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ABSTRACT. Unsustainable fishing can be surprisingly persistent despite devastating social, economic, and ecological consequences.
Sustainability science literature suggests that the persistence of unsustainable fisheries can be understood as a social-ecological trap.
Few studies have explicitly acknowledged the role of historical legacies for the development of social-ecological traps. Here, we investigate
why fishers sometimes end up in social-ecological traps through a reconstruction of the historical interplay between fishers’ motivations,
capacities, and opportunities to fish. We focus on the case of a Swedish fishery targeting the critically endangered European eel (Anguilla
Anguilla) in the Baltic Sea. We performed the case study using a unique quantitative data set of social and ecological variables that
spans over eight decades, in combination with earlier literature and interviews with fishers and fisheries experts. Our analysis reveals
that Swedish archipelago fishers are highly dependent on the eel to maintain their fishing livelihood. The dependence on the eel originates
from the 1930s, when fishers chose to intensify fishing for this species to ensure future incomes. The dependence persisted over time
because of a series of changes, including improved eel fishing technology, heightened competition over catch, reduced opportunities
to target other species, implementation of an eel fishing license, and the fishers’ capacity and motivation to deal with dwindling catches.
Our study confirms that social-ecological traps are path-dependent processes. In terms of management, this finding means that it
becomes progressively more difficult to escape the social-ecological trap with the passage of time. The longer entrapment endures, the
more effort it takes and the bigger change it requires to return to a situation where fishers have more options so that unsustainable
practices can be avoided. We conclude that fisheries policies need to be based on the premise that unsustainable fishing emerges through

multiple rather than single causes.
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INTRODUCTION
Indeed, what is fascinating - and also tragic - about the
fishing industry is that it so actively participates in its
own annihilation (McGoodwin 1990:17).

Capture fisheries have persistently reduced fish populations
throughout human history and threatened species to extinction
countless of times (e.g., Jackson et al. 2001, Pauly et al. 2002,
Roberts 2007). Such unsustainable practices come about through
complex causal processes that not only involve fishers,
governments, industries, and consumers, but also depend on
temperature, birds, seals, toxins, and a number of other ecological
and biological conditions (e.g., Ludwig et al. 1993, Boonstra and
Osterblom 2016). The reasons why fishers continue to risk their
own and future fisher generations’ livelihoods are thus, besides
tragic, also elusive (McGoodwin 1990).

The metaphors of “tragedies” and “social-ecological traps” are
frequently used to explain the persistence of unsustainable
fisheries. These concepts capture how individuals can, collectively
and unintentionally, contribute to sustainability problems such
as overexploitation and ecosystem degradation. Traps and
tragedies feature prominently in academic discussions since the
1970s on how to manage commonly shared natural resources
(Hardin 1968, Platt 1973, Ostrom et al. 2002, Cumming 2018).
The tragedy metaphor, famous since Hardin’s article “The tragedy
of the commons” (Hardin 1968), is heavily criticized for
overlooking the possibility and diversity of common-pool
resource management arrangements, and the potential of social
learning, human adaptation, and transformation (McCay and

Jentoft 1998, McCay 2002). The metaphor of social-ecological
(SE) traps leaves more room for changing conditions and, for this
reason, is often preferred over the tragedy metaphor in the
sustainability science literature. In contrast to the idea of
tragedies, the literature on SE traps views unsustainable use of
common property not as the default outcome of human action
(Haider et al. 2018).

SE traps are situations in which interactions between humans and
their environment reinforce unsustainable outcomes (Cinner
2011, Enfors 2013, Haider et al. 2018). Many studies of SE traps
describe and explain these interactions in one particular moment
in time (Steneck et al. 2011, Hanke et al. 2017). Insights from
these studies can be used to create typologies of traps (see
Cumming 2018 for an example) and to develop management
strategies of how to escape traps. Previous studies also emphasize
the importance of history and argue that traps evolve through the
co-occurrence of certain conditions at specific points in time
(Boonstra and de Boer 2014). However, few empirical studies
explicitly address the historical causality in the development of
traps (but see Laborde et al. 2016 for an excpetion).

Here, we present insights on why fishers end up in SE traps
through a reconstruction of the historical interplay between
Swedish Baltic fishers and their environment. We carried out this
reconstruction using a theoretical framework in which we
conceptualize SE traps as path-dependent processes that evolve
through the interplay of fishers’ motivations, capacities, and
opportunities to fish (Boonstra et al. 2016). We apply this
framework to a case of Swedish fishers who target the critically
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endangered European eel (Anguilla anguilla; hereafter eel).
Through a combination of fisheries statistics, interviews, and
earlier literature, we trace the historical development of this
fishery and reveal how fishers have become more and more
dependent on the eel to maintain their fishing livelihood.

CASE STUDY BACKGROUND

Eels are catadromous and can live for > 80 years. They are born
in saltwater, migrate to freshwater where they grow into
adulthood, and then migrate back to the ocean to spawn. Eels
caught in the Baltic Sea hatch in the Sargasso Sea, located in the
western part of the North Atlantic Ocean, northeast of Cuba and
Bahamas. Once the eels hatch, they drift with ocean currents
toward European estuaries, where they start migrating to
freshwater rivers and lakes. This global journey may take 5 to 20
years. Upon reaching adulthood, they become so-called silver eels,
which is a biological transformation that ends in their migration
back to the ocean. Once they reach the Sargasso Sea, they spawn
and then presumably die. Throughout their life, eels are critically
threatened by a variety of anthropogenic factors, and the species
is therefore considered to symbolize the effects of global
environmental change (Drouineau et al. 2018).

