combined
and final models were selected based on LR tests and BIC values, which resulted
in a parsimonious final model. The stepwise procedure that was used to this end
ensured that any masking effects due to possible collinearity of psychographics
could be tracked. All psychographic characteristics that were used to estimate this
final model were mean centred. As a result, each coefficient of the main effects
(i.e. the sustainability issues) would hold for respondents with an average score
on these psychographic characteristics, which enabled the comparison of the final
model with the main effects model.
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Table 4.4: Age, gender and education level percentages in the survey sample
compared to averages for the Netherlands (CBS, 2014, 2015)

Percentage in the sample Percentage in the Netherlands

Age:

- 18-30 11.2 23.4

- 31-40 15.8 17.4

- 41-50 20.1 21.6

- 51-60 24.9 20.4

- 61-70 28.0 17.3
Gender:

- Male 51.7 49.5

- Female 48.3 50.5
Education level:

- Low 25.1 34.0

- Medium 46.2 41.0

- High 28.7 25.0

3. Results

3.1 Descriptive statistics

In total, 561 respondents participated in the survey, which is more than the pre-
determined target of 400 completed surveys because the survey was not
immediately closed after meeting this target. A total of 39 respondents indicated
that they did not consume whitefish and, therefore, were excluded from the
survey. A further 65 respondents did not complete the survey, resulting in 457
completed surveys. Table 4.4 displays the age, gender and education level
distributions of the survey sample and compares these distributions to averages
for the Netherlands. This Table shows that people aged 61-70 and people with a
medium education level were overrepresented in the sample, whereas people
aged 18-30 and people with a low education level were underrepresented. Overall,
however, the survey sample is fairly representative of the Dutch population in
terms of age, gender and education level.

3.2 Main effects

Table 4.5 shows the result from the conditional logit model as specified in
Equation (2). This Table shows that people prefer the issue approach to
overfishing over the issues fish welfare, product quality and worker safety. The
parameter estimate for the issue local employment is not significant. The
parameter estimate for the opt-out is negative, which means that people prefer a
whitefish product without any labels over no whitefish product.
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Table 4.5: Results from the conditional logit model* that was fitted to the
survey data

Coefficient? Standard error P-value
Opt-out -0.913 0.084 <0.001
Worker safety 0.350 0.051 <0.001
Product quality 0.610 0.052 <0.001
Fish welfare 0.696 0.052 <0.001
Local employment 0.096 0.050 0.054
Approach to overfishing 1.052 0.053 <0.001

t Number of observations: 13,710, log likelihood: -3817.37, McFadden’s pseudo R2: 0.240
2 The coefficients indicate to what degree each of these issues contribute to the likelihood that a
respondent will choose a product with labels for those issues

Table 4.6: Mean scores! and standard deviations for the psychographic
characteristics ‘concern’, ‘trust in ability’, ‘trust in benevolence’, ‘trust in
integrity’, ‘personal relevance’, ‘egoistic value orientation’, ‘altruistic value
orientation’ and ‘biospheric value orientation’

Mean score Standard deviation
Concern:
- Worker safety -0.85 0.89
- Product quality -0.67 0.92
- Fish welfare -0.34 1.06
- Local employment -0.72 0.92
- Approach to overfishing -0.07 1.11
Trust in ability:
- Worker safety 0.69 0.83
- Product quality 0.46 0.81
- Fish welfare 0.58 0.88
- Local employment 0.37 0.81
- Approach to overfishing 0.74 0.89
- Overall trust in ability 0.57 0.63
Trust in benevolence 0.56 0.86
Trust in integrity 0.34 0.84
Personal relevance:
- Worker safety -0.05 0.98
- Product quality 0.51 0.71
- Animal welfare 0.21 1.00
- Local employment -0.47 0.93
- Environment -0.03 0.90
Egoistic value orientation 0.55 0.51
Altruistic value orientation 1.92 0.59
Biospheric value orientation 1.72 0.70

1 Concern, trust in ability, trust in benevolence, trust in integrity and personal relevance were
scored on a 5-point scale ranging from a strong level of disagreement or unimportance (-2) to a
strong level of agreement or importance (2). The egoistic, altruistic and biospheric value orientation
were scored on a 5-point scale that ranged from ‘Opposed to my values’ (-1), via ‘Not important’ (0)
to ‘Extremely important’ (3)
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3.3 Moderating effects of psychographic characteristics

3.3.1 Mean scores and standard deviations of psychographic
characteristics

Table 4.6 shows the mean scores and standard deviations for the psychographic
characteristics, i.e. concern, trust in ability, trust in benevolence, trust in
integrity, personal relevance, egoistic value orientation, altruistic value
orientation and biospheric value orientation. The negative means for concern in
Table 4.6 show that in general, respondents are not concerned about the current
situation of the five sustainability issues of capture fisheries in the northeast
Atlantic. However, the relatively large standard deviations indicate that there is
considerable variability in concern. The positive means for all elements of trust
show that, in general, respondents trust that fishing companies can achieve the
improvements in the current situation of the sustainability issues that the labels
represented (trust in ability), and that respondents trust the benevolence and the
integrity of labels in general (Table 4.6). The positive means for personal
relevance of product quality and animal welfare show that, in general, these
issues are relevant to respondents, which means that they consider these issues in
their purchase decisions, whereas they generally do not consider the other issues
in their purchase decisions (Table 4.6). The scores for the value orientations in
Table 4.6 show that respondents’ values aligned more with the altruistic and the
biospheric value orientation than with the egoistic value orientation.

3.3.2 Model selection

Table 4.7 shows the contributions of the different interactions to separate,
combined and final interaction models, as indicated by their P-values and
contribution to BIC (ABIC). An interaction was deleted from the subsequent
interaction model (i.e. the combined or final model, as indicated by a ‘-’ in Table
4.7) when the P-value for this interaction was not significant or when its
contribution to BIC was negative.

The P-values for concern in Table 4.7 show that all interactions between concern
and the sustainability issues significantly contributed to the separate interaction
model for concern, the combined interaction model for case-specific
psychographic characteristics and the final model. The changes in BIC for all
interactions except product quality are positive, indicating that these interactions
contributed to the separate, combined and final interaction models.

The P-values for trust in ability show that the interactions between trust in ability
and all sustainability issues except local employment significantly contributed to
the separate, combined and final interaction models (Table 4.7). The changes in
BIC for the opt-out, worker safety, fish welfare and approach to overfishing are
positive, indicating that these interactions for trust in ability contributed to the
separate, combined and final interaction models. The P-values for trust in
benevolence show that only the interaction between benevolence and the opt-out
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Table 4.7: P-value and contribution to Bayesian information criterion (ABIC)
of each interaction in the separate, combined and final interaction models

Interaction Separate Combined Final model
interaction interaction
models models

P-value ABIC P-value ABIC P-value ABIC

Case-specific psychographic

characteristics
Concern for sustainability issue x
Worker safety <0.001 161.0 <0.001 134.3 <0.001 53.2
Product quality <0.001 27.6 <0.001 22.7 <0.001 -3.9
Fish welfare <0.001 155.6 <0.001 104.2 <0.001 20.2
Local employment <0.001 66.2 <0.001 52.6 <0.001 18.6
Approach to overfishing <0.001 288.9 <0.001 198.1 <0.001 123.9
Trust in ability of sustainability issue x
Opt-out <0.001 40.9 <0.001 16.1 <0.001 3.5
Worker safety <0.001 21.2 <0.001 6.5 <0.001 3.3
Product quality <0.001 2.6 <0.001 7.2 0.019 -4.0
Fish welfare <0.001 52.4 <0.001 31.0 <0.001 6.2
Local employment <0.001 1.9 0.017 -3.8 -1 -
Approach to overfishing <0.001 101.6 <0.001 41.1 <0.001 43.0
Trust in benevolence x
Opt-out <0.001 8.2 0.001 1.9 0.014 -3.5
Worker safety <0.001 1.5 0.034 -5.0 - -
Product quality 0.402 -8.8 - -
Fish welfare 0.004 -1.4
Local employment 0.166 -7.6
Approach to overfishing 0.037 -5.2
Trust in integrity x
Opt-out 0.295 -8.4
Worker safety 0.003 -0.5
Product quality 0.190 -7.8
Fish welfare 0.005 -1.7 - -
Local employment 0.002 0.0 0.039 -5.3
Approach to overfishing 0171 -7.7 - -
General psychographic characteristics
Personal relevance of sustainability issue x
Worker safety <0.001 198.2 <0.001 242.0 <0.001 76.0
Product quality <0.001 126.5 <0.001 286.4 <0.001 77.4
Fish welfare <0.001 192.7 <0.001 80.7 <0.001 30.7
Local employment <0.001 74.6 <0.001 70.9 <0.001 18.6
Approach to overfishing <0.001 109.8 <0.001 27.6 0.002 0.2
Egoistic value orientation x
Opt-out 0.141 -0.7
Product quality 0.105 -5.3
Altruistic value orientation x
Opt-out <0.001 130.2 <0.001 155.6 <0.001 11.7
Worker safety <0.001 -6.8 - - - -
Local employment 0.073 -9.4
Biospheric value orientation x
Opt-out 0.210 12.1 - - - -
Fish welfare <0.001 67.9 <0.001 17.2 <0.001 4.6
Approach to overfishing <0.001 54.3 <0.001 23.8 0.161 -7.6

1 A *~ indicates that the P-value and ABIC for an interaction are not given because this interaction
was excluded based on its non-significant P-value or negative BIC value in the preceding interaction
model
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contributed significantly to the separate, combined and final interaction models.
However, the negative BIC value for this interaction shows that the increase in
model fit does not compensate for the increase in model complexity. The P-values
and changes in BIC for trust in integrity show that neither of the interactions
between trust and the issues contributes to the final model.

The P-values and changes in BIC for personal relevance show that all interactions
between personal relevance and the sustainability issues significantly contributed
to the separate, combined and final interaction models (Table 4.7).

The hypothesised interactions for the egoistic value orientation with the opt-out
and product quality did not significantly or sizeably contribute to the separate
interaction model (Table 4.7). Only the interaction between the altruistic value
orientation and the opt-out contributed significantly and sizeably to the separate,
combined and final interaction models. Finally, of the hypothesised interactions
of the biospheric value orientation with the opt-out, fish welfare and approach to
overfishing, only the interaction with fish welfare contributed significantly and
sizeably to the separate, combined and final models.

A comparison of the changes in BIC in the final model for all interactions shows
that for the social sustainability issues, personal relevance contributed most to
explaining preferences, whereas for the environmental sustainability issue
approach to overfishing, concern contributed most to explaining preferences.

3.3.3 Final conditional logit model

Table 4.8 shows more detailed results for the final conditional logit model, which
includes all interactions with significant P-values and positive BIC values from
Table 4.7. All coefficients in Table 4.8 are based on mean-centred psychographic
characteristics, which means that the coefficients for the labels hold for
respondents with an average score on the psychographic characteristics. As a
consequence, the order of the coefficients for the issues in Table 4.8 is the same
as the order of these coefficients in the main effects model (Table 4.5), i.e.
approach to overfishing is preferred over, in order of importance, fish welfare,
product quality, worker safety and local employment. The coefficients have
become more extreme though, due to the improved fit of the model.

Table 4.8 shows that the coefficient for the opt-out is negative, indicating that, on
average, respondents preferred any whitefish product over no whitefish product.
The interaction between the opt-out and overall trust in ability indicates that
respondents who trust that the improvements represented by the labels can be
achieved, are more likely to choose a whitefish product than to not choose a
whitefish product. The interactions between the opt-out and the altruistic value
orientation indicates that respondents who are more altruistic are more likely to
choose a whitefish product than to not choose a whitefish product.
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Table 4.8: Results for the final conditional logit model* with all hypothesised
and significant interactions?

Coefficient Standard error P-value
Opt-out x -1.124 0.101 <0.001
Overall trust in ability -0.551 0.110 <0.001
Altruistic value orientation -0.584 0.113 <0.001
Worker safety x 0.486 0.057 <0.001
Concern 0.400 0.053 <0.001
Trust in ability 0.184 0.054 0.01
Personal relevance 0.455 0.050 <0.001
Product quality x 0.814 0.057 <0.001
Personal relevance 0.692 0.062 <0.001
Fish welfare x 0.961 0.060 <0.001
Concern 0.245 0.048 <0.001
Trust in ability 0.214 0.055 <0.001
Personal relevance 0.348 0.055 <0.001
Biospheric value orientation 0.247 0.074 0.001
Local employment x 0.193 0.055 <0.001
Concern 0.258 0.052 <0.001
Personal relevance 0.339 0.052 <0.001
Approach to overfishing x 1.351 0.062 <0.001
Concern 0.520 0.045 <0.001
Trust in ability 0.380 0.051 <0.001
Personal relevance 0.204 0.053 <0.001

1 Number of observations: 13,710, log likelihood: -3301.61, McFadden’s pseudo R2: 0.342

2 All psychographic characteristics in the conditional logit model were mean centred so that the
coefficients of the main effects indicate values for respondents with an average score on these
psychographic characteristics

The positive coefficient for worker safety indicates that, on average, respondents
have a preference for improved worker safety over current worker safety aboard
fishing vessels. In addition, respondents with above average concern for worker
safety have a stronger preference for this issue than respondents with below
average concern for worker safety, as indicated by the positive coefficient for the
interaction between concern for worker safety and worker safety. Respondents
with above average trust in fishing companies’ ability to improve the current
situation for worker safety have a stronger preference for this issue than
respondents with below average trust in ability. Finally, respondents with above
average personal relevance for worker safety, i.e. respondents who commonly
take worker safety into account in their purchasing decisions, have a stronger
preference for this issue than respondents with below average personal relevance
for worker safety. Coefficients for the interactions with worker safety show that
personal relevance has the largest influence on preferences for worker safety.

The positive coefficient for product quality indicates that respondents have a
preference for improved quality of whitefish products. Respondents with above
average personal relevance for this issue have a stronger preference for product
quality than respondents with below average personal relevance for this issue.
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The positive coefficient for fish welfare indicates that respondents have a
preference for whitefish products that take fish welfare into consideration. This
preference is stronger for respondents with above average concern for fish
welfare, trust in fishing companies’ ability to improve fish welfare, personal
relevance (i.e. usually considering animal welfare in purchasing decisions) and
biospheric value orientation. Coefficients for the interactions with fish welfare
show that personal relevance has the largest influence on preferences for fish
welfare.

The positive coefficient for local employment indicates that respondents have a
preference for whitefish products that pay attention to local employment. This
preference is stronger for respondents with above average concern for local
employment and personal relevance (i.e. respondents who usually consider local
employment in their purchasing decisions) than for respondents with below
average concern and personal relevance. Coefficients for the interactions with
local employment show that personal relevance has the largest influence on
preferences for local employment.

