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ABSTRACT

The unsustainable exploitation of fish stocks is one of the greatest anthropogenic impacts on
oceans and coastal waters worldwide with consequences for the health of marine ecosystems,
but also for the livelihoods of fishers and local fishing communities. One of the many reasons
for unsustainable use of marine resources is a non-transparent and top-down fisheries

management.

To address the deficiencies in achieving sustainable fisheries, the European Union
increasingly adopts a holistic approach to the management of living marine resources through
its Common Fisheries Policy (CFP), meaning ecosystem-based management that considers
knowledge and social interactions among resource users and interest groups in decision-
making processes. Nevertheless, differences in knowledge, but also values, norms and
interaction with the system are a reason for different understanding regarding the functioning
of a social-ecological system (SES) to which individuals and groups belong and can be a
reason for profound conflicts. A very striking example in European fisheries is the management
of Western Baltic (WB) cod (Gadus morhua), characterized by several management
measures, including total allowable catch and marine protected area designation that met with

varying levels of acceptance among the stakeholders involved.

This thesis focuses on the WB cod fisheries in general and more explicitly on the resource
users and interest groups involved in or affected by its management. Multiple methods were
used to uncover the stakeholder network of WB cod fisheries, and to investigate the
perceptions of different stakeholders on the system, as well as to explore the diverse

knowledges about the system and to formulate ideas for a ‘alternative’ management.

We first conducted a literature review with the objective of understanding the term ‘stakeholder’
and ‘participation’ in the context of coastal and marine fisheries (Study I). We found a strong
increase in the number of projects in which ‘stakeholder participation’ was addressed.
However, the results show that often only the term ‘stakeholder’ and ‘participation’ is used.
Who exactly is defined as a stakeholder or what exactly is understood by participation in this

context is often not or only very vaguely described.

To explore the WB cod fisheries, which has been chosen as a case study for this thesis, in
more detail, we conducted an online questionnaire at the beginning aiming for the identification

of relevant stakeholders involved in the further studies (Study I, lli, V).

We first investigted the perceptions of various stakeholders on the WB cod fisheries system
using a participatory modeling approach (Study Il). Furthermore, we found that not only the
number of components per model differed strongly in some cases (simple vs. complex system

understanding), but also the comparison of the number of relevant ecological and social



components showed significant differences. In addition, the results indicate that especially the
social system components show a high variability in terms of their definitions and measures,
which has been used to map the dynamic structure of the system. Expert interviews with
representatives from commercial fisheries, angling, nature conservation, industry, tourism,
science and administration, further served to describe and analyze WB cod and its underlying
fisheries management (Study Ill). We were able to show a great diversity of knowledge types
that form the basis for the description of WB cod, but also the evaluation and criticism of EU
fisheries management. Lastly, we conducted a study involving mental models (collected in
Study IlI) and a network analysis approach, based on the assumption that there is a
relationship between identity diversity, meaning the range of social characteristics, and
variations in the way people perceive and solve problems (Study IV). Our results empirically

show that groups with higher identity diversity also exhibit greater cognitive diversity.

The Western Baltic cod fishery and its surrounding SES is diverse, partly complex and subject
to different perceptions held by user and interest groups. Furthermore, the system is described
by a high diversity of knowledge types, which among other things form the basis for describing
the system and criticizing the EU fisheries management. Disclosure and recognition of these
different system components, their interactions and dynamics, and thus the multiple knowledge
types, could enhance ftransparency and trust among groups involved or affected by
management and thus foster the success of different management measures. Therefore, the
involvement of user and interest groups is fundamental to support the sustainable use of fish
stocks such as the Western Baltic cod. Also, the stronger involvement of different stakeholders
and the adoption of a transdisciplinary approach could contribute to safeguarding the fisheries

sector, which is rich in culture and tradition.



ZUSAMMENFASSUNG

Die nicht-nachhaltige Nutzung von Fischbestdnden zahlt weltweit zu einen der gréften
anthropogenen Einflisse auf die Ozeane und Kistenmeere mit Folgen fir die Gesundheit
mariner Okosysteme, aber auch fiir die Sicherung des Lebensunterhaltes von Fischern und
lokalen Fischergemeinden. Einer der vielféltigen Grinde ist ein intransparentes sowie top-

down gesteuertes Fischereimanagement.

Um die Defizite bei der Erreichung einer nachhaltigen Fischerei zu beheben, verfolgt die
Europaische Union mit ihrer Gemeinsamen Fischereipolitik (GFP) einen ganzheitlichen Ansatz
zur Bewirtschaftung der lebenden Meeresressourcen. Gemeint ist ein 6kosystembasiertes
Management unter Berlcksichtigung von Wissen und sozialen Interaktionen zwischen Nutzer-
und Interessengruppen in Entscheidungsprozessen. Dennoch, Unterschiede in Wissen, aber
auch Werte, Normen und Interaktion mit dem System schaffen ein unterschiedliches
Verstandnis hinsichtlich der Funktionsweise eines sozial-6kologischen Systems, dem
Individuen und Gruppen angehéren und kann ein Grund fir tiefgreifende Konflikte sein. Ein
sehr markantes Beispiel in der europaischen Fischerei ist die Bewirtschaftung des Dorsches
in der westlichen Ostsee (Gadus morhua), gekennzeichnet durch mehrere
Managementmallnahmen (u.a., =zuldssige Gesamtfangmenge, Ausweisung von
Meeresschutzgebieten), die bei beteiligten Stakeholdern auf unterschiedliche Akzeptanz

stiel3en.

Die vorliegende Doktorarbeit beschaftigt sich mit dem Fischereimanagement des Dorsches
der westlichen Ostsee im Allgemeinen und explizit mit den Nutzer- und Interessengruppen,
die am Management dieser Art beteiligt oder durch dieses beeinflusst sind. Vielfaltige
Methoden wurden verwendet nicht nur um das Stakeholdernetzwerk der westlichen
Dorschfischerei aufzudecken, sondern vielmehr um die Wahrnehmungen unterschiedlichster
Stakeholder auf das System zu untersuchen, Wissen Uber das System offen zu legen und

Ideen fur ein ,alternatives® Management zu formulieren.

Zunachst fihrten wir eine Literaturrecherche mit dem Ziel durch, die Begriffe ,Stakeholder’ und
,Partizipation’ im Kontext von Fallbeispielen in der Kisten- und Meeresfischerei zu verstehen
(Studie ). Wir stellten fest, dass die Anzahl der Projekte in denen ,Stakeholder Partizipation’
thematisiert wurde, stark gestiegen ist. Jedoch zeigen die Ergebnisse auch, dass es haufig
nur zur Verwendung des Begriffes ,Stakeholder Partizipation” kommt. Wer genau als
,Stakeholder’ definiert wird, oder was genau unter ,Partizipation’ in diesem Zusammenhang

verstanden wird, ist haufig nicht oder nur sehr vage beschrieben.

Um die Dorschfischerei der westlichen Ostsee, die als Fallstudie flr diese Arbeit gewahlt
wurde, naher zu untersuchen, haben wir zunachst eine Onlinebefragung durchgefihrt, mit dem

Ziel relevante Stakeholder fir die weiteren Studien (Studie Il, IlIl, IV) zu identifizieren.



Zunachst untersuchten wir mit Hilfe eines partizipativen Modellierungsansatzes die
Wahrnehmungen verschiedener Stakeholder auf das sozial-6kologische System der
Dorschfischerei der westlichen Ostsee (Studie Il). Dabei konnten wir feststellen, dass sich
diese Wahrnehmungen nicht nur zwischen den Stakeholdergruppen wie kommerzielle
Fischerei, Natur- und Umweltschutz oder Tourismus unterscheiden, sondern auch innerhalb
dieser Gruppen. Ferner demonstrierten wir, dass sich nicht nur die Anzahl der Komponenten
je Modell teilweise stark unterschieden (einfach vs. komplexes Systemverstandnis), auch der
Vergleich der Anzahl relevanter 6kologischer und soziale Komponenten wies signifikante
Unterschiede auf. Zudem zeigen die Ergebnisse, dass gerade die sozialen
Systemkomponenten eine hohe Variabilitat hinsichtlich ihrer Definitionen und Messgrofie (d.h.,
Abbildung der dynamischen Struktur des Systems) aufweisen. Experteninterviews mit
Vertretern u.a. aus der Fischerei, der Angelfischerei und dem Naturschutz dienten der weiteren
Beschreibung und Analyse des Systems westlicher Ostseedorsch und des ihm
zugrundeliegenden Fischereimanagements (Studie Ill). Wir konnten darlegen, dass eine
groRe Vielfalt verschiedener Wissenstypen existiert, die die Grundlage fur die Beschreibung
des westlichen Ostseedorsches, aber auch fir die Bewertung und Kritik des EU-
Fischereimanagements bildet. Schlie3lich haben wir eine weitere Untersuchung der mentalen
Modelle (erhoben in Studie Il) und eine Netzwerkanalyse durchgefuhrt. Diese beruht auf der
Annahme, dass es einen Zusammenhang zwischen der ldentitatsvielfalt (Bandbreite an
sozialen Merkmalen) und der unterschiedlichen Art und Weise, wie Menschen Probleme
wahrnehmen und I6sen, gibt (Studie IV). Unsere Ergebnisse zeigen empirisch, dass Gruppen

mit héherer Identitatsdiversitat auch eine grélRere kognitive Vielfalt aufweisen.

Die Dorschfischerei der westlichen Ostsee und das ihn umgebende sozial-6kologische System
ist vielfaltig, in Teilen komplex und unterliegt verschiedenen Wahrnehmungen durch Nutzer-
und Interessengruppen. Ferner wird das System durch eine hohe Vielfalt an Wissenstypen
beschrieben, die unter anderem die Grundlage fir die Beschreibung des Systems und die
Kritik an dem EU-Fischereimanagement bilden. Durch die Offenlegung und Anerkennung
dieser verschiedenen Systemkomponenten, ihren Interaktionen und Dynamiken und somit der
vielfaltigen Wissenstypen kdénnte das Vertrauen zwischen den am Management beteiligten
oder betroffenen  Gruppen gestarkt und damit der Erfolg verschiedener
ManagementmalRnahmen beginstigt werden. Die Einbeziehung von Nutzer- und
Interessengruppen ist somit elementar um die nachhaltige Nutzung von Fischbestanden wie
dem westlichen Ostseedorsch zu fordern. Auch kénnte die starkere Einbindung verschiedener
Stakeholder und somit die Verfolgung eines transdisziplindaren Ansatzes einen Beitrag zur

Sicherung des kultur- und traditionsreichen Fischereisektors leisten.
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1. INTRODUCTION

Fisheries management in the European Union

Fish and fisheries in the European Union (EU) are managed under the Common Fisheries
Policy (CFP, EC 2013), with regions divided into different management areas. Western Baltic
Sea (WBS), for example, is subdivided into 3 regions: The Belt Sea (SD22), the Sound (SD23),
and the Arkona Sea (SD24) (Figure 1, Funk et al. 2021). The WBS borders the countries

Denmark, Sweden and Germany, the latter forming the case study of the present work.
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Figure 1. Map of the Western Baltic Sea region. This map shows the different subdivisions
(SD) set by the FAO. The Western Baltic Sea and thus the distribution area of Western Baltic
cod is represented by SD22-24, i.e. the Belt Sea (SD22), the Sound (SD23), and the Arkona
Sea (SD24). Here, the region of interest is the German coast within SD22-24. (Funk 2020)

The fish community in the WBS is dominated by cod (Gadus morhua), herring (Clupea
harengus), sprat (Sprattus sprattus), but also plaice (Pleuronectes platessa) and flounder
(Platichthys flesus), to name a few (Voss et al. 2017). However, species diversity is very low
compared to the North Sea, partly due to the brackish nature of the Baltic Sea, which is
determined, among other things, by a limited influx of saltwater via the Kattegat and Skagerrak
(MacKenzie et al. 2007).

As such, the Western Baltic (WB) cod represents one of the most important fish species for
the commercial fisheries (Delaney 2007, Funk et al. 2020, Déring et al. 2020). Various
measures (e.g., implemented in the multiannual plan, EC 2016) regulate the concerned

commercial fisheries and define, for example, how much fish can be caught (e.g., catch quota),



where (e.g., protected areas) and at what times (e.g., closed season in February to April) with
the aim of achieving a sustainable management for this species (EC 2013, EC 2016, EC 2020).
A yearly catch quota, known as the total allowable catch (TAC), is fixed for the commercial
fisheries, based on the ecological conditions of WB cod as well as the economic and social
circumstances of the fisheries itself. The TAC is negotiated and set at the supranational level
(EU level) and further divided into national quotas based on a historically key known as the
relative stability (Figure 2) (Baudron et al. 2020, Morin 2020, Déring et al. 2020). This allocation
key dates back to the 1980s and determines which countries are allowed to fish a defined or
certain share of a given quoted species (Baudron et al. 2020, Morin 2020). The share of the
total quota for WB cod for the German Baltic fisheries is 21.3% (EC 2020).
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Figure 2. Quota allocation for fisheries at various governance levels. Simplified
representation of different functions in terms of advice (Scientific, Technical and Economic
Committee for Fisheries - STECF, International Council for the Exploration of the Sea - ICES,
federal research institutes - GovLab, European Commission - Com), quota negotiation
(Council, third countries - 3rdCtry, Ministry), and quota distribution at national and local levels
(Ministry, federal agency - FedAgcy, producer organization - PO, fisheries cooperatives -
FiCoop). Different colors represent the various governance levels (supranational (blue),
regional (violet), national (red) and local (orange, green (only fisheries — Fi_o — fishers
organized, Fi_no — fishers not organized)).

The Council of Ministers of the European Union (i.e. Council) negotiates and sets the TACs
for the WB cod, based on several prior advisory processes, such as the International Council
for the Exploration of the Sea (ICES), which publishes an annual TAC recommendation based
on the ecological status of WB cod (Figure 2). The most recent ICES advice indicates that the
spawning-stock biomass (SSB, total weight of all sexually mature fish in a stock) has fluctuated
around the limit reference point (Bjm, limit reference point for SSB) since 2009, but has

increased in the last two years and is currently above B and close to MSY Byigger (biomass



reference point according to maximum sustainable yield approach) (ICES 2012, ICES 2020).
This is similar for fishing mortality (F, proportion of total mortality caused by fisheries), which
is currently above Fysy (ICES 2020). But the recruitment (R, individuals added to the exploited
component of a stock each year due to growth and/or migration into the fishing area (ICES
2012)) has been low since 1999, except for 2017, when the strong 2016-year class resulted in
R being estimated to be above average (ICES 2020). In contrast, R in 2018 and 2019 (age 1)
were the lowest in the time series (ICES 2020). For this reason, the 2016-year class has a
special ecological as well as economic role, i.e. it contributed the most to the catches of
commercial fisheries (ICES 2019, ICES 2020, Mélimann et al. 2021). In addition, since 2017,
the relatively high recreational fisheries catches have been included in the WB cod stock
assessment (Strehlow et al. 2010, Eero et al. 2014). To compensate for these removals and
to contribute to further conservation of the stock, a so-called bag limit was introduced, which
regulates angler removals through a fixed daily catch limit of five specimens or - during the

eight-week closed season between February and April - two specimens (EC 2020).
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Figure 3. Development of Western Baltic cod quota. Each year in October, the Total
Allowable Catch quota (TAC) for the Baltic Sea are negotiated and set by the Council of
Ministers of the European Union. (a) shows the TAC development from 1992 - 2021. The
highest quotas were set in 1995 (21638 t) and 1997 (21638 t). (b) + (c) highlight the TAC
development of the past 11 year and (c) shows the percentage changes of each year
compared to the previous. (data from ICES 2020)



WB cod development is reflected in the TACs, which have been subject to very strong
fluctuations over the last 5 years (Figure 3 a-c), characterized by a strong reduction in 2017 (-
56%) and 2020 (-60%) and a strong increase in 2019 (+70%) (Figure 3 a-c) (ICES 2020). Since
1995, the trend of TACs for WB cod has generally indicated a constant decline (1995, 1997:
21638t), with the lowest quota of 3806 t for 2020 (Figure 3 a). Since 2008, the quota has

leveled off just below the 5000 t, with a constant reduction since 2012 except for 2019.

Institutional structure of fisheries management in Germany

Fisheries management legislation is negotiated and decided at the EU level, as described
above, but its implementation is carried out at the national level. For this purpose, it is
necessary to briefly outline the structure and responsibilities of the various institutions relevant

to the German fisheries governance and management.

The greatest political competence in terms of managing commercial fisheries at the German
level lies with the Federal Ministry of Food and Agriculture, which is involved in the annual
negotiation of catch quotas, in measures of controlling illegal fishing and in the re-orientation
of the CFP at the EU level (see Figure 2) (Bundesministerium fur Erndhrung und
Landwirtschaft 2020a). In addition, the ministry is responsible for negotiating political issues
on commercial fisheries at supranational level (EU) and for their implementation at national
level (Bundesministerium fur Ernahrung und Landwirtschaft 2020a). The Federal Agency for
Agriculture and Food holds the leading role as a central implementing authority within the area
of responsibility of the ministry, and is active in the following areas: i) fisheries management
(e.g., administration of national fishing quotas and fishing effort), ii) fisheries economics (e.g.,
implementation of the Common Fish Market Regulation) and in iii) fisheries monitoring (e.g.,
monitoring and enforcement of the community and German fisheries law) (Figure 2)
(Bundesanstalt fir Landwirtschaft und Ernahrung 2021). Here, the agency is responsible for
the Exclusive Economic Zone (EEZ) which extends 12-200 nautical miles from the coast into

the sea.

At the state level, i.e. Schleswig-Holstein (SH) and Mecklenburg-Western Pomerania (MV)
(area of responsibility: 0-12 nautical miles, coastal sea), further differentiation must be made
between the state ministries (supreme fisheries authorities) and the state offices (upper
fisheries authorities). Specifically, the state ministries are institutionally subordinate to the
federal ministry and responsible for overarching tasks and matters of principle. The state
offices are the technical authority in the area of competence of the state ministries and perform
the following tasks: i) fisheries control on and in the waters of the states SH and MV, as well
as control of specific marketing regulations of fisheries products according to EU and federal

law, ii) investigations and procedures in case of violations of the law, iii) issuance of fishing



permits (coastal waters) and fishing licenses to fishers, iv) registration of fishing businesses
and fishing vessels in coastal fisheries, v) catch registration and maintenance of fisheries
statistics, and vii) promotion of the coastal fisheries (LLUR 2015, LALLF 2021). In contrast to
Schleswig-Holstein, for Mecklenburg-Western Pomerania, the Federal Agency for Agriculture
and Food is already responsible for control at sea from 3 nautical miles upwards

(Bundesministerium der Justiz und fur Verbraucherschutz 1989).

Fisheries structure and development along the German Baltic coast

The German fisheries sector in the WBS can be described by vessel type (length), gear (e.g.,
trawl, gillnet), and the fisher's income type (full-time, part-time) (LLUR 2019, LALLF 2020). The
annual fleet report, classifies vessel by length: i) <10 meters (m), ii) 10-12 m, iii) 12-18 m iv)
18-24 m and v) 24-40 m (Bundesministerium flr Erndhrung und Landwirtschaft 2020b). In
comparison, Déring et al. (2020) only divide the WBS fleet between i) <8 m, ii) 8-12 m, and iii)
>12 m, arguing that unlike other marine economies in Europe (e.g., in the North Sea), the
fishery in the WBS is driven less by deep-sea trawlers and more by vessels smaller than 24m.
This classification is particularly important at the administrative level, e.g. for permitted fishing
areas, control and documentation of catches (e.g., EC 2009, Landesregierung Schleswig-
Holstein 2018). For example, fishers with a vessel between 8 and 12 m in length use paper
logbooks, whereas fishers with vessels >12m are required to keep digital documentation of
their catches using electronic logbooks and install a vessel monitoring system (VMS) onboard
of their vessel to track their fishing activities (EC 2009). Table 1 represents the amount of cod

caught in the Western Baltic Sea by vessel size and gear in 2019.

Table 1. Overview of the amount of WB cod caught in 2019 by gear type and vessel size.
Cod in the Western Baltic Sea were caught by both passive (PG=pelagic gillnet; PG VL0010,
PG VL1012) and active gear (DTS=demersal trawls; DTS VL1012, DTS VL1218, DTS VL1824,
DTS VL2440) (Bundesministerium flr Landwirtschaft und Erndhrung 2020b).

PG VL0010 PG VL1012 DTS VL1012 DTS VL1218 DTS VL1824 DTS VL2440

Gear Gillnet Gillnet Trawl Trawl Trawl Trawl
Size <10m 10-12 m 10-12m 12-18 m 18-24 m 24 -40 m
Tonnes 492 310 58 m 326 558 193

Both active and passive gears are used in the WBS for cod fisheries. Active gears including

bottom trawls (Table 1, Figure 4a) and typical examples of passive gears are gillnets (Figure



4b), fyke nets, fishing rods or fish traps (Delaney 2007, Bundesministerium fir Landwirtschaft
und Erndhrung 2020, Déring et al. 2020). The largest catches were in the segment of gillnet,
<10m (492 t) and trawl, 18 - 24 m (558 t) (Bundesministerium fur Landwirtschaft und Ernadhrung
2020). No trawl is used for boats smaller than 10 m, according to the size of the vessel and
respective engine power.

In total, the German fisheries fleet consisted of 1308 vessels in 2019, with 1013 in small-scale
coastal fisheries with a length of less than 12 m, most of which were active in the Baltic Sea

with gillnets (Bundesministerium fur Landwirtschaft und Erndhrung 2020b).

Figure 4a, b. Fishing boats in the Baltic Sea. Both trawl (a. Port of Sassnitz in Mecklenburg-
Western Pomerania) and gillnet (b. Port of Schénberg in Schleswig-Holstein) fisheries are
practiced in the Western Baltic Sea.

In 2019, a total of 814 fishers were reported for the German Baltic Sea, of which 422 were
registered as full-time fishers (SH=206, MV=216) (LLUR 2019, LALLF 2020). For
Mecklenburg-Western Pomerania, a decrease of 14 fishers is published for 2020, with an
increase of two part-time fishers indicated (no official data available for SH yet) (LALLF 2020).
Although some former full-time fishers have transitioned to part-time fisheries, current trends
are towards a further decline in the number of people employed in this fishery (LLUR 2019,
LALLF 2020). This is particularly evident in the data from 2016: only 251 full-time fishers were
registered in MV and 258 in SH, representing a decrease of 17% within the last four years
(LLUR 2019, LALLF 2020).

Fishers can be classified into different types of income, and a further subdivision is possible
according to the nature of their organization status. Here, a general distinction is made
between organized and non-organized fishers, which is relevant in the context of TAC
allocation and the possibility to apply for subsidies at EU level (Figure 2). Fish trade and sales
are also largely managed by the fisheries cooperative or producer organization, while non-

organized fishers mainly market the fish themselves directly to customers, hotels or



restaurants. Fisheries cooperatives exist all along the Western Baltic coast, with four in
Schleswig-Holstein (Heiligenhafen, Burgstaaken (Fehmarn), Kiel and Libeck) and 10 in
Mecklenburg-Western Pomerania (e.g., Wismar, Sassnitz (Rugen), Krdselin/Freest).
Furthermore, there are five producer organizations for the WBS fisheries, which usually
represent a union of several cooperatives, four of which are located in Mecklenburg-Western
Pomerania (e.g., ZAG Rugenfang, Usedomfisch Freest) (EC 2005). Importantly, the fisheries
cooperative in Heiligenhafen (SH) and in Wismar (MV) are equally listed as producer
organizations; they therefore do not constitute a union of further cooperatives (EC 2005). In
this context, the structural change is not only reflected in the decreasing number of fishers, but
subsequently also in that of fisheries cooperatives. This is noticeable in the most recent
development, namely that the fisheries cooperative Lauterbach (Rigen) had to cease business
at the beginning of this year (Sommer 2021). The development is even more drastic with the
dissolution of the Landesfischereiverband Mecklenburg-Vorpommern e.V., which had to cease
its activities due to constantly worsening conditions for the fisheries such as progressive quota
reduction for the main fish species cod and herring, stricter requirements for nature,
environmental and species protection and problems due to the loss of fishing areas. This
resulted in a decline of its member numbers (Becker 2020, LVB MV 2021). As a response, a
working group was established to further represent the interests of fishers in MV (LVB MV
2021).

Conflict over fish, fisher & conservation

The economic and also social-cultural importance of the WB cod, as well as its ecological
function in the WBS ecosystem, makes this species of particular value to commercial fisheries,
but also to recreational fisheries, nature conservation and tourism (Delaney 2007, Déring et
al. 2020). However, the question of how to manage the stock and also the fisheries to a
sustainable state is subject of an ongoing discourse that has gained considerable momentum,
especially in recent years. Informal conversations, official events (e.g., Marine Environment
Symposium, German Fisheries Day) but also social media (e.g., Facebook, Twitter) and
newspapers serve as a source of information to get a brief insight into the overall conflict, and
into the diverging perceptions of system components as well as their functioning (cause, effect)

by different stakeholders.