The eel population is very difficult to monitor because of its
extensive habitat and complex life cycle (Dekker 2000) but has
probably been in decline since the early 1800s (Dekker and
Beaulaton 2016). The recruitment of new eels showed a small but
significant increase in 2010-2011, yet it is still low compared to
historical levels (ICES 2018), and the species remains listed as
critically endangered by the International Union for the
Conservation of Nature (Jacoby and Gollock 2014) and the
Swedish ArtDatabanken (ArtDatabanken 2015). The causes of
the decline are uncertain but likely involve fishing along the
European coast and in freshwater systems, habitat loss due to
hydro power construction, pollution, diseases, and changed ocean
conditions (ICES 2018). To reverse the decline and protect the
eels, the European Union adopted a recovery planin 2007 obliging
all member states to implement eel management plans (EC 2007).
However, management is extremely difficult because of limited
knowledge of population dynamics, conflicting interests among
stakeholders, lack of international coordination, and
disagreements on appropriate measures (Dekker 2016). The
scientific advice, therefore, takes a precautionary approach, which
involves reduction of all anthropogenic impacts to as close to zero
as possible (ICES 2017).

Sweden has a long history of eel fishing and is today one of the
countries in Europe catching the most eels (ICES 2018). In
Sweden, the eel is valued for cultural reasons. For example, it is
served as a traditional dish during Christmas and other
celebrations. It also represents an economically important target
species for small-scale fisheries (Neuman and Piriz 2000, Stage
2015). The cultural and economic value of the eel, together with
its status as critically endangered, form a dilemma for Swedish
policy makers. There is willingness to maintain eel fisheries, but
there is also the realization that continued eel fishing threatens
the survival of the species and the long-term development of
archipelago fisheries (Stage 2015). As a compromise, eel fishing
is permitted in the Baltic Sea and in freshwater only during a
restricted season of 90 days and only for fishers with a specific
fishing license. No new fishers can enter eel fisheries because a
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license can neither be applied for nor transferred from fisher to
fisher. Some researchers argue that this compromise mitigates the
negative consequences of the fisheries rather than achieving
conservation objectives (Sveddng and Gipperth 2012).

The majority of eels in Sweden are caught using large, passive fish
traps called pound nets by fishers operating in the southern and
southeastern parts of the Baltic coast (Bergenius et al. 2018; Fig.
1). Eels are also caught using smaller types of traps, but the pound
net represents the major eel fishing gear. For our case study, we
specifically examine the pound net fishery in Kalmar County (Fig.
2) that is one of the most important eel fishing regions in terms
of catch volumes (Ojaveer et al. 2007, Dekker et al. 2018). The
pound net fishers in Kalmar are typical place-based, small-scale,
“archipelago” fishers (Boonstra and Hentati-Sundberg 2016).
They mostly use < 10-m vessels, fish on private waters close to
their home harbor on a seasonal basis, often combine fishing with
other occupational activities, and run their fishing business on a
principle of keeping costs low. They frequently use other types of
gear besides pound nets to catch other species such as cod (Gadus
morhua), herring (Clupea harengus), perch (Perca fluviatilis), and
whitefish (Coregonus spp.).

Fig. 1. Map of the location of Kalmar County in Sweden.
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THEORETICAL FRAMEWORK

SE traps feature self-reinforcing mechanisms and can be
conceptualized as path-dependent processes (Boonstra and de
Boer 2014, Enqvist et al. 2016, Haider et al. 2018). Path
dependency addresses the causal force of history and highlights
how time is critical for the (re)production of social processes
(Mahoney 2001). The phenomenon of path dependency applies
not only to social but also to ecological processes and is analogous
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to what is called a “hysteresis effect” (Scheffer et al. 2001).
Acknowledgment of path dependency in SE traps suggests that
scholars not analyze SE traps as outcomes but as processes
(Boonstra and de Boer 2014).

Fig. 2. Pound net construction. (A) The pound net viewed from
above (Nilsson 1977). The pound net can be placed at depths
up to 10 m, and the fish is led into the first part of the trap,
called a “house”, by leading arms. In turn, the house leads the
fish into a net cone, which is the second part of the trap. The
leading arms can be up to a few hundred meters while the
house can be around 30 m2. (B) Two fishers collect catch from
the cone (photo used with the permission of Hans Dahlqvist).

)

Path-dependent processes emerge from “critical junctures
representing moments in time when individuals or groups have
several available opportunities for action from which to choose
(Pierson 2000). These opportunities are shaped by previous
development, which is theorized as “antecedent conditions”.
‘When an opportunity, or path, is selected at the critical juncture,
it becomes progressively more difficult to arrive at a situation in
which multiple alternatives are available again (Collier and Collier
1991). Once a path-dependent process has been entered, each step
along a specific path diminishes the likelihood that an alternative
path will be taken. In other words, after a critical juncture, the
process becomes self-reinforcing and enters a phase of “structural
persistence” (Mahoney 2001).