Finally, the positive coefficient for approach to overfishing indicates that
respondents have a preference for whitefish products with an improved approach
to overfishing. This preference is stronger for respondents with above average
concern for approach to overfishing, trust in fishing companies’ ability to improve
their approach to overfishing and personal relevance (i.e. respondents who
usually consider the environment in their purchasing decisions) than respondents
with below average concern, trust in ability and personal relevance (Table 4.8).
Coefficients for the interactions with approach to overfishing show that concern
has the largest influence on preferences for approach to overfishing.

4. Discussion

This study on consumer preferences for sustainability issues of whitefish from the
northeast Atlantic showed that consumers prefer the environmental sustainability
issue approach to overfishing over the social sustainability issues. Similarly, in a
choice experiment on seafood restaurants with different sustainability labels,
McClenachan et al. (2016) found that consumers had a higher willingness to pay
for environmental sustainability than for social sustainability. The present study
additionally showed that the social sustainability issue fish welfare is preferred
over, in order, the social sustainability issues product quality, worker safety and
local employment. These preferences indicate that in this case, consumers placed
animal benefits over personal benefits, worker benefits and community benefits.

In contrast to consumers, cod and haddock fishing companies in the northeast
Atlantic attach greatest importance to issues concerning the well-being of their
employees (such as worker safety), some importance to issues concerning product
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quality and local employment, and no importance to fish welfare (Veldhuizen et
al., 2015). Hence, results from the present study indicate that, based on consumer
perspectives and therefore also based on companies’ economic perspective, cod
and haddock fishing companies might need to reconsider their prioritization of
social sustainability issues and dedicate more attention to fish welfare.

Preferences for the sustainability issues were mainly explained by concern, trust
in ability and personal relevance. The case-specific psychographic characteristic
concern contributed most to explaining preferences for the environmental
sustainability issue approach to overfishing, whereas the general psychographic
characteristic personal relevance contributed most to explaining preferences for
the social sustainability issues worker safety, product quality, fish welfare and
local employment. The reason that these two types of sustainability issues are
explained by different types of psychographic characteristics could be that
consumers have been exposed to environmental sustainability (via MSC
certification), but not to social sustainability issues in markets for fish products.
As a result, people are likely to have formed opinions (e.g. concern) on
overfishing that guide their behaviour, whereas people have not formed such
opinions on social sustainability, which caused them to turn to predefined mind-
sets as expressed by, for example, personal relevance.

The case-specific psychographic characteristics trust in benevolence and trust in
integrity did not contribute to explaining preferences for the sustainability issues,
whereas trust in ability did. De Pelsmacker et al. (2005) and Thegersen et al.
(2010), on the other hand, found that trust influences consumer preferences for
sustainability issues. These different findings with regard to the influence of trust
on consumer preferences are likely explained by differences in the
operationalization of this concept. In the present study, trust in benevolence and
trust in integrity were determined for labels in general, while trust in ability was
determined for the specific labels used in the survey, which could have influenced
the finding that only trust in ability influences consumer preferences. On the
other hand, De Pelsmacker et al. (2005) and Theagersen et al. (2010) used the
concept of trust without clarifying which aspect of trust (i.e. ability, benevolence
and integrity; Mayer et al., 1995) this concept refers to. The finding that trust in
ability contributed to explaining consumer preferences for sustainability issues,
whereas trust in benevolence and trust in integrity did not, could indicate that it
is relevant to distinguish between different aspects of trust.

The general psychographic characteristics egoistic value orientation, altruistic
value orientation and biospheric value orientation did not contribute to
explaining preferences for the sustainability issues to any (substantial) degree. In
contrast, Van Dam and Van Trijp (2011) found that sustainability motives for
purchasing sustainable products are for an important part explained by the
biospheric value orientation, but not by the egoistic or altruistic value orientation.
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These authors, however, only included general psychographic characteristics in
their study, which could explain why the biospheric value orientation was found
to be of more influence in Van Dam and Van Trijp (2011) than in the present
study. Barber et al. (2014) did include case-specific and general psychographic
characteristics in their study and found that people with a positive and
substantial willingness to pay for pro-environmental goods can be distinguished
from people with a negative willingness to pay for such products based on their
alignment with self-transcendence values (altruistic value orientation) versus
self-enhancement values (egoistic value orientation). Such a dichotomy in
attitudes towards sustainability based on value orientation was perhaps not
identified in the present study because there was only a trade-off between
sustainability issues and not between sustainability issues and product prices.
When product prices would have been included, positive and negative attitudes
towards sustainability had possibly been more pronounced.

The present study shows that consumers are interested in social sustainability of
fish products at least to some degree. To approximate the degree of actual
consumer interest, willingness to pay estimates are often used, even though
willingness to pay estimates commonly overestimate actual consumer interest
(Murphy et al., 2005). Since the price premium that consumers are currently
paying for MSC certification of whitefish is already known from literature, results
from the present study can be related to that price premium to determine the
potential degree of consumer interest. The price premium for MSC certification
(which is similar to the issue approach to overfishing in the present study) is
approximately 10% (Roheim et al., 2011, Sogn-Grundvag et al., 2013), which
means that it is likely relevant for fishing companies to explore their impact on
fish welfare and other social sustainability issues in addition to their approach to
overfishing.

There were two performance levels for the social sustainability issues in the
survey, i.e. current situation for whitefish from the northeast Atlantic and an
improvement to this current situation, as indicated by a label. Descriptions on the
current situation were based on national statistics, reports and scientific
literature. Descriptions on improvements to these situations were based on a 50%
improvement to the current situation or a substantial improvement to the current
situation in case a quantitative description was not possible. The specific level of
improvement that was chosen (i.e. 50%) could have influenced the preferences
that were identified in the present study. However, consumers in actual markets
are commonly confronted with various labels rather than with the specific
improvements they represent. The choice sets in the survey only displayed the
labels and thus closely mimicked actual markets in that sense. Therefore, it is
more likely that respondents in the survey focused on the labels rather than on
the specific improvements to the current situation that these labels represented.
As a result, it is not likely that the specific improvement level chosen influenced
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preferences for the sustainability issues as identified in the present study to any
substantial degree.

5. Conclusion

This study on consumer preferences for social sustainability issues of whitefish
from the northeast Atlantic showed that consumers prefer the environmental
sustainability issue approach to overfishing over social sustainability issues. With
regard to the social sustainability issues, this study showed that consumers have
the strongest preference for fish welfare, indicating the pertinence of this issue for
fishing companies. Consumers prefer this issue over the issues product quality,
worker safety and local employment, which means that in this case, consumers
place animal benefits over personal benefits, worker benefits and community
benefits. The case-specific psychographic characteristic concern contributed most
to explaining preferences for the environmental sustainability issue approach to
overfishing, whereas personal relevance (a general psychographic characteristic)
contributed most to explaining preferences for the social sustainability issues.
This result is likely explained by the principal focus on MSC certification in
markets for fish products, causing consumers to have formed opinions (e.g.
concern) on overfishing, but not on social sustainability. Hence, introducing
social sustainability issues of fish products could result in growing concern and
consumer interest through increased exposure.
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Abstract

Concerns about the welfare of production animals have extended from farm
animals to fish, but an overview of the impact of especially capture fisheries on
fish welfare is lacking. This review provides a synthesis of 80 articles, which
demonstrate that research interest in fish welfare in capture fisheries has
increased over time and that research has focused more on trawls and hooks than
on purse seines, gillnets, traps and particularly seines. In this review, we
determined the occurrence of external injuries and mortality, and the influence of
gear characteristics, fish characteristics and context variables on external injuries
and mortality. Results show that scale, skin and fin injuries occur more frequently
in trawls, purse seines, gillnets, traps and seines than in hooks, whereas hooking
injuries occur in hooks only. Pressure injuries can occur in all gear types when
deployed at greater depth. Furthermore, mortality is generally higher in trawls,
purse seines and seines than in gillnets, hooks and traps. Mortality appears to
increase with decreasing fish length, and differs across fish species. A greater
capture depth and a longer fishing duration were associated with more external
injuries and higher mortality, whereas a large change in water temperature, a
longer duration of air exposure and a high density in the net were associated with
higher mortality only. These aforementioned relations provide options to reduce
injuries and mortality from commercial capture fisheries. Implementation of such
options, however, would require analysis of potential trade-offs between welfare
benefits, and ecological and economic consequences.
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1. Introduction

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

This limited information on fish welfare in commercial capture fisheries likely has
two causes. First, for long, fish were generally believed to be unable to experience
pain (Braithwaite and Boulcott, 2008). An animal is able to experience pain when
it has the nervous system that enables it to detect noxious stimuli (i.e.
nociception) and when it can consciously experience such stimuli (Ashley and
Sneddon, 2008). Although studies have demonstrated the existence of
nociception in several fish species (e.g. Ashley et al., 2006, 2007, Sneddon et al.,
2003), there is still debate whether or not fish can consciously experience noxious
stimuli. Chandroo et al. (2004b), Huntingford et al. (2006) and Braithwaite
(2010), among others, advocate a focus on the welfare of individual fish based on
the perspective that fish can consciously experience noxious stimuli, whereas
Diggles et al. (2011), Rose et al. (2014) and Key (2014), among others, dismiss
this perspective and advocate a focus on fish welfare from a population
perspective, aimed at reducing mortality (which relates to fish welfare) due to
fishing (Diggles et al., 2011, Rose et al., 2014). Despite the debate whether or not
fish can consciously experience noxious stimuli, fish welfare is increasingly
acknowledged to be an important issue (Arlinghaus et al., 2007, Braithwaite and
Boulcott, 2008, Branson, 2008).

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

Animal welfare can be considered from three overlapping approaches, i.e. the
function-based approach, the nature-based approach and the feelings-based
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approach (Fraser, 2008, Fraser et al.,, 1997). The function-based approach
prescribes that an animal should be in good health, with its biological systems
functioning well and not being forced to respond beyond its capacity. The nature-
based approach prescribes that an animal is able to lead a natural life and express
its natural behaviour. The feelings-based approach prescribes that an animal
should feel well, be free from negative experiences and have access to positive
experiences. Of these three approaches, the function-based approach provides
direct and relatively easy measured information on welfare (Diggles et al., 2011,
Huntingford et al., 2006), which is most useful at this early stage in the research
on fish welfare in capture fisheries. Two function-based indicators that are
relatively easy measured in both field and laboratory settings are external injuries
and mortality, where an increase in injuries or mortality can be interpreted as a
deterioration of fish welfare. External injuries are the visible effects of the capture
process on the fish, whereas mortality is the ultimate consequence resulting from
the severity of this capture process.

The objective of this study was to conduct a systematic literature review to
determine what is known about the effects of the capture process in capture
fisheries on fish welfare. This review is based on the function-based approach to
fish welfare and focuses on external injuries and mortality in teleost (ray-finned)
fish species caught in commercial fisheries. Although every fish species has its
own species-specific characteristics, external injuries and mortality can be
assessed across species.

2. Methods

The systematic literature review on fish welfare in capture fisheries started with
the development of a search strategy that was subsequently applied to the
literature. Next, the information that was extracted from each relevant article in
the literature search was synthesized in relation to this review’s objective
(Brunton et al., 2012, European Food Safety Authority, 2010).

2.1 Development and application of a search strategy

The first step in developing a search strategy for this review was to determine
relevant search terms based on key concepts in the research objective, i.e. capture
fisheries and fish welfare. Potential search terms relating to capture fisheries were
based on the different gear types used in capture fisheries (Nédélec and Prado,
1990). Since not all these gear types are used in the commercial capture of teleost
fish, only trawl nets, hook and line (hereafter referred to as hooks), surrounding
nets (hereafter referred to as purse seines), gillnets and entangling nets (hereafter
referred to as gillnets), traps, and seine nets were included (see Appendix 5.1 for a
description of these gear types and their subtypes). Potential search terms
relating to fish welfare were identified based on two earlier reviews on fish
welfare (Ashley, 2007, Huntingford et al., 2006). The efficacy of each potential
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search term was determined by comparing results based on all search terms with
results based on all search terms except one. In case the exclusion of a search
term resulted in the exclusion of a relevant article, the search term was retained
because this meant that the search term resulted in an additionally relevant
result. Searches to determine search terms were performed in October 2015 and
resulting search terms are shown in Appendix 5.2.

Next, exclusion criteria were defined that were used to determine relevant
exclusion terms. These exclusion criteria were based on the objective of this
review and subsequent delineations. An article was excluded when it did not focus
on teleost fish, capture fisheries, fish welfare, relevant gear types, external
injuries or mortality, or when it lacked empirical or experimental data. Such
exclusion criteria could not be used directly to exclude irrelevant articles, but
rather, were used to define specific exclusion terms. The efficacy of each exclusion
term was assessed by adding the exclusion term to the confirmed search terms
and determining whether this exclusion term excluded (relevant) results or not.
In case relevant or zero results were excluded, an exclusion term was not
retained. In addition to these specific exclusion terms, additional exclusion terms
were defined to ensure that only peer-reviewed scientific articles and reviews
(thus excluding e.g. conference proceedings) in English would be included.
Searches to determine exclusion terms were performed in October and November
2015 and the resulting exclusion terms are shown in Appendix 5.2.

Finally, the search with all final search and exclusion terms was performed on 7
January 2016 and resulted in 677 articles. The titles, abstracts and full texts of
these articles were screened using the aforementioned exclusion criteria (Brunton
et al., 2012), which resulted in a final list of 80 peer-reviewed scientific articles.

2.2 Synthesizing information

For each article, basic information on data collection, species, capture process
and capture site was recorded in Excel. Moreover, empirical results, experimental
results, results from data analysis, relevant conclusions, limitations and
generalizability were recorded for each article. The synthesis of this information
focused on the occurrence of injuries and mortality per gear type, and on the
influence of explanatory variables on injuries and mortality.

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



90 | Chapter 5

swallowed) and foul-hooking (hooking outside the mouth). The injury rates (i.e.
percentages of injuries) that were reported for the injury categories in the
relevant articles were summarized in ranges per species. Similarly, mortality rates
(i.e. percentages of fish that died) resulting from the capture process prior to
slaughter (i.e. escaping from or trapping by the gear, surfacing or slipping,
landing or discarding) were summarized in ranges per species for escaped,
slipped (intentionally released prior to landing), discarded and landed fish
(mortality of landed fish was recorded prior to slaughter).