In general, there is controversy among stakeholders about management measures taken (e.g.,
establishment of a closed season for cod), but also about their strength (e.g., duration of
season) and effectiveness (WWF 2016, Veit 2016, WWF 2019). For example, the following
statement by a representative of an eNGOs implies that the measures currently taken are not

sufficient to manage the WB cod stock into a sustainable state.



“Western Baltic cod is not receiving the protection it
desperately needs to provide the majority of catches ~ (WWF 2019)
for the German Baltic Sea fishery beyond 2020.”

Especially the strong fluctuations in catch quotas resulted in increasing conflicts between
fishers and interest groups like eNGOs. In response to the first drastic TAC reduction in 2016,
fishers spoke of a ban of their profession and that they "[...], are threatened with extinction!"
(Burghardt 2016). For representatives from eNGOs on the other hand, the cuts do not go far
enough, expressing concern about the complete collapse of the stock - "It is irresponsible to
continue the overfishing!" (WWF 2016, Veit 2016). The interests are clearly reflected: while for
fishers it is about economic (e.g., money) and social-cultural interest (e.g., preservation of
fisheries sector and its tradition), for eNGO the stock and a sustainable management of it are
paramount (ecological interest). These different interests and diverging perceptions of the
problem led not only to increasing mistrust between the stakeholders, but also to mistrust in
politics and science, resulting in unaccepted management decisions. This is once again clearly

reflected in the following quote from a fisher:

“Our small fleet is no longer in the position to
overfish anything. That's why this is an indictment of
yining Y (Backhaus 2019)
the entire EU fisheries policy. If sustainability means
reducing all quotas until 0, then no one can

understand that anymore."

The fisher expresses his dissatisfaction with management measures in general, but in

particular with the lack of understanding of the political definition of sustainability.

Additional conflicts that gain traction in social media or newspapers arise from the designation
of marine protected areas and the increasing populations of cormorants and seals
(Hasselmann 2019, Sommer 2021). While their growing populations are considered a success
of nature conservation on the one hand (Voss 2019), fishers on the other hand perceive an
increasing threat to their profession (e.g., predation on their catch, gear damage) (Sander
2019, Hasselmann 2019).

Newspaper coverage of the conflict between cod, fisheries and nature conservation already
demonstrates the explosive nature of this topic coupled with diverging perceptions of problems,
causes and effects. In addition to the representation of these various bodies of knowledge by
the many stakeholders involved, the prominent role of emotions in shaping the agenda of this
environmental and economic conflict is also evident. These refers to emotions of fear (fear

about the future of the fisheries and non-reversible structural changes, extinction of cod),



worries (worries about the state of WB cod, its surrounding communities that make their living
from fishing and lack of young fishers, great influence of fish industry), anger (anger at the
policy that scientific recommendations are not followed, gear damage through seals),
disappointment (disappointment with inadequate policy measures) and frustration (frustration
about constant reductions in catch quotas) (Bughardt 2016, WWF 2016, Veith 2016, WWF
2019, Hasselmann 2019, Sander 2019, Sommer 2021).

However, newspaper and social media, among others, play an important role in representing
different perceptions and knowledge, and especially in influencing ideas about the ‘right’
management measures to take (Quist & Rinne 2017). But to assist in resolving a conflict, for
example, in many cases they are i) oversimplified and ii) often biased (e.g., unequal distribution
of resources (money, time) across various stakeholder groups) (Hamborg et al. 2019).
Enhanced participation of relevant resource users and interest groups may help stimulate
mutual understanding of the system and its interactions (Gray et al. 2012), and thus assist in

conflict resolution (Jentoft 2017, Stepanova 2019).

Stakeholder participation in its multifaceted aspects

Stakeholder involvement in fisheries management has become increasingly important,
especially in recent decades (Kraan et al. 2014, Birnbaum 2015). This has brought a holistic
understanding of the system into the spotlight, making stakeholder participation essential today
(Mackinson et al. 2011, Linke et al. 2020). The beneficial role of involving stakeholders in
natural resource management, and therefore recognizing their diverse ‘knowledges’ and
perspectives, is evident, not least in the numerous published literature (Folke 2004, Reed
2008, Voinov et al. 2016, Steins et al. 2019). This shift towards a participatory governance
approach seems fundamental to better understand natural resources in general, their
distribution and reproductive behavior in particular (Funk et al. 2020), as well as to provide
management with valuable information for sustainable natural resource management
(Aanesen et al. 2014). This also includes a better understanding of the resource users (Barz
et al. 2020), their values, cultural needs, perceptions of the system and its functioning of which

they are a part (Gray et al. 2012, Sterling et al. 2017).

Stakeholder participation has become a fundamental part of fisheries legislation in many
countries around the world, including the EU (EC 2013, Winter & Hutchings 2020). Through
the application of an ecosystem-based management (EBM) and participatory approach, the
EU with its CFP is increasingly aiming for a holistic approach to the management of living
marine resources (EC 2013, Long et al. 2015, Linke & Jentoft 2016). In this context, since
2002 with the reformed CFP, Advisory Councils (ACs) have been established to promote the



participation of various stakeholders in fisheries management at the regional scale (Long et al.
2015, Linke & Bruckmeier 2015). For example, ACs formulate proposals for the EU
Commission that include compliance with socio-economic aspects of management such as
the modification of the planned digital reporting of catches as part of the proposal for the new
Control Regulation (Linke et al. 2011; Long 2009, Linke & Jentoft 2016). ACs are stakeholder-
led organizations, divided into different European Seas, like the Baltic Advisory Council (i.e.,
60% fishing industry, 40% other interest groups like NGOs) but also covering topics such as
aquaculture (EC 2013, Linke & Jentoft 2016, EC 2021a). In Germany, a policy instrument
comparable to the ACs is absent on national level. However, various forms of involvement
exist, such as joint dialogues, such as the cod round table originally initiated by a political

member of the EU Parliament.

The EU also initiated Fisheries Local Action Groups (FLAGs) but these focus on the
development of fish communities at the local level and incorporate themes such as
environment, culture or governance (EC 2021b). There are numerous FLAGs along the
German Baltic coast, for example in Stein-Wendtorf, Eckernférde and Fehmarn in Schleswig-
Holstein or in the regions of West-Mecklenburg and Rigen in Mecklenburg-Western

Pomerania.

In the context of fisheries management, stakeholders’ involvement in the EU takes place at
different levels of governance. Furthermore, Képsel et al. (2021) found that involving resource
users and interest groups in scientific projects not only help make research more socially
relevant and robust, but also makes it easier for a wide range of stakeholders to understand
and accept. The importance of this topic is becoming increasingly significant when considering
the growing number of projects focusing on stakeholder participation (Kraan et al. 2014, Képsel
et al. 2021). In this regard, stakeholder participation in scientific projects can be differentiated
very general into informal (e.g., exchange of information via telephone or e-mail) or formal
(e.g., direct involvement in a scientific project), but also according to the type and goal of
participation. According to Stauffacher (2008), this can be classified as very low (e.g., general
exchange of scientific results), medium (e.g., consultation by stakeholders for relevant model
inputs), high (e.g., joint sampling of fisheries data) to very high (e.g., project management by
stakeholders and scientists, see Living Lab approach) (Képsel et al. 2021). There is further
diverse literature addressing the typology of participation in general (/atter of participation,

Arnstein 1969) and specifically for environmental management (Reed 2008).

Cod plays a central role in the WBS ecosystem as top-predator in local food web dynamics, is
of great economic importance for the fisheries along the coast in terms of jobs or tourist

facilities like fish restaurants, and is framed by a deep culture and tradition. Reflecting on the
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status of cod, fisheries management in general, and quotas in particular, but also on the
structure and development of the WB fisheries, this sector is clearly undergoing major changes
(Déring et al. 2020, Mdlimann et al. 2021). While it is becoming increasingly difficult to stay
economically stable for small-scale fishers, the loss of this sector would lead to severe
sociocultural disruption along the Baltic Sea coast (Bundesministerium flr Erndhrung und
Landwirtschaft 2020b, Doring et al. 2020). Fishers and fisheries are currently facing a major
transition, and the direction in which the system will evolve depends not only on the state of
important commercial fish stocks like cod, but above all on effective measures that manage
the stock into a sustainable state as well as to save the fisheries sector from extinction.
Stakeholder involvement and participation in this process is one pillar to describe the problems
and identify root causes, but even more important to find common solutions and increase their

acceptance (Linke et al. 2020).

Motivation and outline of thesis

This thesis aims to improve the understanding of stakeholder participation using the example
of cod in the Western Baltic Sea. We have investigated who is involved in or influenced by the
respective fisheries management, how these resource users and inters groups perceive the
system and what knowledge underlies it. The research results can contribute to a better
understanding of the system in general and support conflict resolution and thus the sustainable

management of this species.

By conducting a literature review, we aimed to gain an in-depth understanding regarding
stakeholder participation in coastal and fisheries management in general (Study 1). We
investigated i) how the term stakeholder is described, ii) what variations exist for the term
stakeholder, iii) how participation is defined and what variations exist in its application, and iv)
what individual intentions are associated with the participation of resource users and interest

groups.

In order to investigate the specific case of WB cod, | conducted an online stakeholder
identification survey based on the previous results, including a sample of the institutions that
either influence (e.g., management of this species) or are influenced (e.g., livelihood) by the
management of WB cod (Appendix |). Relevant resource users and interest groups were

identified and used for further research (Studies I, lll, and IV).

Using participatory modeling, we conducted an analysis explicitly focusing on the perception
of the WB cod fishery system across six stakeholder groups, such as, commercial fisheries,

eNGO and tourism (Study Il). We placed particular emphasis on i) how the cod fishery system

1"



in WBS is generally perceived and described, ii) which ecological and economic-social
components are perceived as relevant, iii) how these components are interconnected
(direction, weight), and iv) what differences can be identified between relevant stakeholder

groups.

Furthermore, we performed a comprehensive analysis of complementary expert interviews to
explore cod as an ecological system component, and in particular the management underlying
this species (Study Ill). This study was designed to contribute to a better understanding of i)
how cod as a fish species is perceived and described in the context of its fisheries
management, ii) what knowledge types underlie this description, iii) what problems and
improvements are formulated for fisheries management of WB cod, and iv) what the
perceptions and criticisms of the science that informs the formulation of management

measures are.

Considering that there is a link between identity diversity, i.e. the range of social
characteristics, and the different ways people perceive and solve problems (e.g., interact with
the system) sets the basis for the investigation in the last study of this thesis (Study IV). We
used mental models and network analysis to examine the relationship between a stakeholders’
identity characteristics and the way the system of WB cod fisheries is described, including
interactions between system components. The analysis was guided by the following questions:
i) what is the relationship between identity diversity and cognitive diversity among stakeholders
affected and involved in the management of WB cod, ii) what are the cognitive distances within
and between stakeholders of different social types, and iii) how can the outcomes effectively
contribute to the resolution of conflicts related to natural resource management in general and

WB cod in particular.
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Abstract

Stakeholder participation is a fundamental component of
many states’ and local agencies’ fisheries legislations
worldwide. The European Common Fisheries Policy
(CFP), as one example, increasingly adopted a holistic
approach to managing marine living resources. An impor-
tant component of such an ecosystem-based management
approach is the consideration of knowledge, values, needs
and social interactions of stakeholders in decision-making
processes. However, despite that stakeholder participation
is a widely used term, a great variety of definitions exist,
which often cause misunderstanding. Stakeholder partici-
pation is often used as part of conducting research on
stakeholders but not in the context of their participation in
resource management. Here, we present the results of a
comprehensive literature review on the topic stakeholder
participation in coastal and marine fisheries. We identi-
fied 286 scientific publications in Web of Science of which
50 were relevant for our research questions. Publications
were analysed regarding (i) definition of stakeholder par-
ticipation, (ii) analysis of participating stakeholders, (iii)
applied participatory methods and (iv) intention for par-
ticipation. Stakeholder types addressed in the publica-
tions included, e.g. fishery (fishers and direct
representatives, N = 48), politics (policymakers and man-
agers, N = 31), science (N = 25) and environmental non-
governmental organizations (eNGOs, N = 24). In total, 24
publications labelled their studies as stakeholder partici-
pation, while stakeholders were only used as a study
object. We conclude that improving science and the prac-
tice of including stakeholders in the management of
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coastal and marine fisheries requires definitions of who is
considered a stakeholder and the form of participation
applied.

Keywords
Case survey method - Stakeholder types - Participatory
methods - Multiple Correspondence Analysis

2.1  Introduction

Stakeholder participation is a fundamental component of
many states” and local agencies’ fisheries legislations world-
wide (NOAA 2015). As an example, the Common Fisheries
Policy of the European Union increasingly adopted a holistic
approach to managing marine living resources (Commission
of the European Communities 2013). An important compo-
nent of such an ecosystem-based management (EBM)
approach is the consideration of knowledge, values, needs
and social interactions of resource users and other interest
groups in decision-making processes (Long et al. 2015).
Aanesen et al. (2014) established that in the case of fisheries
management, this implies having access to local ecological
knowledge of fishers to complement scientific data which is
often very limited. Furthermore, involving stakeholders is
expected to increase the legitimacy of the management by
creating understanding and support among the stakeholders
for management measures such as new regulations (Aanesen
et al. 2014). Moreover, stakeholders represent varying pref-
erences about a resource and, therefore, ideally enable pro-
cesses to reach sustainable management on different levels,
such as ecological and social. But the terms ‘stakeholder’
and ‘participation’ have become ‘buzz words’ in environ-
mental management (Voinov and Bousquet 2010). Deviating
definitions and explanations of both terms occur, and it is
often unclear what is actually meant by these concepts.

S. Jungblut et al. (eds.), YOUMARES 9 - The Oceans: Our Research, Our Future,
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We here reviewed worldwide case studies to investigate
how stakeholder participation is applied in research projects
concerning coastal and marine fisheries. The literature
review creates an overview of current meanings and methods
applied in this research field. The aim of our study is to high-
light and to critically discuss the application of the term
stakeholder participation and the significance of these find-
ings for future research projects in general and particular in
the field of coastal and marine fisheries. In our study, we
developed and applied nine questions to review and analyse
relevant publications. First, we investigated the publications
regarding the use of the term stakeholder. Here, we focused
on term definition, approach of analysing stakeholders as
well as on the stakeholder types involved in the case study.
Subsequently, we reviewed the publications in relation to the
term participation, again first focusing on term definition,
methods used related to the participation of stakeholders,
description and intention for participation. Finally, we anal-
ysed all publications to evaluate whether the publications
used participation as a tool for researching stakeholders
(research tool) or for conducting true stakeholder participa-
tion (participation tool).

Our study revealed that only few publications in the
research field of coastal and marine fisheries clearly defined
the terms stakeholder and participation. Furthermore, the
majority of publications labelled their studies as stakeholder
participation, while stakeholders were only used as a study
object. We conclude that improving the science and the prac-
tice of including stakeholders in the management of coastal
and marine fisheries requires definitions of who is consid-
ered a stakeholder and the form of participation applied.

2.2  Material and Methods

We conducted a systematic literature review using the case
survey method (Newig and Fritsch 2009), i.e. one article rep-
resented one analysis unit. Here, qualitative studies were
transformed into semi-quantitative data, applying a coding
scheme and expert judgements by multiple coders. The case
survey method allowed us to synthesize case-based knowl-
edge using at least two coders. We translated our research
steps (RS) into a research protocol, adapted after Brandt
et al. (2013), making RS repeatable and transparent. Our
study included five working steps (WS): data gathering (WS
1), data screening (WS 2), data cleaning (WS 3), paper
reviews (WS 4) and a statistical analysis of the collected data
(WS 5) (Table 2.1).

In WS 1 we derived relevant publications from the Web of
Science (WoS; www.isiknowledge.com), an extensive and
multidisciplinary database covering a large number of
scientific journals, books and proceedings in the field of nat-
ural science and technique, arts, humanities and social sci-
ences (ETH Ziirich 2018). We extracted articles published
within the period from 2000 to 2018, considering the estab-
lishment of participation in (environmental) decision-mak-
ing processes as a democratic right by the United Nations
Economic Commission for Europe’s 1998 Arhus Convention
and an increased use (Reed 2008). To ensure an establish-
ment in research publications, we started the review two years
later. Publications were collected by using the basic search
routine in the WoS (date of search: 16 May 2018) applying
the following keyword strings: (i) stakeholder — participa-
tion — fishery, (ii) stakeholder — involvement — fishery and

Table 2.1 The five working steps (WS) of our literature review on stakeholder participation in the field of coastal and marine fisheries consisted
of data gathering, data screening, data cleaning, paper review and statistical analysis. The review procedure and the results are presented for each

WS
Working step
(WS) Review procedure Result
1. Data Definition of Web of Science query (keywords: Bibliographical information of 286 potentially relevant
gathering stakeholder, participation/engagement/involvement, publications
fishery; 16 May 2018)
2. Data Screening of publications guided by the question: A total of 81 publications were identified
screening Are all three keywords listed within the title, abstract or
keywords of the publication?
3. Data Cleaning of publications guided by the questions: A total of 50 relevant publications were identified
cleaning i) Does the publication focus on coastal and marine
fisheries?
ii) Are the publications case studies?
4. Paper Content analysis of relevant publications using a set of Different definitions and methods regarding the topic
review nine research questions concerning the term stakeholder stakeholder participation in the field of coastal and marine
participation fisheries were identified
5. Statistical | Analysis of data using multiple correspondence analysis in | Results are presented in this review publication
analysis R
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(iii) stakeholder — engagement — fishery. We additionally
used the string ‘fisheries’ instead of ‘fishery’.

In WS 2 we screened all publications derived in WS 1;
we only further considered the publications that included
all three keywords stakeholder, participation/involvement/
engagement and fishery in (i) the title, (ii) the abstract or
(iii) the keywords. We also included publications that
either used the noun, the verb, i.e. to fish, to participate/
involve/engage, or the adverb of the keyword, like ‘fishing
community’.

For the data cleaning (WS 3), we used an inductive
approach to identify key issues of selected publications
based on two characteristics:

. Focus of the publication — fisheries, freshwater or estua-
rine ecosystems, recreational fisheries or marine pro-
tected areas; management (e.g. fishery, coastal
management, EBM) or policy (e.g. Common Fisheries
Policy (CFP), Marine Strategy Framework Directives
(MSFD))

. Study type of publication — a participation case study, a
meta-analysis of participation studies or participation
framework description

We here described policy as a set of rules or an estab-
lished framework; management was defined by general envi-
ronmental management approaches (e.g. ecosystem-based
management (EBM), coastal management) or explicit man-
agement measures.

In WS 3 we excluded publications with focus on freshwa-
ter or estuarine ecosystems, recreational fisheries and marine
protected areas. In addition, we discarded publications with
focus on coastal management and EBM as well as publica-
tions looking at political frameworks (CFP, MSFD). All
remaining publications focused on coastal and marine
fisheries.

We further only analysed publications that presented a
case study; in WS 3 we discarded studies that represented a
meta-analysis or theoretical participation framework descrip-
tion. We here defined a case study as “[...], analyses of per-
sons, events, decisions, periods, projects, policies,
institutions, or other systems that are studied holistically by
one or more methods. The case that is the subject of the
inquiry will be an instance of a class of phenomena that pro-
vides an analytical frame — an object — within which the
study is conducted and which the case illuminates and expli-
cates” (Thomas 2011). For an evaluation of the regional dis-
tribution, we also extracted the continent where the case
study has been conducted.

In WS 4 we analysed the content of the finally selected
papers applying a mixed-method approach. We evaluated the
publications based on 9s questions, investigating the terms
stakeholder (questions 1-4) and participation (questions
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5-8) first separately and subsequently in combination (ques-
tion 9). The list of questions is shown in Table 2.2. We
applied a quantitative approach to investigate naming and
definition of both terms (questions 1-8, Table 2.2).
Furthermore, we applied an inductive approach to generate
categories for analysing derived data to elicit which type of
stakeholders, participation tools and intention categories for
participation were part of the research projects (questions 2,
6 and 8§, Table 2.2) (Mayring 1988). Eight stakeholder types
were distinguished in our analysis, i.e. science, politics, envi-
ronmental non-governmental organizations (eNGOs), fisher-
ies, fishery-related industry, recreational fisheries, public and
others. Although we excluded publications that focus on rec-
reational fisheries, this stakeholder type was part of the case
studies focusing on coastal and marine fisheries and, there-
fore, was included as one stakeholder type within our analy-
sis. The category ‘others’ included stakeholders that did not
fit into any of the other categories but have been explicitly
mentioned separately from them. We similarly analysed
questions 6 and 8. Here, we distinguished between 11 par-
ticipatory methods, i.e. workshop, interview, meeting, dis-
cussion, survey, questionnaire, modelling, coordination,
mapping, presentation and conversation, and 10 infention
categories, i.e. analysis, assessment, definition, description,
development, establishment, evaluation, feedback, identifi-
cation and improvement. Related to the description in the
publications, we distinguished between active and passive
participatory methods: active ones describing methods that
directly involved stakeholders in decision-making processes;
passive participatory methods had been described to support
the participatory process but not to involve the stakeholders

Table 2.2 Nine questions used to review the identified case studies in
coastal and marine fisheries management. The terms stakeholder (ques-
tions 1-4) and participation (questions 5-8) were investigated sepa-
rately and in combination, i.e. stakeholder participation (question 9)

Question

1. How is the term stakeholder defined?

2. Which types of stakeholder are part of the
research project?

3. Was a systematic approach used to analyse
stakeholders?

4. Which stakeholder analysis approach was
used?

5. Was the term participation/engagement/
involvement defined?

Term
Stakeholder

Participation

6. Which participation/engagement/involvement
methods were mentioned?

7. How was the participation/engagement/
involvement method described?

8. What was the aim of using participation within
this project?

9. Is the described participation/engagement/
involvement tool used for analysing stakeholders
(research tool) or for involving stakeholders
(participation tool)?

Stakeholder
participation
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Fig. 2.1 Number of research
publications published from
2000 to 2018 dealing with
case studies in coastal and
marine fisheries as found by
Web of Science (keywords:
stakeholder, participation/
engagement/involvement,
fishery) as of May 2018.
Black line represents the
linear regression with 95%
confidence intervals; the grey
area indicates the confidence
band (R? = 0.6045,

p = 0.000645)

Number of publications

in research or management (decision-making processes).
Participatory methods and intention categories were
extracted according to the mention in the publications.
Related to the participatory methods, we also determined
whether preparatory work was done using an inductive
approach.

Eventually, we investigated whether (i) the case studies
conducted participation to gather knowledge from stake-
holders but without engaging these stakeholders in a
decision-making process (research tool) or (ii) stakeholders
had a direct influence on data interpretation and decision-
making processes (participation tool).

In the final working step (WS 5 — statistical analysis), we
used Multiple Correspondence Analysis (MCA) to explore
the relationships between stakeholder types. MCA is able to
uncover correlations (i.e. similarities, grouping) in otherwise
inconvenient survey data (Higgs 1991) and was designed to
apply on multiple binary (or nominal) variables (e.g. our cat-
egories stakeholder ‘science’: absent = 0, present = 1; stake-
holder ‘public’: absent = 0, present = 1), all of which had the
same status (Abdi and Valentin 2007). MCA explores the
patterns in data by measuring the geometric proximity
between stakeholder types (e.g. science and public) using
weighted least squares (Abdi and Valentin 2007) and graphi-
cally represents the proximity of the categories on a simple
plane, i.e. correspondence map. Thus, MCA allows finding
similarities between categories based on the chi-square dis-
tance between them and using the percentage of the explained
variance to the new (reduced) dimensions. More details
related to the method of MCA can be found in the original
work Greenacre (1984). We used MCA to answer the ques-
tion: Which stakeholder types often appear together in the
reviewed publications?

30

2010 2015

Year

2005

2.3  Results
We identified in total 286 scientific publications, which we fur-
ther analysed according to our review protocol (see Sect. 2).

Of 286 publications, in total 81 contained all keywords of
which 56 publications had their emphasis on coastal and
marine fisheries. 50 publications out of 56 were categorized
as case studies and were further analysed in our study
(detailed description in Table 2.A1 of the Supplementary
Material).

The number of publications that focused on stakeholder
participation significantly increased within the last 18 years
(Fig. 2.1). In 2015, a maximum value of eight was reached.
The majority of the case studies was conducted in Europe
(N = 18), North America (N = 11) and Australia (N = 9).