We study SE traps as path-dependent processes by identifying the
diversity of human responses to a changing environment. In line
with Boonstra et al. (2016), we view human responses as
determined by motivations, capacities, and opportunities.
Opportunities are the options available to a person based on the
environment in which she or he is situated, and motivations
concern the deliberate, habitual, and emotional reasons that
propel people to act (Haidt 2001). Capacities are the means, in
terms of social, cultural, economic, and natural capital (Bourdieu
1986), with which people act. In summary, opportunities define
the physical, social, and cultural constraints for action, while
motivations and capacities filter which opportunities a person can

seize (Boonstra et al. 2016). Moreover, actions affect
opportunities, motivations, and capacities over time.
Opportunities, motivations, and capacities are thus both

outcomes and causes of human responses to change (Giddens
1984).

METHODOLOGY

We reconstructed the historical development of the Kalmar
pound net fishery through counterfactual reasoning from
outcome to cause (Walters and Vayda 2009, Walters 2012). To do
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so, we identified interactions between fishers’ motivations,
capacities, and opportunities to explain the persistence of eel
fishing, and used these interactions to distinguish specific phases
in the process of entrapment. Our analysis is based on both
quantitative and qualitative data collected iteratively between
2013 and 2017. The quantitative data constitute Swedish official
fisheries statistics on catches, number of fishers, gear value, and
fish price, covering the years 1931 to 2016 (see Appendix 1 for
more details). We used these statistical materials to construct time
series of the pound net fishery.

The qualitative data comprise semistructured interviews with
fishers and fisheries experts, and two published ethnographic
studies of eel fishers in Kalmar County (Thornstréom 1978, Selling
and Holmer 2007). In addition to these data sources, we
interviewed seven fishers (ages 49, 49, 61, 65, 68, 68, and 76) to
identify motivations and to add local context and nuance to the
statistical materials. The fisher interviews were performed during
2013 in the fishers’ homes, and all interviewees had been fishing
eel for more than two decades. All but one fisher were active
commercial fishers during the time of the interview. We structured
and coded the interviews around the following themes:
organization and diversity of fishing practices, opinions about
the development and management of fisheries, and
interdependence on the environment (Boonstra and Hentati-
Sundberg 2016). We complemented the fisher interviews with the
ethnographic studies by Selling and Holmer (2007) and
Thornstrom (1978). Furthermore, we interviewed one fisheries
scientist and two fisheries directors (one retired and one active)
working at the Kalmar County board. These expert interviewees
recommended which fishers to interview, provided information
about the general development of archipelago fisheries, and
validated the statistical materials. The first author performed and
transcribed all the interviews, which are stored in the Stockholm
University archive. We used the interview data to create a fictional,
ideal-typical description of an eel fisher in a pen portrait (Box 1).

RESULTS

We present a chronological narrative based on existing literature
together with empirical material (Mahoney 1999, Young et al.
2006). The narrative describes an entrapment process through
which fishers have become increasingly dependent on the eel to
maintain their fishing livelihood. In the following sections, we
distinguish three time periods to describe this development in
detail. These periods represent the different phases characterizing
path-dependent processes: antecedent conditions (1800-1940),
critical juncture (1940-1960), and structural persistence (I: 1960—
1990, 11: 1990-2016; Table 1).

Box 1: A fisher’s experience of his livelihood, work, and
environment.

The text represents the voice of an ideal-typical eel fisher
(Boonstra and Hentati-Sundberg 2016). It is a fictional
description based on quotations from fisher interviews and aims
to deepen understanding of how Swedish eel fishers perceive
themselves, their work, and the wider environment.

Once I learned how to walk, I started to fish. My dad was a fisher,
and there was no real alternative. But you also need such a life-long
experience to become a successful fisher. You cannot just go
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Table 1. Overview of the entrapment process in the Kalmar pound net fishery, describing the origin and persistence of dependence on
the eel to maintain a fishing livelihood. The opportunities, motivations, and capacities explain how eel fishing continued in response

to changes in social and ecological conditions.

Path-dependent  Year range Conditions Opportunities, motivations, and capacities
phase
Antecedent 1800-1940 Market expansion Opportunities to fish for profit
conditions
Critical juncture 1940-1960 Reduced production for subsistence Motivation to fish to secure future income
High economic value and abundance of eel Opportunities to intensify eel fishing for fishers with motivation and
capacity to maintain a fishing livelihood in the archipelago
Structural 1960-1990 Introduction of improved pound net Opportunities to intensify eel fishing further
persistence I Previous earnings from fishing and subsides Capacity (economic capital) to invest in improved pound net
Increase in pound net investments Motivation to stick with prior investments
Decline in total eel catch and number of fishers Opportunities for remaining fishers to control more catch
Structural 1990-2016 Various social and ecological changes (see Table 2) Fewer opportunities to fish other species

persistence IT Implementation of eel fishing license

Decline in individual eel catch

Motivation to continue reporting eel catch
Capacity (knowledge and skills) and motivation to continue fishing
because it represents a way of life

somewhere, put down your gear, and expect to catch fish. No, you
have to pay attention the wind, the currents, and how the fish moves.
That kind of knowledge is hard to obtain if you do not come from
afisher family. But even for me, who has it inmy blood, it is a struggle
to survive. I keep thinking: people in the archipelago have been able
to make a living out of fishing for hundreds of years, why should it
be harder now? It should be easier, with all the technological
development, but actually it feels like it has become worse andworse.