Variables that were commonly used to explain injuries and mortality in the
articles reviewed were classified into gear characteristics, fish characteristics and
context variables. Gear characteristics that were considered are gear subtype, size,
material and modification, and selectivity device. Fish characteristics that were
considered are fish length and species. Context variables that were considered are
change in water temperature (due to higher temperatures of surface water),
capture depth, fishing duration, duration of air exposure, density in the net,
species composition in the net and landing procedure. Relations between these
explanatory variables, and injuries and mortality are presented in the Results
section if findings on such relations were reported in the articles reviewed.

3. Results

In total, 80 relevant articles were identified (Appendix 5.3) that focused on the
welfare of approximately 134 fish species, with cod, herring and sablefish among
the main species (see Appendix 5.4 for a complete overview including scientific
names). Eight of these articles included results on injuries, 49 articles included
results on mortality and 23 included results on injuries and mortality.

Table 5.1 shows that the number of articles on fish welfare in capture fisheries has
increased over time and that fish welfare in the northeast Atlantic, the world’s
third most important fishing area in terms of volumes landed (FAO, 2014c),
received most research interest. Only eight articles investigated fish welfare in the
four other most important fishing areas e.g. the northwest, western central and
southeast Pacific, and the eastern Indian ocean. Fish welfare in various other
fishing areas, such as the western Indian ocean and the eastern central Atlantic
was not investigated at all. In terms of gear types used, Table 5.1 shows that
trawls and hooks received most research interest, whereas purse seines, gillnets,
traps and particularly seines received considerably less research interest.

3.1 Injuries

The ranges of the injury rates in Table 5.2 are based on a limited number of
articles, which means that these ranges should be used with care when
comparisons are made between injury categories or gear types. Still, Table 5.2
shows that for hooks, injury ranges were not reported for scale or fin injuries,
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Table 5.1: year of publication, fishing location and gear type of the 80 articles
that were included in the review

Number of articles

Year of publication:

- 1980-1989 1
- 1990-1999 15
- 2000-2009 34
- 2010-2016' 30
Capture site:
- Ocean:
Northwest Pacific 2
Western central Pacific 3
Northeast Atlantic 19
Eastern Indian Ocean

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

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

Gear type?:

- Trawls 30
- Hooks 23
- Purse seines 10
- Gillnets 9
- Traps 9
- Seines 2
- Generally applicable 4

'NONY

1 Publications were retrieved on 7 January 2016

2 Based on FAO classification of fishing areas, ordered from largest to smallest volume landed
(CWP, 2015)

3Double counting occurred because several articles included results on multiple gear types

likely because hooks do not involve abrasion with the net or other fish like, for
example, trawls. Injury ranges for purse seines were not reported for pressure
injuries, even though in the articles reviewed purse seining occurred up to depths
of 220 meter (Raby et al., 2015). Injury ranges for gillnets and traps were
reported for a limited number of injury categories because only four articles
reported injury rates for these gear types. For seines, injury ranges are not
reported in Table 5.2 because no article reported these for seines.
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Table 5.2: injury ranges per injury category (i.e. scale, skin, fin, pressure and
hooking injuries) reported for trawls, hooks, purse seines, gillnets and traps
based on the articles reviewed

Gear type Injury category Injury References for the lower and upper
range (%) boundaries of the injury range
Trawls Scale injuries 27-100 Suuronen et al., 1996b - Digre et al., 2010
Skin injuries 0-92 Bottari et al., 2003
Fin injuries 6-59 Duzbastilar et al., 2015
Pressure injuries 0-88 Bottari et al., 2003
Hooks Skin injuries 0-17 Mapleston et al., 2008
Pressure injuries 0-94 Drumhiller et al., 2014, Pribyl et al., 2011 -

Pribyl et al., 2011
Hooking injuries:

- Deep-hooking  0-30 Orsi et al., 1993 - Willis and Millar, 2001
- Mouth- 61-97 Orsi et al., 1993 - Stachura et al., 2012
hooking
- Foul-hooking 1-39 Stachura et al., 2012 - Orsi et al., 1993
Purse seines Scale injuries 13-68 Marcalo et al., 2010 - Candy et al., 1996
Skin injuries 8 Mitchell et al., 2002
Gillnets Scale injuries 2-61 Purbayanto et al., 2001
Fin injuries 8-39 Purbayanto et al., 2001
Traps Pressure injuries 4 Rudershausen et al., 2008

Table 5.3 shows that the majority of relations between explanatory variables and
injuries were identified for trawls and hooks, which is in line with the larger
number of articles on these gear types included in this review. Across gear types,
Table 5.3 shows that greater capture depth and longer fishing duration result in
more injuries. In addition, gear modification and fish species influence injuries in
several gear types, though their influence depends on the gear modification and
on the fish species considered. Finally, fish length also influences injuries, though
its influence is variable. Results on the relation between injuries and all gear
characteristics, fish characteristics and context variables in Table 5.3 are
presented in more detail and per gear type in Sections 3.1.1-3.1.4, and synthesized
and interpreted across gear types in the Discussion.

3.1.1 Explanatory variables for injuries in trawls

A gear characteristic that explains scale, skin and pressure injuries in haddock
(but not cod) is gear modification, with more such injuries in conventional trawl
nets than in trawl nets that were modified (i.e. knots further apart with a 90° shift
in direction) to improve catch quality by reducing movement of the codend (Digre
et al., 2010).

A fish characteristic that explains injuries from trawls is fish length, with more
scale and skin injuries in larger than in smaller cod (Suuronen et al., 2005). Such
a relation between fish length, and scale and skin injuries in cod, however, was
not identified in other studies (Ing6lfsson and Jergensen, 2006, Suuronen et al.,
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Table 5.3: relations identified between injuries and gear characteristics, fish
characteristics and context variables! in trawls, hooks, purse seines and
traps2. 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 for certain fish species and
‘n.a.’ indicates that such a relation is not applicable

Trawls Hooks Purse seines Traps
Gear characteristics:
Gear subtype +, 0
Gear modification 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.
Landing procedure *

1 Only those gear characteristics, fish characteristics and context variables are included in this Table
for which a relation with injuries was identified in the articles reviewed

2 Only trawls, hooks, purse seines and traps are included in this Table because no relation between
explanatory variables and injuries was identified for gillnets and seines based on the articles
reviewed

1996b) or in hoki (Jones, 1993). Fish species also explains injuries from trawls,
with more scale, skin and fin injuries in cod than in whiting, sole and plaice
(Depestele et al., 2014), and with more scale and pressure injuries in haddock
than in cod (Digre et al., 2010).

Context variables that explain injuries from trawls are capture depth, fishing
duration, density in the net and species composition in the net. Greater capture
depth and longer fishing duration resulted in more skin and pressure injuries in
red mullet, greater forkbeard, European hake and blue whiting (Bottari et al.,
2003). A higher density in the net due to a higher catch weight resulted in more
pressure injuries in cod, haddock (Digre et al., 2010) and blue whiting (Bottari et
al., 2003), in more skin injuries in blue whiting (Bottari et al., 2003), but in less
scale injuries in haddock (Digre et al., 2010). Species composition in the net
explains skin injuries in red mullet, greater forkbeard, European hake and blue
whiting, with more such injuries when crustaceans were present in the net, likely
due to their chitinous—calcareous structure (Bottari et al., 2003).

3.1.2 Explanatory variables for injuries in hooks
Hook type is a gear characteristic that explains hooking injuries, i.e. deep-
hooking, hooking in the mouth and foul-hooking. Deep-hooking was higher on J-
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style hooks than on circle hooks in several species including swordfish, escolar
and red emperor (Kerstetter and Graves, 2006a, Mapleston et al., 2008). In
contrast, hooking in the mouth was higher on circle hooks than on J-style hooks
in yellowfin tuna (Falterman and Graves, 2002) and chinook salmon (Orsi et al.,
1993), in line with circle hooks’ purpose to decrease deep-hooking and increase
hooking in the mouth. Foul-hooking was higher on J-style hooks than on circle
hooks in chinook salmon (Orsi et al., 1993), but the reverse was true for white
marlin (Kerstetter and Graves, 2006b). A relation between hook type and
hooking injuries was not identified in several other species, including white
marlin, crimson snapper and albacore (Kerstetter and Graves, 2006a, Mapleston
et al., 2008). Hook size explains skin injuries in coral trout, saddletail snapper
and crimson snapper (but not trevallies), with more such injuries on larger hooks
than on smaller hooks (Mapleston et al., 2008). Hook modification explains
hooking injuries, though its influence on hooking injuries depends on the hook
and its modification considered. Deep-hooking of snapper was higher on
conventional 16R hooks than on 16R hooks that were modified with an appendage
to reduce deep-hooking (Willis and Millar, 2001). In contrast, deep-hooking was
higher on offset circle hooks that were modified to increase catch than on non-
offset circle hooks for swordfish, but not for billfish, blue marlin or tuna (Rice et
al., 2012). Finally, hook modification also explains skin injuries, with more such
injuries on modified, offset circle hooks than on non-offset circle hooks in several
species including coral trout, saddletail snapper and red emperor (Mapleston et
al., 2008).

With regard to fish characteristics, fish length explains skin injuries, with more
such injuries in smaller than in larger individuals of several species including cod
(Palsson O et al., 2003), red emperor and trevallies, but not coral trout
(Mapleston et al., 2008). Species explains pressure injuries, with the type of
pressure injury and its occurrence differing between species, e.g. minimal
pressure injuries in yellowtail and quillback rockfish (Pribyl et al., 2011).

Greater capture depth, a context variable, resulted in more skin injuries in cod
(Palsson O et al., 2003). In addition, greater capture depth resulted in more
pressure injuries in several species including scamp, red snapper and black
rockfish (Drumhiller et al.,, 2014, McLennan et al., 2014, Pribyl et al., 2011,
Stephen and Harris, 2010), but not in pearl perch (Campbell et al., 2014).

3.1.3 Explanatory variables for injuries in purse seines

In the literature reviewed, injuries from purse seines were not explained by gear
characteristics. Fish length, a fish characteristic, explains scale and skin injuries,
with more such injuries in smaller than in larger coho salmon (Raby et al., 2015).
With regard to context variables, landing procedure explains scale injuries, with a
higher degree of scale loss in chinook salmon landed on-board than in chinook
salmon landed from the purse seine using a dip net (Candy et al., 1996).
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3.1.4 Explanatory variables for injuries in traps

Injuries from traps were not explained by gear or fish characteristics in the
literature reviewed. Change in water temperature is a context variable that
explains scale injuries and skin injuries, with more such injuries in largemouth
bass and northern pike at larger than at smaller changes in temperature due to
higher temperatures of surface water (Colotelo et al., 2013). A larger change in
water temperature also resulted in more fin injuries in largemouth bass, but not
in northern pike (Colotelo et al., 2013). Fishing duration is another context
variable that explains fin injuries, with more such injuries in largemouth and
northern pike after longer trap set times (Colotelo et al., 2013). Longer fishing
duration also resulted in more scale and skin injuries in largemouth bass, but not
in northern pike (Colotelo et al., 2013). Finally, capture depth explains pressure
injuries, with more pressure injuries in black sea bass caught from greater depths
(Rudershausen et al., 2008).

3.2 Mortality

Table 5.4 shows that mortality of escaped, discarded and landed fish in trawls
ranges from 0-100%, depending on field conditions or on the experimental set-
up. The same holds for hooks, except that none of the articles included in this
review focused on fish escaping from hooks. Although the mortality ranges for
purse seines in Table 5.4 are based on a limited number of articles, mortality
seems higher for slipped than for escaped or discarded fish. Mortality ranges for
gillnets, traps and seines seem higher for discarded than for landed fish.

Table 5.5 shows that the majority of relations between explanatory variables and
mortality of escaped, slipped, discarded and landed fish was identified in trawls,
though a relatively large number of relations was also identified in the other gear
types except seines. Across gear types, Table 5.5 shows that smaller fish length,
larger change in water temperature, greater capture depth, longer fishing
duration and longer duration of air exposure were associated with higher
mortality. Results on the relation between all explanatory variables in Table 5.5
and mortality are presented in more detail in Sections 3.2.1-3.2.6, and
synthesized and interpreted across gear types in the Discussion.

3.2.1 Explanatory variables for mortality in trawls

Gear characteristics that explain mortality from trawls are gear subtype, gear
modification and selectivity device. Mortality of plaice was higher after capture by
beam rather than otter trawl (Van Beek et al., 1990). With regard to gear
modification, mortality of haddock (but not cod) was higher after capture by
conventional rather than modified trawl net that was designed to improve catch
quality by reducing movement of the codend (Digre et al., 2010). The influence of
selectivity device on mortality of escaped fish is variable. Mortality of herring was
higher after escape via codend meshes than after escape via sorting grid
(Suuronen et al., 1996c¢), in line with the sorting grid’s purpose of reducing
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Table 5.4: mortality ranges for escaped, slipped, discarded and landed fish in
trawls, hooks, purse seines, gillnets, traps and seines based on the articles
reviewed

Gear Mortality Mortality References for the lower and upper boundaries of the
type category range (%) mortality range

Trawls  Escaped 0-100 Suuronen et al., 2005, Suuronen et al., 1996a, Davis, 2007,
Diizbastilar et al., 2010, Ingdlfsson et al., 2007, Olla et al.,
1997, Olla et al., 1998, Davis and Olla, 2001, Davis et al.,
2001 - Davis and Ottmar, 2006, Dizbastilar et al., 2010, Olla
et al., 1997, Suuronen et al., 1996b, Davis et al., 2001
Discarded 0-100 Davis, 2007, Olla et al., 1997, Olla et al., 1998, Davis and
Olla, 2001, Davis et al., 2001 - Jurvelius et al., 2000,
Ragonese and Morara, 2012, Davis, 2007, Depestele et al.,
2014, Yergey et al., 2012, Olla et al., 1997, Davis et al., 2001
Landed 0-100 Davis, 2007, Lambooij et al., 2012, Olla et al., 1997, Olla et
al., 1998, Davis and Olla, 2001, Davis et al., 2001 - Davis,
2007, Olla et al., 1997, Davis et al., 2001
Hooks Discarded 0-100 Drumhiller et al., 2014, Milliken et al., 2009, Wilson Jr and
Burns, 1996, Davis and Olla, 2001, Davis et al., 2001 - Wilson
Jr and Burns, 1996, Stachura et al., 2012, Stephen and
Harris, 2010, Davis et al., 2001
Landed 0-100 Humborstad et al., 2016, Davis and Olla, 2001, Davis et al.,
2001 - Falterman and Graves, 2002, Kerstetter and Graves,
2006, Davis et al., 2001
Purse Escaped 0-82 Misund and Beltestad, 2000
seines Slipped 4-100 Lockwood et al., 1983 - Misund and Beltestad, 1995, Huse
and Vold, 2010
Discarded 23-47 Candy et al., 1996 - Raby et al., 2015

Landed 0-52 Marcalo et al., 2008 - Tenningen et al., 2012
Gillnets Discarded 7-95 Broadhurst et al., 2009, Vander Haegen et al., 2004 - Smith
and Scharf, 2011
Landed 0-70 Broadhurst et al., 2009
Traps Escaped 2-13 Rudershausen et al., 2008 - Lundin et al., 2012
Discarded 2-100 Stewart, 2008 - Gisbert and Lopez, 2008
Landed 0-35 Humborstad et al., 2016 - Dieterman et al., 2000
Seines Discarded 10-72 Broadhurst et al., 2008
Landed 0 Broadhurst et al., 2008

escapee mortality. In escape via codend meshes, mortality of red mullet was
higher after escape via diamond meshes rather than square meshes (Diizbastilar
et al., 2015, Diizbastilar et al., 2010a), in line with square meshes’ purpose of
reducing escapee mortality. No influence of selectivity devices aimed at reducing
escapee mortality was identified, however, on escapee mortality of haddock
(Ingo6lfsson et al., 2007), herring (Suuronen et al., 1996a), brown comber
(Diizbastilar et al., 2010b) or cod (Suuronen et al., 2005).