2.3.1 Paper Review: Stakeholders

2.3.1.1 Term Definition

We identified four publications defining the term stakeholder
(Brzezinski et al. 2010; Haapasaari et al. 2013; Tiller et al.
2015; Kinds et al. 2016) (Fig. 2.2a). Even though they
defined the term more indirectly and in general, Brzezinski
et al. (2010) stated stakeholders as members of a particular
group that hold a personal stake. They referred to Olson
(1965) to suggest that the increase of the personal stake of
these members will lead to an increase of their participation
in regulatory processes. Haapasaari et al. (2013) described
stakeholders as a group of people having a stake and contrib-
uting towards a knowledge base for fisheries management.
On the other hand, Kinds et al. (2016) focused on stakehold-
ers as all people and organizations (here producer organiza-
tions), which are actively involved in the fishing sector. Tiller
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Fig. 2.2 Review of 50 research publications presenting case studies in
coastal and marine fisheries (as of May 2018). (a) Term definition of
participation and stakeholder; we distinguished between participation
(grey) and participation-related terms (light grey), e.g. participatory

et al. (2015) took a deliberate look into the literature, refer-
ring to Freeman (2010). Freeman (2010) defined stakehold-
ers as any group or individual who can affect, or is affected
by, the achievement of the organization’s objectives (Freeman
2010). Tiller et al. (2015) continued to criticize this defini-
tion as too broad; it allows the inclusion of nearly everyone
as a stakeholder.

2.3.1.2 Stakeholder Analysis

Durham et al. (2014) stated that the selection of stakeholders
strongly determines the outcome of the participation process.
They, therefore, recommended to systematically select stake-
holders based on the objective and impact of research. We,
therefore, analysed the publications, looking for the descrip-
tion or reference of stakeholder analysis processes.

In our review corpus, 15 out of 50 publications applied
methods to get an understanding of who their stakeholders
are (Fig. 2.2b). We evaluated publications as using stake-
holder analysis approaches if the case studies did not decide
on stakeholder groups or stakeholder individuals (referring
to Durham et al. 2014) but researched for them systemati-
cally. Three out of 15 publications defined stakeholder
groups, three determined stakeholder groups as well as indi-
vidual stakeholders and the remaining nine out of 15 case
studies selected individual stakeholders out of a priori stake-
holder groups.

Gray etal. (2012), Kinds et al. (2016), as well as Sampedro
et al. (2017) evaluated stakeholder groups that were involved
in past fisheries research and management; thereby, they
have chosen the group of stakeholders they wanted to involve
in their current research projects. Pristupa et al. (2016)
applied three different approaches; on the one hand, they did
not want to overlook a major stakeholder, and on the other
hand, they aimed to identify the most knowledgeable indi-
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Stakeholders Participatory tool Research tool Uncertain

management, participatory research and participatory action research;
(b) method application for participation (e.g. interview, workshops and
questionnaire) and stakeholders (e.g. snowball sampling); (c) the use of
stakeholder participation, either as a participation or research tool

vidual within the appropriate stakeholder group: first they
extracted information from reports and open-access informa-
tion such as Marine Stewardship Council reports, interviews
on specialized websites and scientific reports. Second, they
identified stakeholders during a thematic conference, which
was also used to establish contacts. Third, recommendations
by fisheries experts were accumulated using the snowball
approach (Pristupa et al. 2016). Different to the previous
case studies, Miller et al. (2010) used two approaches to
select relevant stakeholders. First, stakeholders were selected
due to history, perspectives and relationships among those
with a stake in a specific fishery (Miller et al. 2010). Second,
relevant stakeholders should be knowledgeable and influen-
tial in their community as well as open minded for different
views (Miller et al. 2010). Further, Mahon et al. (2003) ana-
lysed stakeholders based on public records before organizing
discussion meetings where individual stakeholders were
singled out.

Additionally, nine publications described methods that
were applied to identify individual stakeholders, either
within presumed stakeholder groups or randomly. Butler
et al. (2015), Bitunjac et al. (2016) and Stratoudakis et al.
(2015) based their choice of individual stakeholders on their
long-time experience and their knowledge of the topic stud-
ied. Bitunjac et al. (2016) selected stakeholders of which the
authors assumed to have a leading influence within their
group and were, therefore, seen as representatives of their
stakeholder group. Catedrilla et al. (2012), Kerr et al. (2006)
and Murphy et al. (2015) had chosen fishers as individual
stakeholders by sampling them from a registration list in
their field of interest. Lorance et al. (2011) and Thiault et al.
(2017) selected the stakeholders at random. Lorance et al.
(2011) advertised workshops widely and, therefore, could
not directly influence attendance; Thiault et al. (2017) did
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sampling among all households in their area of interest with-
out focusing on a specific stakeholder group. Kittinger
(2013) first conducted a snowball sampling followed by a
‘purposive sampling approach’ — a deliberately selective
approach choosing knowledgeable individuals.

2.3.1.3 Stakeholder Types

Overall the stakeholder type ‘fishery’ had the highest fre-
quency of appearance within all publications, followed by
‘politics’, ‘science’ and ‘eNGO’ (Table 2.3). In five publica-
tions, ‘fishery’ was considered as the only stakeholder
(Clarke et al. 2002; Catedrilla et al. 2012; Eveson et al. 2015;
Tiller et al. 2015; Thiault et al. 2017). Except for Catedrilla
et al. (2012), these publications aimed at getting information
about the spatial distribution of fishing grounds. Two case
studies (Fletcher 2005; Dowling et al. 2008) did not name
‘fishery’ as a stakeholder but noted that fishers were involved
in the conducted case study.

‘Politics’, ‘science’ and ‘eNGO’ were targeted in about
half of the studies. Nonetheless, 12 case studies did not con-
sider any of these three stakeholders at all (e.g. Mitchell and
Baba 2006; Appledorn et al. 2008; Cox and Kronlund 2008).
The stakeholder type ‘others’ mostly represented a business
or the like (e.g. Carr and Heyman 2012; Butler et al. 2015).
‘Public’ stakeholders were mainly seen as community mem-
bers (Kittinger 2013; Eriksson et al. 2016) or consumers
(Mahon et al. 2003), who, therefore, did not have a primary
economic or political interest in fisheries.

‘Related industry’ was described as processing and sell-
ing industry that was directly associated with fisheries and so
depended on this stakeholder type (e.g. Cox and Kronlund
2008). ‘Related industry’ was considered 16 times in the

Table 2.3 Identified stakeholder types presented by case studies in
coastal and marine fisheries (as of May 2018) and ranked by the fre-
quency of their appearance (N). Description of stakeholder types cor-
responds to the one mentioned in the publication under review

Stakeholder

type Description of stakeholders N

Fishery Fishers and their direct representatives 48

Politics Government officials, local and village 31
officers

Science Academic scientists 25

eNGO Environmental non-governmental 24
organizations

Others E.g. local businesses, leaders of the tourism 17
sector, leaders of other community-based
associations

Related Processing and selling businesses 16

industry

Public Community members, representatives from 7
public organizations, consumers

Recreational | Representatives of recreational fishery 5

fishery
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reviewed case studies and differed widely in their topics in
which context these stakeholder groups emerged, e.g.
bycatch (Bojorquez-Tapia et al. 2016), stock assessment
(Smith et al. 2001) or compliance (Garza-Gil et al. 2015).
‘Recreational fishery’ was represented in five publications,
two in Australia (Fletcher 2005, Mitchell and Baba 2006)
and three in North America (e.g. Miller et al. 2010; Gray
et al. 2012; Murphy et al. 2015), all of them focused on man-
agement processes.

2.3.1.4 Relationships Between Stakeholder
Types

We applied a multiple correspondence analysis to evaluate
the occurrence of certain stakeholder clusters. 48 publica-
tions included ‘fishery’ as a stakeholder, but this stakeholder
type did not group with other stakeholders and, therefore,
lessened the meaningfulness of other stakeholders. For this
reason, we decided to exclude ‘fishery’ from the MCA, which
resulted in a higher percentage of the variance explained by
the dimensions. As a result, very similar variable clusters of
categories appeared and were, therefore, easier to interpret.
‘Others’ were also excluded from the MCA; by definition
this stakeholder type showed a great variety, and, therefore,
interpretation of the data would be difficult.

Ideally, dimensions should be used to interpret the data
whose eigenvalues exceed the mean of all eigenvalues (0.17).
For this reason, we included three dimensions into our analy-
sis, which together accounted for over 70% of the variance.
Here, it is important that the dimensions obtained are hierar-
chical. Dimension 1 formed the strongest dimension (Diml,
Fig. 2.3, Table 2.A2 of the Supplementary Material), i.e.
singled out ‘science’, ‘eNGO’ and ‘politics’, and explained
31.6% of the variance. Further, these three stakeholder types
had the highest number of mentions after ‘fishery’.
Dimension 2 (Dim 2, Fig. 2.A2a of the Supplementary
Material) focused on ‘recreational fishery’ and ‘related
industry’, accounting for 21.8% of the variance. Although
‘recreational fishery’ was only considered in five case stud-
ies, this stakeholder type showed a strong contribution
towards dimension 2. Also, explanatory power was increased
by sharing contribution with ‘related industry’. Less vari-
ance (17.7%) was explained by dimension 3, which was
dominated by ‘public’ (Dim 3, Fig. 2.A2b, Table 2.A1 of the
Supplementary Material).

Subsequently, MCA was applied separately to case stud-
ies from North America (N = 10) and Europe (N = 18)
(Fig. 2.A3a-c of the Supplementary Material). The results of
the MCA that was performed on North America case studies
showed a similar picture as in Fig. 2.3, although these case
studies did not dominate the review corpus. Even though
‘science’, ‘eNGO’ and ‘politics’ showed a strong contribu-
tion in different dimensions, these stakeholder types could
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Fig. 2.3 Panel a of the visualization of correlation between dimension
1 (Dim1) and dimension 2 (Dim2), showing the variance of stakeholder
types in 50 research publications of case studies in coastal and marine
fisheries (as of May 2018) using multiple correspondence analysis
(MCA). Figure shows which types of stakeholders are mostly corre-

still be found as a group. In dimension 2 ‘related industry’
and ‘recreational fishery’ were displayed in the negative
area; the other stakeholder types moved from the negative
area of dimension 2 into the positive area. ‘Related industry’
and ‘recreational fishery’ were also grouped together with a
high contribution as seen in Fig. 2.A3a (Supplementary
Material); ‘public’ was found apart.

We showed clearly that in European case studies, ‘related
industry’ and ‘public’ as well as ‘science’ and ‘eNGO’
grouped together. ‘Politics’ was rather set apart and did not
contribute much to dimension 1. ‘Politics’ solely dominated
dimension 3; ‘recreational fishery’ did not appear in the case
studies conducted in Europe.

2.3.2 Paper Review: Participation

2.3.2.1 Term Definition

In total, four publications defined the term participation
(Brzezinski et al. 2010; Tiller et al. 2015; Pristupa et al.
2016; Sampedro et al. 2017); three publications described
participation-related terms (Kittinger 2013; Hara et al. 2014;
Trimble and Lazaro 2014) (Fig. 2.2a). After Sampedro et al.
(2017), participation could take many different forms, e.g.
from planning (Neis et al. 1999; Johannes and Neis 2007;
Johnson and van Densen 2007) to co-management experi-
ences (Berkes 2003; Wilson et al. 2003). Participation was
described as a role that benefits the participating stakehold-
ers (Brzezinski et al. 2010) and a strategy of involving the
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lated, i.e. regarding stakeholder participation in coastal and marine fish-
eries, ‘eNGO’, ‘politics’ and ‘science’ are often addressed together.
Panels b and c¢ of the MCA results for correlation of dimension 2
(Dim2) and 3 (Dim3) as well as dimension 1 (Dim1) and 3 (Dim3) are
presented in Fig. A2 of the Supplementary Material

stakeholders in decision-making processes (Tiller et al.
2015). Further, dependent on the strategy of involvement,
stakeholders could get further responsibilities in the results
of the conducted participatory process (Tiller et al. 2015).
Moreover, participation referred to the type and level of
stakeholder or beneficiary involvement (Hickey and Kothari
2009; Pristupa et al. 2016). Pristupa et al. (2016) explained
that countries had developed a whole range of formal mecha-
nisms stipulating citizens and stakeholder participation, e.g.
consultations, referendums and elections; the participation
of the private sector was still challenging.

Within three case-study publications, participatory-
related terms had been described, e.g. participatory manage-
ment (PM, Hara et al. 2014), participatory research (Trimble
and Lazaro 2014) and participatory action research (PAR,
Kittinger 2013). PM or co-management was defined as an
institutional and organizational arrangement for effective
management between government and user groups (Hara
et al. 2014). The function of PM was described as the sharing
of power and the responsibility for the management decision-
making, the encouragement of partnerships and provision of
user incentives for sustainable use of resources (Wilson et al.
2003; Hara et al. 2014). Participatory research was defined
as one way to create power sharing between researchers and
communities for, e.g. developing resource management
strategies (Arnold and Fernandez-Gimenez 2007; Trimble
and Lazaro 2014). Related to the degree of participation or
the relationships between researchers and the community,
different modes of participatory research occurred (Trimble
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and Lazaro 2014), e.g. contractual, consultative, collabora-
tive and collegiate (Biggs 1989), co-option, compliance,
consultation, cooperation and co-learning (Kindon 2008).
Kittinger (2013) used the term PAR, which is defined as a set
of approaches related to the involvement of researchers and
community members working collaboratively in the vision-
ing, goal-getting, data gathering as well as assessment phases
of research (Whyte et al. 1989; Kittinger 2013).

2.3.2.2 Participatory Tools

In contrast to the definition of participation, 45 publications
focused on the description of participatory tools (Fig. 2.2b).
We identified 11 participatory tools, which were divided into
nine active and two passive participatory tools (Fig. 2.4).
Active participation tools included workshops (N = 20),
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2010 2015

Year

2005

interviews (N = 19), meetings (N = 15), discussions (N = 15),
questionnaires (N = 9), surveys (N =9), modelling (N = 19),
conversation (N = 3) and mapping (N = 2). Coordination
(N =5) and presentations (N = 3) represented passive partici-
pation tools (Fig. 2.4).

We detected no changes in the number of publications
over time using passive methods. In contrast, we found a
significant increase in the number of case studies applying
active methods with a peak in 2015 (N = 19) (Fig. 2.5).

Table 2.4 presents utilized tools and related sub-tools.
Here, the highest number of sub-tools was presented by
interviews, including sub-tools (N = 14), e.g. semi-structured
interview (e.g. Carr and Heyman 2012; Stohr et al. 2014;
Yates and Schoeman 2015; Rivera et al. 2017), unstructured
interview (Hara et al. 2014) and key informant interview
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Table 2.4 List of active as well as passive participation tools and
including sub-tools, described within 50 research publications present-
ing case studies in coastal and marine fisheries (as of May 2018)
between 2000 and 2018

Participation
tool

Workshop

Participation sub-tool

Stakeholder workshop, 1-day
workshop, 2-day workshop,
participatory workshop, structured
stakeholder workshop, value workshop,
gaming workshop

Roundtable meeting, joint planning
meeting, information meeting,
face-to-face meetings, working group
meeting, plenary meeting, group
meeting, sub-group meeting,
stakeholder group meeting,
management group meeting

Active

Meeting

Structured interview, semi-structured
interview, unstructured interview,
personal interview, key informant
interview, in-depth interview, one-on-
one interview, face-to-face interview,
structured face-to-face interview,
face-to-face semi-structured interview,
open-end face-to-face interview, formal
interview, informal interview,
qualitative interview

Interview

Conversation | Dialogue, informal conversation,

focused conversation

Discussion Group discussion, focus group, forum
discussion, open discussion,

stakeholder advisory panel

Questionnaire | Structured interview questionnaire,
e-mail-based questionnaire, follow-up

questionnaire

Survey Large-scale interview survey, face-to-
face interview survey, online survey, in
situ survey, attitudinal survey

Tool, participatory modelling, Bayesian

belief network

Modelling

Mapping Cognitive mapping, fuzzy cognitive
mapping
Voting, rating, evaluation

Video, poster, exhibition, tableaux

Passive | Coordination

Presentation

(Eriksson et al. 2016). Meetings and workshops showed the
second and third highest number of sub-tools. Here, meet-
ings were presented, with sub-tools (N = 10), e.g. roundtable
meeting (Kerr et al. 2006), joint planning meeting (Kittinger
2013) and face-to-face meeting (Miller et al. 2010). However,
workshops were shown, including sub-tools (N = 7), e.g.
stakeholder workshop (Eriksson et al. 2016; Burdon et al.
2018) and participatory workshop (Bojorquez-Tapia et al.
2016). Passive participation methods included coordination,
with sub-tools (N = 3), e.g. voting (Miller et al. 2010; Thiault
et al. 2017; Zengin et al. 2018), rating (Goetz et al. 2015),
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evaluation (Cox and Kronlund 2008) and presentation,
including sub-tools (N = 4), e.g. video (Clarke et al. 2002),
poster (Kerr et al. 2006), exhibition (Kerr et al. 2006) and
tableaux (Kerr et al. 2006). We also determined whether pre-
paratory work was performed and described within the case
studies under review. Among others, observations (Delaney
et al. 2007; Granados-Dieseldorf et al. 2013; Trimble and
Berkes 2013; Stohr et al. 2014; Trimble and Lazaro 2014;
Mabon and Kawabe 2015), fieldwork (Mabon and Kawabe
2015; Sampedro et al. 2017) and visits (Kerr et al. 2006)
were carried out. Furthermore, newsletters (Kerr et al. 2006)
and e-mails (Lorance et al. 2011) were sent out to call for
participation within different stakeholder types. Moreover,
telephone calls (Kerr et al. 2006) were made, and consulta-
tions took place, e.g. consultation with stakeholders (Cox
and Kronlund 2008; Mapstone et al. 2008; Williams et al.
2011).

2.3.2.3 Intention for Participation

Within this review, we looked at the diversity of the intention
for participation; we classified these intentions as types and
sub-types (Table 2.5).

The intention types identification (N = 20), with sub-
types, e.g. target species (Fletcher 2005), ways of communi-
cation (Zengin et al. 2018), stakeholder characteristics
(Bojorquez-Tapia et al. 2016; Kinds et al. 2016; Burdon
et al. 2018) and assessment (N = 12), with sub-types, e.g.
management system (Lorance et al. 2011), knowledge (Carr
and Heyman 2012) and data (Catedrilla et al. 2012) occurred
most often (Fig. 2.6). Establishment (N = 5), development
(N =7), evaluation (N =7) and improvement (N = 7) occurred
moderately often (Fig. 2.6). Less widely used were analysis
(N = 3), definition (N = 2), description (N = 2) and feedback
(N =2) (Fig. 2.6).

Establishment (N = 10), assessment (N = 7) and identifi-
cation (N = 7) had the most sub-types within the case studies
under review. Improvement (N = 5), development (N = 4)
and evaluation (N = 4) showed a moderate diversity of sub-
types, whereas feedback (N = 2), e.g. feedback from stake-
holders on the meeting (Dowling et al. 2008), as well as
description (N = 2), e.g. knowledge about socio-ecological
systems (Gray et al. 2012) and management implications
(Smith et al. 2001) presented the lowest diversity of
sub-types.

2.3.3 Reflection on the Joint Term
Stakeholder and Participation

In the final evaluation, we analysed the application of stake-
holder participation as one term. We first evaluated whether
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Table 2.5 Types and associated sub-types of intentions for participa-
tion determined within 50 research publications focusing on stake-
holder participation in coastal and marine fisheries from 2000 to 2018

Sub-type
Stakeholders’ perception
Mental models

Type
Analysis

Management system

Management system (e.g. adaptive
co-management, history of management
implementation)

Assessment

Ideas of alternative livelihood

Knowledge (e.g. fishers ecological knowledge),
perception and attitude of stakeholders

Method success

Data (e.g. interviews, socioeconomic
characteristics)

Solution on regional level

Effectiveness of collaboration between
stakeholders

Criteria for evaluation

Objectives

Management implications

Definition

Description Knowledge of socio-ecological system (SES)
Management implications
Consensus-building

Comprehensive map

Development

Stakeholder-driven scenarios
Criteria for participatory research
Co-management mechanism
Collective research agenda

Establishment

Vision for future fisheries management
Comprehensive map of predicting fishing effort
Guidance for scientists

Scientific advice

Theory of causal mechanisms

Platform for information and decision-making

Stakeholder-driven scenarios

Clear and open views

Evaluation Mental models

Harvest policies
Results from interview (cross-checking)
Fishery and management system

Feedback Forecast content

Meeting

Stakeholders’ characteristics (e.g. attitude,
perception, wishes, concerns, knowledge (local
ecological knowledge, fishers ecological
knowledge)

Information (e.g. socio-ecological)

Identification

Target species

Objectives (e.g. criteria, uncertainties, drivers,
consequences, human dimensions, population
needs, reference points)

Weakness of fishery system

Range of quantifiable objectives and strategies

Ways of communication

(continued)
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Table 2.5 (continued)

Sub-type
Stakeholder participation, relationships and
requirements

Type
Improvement

Management

Socio-economic drivers
Data
Website

stakeholder participation was used for doing research on
stakeholders or if the case studies were conducted with the
participation of stakeholders. Overall, 24 publications uti-
lized the term stakeholder participation for the research on
stakeholders (research tool); 21 publications used stake-
holder participation in their conducted case study (participa-
tion tool). Within five case studies, it was uncertain whether
stakeholder participation was used or not (Fig. 2.2c).

In the case study conducted by Kinds et al. (2016), the
term stakeholder participation was used to describe the
development of a sustainability tool with the direct input
from users, i.e. fishers. Here, the wishes and preferences of
stakeholders were recognized and implemented to improve
the output of the utilized tool but not to influence decision-
making processes (research tool). Rivera et al. (2017) carried
out semi-structured interviews to assess stakeholders’ per-
ceptions to identify management, biology and socioeco-
nomic drivers related to the gooseneck barnacle fishery in
Spain. This case study used the term stakeholder participa-
tion, but no influence on the management by stakeholders
was mentioned (research tool). Tiller et al. (2015) applied an
integrated approach of two methods, Systems Thinking and
Bayesian Belief Networks, to elicit stakeholders’ opinions
through participatory engagement. Both methods were used
to investigate, e.g. how stakeholders perceive the ecological
system in the Trondheimsfjord, but with no further impact on
decision-making processes (research tool). Through the
method of Systems Thinking, shared mental models of the
ecological system in the Trondheimsfjord were developed.
Bayesian Belief Networks were further used for exploration
of the priority issues as well as to represent causal relation-
ships between defined variables. In contrast, Trimble and
Berkes (2013) presented the concept of participatory
research, i.e. involving fishers and policymakers as well as
managers among other stakeholders in the case of a sea lion
population and a fishery in Uruguay. Within this case study,
stakeholders, e.g. fishers had an impact on decision-making
processes related to the management of the sea lion popula-
tion (participation tool). Williams et al. (2011) conducted a
case study based on the participation of commercial fishers,
defining various alternative management strategies related to
the Torres Strait Finfish Fishery (TSFF) in Australia, i.e. sea-
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framework for impartial evaluation of management strategy
performance (participation tool). In addition, Stohr et al.
(2014) described the concept of stakeholder participation by
evaluating two case studies; only the Polish case had a
coastal and marine focus. Within this case study, roundtables
were applied to create a multi-stakeholder platform with the
objective of informing and influencing decision-making pro-
cesses (participation tool).

2.4  Discussion

In total, 50 case studies focusing on stakeholder participation
in coastal and marine fisheries were identified and reviewed.
Most of the publications did not define the term stakeholder
or participation or described a systematical approach of
selecting stakeholders. Moreover, stakeholder participation
was mentioned in all 50 publications, but only half of the
case studies involved stakeholders in the process of
participation.

It should be noted that we could only show what has been
described in the publications under review; here, we did not
present a comprehensive overview of all relevant stakeholder
types that would be possible in the respective contexts.
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2.4.1.1 Term Definition and Stakeholder Analysis
Four case studies defined the term stakeholder and, thus,
showed a scientific examination of potentially concerned
stakeholder types; 15 publications used a systematic descrip-
tion of how stakeholders were identified. The other publica-
tions used intuitive decisions to identify relevant stakeholders
in their case study. This led to the fact that, related to our
research focus on coastal and marine fisheries, the stake-
holder type ‘fishery’ was mostly involved; ‘public’ stake-
holders were only rarely involved.

All case studies included ‘fishery’ as a stakeholder type.
Therefore, we proposed that ‘fishery’ is seen as the main
stakeholder type in coastal and marine fisheries research.
Mahon et al. (2003) supported this thesis literally by writing
that within the conducted case study, the primary stakehold-
ers are the fishers. In some publications, ‘fishery’ was even
the only stakeholder type considered. Although at first sight
this realization might seem logical, it can be discussed; fish-
eries are harvesting a common resource and, therefore, do
notnecessarily contribute towards the sustainable exploitation
of coastal and marine fisheries resources, as most case stud-
ies consider stakeholder participation as a way of imple-
menting more sustainable fisheries management (e.g. Wilson
et al. 2003; Thiault et al. 2017). Although not all forms of
fisheries were considered unsustainable, artisanal fisheries,
for example, were often associated with having a small
impact on fish stocks (Carvalho et al. 2011) but have been
proven to cause impact beyond sustainable levels (Pomeroy



32

H. Schwermer et al.

2012); they also deal with other sustainability issues such as
bycatch of birds (Almeida et al. 2017).