I am probably the last fisher in my family, which makes me a bit
melancholic. I could probably teach someone to become a fisher, but
1 do not think it would be easy to find that someone. It takes a lot
of investment in the beginning, and I think it will be hard to make
enough money to get those investments back. There are also many
more comfortable occupations available today. Life as fisher is not
easy; the work you put into it does simply not pay off. We who are
left just keep doing it because we want to continue living as we've
always done.

There are fewer fish in the sea today compared to when I began to

fish. Pike and perch, for example, have declined in the last 15 years
as the cormorants have grown in numbers. These birds can eat huge
amounts of fish, and there is no way we can compete with them. The
seals are also just too many. Soon it will be a complete waste of time
to fish. The seals eat the fish straight from my gear and destroy the
gear while eating. Next to this, there is no point in catching the fish
that are still out there, like herring, because no one wants to buy
them for a decent price. Then we have fisheries regulations. They
control every little thing you do. As soon I put on my boots and step
into my boat, I have broken some rule. I probably break a rule every
day just because I cannot keep count of all of them. In the past,
there was more freedom. Now you cannot do anything, and that is
hard; sometimes it is extremely frustrating...

What is left of the archipelago fisheries these days is eel fishing.
Sure, other species are also bringing in money, but the eel is my main
income right now. Last year I got over 80% of my income from eel,
while in the 1980s, my income was 80% based on cod and 20% on
eel. At this moment, I think I would not be able to continue fishing
without the eel. Maybe I could expand and fish more of some other
species, but it would not be enough to make a decent income. The

status of the eel is worrisome, and the immigration of eels to the
Baltic Sea has been low. Maybe eel fisheries in France and Portugal
are to blame; maybe there are too few eels coming from the Sargasso
Sea; or maybe a lot of eels die because of the hydro power plants.
1t is hard to say. One thing I do know, though, is that we fishers want
healthy fish stocks more than anyone else.

Antecedent conditions (1800-1940)

The antecedent condition that crucially affected the development
of the pound net fishery is the transition from production for
subsistence to fishing for markets. In his thesis from 1978,
anthropologist Thornstréom describes how production for
subsistence was gradually replaced by fishing for markets
(Thornstrom 1978). He studied this transition in a community in
the northern part of Kalmar archipelago and points out that
livelihoods there had historically been based on combinations of
fishing, farming, and hunting for subsistence. Cash-based fish
markets had little influence on archipelagic communities up until
the early 1800s, but then became increasingly important
throughout the 1800s.

With the beginning of the 20th century, cash-based fish markets
expanded rapidly, yet many Swedish archipelagic communities
continued to fish for subsistence only. Indeed, some of our
respondents described how their predecessors lived and worked
in an economy in which self-subsistence was still relatively high.
These predecessors were dependent on mainland commodity
markets only for luxury goods such as sugar and coffee. The low
eel catch and eel catch value per fisher in the 1930s (Fig. 3) also
indicate that the fishers’livelihoods were based on several different
activities during the end of this period. We can assume that eel
abundance was relatively high at this time (Hessle 1933 as cited
in Andersson et al. 2012), and that there must have been ample
opportunities to catch this fish. It therefore seems safe to say that
access to other fish species and terrestrial resources limited fishers’
motivation and time to increase eel catch, rather than lack of
opportunity.
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Fig. 3. Statistics showing the development of the pound net
fishery in Kalmar County, Sweden.
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A critical juncture (1940-1960)

The growing importance of fish markets gradually reduced the
amount of time spent on other livelihood activities. Goods
traditionally produced through farming, such as meat and milk,
started to be bought with earnings from fisheries. The replacement
of self-produced goods with commodities, in turn, released more
time for fishing, as well as increased the need and motivation for
a continuous inflow of money. Toward the mid-20th century,
Thornstrom (1978) found that fishers had three main
opportunities to secure future income. One was to quit fishing,
move to cities on the mainland, and take job there; a second was
to specialize in herring fisheries and invest in trawling to lower
the cost of production; and a third was to intensify eel fishing.
By now, the eel had a relatively high economic value (Appendix
2), likely because of its attraction on international markets, and
was still relatively abundant in the archipelago (Thornstrom
1978).

We identify the period of 1940-1960 as a critical juncture because
fishers could choose among these three opportunities to ensure
future income at that moment in time. We also see this contingency
in two trends in the statistical materials. First, the number of
fishers declined between 1938 and 1946 (Fig. 3). This decline
probably came about through fishers leaving the pound net fishery
for jobs in industry or switching fishing practices. Second, the eel
catch per individual fisher increased. Taken together, these trends
suggest that while some fishers chose to quit, others intensified
pound net fishing (Fig. 3). The choice of intensifying eel fishing,
whether it was made from habit or deliberately, was dependent
on the fishers’ motivation and capacity to maintain a fishing
livelihood in the archipelago. Fishers who chose to move to cities
to take a job on the mainland were clearly not willing or able to
stay in the archipelago. For those who wanted to stay in the
archipelago, trawl fishing was not an attractive alternative because
it required much longer trips to new fishing grounds. In contrast
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to these two alternatives, an intensification of eel fishing could be
realized within the boundaries of an archipelagic fishing
livelihood (Thornstrom 1978).