A fish characteristic that explains mortality from trawls is fish length, with higher
mortality in smaller than in larger individuals of several species including
herring, sole and brown comber (Depestele et al., 2014, Diizbastilar et al., 2015,
Diizbastilar et al., 2010a, Diizbastilar et al., 2010b, Hyviarinen et al., 2008,
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Table 5.5: relations identified between mortality and gear characteristics,
fish characteristics and context variables. A ‘t’ indicates a relation for
categorical variables, ‘+’ indicates a positive relation for continuous
variables, -’ indicates a negative relation for continuous variables, ‘0’
indicates no relation and ‘n.a.’ indicates that such a relation is not applicable

Trawls Hooks Purse seines Gillnets Traps Seines

Gear characteristics:

Gear subtype + + +

Gear modification £ 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
Density in the net + 0 n.a. +,0 + 0
Species composition in the net n.a. +

Landing procedure + +

Ingolfsson et al., 2007, Richards et al., 1995, Suuronen et al., 1996a, Suuronen et
al., 1996c¢). Such a relation between fish length and mortality, however, was not
identified in another study on brown comber (Diizbastilar et al., 2010a) or in cod
(Suuronen et al., 2005). Species is another fish characteristic that explains
mortality from trawls, with higher mortality of walleye pollock than of sablefish
(Olla et al., 1997), coho salmon, and particularly rock sole and Pacific halibut
(Davis, 2007). Mortality after trawling is also higher in haddock than in cod
(Digre et al., 2010), and in landlocked salmon than in pike-perch or brown trout
(Jurvelius et al., 2000).

Context variables that explain mortality from trawls are capture depth, change in
water temperature, fishing duration, density in the net, duration of air exposure
and landing procedure. Greater capture depth resulted in higher mortality of
haddock (Ingoélfsson et al., 2007), pike-perch (Jurvelius et al., 2000), sole
(Depestele et al., 2014) and halibut (Richards et al., 1995). A larger change in
water temperature due to higher temperatures of surface water resulted in higher
mortality of several species including cod, plaice and sablefish (Davis and Olla,
2001, Davis et al., 2001, Hyvarinen et al., 2008, Olla et al., 1998, Suuronen et al.,
2005, Van Beek et al., 1990). Changes in water temperature likely also explain the
higher mortality of pike-perch after longer chilling in on-board water tanks
(Hyvarinen et al., 2008). No relation between change in water temperature and
mortality was identified in brown trout (Turunen et al.,, 1994), pike-perch,
rainbow trout or landlocked salmon (Jurvelius et al., 2000). Longer fishing
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duration resulted in higher mortality of several species including yellowtail
flounder, sole and coho salmon (Barkley and Cadrin, 2012, Davis, 2007, Van Beek
et al., 1990), but not of pike-perch (Hyvirinen et al., 2008, Jurvelius et al.,
2000), rainbow trout or landlocked salmon (Jurvelius et al., 2000). Higher
density in the net due to a higher catch weight resulted in higher mortality of
Pacific halibut (Richards et al., 1995), sole (Depestele et al., 2014) and cod
(Suuronen et al., 2005), but not herring (Suuronen et al.,, 1996a). Longer
duration of air exposure resulted in higher mortality of discarded hoki (Jones,
1993), Pacific halibut (Davis, 2007, Richards et al., 1995) and yellowtail flounder
(Barkley and Cadrin, 2012). With regard to landing procedure, mortality of
discarded brown trout was higher when fish were landed on deck rather than in
the water (Turunen et al., 1994).

3.2.2 Explanatory variables for mortality in hooks

The gear characteristic hook type explains mortality from hooks, with higher
mortality of chinook salmon (Orsi et al., 1993), yellowfin tuna (Falterman and
Graves, 2002), white marlin (Kerstetter and Graves, 2006b) and swordfish
(Kerstetter and Graves, 2008) on J-style hooks than on circle hooks. Hook
modification also explains mortality from hooks, with higher mortality on
modified, offset circle hooks than on non-offset circle hooks for blue marlin and
swordfish, but not for tuna (Rice et al., 2012).

With regard to fish characteristics, fish length explains mortality from hooks, with
higher mortality in smaller than in larger individuals of vermillion snapper
(Stephen and Harris, 2010) and cod (Milliken et al., 1999, Palsson O et al., 2003),
but not of several other species including red porgy, pink snapper and yellowfin
tuna (Kerstetter and Graves, 2006a, McLennan et al., 2014, Stachura et al., 2012,
Stephen and Harris, 2010). Mortality from hooks is also explained by fish species,
with higher mortality of wahoo, gempylids and sailfish than of yellowfin tuna,
albacore, bigeye tuna, oilfishes and dolphinfish (Falterman and Graves, 2002).

Context variables that explain mortality from hooks are change in water
temperature, capture depth, fishing duration and landing procedure. A larger
change in water temperature resulted in higher mortality of pacific halibut (Davis
and Olla, 2001), sablefish (Davis et al., 2001) and cod (Milliken et al., 2009).
Greater capture depth resulted in higher mortality of several species including red
snapper, cod and scamp (Drumbhiller et al., 2014, Milliken et al., 2009, Palsson O
et al., 2003, Stachura et al., 2012, Wilson Jr and Burns, 1996), but not pink
snapper (McLennan et al., 2014). Longer fishing duration resulted in higher
mortality of yellowfin tuna and swordfish (Kerstetter and Graves, 2006a). Finally,
mortality is explained by landing procedure, with higher mortality of discarded
cod after mechanical than after careful hook removal (Milliken et al., 1999,
Milliken et al., 2009).
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3.2.3 Explanatory variables for mortality in purse seines

In mackerel, mortality was higher after purse seining and escape via a sorting grid
(a selectivity device) than for controls that did not go through this procedure,
though this was not the case for saithe, which experienced no mortality after
either treatment (Misund and Beltestad, 2000).

With regard to fish characteristics, mortality was higher among smaller herring
(Tenningen et al., 2012) and sardine (Marcalo et al., 2010). No relation between
fish length and mortality was identified in chinook salmon (Candy et al., 1996).

Context variables that explain mortality from purse seines are change in water
temperature, fishing duration, density in the net and species composition in the
net. A larger change in water temperature resulted in higher mortality of sardine
(Margalo et al., 2010, 2008). Longer fishing duration resulted in higher mortality
of chinook salmon (Candy et al., 1996), mackerel (Lockwood et al., 1983), sardine
(Margalo et al., 2010) and herring (Tenningen et al., 2012). Higher density in the
net resulted in higher mortality of mackerel (Huse and Vold, 2010, Lockwood et
al., 1983), sardine (Marcalo et al., 2010) and herring (Tenningen et al., 2012), but
not chinook salmon (Candy et al., 1996). Higher density in the net could also
explain the higher mortality of herring and South American pilchard after purse
seining and net burst (Misund and Beltestad, 1995) or slipping (Mitchell et al.,
2002) rather than after purse seining alone, likely due to the high density in the
net prior to net burst or slipping. With regard to species composition in the net,
mortality of sardine was lower when only sardine were caught than when other
species were caught as well (Marcalo et al., 2008).

3.2.4 Explanatory variables for mortality in gillnets

Gear subtype explains mortality from gillnets, with higher mortality of Atlantic
sturgeon after capture by set gillnet rather than drift gillnet (Stein et al., 2004).
Mortality of chinook salmon was higher after capture by conventional rather than
modified gillnet with smaller mesh size (Vander Haegen et al., 2004). With
regard to gear material, mortality of paddlefish was higher after capture by
monofilament rather than multifilament gillnet (Bettoli and Scholten, 2006).

Fish length explains mortality from gillnets, with higher mortality in smaller than
in larger individuals of black sole (Broadhurst et al., 2009), Japanese whiting
(Purbayanto et al., 2001) and southern flounder (Smith and Scharf, 2011). No
relation between fish length and mortality was identified in paddlefish (Bettoli
and Scholten, 2006), black bream, surf bream, large-tooth flounder or dusky
flathead (Broadhurst et al., 2009). Species also explains mortality from gillnets,
with higher mortality of surf bream, largetooth flounder and dusky flathead than
of black bream, black sole and yellowfin leather jacket (Broadhurst et al., 2009).
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Context variables that explain mortality from gillnets are fishing duration,
capture depth and change in water temperature. Longer fishing duration resulted
in higher mortality of paddlefish (Bettoli and Scholten, 2006) and coho salmon
(Buchanan et al., 2002). Greater capture depth resulted in higher mortality of
Black Sea turbot (Basaran and Samsun, 2004). A larger change in water
temperature resulted in higher mortality of paddlefish (Bettoli and Scholten,
2006), black bream and large-tooth flounder, but not dusky flathead or surf
bream (Broadhurst et al., 2009).

3.2.5 Explanatory variables for mortality in traps
Mortality from traps is not explained by gear characteristics, possibly due to the
passive and non-intrusive nature of this gear.

Fish length explains mortality from traps, with higher mortality in smaller than in
larger pink snapper (Stewart, 2008), though the reverse is true for escaped
herring (Lundin et al., 2012). Fish species also explains mortality from traps, with
higher mortality of grey mullets than of ironfishes, common rudd and bleak
(Gisbert and Lopez, 2008).

Context variables that explain mortality from traps are capture depth, change in
water temperature, density in the trap and duration of air exposure. Greater
capture depth resulted in higher mortality of pink snapper (Stewart, 2008),
walleye, lake trout (MacMillan and Roth, 2012) and black sea bass (Rudershausen
et al., 2008). A larger change in water temperature resulted in higher mortality of
walleye and lake trout (MacMillan and Roth, 2012), but not paddlefish
(Dieterman et al., 2000). Higher density in the trap resulted in higher mortality
of black sea bass (Rudershausen et al., 2008), but not pink snapper (Stewart,
2008). Longer duration of air exposure resulted in higher mortality of several
discarded species including thinlip mullet, eastern mosquitofish and flathead grey
mullet (Gisbert and Loépez, 2008), whereas deck time (which involves air
exposure) did not explain mortality of black sea bass (Rudershausen et al., 2008).

3.2.6 Explanatory variables for mortality in seines

Thus far, mortality from (beach) seines has only been explained by variables
relating to fish characteristics. Mortality was higher in smaller than in larger
individuals of surf bream, but not blue salmon catfish (Broadhurst et al., 2008).
Species also explains mortality in beach seines, with higher mortality of common
silver belly than surf bream and sand whiting (Broadhurst et al., 2008).

4. Discussion

This review has shown that the gear types used in commercial capture fisheries
can result in scale, skin, fin and pressure injuries, and that the occurrence of these
injuries depends on gear type. Scale, skin and fin injuries are caused mainly by
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contact with the net (Davis and Ottmar, 2006, Gregory, 1998), with other fish
(Davis and Ottmar, 2006) or with species with hard body parts such as
crustaceans (Bottari et al., 2003, Suuronen and Erickson, 2010). Hence, such
injuries occur more frequently in trawls, purse seines, gillnets and seines than in
hooks (Gregory, 1998) and possibly also traps. Hooks, however, inevitably result
in hooking injuries, with deep-hooking resulting in higher mortality than hooking
in the mouth (Campbell et al., 2014, McLennan et al., 2014). Pressure injuries
commonly occur in fish caught at depths of 25-30 m or more (Gregory, 1998,
Humborstad and Mangor-Jensen, 2013). At greater depth, the swimbladders of
fish with closed swimbladders overinflate when these fish are surfaced, which
commonly results in pressure injuries such as bulging eyes or protrusion of the
gut via the mouth or anus (Gregory, 1998). In cod, however, overinflation, and
therefore pressure injuries, can be prevented when internal swimbladder
puncture occurs (Humborstad and Mangor-Jensen, 2013). Depending on the
depth at which the gear type is deployed, all gear types (unless operated near the
surface like e.g. drifting gillnets or small purse seines) can result in pressure
injuries.

Mortality of escaped, slipped, discarded and landed fish generally ranges from o-
100%. Mortality of escaped and slipped fish is likely caused by contact with the
net (and resulting scale, skin and fin injuries) and high densities in the net prior
to escaping or slipping. Although discarded and landed fish are largely subjected
to the same process, landed fish are slaughtered, whereas discarded fish are
exposed to air and subsequently returned to the water where these fish are
vulnerable to predation (Drumbhiller et al., 2014, Olla et al., 1997). Mortality of
fish landed by trawls, purse seines and seines is higher than mortality of fish
landed by gillnets (Benoit et al., 2010), hooks (Benoit et al., 2010, Davis and Olla,
2001) or traps (Rudershausen et al., 2014). This higher mortality for trawls, purse
seines, seines and gillnets is likely explained by the higher occurrence of scale,
skin and fin injuries in these gear types as compared to hooks and traps,
commonly resulting in higher mortality (e.g. Depestele et al., 2014, Olsen et al.,
2012, Smith and Scharf, 2011). The higher mortality for trawls and seines than for
gillnets is additionally explained by the active fishing of trawls and seines as
compared to the passive fishing of gillnets. Movement and turbulence of a trawl
can cause the codend to twist, adding to the compression that the fish already
experience due to the density in the codend (Gregory, 1998).

Results on the influence of gear characteristics on injuries and mortality cannot
be compared across gear types because these characteristics are gear-specific.
Results on the influence of fish characteristics and context variables on injuries
and mortality, however, can be compared across gear types. Such a comparison
shows that fish length and species, capture depth, and fishing duration explain
both injuries and mortality across gear types, whereas change in water
temperature, duration of air exposure, density in the net and landing procedure
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explain only mortality across gear types. Despite the large number of teleost fish
species and differences between these species, results on these fish characteristics
and context variables were commonly identified in multiple species and gear
types, making it likely that these results hold more widely.