Within our review, we used the category ‘others’ to clas-
sify stakeholders that did not fit into any other category. This
fact shows very clearly that, on the one hand, there is great
diversity of stakeholder types within the field of coastal and
marine fisheries research; on the other hand, it describes
existing discrepancies in the understanding of the term defi-
nition and the classification of corresponding stakeholders.
We, therefore, suggest to clearly define the term stakeholder
as well as to discuss their role in the specific context of the
conducted case study. Although Tiller et al. (2015) criticized
the stakeholder definition by Freeman (2010) as too broad,
they did not give a clear term definition either in their own
case study. We assume that there is a high risk of excluding
relevant stakeholder types, when not applying a term defini-
tion for stakeholder as well as not using a stakeholder analy-
sis tool to ensure that relevant stakeholders are approached.
This could lead to the fact that, for example, no local eco-
logical knowledge or fisheries ecological knowledge would
be recorded for the corresponding case study, which is
important inter alia for better understanding the marine ecol-
ogy and making results more convincing for resource users
(Davis et al. 2004) and, therefore, increase the legitimacy of
resource management (Aanesen et al. 2014). It is not impor-
tant to include all stakeholders available but to choose them
carefully according to the objectives of the case study, which
means applying a stakeholder analysis approach (Durham
et al. 2014).

2.4.1.2 Stakeholder Clusters

We showed, with using MCA, that ‘eNGO’, ‘politics’ and
‘science’ are often addressed together within the strongest
dimension. Therefore, we could conclude that these stake-
holder types were considered important within many con-
ducted case studies. This dimension described stakeholders
that deal with a rather theoretical side in the field of fishery,
i.e. in the form of regulations, research or campaigns. It can
be argued that these stakeholders contributed towards
research and management as well as towards different forms
of sustainability; therefore, ‘eNGQO’, ‘politics’ and ‘science’
have a more sustainability-oriented attitude. This finding is
strongly supported by Aanesen et al. (2014); they concluded
that, under the European Common Fisheries Policy, authori-
ties, scientists and NGOs have a similar perspective on fish-
eries management. This is rather obvious for ‘eNGO’, as
they are seen as representing the ecological sustainability.
By contrast, ‘politics’ could be interpreted as representing
the population, i.e. this stakeholder group acts in the interest
of the sustainability of food, but is also driven by the eco-
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nomic sustainability. ‘Science’ could be seen as the repre-
sentative and provider of research. We suggest that these
stakeholder groups have a general interest in sustainable
management and are not directly or financially dependent on
the resource fish. Of course, it can be argued that certain jobs
of eNGOs, scientists or politicians depend on the debate as
well as on the public interest in fish and fishery. But this
argument is to be classified as marginal in this context. One
reason is that fish is one of the main protein sources for
humans; even if the resource fish would shrink, it will always
be of interest for certain stakeholder types.

In our sample of publications, ‘politics’, ‘eNGO’ and
‘science’ were mentioned most frequently after ‘fishery’. For
that reason, we can assume that these three stakeholder
groups are deemed the second most important stakeholder
groups. It can be discussed that ‘politics’, ‘eNGO’ and ‘sci-
ence’ should have at least an equally strong stake in fisheries
research compared to ‘fishery’.

Another group displayed by MCA is formed by ‘related
industry’ and ‘recreational fishery’. Both stakeholder groups
mostly occurred in the second strongest dimension, which
can be interpreted as stakeholders who are handling the
resource fish and, therefore, dealing with it in a practical
way. Although they also have an interest in sustainable man-
agement, they, unlike ‘science’, ‘politics’ and ‘eNGO’,
depend financially (especially ‘fishery’) or mentally (e.g.
‘fishery’ and ‘recreational fishery’) on the resource fish.
Therefore, profit or benefit orientation can be seen as another
factor describing dimension 2. This is supported by the fact
that the two groups (dimension 1: sustainability vs. dimen-
sion 2: dependence) discussed are placed far away from each
other in the MCA. Both stakeholder groups cannot be seen as
independent from each other as their decisions are influenc-
ing each other’s actions, e.g. if political regulations or cam-
paigns led by ‘eNGOs’ resulted in decreasing harvest rates
of fish, commercial and recreational fishers are negatively
affected. We take a critical look at these stakeholder groups,
as they are presented apart from each other in the conducted
MCA and, therefore, are not engaged equally in the reviewed
case studies. We recommend to engage these stakeholder
types more equally. The cooperation between fishery-related
stakeholders and scientists could lead to more informed
stakeholders on both sides; therefore, a greater mutual under-
standing, trust as well as likelihood of long-lasting partner-
ships could be achieved (Hartley and Robertson 2006).

We showed that ‘public’ participation is relatively low in
the field of coastal and marine fisheries research. This fact is
reflected among other things in the low numbers of mention
within the case studies. Here, ‘public’ as one stakeholder
group contributed the least to the two strongest dimensions.
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On the one hand, the low involvement could be interpreted as
a lack of interest. On the other hand, we argue that public
stakeholders were not directly addressed within the publica-
tions. In relation to the definition we used to classify ‘pub-
lic’, it can be critically discussed that ‘eNGOs’ could also be
seen as representatives of the civil society (e.g. Pristupa et al.
2016) and community leaders could include voted politi-
cians (Rivera et al. 2017). But we decided to stick to the
stakeholders as they were mentioned in the publications. The
results showed that ‘public’ stakeholders are not part of any
group; nevertheless, they dominated the weakest dimension
and explained the high percentage of its variance.

Data from North American and European case studies
resulted in different MCAs. This can be seen for example
with ‘recreational fishery’. Although this stakeholder type is
part of the European Common Fisheries Policy, they are not
considered as stakeholders in any of the case studies con-
ducted in Europe. This is different for North American case
studies; here ‘recreational fishery’ was seen as a stakeholder
type. Even if this analysis gave only a small insight into the
topic, regional differences related to stakeholder types could
already be made clear here. These differences cannot be
explained by different management systems, because both in
Europe and in North America recreational fisheries are
included in their regulations; the results further need to be
investigated. Furthermore, we assumed different emphases
of stakeholder types; therefore, when applying MCA to dif-
ferent regions, different interpretations of the dimensions
have to be made. However, the small sample size for regional
MCAs could reduce the significance of such interpretations.

Based on the application and analysis of the term stake-
holder, we conclude that there were only a few case studies
that critically assessed the concept of stakeholders.
Nevertheless, our results provide an insight into how stake-
holders were seen in the field of coastal and marine fisheries
research, i.e. who is considered as important and which
stakeholders are often consulted together.

2.4.2 Participation

2.4.2.1 Term Definition and Typologies
Out of 50 case studies focusing on the topic stakeholder par-
ticipation in coastal and marine fisheries, only seven case
studies defined the term participation or a participation-
related term. However, there is a wide variety of definitions
and typologies of stakeholder participation in the literature.
Green and Hunton-Clarke (2003) represented different
typologies of participation regarding environmental decision-
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making. Five concepts of participation were listed and
defined to increase the level of involvement. On the one
hand, Arnstein’s (1969) concept of stakeholder participation
was described; this concept is based on eight levels: nonpar-
ticipation (manipulation and therapy), tokenism (informing,
consultation and placation) and citizen power (partnership,
delegated power and citizen control) (Luyet et al. 2012). On
the other hand, the participation concept by Pretty and Shah
(1994) was presented. Here, participation is classified by
using six steps: passive participation, participation by infor-
mation giving, participation by consultation, functional par-
ticipation, interactive participation and self-mobilization. In
Pristupa et al. (2016), participation was also described by the
level of stakeholder involvement, but with regard to the con-
cept of Arnstein (1969) and Pretty and Shah (1994), no fur-
ther explanation was given of the different levels of
participation in this case study.

In addition to Green and Hunton-Clarke (2003), Reed
(2008) reviewed different typologies on stakeholder partici-
pation for environmental management. In this literature
review, he defined the following typologies on which partici-
pation is based: (i) degrees of participation (e.g. Arnstein
1969), (ii) nature of participation (Rowe and Frewer 2000),
(iii) theoretical basis (e.g. Thomas 1993) and (iv) participa-
tion based on objectives for which participation is used (e.g.
Okali et al. 1994) (Reed 2008). The fourth typology was
used in the case studies by Sampedro et al. (2017) and Tiller
et al. (2015). Here, participation was described as the use for
planning or co-management experiences (Sampedro et al.
2017) and as the strategy for involving stakeholders in
decision-making processes (Tiller et al. 2015). Related to the
case studies under review, we would add a fifth typology of
participation, i.e. participation based on the opportunity to
participate in relation to resources. Brzezinski et al. (2010)
described and defined participation as a role benefiting par-
ticipating stakeholders based on money and geographical
proximity. The case study showed the connection between
geographical closeness and the level of attendance, i.e. the
closer stakeholders were to meetings, the higher was their
level to attend at those meetings (Brzezinski et al. 2010).

As NOAA (2015) generalized, there is no ‘one-size-fits-
all’ approach or definition of participation; the implementa-
tion and the process of participation is dependent on several
aspects, e.g. issue at hand, stakeholders, geography, sched-
ules, as well as on time frames. Furthermore, Green and
Hunton-Clarke (2003) recommended selecting the type of
participation suitable for the situation or the problem that
needs to be solved. We argue, to create a successful resource
management and increase the acceptance of management
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measures by resource users, a well thought out participation
approach is essential with regard to the sustainable use of
coastal and marine resources.

2.5 Conclusion

Stakeholder participation is and will continue to be of central
importance when it comes to the management of ecosystems
and its resources. Although our findings showed clear ten-
dencies in stakeholder participation, they also opened several
other questions.

The grouping of ‘science’, ‘eNGO’ and ‘politics’ was dis-
cussed critically, especially ‘public’, ‘recreational fishery’
and ‘related industry’ were presented far away in the
MCA. We suggest that these groups should not be seen as
opposed to each other but be included in a more integrated
way in participatory research projects. Low involvement of
‘public’ stakeholders and their contribution towards deci-
sions should be further discussed, because wild fish is widely
seen and communicated as a common pool resource. As a
consequence, ‘public’ stakeholders, i.e. representatives of
the common, should also have a stake in the management of
the resource also since ecosystem changes will affect all
citizens.

We advise to include different stakeholder types and take
advantages of their different experiences, although we recog-
nize that pragmatic and methodological reasons such as the
willingness to participate can constrain these efforts. While
our analysis has not been profoundly focused on regional dif-
ferences, it should be noted that there are regional differ-
ences between the relationships between and the contributions
of stakeholders. Even though only done marginally in our
analysis, dividing the data into different regions showed that
relationships and contributions varied between stakeholder
types. For further research, we advise to set a regional focus
on stakeholder participation and discuss it under the light of
different management regulations.

Although we presented stakeholder types carefully
deducted from the texts, the perception of these types is
always at risk to change throughout a paper review process.
Soma and Vatn (2014), e.g. separated the role of stakeholders
and citizens in participatory processes, not discussing citi-
zens as stakeholders but also plead for the involvement of
citizens in natural resource management; therefore, we cate-
gorized these stakeholders in the same manner.

Research projects and stakeholder participation processes
apart from research projects are mostly restricted by
resources, e.g. time, money (Angelstam et al. 2013), capacity
(Mackinson et al. 2011), expertise, i.e. expertise of social
researchers and the availability of researchers as well as of
stakeholders in general. These limitations can be a reason for
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not including a systematic discussion of the term stakeholder
or a scientific stakeholder analysis. Because only a few of the
reviewed publications described a definition or an approach
of analysing stakeholders, we conclude that there were also
limitations of integration, i.e. the involvement of social sci-
entists in the process of stakeholder participation. In addi-
tion, it is of great advantage to know which typology and
degree of participation have been used and benefit from
experienced advantages as well as disadvantages of applied
methods (Luyet et al. 2012). This way, conflicts can be
avoided and stakeholder participation can be implemented in
a better way.

In times of interdisciplinary (Repko et al. 2011) as well as
transdisciplinary research (Hiaberli et al. 2001), and the
intention of further improving science in general, we call for
an increasing involvement of social scientists regarding the
processes of stakeholder participation in coastal and marine
fisheries research; more funding opportunities are needed to
support this kind of integrated research field.

Our review clearly showed that many different defini-
tions of stakeholder participation exist, and so researchers
need to be careful when they examine which one is appli-
cable towards their research goal. Related to this great
diversity of stakeholder participation definitions, we will
not present the definition. Nevertheless, we advise to con-
duct a critical analysis of stakeholder types as well as on
participation tools at the beginning of a new research project
with the aim of involving stakeholders related to decision-
making processes. Durham et al. (2014) and NOAA (2015)
offer well-applicable and explained stakeholder participa-
tion guides, which can be applied at the process start of the
project. A systematic and comprehensible consultation of
the methods presented in these guides can lead to an
improved transparency of the results and decreases the
potential of overlooking stakeholder groups or participatory
tools that fit the research goal.
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Appendix

This article is related to the YOUMARES 9 conference ses-
sion no. 2: ‘Towards a sustainable management of marine
resources: integrating social and natural sciences.” The origi-
nal Call for Abstracts and the abstracts of the presentations
within this session can be found in the Appendix ‘Conference
Sessions and Abstracts’, Chapter ‘2 Towards a sustainable
management of marine resources: integrating social and nat-
ural sciences’, of this book.
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Figure 2.A3 Visualization of
multiple correspondence
analysis (MCA) results for
case studies conducted in
North America; here
correlation between
dimension 1 (Diml),
dimension 2 (Dim2) and
dimension 3 (Dim3) is
presented. (a) strong
contribution was shown by
‘science’, ‘eNGO’ and
‘politics’; ‘related industry’
and ‘recreational fishery’
were displayed in the negative
area; (b) strong contribution
was presented by ‘science’,
‘NGO’ and ‘politics’. (c)
‘Public’ was the dominant
stakeholder type
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Table 2.A1 Contribution of variables, i.e. stakeholder types (measured in %) towards five dimensions using multiple correspondence analysis
(MCA); stakeholder types, i.e. science, politics, eNGO, recreational fisheries, related industry and public occurred within 50 research publications
presenting case studies in coastal and marine fisheries (as of May 2018)

Dim 1 Dim 2 Dim 3 Dim 4 Dim 5
Science 35.37 1.69 0.07 0.38 0.28
Politics 27.89 2.88 1.02 36.32 19.43
eNGO 29.59 2.06 0.01 33.62 9.77
Recreational fishery | 2.87 48.90 5.20 10.58 32.44
Related industry 3.41 44.34 10.16 11.79 30.04
Public 0.87 0.13 83.54 7.31 8.04

Table 2.A2 List of results related to the literature review focusing the topic stakeholder participation in the field of coastal and marine fisheries
(type of stakeholder: S = science, PO = politics, E = eNGO, F = fisheries, RF = recreational fisheries, RI = related industry, PU = public, O = others;
participatory method: MET = meeting, WOR = workshop, DIS = discussion, INT = interview, QUE = questionnaire, SUR = survey, CON = con-
versation, MOD = modelling, MAP = mapping, PRE = presentation, COO = coordination)

Which
Stakeholder Description of | methods
Definition of | Type of analysis Definition of | participatory has been
Author Continent | Country stakeholder? | stakeholder | approach? participation? | method? used?
Appeldoorn North USA FE O
(2008) America
Bitunjac et al. Europe Adria S,PO,E,F |x X DIS
(2016)
Bojorquez- North Mexico S, PO, E, X WOR,
Tapia et al. America F RI MOD
(2017)
Brzezinski North USA X E,F X
et al. (2010) America
Burdon et al. Europe Denmark, E,F, O X WOR,
(2018) Germany DIS, INT
Butler et al. Europe Scotland PO, F, O X X INT
(2015)
Carr and North USA PO,E,F, O X INT, QUE
Heyman (2012) | America
Catedrilla et al. | Asia Philippines F X X DIS, INT
(2012)
Clarke et al. Asia China, Hong F X MET,
(2002) Kong DIS, PRE
Cleland (2017) | Asia Philippines PO, E, F, X WOR
RI

Coelho Dias da | South Brazil F, O X MET, DIS
Silva et al. America
(2010)
Cox and North Canada F,RI X COO
Kronlund America
(2008)
Delaney et al. Europe NA S,PO,E, F X INT
(2007)
Dowling et al. Australia | Australia S, PO, O X MET, DIS
(2008)
Eriksson et al. Asia / Indonesia, S, PO, E, X WOR,
(2016) Africa Philippines, F, PU, O DIS, INT,

Solomon Islands, SUR

Tanzania
Eveson et al. Australia | Australia F X DIS, SUR
(2015)
Field et al. Africa South Africa S, PO, E,
(2013) F O

(continued)
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Table 2.A2 (continued)
Which
Stakeholder Description of | methods
Definition of | Type of analysis Definition of | participatory has been
Author Continent | Country stakeholder? | stakeholder | approach? participation? | method? used?
Fletcher (2005) | Australia | Australia S, PO, E, X WOR
RE RIL, O
Garza-Gil et al. | Europe Spain S, PO, F, X QUE,
(2015) RI SUR
Goetz et al. Europe Spain, Portugal S,E O X WOR,
(2015) QUE,
SUR,
COO
Granados- America | Belize PO, F, O
Dieseldorf
et al. (2013)
Gray et al. North USA S, PO, E, X X MAP
(2012) America F, RF, RI,
(0]
Haapasaari Europe Central Baltic X S,PO,E, F X MOD
etal. (2013)
Hara et al. Africa South Africa F, RI X X MET,
(2014) WOR,
INT
Kaiser and Europe Norway F, RI, PU, X WOR
Forsberg (0]
(2001)
Kerr et al. Europe Scotland, UK S, PO, E, X MET,
(2006) E O INT,
QUE,
PRE
Kinds et al. Europe Belgium X PO,E, F X X DIS, INT,
(2016) MOD
Kittinger North USA S,E,EPU |x X X MET, INT
(2013) America
Lorance et al. Europe - S,PO,E, F X WOR,
(2011) DIS, INT,
QUE,
MAP
Mabon and Asia Japan S, PO, F, X MET,
Kawabe (2015) RI DIS, INT
Mahon et al. North Barbados PO,F,PU | x X WOR,
(2003) America CON
Mapstone et al. | Australia | Australia PO,E, F, X MET,
(2008) RI WOR,
MOD
Miller et al. North USA S, PO, E, X X MET,
(2010) America F, RF, RI WOR,
DIS,
MOD,
COO
Mitchell and Australia | Australia F, RF X QUE,
Baba (2006) SUR
Murphy et al. North USA F, RF, RI X X SUR
(2015) America
Pristupa et al. Europe Russia S, PO, F, X X X INT
(2016) RI, PU
Punt et al. Australia | Australia S, PO, F,
(2012) RI
(continued)

45



40

H. Schwermer et al.

Table 2.A2 (continued)

Which
Stakeholder Description of | methods
Definition of | Type of analysis Definition of | participatory has been
Author Continent | Country stakeholder? | stakeholder | approach? participation? | method? used?
Rivera et al. Europe Spain PO, F, PU X DIS, INT,
(2017) QUE
Sampedro et al. | Europe Spain, Portugal S,E,E O X X X MET,
(2017) WOR,
INT,
SUR,
MOD
Smith et al. Australia | Australia S, PO, E, X MET,
(2001) E RI WOR
Stohr et al. Europe Sweden, Poland S,PO,E,F X MET, INT
(2014)
Stratoudakis Europe Portugal S,PO,F, O |x X MET,
et al. (2015) WOR
Thiault et al. Asia French Polynesia F X X SUR
(2017)
Tiller et al. Europe Norway X F X X WOR,
(2015) INT,
QUE,
MOD
Trimble and South Uruguay S,PO,E,F |x X MET,
Berkes (2013) | America WOR,
CON,
INT
Trimble and South Uruguay S,PO,E,F x X X MET,
Lazaro (2014) America WOR,
CON,
INT, QUE
Watters et al. NA Scotia Sea, Drake F O X MOD
(2013) Passage
Williams et al. | Australia | Australia PO, F X WOR,
(2011) DIS,
MOD
Yanez et al. South Chile S, PO, F X WOR,
(2014) America SUR
Zengin et al. Europe Riparian PO, E RI, X DIS, PRE,
(2018) Countries PU COO
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Abstract

The concept of social-ecological knowledge diversity (SEKD) provides a novel
way of examining coupled human-environment interactions—it acknowledges
differences in knowledge, values, and beliefs of stakeholder groups within
social-ecological systems (SES). Thus, understanding and measuring SEKD is
an essential component of sustainable management with implications for con-
flict resolution, collective action and policymaking. However, methods to effi-
ciently define and model knowledge diversity are still underdeveloped. Using a
semiquantitative cognitive mapping approach, we collected and analyzed
stakeholder-specific knowledge and perceptions of the Western Baltic cod fish-
ery to model SEKD. Results demonstrate substantial variation in perceptions
across different individuals and social groups. SEKD was evident in
(a) distinctive meanings attached to social factors relative to ecological factors,
(b) causal relationships underlying the understanding of SES dynamics, and
(c) social impacts of ecological changes on ecosystems (and vice versa). By
identifying and representing knowledge-specific disparities in SES frameworks,
our model explicitly improves the understanding of human-environment
interactions with implications that could help reduce conflicts and legitimize
management plans.

KEYWORDS

Baltic Sea, cod, fuzzy cognitive mapping, knowledge diversity, mental models, natural resource
management, scenario analysis, social-ecological system, stakeholder engagement

Hinkel, Bots, & Pahl-Wostl, 2013; Sterling et al., 2017). We
refer to this as social-ecological knowledge diversity

Understanding the different ways in which human com-
munities interact with ecosystems, and how these inter-
actions influence unique perceptual and behavioral
feedbacks between social and ecological systems (SES)
provides a means to better manage natural resource sys-
tems used by multiple groups of stakeholders (Binder,

(SEKD). Human communities construct their specific
shared knowledge systems, as well as beliefs and values
about the environment which surrounds them, depending
on how they interact with these environments. Such
shared knowledge systems, beliefs, and values influence
how specific social groups perceive and react to real or
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anticipated changes. These can be either environmental
impacts of social changes or the societal (or cultural-spe-
cific) impacts of environmental changes. Furthermore,
these shared knowledge systems are thought to be
reflected in peoples’ mental models of SES, providing
insight into how perceptions and behavior are shaped by
their interaction with natural and social habitats
(Aminpour et al., 2020; Oishi & Graham, 2010). To under-
stand and model SEKD, however, we first need to con-
sider various ways in which different communities
interact with nature and how their distributed knowledge
defines the social space of which they are a part.

Understanding SEKD across individuals and groups
can provide insights into why collective action toward
sustainability goals may fail. This is because the percep-
tions of and cultural values attached to the structure and
function of a SES differ across various stakeholder groups
(Adams, Brockington, Dyson, & Vira, 2003; Linke &
Jentoft, 2016; Manfredo et al., 2017). Further, such differ-
ences may lead to conflicts, by creating mistrust that may
result in unaccepted management decisions and poten-
tially limiting the implementation of sustainability poli-
cies (Adams et al., 2003; Biggs et al., 2011; Burns &
Stohr, 2011; EC, 2013; King, Cavender-Bares, Balvanera,
Mwampamba, & Polasky, 2015; Naranjo-Madrigal & van
Putten, 2018). These conflicts can be attributed to the dif-
ferent ways stakeholders perceive the structure and func-
tion of natural resource systems, which in turn
influences the perception of how and to what extent
resource systems respond to management measures
(Game et al., 2016; Gray, Chan, Clark, & Jordan, 2012).

At the same time, sustainable management of marine
resources benefits from the participation of a multitude
of stakeholders, and by extension the diversity of knowl-
edge from resource users, environmental organizations,
managers, and scientists (Folke, 2004; Reed, 2008; Steins
et al., 2019; Voinov et al., 2016). In natural resource man-
agement, synthesizing different knowledge types distrib-
uted across diverse stakeholders may increase the
potential for innovative ideas to emerge, and collectively
provide insight into how these complex systems are struc-
tured (Folke, 2004; Gray et al., 2020; Steins et al., 2019;
Stephenson et al., 2016). This is now considered an essen-
tial practice in the management of transboundary
resources like marine fisheries (Berkes, Colding, &
Folke, 2000; Folke, 2004).

The European Union, for example, established so-
called Advisory Councils (ACs) aiming to increase the
participation of different groups in fisheries management
at regional level. ACs were an attempt to better resolve
existing conflicts by maintaining dialogue and coopera-
tion, increasing legitimacy and acceptance of manage-
ment decisions, and creating social capital in the
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development and implementation of fisheries policies
(Linke, Dreyer, & Sellke, 2011; Long, 2009, 2015; Linke &
Jentoft, 2016). However, the incorporation of diverse
knowledge systems did not dissipate persistent conflict
(Burns & Stohr, 2011; Long, 2017; Linke & Jentoft, 2016).
A very relevant example in European fisheries manage-
ment is the Western Baltic cod (Gadus morhua), charac-
terized by several management measures met with
different levels of public acceptance. These include highly
fluctuating catch quotas, a daily catch limit for anglers,
and increased designation of marine protected areas. In
these cases, if knowledge diversity and stakeholder par-
ticipation are seen as essential to understanding and
managing marine fisheries, why does conflict persist?
Further, how can we (a) increase our understanding of
the disparate social-cultural spaces different stakeholders
belong to, and (b) better determine where there is agree-
ment and disagreement in how fishery SESs are struc-
tured and function?