Structural persistence I (1960-1990)

The dependence on eel as a target species grew over time as the
outcome of a specific chain of social and ecological changes and
cannot be assigned exclusively to the choice of intensifying eel
fishing. The first change in this chain was the technological
improvements of the pound net. During the 1950s, the gear was
enlarged and its quality improved because of the introduction of
nylon (Johnsson and Ericsson 2003). Moreover, the nets could
now also be used on hard sea bottoms because of the addition of
anchors and grapnels that kept the net floating while fixed to the
sea bed. In earlier designs, the net was fixed with poles, which
could only be driven into soft sea bottoms.

The improved pound net represented a new opportunity to
intensify eel fishing further, and investments in the gear began to
increase rapidly in the early 1960s (Fig. 3). At that time, one net
could cost between approximately 10,000 and 15,000 Swedish
kronor, representing approximately 11,000-16,000 Euros today.
These large start-up costs were covered by state subsidies and
profits saved from previous fish sales (Thornstrom 1978).
Investments, whether in time or money, are generally considered
to motivate people to stick to the activity that the investments
make possible (Arthur 1994), a tendency known as the sunk-costs
effect (Janssen and Scheffer 2004). We suggest that the increase
in pound net investments represent a sunk-costs effect reinforcing
fishers’ dependence on the eel to maintain a fishing livelihood in
the archipelago.

The increasing pound net investments overlap with a 91% decline
in the number of fishers between 1967 and 1985 (Fig. 3). This
decline may come from fishers who chose to quit because they
could not or did not want to afford the start-up and maintenance
costs of the improved pound net (Oskarsson 1987). At this time,
fishers were also catching fewer eels because of decreasing eel
abundance (Andersson et al. 2012), which negatively affected total
eel catch value in the pound net fishery (Fig. 3). And yet, some
fishers stopped pound net fishing, others continued to invest. A
possible explanation for continued investments is that the large
proportion of fishers leaving the fishery masked the decline in eel
catch per fisher. The drop in the number of fishers allowed the
remaining fishers to control more catch, which likely benefitted
their economic situation, despite a declining total eel catch (Telser
1966). This explanation is further supported by the statistical data
displaying an increased eel catch and eel catch value per individual
fisher between the early 1960s and the beginning of the 1990s,
and a stabilization in the number of fishers after 1985 (Fig. 3). In
summary, competition over catch and some fishers’ lack of
capacity, in terms of economic capital, to start or to continue
pound net fishing opened up opportunities for other fishers to
catch more eels.

Structural persistence II (1990-2016)

Somewhat counterintuitively, we suggest that the high
dependence on the eel continued during the 1990s, even though
the eel catch and eel catch value per fisher declined in the
mid-1990s (Fig. 3). From the respondents, we learned that
opportunities to fish other species became limited in the 1990s
and 2000s because of several interacting social and ecological
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Table 2 Description of social and ecological changes identified by fishers as affecting their fishing livelihood and leading to reduced

fishing opportunities between 1990 and 2016.

Change Explanation

Reference Perceived effect

Increase in grey seal
(Halichoerus grypus)
Increase in great cormorant
(Phalacrocorax carbo)
Decrease in fish abundances
(e.g., perch, cod)

caused by environmental pollution

century and environmental pollution

Population recovery from hunting and low fertility rates
Population recovery from previous extermination in 19th

Low abundances due to various factors such as
eutrophication, commercial and recreational fisheries,

Harding et al. (2007) Destroyed fishing gear, damaged
catch, fewer fish available
Herrmann et al. Damaged catch, fewer fish available
(2019)

HELCOM (2018),

Hansson et al. (2018)

Fewer fish available

increased grey seal and great cormorant populations

Stricter and more complex
regulations
Higher levels of dioxins in

policy efforts to minimize fisheries impact

salmon (Salmo salar)

Increased micromanagement because of European Union

High dioxin levels caused by environmental pollution; the
fatty species (i.e., herring and national food agency recommends women and children only
eat fatty species from the Baltic two to four times per year

Hentati-Sundberg More difficult to target multiple

and Hjelm (2014) species
Wiberg et al. (2013)  Lack of species profitable enough to
target

changes (Table 2). The continuous high proportion of eel in pound
net fishers’ total income, in terms of value of catch from all gear
types used, also confirms the limited opportunities to target other
species (Fig. 4).

Fig. 4. Statistics showing the development of pound net fishers’
catch using all gear types. (A) Value of pound net fishers’ total
catch with all gear types for eel and other species. (B) Pound net
fishers’ total eel catch using pound nets and other gear types.
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Eel catch per fisher increased after the 1990s and peaked between
2005 and 2008. This peak correlates with the Swedish
government’s implementation of the eel fishing license. Of a total
of 634 applicants, 438 Swedish fishers obtained a license. A license
was granted if one’s volume of eel catch during the years 2003—
2005 was above a certain threshold, or when one could prove that
a certain proportion of one’s annual income was derived from eel
fishing (SMA 2008). As long as a license holder uses the license
and reports eel catches to the government, the license is renewed
on a yearly basis; otherwise, it is lost. It is uncertain if, or to what
extent, the implementation of the license system and the peak in
eel catch per fisher are related, but acquiring and maintaining this
license likely motivated fishers to continue eel fishing, perhaps

even favoring eel over other species. We consequently suggest that
the license system incentivized fishers to continue to target eel
and, in so doing, contributed to the further persistence of this
fishery.