Fish length explains both injuries and mortality, though this relation was only
clear-cut for mortality, which is higher among smaller than among larger fish of a
considerable number of species in all gear types, except traps. The higher
mortality among smaller fish could be explained by their poorer swimming ability
and endurance as compared to larger fish (Suuronen and Erickson, 2010), which
disables them to avoid contact with the trawl, purse seine or seine net (Olla et al.,
1997). In gillnets, differences in captured condition between smaller and larger
fish likely explain size differences in mortality since smaller fish are more likely to
be gilled (Purbayanto et al., 2001) or wedged, whereas larger fish are more likely
to be pocketed (Purbayanto et al., 2001) or snagged. The reason for the higher
mortality of smaller rather than larger fish caught by hooks, however, remains
unclear. Species is another fish characteristic that explains injuries and mortality
in several gear types. Differences between species in, for example, morphology
and endurance likely contribute to differences in injuries and mortality between
species. In addition, differences in mortality between species are possibly also
explained by the negative relation between fish length and mortality, since species
with higher mortality are generally smaller (Broadhurst et al., 2008, Davis, 2007,
Digre et al., 2010, Gisbert and Lopez, 2008, Jurvelius et al., 2000).

The context variable capture depth explains both injuries and mortality because
greater capture depth results in pressure injuries (e.g. Bottari et al., 2003,
McLennan et al., 2014, Rudershausen et al., 2008), a common cause of mortality
(Campbell et al., 2014). Longer fishing duration also results in more injuries and
mortality, likely because this context variable aggravates the influence of other
variables such as density in the net, species composition in the net, fish length
and gear (sub-)type on injuries and mortality. For example, mortality of mackerel
as a result of the density in a purse seine increased with fishing duration
(Lockwood et al., 1983).

The context variable change in water temperature explains mortality. A larger
change in water temperature can expose fish to thermoclines, i.e. changes in
water temperature that exceed fish’ tolerance limits (Olla et al., 1998). Air
exposure, a context variable that affects landed and discarded fish, causes
mortality through asphyxiation, which, for example in cod, occurs after 30-120
minutes (Lambooij et al., 2012, Olsen et al., 2013). Asphyxiation occurs earlier
when fish are exposed to air temperatures above their body temperature and later
when fish are exposed to air temperatures below their body temperature (Davis
and Schreck, 2005, Kestin et al., 1991). The duration of air exposure depends on
gear type. In hooks, fish are landed and slaughtered individually, whereas in the
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other gear types, fish are landed all at once and the time of slaughter
subsequently depends on catch size. Asphyxiation not only results from air
exposure, but can also result from higher densities in the net, which disable fish
to move their gills for breathing (Gregory, 1998). In addition, asphyxiation of
discarded and landed fish can result from the landing procedure used when fish
are landed in air.

Several knowledge gaps can be identified from this review in terms of the gear
types and explanatory variables included. The most important gear types in terms
of catch volumes landed worldwide are, in order, trawls, purse seines and seines,
gillnets, hooks and traps (Watson et al., 2006). The majority of research on fish
welfare, however, has focused on trawls and hooks. As a result, there is less
knowledge on the impact of purse seines, gillnets, traps and seines on the welfare
of a substantial amount (~45%) of fish caught worldwide (Watson et al., 2006).
Although a variety of gear characteristics, fish characteristics and context
variables have been included in this review, results on these explanatory variables
only focused on a limited number of gear types. As a result, more research is
needed on the relation between external (and internal) injuries, and virtually all
explanatory variables included in this review, except capture depth and fishing
duration. Moreover, more research is needed on the relation between mortality
and most gear characteristics, species composition in the net and various landing
procedures. In addition to the variables considered in this review, research is
needed to determine the influence of other variables, such as fish’ reproductive
cycle, fish morphology, changes in salinity (Broadhurst et al., 2009), light
intensity (i.e. visibility) and towing speeds (Olla et al., 1997) on injuries and
mortality.

Finally, this literature review gives rise to several recommendations for fishers
and policy-makers to reduce the impact of gear, fish and context choices on fish
welfare. The choice for gear type based on concerns for fish welfare, however,
involves a trade-off between injury types, injury levels, mortality levels, and
ecological and economic consequences such as by-catch rates and fuel costs.
There are, however, improvement options available within gear types, such as
using circle hooks rather than J-style hooks to reduce deep-hooking and resulting
mortality. The use of a selectivity device could reduce mortality of escaped fish,
though its effectiveness in reducing mortality seems to differ between gear types
and species. Given that mortality is negatively related to fish length in all gear
types (except traps), continued size selectivity contributes to improving fish
welfare from capture fisheries. With regard to context variables, mortality can be
reduced by catching fish at lower surface water temperatures, though variations
in surface water temperature are likely limited within a fishing season. Mortality
can also be reduced by reducing capture depth, though most fish species are only
found at specific depths. In addition, mortality can be reduced by decreasing
fishing duration, duration of air exposure (e.g. by landing fish in water tanks
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rather than in air on deck) and density in the net (for example by reducing catch
weight), but these improvement options might have economic consequences (e.g.
catch reduction, cost increase, quality improvement) that would require further
analysis.

5. Conclusion

This review has shown that research interest in fish welfare in capture fisheries
has increased over time and that research on this topic has focused more on
trawls and hooks than on purse seines, gillnets, traps and particularly seines.
Synthesis of the articles reviewed shows that scale, skin and fin injuries occur
more frequently in trawls, purse seines, gillnets, traps and seines than in hooks,
whereas hooking injuries occur in hooks only. Pressure injuries can occur in all
gear types included in this review, though its occurrence depends on the depth at
which gear types are deployed. Furthermore, mortality is generally higher in
trawls, purse seines and seines than in gillnets, hooks and traps. Besides gear type
and corresponding gear characteristics, fish characteristics and context variables
influence injuries and mortality from capture fisheries as well. Mortality appears
to increase with decreasing fish length, and differs across species. A greater
capture depth and a longer fishing duration were associated with more external
injuries and higher mortality, whereas a large change in water temperature, a
longer duration of air exposure and a high density in the net were associated with
higher mortality only.
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Appendix 5.1

All gear type descriptions were based on Nédélec and Prado (1990). All figures
were taken from Nédélec and Prado (1990).

Trawls

Trawls are towed nets that are cone-shaped with a large collection bag at the end
(codend). The two main types of trawls are demersal beam trawl (Figure A1) and
pelagic or demersal otter trawls (Figure A2), operated individually or in pairs.

Figure A2: otter trawl

Hooks

Hooks are baited with artificial or natural bait to attract and capture fish. A hook
on a single line (either electronically or manually operated) is called a handline,
whereas multiple hooks on single or multiple lines are called (set or drifting)
longlines (Figure A3).

o bl

Figure A3: (set) longline
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Purse seines surround a school of fish with a wall of netting that is subsequently
closed at the bottom and drawn up (pursed) to the surface (Figure A4).

Figure A4: purse seine

Gillnets

Gillnets (Figure As) capture fish through snagging (caught by the mouth or head),
gilling (caught by the gills), wedging (caught by a larger part of the body)
entangling (caught by protruding body parts such as teeth or spines), or
pocketing (caught in a pocket of netting, occurs only in trammel nets). These nets
can be deployed at the bottom (set gillnets), near the surface (drifting gillnets), on
stakes in coastal waters (fixed gillnets) or in multiple rows of nets (trammel nets).
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Figure As: gillnet

Traps

Traps are a gear type that the fish enter voluntarily but cannot escape. Subtypes

of traps are e.g. pots (Figure A6) and fyke nets (Figure A7).
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Figure Ay: fyke net

Seines

Seines are towed nets that surround an area of water with a very long net with or
without a bag at the centre (Figure A8). Two types of seines are boat seines and
beach seines.

Figure A8: seine nets
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Appendix 5.2

Final search string;:

((((TITLE-ABS-KEY (injur* OR mortality OR exhaust* OR "physical damage" OR
"scale loss" OR abrasion OR asphyxia*) AND TITLE-ABS-KEY (fisheries OR
fishing OR sein* OR trawl* OR "trammel net") AND NOT TITLE-ABS-KEY
(whale OR lobster OR mollusc OR cetacean OR krill OR clam OR urchin OR seal
OR seabird OR population OR recruitment OR growth OR exploitation OR
"natural mortality" OR oil OR "sea lice" OR worker OR occupation* OR farm* OR
patient OR trophic OR virus OR medic* OR viral OR pond OR accident* OR
genetic OR infectious OR closure OR nitrogen OR genotype OR "marine protected
area" OR octopus OR phenotype OR toxi* OR *economic OR reared OR diet* OR
hatching OR shrimp OR decision OR overfish* OR immun* OR feed OR
aquarium OR tournament OR rearing OR "risk assessment" OR "ghost fishing"
OR hatched OR real-time OR ornamental OR crocodile OR derelict OR "fish
aggregating device") AND NOT TITLE (shark OR turtle OR stock OR managing
OR fishermen OR fisher OR angl* OR environment OR biology OR disease OR
conservation OR "climate change" OR crab OR habitat OR infect* OR ecosystem
OR gen* OR seasonal OR bacteria OR benthic OR cage OR clos* OR "sport
fishing" OR vulnerable OR egg OR coral OR acid* OR effort OR distribut* OR
exposed OR "fisheries management” OR *cultured OR fauna OR hatch* OR quota
OR captive OR risk OR tagged) AND NOT KEY (health OR catch-and-release OR
shark OR turtle OR fishermen OR fisher OR bacteria OR habitat OR drug OR
recreational OR pheno* OR clos* OR benthic OR crab OR suscept* OR egg OR
feed* OR quota OR fauna))))) AND (LIMIT-TO (DOCTYPE, "ar") OR LIMIT-TO
(DOCTYPE, "re")) AND (LIMIT-TO (LANGUAGE, "English"))
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Appendix 5.3

Overview of the main information that was extracted from the 80 articles that were included in this review

Injury ranges (%)

Mortality ranges (%)

Gear Reference Fishing Scale Skin Fin Pressure Deep- Mouth Foul- Escaped Discarded  Slipped Landed
type location hooking hooking  hooking fish fish fish fish
Trawl Barkley and Northwest 75-95

Cadrin (2012)  Pacific

Bottari et al. Not reported 0-92 0-88

(2003)

Davis and Laboratory >0-100 >0-100 >0-100

Ottmar (2006)

Davis (2007) Laboratory 0-87 0-87 0-87

Depestele et Northeast 34-100

al. (2014) Atlantic

Digre et al. Northeast 92-100 11-34 2-26 2-14

(2010) Atlantic

Dizbastilar et Mediterranean 1-17

al. (2010a) and Black Sea

Diizbastilar et Mediterranean 0-100

al. (2010b) and Black Sea

Dizbastilar et Mediterranean 94 20-35 6-59 26-46

al. (2015) and Black Sea

Hyvarinen et Lake 27-91

al. (2008)

Ingdlfsson and  Northeast

Jargensen Atlantic

(2006)

Ingolfsson et Northeast 0-66

al. (2007) Atlantic

Jones (1993) Southwest 12-21

Pacific
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Injury ranges (%) Mortality ranges (%)
Gear Reference Fishing Scale Skin Fin Pressure Deep- Mouth Foul- Escaped Discarded  Slipped Landed
type location hooking hooking hooking fish fish fish fish
Jurvelius et Lake 4-100
al. (2000)
Lambooij et Not reported 0
al. (2012)
Olla et al. Laboratory 0-100 0-100 0-100
(1997)
Olla et al. Laboratory 0-75 0-75 0-75
(1998)
Olsen et al. Northeast
(2013) Atlantic
Ragonese and  Mediterranean 100
Morara (2012)  and Black Sea
Richards et Northeast
al. (1995) Pacific
Suuronen et Northeast 63-91
al. (1996a) Atlantic
Suuronen et Northeast 27-35 11-13 0
al. (1996b) Atlantic
Suuronen et Northeast 77-100
al. (1996c¢) Atlantic
Suuronen et Northeast 0-26
al. (2005) Atlantic
Turunen et al. Lake 15
(1994)
Van Beek et Northeast 49-91 59-93
al. (1990) Atlantic
Yergey et al. Northwest 48-100
(2012) Atlantic
Hook Campbell et Western 5 93 2 7-38

al. (2014) central Pacific
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Injury ranges (%)

Mortality ranges (%)

Gear Reference Fishing Scale Skin Fin Pressure Deep- Mouth Foul- Escaped Discarded  Slipped Landed
type location hooking hooking hooking fish fish fish fish
Drumhiller et  Western 0 0-83
al. (2014) Central
Atlantic
Falterman Western 3-9 65-95 2-11 0-100
and Graves central
(2002) Atlantic
Kerstetter Northwest 14-100
and Graves Atlantic,
(2006a) western
central
Atlantic
Kerstetter Western 11-22 78-89 37 35
and Graves Central
(2006b) Atlantic,
northwest
Atlantic
Kerstetter Western 6 71 24 12 31
and Graves Central
(2008) Atlantic
Mapleston et ~ Western 0-17 2-10 85-92 4-10
al. (2008) central Pacific
McLennan et Western 77 12
al. (2014) central Pacific
Milliken et al.  Northwest 60-69
(1999) Atlantic
Milliken et al.  Northwest 0-69
(2009) Atlantic
Orsi et al. Northeast 0 61-79 21-39 12-25
(1993) Pacific
Palsson O et Northeast 32-54
al. (2003) Atlantic
Pribyl et al. Northeast 0-94
(2011) Pacific
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Injury ranges (%)

Mortality ranges (%)

Gear Reference Fishing Scale Skin Pressure Deep- Mouth Foul- Escaped Discarded  Slipped Landed
type location hooking hooking hooking fish fish fish fish
Rice et al. Northwest
(2012) Atlantic,
western
central
Atlantic
Stachura et Northeast 2 97 1 4-100
al. (2012) Pacific
Stephen and Western 48-100
Harris (2010) central
Atlantic
Willis and Southeast 2-30 70-98
Millar (2001) Pacific
Wilson Jrand  Western 14 19 81 0-100
Burns (1996) central
Atlantic
Purse Candy et al. Northeast 68 23
seine (1996) Pacific
Huse and Vold Northeast 28-100
(2010) Atlantic
Lockwood et Northeast 4-99
al. (1983) Atlantic
Marcalo et al.  Northeast 0-8
(2008) Atlantic
Marcalo et al. Mediterranean 13 36
(2010) and Black Sea
Misund and Northeast 95-100
Beltestad Atlantic
(1995)
Misund and Northeast 0-82
Beltestad Atlantic
(2000)
Mitchell et al. Eastern Indian 8 38