Many researchers have looked to mental models to
understand the relationship between anticipated social—
ecological changes and differences in knowledge and per-
ception (Biggs et al., 2011; Gray et al., 2012; Halbrendt
et al., 2014; Jones, Ross, Lynam, Perez, & Leitch, 2011;
Stier et al., 2017). Mental models are cognitive represen-
tations and interpretations of the external world, that is,
an internal model of how the world works (Biggs
et al., 2011; Jones et al., 2011). However, the analytical
use of mental models to operationalize SEKD is some-
what limited, due to the (a) predominantly qualitative
nature of mental model representations (Jones
et al., 2011), (b) lack of standardized methods for compar-
ing mental models within and across individuals or
groups (Gray et al., 2012), and (c) challenge of eliciting
knowledge about resource systems across a broad spec-
trum of stakeholders. Any attempt to compare mental
models, however, is not generalizable to settings outside
the SES context for which the mental models were col-
lected. This is due to the highly dynamic and complex
nature of these models, as well as their dependence on
survey context. Nevertheless, their results remain rele-
vant for other SES contexts and resource management
situations.

To overcome these limitations, we applied a semi-
quantitative fuzzy cognitive mapping (FCM) approach
(Kosko, 1986) to understand and measure SEKD based
on mental model variations. FCMs are characterized as
external representations of internal mental models,
which are graphical representations of peoples’ knowl-
edge and values (Gray et al., 2012; Gray, Hilsberg,
McFall, & Arlinghaus, 2015; Halbrendt et al., 2014). They
are used to represent peoples’ system-level understanding
by modeling perceived components, causal relationships,
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and the degree of positive or negative influence between
components, which has implications for understanding
system's dynamics (Gray et al., 2012). FCMs can visualize
a person's mental model using a mathematical graph of
nodes and connections that represents the individual
knowledge and understanding of causal associations
between qualitative components. For building an FCM,
the person needs to identify important elements to
describe a problem, a phenomenon or a system:

1. Components: Also known as “concepts” or “factors”
that represent important variables participants use to
describe a system, for example, ecological component—
cod, phytoplankton; social components—trawl fisher-
ies, tourism. Components must be variables that can
increase or decrease in quality or quantity, and are
anecdotally defined and labeled based on participants’
understanding.

2. Causal relationships: Positive or negative connections
between components that explain how they influence
each other. Participants might draw an arrow
(i.e., directed link) from one component to the other
with a (+/—) sign assigned to it. These are also known
as “edges” in a graph.

3. Strength of causal relationships: Degree of positive or
negative influence between components. Participants
can numerically/qualitatively determine the strength
of causal relationships (e.g., the numeric edge weights
between the nodes or qualitative Likert scales to spec-
ify the magnitude of relationships ranging from very
weak to very strong). Based on fuzzy sets theory
(Kim & Lee, 1998), these quantitative or qualitative
weightings (i.e., strength) can be mapped into a nor-
malized numeric scale between 0 and 1. The
weighted, directed graphs resulting from FCM
approach can be analyzed using artificial neural net-
work analysis, which can computationally simulate
the dynamic of the system they represent (see
Supporting information).

These FCMs can therefore be compared across indi-
viduals and groups in terms of (a) qualitative and contex-
tual understanding stakeholders attach to system
components (i.e., how stakeholders qualitatively define
and measure components); and (b) structural characteris-
tics of the network of causal connections (how stake-
holders perceive causal relationships that link their
individually defined components), and (c) system dynam-
ics (how these networks of causal relationships predict
systems response to artificial changes and stimulate
stakeholder perception of system behavior).

Here, we focused on stakeholder groups in Germany
who are affected or involved in the fisheries management
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of Western Baltic cod, which we associated with different
social groups grounded on their varying interactions with
the same ecosystem. Based on a systematic literature
review, we identified six stakeholder groups: commercial
fisheries, recreational fisheries, tourism, nongovernmental
organizations (NGOs), management, and science. Repre-
sentatives of these stakeholder groups interact differently
with cod fisheries at local, regional, national, and interna-
tional levels, and thus strongly represent SKED in the pre-
sent case study.

We found that the specific qualitative meanings
stakeholders attach to social components, as opposed to
ecological components, varied greatly across groups.
Additionally, while stakeholders demonstrated higher
degrees of shared understanding in their perceptions of
causal relationships between ecological components
(i.e., ecological-ecological relationships), these percep-
tions varied more considerably across groups regarding
social-ecological and social-social causal relationships,
respectively.

2 | METHODS
2.1 | Data collection
2.1.1 | Five-step process for capturing

stakeholders' mental models

Six relevant stakeholder types were identified in a stake-
holder analysis: representatives of commercial fisheries
(ComFish comprising 21.2% of the sample), recreational
fisheries (RecFish 12.1%), tourism (12.1%), NGOs
(18.2%), managers (18.2%), and scientists (18.2%). We
selected study participants (N = 33) by performing pur-
poseful sampling strategies using two key criteria: stake-
holders needed to (a) be associated with a German
institution by either their job or honorary position, and
(b) have been involved in the Western Baltic cod fishery
for more than 5 years (description of interviewed stake-
holders in Supporting Information, Table S1). The first
criterion is based on the intention of a national survey,
whereas the second one was chosen as a reference point
to ensure that the interviewees have established them-
selves in their position (job, volunteer) and are familiar
with the subject of cod fishery in the Western Baltic Sea.
Both criteria led to the exclusion of some actors, includ-
ing stakeholders from the fishing industry or people who
have only recently started working on this topic, for
example, trainees.

We elicited stakeholders’ mental models using a five-
step process (Figure S1, Table S1). First, participants were
given a handout to prepare for the interview 1 week in
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advance (Step 1). To avoid misunderstanding, again the
handout was explained in detail before stakeholders'
mental models were created (Step 2). These steps were
followed by an identification of the system components
and their causal relationships by the participants (Step 3),
from which they then drew a concept map representing
their mental model following routine FCM data collec-
tion practices with open-ended concepts (Step 4; Gray,
Zanre, & Gray, 2014). These maps were digitized after the
interview and sent back to the interviewees for validation
(Step 5).

2.2 | Data analysis
2.21 | Qualitative analysis of system
components

While the vast majority of FCM studies are mainly based
on the analysis of the structure and dynamics of mental
models, we chose to qualitatively analyze how stake-
holders describe, define, and measure components
included in their map. Specifically, while defining causal
relationships that linked their individual components,
stakeholders were asked to attach meaning to them by
continuously using one unit of measure and one defini-
tion. In order to carry out a qualitative analysis of the
component definitions, we first identified categories that
allowed us to classify each definition: (a) a component is
explicitly defined the same way it is labeled or by using a
synonym, (b) a component is defined by identifying exam-
ples (e.g., jellyfish = species like fire jellyfish and ear jelly-
fish), (c) a component is defined using a general
description (e.g., consumer = person, who eats fish), (d) a
component is described by a short explanation of its task
or role in the system (e.g., fishery = sector that deals with
the capture and marketing of fish), and (e) a component is
defined by a description of its impact on the whole system
or system components (e.g., porpoise = predator on cod).

To analyze the variations in the qualitative semantics
of system components represented in the cognitive maps,
we used the overall ratio of how many unique measures
or definitions were used by stakeholders (1) to how often
that component was mentioned in total (m).

R_du
T dm

Slope values (R) closer to one exemplify higher disagree-
ment in how stakeholders define or measure a compo-
nent. Note that this measure of disagreement illustrates
the overall slope of variation among all individuals, and
thus it does not necessarily show variation between
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stakeholder groups. Rather, it provides useful informa-
tion about how the entire sample, on average, attaches
diverging meanings to components.

2.3 | Analyzing the network structure of
causal relationships

Individual mental models were aggregated mathemati-
cally to create a model representing the collective percep-
tion of each stakeholder group (Gray et al., 2012).
Aggregation took place once all individual models were
transformed into adjacency matrices (Ozesmi &
Ozesmi, 2004). We combined individual mental models
by stakeholder types to form stakeholder-specific group
models using the arithmetic mean of their adjacency
matrices (see for more detail Gray et al., 2012; Aminpour
et al., 2020). To measure agreement/disagreement of
causal relationships (i.e., network structure of links
among components) across stakeholder-specific group
models, we first identified components that were men-
tioned by the majority of the six stakeholder groups
(i.e., at least half of the groups have the component in
their collective mental models). We then compared the
set of causal connections (i.e., edges) between these com-
ponents across different stakeholder groups to examine
how similar/different these causal relationships were
between stakeholder groups. We quantified the degree of
structural similarities (agreement) by measuring Jaccard
similarity coefficient (JSC) between any pairs of stake-
holder groups (Tantardini, Leva, Tajoli, & Piccardi, 2019).
JSC is a measure of similarity for the two sets of data
(here, the sets of causal relationships between compo-
nents), with a range from 0 to 1, where higher values rep-
resent more similar sets. Given two graphs G,(V1, E;) and
G5(V,, E5), JSC is defined as:

_E\NE,
" E,UE,

JSC(G1,G,)

where V; and V, being the set of nodes, and E; and E,
being the set of edges in the graphs (i.e., FCMs) that link
those nodes. We measured pairwise JSC between all
stakeholder groups for sets of causal connections (edges)
that link two ecological components (eco), two social
components (soc), or one ecological and one social com-
ponents (soc-eco).

2.4 | Analysis of system dynamics

Stakeholder-specific FCMs can also be analyzed dynami-
cally using certain artificial neural network analysis
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called autoassociative neural networks (Kramer, 1992;
Ozesmi & Ozesmi, 2004). Here, we used FCM computa-
tional analysis to demonstrate how stakeholders predict
the changes in the state of the system's components, given
an artificial (hypothetical) change in one or combination
of components. This is referred to as scenario analysis
(Ozesmi & Ozesmi, 2004). A hypothetical increase
(or decrease) in the value of a component (also known as
component activation) can impact all other components
that are causally dependent on it, and leads to a cascade of
subsequent changes to other system components. This
iterative propagation of the initial change continues until
the system converges into a new, so-called “system state”
(Ozesmi & Ozesmi, 2004). By comparing the system states
(i.e., the activation of components) before and after run-
ning a scenario, FCM can be used to implement “what if”
scenario analysis, and therefore represent the perceived
dynamic behavior of the system (in this case, western Bal-
tic cod fisheries) (see Supporting Information for mathe-
matical representations).

We computationally manipulated aggregated models
of six stakeholder groups to compare how social-
ecological dynamics were perceived differently across
groups (Supporting Information, Figures S3-S8). To mea-
sure the agreement/disagreement of network dynamics
across multiple stakeholder groups regarding the
dynamic functionality of the models, we ran two scenar-
ios: (a) decreasing cod, which simulates an ecological
shock, and (b) increasing cod quota simulating a social
intervention. Selected scenarios were based on the com-
ponents which, as described by stakeholders, will
undergo the greatest change in the next 5 years. We
quantified the agreement between stakeholder groups by
measuring the percentage of matched patterns across
groups regarding the changes in system components'
values as a result of running a scenario. This included
10 social and ecological components that were mostly
impacted by simulated changes in cod and cod quota
(using 10 most strongly impacted components ensured
that we included all of those components that changed
considerably, that is changing more than 50%).

3 | RESULTS
3.1 | Qualitative perception and

understanding of system components

The qualitative analysis of components’ measures and def-
initions showed that stakeholders mainly attached the
same meaning to ecological components, but there was
much wider variation in the meanings attached to social
ones. This greater variation (i.e., slope) in qualitative
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meanings attached to social components compared to
ecological components is illustrated in Figure 1a,b, where
the red line in (b) has a greater slope than the blue line
in (a). In addition, while 96% of measures for ecological
components demonstrated full-agreement (i.e., 0% varia-
tion in qualitative meanings attached to them), only 47%
of the measures for social components demonstrated full-
agreement (Figure 1c). Only for one ecological compo-
nents (i.e., age structure of cod) varying meanings regard-
ing the component’s measure were attached. However,
this component was only mentioned within NGOs. At the
same time, stakeholder-specific contextual attachment to
social components showed much greater variations. For a
total of 20 components, there was considerable variation
in meanings attached to the component measure.
Greatest SEKD was found for nature conservation
(e.g., strength of emotional attachment to nature conser-
vation; level of quality of nature conservation), which
occurred both between and within groups.

Components' definitions were also subject to variation
regarding the specific contextual attachments by stake-
holders. In total, 42 social components showed diverging
meanings attached to them by individuals across groups;
for 17 out of these components the definitions varied
100% (e.g., assumed stock size, regulations, or technical
development). However, again only one ecological com-
ponent (i.e., jellyfish) showed 100% variation across
groups in terms of component's definition (detailed docu-
mentation on these variations regarding components’
measures and definitions in Supporting Information,
Tables S3 and S4a,b).

3.2 | Quantitative understanding of
system structure

In addition to the qualitative measures and the analysis
of qualitative contact of social and ecological compo-
nents, our results also indicated that multiple stakeholder
groups perceived the structure of the causal relationships
between system components differently. We found a
greater agreement across groups (i.e., similarity) in the
perceived structural patterns of the causal relationships
linking ecological components, referring to as ecological-
ecological relationships (eco-eco) (the average between-
group JSC for eco—eco relationships is 0.22) (Figure 2).
However, social-ecological (soc-eco) relationships
showed comparatively less agreement across stakeholder
groups (the average between-group JSC for soc—eco edges
is 0.15) (Figure 2). More importantly, the causal connec-
tions that link only social components referred to as
social-social relationships (soc-soc), demonstrated the
lowest level of agreement (the average between groups



SCHWERMER ET AL.

6 of 11 Conservation Science and Practice
W I L E Y_ Ajournal of the Society for Conservation Biology D
(b)

(a)
100
1 1
10 ' 10 1 )
1 1
1 1 90
1 1
1 1
1 1 80
8 K
N 70
173 1 (7}
o , o
£ ;! £ g 50
5 ! 5 S
24 K 2 o 40
5 ] [3 w
3 , S
2 100 2 30
1
2 6’.. o o e 20
1
o000 00— 0 - - - - - — - —————— - *-—-- 10
0 0 o|
0 4 8 12 16 20 24 28 32 36 0 4 8 12 16 20 24 28 32 36 i i i -
Number of mentions 100% variation 0% variation

Number of mentions

FIGURE 1

The variation of qualitative measures attached to ecological (a) and social (b) components. The greater variation in

qualitative meanings attached to social components compared to ecological components is illustrated by the red line in (b) with greater slope
than the blue line in (a) (95% confidence interval is represented by grey area). Dotted lines (a,b) delimit the area in which all the concepts, to
which at least two different concept measures were attached, are placed. If a data point is at x = 1, stakeholders assigned only one unique
measure to this component. (c) Distribution of ecological (blue) and social (red) components to which 100% same meaning as well as 100%
different meaning were attached. Here, it is again evident that the understanding of the ecological system is more consistent due to the

COIlCCpt measures

JSC for soc-soc edges is 0.12). These results, together,
indicate that the structure of the casual relationships for
which a social component is involved may demonstrate
higher variation across groups compared to the structure
of causal relationships that link ecological factors,

thereby more greatly representing SEKD.

3.3 | Quantitative understanding of
system dynamics

Comparative analysis of how group FCMs simulated the
system responses to scenario changes revealed that varia-
tions in the perception of system dynamics by stake-
holders were more evident in social components than
ecological ones (Figure 3, Table S5a,b). For both applied
scenarios, there was little agreement on the dynamic
changes of social components. In response to a decrease
in cod (Scenario 1), managers perceived an increase in
control, but a decrease in the number of anglers (recrea-
tional fisheries). On the contrary, commercial fishers
predicted a decline in the income of fishery (side and
main income). In addition, recreational fisheries and
tourism identified a significant decline in recreational
fisheries and related areas such as angling shops and
angling tourism, while NGOs and scientists noted an
increase in protected areas. However, all stakeholders
across groups agreed on a decline in cod quota resulting

from a decreasing cod biomass, but the strength of the
influence varied (Figure 3, Table S5a,b).

On the contrary, when calculating the perceived
changes in ecological components, we found greater
agreement among components that were mostly
impacted. As an example, a decrease in cod (Scenario 1)
was seen, across all stakeholder groups, as a positive
effect on prey abundance (e.g., herring and sprat
populations). The increase in the cod quota (Scenario 2)
reflected a similar outcome: a greater common under-
standing of changes in ecological components, but
greater variations of perceived system dynamics in social

components (Figure 3, Table S5a—c).

4 | DISCUSSION

Our study empirically demonstrates that the perception

and understanding of the dynamics of the Western Baltic

cod fishery SES varied across multiple stakeholder

groups. Importantly, we provide evidence that while
there is general agreement across groups about the struc-
ture and function of ecosystem dynamics, disagreement
in their knowledge about SES can be largely explained by
looking at how different social groups attach themselves
to the natural environment. We drew on mental model
theory and semiquantitative cognitive mapping tech-
niques to measure these variations in social-ecological
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FIGURE 2 Agreement of the structure of the causal relationships between system components mentioned by the majority of groups

(i.e., components that exist in the maps of more than half of all groups are visualized). The map of each group is shown in (a) by a directed
graph, where nodes are classified by ecological (blue) and social (red) components, and edges illustrate the causal relationships between
components. Between-groups pairwise agreement of ecological connections (b), social connections (c), and social-ecological connections (d).
This agreement is measured by the Jaccard similarity coefficient (JSC) between the set edges in any pairs of groups. Box plots in

(e) demonstrate the distribution of between-group pairwise JSC agreements for each class of connections, where the mean of JSC is highest
for ecological connections (0.22) and is lowest for social connections (0.12)
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knowledge. We considered disparities in qualitative
meanings stakeholders attach to system components, the
perception of causal relationships between them, as well
as the functional implications of perceived SES changes
by different social groups. These variations (here referred
to as SEKD) were found to be more evident in social
dimensions—while there was general agreement about
ecological dimensions when considered in isolation.
Although many transboundary, large-scale fisheries
management follow the ecosystem-based and participa-
tory approaches to governance (Long, Charles, &
Stephenson, 2017; Pitcher, Kalikoski, Short, Varkey, &
Pramod, 2009), a state-of-the-art approach that allows for
modeling the differences in system knowledge, values,
beliefs, and perceptions across social groups is underde-
veloped. Although there are many formal models show-
ing how ecosystems function (Plaganyi, 2007), for
example, Ecopath (Watari et al., 2018) or Ecopath with
Ecosim (Piits et al., 2020), a considerable gap remains in
how social groups attach themselves to these dynamics.
Collective understanding of ecosystem dynamics forms
the basis for the establishment of reference points and is
frequently used to determine sustainable catch quotas.
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However, the cultural and social impacts of structural
changes in ecosystems and management frameworks are
poorly understood. Our research finds that variation in
social measurements and specific contextual attachments
likely form the basis of disagreement, and could explain, at
least partially, some of the multigroup conflict in natural
resource management. Fisheries management routinely
utilizes bio-econometric models to assess the economic
impact of stress factors like tourism or fishing (Fulton,
Smith, Smith, & van Putten, 2011) and evaluate different
management strategies such as closed areas or quotas (inte-
grated ecosystem assessment) (Levin, Fogarty, Murawski, &
Fluharty, 2009). While they do integrate certain social com-
ponents into policy assessment, most modeling techniques
fail to address the many other human dimensions central
to understanding the social impacts of management deci-
sions (Hornborg et al., 2019). Incorporating the various
objectives of stakeholders and diverging specific attach-
ments they assign to system components might vastly
increase both dialogue and conflict resolution when man-
agement decisions are being considered.

To strengthen the sustainable management of natural
resources and to more fully understand fisheries as
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complex SES, we argue it is of utmost importance to
involve a range of resource users and associated interest
groups in the process. Of course, the individual case must
be considered. Nevertheless, it is possible that the inclu-
sion of people who, for example, have been involved in a
fishery for only a short time, might have a different per-
spective on existing conflicts, and could potentially break
up deadlocked problems by steering them in another
direction. Future research could, therefore, incorporate
these newer perspectives to explore how knowledge,
values and beliefs may vary based on time spent in that
specific fishery.

Without considering the broad spectrum of specific
contextual attachments that stem from different stake-
holder groups, variations in social-ecological knowledge
are likely to undermine the practical implementation of
management strategies and effective decision-making
(Adams et al., 2003; King et al., 2015). By applying semi-
quantitative cognitive mapping analysis, we are better
able to model the variations reflected in stakeholders'
perceptions of, knowledge about, and contextual attach-
ments to system components, their causal relationships,
and their dynamics. The novelty of our approach is par-
ticularly evident in the capture and representation of
knowledge and perception divergences in a way that cre-
ates access for different stakeholders, with a particular
emphasis in making this understandable for decision-
makers. Although our study represents a single case
study only, our approach demonstrates practical applica-
bility to other research fields and to other geographical
regions, worldwide. This enables others to analyze and
understand resource conflicts of various kinds and vali-
dates the high adaptability of our novel approach to cur-
rent issues in the field of nature conservation and natural
resource use.

While a participatory approach is contemporarily rou-
tine to the management of large-scale fisheries (EC, 2013)
and other transboundary SES like MPAs (Davies, Mur-
chie, Kerr, & Lundquist, 2018), modeling the unique ways
in which social groups attach meaning to SES components
has yet to be incorporated into decision-making. Doing so
could diminish conflicts, legitimize management plans,
and ultimately lead to a better understanding of human-
environment interactions.
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Supplementary Material

Supporting methods

Mental Models Aggregation

Individual mental models represented as FCMs can be aggregated mathematically using
matrix algebra operations on their adjacency matrices. These aggregated models can be used
to represent the knowledge and perception of a group of participants and thus provide a tool
for repressing a group’s knowledge and collective perception (Gray et al., 2014). To combine
mental models of a homogenous group with individuals from a specific stakeholder type, we
used the arithmetic mean (i.e. simple average) of edge weights in all FCMs created by the

group’s individuals (see also Jetter & Kok, 2014 for more details):

=|

N
AFMs L ZAI.D.CM” (S1)
J 19
p=1

where AF¢Mv s the adjacency matrix of the FCM of participant p; N is the total number of
participants in a group, and AZ.CM” is the element of this adjacency matrix with the value equals
to the weight of the edge between node i and j. FCM, represents the aggregated FCM of a

group with the corresponding adjacency matrix AF¢Ms.

We used the above aggregation method to create stakeholder-specific models of different

stakeholder groups (see Figures S3-S8).

FCM computation

FCM models are semi-quantitative simulation models (Voinov et al., 2018) that can be used to
assess the perceived dynamic behavior of the system they represent (Stylios & Groumpos,
2004; Jetter & Sperry, 2013; Gray et al., 2014). Here, we used FCM computational analysis to
demonstrate how stakeholders, based on their collective perceptions and knowledge,
predicted the changes in the state of system’s elements given an initial change in one or
combination of concepts (i.e. scenario inputs) (here we changed cod and cod quota) (for details
about scenario analysis see Giabbanelli et al., 2017). An increase (or a decrease) in a concept
initiates a cascade of changes to other system concepts (typically normalized between 0 and
1), and this iterative propagation of the initial change evolves into a so-called new “system
state” (Papageorgiou & Salmeron, 2014). By comparing the system states (i.e. the value of
concepts) before and after initiation of a change, FCM can be used to implement “what if’
scenario analysis, and therefore represent perceived dynamic behavior of the system (in this

case, cod fisheries SES).
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To run a scenario, the value of one or more concepts (i.e., scenario nodes) in a FCM was
changed and forced to stay at either +1 (an increase) or -1 (a decrease). This initial change
passes through the network of nodes and connections including feedback loops until the
system reaches a new state. The consequent alterations in the state of other system concepts
were calculated by subtracting their initial values from their values after the scenario was
introduced and system evolved into a new state. The initial value of each concept, also known

as steady state, is calculated using the following formula:

kD = f ch(").Aﬁ (53)

J

(k+
i

k)

where ¢**V is the value of concept C; at iteration step k+1, Ci( is the value of concept C; at

iteration step k, cj(k) is the value of concept C; at iteration step k, and 4;; is the weight of the

edge relationship between C; and ;. Function f(x) is the “threshold function” that was used
to squash the concept values at each step to a normalized interval between -1 and 1. In this

study, we used a hyperbolic tangent function (for more details about hyperbolic tangent

function see Harmati & Kéczy, 2019):

Ax —Ax

f(x) = Tanh (Ax) = (54)

eAx + e—Ax

where 1 is a real positive number (in our case 1 = 1) which determines the steepness of the

function f.