Eel catch and eel catch value per fisher dropped after 2008 and
reached a record low in 2016 (Fig. 3). During this period, the eel
price was still high compared to those for other species (Appendix
2), yet eel fishing was generally recognized as an unprofitable
activity (Stage 2015, STECF 2018). Nevertheless, the number of
fishers has remained relatively stable. We suggest that eel fishers
persisted after 2008 through various strategies to maintain or
increase a certain level of income. Some fishers refined their catch
by, for example, smoking fish to maximize the price per unit
weight; others took on short-term jobs outside fisheries, and most
fishers were cautious about spending money (Box 1; Boonstra
and Hentati-Sundberg 2016). Another strategy was to use other
gear types to catch eel, which is visible in Fig. 4, showing how the
proportion of eel caught with gear other than pound nets has
grown since 2010.

The fishers’ perception of fishing as an identity and way of life,
and not only as an income activity, further explains their capacity
to continue eel fishing in periods characterized by low revenues
(Box 1). Their emotional ties to the fishing livelihood suggests
that they value their work for nonmonetary reasons and are
relatively unsusceptible to economic pressures or incentives
(Pollnac and Poggie 2008, Holland et al. 2020). All of the fishers
we interviewed grew up in families in which their fathers or other
relatives were fishers. From a very young age and throughout
many years, they have built up a vast repertoire of experiences,
knowledge, and skills required to succeed in catching fish. The
time and work it takes to obtain this type of craftsmanship can
hardly be overestimated (Mellegard and Boonstra 2020). Once
this hard-won capacity is acquired, fishers hate to see it go to
waste (Box 1). As our historical reconstruction demonstrates,
these fishers have become increasingly dependent on the eel to
maintain their fishing livelihood, and several told us that they
would probably quit fishing completely if they could not fish eel.

DISCUSSION

Our historical reconstruction of the development of the pound
net fishery in Kalmar County investigates the development of a
SE trap comprising fishers who are dependent on a critically
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endangered species to maintain their fishing livelihood. The
dependence has grown over time through interactions in
opportunities, capacities, and motivations to fish, and these
interactions made the trap progressively more difficult to escape.
The shrinking potential to change the situation indicates rigidity,
which is a common feature of SE traps in general (Scheffer and
Westley 2007, Cumming 2018, Haider et al. 2018) and of SE traps
in the fisheries context (Steneck et al. 2011, Laborde et al. 2016,
Hanh and Boonstra 2018). In what follows, we first elaborate on
the possibilities to escape the trap and then suggest a management
strategy to avoid this situation in other place-based fisheries. We
end with a discussion on how historical reconstructions of SE
traps can contribute to the understanding of the origin and
persistence of unsustainable fisheries.

We argue that possibilities to escape unsustainability in Swedish
eel fisheries are slim for two main reasons. First, the fishers are
place-based in the sense that they are emotionally, culturally,
habitually, and legally tied to their fishing grounds and fishing
livelihood. These ties make it difficult to reduce eel fishing by
switching to alternative species on fishing grounds elsewhere. It
is frequently suggested that place-based fishers and other place-
based resource users tend to use resources sustainably (e.g.,
McGoodwin 1990, Masterson 2016). However, in cases where
opportunities to diversify income activities or access to other
resources are limited, bonds to a specific place may represent a
barrier for sustainable resource use (Hanh and Boonstra 2018).
Second, Swedish eel fisheries represent a relatively small part of
the total anthropogenic pressure to which the eel is exposed
(Dekker et al. 2018). This situation makes it unlikely that Swedish
fishers could prevent the decline in the eel population, and
possibly escape their entrapment, on their own account. This
finding is confirmed in studies demonstrating that community-
based management to avoid SE traps is most effective in situations
where more stationary species are exploited by fewer stakeholders
(Ostrom 2009, Steneck et al. 2011).

We suggest, on the basis of our case study, that fishers’livelihoods
are especially at risk in place-based fisheries that are characterized
by a high dependence on one species on whose biology and
ecology fishers have little influence. To avoid the emergence of
such situations in other place-based fisheries, we argue that it is
imperative for policy makers to maintain fishing diversity. This
strategy can be achieved via livelihood diversification (Allison
and Ellis 2001), including pluriactivity (Salmi 2005), but also
diversity on the level of catch portfolios (Hanh and Boonstra
2018). However, in our case study, Swedish fisheries management
discouraged fishing diversity and thereby contributed to
continued dependence on the eel. An accumulation of stricter
regulations made it more difficult to target multiple species, and
the license system incentivized fishers to continue eel fishing and
focus time and energy on a single species. Diversity might be better
served in the Swedish eel fisheries through a license or quota
system that is based on user groups, fishing styles, or regions,
rather than treating fishers only as individuals (Jentoft 2000). By
assigning licenses or quotas to groups, fishers could retain
diversity at a group level, as well as in their fishing practices.