(2002)

ocean
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Injury ranges (%)

Mortality ranges (%)

Gear Reference Fishing Scale Skin Fin Pressure Deep- Mouth Foul- Escaped Discarded  Slipped Landed
type location hooking hooking hooking fish fish fish fish
Raby et al. Northeast 47 2
(2015) Pacific
Tenningen et Northeast 2-52
al. (2012) Atlantic
Gillnet Basaran and Mediterranean 52-86 3-23
Samsun (2004) and Black Sea
Bettoli and Lake 40
Scholten
(2006)
Broadhurst et Southeast 7-77 0-70
al. (2009) Pacific
Buchanan et Northeast 6-63
al. (2002) Pacific
Purbayanto et  Northwest 2-61 8-39
al. (2001) Pacific
Smith and River 73-95
Scharf (2011)
Stein et al. Northwest 10-22
(2004) Atlantic
Vander River 7-49 1-5
Haegen et al.
(2004)
Trap Colotelo et Lake
al. (2013)
Dieterman et  River 35
al. (2000)
Gisbert and River 25-100
Lopez (2008)
Lundin et al. Northeast 3-13
(2012) Atlantic
MacMillan and Lake 33-91

Roth (2012)
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Injury ranges (%)

Mortality ranges (%)

Gear Reference Fishing Scale Skin Fin Pressure Deep- Mouth Foul- Escaped Discarded  Slipped Landed
type location hooking hooking hooking fish fish fish fish
Rudershausen  Western 4 2-4
et al. (2008) central
Atlantic
Stewart Southwest 2-55
(2008) Pacific
Seine Broadhurst et River 10-72 0
al. (2008)
General Davis and Laboratory 0-100 0-100 0-100 0-100
Schreck
(2005)
Humborstad Laboratory 3-10
and Mangor-
Jensen (2013)
Kestin et al. Laboratory 100
(1991)
Olsen et al. Laboratory 19-43 19-43 19-43
(2012)
Hook, Davis and Olla Laboratory 0-78 0-78 0-78 0
trawl (2001)
Davis et al. Laboratory 0-100 0-100 0-100 0
(2001)
Hook, Humborstad Northeast 9-79
trap et al. (2016) Atlantic
Rudershausen  Western 9-84
et al. (2014) central
Atlantic
Gillnet, Benoit et al. Northwest
hook, (2010) Atlantic
trawl,

seine
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Appendix 5.4

Overview of all species with their scientific names from the 80 articles that were

included in this review

Reference

Species

Scientific names

Barkley and Cadrin (2012)
Basaran and Samsun (2004)
Benoit et al. (2010)

Bettoli and Scholten (2006)
Bottari et al. (2003)

Broadhurst et al. (2008)

Broadhurst et al. (2009)

Buchanan et al. (2002)
Campbell et al. (2014)
Candy et al. (1996)
Colotelo et al. (2013)

Davis (2007)

Yellowtail flounder
Black Sea turbot
American plaice
Atlantic cod
Atlantic halibut
Eelpouts

Greenland cod
Sculpins

White hake

Winter flounder
Witch flounder
Wolffishes
Paddlefish

Blue whiting
European hake
Greater forkbeard
Red mullet

Blue salmon catfish
Castelnau's herring
Common silver belly
Common toadfish
Dusky flathead
Eastern Sea Garfish
Flat-tail mullet
Flathead grey mullet
Goldlined seabream
Old wife

Sand whiting

Surf bream
Trevallies

Black sole

Common silver belly
Dusky flathead
Estuary perch
Goldlined seabream
Largetooth flounder
Parore

Sand whiting

Surf bream
Yellowfin leather jacket
Coho salmon

Pearl perch

Chinook salmon
Bluegill

Largemouth bass
Northern pike

Coho salmon

Limanda ferruginea
Psetta maxima maeotica
Hippoglossoides platessoides
Gadus morhua
Hippoglossus hippoglossus
Lycodes lavalaei, Lycodes vahlii,
Zoarces americanus
Gadus ogac
Myoxocephalus
octodecemspinosus,
Myoxocephalus scorpius,
Hemitripterus americanus
Urophycis tenuis
Pseudopleuronectes americanus
Glyptocephalus cynoglossus
Anarhichas lupus (mainly)
Polyodon spathula
Micromesisitius poutassou
Merluccius merluccius
Phycis blennioides
Mullus barbatus
Neoarius graeffei
Herklotsichthys castelnaui
Gerres subfasciatus
Tetractenos hamiltoni
Platycephalus fuscus
Hyporhamphus australis
Liza argentea
Mugil cephalus
Rhabdosargus sarba
Enoplosus armatus
Sillago ciliata
Acanthopagrus australis
Caranx sp.
Synaptura nigra
Gerres subfasciatus
Platycephalus fuscus
Macquaria colonorum
Rhabdosargus sarba
Pseudorhombus arsius
Girella tricuspidata
Sillago ciliata
Acanthopagrus australis
Meuschenia trachylepis
Oncorhynchus kisutch
Glaucosoma scapulare
Oncorhynchus tshawytscha
Lepomis macrochirus
Micropterus salmoides
Esox Lucius
Oncorhynchus kisutch
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Reference

Species

Scientific names

Davis and Olla (2001)
Davis and Ottmar (2006)

Davis and Schreck (2005)
Davis et al. (2001)
Depestele et al. (2014)

Dieterman et al. (2000)
Digre et al. (2010)

Drumbhiller et al. (2014)

Duzbastilar et al. (2010b)
Diizbastilar et al. (2015)
Falterman and Graves (2002)

Gisbert and Lopez (2008)

Humborstad and Mangor-
Jensen (2013)

Humborstad et al. (2016)

Huse and Vold (2010)

Hyvarinen et al. (2008)

Ingdlfsson and Jgrgensen
(2006)

Ingolfsson et al. (2007)

Jones (1993)

Northern rock sole
Pacific halibut
Walleye pollock
Pacific halibut
Northern rock sole
Pacific halibut
Sablefish

Walleye pollock
Pacific halibut
Sablefish

Cod

European plaice
Poutings

Sole

Whiting
Paddlefish

Cod

Haddock

Red snapper
Annular seabream
Blotched picarel
Brown comber
Red mullet
Scaldfish

Common pandora
Brown comber
Red mullet
Albacore

Bigeye tuna
Dolphin fish
Gempylids
Longbill spearfish
Qilfishes

Sailfish

Wahoo

Yellowfin tuna
Big-scale sand smelt
Common bleak
Common goby
Common rudd
Eastern mosquitofish
Flathead grey mullet
Golden grey mullet
Ironfishes

Spanish toothcarp
Thinlip mullet
Cod

Cod
Mackerel
Pike-perch
Cod
Haddock
Saithe
Cod
Haddock
Saithe
Hoki

Lepidopsetta polyxystra
Hippoglossus stenolepis
Theragra chalcogramma
Hippoglossus stenolepis
Lepidopsetta polyxystra
Hippoglossus stenolepis
Anoplopoma fimbria
Theragra chalcogramma
Hippoglossus stenolepis
Anoplopoma fimbria
Gadus morhua
Pleuronectes platessa
Trisopterus sp.

Solea solea

Merlangius merlangus
Polyodon spathula
Gadus morhua
Melanogrammus aeglefinus
Lutjanus campechanus
Diplodus annularis
Spicara maena

Serranus hepatus
Mullus barbatus
Arnoglossus laterna
Pagellus erythrinus
Serranus hepatus
Mullus barbatus
Thunnus alalunga
Thunnus obesus
Coryphaena hippurus
Alepisaurus spp.
Tetrapturus pfluegeri
Ruvettus sp.

Istiophorus platypterus
Acanthocybium solandri
Thunnus albacares
Atherina boyeri
Alburnus alburnus
Pomatoschistus microps
Scardinius erythrophthalmus
Gambusia holbrooki
Mugil cephalus

Liza aurata

Carassius sp.

Aphanius iberus

Liza ramada

Gadus morhua

Gadus morhua

Scomber scombrus

Sander lucioperca

Gadus morhua
Melanogrammus aeglefinus
Pollachius virens

Gadus morhua
Melanogrammus aeglefinus
Pollachius virens
Macruronus novaezelandiae
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Reference

Species

Scientific names

Jurvelius et al. (2000)

Kerstetter and Graves (2006a)

Kerstetter and Graves (2006b)
Kerstetter and Graves (2008)
Kestin et al. (1991)

Lambooij et al. (2012)

Lockwood et al. (1983)
Lundin et al. (2012)
MacMillan and Roth (2012)

Mapleston et al. (2008)

Marcalo et al. (2008)

Marcalo et al. (2010)
McLennan et al. (2014)
Milliken et al. (1999)
Milliken et al. (2009)
Misund and Beltestad (1995)
Misund and Beltestad (2000)

Mitchell et al. (2002)
Olla et al. (1997)

Olla et al. (1998)
Olsen et al. (2012)
Olsen et al. (2013)
Orsi et al. (1993)
Palsson O et al. (2003)
Pribyl et al. (2011)

Purbayanto et al. (2001)
Raby et al. (2015)

Brown trout
Landlocked salmon
Pike-perch
Albacore

Bigeye tuna
Escolar

Great barracuda
Lancetfishes
Oilfish

Sailfish

Snake mackerel
Swordfish

White marlin
Yellowfin tuna
White marlin
Sailfish

Rainbow trout

Cod

Haddock
Mackerel

Herring

Lake trout
Walleye
Blackbloth emperor
Blue spotted rock cod
Coral trout
Crimson snapper
Red emperor
Redthroat emperor
Saddletail snapper
Trevallies

Chub mackerel
Jack mackerel
Sardine

Sardine

Pink snapper

Cod

Cod

Herring

Horse mackerel
Mackerel

Saithe

South American pilchard

Sablefish

Walleye pollock
Sablefish

Herring

Cod

Chinook salmon
Cod

Black rockfish
Blue rockfish
Canary rockfish
Quillback rockfish
Yelloweye rockfish
Yellowtail rockfish
Japanese whiting
Coho salmon

Salmo trutta

Salmo salar m. sebago
Sander lucioperca
Thunnus alalunga
Thunnus obesus
Lepidocybium flavobrunneum
Sphyraena barracuda
Alepisaurus spp.
Ruvettus pretiosus
Istiophorus platypterus
Gempylus serpens
Xiphias gladius
Tetrapturus albidus
Thunnus albacares
Tetrapturus albidus
Istiophorus platypterus
Oncorhynchus mykiss
Gadus morhua
Melanogrammus aeglefinus
Scomber scombrus
Clupea harengus
Salvelinus namaycush
Sander vitreus
Lethrinus semicinctus
Cephalopholis cyanostigma
Plectropomus leopardus
Lutjanus campechanus
Lutjanus sebae
Lethrinus miniatus
Lutjanus malabaricus
Carangidae

Scomber japonicus
Trachurus picturatus
Sardina pilchardus
Sardina pilchardus
Pagrus auratus

Gadus morhua

Gadus morhua

Clupea harengas
Trachurus trachurus
Scomber scombrus
Pollachius virens
Sardinops sagax
Anoplopoma fimbria
Theragra chalcogramma
Anoplopoma fimbria
Clupea harengus

Gadus morhua
Oncorhynchus tshawytscha
Gadus morhua

Sebastes melanops
Sebastes mystinus
Sebastes pinniger
Sebastes maliger
Sebastes ruberrimus
Sebastes ruberrimus
Sillago japonica
Oncorhynchus kisutch
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Reference Species Scientific names

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)
Rudershausen et al. (2008)
Rudershausen et al. (2014)
Smith and Scharf (2011)
Stachura et al. (2012)
Stein et al. (2004)
Stephen and Harris (2010)

Stewart (2008)
Suuronen et al. (1996a)
Suuronen et al. (1996b)
Suuronen et al. (1996¢)
Suuronen et al. (2005)
Tenningen et al. (2012)
Turunen et al. (1994)
Van Beek et al. (1990)

Vander Haegen et al. (2004)

Willis and Millar (2001)
Wilson Jr and Burns (1996)

Yergey et al. (2012)

Pacific halibut
Black sea bass
Black sea bass
Southern flounder
Sablefish

Atlantic sturgeon
Bank sea bass
Black sea bass
Gag

Gray triggerfish
Greater amberjack
Red grouper

Red porgy

Red snapper

Sand perch

Sand tilefish
Scamp

Snowy grouper
Tomtate
Vermilion snapper
White grunt
Yellow fin grouper
Yellowtail snapper
Snapper

Herring

Cod

Herring

Cod

Herring

Brown trout
Plaice

Sole

Chinook salmon
Snapper

Gag

Red grouper
Scamp

Summer flounder

Hippoglossus stenolepis
Centropristis striata
Centropristis striata
Paralichthys lethostigma
Anoplopoma fimbria
Acipenser oxyrinchus
Centropristis ocyurus
Centropristis striata
Mycteroperca microlepis
Balistes capriscus
Seriola dumerili
Epinephelus morio
Pagrus pagrus

Lutjanus campechanus
Diplectrum formosum
Malacanthus plumeri
Mycteroperca phenax
Epinephelus niveatus
Haemulon aurolineatum
Rhomboplites aurorubens
Haemulon plumeiri
Mycteroperca venenosa
Ocyurus chrysurus
Pagrus auratus

Clupea harengus

Gadus morhua

Clupea harengus

Gadus morhua

Clupea harengus

Salmo trutta
Pleuronectes platessa
Solea solea
Oncorhynchus tschawytscha
Pagrus auratus (Sparidae)
Mycteroperca microlepis
Epinephelus morio
Mycteroperca phenax
Paralichthys dentatus
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discussion
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1. Introduction

Declining profitability of fisheries and excess capacity in the fleet (World Bank
and FAO, 2009) likely resulted in increased competition among fishing
companies. Companies faced with increasing competition can try to gain a
competitive advantage by differentiating their products, e.g. by marketing new
product attributes that consumers are interested in (Chamberlin, 1933). In recent
years, consumers have displayed increasing interest in products with attributes
relating to sustainability such as organic or Fairtrade products (Andorfer and
Liebe, 2012, Tully and Winer, 2014). This makes it likely that consumers are also
interested in sustainability of fish.

Sustainability is generally composed of environmental, economic, and social
sustainability (Jeswani et al, 2010, Kloepffer, 2008). Environmental
sustainability of capture fisheries has attracted considerable scientific attention
(e.g. Pelletier et al., 2007, Seves et al., 2016, Ziegler et al., 2003) and consumers
are interested in environmental sustainability of fish (Roheim et al., 2011, Sogn-
Grundvag et al., 2013). Although consumers could be considerably interested in
social sustainability of fish as well (Tully and Winer, 2014), this topic has received
little research interest (e.g. Glaser and Diele, 2004, Van Holt et al., 2016). The
overall objective of this thesis, therefore, was to understand social sustainability
of capture fisheries.