The value of each concept under a scenario was computed using the same formula (Eq. S3),
but this time scenario nodes were forced to take fixed values (either +1 or -1). The scenario
outcomes were then calculated as the differences between the values of the system’s concepts
when the system was self-administered and when it was forced by fixed manipulations in the
state of scenario concepts (Gray et al., 2014; Papageorgiou & Salmeron, 2014). For each

concept C; the change in its value as a result of running a scenario is:

D¢ =¢* —¢° (S85)

L

where D;¢ is the change in the value of concept C;, ¢;* is the value of concept C; in the steady
state, and ¢;¢ is the value of concept C; after converging into a new state while scenario

concepts are clamped on fixed values.
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Supporting figures

Supporting Figure S1. 5-step-process was being used to collect mental models of
stakeholders® regarding their perception on the SES of Western Baltic cod fishery: 1.
Preparation (handout for interviewees to prepare for the interview), 2. Explanation (description
of all important information regarding the data collection), 3. Identification (“activation” of
interviewees’ mental model), 4. Mapping (representation of interviewees’ mental model
through components and links) and 5. Validation (digitalized map was sent to interviewees to

ask for changes or/and satisfaction).

1. Preparation

R
2. Explanation [ @ ][%ﬁ][»&]

M

3. Identification

4. Mapping

5. Validation
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Supporting Figure S2. Frequency of ecological (4.76%) and social (52.63%) components for
which no equivalent measure has been attached by stakeholders. All components have been
assigned a corresponding subcategory; ecological components: fish, biotic, abiotic, ecological
(other), and for social components: fisheries-economy, policy management, tourism
recreational fisheries and other (social). Highest number of components with no cultural
consensus is found for components of "Fisheries, economy" and "Politics, management" SC
(e.g., fishery (main income), artisanal fishery and fishery (side income)) and politics-
management (N=7, e.g., Common Fisheries Policy), regulations, maximum sustainable yield)).
Whereas the lowest number is found for components of “Tourism, RF” (gasfronomy) and “Fish”
SC (age structure). However, the highest frequency is shown for nature conservation (18.18%)
and politics (15%) (See detailed description of each node in Table S3).

(a) (b)
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Age structure
% Alternative employment opportunities
Average age fisher
50 Fisheries administration
Fishery (main income)
Producer organisation
Artisanal fishery
Economic situation fishery
Fishery (side income)
Common Fisheries Policy
Fisheries policy
Marine stewardship council{
Maximum sustainable yield
Presumed stock size
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Fish

Fishery,economy

Other (social)

Frequency [%]

Politics,management

Tourism,RF

Politics

Gastronomy

Community, nature, experience
Nature citizen

0 - Tradition, costum
-

Nature conservation

—_— 10 15 20
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Supporting Figure S3. Core model of representatives from NGO (non-governmental
organization, N= 18.2%). Nodes are displayed by its respective sub-category (ecological
components: dark green= fish, light blue=biotic, green=abiotic, light brown=ecological-(other);
social components: dark brown=fishery-economy, pink=politics-management, red=tourism-
recreational fishery, yellow=other-(social). Node size is measured by using centrality measures
degree centrality. Color of edges is presented by its decreasing (light pink) or increasing (violet)
effect in the influencing component. Cod is the concept with the highest degree centrality,

followed by fishery, porpoise and environmental organization.
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Supporting Figure S4. Core model of ComFish (commercial fishery, N=21.2 %). Nodes are
displayed by their respective sub-category (ecological components: dark green= fish, light
blue=biotic, green=abiotic, light brown=ecological-(other); social components: dark
brown=fishery-economy, pink=politics-management, red=tourism-recreational fishery,
yellow=other-(social). Node size is measured by using centrality measures degree centrality.
Color of edges is presented by its decreasing (light pink) or increasing (violet) effect in the

influencing component. The concepts with highest degree centrality are cod and fishery.
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Supporting Figure S5. Core model of managers (N= 18.2 %). Nodes are displayed by its
respective sub-category (ecological components: dark green= fish, light blue=biotic,
green=abiotic, light brown=ecological-(other); social components: dark brown=fishery-
economy, pink=politics-management, red=tourism-recreational fishery, yellow=other-(social).
Node size is measured by using centrality measures degree centrality. Color of edges is
presented by its decreasing (light pink) or increasing (violet) effect in the influencing
component. Cod is the concept with the highest degree centrality, followed by fishery and cod
quota. In comparison to the majority of the nodes, also tourism, habitat, porpoise and seabird

are displayed by high centrality measures.
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Supporting Figure S6. Core model RecFish (recreational fishery, N=12.1 %). Nodes are
displayed by its respective sub-category (ecological components: dark green= fish, light
blue=biotic, green=abiotic, light brown=ecological-(other); social components: dark
brown=fishery-economy, pink=politics-management, red=tourism-recreational fishery,
yellow=other-(social). Node size is measured by using centrality measures degree centrality.
Edges color is presented by its decreasing (light pink) or increasing (violet) effect in the
influencing component. Cod is the concepts with the highest degree centrality, followed by

recreational fishery and utilization.
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Supporting Figure S7. Core model of representatives from science (N= 18.2 %). Nodes are
displayed by its respective sub-category (ecological components: dark green= fish, light
blue=biotic, green=abiotic, light brown=ecological-(other); social components: dark
brown=fishery-economy, pink=politics-management, red=tourism-recreational fishery,
yellow=other-(social). Node size is measured by using centrality measures degree centrality.
Color of edges is presented by its decreasing (light pink) or increasing (violet) effect in the
influencing component. Cod and fishery are the concepts with the highest degree centrality,

followed by cod quota as well as ecosystem, tourism and recreational fishery.
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Supporting Figure S8. Core model of representatives from tourism (N= 12.1 %). Nodes are
displayed by its respective sub-category (ecological components: dark green= fish, light
blue=biotic, green=abiotic, light brown=ecological-(other); social components: dark
brown=fishery-economy, pink=politics-management, red=tourism-recreational fishery,
yellow=other-(social). Node size is measured by using centrality measures degree centrality.
Color of edges is presented by its decreasing (light pink) or increasing (violet) effect in the
influencing component. The highest degree centrality is displayed by cod. Also, cod quota as
well as recreational fishery, angling tourism and fishery show high degree centrality in

comparison to the majority of concepts.
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Supporting tables

Supporting Table S1. Stakeholders from six different groups were interviewed on their
perception of the social-ecological system (SES) of Western Baltic cod fishery
(ComFish=commercial fishery representatives, NGO=environmental non-governmental
organization, MV=Mecklenburg-Western = Pomerania, = RecFish=recreational fishery

representatives, SH=Schleswig-Holstein).

Stakeholder group Description %

Representatives for regional and international marine
conservation, local fisheries in SH and certification of

NGO marine resources, campaigner for fisheries and fisheries 18.2
management
Representatives of the German fisheries and fisheries in

ComFish MV and SH, manager of fishing cooperative, fishers in MV~ 21.2
and SH (main- and side-income fishery)

Managers (_)fflCla_aIs with focus on catc_h quotq, nature conservation, 18.2
fisheries management, angling tourism

RecFish Representative of recreational fisheries in Germany and in 121
MV and SH, representative with focus on sea angling '

Scientists Academics with research focus on fish economics, fish 18.2

ecology, artificial reef, alternative fishing gears

Association members with focus on the promotion of
Tourism regional fishing tourism, owner of fishing shop, project 12.1

manager-activity in nature
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Supporting Table S2. Detailed description of the 5-step-approach (1. Preparation, 2.
Explanation, 3. Identification, 4. Mapping and 5. Stakeholder communication), which has been
used to collect mental models of multiple stakeholders related to their perception of the SES

Western Baltic cod fishery (eNGO=environmental non-governmental organization).

Step Description

One week in advance stakeholders were provided with a handout explaining
the aim of the project, giving an explanation of social-ecological systems and
mental models. Further, a detailed list of what the data collection should look
like was described and a definition of the three starting components, cod,
fishery and catch quota, was attached.

1. Preparation

At the beginning of each semi-structured face-to-face interview (Halbrendt et
al., 2014; Vasslides & Jensen, 2016), we went over the handout and
described in detail what the modelling exercise should look like; after the
project description in the beginning, stakeholders were asked to introduce
themselves and describe what working with cod in the Western Baltic Sea
looked like in the past and how long this work has been done.

2. Explanation

Stakeholders need to describe components and their relation to each other
by answering the following two questions: 1. When you think of the Western
Baltic cod, which components come into your mind? (Definition of

3. Identification components); 2. What is the relation between these components?
(Description of links between components). Components could be either
social, ecological or economic. A standard value of 20 components has been
specified.

It was up to the stakeholders how they proceed with the visualization of their
mental model; they could first write down all components and afterwards link
them, or combine question 1 and 2. To understand stakeholders® mental
model in detail, it was important that a definition of the components as well as
a description of the relationship was given. When finishing the mapping,
stakeholders were presented a list of components (food for thought, i.e.
predation, prey, environmental factors, other fish, recreational fishery, tourism
and eNGO); the components were always suggested in the same order and
could either be accepted or rejected. It should be noted that the components
were only proposed if they were not already defined by the stakeholder,
beforehand.

The following materials were used to create the mental models: a) portable
whiteboard, b) board markers, c) empty laminated component cards and
laminated pre-defined component cards (starting components, i.e. cod,
fishery, catch quota and components served as food for thought); pre-defined
components are based on a pre-test with scientists.

To describe the link between component A and B, an increase in the
influencing component A must be assumed to describe the effect achieved by
the influencing component B. The effect is based on the components
measured and can lead either to an increase (+) or a decrease (-) in either.

4. Mapping

Three days after the interview took place, a digitized version of the mental
model was sent to the interviewee by email; for visualization, we used the

5. Validation software MentalModeler (www.mentalmodeler.com), a novel computer-based
FCM tool. Interviewees were given the opportunity to make changes or
additions to their mental model.
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Supporting Table S3. Qualitative analysis was used to describe variation in concept
measures; listed by sub-categories, table represents the concepts where not the same
meaning of concept measures was attached by stakeholders (SC, i.e. fish, fishery-economy,
politics-management (Pol, Man), tourism-recreational fishery (Tou, Rf) and other-(social)).
Further, the individual measure description as well as the frequency of each stakeholder group
is shown (Com Fish=commercial fishery, Rec Fish=recreational fishery, S=scientist,

M=managers, NGO=non-governmental organization, T=tourism).

SC Node Measure gf’s': Ezf] S|M|NGO | T
_-5 Age structure Number of Iargg and old cod 1
T Strength of mixing 1

Alternative Number of alternative 1
employment employment opportunities
opportunities Amount of other income 1
Average age fisher Strfength of age distribution 1
Height of the average age 1
Fi . Amount of bureaucracy 1
isheries .
administration Number of implemented 1
measures
Amount of sales 1
E Fishery main income Number of people in main- 1
) income fishery
§ Producer Num_ber o_f stable economic 1
o organization relationships
a_>; Amount of sales 1
< Amount of sales 1
W Artisanal fishery Degree of conservation 1
Amount of catch 1
o Amount of sales 1
E;r?:;mlc situation Strength of lobbying 1
Level of conditions in fishery 1
Level of fishing effort (fishing y
_ _ intensity)
Fishery (side Amount of sales 1
income) L
Number of people in side-income 1
fishery
Number of implemented 1
Common Fisheries measures
Policy (CFP) Strength of implemented 1
measures
c Quality of fisheries policy 1
g Fisheries policy Level of effectiveness of fisheries 1
= measures
Q. Marine Stewardship Number of certification 1
Council Number of certified fisheries 1
. Strength of compliance with this
Maximum . 1
Sustainable Yield set. target size
Height of value of Fysy 1
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Presumed stock size

Value Of BMSY-trigger
Amount of assumed stock size

Regulations

Number of regulations

Level of quality and applicability
of the regulations

Politics

Strength of influence

Quality of politics

Strength of political influence
regarding fishery

Amount of bureaucracy
Strength of economic orientation

Tou,
Rf

Gastronomy

Number of gastronomies
Number of restaurant visits

Other (social)

Community, nature,
experience

Level of good environmental
status

Strength of nature experience,
being outside, sense of
community

Nature citizen

Level of satisfaction

Amount of interest in nature-
friendly life

Tradition, custom

Strength of existence of culture
and tradition

Number of fishing company

Nature conservation

Strength of the emotional
attachment to nature
conservation

Level of quality of nature
conservation

Strength of the requirement of
nature protection
Number of measures
Number of implemented
measures

Strength of influence
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Supporting Table S4 a. Qualitative analysis of social concepts which are described by at least 2 different definitions; variation is exemplified by

showing two different definitions (Example 1, Example 2).

Node Variation Example 1 Example 2

Total allowable catches (=TACs) are fishing opportunities,
expressed in tones or numbers; TACs are distributed as
national quotas and for WB cod, set every year in October.
The quality of the TACs are characterized due to scientific
and ecological principles and therefor a meaningful set of
the quota

Total allowable catches (=TACs) are fishing opportunities,
Cod quota 5,88 expressed in tones or numbers; TACs are distributed as
national quotas and for WB cod, set every year in October

Economic sector characterized by all people engaged in the

Sector that deals with the capture and the marketing of fishery, i.e. fishers, an individual with his own plans and

Fishery 15,38 fish, i.a. different types of fishing gear are used (gillnet, wishes and no influence on the fishery lobby but rather the
trawl) i
ishery
]fiisehcerre;tlonal 33,33 People who do angling, i.e. anglers, recreational fishery :ﬁ;lgy’ which is not commercial and where people use the
Market price 37,50  Price for cod on market Is defined by how well cod can be sold on the market
. Data (e.g. collection of data) and models (e.g. Institution (=black box), which works according to certain
Science 38,46 N ,
determination of stock size) rules
Control 40,00 Control the fishery (on land and sea) Linked to the monitoring of management measures
ICES 49 86 Defined as the science, i.e. fish biologists and scientists, Provide the scientific basis for the EU commission and

who give advice to sustainable use of cod due to MSY therefore gives advice to the EU

Tourism 46,15 Including angling tourism, tourism agents, cutter tourism Excluded from angling tourism

Group and its lobby, which stand for to the protection of the
environment (in some case: want to have everything out),
and do quota recommendation

Nature Linked to regulations (e.g. for anglers) and measures, e.g.
: 50,00
conservation natura2000 areas

Politics on international (=EU) level, i.e. EU commission,

EU 50,00 . . Toothless tiger (linked to bureaucracy)

council of ministers
Environmental 50.00 Environmental protection associations/ nature Civil society interest group and part of the social contract,
organization ’ conservation lobby who would plead for the lowest quota i.e. eNGOs fulfill this mission anchored in the social contract
Consumer 57,14  Person who eats fish Person who eats fish due to quantity (price-orientated)
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Angling cutter

Companies (cutters and guiding companies) offering

Differentiated from recreational fishery; they are the big

companies 66.67 fishing on boat and short losers in this round with no lobby
Demand 66,67 Demand for other fish Demand for cod by consumers
EU 6667 EU institution who has an influence on the catch quota by European commission, i.e. Directorate-General for Maritime
Commission ’ formulating an advice for the tac Affairs and Fisheries (DG MARE)
Representation of the fishery, especially on EU level _. . . . ,

. ) . . . : Fishery itself as an interest group, i.e. local fishery
Fishery lobby 66,67 gc;aotf:s quota) with an economic perspective, i.e. high associations (federal & state) and fishery cooperatives
Junior fisher 66,67  Young fisher in general Young fisher whose father was already a fisher
Subsidies 66.67 Funding for fishery from politics, i.e. to set up the fishery Given by federal or state politics to allow fishers to fish more

’ differently than they could from EU
Linked to the factors used by the marine stewardship
Sustainability 66,67  Social, economic and ecological sustainability council (MSC), i.e. impact on species population and
habitats
Scu?ntlflc 66.67 Indlre_c_t influence on _the politics, i.e. science gives advice Based on research results
advice to politics by measuring cod
Selectivity 66,67 Selective removal of fish hlerl[l;ed especially to fishing gear, i.e. traps baskets, modified
Angling 7500 Federal and state level representation of the interests of Are part of eNGO, but they are considered differentiated
association ’ anglers, e.g. individual clubs and its members from them
Branch of industry (=only tourists) within it is not allowed Economic sector in which recreational fishing is included
Angling tourism 75,00 to sell fish Y y (=tourism with anglers), i.e. all people who travel to a place
to practice angling
Labor market 75,00 Jobs linked to cod fishery, i.e. fisher, restaurants, hotel Jobs, trainees
Trawl fishery 75,00 Fishery using trawl net, i.a. bottom trawl Fishery between artisanal fishery and industrial fishery
Politics 80,00 Make reco_mmenFjatlon and influence the catch quota, but Heterogeneous group acting as legislative body
do not decide rationally
Areas (e.g. FFH habitats) established by the EU, which Linked to the protected good within a specific area with the
Protected area 80,00 are linked to restriction for anglers, e.g. time limit of goal of having a high number of possible species that are in

angling, closed to angling

good or favorable condition
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Measure for the activity of fishing vessels in a given region,

Fishing effort 100,00 Opportunity to fish i.e. operating time and catching performance and the
number of vessels with which this activity is carried out

Acceptance 100,00 ?g;l;l:yacceptance, .. acceptance of advice and quota by Acceptance of research by fishers and recreational fishers
Management measure which should give the fishery

Discard ban 100,00 Ban on discarding fish incentives to use selective fishing gear in order to have a
positive effect on cod

Environmental 100.00 Awareness of consumer, which are linked to the shopping Environmental education by non-governmental

awareness : for food organizations

. . . , . . Measures implemented in the Common Fisheries Policy

Fisheries policy 100,00 Approach of how to manage a fisheries community . . .
and liked to nature conservation policy

Fishery 10000 Political representation of the fishery at regional and Follow short economic interests, which is harmful for the

association ’ national level fishery itself

Gastronomy 100,00 ]féiztaurants as an important part of the vacation, i.e. good Restaurants, which offer drinks and food

Good media L ,

coverage 100,00 Good press release Good press release, i.e. fishery friendly

Health 100,00 The condition of a person The live setting of a person

MSC 100,00 Marine Stewardship Council Social player which interacts strongly with fishery

sPtroecs;gi]zes 100,00 Management measure to determine the catch quota Description on how big the stock is

Producer Cooperatives, which have a great responsibility in terms . .

organization 100,00 of fisheries economic stability Cooperatives in general

Regulations 100,00 Regulation as restriction Specific regulations are named like minimum size, catch
areas and closed seasons

Technical Improvement and modification of the fishery due to _

development 100,00 technology Development of fishing gear

Tradition 100,00 Tradition and culture in general Flsher_y as a tradition, i.e. ships in the harbor and sale of

custom fresh fish from the boat
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Local fishery under 12m using fish traps and gillnet (very

?Srtr:zfnal 100,00 rarely trawling), which do self-marketing and other Fishery up to 10m and mostly passive
y financing
Economic Linked to the number of fishers and its representatives Linked to the situation of junior fishers, which is defined as
AR 100,00 . : L
situation fishery (lobby) a big problem in the Baltic fishery

Supporting Table S4 b. Qualitative analysis of ecological concepts which are described by at least 2 different definitions; variation is exemplified

by showing two different definitions (Example 1, Example 2).

Node Variation Example 1

Example 2

Prey 31,25

Supply of benthos, small pelagic fish (e.g. herring, sprat),

Prey for cod

crayfish
Salinity 37.50 Environmental impact Linked to salt water inflows by the North Sea and spring
storms
Herring 40,00 Fish species Prey for cod
Oxygen 40,00 Oxygen content in the water ;{25&2 to salt water inflows by the North Sea and spring
Temperature 42,86 Climate component Water temperature of the Baltic Sea
. Prey on cod, i.e. reduction of cod population by the Natural predators, i.e. marine mammals (e.g. porpoise, gray
Predation 45,45 .
number of natural predators seal) and sea birds (e.g. cormorants)
Agricultural Agriculture entries, e.g. nitrate or pollutants, occurring from
rugnoffs 50,00 Caused by agriculture with monoculture the fertilization of farmland, which lead into algae blooms or
eutrophication
Cormorant 50,00 Bird species Predator in the system and on cod, e.g. cormorant
Biotic and abiotic factors of the ecosystem, i.e. input of
Ecosystem 50,00 Condition and health status of the Baltic Sea nutrients, oxygen content, environmental influences, salt

water influx, salinity

Reproduction 50,00 Recruits

Production of offspring linked to ecological factors (e.g.
temperature, salt water inflow, bacteria)

Sprat 50,00 Fish species

Prey for cod

Sprat, herring 50,00 Fish species

Prey for cod
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Biological component, i.e. inflow of salt- and oxygen-rich

Salt water influx 54,55 water from North Sea

Important for the ecosystem

Climate change 57,14 Change of climate over time Change in temperature and oxygen, i.e. ocean acidification

Baltic sea fish, which have an impact on the system of

Other fish 66,67 Waestern Baltic cod Predator on cod; most of all sprat and herring on small cod
Porpoise 66,67 Predator on cod Protected good and predator

. Pollutants through fertilization of _farr_nland _(e.g._ n|trgte, Poised fish due to pollutants which turns into health risk for
Pollution 75,00 mercury) and therefore contamination with fish, i.e.

: - consumers
negative effect on the fish liver

Eutrophication 75,00 Linked to the influence by zooplankton on the system Caused by inputs of nutrients
Habitat 75.00 A fixed area by humans ?jggat types, i.e. reefs, sandbanks, FFH habitats, rocky
Sea bird 75,00 Predator, i.e. gulls, herons, cormorants, fish eagles Protected good and predator

Jelly fish 100,00 Species like fire jellyfish and ear jellyfish Predator on cod eggs
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Supporting Table S5 a. Predicted changes per stakeholder group in social and ecological components under the scenario 1 (decrease in cod

biomass; NGO=non-governmental organization, ComFish=commercial fishery, RecFish=recreational fishery).

Cat NGO % ComFish % Management % RecFish % Science % Tourism %
Market price 0,15 Consumer 0,01 Control 0,18 Fish processing 0,29 Market price 0,05 g/llgl;u:nnual 0,09
Fish processing 0,02 Labor market 0,01 Angling tours 0,02 Scu?ntlflc 0,03 Nature . 0,02

advice conservation
Sustainability 0,02 Negative media 0,01 Trawl fishery 0,02 t%?rtr?)h (long- 0,03 Market price 0,02
Protected area 0,01 Politics 0,00 Gillnet fishery 0,02 Politics 0,02 CFP 0,00
By-catch 0,00 By-catch 0,00 fishery. 0,00 Environmental —, ., Fishery 0,00

= association organization association

%) Recreational - Recreational - Recreational -

3 Cod quota -0,76 Cod quota -0,74 fishery -0,39 Cod quota 1,00 fishery 0,65 fishery 0.44
. . . Recreational - - . -
Fishery -0,42 Fishery -0,25 Fishery -0,38 fishery 0,98 Cod quota 0.63 Fishery 0.42
Recreational . . - . - . , -
fishery -0,18 Fisher -0,19 Cod quota -0,34 Fishery 0.66 Fishery 0.50 Angling tourism 0.40
Consumer 0,16 Tishery -0,19 Tourism -0,23 Angling shop -, Tourism -~ Cod quota .

**7 (side income) ’ ’ 0,47 0,26 0,36
Scientific i Fishery i Angling cutter . - . - . -
advice 0,16 (main income) 0,19 companies 0,21 Value chain 0,45 Value chain 0.22 Trawl fishery 0.22
]Ei)stﬂerdemersal 0,18 Sprat 0,16 Herring 0,18 ]Ei)stﬂerdemersal 0,27 Herring 0,35 Herring 0,24

E .

8 Benthic 0,18 Sprat 0,18 Flatfish 0,27 Sprat 0,34 Sprat 0,07

> macrofauna

8 Flatfish 0,18 Seabird 0,02 Herring 0,27 Benthic 0,33 Otherdemersal o,

w macrofauna fish
Herring 0,02 Porpoise 0,01 Sprat 0,27 Ber_mthlc 0,33 Benthic 0,04

meiofauna macrofauna
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Benthic

Sprat 0,02 Eutrophication 0,01 0,26 Whiting 0,16 Flatfish 0,02
macrofauna

Ecosystem -0,17 Cod eggs -0,17 Seal -0,17 Seal 0,28 Cod eggs 0.16 Sea bird 0.33
Seabird -0,13 Cod larvae -0,16 Habitat -0,16 Porpoise 0,28 Ecosystem 0,12 Seal 0,33
Cod juvenile -0,12 Ecosystem -0,15 Zooplankton 0,03 Porpoise 0.33

. . Environmental - -
Porpoise -0,11 Herring -0,01 impact 0,02 Nature 0,01
Seal -0,11 Cod larvae 061 Temperature 0,00

Supporting Table S5 b. Perceived changes per stakeholder group in social and ecological components under the scenario 2 (increasing cod quota;

NGO=non-governmental organization, ComFish=commercial fishery, RecFish=recreational fishery).