Historical reconstructions of SE traps in fisheries can help to
provide insights about fishing diversity, for example, how and why
it is marginalized or maintained, and also how it can potentially

Ecology and 8001ety 25(1): 21
ds /

be facilitated. Our study demonstrates that rigidity of
unsustainable SE interactions, such as unsustainable fishing, can
be explained as a response to a number of changing and co-
occurring conditions. We argue that each of these conditions is
critical for rigidity, but they are not sufficient to cause entrapment
on their own. It is rather the specific temporal interplay of
conditions that matters. For example, if fishing opportunities had
not been reduced, archipelago fishers would likely not have
become as dependent on the eel as they are today, despite their
investments in the improved pound net. The important role of
temporality for the emergence of traps implies that there are
various pathways to unsustainability. We have identified one
pathway here, but more research is needed to account for
equifinality.

Next, our study highlights that the link between fishers’ practices
and the development of target fish populations may not always
be as straightforward as is often implied in previous research. For
example, it is suggested that investments in fishing technology are
linked to overcapacity (Ludwig et al. 1993). In turn, overcapacity
is correlated with too high fishing pressure and declining fish
abundances, and declining fish abundances lead to further
investments to make up for absent catches. This market-driven
feedback loop is frequently used to explain unsustainable fishing
(e.g., Pitcher 2001). In our case study, this feedback is obscured.
Although the eel fishers clearly contributed and continue to
contribute to the overall anthropogenic pressure on the eel, their
influence on the eel stock is limited, and their fishing livelihood
depends on the actions of a number local and global stakeholders
with various interests and power.

CONCLUSIONS

Through a historical reconstruction of the pound net fishery in
Kalmar County in Sweden, we have demonstrated how a group
of fishers continue to depend on a critically endangered species
to maintain their fishing livelihood. Our result confirms that
processes of entrapment are path dependent and can be traced
through a specific historical interplay of changing social and
ecological conditions (Boonstra and de Boer 2014). This overall
finding implies that SE traps are hard to prevent because they can
be identified in hindsight only, and we think that it might be too
much to expect from foresight and planning that fishers and
managers could have escaped entrapment in our case.
Nevertheless, to avoid similar situations in other place-based
fisheries, we suggest that it is necessary for fisheries management
to consider and maintain diversity. This strategy would mean
ensuring the legal facilitation of livelihood diversification and
allowing varied catch portfolios.

This study sheds light on the causal complexity underlying
unsustainable fishing. We believe that our and similar case studies
of SE traps in fisheries can provide insights on the various
pathways to unsustainability. These insights encourage fisheries
management to move away from one-size-fits all solutions and
develop policies that account for and adapt to changing
conditions (Francis et al. 2007, Boonstra and Osterblom 2014).
Our study also highlights that fish populations are subject to
various pressures in addition to fishing, and that fishers can
sometimes only do so much to influence the development of these
populations. The decline of the eel population, for example, stems
from a host of causes, and the Swedish eel fisheries represent one
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relatively small part of the total anthropogenic pressure. To
paraphrase McGoodwin (1990:17): the tragedy in our case study
is not just that fishers contributed to the decline of the resource
they depend upon, but rather that they lacked opportunities,
motivation, and capacity to prevent this decline.

Responses to this article can be read online at:
http://www.ecologyandsociety.org/issues/responses.

php/11405
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Appendix 1.
Description of the statistical material

This paper presents time series that represent Swedish official statistics and cover the
development of the pound net fishery in Kalmar County from 1931 to 2016. Data of the
pound net fishery has been collected and presented in three main formats over the years.
First, between 1931 and 1977, primary data was collected by regional interest organizations
(called “hushéllningsséllskap” in Swedish) that support rural development. Fisheries officers
at the county boards then gathered this information, adjusted it in accordance with sales notes
from fish byers and reported it to the Swedish Statistical Agency (SSA). SSA published the
material in statistical yearbooks, which included a specific table of the pound net fishery (Fig.
Al.1). Second, between 1970 and 1979, number of fishers and fishing gear were not collected
annually by the regional interest organizations and county board fisheries officers. During
this period, the fishers were instead obliged to report their occupational status and used
fishing gear to SSA every third year. Third, since 1979, fishers have reported catches and
fishing effort based on gear type through logbooks. These logbooks are directly sent to the
fisheries management agency.

These different formats were compiled into one common format in a Microsoft Access
database. The statistics from the year books were digitalized, and the logbook data was
accessed, sorted and aggregated based on gear type. The logbook data is comprised of
anonymized data per fishing operation from 1980 to 2016 and number of vessels was used as
a proxy for number of fishers during this period. This is considered as a reliable proxy
because the vessels used in the pound net fishery are rather small and cannot fit more than
one to two persons. It is yet possible that the format differences have influenced the dataset.
To minimize such influence, the time-series was presented to the fisheries director of Kalmar
who was asked validated them. In consultation with the fisheries director and after further
investigations, some years were excluded due to low reliability. In summary, the best
available information was used to identify the long-term trends of the pound net fishery and
measures were taken to validate these trends. An overview of the statistical material is
presented in table Al.1 and the raw data in table A1.2 and Al.3.
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Figure Al.1. Presentation of the pound net fishery in the statistical year books. This example
refers to 1952.