Social sustainability can be understood by applying the framework for social
sustainability assessment, which consists of stakeholder consultation and issue
selection, indicator development and quantification, and interpretation, to the
case considered (Meul et al., 2008, Mollenhorst and De Boer, 2004, Van Calker et
al., 2005). In Chapter 2, stakeholders were consulted to identify social
sustainability issues for cod and haddock fisheries in the northeast Atlantic, the
case considered in this thesis. In Chapter 3, indicators were defined to measure
the state of the important issues identified in Chapter 2 and rubrics (i.e.
categories that articulate levels of performance) were developed to interpret
information from these indicators. These indicators and rubrics were
subsequently used to assess social sustainability of a Norwegian trawler to
determine whether their application provides valuable information. To determine
whether outcomes from such a social sustainability assessment can potentially be
used for product differentiation, consumer interest in social sustainability issues
of whitefish from the northeast Atlantic was studied in Chapter 4. This chapter
demonstrated that fish welfare is the most important social sustainability issue
for consumers. Given the lack of overview of the knowledge on this issue, the
literature on fish welfare in capture fisheries was reviewed in Chapter 5. This
chapter specifically focused on the impact of the capture process on injuries and
mortality, two important function-based indicators for welfare that can be
assessed in both field and laboratory settings.
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The outline of this general discussion is as follows. Section 2 discusses the
practice of social sustainability assessment based on results presented in this
thesis. Section 3 discusses how fishing companies can use consumer interest in
social sustainability (and in specific issues such as fish welfare) to their
advantage. In Section 4, a number of recommendations are provided for the
fishing sector, researchers, certification organizations and policy-makers. Finally,
in Section 5, the main conclusions of this thesis are provided.

2. Performing social sustainability assessment

In Chapters 2 and 3, the framework for social sustainability assessment of animal
husbandry systems (e.g. Meul et al., 2008, Mollenhorst and De Boer, 2004, Van
Calker et al., 2005) was applied to cod and haddock fisheries in the northeast
Atlantic. In Section 2.1, this methodological approach will be discussed in more
detail. In Section 2.2, potential extensions of social sustainability assessment at
the company level are discussed.

2.1 Methodological approach

Social sustainability assessment starts with stakeholder identification and
consultation (Bell and Morse, 1999). In this step, it is crucial that all stakeholder
groups are identified and consulted (or at least invited for consultation) to ensure
that a complete view on social sustainability issues can be obtained. Omission of
stakeholder groups can result in the omission of issues, which will ultimately
result in a biased assessment. Exclusion of the fish welfare organization in
Chapter 2, for example, could have resulted in omission of the issue fish welfare,
while it appeared to be the most important social sustainability issue for
consumers in Chapter 4.

Inclusion of a heterogeneous group of stakeholders inevitably leads to a plethora
of perspectives on social sustainability issues, as was demonstrated in Chapter 2,
where, for example, fishing companies and policy-makers had different
perspectives on the importance of companies’ contribution to the local
community. The approach to dealing with such differences depends on the
purpose of social sustainability issue selection and assessment. If the purpose is
assessment of a company, a value chain, or a sector, all stakeholder perspectives
on social sustainability issues have to be included (Chapter 3). If the purpose is
product differentiation in order to retain or increase a certain market share or
profit, then consumer perspectives on social sustainability issues (Chapter 4) will
be most important.

Given that various indicators can be used in social sustainability assessment, it is
important to use indicator criteria such as those used in Chapter 3 to select the
best available indicator. The inclusion of multiple indicators for certain issues is
recommended to ensure that all relevant aspects of each issue are assessed. The
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issue worker safety, for example, is best assessed by the occurrence of accidents
and their severity, and by preventive measures (Chapter 3).

Interpretation of indicator values was enabled by rubrics in Chapter 3. Such
rubrics (and other performance reference points such as benchmarks) involve
value judgments and hence introduce ambiguity to the social sustainability
assessment. It is important, therefore, to not only provide such tools for
interpretation, but also to be transparent on their scoring system and on the
choices that were made in defining scoring levels (e.g. 1-10 scales or acceptable-
unacceptable dichotomies) (De Olde et al., 2016).

2.2 Extension of social sustainability assessment at the company
level

Chapters 2 and 3 focused on social sustainability assessment at the level of the
fishing company. A fishing company, however, is part of a larger value chain that
includes, among others, suppliers, processing companies, distributors and
retailers. Hence, the final fish product is not only affected by social sustainability
performance of the fishing company, but also by the performance of all other
companies in the value chain. For example, part of the fish that was caught and
frozen by the Norwegian trawler assessed in Chapter 3 was subsequently shipped
to China for processing and returned to Europe where a Swedish sales
organization distributed the fish product to retailers. To be able to account for the
different social impacts along the fish product’s value chain, the next step for
fishing companies in the northeast Atlantic (and other companies in the value
chain) would be to perform social sustainability assessment at the level of the
value chain using social life cycle assessment (S-LCA) (Benoit-Norris et al., 2011).

S-LCA is a method that can be used to assess the social impacts of a product along
its value chain. This method starts with the definition of the assessment’s goal
and scope, which involves the definition of a functional unit for the product
studied and the identification of relevant activities, processes and stakeholders.
The next phase in S-LCA is data inventory, where generic and site-specific data
are collected to determine indicator values for social sustainability issues. These
indicator values are subsequently related to stakeholder categories (i.e. workers,
local community, national and global society, consumers, and value chain actors)
in the impact assessment phase. Finally in the interpretation phase, significant
issues (i.e. key concerns) are identified, the assessment’s quality is evaluated, and
conclusions and recommendations are provided (UNEP/SETAC, 2009).

Similar to Chapter 2, the issues that are central to S-LCA have been identified
based on stakeholder (and expert) consultation (Benoit-Norris et al., 2011).
Assessment of these issues focuses on the most important issues, which are
identified based on generic data in the data inventory phase (UNEP/SETAC,
2009). In the impact assessment phase of S-LCA, performance reference points
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(which are similar to the rubrics in Chapter 3) can be used to interpret indicator
data (UNEP/SETAC, 2009). Alternatively, indicator data can be aggregated and
interpreted using impact pathways (Weidema, 2006, 2009, 2016). Such impact
pathways outline the impact of specific indicator values on end-points such as
human well-being. One problem with impact pathways in S-LCA, however, is that
models have to be developed to link indicator values to generic impacts, which
commonly involve a substantial degree of uncertainty (Jorgensen et al., 2010).
Another problem with impact pathways is that an issue can have only a small
effect on the end-point, even if the issue in itself is considered highly important
(Jorgensen et al., 2010). This latter problem involves conflicting views from
utilitarian versus deontological ethics.

Chapters 2 and 3 exclusively focused on the social dimension of sustainability
because prior to this thesis, very little was known about social sustainability of
capture fisheries (Glaser and Diele, 2004, Utne, 2007). Trade-offs and synergies
commonly exist, however, between social, economic and environmental
sustainability (Hahn et al., 2010). Reducing fishing duration to improve fish
welfare (as recommended in Chapter 5), for example, likely reduces economic
sustainability (i.e. revenues and thus profitability), resulting in a trade-off
between social and economic sustainability. In contrast, the recommendation
from Chapter 5 for continued size selectivity could result in less discards of
undersized fish, which is an improvement in both social and environmental
sustainability that could also benefit economic sustainability. To identify such
trade-offs and synergies, full sustainability assessment, using for example life
cycle sustainability assessment (LCSA) (Finkbeiner et al., 2010) or the G4
sustainability reporting guidelines from the global reporting initiative (GRI,
2015), would be the next step.

LCSA integrates the social, economic and environmental dimensions of
sustainability into one assessment by combining the methodologies of S-LCA, life
cycle costing and environmental life cycle assessment (Finkbeiner et al., 2010).
Given that it includes S-LCA, LCSA is the logical next step after S-LCA. The G4
guidelines provide sustainability issues and accompanying indicators that
companies and organizations can use to prepare their sustainability report. G4,
like the approach used in this thesis, is based on stakeholder involvement.
Important issues are identified using materiality analysis (GRI, 2015), i.e. by
considering both internal and external factors such as the company’s overall
mission and societal expectations. Given that it focuses on the company (GRI,
2015), G4 is the logical next step for sustainability assessment at the company
level.
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3. Utilizing consumer interest in social sustainability

The understanding of social sustainability from Chapters 2 and 3 was used in
Chapters 4 and 5 to investigate how fishing companies can use the outcomes from
a social sustainability assessment to their advantage. These latter chapters were
based on a consumer perspective because this thesis was written in the context of
the Whitefish project that ultimately aimed to gain a competitive advantage
through product differentiation on sustainability attributes. Product
differentiation entails alteration of a product attribute (or multiple attributes) as
compared to the attributes of competitors’ products. Successful product
differentiation on, for example, social sustainability ensures that consumers
become less sensitive to other product attributes such as price (Sharp and Dawes,
2001).

Product differentiation based on information that a fishing company provides
itself is hardly feasible in national or international markets (as opposed to local
markets). Such information is commonly lost in the value chain (Karlsen et al.,
2011), unless a specific traceability system has been put in place as, for example,
for the marine stewardship council (commonly known as MSC) (MSC, 2015a).
External certification, therefore, is a more promising option for fishing companies
to differentiate their products based on social sustainability. A label for social
sustainability of whitefish from the northeast Atlantic is currently lacking
(Fairtrade International and FLOCERT, 2015). Various labels, however, promote
local origin or environmental sustainability and could extend their focus by
including social sustainability issues as well. The advantage of extending existing
labels is that no new labels are introduced that add to the existing confusion over
labels (Parkes et al., 2010).

A marketing company for MSC-certified skipjack and yellowfin tuna recently
launched social guidelines for its fisheries (Pacifical, 2016), which provides an
example of how existing labels can be extended to include social sustainability.
These guidelines primarily focus on the welfare of the people working in these
fisheries and are based on international labour standards (Pacifical, 2016). Given
that these guidelines seem voluntary, however, their implementation may be
limited. If such guidelines are enforced more strongly and more widely, for
example by the MSC itself, they could contribute to promoting worker rights and
welfare in various countries.

Information on sustainability is often provided for one specific issue (e.g.
dolphin-safe tuna) or for a sustainability dimension in general (e.g. Fairtrade for
social sustainability). Chapter 4 showed that Dutch consumers are most
interested in the social sustainability issue fish welfare (though the
environmental sustainability issue approach to overfishing was most important
overall), making this a relevant issue for certification. In addition, fish welfare
could become more important in the coming years, in line with increasing
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importance of farm animal welfare since the 1990s (Issanchou, 1996, Verbeke and
Viaene, 1999). Currently, there is no legislation on fish welfare in capture
fisheries, while in contrast, there is legislation on the welfare of animals kept for
farming purposes, including fish in aquaculture (Council of the European Union,
1998). In the absence of legislation, inclusion of fish welfare in certification
schemes could contribute to improving fish welfare. The recommendations from
Chapter 5 provide starting points for introducing fish welfare in legislation or
certification schemes, which could focus, for example, on technical measures such
as selectivity devices and water tanks to limit air exposure of fish after landing on-
board.

Rather than including one issue in certification schemes, the social sustainability
dimension as a whole can be incorporated in such schemes. The issues that were
identified in Chapter 2, however, cannot be used for inclusion in certification
schemes with a global focus such as MSC. These issues hold specifically for the
northeast Atlantic and can thus only be incorporated in certification schemes for
fisheries in this specific region such as Iceland responsible fisheries. These issues
could be relevant for certification schemes with a global focus, however, when
such schemes develop fishery-specific minimum requirements for social
sustainability (e.g. no child labour in regions where child labour is prevalent and
local employment where the existence of local communities is threatened). The
approach to issue selection that was used in Chapter 2 can be used to identify
social sustainability issues that are relevant for capture fisheries in regions other
than the northeast Atlantic or to identify issues with global significance.

When it comes to providing information on social sustainability at an aggregated
level, certification schemes often use scoring systems that consist of multiple
indicators and performance reference points. The MSC, for example, uses three
principles and various indicators for each of these principles in its certification. A
fishery qualifies for certification when it achieves a score of at least 60/100 for
each indicator and an average higher than 80/100 for each principle (MSC,
2015b). This certification scheme could be extended to include the social
dimension of sustainability as well by including principles for social sustainability
such as proper working conditions and minimising impact on fish welfare. The
approach to defining indicators and rubrics that was used in Chapter 3 provides a
starting point for defining such principles based on indicators and different levels
of desirability.

4. Recommendations

A number of recommendations for fishing companies, researchers, current
certification schemes and policy-makers follow from this thesis.
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Fishing companies in the northeast Atlantic can use the indicators and
accompanying rubrics from Chapter 3 to perform social sustainability assessment
of their company. These indicators are relatively easy to use because one of their
criteria was simplicity. Results from such a company-specific social sustainability
assessment can be used for product differentiation, but can also result in gains
outside the market. An example of such a gain is the increased worker satisfaction
that could result from an improvement in working conditions.

For all fishing companies, one likely area for improvement is fish welfare. The
Norwegian trawler in Chapter 3 performed less well on this issue than on other
issues such as worker safety. Given that there is no legislation on fish welfare and
given the results from Chapter 5 (e.g. commercial fishing can result in 100%
mortality prior to slaughter), other fishing companies are likely not performing
well on this issue either. Low performance for fish welfare, combined with
consumer interest in this issue (Chapter 4) are a potential risk for fishing
companies. When fishing companies’ performance on fish welfare is below
consumers’ expectations, consumers will likely punish these companies harder
than that they would reward them for improved performance (Moosmayer, 2012),
especially when expectations of performance are high (Trudel and Cotte, 2009).
Fishing companies should, therefore, consider the implementation of
improvement options for fish welfare as, for example, suggested in Chapter 5.

The framework for social sustainability assessment that was used in this thesis
can be used by researchers to assess social sustainability of other fisheries or
production systems. In addition, fisheries researchers could work with fishing
companies to prioritize the knowledge gaps that were identified in Chapter 5 and
to study the consequences of implementing the improvement options from that
chapter on, for example, catch rates, fuel use and working conditions.

Current certification schemes for fish from capture fisheries primarily focus on
environmental sustainability and local origin. Given that sustainability consists of
three dimensions, certification organizations could consider including other
aspects of sustainability as well. Such an extension of current certification
schemes, however, likely increases the complexity and costs of certification, and,
therefore, increases the risk of excluding small-scale fishing companies
(Hadjimichael and Hegland, 2016). Such exclusion could, in part, be alleviated by
providing financial support to small-scale fishing companies to enable them to
apply for certification as well.