Cat NGO % ComFish % Management % RecFish % Science %  Tourism %
Fishery 0,93 Fishery 080 Regulatory 049 Recreational o5 Eiohary 075 Angling 0,82
authorities fishery tourism
Recreational Recreational . ) . Catch .
fishery 0,55 fishery 0,67 Artisanal fishery 0,44 Fishery 0,94 (short-term) 0,41 Fishery 0,81
. . . Economic .
Rela_t!ve 0,41 Tourism 0,44 Fishery (middle 0,44 Angling shop 0,71 situation 0,35 Recreatlonal 0,81
« stability sector) fishery fishery
Q
O Artisanal Fishery (deep . .
n fishery 0,37 Catch amount 0,35 sea fisheries) 0,44 Value chain 0,64 Consumer 0,33 Value chain 0,76
Science 0,12 Allocation 0,35 Dlve_rs_ltyof 0,42 Utilization 0,60 Tourism 0,14 Angling shop 0,64
quota touristic supply
Consumer -0,10 Science -0,39 Angling tourism -0,47 Market price -0,46 Market price  -0,57
Protected 0,09 Consumer  -p05 Drandsdraft Catch 0,41 Nature -0,36
area horse Baltic sea (long-term)
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Ecological

Fish . -0,08 Human -0,04 Training, school -0,08 Recreatlonal -0,35 Enwro_nm_ental -0,26

processing fishery organization

Scientific Scientific Nature

advice -0,07 advice -0,03 Gastronomy -0,05 Health -0,08 conservation -0,09

R . o Tradition,

Sustainability -0,07 Labor market -0,02 Niche -0,04 Politics -0,06 culture -0,02

Other . Other Benthic ,

demersal fish 0,04 Sprat 0,04 Herring 0,08 demersal fish 0,20 macrofauna 0,16 Flatfish 0,67

Benthic 0,04 Sprat 0,08 Benthic 0,20 Benthic 0,16 Herring 0,67

macrofauna macrofauna meiofauna

Flatfish 0,04 Flatfish 0,20 Sprat 009 Other ;g
demersal fish

Age structure 0,03 Herring 0,20 Whiting 0,08 Benthic 0,18
macrofauna

Agricultural .

runoffs 0,01 Sprat 0,20 Herring 0,06 Sprat 0,08

Cod -0,99 Cod -0,58 Cod -0,90 Cod -1,00 Cod -0,97 Cod -0,83

Porpoise -0,17 Cod eggs -0,04 Habitat -0,12 Seal -0,20 Ecosystem -0,08 Nature -0,80

Seal -0,14 Cod larvae -0,04 Seal -0,10 Porpoise -0,20 Cod eggs -0,08 Seabird -0,73

Ecosystem -0,12 Ecosystem -0,04 Seabird -0,05 Undlst_urbed -0,03 Seal -0,73

spawning
Seabird -0,170 Herring 0,00 Porpoise -0,02 Zooplankton -0,01 Porpoise -0,73
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Supporting Table S5 c. Agreement of dynamic changes across stakeholder groups as a result

of (a) Decreasing cod and (b) Increasing cod quota.

Increasing cod quota

Decreasing cod

#Groups Social Ecological Social Ecological
Regulatory authorities Age structure Control Eutrophication
Fishery (middle sector) Agricultural runoffs Angling tours Temperature
Fishery (deep sea fisheries) Benthic meiofauna Gillnet fishery Benthic meiofauna
Diversity of touristic supply Whiting Nature conservation Whiting
Utilization Habitat Labor market Habitat
Catch amount Cod larvae Negative media Cod juvenile
Allocation quota Undisturbed spawning Sustainability Zooplankton
Relative stability Zooplankton Protected area Environmental impact
Catch (shortterm) Nature Catch (longterm) Nature
Economic situation fishery Environmental organisation
Brands draft horse Baltic
Sea Multiannual plans
Training, school CFP
1 Gastronomy Angling cutter companies
Niche Angling shop
Human Fisher
Labor market Fishery (side income)
Protected area Fishery (main income)
Fish processing Angling tourism
Sustainability
Catch (longterm)
Health
Politics
Multiannual plans
Environmental organisation
Nature conservation
Tradition, culture
Artisanal fishery Cod eggs Trawl fishery Cod eggs
Angling shop Fishery association Cod larvae
Value chain Fish processing
Tourism Consumer
2 Science Politics
Angling tourism By-catch
Scientific advice Scientific advice
Market price Tourism
Value chain
Consumer Other demersal fish Market price Flatfish
3 Flatfish Ecosystem
Sea bird
Ecosystem
Benthic macrofauna Porpoise
4 Seal Other demersal fish
Porpoise Benthic macrofauna
5 Recreational fishery Herring Recreational fishery Sea bird
Fishery Sprat Seal
6 Cod Fishery Herring
Cod quota Sprat
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Abstract: Fish represent a politically regulated, scientifically researched, industrially processed,
commercially marketed and socially contested living marine resource. Related to this, the incorpora-
tion of resource users and stakeholders into fisheries management is particularly important. Such
involvement has recently improved in terms of frequency, but institutional frameworks often result
in a lack of recognition and integration of the diverse ‘knowledges’ of stakeholders involved. Against
this background, we aim to uncover the potentials of additional knowledge types for management
purposes, paving the way toward a more collaborative management. We first conducted qualitative
expert interviews with different stakeholder groups (e.g., commercial fisheries, eNGO and admin-
istration) to map various ‘knowledges’ about cod (Gadus morhua), a major resource species in the
Western Baltic Sea to reveal the various experiences and epistemologies revolving around it. The
second analytical step consisted of examining how these ‘knowledges’ structure, inform and often
enter into conflict with perspectives on and assessments of fisheries management. Potentials were
identified regarding enhanced stakeholder engagement in management processes that provide food
for thought to seek change in sustainable management of fish stocks in the future. Our study is a
pointer to the need to transform fisheries management in a more social and participatory way. We
argue that sustainable natural resource management cannot be designed solely by integrating more
‘knowledges’ (knowledge sharing) but requires the creation of social contexts and institutions with
stakeholder empowerment at the local level (power sharing) to sustainably manage natural resources
such as commercially importance fish stocks.

Keywords: Baltic Sea; fisheries management; cod; stakeholder participation; interviews; knowledge
types; qualitative content analysis; co-management

1. Introduction

Fish is a living marine resource that is politically regulated (management), scientifi-
cally researched (advice to inform management), industrially processed and commercially
marketed (sales to restaurants, supermarkets and auctions) but also socially controversial
(resource and spatial conflicts). The interaction of interest groups and resource users (re-
ferred to as stakeholders), their institutional rationales and the respective “’knowledges’
(encompassing the multiplicity of various knowledge types) produced about and revolving
a fish species have developed into existing management approaches and regimes. These,
in turn, are constantly shaping and reshaping the relationship between fishing commu-
nities, fishing industry, scientists, institutional representatives, political stakeholders and
regulating bodies. More importantly though, they are in many cases based on a norma-
tive and enacted understanding of what fish actually is. However, there is not only one
but rather various framings of ‘knowledges” and representations of fish, turning it into
a messy multiplicity.
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This messy multiplicity of the resource fish is in many cases reduced to the rationale
of natural resource governance aiming at regulating human behavior [1]. Embodied in
laws, assessments, interventions and prohibitions, the regulation of the removal of fish is
based on the basic presupposition that human actions negatively affect nature [2]. There
is, however, the epistemological problem that fish is not directly or fully graspable for
humans. Turning it into a manageable and governable entity requires acts of classification
as well as processes of justification. In most cases, these are relegated to science defining
and legitimating all sorts of interventions and regulations [3]. For this to be performed,
specific scientific techniques and procedures are used to assess, organize, translate and
define what fish actually is [4]. Once measurements, quantifications and model runs have
been gathered, the fish is re-assembled and reified as a somewhat homogeneous object [5].
Thereby, fish is reduced to a powerful scientific mode of existence that legitimates the
creation of concrete management [3].

Such interventions are not uncontroversial, which has recently led to reshaping the
research agenda in marine and fisheries management. Traditionally seen, people have been
framed as the key drivers for negative impacts representing their activities as one of the
most pressing challenges for the sea and its fish stocks [2]. This perspective underwent
change partially due the increasing role of external environmental stressors on fish popula-
tions [6]. Examples include the expected implications of climate change, while the growing
relevance of communities, interest groups and resource users in developing solutions has
also continuously been acknowledged [6]. Hence, the concepts of environmental steward-
ship, citizenship [7,8] or marine citizenship [9] have been taken up. Here, emphasis has
been placed on the relevance of non-scientific ocean knowledge in re-assessing scientific
approaches while at the same time enlarging the scope of management interventions [10].

For society, communities [11] or social stakeholders to be conceived as an important
part for developing marine management options, a relational approach has been considered
to be of particular relevance. Simply put, such an approach investigates the various ways
through which people and the sea relate to each other which is for example emphasized
in the context of co-designing options for the exploitation of natural resources [12]. This
understanding reveals and provides insight into the multiplicity of perspectives through
which the various dimensions of the multifaceted ‘relationality’ between human beings
and the sea could be studied. Consequently, methodological, theoretical and practical
approaches have been explored. These, for example, focused the attention on (i) the social
dimensions of management options [13-15], (ii) the perception of different stakeholder
groups [16,17] and (iii) the framing of fishers with regard to management structures and
measures bearing an impact on their everyday lives [18]. Moreover, the research on ocean
literacy characterizes approaches in the area of local ocean knowledge disclosing the aspect
that these dimensions could considerably contribute to ocean citizenship and stewardship,
including other interest groups or resource users such as fishers [19].

Besides these more general aspects addressed, additional specific aspects such as
varying epistemologies as a barrier for integrative research have only recently gathered
attention [20]. The co-construction and implementation of differing “’knowledges’ in the
context of management have been defined as an important task [21], although approaches
of this kind appear to be still at the beginning. Based on the insight, that various dis-
ciplines and social groups produce and hold differently structured ‘knowledges’” about
fish and fisheries [22,23], relatively new research has focused on understanding what
presuppositions underpin this knowledge, how this knowledge is produced and in what
ways it is conceived to be applicable in the context of governance and management [20].
Discussions of robustness, adequacy and legitimacy accompany the discussion about non-
scientific ‘knowledges’. However, objective scientific knowledge also supposedly came
under scrutiny [24]. This critical perspective on the epistemilogicization has fueled co-
constructive management approaches [25], among which the co-development of qualitative
models [26] or mental mapping procedures [17] represent more recent approaches.
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The problem with co-management approaches including differing “knowledges” and
procedures lies in the fact that they were regarded as a panacea for solving problematic
aspects of governance and sustainable management [27]. The acknowledgement and
incorporation of local ‘knowledges’ is, however, still thwarted by the sometimes under-
lying rationale of evidence-based management approaches, the extension of scientific
epistemologies and the maintenance of their implicit objectivist rationales (see for an early
assessment [28]). A critical investigation of this dimension is still missing in many cases
and touches upon the prevailing assumption that social life is determined by deep social
structures which underlie and rationally regulate “[ ... ] the seemingly chaotic world
of [the] social [ ... ]” ([29], p. 382). This understanding was challenged by approaches
that frame the social as an assemblage or formation as based on social practice. These
approaches reckon practices as processes that assemble or network—in our case—fish,
fishers, the fishing industry, scientists, politicians, etc., together. Focusing on the social to
provide better management options thus promotes an important shift from the why (deep
cause) of social formations and framings to the how (surface processes). In brief, the focus
of research is taken away from uncovering the deep and governing structures toward a
more dynamic understanding in terms of social networks or assemblages. In doing so, it
could pave the way toward a more inclusive and symmetric way of managing fish [30].

For this to be achieved, a critical inspection of the scientifically informed discourses
revolving around fish is necessary. Such an investigation of the problem framing puts
emphasis on the messiness [31] of fish discourses. This would mean that one has to reveal
the many human practices and ‘knowledges’ that create and re-create fish [32]. These
processes indicate how fish is framed by various stakeholders and how fish, humans and
science are woven together in specific ways and contexts [33,34]. Such an understanding
strongly contrasts with current approaches in which fish is framed in specific—mainly
scientific—ways and becomes a governable and manageable object.

These procedures and ways of conceptualizing fish often obtain a truth-like social sta-
tus which is questionable. There is no independent fish from the world ‘out there’, but only
socially embedded theories and models constructed about it. Hence, fishers, scientists or
politicians do not describe the world from a neutral point or perspective, they rather engage
with it specifically and thereby shape it. Such a shift from decontextualized thinking (epis-
temology) to a situated engagement (ontology) and generation of knowledge represents a
challenging step. This affects fishing practice and introduces new regimes of control. What
becomes apparent is the fact that this construction of fish is stabilized and networked into
aregime by “[ ... ] tying fish with fishermen, echo integrators, log books, legislation, com-
puters, bureaucracies, mathematical formulas, and surveillance procedures” ([35] p. 239).
The same holds true for stock assessment models: “they move fish from the water [ ... ] to
the paper of reports and policy” ([36] p. 1017), framing them as swimming inventories of
future biomass and economic value [37]. Clearly, decontextualized scientific or political
abstractions of fish contrast contextualized human-—fish relations [38]. The question con-
sequently remains which knowledge type has to be considered as relevant and for what
reason?

Western Baltic (WB) cod (Gadus morhua) is one of these fish (stocks) that is politically
regulated, scientifically researched, commercially marketed and socially contested. Because
of its depleted stock status, this fish stock is presently of special concern and debate
among fishers, scientists, environmental conservationists and politicians [39]. WB cod is
ecologically important as a top-predator in local food web dynamics [40] but is also an
economic asset (e.g., for jobs or tourist facilities such as fish restaurants) for coastal areas in
Germany [41]. Moreover, from a cultural point of view, cod has a special status at the WB
coast because commercial fisheries here have a long tradition and culture that is anchored
in and strongly attributed to cod (a description of stock assessment details can be found in
Supplementary Material). The WB cod case is a typical example of a conflict over the state
and the right management measures to recover a depleted fish stock while safeguarding
the social system depending on it not only in the EU. At the same time, it becomes apparent

93



Sustainability 2021, 13, 12229

4 0f29

that there is not one but different framings, ‘’knowledges” and representations for WB cod,
making it a confusing diversity or, as we call it, a ‘cod multiple’ [12,31,42].

Deconstruction, the critical analysis of discourse in terms of knowledge orderings and
the insight that humans are enmeshed [43] with the world, opened up a perspective in
which the complexities of the social revolving around fish can come into view. Understand-
ing fish, humans and science as entangled [44], we now take the turn to investigate the
forms of ‘knowledges’ revolving around WB cod and its current management. ‘Knowl-
edges’ here encompasses multiple forms of ‘knowledges’, which are informed by different
rationales. Examples include evidence-based knowledge (e.g., collected by established
surveys to determine the distribution of fish stocks) and tacit knowledge (knowledge gener-
ated through job-related interaction with the ecosystem, i.e., fishers’ ecological knowledge).
We here follow the diverse 'knowledges’” held by various groups, meaning commercial fish-
eries, science or environmental non-governmental organizations (eNGOs) with the aim to
reveal its complexities and multiplicities. Our analysis eventually aims to understand how
ignoring specific knowledge types potentially causes conflicts in fisheries management. We
propose how different ‘knowledges’ can be integrated to regain the trust of stakeholders in
the decision-making process.

2. Materials and Methods

To empirically and qualitatively study the “knowledges’ revolving around the man-
agement of WB cod, we applied an interconnected sequence of methodological steps
(Figure 1, consisting of data collection, coding and data analysis). At its core, this is based
on conducting and analyzing expert interviews. With this approach, we were able to
uncover the diverse ‘knowledges’ revolving around WB cod as well as its local, national
and supranational background [45].

2.1. Data Collection

We initially conducted a systematic in-depth reading and content-oriented document
analysis of a wide variety of written sources comprising the news coverage in German
newspapers of the last 10 years, as well as recent political and governmental documents
(e.g., Common Fisheries Policy) [46] (Figure 1A). In addition, we analyzed published
opinions, reports or written statements of the various stakeholder groups regarding the
issue of WB cod, its fisheries, and the problems surrounding it [47]. In addition, we
studied project reports as well as scientific publications to gather various perspectives on
the multiple issues associated with the cod resource [48-51]. This first step helped us to
reconstruct and understand the developments, disputes and discourses pervading the so-
called ‘cod-controversy’ persisting between different groups involved in the management.

Based on the media analysis (Figure 1A), which served as a thematic background
analysis on cod fisheries in the Western Baltic Sea, an interview guide was developed and
tested during two sample interviews [52] (Figure 1B). A previous scientific analysis of
German newspaper articles on WBS fisheries revealed a high media presence (i.e., absolute
frequency) of the topics ecology, management, economy and communication within the
news coverage. These were selected as thematic building blocks of the interview guide
(Table 1).

The interview guide included questions about the current condition of WB cod, elab-
orating on causes for this situation and discussing possible solutions in terms of various
national and EU-wide management options (Table 1). Economic as well as social impacts
regarding WB cod fisheries and its management were also addressed (Table 1). At the
end of each interview, all interviewees were given the opportunity to reflect on the future
development of WB cod within the coming years. Likewise, space was provided for further
aspects not addressed in the interview (Table 1; all interview questions are listed in detail
in the Supplementary Material Table S1).

94



Sustainability 2021, 13, 12229 50f 29

g A. Document analysis B. Interview guide C. Conducting interviews
B~ = i i
L m Questions . . eNGO . angling J science
Is) @ . .
& —_— a3 . fishery . economy
(“ ——
8 . tourism . management
D. Iterative category development E. Category & sub-category system
2 =~ P | | |
O [ o \ ‘ ¥4 \ K M S
o 1 ] 1
o ] { | - T Y O
KI’IOW edge, \Managementl \ Science , K1 K2 .. M1 M2 .. S1 S2
[K] N M S
3 randomly selected interviews ~ -’ S l’ So [_]f,
F. Analysis + interpretation of findings G. Analysis + interpretation of paradigmatic examples
2 8 / ‘
2 W C.AVAVAVA =
© A L )
S T’ O —=
g Author Il - management I Author IV @. §
- advisor / N ® E =
© p -
: . AVAY o © -

O Sk
n Author Il - science e . Z [ 3 )
-6000y 100y ~Pp--

Figure 1. Illustration of the applied methodological procedure including data collection, coding and data analysis.
(A) A systematic in-depth reading and content analysis of a variety of different written sources was conducted, including
news coverage in newspaper databases as well as political and governmental documents. (B) An interview guide was
developed including questions related to ecology, management and economy of WB cod and the communication between
stakeholders. (C) Each interviewee was provided with the interview guide a week in advance and was walked through
the guide at the beginning of the interview. All interviews were carried out by two to four interviewers and have been
transcribed verbatim. (D) To start the analysis, three interviews of different stakeholder groups were separately read
and discussed for general content, key issues and unexpected, emerged topics. Interview calibration confirmed a set of
three main themes: ‘knowledge’” of WB cod, role of ‘science’ in the disputes, and perceptions and critiques of the EU
fisheries management. (E) Categories were applied to all interviews resulting in a category and subcategory system.
(F) After the completed interview coding, each of the three categories was assigned to one author conducting an in-depth
analysis. (G) The data provide a deep insight into the diversity of knowledge types in time and structure, perceptions and
descriptions of fisheries management, and scientific use of models and their underlying data collection form.

Table 1. Description of thematic blocks addressed during the interviews.

Thematic Block Description

Understanding and knowledge of the ecology of the Western Baltic Sea in general and of
Ecology WB cod in particular; identification as well as description of abiotic and biotic
factors influencing the system
Understanding of European fisheries management and description of different measures;
Management outlining the criticisms of fisheries management in general and description of the
effectiveness as well as consequences of different measures
Description of economic links concerning the commercial fishery as well as economic effects
Economy of management measures on the regions of Schleswig-Holstein and
Mecklenburg-Vorpommern
Perception of communication and description of the current involvement of different

Communication S . : . . o
groups in fisheries management and ideas for improving the current situation

95



Sustainability 2021, 13, 12229

6 of 29

Using purpose sampling strategies, relevant stakeholders were selected on the basis
of (i) the first authors knowledge, (ii) a desktop study of relevant institutions and (iii) the
aforementioned analysis of German newspaper articles [53,54]. Interviewees were selected
using two key criteria: stakeholders needed to (i) be associated with a German institution
dealing with commercial fisheries by either their job or honorary position and to (ii) have
been involved in the WB cod fisheries for more than 5 years. The latter criterion was
chosen as a reference point to ensure that interviewees had established themselves in their
professional position (job, volunteer) and are familiar with the subject of WB cod fisheries
over a relevant period of time. All interviewees selected act as managers or working
group leaders (of their associated institution), which guaranteed their content-related
immersion into as well as their expertise about the topic of WB cod fisheries (Table 2).
Furthermore, interviewees were chosen with regard to their role in the discourse revolving
around WB cod, their political, administrative or professional function while they differed
in terms of gender and educational level representing a great variety of stakeholders
involved in the disputes.

Table 2. Stakeholders from seven different groups were interviewed on the topic of ecology,
EU fisheries management and economy of Western Baltic cod fisheries (eNGO = environmental
non-governmental organization).

Stakeholder Group Description Y%

Representatives of the German commercial
fisheries and head of the fishery cooperative,

Fisheries i.e., political representation of the fisheries and 2
communication of management measures to
the fishers
Representatives of the German fishing industry
with focus on consumer information
Officials focusing on catch quotas and fisheries
management at federal and state level
Representative working on marine
conservation (with a focus, e.g., on catch
quotas and environmental education) on
international, national and regional level
Representative of the German recreational
fisheries with, e.g., tasks of communication of
political regulations as well as nature
conservation projects
Researchers with focus on fish stock
Scientists assessment, Baltic cod ecology and recreational 3
fisheries
Association members with focus on the

Tourism ) . . . 1
promotion of angling tourism at regional level

Economy

Administration

eNGO

Angling

In total, we selected 13 stakeholders of seven different groups comprising commercial
and recreational fisheries, eNGO, tourism, economy, administration and science (Table 2,
Figure 1C). To allow for content-related preparation, the interview guide was provided
to the interviewees one week in advance. Before each interview, information on the
respective interviewee (institution, person) was gathered to gain background knowledge
and to prepare interviewers. To maintain a good interview atmosphere, interviews were
conducted at places chosen by the interviewees [55] and started by asking questions about
the individual expertise of the interviewee. All interviews were carried out by a minimum
of two, maximum of four interviewers (period: 2 November 2017-18 May 2018), lasted
between 45 min and 2 h and were transcribed verbatim.
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2.2. Data Analysis

To zoom in on the analysis, we chose a qualitative approach including a re-screening
of relevant documents to begin with [56]. This perspective held the potential to disclose the
somewhat unconscious patterns of interpretation and meanings permeating the varying
perceptions and assessments of the cod problem at work in the disputes [57].

In a first analytical round, three interviews of different stakeholder groups were
separately read and analyzed by three authors (HS, AMB, MD) of this paper. The selected
interviews were discussed in terms of general content, key issues and unexpected topics
that emerged during the provisional analysis (Figure 1D). The outcome led to the decision
to analyze all interviews from a grounded point of view [58,59]. This approach offers
the opportunity to inductively develop analytical categories and holds the potential to
avoid as far as possible preconceptions or circular reasoning based as on unarticulated or
unconscious presuppositions by the analyst. Hence, once central themes or topics emerged,
segments of the interviews transcribed were individually grouped in preliminary analytical
categories. These bottom-up categories were discussed in a step-by-step approach among
three authors (HS, AMB and MD) to assess their general meaning, analytical plausibility
and empirical relevance for the study. This procedure contributed to calibrating the
coding of all interviews resulting in a corroborated set of three main topics of interest [60]:
‘knowledges’ about WB cod in terms of ecology and economy, the role of science in the
disputes and the perception and criticism of respective management approaches (e.g.,
catch quotas) (Figure 1E). For further coding and categorization, simple tables were used in
which text segments, their interpretation with a focus on the language used, the explanatory
ascription to a category and the interview reference plus line numbers of the respective
transcripts were entered. All categories were constantly discussed between the three
authors to secure intercoder reliability.

Once the three endpoints, knowledge, science and management, were analytically
established, each of these categories was assigned to one of the three authors performing
an in-depth analysis of one of these overarching categories (Figure 1F). Respective subcate-
gories were defined using an inductive approach which means that main categories were
defined beforehand and corresponding subcategories were developed during subsequent
analyses from the material [61]. Subcategories were developed step by step, i.e., general
units were grouped during reading and, if possible, categorized in the process of re-reading
the selected segments (see Supplementary Material Table S2a,b, S3 and S4). All developed
subcategories provide a meaningful and empirically sound analysis of the three categories
of knowledge, science and management. As a result, the analysis provided a fine-grained
insight into the multifaceted and dynamic processes of social meaning making with re-
gard to the structure of controversies revolving around the current fisheries management
of WB cod.