Table Al.1. Overview of the statistical material. Pound net value and price per kilo fish were
compensated for inflation using the Swedish Consumer Price Index (CPlI).

Variable  Unit Source Missing values
Year Reason
Catch Metric
ton (mt)
Pound net Statistical yearbook 1978 No available
fishery information
Fisheries logbook 1979-1984, Low reliability
1994-1995
Other Statistical yearbook 1931-1978 No available
gear types information
Fisheries logbook 1979-1996 No available
information
Number Number Statistical yearbook 1931, 1939-  No available
fishers 1942, 1971-  information
1972, 1974-
1975, 1977-
1978
Fisheries logbook (number of 1979-1984; Low reliability
vessels as an proxy) 1994-1995
Pound net 1000 SEK Statistical year book 1931, 1939-  No available
value (TSEK) 1942, 1971-  information
1972, 1974-
1975, 1977-
1978
Fisheries logbook 1980-2016 No available

information

Fish price  Price per kilo  Swedish official statistics
(SEK/kg) compiled by Hentati-
Sundberg



Table Al.2. Raw data of the pound net fishery in Kalmar County. Catch is presented in
metric ton and catch value is presented in thousand Swedish krona (TSEK).

Yr Eel catch Eel catch value Other catch Other catch value Pound net value Fisher

(mt) (TSEK) (mt) (TSEK) (TSEK)
1931 455 19914 156 3641 NA NA
1932 329 15017 186 1971 36647 642
1933 412 18193 323 2044 38248 650
1934 487 21444 219 1654 37096 647
1935 501 23153 368 2615 35941 671
1936 482 21096 219 1920 36203 689
1937 551 24300 189 1315 37640 697
1938 526 23830 174 1394 39613 720
1939 661 29240 258 2136 NA NA
1940 583 27637 271 2084 NA NA
1941 494 27114 431 4340 NA NA
1942 297 19068 284 3771 NA NA
1943 323 21533 120 1453 21298 416
1944 480 28202 254 1861 23716 391
1945 394 25164 243 1875 25898 385
1946 391 24875 262 1896 28619 373
1947 402 24546 274 1765 31569 382
1948 333 20931 109 561 30482 367
1949 329 18616 114 550 32633 360
1950 460 28921 131 654 34956 332
1951 348 18494 155 639 32829 327
1952 268 14560 121 687 29944 347
1953 422 21628 169 900 31958 340
1954 347 20294 167 780 32193 337
1955 413 22618 212 1302 31275 328
1956 351 20916 294 1730 31330 326
1957 459 26798 316 1945 30428 326
1958 342 20673 278 1748 31866 332
1959 589 33324 313 1861 33458 347
1960 422 25820 272 1705 33076 347
1961 555 36312 342 2007 34967 319
1962 466 34293 321 1787 38768 347
1963 487 33339 351 1798 46288 342
1964 417 31613 344 1694 47089 365
1965 450 37304 394 2059 53551 356
1966 504 38286 558 2420 51544 354
1967 432 32309 661 2544 57007 359
1968 505 36852 482 1992 60058 298
1969 451 32510 456 2214 61311 306
1970 342 28050 485 3197 66475 240

1971 373 30953 342 2034 NA NA
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Table Al1.3. Raw data of catch and catch value that pound net fishers landed with other gear
types than pound nets. Catch is presented in metric ton (mt) and catch value is presented in
thousand Swedish krona (TSEK).

Yr Eel catch  Eel catch value Other catch  Other catch value
(mt) (TSEK) (mt) (TSEK)

1996 0,6 41 22 171
1997 0,0 0 0,5 3

1998 0,0 0 1,2 40
1999 0,4 26 28 403
2000 0,0 0 11 140
2001 0,3 17 19 296
2002 0 0 24 363
2003 0 0 10 130
2004 0 0 6 71
2005 0,3 18 11 132
2006 15 98 55 208
2007 1,6 115 36 235
2008 1,8 97 28 204
2009 1,2 63 21 114
2010 15 80 32 123
2011 1,7 110 21 88
2012 1,8 162 92

7

2013 2,3 207 3 40
2014 3,4 217 7 84
2015 2,8 180 9 120
2016 2,7 170 4 59



Appendix 2.

Table A2.1. Prices for the eel and four other common species the fishers target at nine
different points in time. The unit is Swedish Krona per kilo fish and all values are reported in
fixed values (i.e. were compensated for inflation using the Swedish Consumer Price Index
(CP1)). Source: Swedish official statistic compiled by Jonas Hentati-Sundberg.

Yr Cod Herring Eel Perch  Whitefish
1930 7,3 4,8 47,8 16,6 26,7
1940 7,3 6,6 47,4 13,7 23,6
1950 6,0 6,7 62,9 13,0 27,8
1960 79 5,4 61,2 11,2 22,7
1970 6,2 6,5 82,0 9,3 21,1
1980 79 6,3 87,4 9,1 17,7
1990 13,5 2,0 59,1 10,7 16,5
2000 18,0 2,5 50,8 17,7 20,2

2010 15,0 4,2 53,9 31,3 33,7
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