Finally, no legislation exists on fish welfare in capture fisheries, as opposed to fish
welfare in aquaculture. Policy-makers should, therefore, consider introducing
legislation on fish welfare in capture fisheries. One major obstacle to introducing
such legislation, however, is the ongoing scientific debate on sentience in fish (e.g.
Braithwaite, 2010, Diggles et al., 2011, Huntingford et al., 2006, Rose et al.,
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2014). Possibly, researchers can draw up a common research agenda to address
the main questions in this debate (Cooke, 2016). Irrespective of the scientific
debate, however, fish welfare can become an issue of public and political debate,
which could give rise to legislation on fish welfare in capture fisheries based on
the precautionary principle.

5. Conclusion

This thesis is the first study to apply the framework for social sustainability
assessment of animal husbandry systems to capture fisheries. Results from the
case of capture fisheries in the northeast Atlantic show that this application leads
to an understanding of social sustainability that companies can use to their
advantage. Specifically, this application showed that stakeholder perspectives on
social sustainability issues vary, demonstrating the importance of consulting a
heterogeneous group of stakeholders. The stakeholder consultation showed that
issues relating to working conditions, terms of employment, employees' job
fulfilment, companies' contribution to the local community, food safety and
product quality, and fish welfare are relevant for fisheries in the northeast
Atlantic. Application of indicators and rubrics that were developed for the most
important issues demonstrated that such indicators and rubrics provide insight
into social sustainability that companies can use, for example, for product
differentiation. Consumer interest, which is essential for product differentiation,
was highest for approach to overfishing, followed by fish welfare, product quality,
worker safety and local employment. Consumer interest in these social
sustainability issues differs from the prioritization given by fishing companies to
worker safety over product quality, local employment and particularly fish
welfare, which illustrates that fishing companies need to start paying attention to
fish welfare. Fishing companies that want to pay attention to fish welfare can
improve their performance for this issue by improving size selectivity, by fishing
at lower water temperatures, by decreasing capture depth, fishing duration,
duration of air exposure and density in the net (e.g. by lowering catch per haul of
the net), and by changing landing procedures (i.e. to prevent that fish are exposed
to air).
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Summary

Fishing companies are experiencing decreasing profitability and increasing
competition. Companies faced with increasing competition can try to gain a
competitive advantage by differentiating their products, e.g. by marketing new
product attributes that consumers are interested in. In recent years, consumers
have displayed increasing interest in products with attributes relating to
sustainability, making it likely that consumers are also interested in sustainability
of fish. Although consumers could be considerably interested in social
sustainability of fish, this sustainability dimension has received little research
interest. This thesis, therefore, aimed to understand social sustainability of
capture fisheries.

Social sustainability can be understood by applying the framework for social
sustainability assessment, which consists of stakeholder consultation and issue
selection, indicator development and quantification, and interpretation, to the
case considered. The case considered in this thesis was capture fisheries in the
northeast Atlantic. Stakeholder consultation in Chapter 2 resulted in the
identification of 27 social sustainability issues relevant for capture fisheries in the
northeast Atlantic. Overall, social sustainability issues concerning working
conditions, employees' job fulfilment and fish welfare were seen as more
important than other social sustainability issues. The importance of issues varied
between stakeholder groups, depending on the relation between the stakeholder
and each issue, which demonstrates the importance of consulting a
heterogeneous group of stakeholders. The importance of issues also seemed to
depend on the type of need that the issue relates to (i.e. issues relating to basic
needs were seen as more important than other issues) and the state of this issue
in the case considered.

In Chapter 3, indicators were defined for the most important social sustainability
issues of capture fisheries in the northeast Atlantic that followed from Chapter 2.
To interpret indicator values for each indicator, rubrics were developed that
articulated levels of performance. Application of these indicators and their
accompanying rubrics to a Norwegian trawler demonstrated that the indicators
and rubrics provide insight into social sustainability at the level of the vessel,
which can be used to identify potential room for improvement. These indicators
and rubrics, and the approach used to develop them can be used to assess social
sustainability of other fisheries as well.
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To determine whether outcomes from a social sustainability assessment can be
used for product differentiation, consumer interest in social sustainability issues
of whitefish from the northeast Atlantic was studied in Chapter 4. Results from a
choice modelling survey demonstrated that consumers prefer the issue fish
welfare over the issues product quality, worker safety and local employment.
These preferences were mainly explained by the general psychographic
characteristic personal relevance, which means that these preferences were
predominantly based on consumers’ everyday decisions on food purchases in
general. This result is likely explained by the principal focus on certification by
the marine stewardship council (MSC) in markets for fish products, which caused
consumers to form opinions on environmental sustainability (i.e. MSC
certification), but not on social sustainability. The introduction of social
sustainability of fish products could result in growing consumer interest through
increased exposure.

Given the lack of overview of the knowledge on fish welfare, the most important
social sustainability issue for consumers, the literature on this topic was reviewed
in Chapter 5 to determine how the capture process in capture fisheries affects fish
welfare, using the function-based indicators injuries and mortality. This review
showed that scale, skin and fin injuries occur more frequently in trawls, purse
seines, gillnets, traps and seines than in hooks, whereas hooking injuries occur in
hooks only. Pressure injuries can occur in all gear types when deployed at greater
depth. In general, trawls, purse seines and seines result in more mortality than
gillnets, hooks and traps. Besides gear type (and corresponding gear
characteristics), fish characteristics and context variables influence injuries and
mortality from capture fisheries as well. Fish characteristics that influence
injuries and mortality are species and length, with higher mortality in smaller
than in larger fish. Context variables that result in higher mortality are greater
capture depth, longer fishing duration, larger change in water temperature,
longer duration of air exposure, higher density in the net and landing procedure.

This thesis is the first study to apply the framework for social sustainability
assessment of animal husbandry systems to capture fisheries. Application of this
framework to the case of capture fisheries in the northeast Atlantic demonstrated
the importance of stakeholder inclusion and of transparency in interpreting
results. Social sustainability assessment at the company level can be extended to
include impacts along the value chain using social life cycle assessment, or to
include the other dimensions of sustainability using the guidelines from the
global reporting initiative or life cycle sustainability assessment. Fishing
companies that want to use outcomes from social sustainability assessment can
focus on specific issues such as fish welfare or on social sustainability as a whole.
Such information, however, cannot be passed down the value chain by individual
fishing companies due to traceability issues. The inclusion of social sustainability
in existing labels for environmental sustainability and local origin of fish,
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therefore, is a more promising option to promote social sustainability of fish
products. Fishing companies that want to reduce their impact on fish welfare
could make changes to their gear (sub-)type or characteristics, improve their size
selectivity, fish at lower surface water temperatures to reduce changes in
temperature, change their landing procedure, or reduce capture depth, fishing
duration, duration of air exposure or density in the net.

To conclude, application of the framework for social sustainability assessment of
animal husbandry systems to capture fisheries in the northeast Atlantic shows
that this application leads to an understanding of social sustainability that
companies can use to their advantage. In addition, this application shows that
fishing companies in the northeast Atlantic need to start paying attention to fish
welfare because currently, they do not give priority to this issue, whereas
consumers consider fish welfare the most important social sustainability issue of
capture fisheries in the northeast Atlantic.
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Samenvatting

Veel visserijbedrijven hebben te maken met afnemende winst en met toenemende
concurrentie. Deze bedrijven kunnen proberen de concurrentie voor te blijven
door producteigenschappen zoals kwaliteit en smaak te promoten. Wanneer
consumenten geinteresseerd zijn in zulke producteigenschappen, is de kans
groter dat zij dit product kopen in plaats van het product van de concurrent.

In de afgelopen jaren is de interesse van consumenten in de duurzaamheid van
producten, en met name in de sociale duurzaamheid van producten, toegenomen.
Sociale duurzaamheid gaat over de impact van bijvoorbeeld een bedrijf op
thema’s die belanghebbenden zoals werknemers en consumenten belangrijk
vinden. Voorbeelden van zulke thema’s zijn lokale werkgelegenheid,
voedselveiligheid en dierenwelzijn. Dit proefschrift gaat over de sociale
duurzaamheid van de visserij, een onderwerp waar tot nu toe weinig onderzoek
naar is gedaan. Het doel van dit proefschrift is om inzicht te krijgen in de sociale
duurzaamheid van de visserij.

Om inzicht te krijgen in de sociale duurzaamheid van de visserij is het raamwerk
voor sociale duurzaamheidsanalyse gebruikt. De eerste stap in dit raamwerk is
om belanghebbenden te raadplegen over de sociale thema’s die volgens hen
belangrijk zijn. De volgende stap is om indicatoren te ontwikkelen voor deze
thema’s die vervolgens gebruikt worden om informatie te verzamelen over de
verschillende thema’s binnen sociale duurzaamheid. De thema’s die belangrijk
zijn, en dus ook de indicatoren hiervoor, verschillen per casus. De specifieke
casus in dit proefschrift is een visserij in de noordoost Atlantische Oceaan.

In Hoofdstuk 2 zijn belanghebbenden zoals vissers, lokale gemeenschappen en
handelaars gevraagd naar de belangrijke thema’s voor de sociale duurzaamheid
van een visserij in de noordoost Atlantische Oceaan. Daaruit zijn 27 thema’s naar
voren gekomen. Over het algemeen vonden belanghebbenden thema’s die gingen
over arbeidsomstandigheden, tevredenheid van werknemers en viswelzijn
belangrijker dan andere thema’s. Het belang van deze thema’s hing af van de
belanghebbende en zijn relatie tot het thema. Zo waren bijvoorbeeld
werkomstandigheden belangrijk voor werknemers en was productkwaliteit
belangrijk voor verkooporganisaties. Het belang van thema’s hing ook af van het
soort behoefte waar het thema aan relateert. Zo waren thema’s die gingen over
basisbehoeften zoals lonen en ergonomie belangrijk voor alle belanghebbenden.
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Tot slot hing het belang van thema’s af van de huidige staat van het thema, met
een groter belang voor thema’s die er minder goed voor stonden.

In Hoofdstuk 3 zijn indicatoren vastgesteld voor de meest belangrijke thema’s van
de visserij in de noordoost Atlantische Oceaan op basis van Hoofdstuk 2. Om de
informatie van deze indicatoren te kunnen interpreteren, zijn ook rubrieken
ontwikkeld die prestatieniveaus voor deze indicatoren aangeven die variéren van
minst tot meest wenselijk. De indicatoren en rubrieken zijn vervolgens toegepast
op een Noorse vissersboot. Deze toepassing liet zien dat de indicatoren en
rubrieken inzicht geven in sociale duurzaamheid op het niveau van de individuele
vissersboot. Zo bleek dat de Noorse vissersboot het bijvoorbeeld goed doet op het
gebied van de veiligheid van werknemers. Toepassing van de indicatoren en
rubrieken op de Noorse vissersboot liet ook zien dat vissers de uitkomsten
kunnen gebruiken om ruimte voor verbetering te identificeren. Deze vissersboot
kon bijvoorbeeld nog verbeteren op het gebied van viswelzijn en ergonomie. De
indicatoren en rubrieken, en de aanpak die is gebruikt om ze te ontwikkelen,
kunnen ook gebruikt worden om de sociale duurzaamheid van andere visserijen
te beoordelen.

In Hoofdstuk 4 is de interesse van consumenten in sociale duurzaamheidsthema’s
van vis afkomstig uit de noordoost Atlantische Oceaan onderzocht. Kennis over
dergelijke interesse kan visserijbedrijven de mogelijkheid geven om zich te
onderscheiden van de concurrentie. Een enquéte onder Nederlandse
consumenten toonde aan dat consumenten meer interesse hebben in viswelzijn
dan in productkwaliteit, in veiligheid van medewerkers of in lokale
werkgelegenheid. De interesse van consumenten in sociale duurzaamheids-
thema’s werd voornamelijk verklaard door hun gewoontes. Consumenten die bij
hun aankopen meestal al op dierenwelzijn letten, hadden ook een sterkere
voorkeur voor viswelzijn.

Hoewel viswelzijn het belangrijkste thema is voor consumenten, is er geen
overzicht van de kennis hierover. Daarom is in Hoofdstuk 5 een literatuurstudie
gedaan om vast te stellen welke impact het vangstproces in de visserij heeft op
viswelzijn door te kijken naar verwondingen en sterfte. Deze literatuurstudie liet
zien dat verwondingen aan de schubben, huid en vinnen vaker voorkomen in
vissen die zijn gevangen met sleepnetten, kieuwnetten en fuiken dan met haken,
hoewel haken zelf ook voor specifieke verwondingen zorgen. Verwondingen door
verschillen in druk komen voor bij alle soorten vistuig als die op grotere diepte
worden ingezet. In het algemeen zorgen sleepnetten voor meer sterfte dan
kieuwnetten, haken en fuiken. De mate van sterfte hangt niet alleen af van het
soort vistuig, maar ook van vissoort en vislengte, met meer sterfte bij kleinere
vissen. Verder is er meer sterfte bij het vissen op een grotere diepte, bij een
langere duur van het vissen, bij een grotere verandering in watertemperatuur, bij
een langere blootstelling aan lucht en bij een grotere hoeveelheid vis in het net.
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Dit proefschrift is de eerste studie die het raamwerk voor sociale
duurzaamheidsanalyse toepast op de visserij. De toepassing van dit raamwerk in
de noordoost Atlantische Oceaan heeft laten zien dat dit raamwerk inzicht geeft in
sociale duurzaamheid. Bedrijven kunnen zulk inzicht gebruiken om zich te
onderscheiden van de concurrentie. De uitdaging hierbij is om ervoor te zorgen
dat informatie over sociale duurzaamheid de consument daadwerkelijk bereikt.
Een goede manier om consumenten te kunnen informeren over de sociale
duurzaamheid van vis is om sociale duurzaamheid op te nemen in bestaande
keurmerken zoals het MSC-keurmerk.

De resultaten in dit proefschrift laten zien dat er een tegenstelling is tussen
visserijbedrijven en consumenten van vis. Consumenten vinden viswelzijn een
belangrijk thema terwijl visserijbedrijven dit belang (nog) niet zien. Hier ligt een
kans voor visserijbedrijven om =zich te onderscheiden ten opzichte van
concurrenten. Visserijbedrijven kunnen hun impact op viswelzijn verminderen
door veranderingen aan te brengen in hun vistuig, door nog selectiever te vissen
op grotere vissen, door te vissen bij lagere watertemperaturen of door de diepte,
duur van het vissen, duur van blootstelling aan lucht of de hoeveelheid vis in het
net te beperken.
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