3. Results

Overall, our comprehensive analysis of the interviews revealed a large number of
different subcategories, which were assigned to the three main categories knowledge,
science and management (see Supplementary Material Tables S2a,b, S3 and 54 for a detailed
description of all subcategories). These represent to a large extent the complexity of the
data gathered and give a deep insight into the meaning structure of the topic (Figure 2).
Of particular importance is the description and analysis of the WB cod stock (further
referred to as cod), the perception and attributed role of science, and the evaluation of
current management measures, with specific attention to the prevailing problems and its
potential for improvement (Figure 2). In the following section, selected interview excerpts
are translated from German (interview language) into English.
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Science Knowledge

Management

Comprehensive knowledge of the past and present status of cod and its
future development. In the past, WB cod stock was considered to be much
larger and abiotic/anthropogenic impacts were not perceived as a threat.
Divergent opinions occurred when evaluating its current status (depleted
stock to its potential for recovery) and future development (characterized by
strong uncertainties).

Uncertainties exists in the perception and evaluation of WB cod and its
drivers, but there is also non-knowledge among those involved in the cod
management. Responsibilities are differentiated in some cases, and the role
of fishers' or scientific knowledge is emphasized as significant.

LBut if | remember correctly, about
6000 years ago the Baltic Sea was
fresh water and there was definitely no
cod” (7).

,I don't have any real numbers in my
head, that would be pure speculation*

(12).

Scientific evidence of cod is considered too uncertain to make an precise
stock assessment. This is due to the dynamic nature of the cod system, the
scientific methods used, and a lack of useful data for current analyses.
Multi-faceted weaknesses of models and the resulting problems are
highlighted, which became a critical part of fishery policy and management.

Various system understandings of cod have been identified, and it has
become clear that 100% certain scientific knowledge of the nature is simply
not possible as the system is too complex (i.e., number of system
components and their multiple interactions).

The EU fisheries management is a complex political system in which
different sectors are involved. There are divergent opinions on the success
of management, with some seeing the current state of management as
supporting WB cod recovery, and others arguing for strong improvements.

Main problems in management are the failure of policy makers to respond
to stock declines in a timely manner, non-transparent procedures for setting
catch quotas and lack of flexibility in multi-year plans. Suggestions for
improving management include, among others, increasing flexibility to
minimize risks due to unexpected stock shortages.

“The problem consists in the fact that
natural mortality is almost constant in
all models.” (17)

“Well | think that nature will not be
100% predictable.” (19)

“So, in retrospect, one has to say the
management has failed because the
stock is simply gone.” (18)

“I can only express the wish that one
thinks more in longer terms for the
future, to plan proactively and to learn
from mistakes made in the past.” (11)

Figure 2. Overview of the results deriving from the comprehensive analysis. The three main categories of knowledge,

science and management are expressed according to selected subcategories, focusing on the complexity of cod, its fisheries

and management. Of particular relevance are the description cod in the past, present and future, the perception and

attributed role of science, and the evaluation of current management measures, its problems and potential for improvement.

The description of each category is complemented by meaningful quotes from the interviews conducted.

3.1. Knowledge

In general, the category knowledge includes all content that can be traced back to the

knowledge of the interviewees and is not ostensibly related to the categories management or
science. From the text, we have developed subcategories that either have a local reference
(e.g., local knowledge) or focus on a temporal component (e.g., historical and future
knowledge), and also represent situated knowledge of individual stakeholders in the
system such as fishers or anglers (for a detailed description of assigned subcategories see
Supplementary Material Table S2a,b). To gain a detailed insight into the subject of cod,
we further focus explicitly on the stock in different time periods. Based on our interview
analysis, it became apparent that the general assessment of the cod stock strongly relies on
a threefold distinction made between historical and future knowledge and the description
of its current state. The consideration of these three dimensions with their implicated
temporal dimensions refers to the importance of a detailed presentation analyzing the
various knowledge types separately and in a differentiated manner.

3.1.1. What We Know—The Past, Present and Future Cod Stock Status under Review
1.  Historical knowledge

In both, their perception and description of the past state of the cod stock, interviewees
not only refer to different time periods but also explicitly to stock characteristics such as
biomass or recruitment (i.e., individuals added to the exploited component of a stock).
In this regard, we detected a wide range of reference periods from only two years up
to several thousand years in the past as well as different temporalities (e.g., biological,
institutional temporality).

The greatest reference time of 6000 years was used to express that “the Baltic Sea
was roughly fresh water and there was certainly no cod there” (I7). By using a biological
temporality, the interviewee reflects an evolutionary change of the Baltic Sea ecosystem
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and expresses his knowledge regarding the cod’s salinity preference. The interviewee is
not concerned with describing the size of the stock or its individual characteristics such as
recruitment, rather he wants to show that cod was not always present in this ecosystem
due to its physiological characteristics. In addition, using a biological temporality, there
is a description of the past size of cod during spawning, which “used to spawn at 70 cm,
70, 80 cm.” (I10). Reference is made to the change in spawning size in general, as well as to
the exact length during past spawning.

However, the interviewees do not only use the physiological characteristics of cod to
describe its past condition. Rather, as the following example shows, they refer to its occur-
rence as a food source for the community, which is here placed in relation to its stock size.

“People always like to talk about the breadwinning fish of the region. Well, there
were times when you probably got a choking feeling when there was cod again,
people would say, or children would say: Not cod again. And there was always
cod, because it was there in masses.” (I110)

The use of a social temporality very much reflects the interviewees” knowledge regard-
ing past cod biomasses, which were so high that cod metaphorically tended to be equated
with “a choking feeling” (I10).

However, if the past relates to a shorter reference period such as a few “decades” or
even fewer years, interviewees primarily refer to an institutional temporality, meaning
reference periods directly linked, in our case, to the fisheries management. When intervie-
wees describe past cod stock conditions to a period such as “the last decades” (I110), this is
performed by using the exact reference value at which time the stock had both high biomass
values and “very high recruitment years” (I2). This institutional temporality is used by the
interviewees to show a contrasting state of the cod stock, compared to the current one, from
a management perspective. The same temporality applies when interviewees consider
shorter time references such as “the last years” (I8) to make direct reference to recruitment
in 2015 and 2016 in particular, or to define “recruitment has been poor [in general] the
last few years” (I8). More specifically, the 2016 recruitment was an “exceptionally strong
cohort” (I5) and a “reason for hope” (I11), while the “[20] 15 was even historically the worst
ever” (I13). However, there are also “people who doubt that the [20] 15 really failed” (I7).

Both the ecological conditions (biological temporality) such as the state of the Baltic
Sea and anthropogenic influences such as fishing pressure or nutrient inputs are used by the
interviewees to express historical knowledge about cod. One interviewee even refers to “the
highest cod stocks” (I9) at a time when phosphorus inputs into the Baltic Sea were among
the highest. Interestingly, nutrient input is not described as a limiting factor for marine fish
species. Rather, the increased high nutrient levels lead to increased fish biomasses.

2. Knowledge on present cod stock

However, in order to present a comprehensive understanding regarding the assess-
ment of the cod stock, the perception and description of the current status are also key, here
focusing on the biological and tacit knowledge only. Diverging opinions across intervie-
wees are present, ranging on a continuum from “worried” (I12) to strong assumptions of a
rapid recovery of the stock. In terms of very low stock level, the cod stock is described as
currently “close to collapse” (I8), indicating very low recruitment as well as low biomass
values. The latter is particularly evident in the curves after which the stock has “gone
very, very much into the cellar” (I10). The following example also uses this metaphorical
representation “in the cellar” to highlight the very poor stock conditions of cod.

“Overall, this is a difficult water for marine species because of the low salt content,
and in the case of cod it is impossible because the stock is simply in the cellar,
and it always takes them two or three years, if a good recruitment is achieved,
for them to grow in biomass.” (I8)

Furthermore, stock condition is strongly distinguished from a former “golden age”
(I13), which symbolically refers to past positive periods with higher biomasses and strong
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recruitment. The current situation is that the stock “is basically no longer economically
exploitable. It has reached one of the lowest spawning biomasses we have ever had [and]
[i]s deep in the red” (I4). Not only in this example is the color red used to symbolized
the very poor condition of the stock. In addition, “[t]he size distribution tends towards
smaller cod” (I13), which again indicates that the overall stock is currently not in a good
state. Some interviewees go even further by saying that the “existence is definitely at risk”
(I8), while framings on the present stock status vary. A contrasting positive assessment is
generally linked to the 2016 recruitment leading to a predicted stock recovery.

“So, we were very, very happy in spring when we got the first information about
the evaluation from 2016, that this is going into the right direction.” (I13)

Interviewees also describe the development toward the current state as “pure luck”
(I4) and again refer to the uncertain predictability of the recruitment and the stock in
general. However, cod is also characterized by its biological properties which allows
assumptions to be made regarding its future development. This includes a description of
as a migratory fish species meaning its non-stationary habit and ability to move over long
distances, resulting in mixing with the eastern stock.

“The cod is not necessarily stationary, it is also always looking for the same
structures, which is why it is important to say that reefs, for example, need to be
generally protected. But then the cod will migrate and at some point, it will be
somewhere else, it can migrate for many kilometers.” (112)

The broad adaptability of the cod stock, as to different salinity levels, is seen by
interviewees as an advantage with regard to future changes in abiotic factors, i.e., there is
no “risk of losing this stock or the species” (17).

A closer look at the past of WB cod described by the interviewees highlights that
the stock has not only undergone an evolutionary change according to its size during
spawning, but that in the past, the stock was so large that even the community experienced
vomiting stimuli. In addition, special mentioning should be made of the cod’s recruitment,
which was one of the worst in the time series in 2015, while recruitment in 2016 was so
strong that it had the “potential to at least extremely accelerate the stock build-up” (I11).
A strongly divergent opinion emerged when looking at the current state of the cod. It is
“pure luck” (I4) that there was such a strong new cohort, and the current development is
rather a cause for concern and the stock “close of collapse” (I8). Furthermore, consideration
of the current status already gives indications of its future development—for example, a
development toward a smaller cod population is assumed (I13).

3.  Future knowledge

Considering the future of WB cod, different time horizons were also used by intervie-
wees compared to historical knowledge. It is important to note, however, that estimates
are usually not made for exact years.

According to one interviewees and his/her use of a biological temporality, “[cod] will
never die out” (I8), only if “no more salt water comes in at all and the Baltic Sea becomes a
freshwater lake, then it will no longer be there” (I7). Here, again, reference is made to the
state of the Baltic Sea ecosystem and a possible extinction of cod in view of its preference for
saltwater. The following example also picks up on the biological endangerment of the stock
but, compared to the other statements, gives a clear statement about the time reference:

“And whether this will be the case again in 5 or 6000 years, who knows? But
with the manageable horizon of 100 years, which we always roughly take, I don’t
really have the worry that the cod will become extinct biologically.” (17)

Furthermore, in an attempt to make a statement about a possible future development of the
stock, explicit reference is made to the strong recruitment in 2016 (institutional temporality).

“If it goes somewhere, it’s more likely to go up, how much this step actually goes
up now, through the 2016 cohort, you have to see. But it’s not like they say it’s
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rock bottom and we don’t see any light at the end of the tunnel at all, but there
are actually gateways that somehow seem to be opening up right now” (I5).

The images “light at the end of the tunnel” and “gateway” strongly imply a dynamic
development in the context of stock condition. A clearly positive development of the
stock is predicted but also an indefinite time reference, meaning that it is not foreseeable
when the “tunnel” will be crossed. “But the perspective [regarding the spawning stock
biomass] is at least good” (I4). This is contrasted with prognoses that do not assume that
“this good recruitment will actually occur” (I8). It can thus be seen that the perception
of this development diverges among interviewees, giving a clear indication of existing
uncertainties of future stock conditions.

There is also considerable uncertainty about the factors affecting the cod stock such as
temperature or North Sea inflow events (biological temporality) determining the perception
of an uncertain stock development (institutional temporality).

“And that is the great danger, so I see the greatest risks in these factors. They can
go in all directions. It is possible that the stock recovers drastically and then there
is too little food, which has an impact on other habitats. But it is also possible
that it will collapse completely again. And we cannot foresee this.” (I1)

The future perspective on stock conditions is characterized by uncertainties strongly
reflected by the use of mostly no time indications. All interviewees assume that WB cod
will “never die out” (I8), yet the perception of its future development is characterized by
diverging opinions. While on the one hand “light [is seen] at the end of the tunnel” (I5), on
the other hand, it is clear to the interviewees that there is no good recruitment in sight.

Stakeholders not only have a comprehensive knowledge of the cod’s past and present
condition but also an anticipation of its future. Historically, cod was conceived as much
larger in terms of its biomass, and there was mostly a consensus on its good historical status
among interviewees. Abiotic or anthropogenic impacts were not perceived as posing a
threat to the state of the cod, and even from a social perspective, cod was highly abundant,
as its status as a valuable food source was not comparable to today. Diverging opinions
emerge when looking at the current stock status, ranging from a depleted stock to its
potential for recovery. Above all, the evaluation of recruitment plays a significant role on
all time levels. The 2016 cohort is under special scrutiny and determines the opinions of the
interviewees not only about the present stock state but also about its future development.
The latter is most strongly characterized by uncertainties and shows a high variability in
the perception and assessment of the interviewees.

3.1.2. What We Do Not Know—-Exploring the Diversity between Uncertainties and
Non-Knowledge

The interviewees’ knowledge is reflected in many different types, ranging from local
and tacit knowledge to biological or economic knowledge. However, our comprehensive
analysis of the interviews also shows that the perceptions and descriptions of cod and
its surrounding factors are subject to uncertainties and even explicit non-knowledge (see
Supplementary Material, Table S2a for a detailed description).

The following quote serves as a very appropriate introduction into the discourse of
diversity between uncertainty and non-knowledge, clearly demonstrating the existence of
knowledge constraints in the context of WB cod, including various impacts on the stock
such as abiotic and biotic variables.

“What we might have to say about this is that, of course-interestingly, cod that is
economically so important, but actually we have the least information if we are
honest.” (I1)

The interviewee is aware of great economic importance of cod but also states that
limited information is available about it in general. This “least information” suggests not
only existing uncertainties but also non-knowledge regarding WB cod.
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When it comes to assessing the cod stock, there are strong uncertainties or even
non-knowledge associated with the 2015 recruitment. There is knowledge that “except
that the 2015 cohort has failed for inexplicable reasons and the 2016 cohort is one of the
strongest since records began for the Western stock” (I7). However, there is uncertainty
about the reasons that explain this phenomenon, as well as a lack of knowledge about
“what age group is there now and why are they small and is this still an older age group”
(IT). Uncertainty in the assessment of stock size also arises in relation to the gadoid outburst
and high nutrient inputs that occurred in this context (biological temporality). The question
is not if/whether high cod biomasses occurred but rather “[ ... ], if this has been discussed
before [ ... ], whether that was also nutrient driven” (17).

However, it becomes apparent that uncertainties and non-knowledge are in many
cases legitimized by the profession carried out by the interviewees. Interestingly, this
legitimacy is derived exclusively at the level of stakeholders from fisheries and science.
Interviewees describe themselves as “not doing any scientific work” (I3), not being “a
biological expert on Baltic cod” (I7) or not being a “climate scientist” (I13). In other
examples, interviewees explicitly point out that this is “a question that has to be answered
by practitioners” (I12) or “[s]cience has described it” (I7). The last-mentioned example goes
back to the description and evaluation of the 2015 cohort. The interviewee describes that
“[a]ctually, there is nothing special going on, except that the 2015 cohort failed for some
inexplicable reason and the 2016 cohort is one of the strongest since records began for the
Western stock.” (I7). Further, non-knowledge is pointed out by stating “Why this is so I
don’t know, but it is.” This statement is ultimately legitimized by “[s]cience has described
it.” (I7).

The important role that fishers” knowledge plays in the context of legitimizing uncer-
tainty or non-knowledge of other stakeholders is again brought strongly into perspective by
the following, very illustrative example. While the interviewee does not want to comment
on the cormorant’s influence on the cod stock, he/she refers directly to “practitioners, [...],
who are out there every day and say yes, I see the cormorants throwing themselves at
our young cod and pulling them out of the water by the kilo, no, by the ton” (I2). The
acknowledgment of fishers” knowledge, arising from the direct interaction of fishers with
the ecosystem itself (“who are out there every day”), is once again highlighted here. This
is further emphasized by the question of the cod’s economic role in commercial fisheries.
Another interviewee clearly points out that “[he/she is] not a professional fisher, it is
difficult to judge” (I110).

In the following section, we would like to explicitly address the uncertainties and
lack of knowledge about parameters affecting WB cod. Climate change is one example
influencing stock dynamics, where its legitimacy varies from “I am a businessman and have
little knowledge of climate issues” (I13) or “I am actually a normal citizen” to the indirect
assignment of science as a source of knowledge meaning “I am not a climate researcher”
(I13) and “I honestly do not know the models in detail” (I8). It should be emphasized
that in the context of climate change, both the professional role of the interviewee but also
the position as a citizen are used to derive uncertainties and non-knowledge. However,
knowledge about the presence and impacts of climate change regarding cod exists across
interviewees, because if “climate change affects us all, [...] it naturally also affects the
marine environment” (I3), only “in which direction it is going” (I13) cannot be clarified.
The latter explicitly alludes to the uncertainties that can be attributed to climate projections.
However, the influence of climate change and the uncertainty that arises is often linked to
the migration behavior of cod as a cold water-loving species: “we just don’t know whether
it might also offer an opportunity for other species” (I3) or “[ ... ], another species might
then gain disproportionately” (I13).

Besides the assigned role of fishers and scientific knowledge, in some examples,
however, interviewees clearly state “I don’t know.” (I13), or “[ ... ], that would be pure
speculation” (I11) without giving any indication of possible sources of knowledge.
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A detailed examination of the interviews content clearly shows that there is not only
uncertainty in the perception and assessment of the stock and its drivers, but also non-
knowledge among those involved in the cod-question. In some cases, responsibilities are
differentiated and the role of fishers” knowledge (“A question that needs to be answered
by practitioners.” (12)) or science (“This is what science has described.” (I7)) as important
is stressed.

3.2. Science and Western Baltic Cod

The scientific evidence about cod is framed by almost all interviewees as too insecure
to provide a precise stock assessment bearing also an impact on the evaluation of man-
agement measures in general (for a detailed description of assigned subcategories, see
Supplementary Material Table S3). This deficiency is basically attributed to the dynamic
character of the system cod itself, the scientific methods applied and a gap in useful or
applicable data to specify and make current analyses more precise. However, a somewhat
general trust in science and its best intentions is expressed by many interviewees. This
aspect can be seen in the following quote:

“Yes, I trust the scientists, they do their science in all conscience and try to
estimate stocks correctly. But the models obviously contain certain deficiencies
if not faults which entail considerable consequences. And I think that it is the
responsibility of politicians to reflect these deficiencies [ ... ].” (I11)

To be emphasized, reference is made here to the so-called “model-question” showing
the weaknesses of models and the problems resulting from them. The phrase “consider-
able consequences” highlights subsequent developments: it raises the issue of how these
deficiencies become perpetuated in the realm of policy and become inbuilt and some-
times problematic ingredients in fishing policies and ensuing management measures. The
general call to a responsible handling of uncertain model or scientific results becomes
apparent here.

Besides such general aspects, the uncertainty of science also is divided into different
dimensions and phenomena—natural mortality rates in the following example—which
define certain areas in need of further research and a better scientific understanding. The
image of “lies in the dark” in the following excerpt makes reference to a lack of visibility
which in turn refers to light as clarity enabling vision and therefore knowledge:

“I think, the whole issue of natural mortality still lies in the dark and requires
scientific research. The problem consists in the fact that natural mortality is
almost constant in all models. We are not happy with this procedure.” (I7)

The strategy to concentrate on a specific knowledge gap becomes clear and is con-
nected to the need for further scientific research. Hence, deficiencies or knowledge gaps in
science are not taken as such but are immediately linked to the need for further research
(“requires scientific research”) bridging and taming this lack. This demand is yet con-
trasted in the quote with an outline of the problematic practice of setting the parameter of
mortality on a constant level in the respective models. This reflection is accompanied by
an emotional framing depicting a scientifically tenable compromise (“We are not happy
with this procedure”). However, knowledge gaps are related here to the usual practice of
scientific tinkering in terms of doing research while also expressing dissatisfaction with
this situation. The only solution to fill this gap and to provide firmer knowledge for an
improved management though remains in more research.

Another scale of science becomes apparent in the following quote, which refers to
the impact of certain developments in the stock in general and to the lack of predictive
knowledge in special. The scale alluded to is social (“the scientists”) and geographical as
implicitly expressed by the metaphor “on the doorstep” which generates an imaginative
framework of proximity and direct effects. Additionally, the phrase “none of the scientists”
identifies a social group and attributes responsibility for the lack of knowledge about the
development of the stock to them:
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“How this bears and impacts the stock, meaning what is going on, I would say
none of the scientists would have been able to predict this development. I think
this is really appalling, I mean that there is so little research on a stock living right
on the doorstep.” (I1)

This situation of science becomes even more difficult with regard to other social
groups that frame problems revolving around fishing in various ways. Fishers, for example,
conceptualize the sea, the species living in it as well as their inherent dynamics differently
than scientists. The following quote exhibits the opinion that the appearance of rising fish
stocks cannot solely be explained with the help of science:

“Well, that is a tricky and difficult topic for fishers, when you say, well guys, this
is impossible . .. Because the basin, the maritime zone cannot be empty of fish.
But if so from where does this proliferating stock come from?” (I12)

Such differences between scientific prediction and everyday experiences undermine
scientific credibility. They point to diverse and sometimes contradicting forms of knowl-
edge and evidences going beyond science itself. This is also mirrored in the spatial framing
of the Baltic Sea as a “basin” which connotes water and implies most probably certain types
of species living in it such as cod. This framing is complemented by the notion of “maritime
zone” that renders the Baltic Sea a discrete spatial entity while also reference is made to the
stocks that apparently proliferate in an unexpected way. These everyday experiences of
harvesting fish from this supposedly empty basin contrast with scientific knowledge of a
declining stock as informed by modeling. The reasons for this opposition lie between the
life-world experience of social stakeholders such as fishers and the scientific epistemology
of engaging with cod. The latter is now further analyzed with regard to its conceptual
aspects and how these are assessed by those involved in or exposed to cod management.

3.2.1. Perspectives on ‘Cod-Epistemologies’: Systems, Methods and Data

Fisheries science is to a large extent based on a scientific rationale comprising measure-
ments, field studies, statistical analyses and, in many cases, uses modelling to assess the
development of fish stocks. This also applies to research on WB cod and represents a way of
producing scientific knowledge for stock assessments and the development of management
measures. We, however, take here another analytical route and provide an epistemological
study of the research undertaken on cod in the Western Baltic Sea. Hence, the investigation
addresses how the entity of cod is scientifically constructed, what analytical concepts and
notions are applied to develop this construction and how this way of producing knowledge
about cod is assessed by those involved in the cod question. For this to be achieved, we
focus on three most salient and sometimes controversial aspects that emerged in the course
of our interview analysis: (i) the system understanding of cod, (ii) the various methods
used to explore the entity of cod and (iii) the closely connected aspect of data generation
and availability.

To start with, various system understandings of cod exist. There are general statements,
which suggest that a complete or 100% secure scientific knowledge about nature is simply
not possible as the system is too complex to be studied and understood as a whole:

“Well I think that nature will not be 100% predictable. And I am not sure whether
it is worthwhile to strengthen scientific expertise in terms of personnel and money
for getting 1% better results which really might improve management. I would
doubt this fact.” (19)

The statement “nature will not be 100% predictable” clearly sets an epistemologi-
cal and normative scientific limit with regard to prediction and contrasts this with an
economic argument: the small benefit of improving the scientific system understanding
for one percent does not equal the investment to be made “in terms of personnel and
money”. Moreover, this investment is not expected to improve management. All in all, it is
scientifically and economically seen as a non-profitable endeavor.
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The aspect of complexity with regard to the system cod and its relation to other
subsystems within the overarching ecosystem such as seals also plays an important role.
Consequently, the interaction among system components is often depicted, and the results
of scientific research are highlighted while reference is, in many cases, also made to the
remaining insecurity of this scientific knowledge. This uncertainty is based on the system'’s
understanding in general or the conceptual framing of constitutive processes or elements
within it. This can for example be the size of a population and the connected problem of
measuring it:

“Marine mammals, well, they definitely have an impact. We know from food-
studies of grey seals that they can consume a considerable amount of cod. But
the grey seal population in the Western Baltic is minuscule and its impact is
consequently not measurable. Maybe, there are other effects.” (14)

Frequently, other aspects are mentioned causing developments in the system which
are not understood. In many cases, solutions cannot be tackled or fully grasped because the
amount or quality of data needed is too low or even non-existent. However, a cause—effect
relationship is characteristic for such a system understanding requiring a certain degree
of quantifiable data to scientifically explain and understand developments within the
cod system.

Besides these aspects of measurability and the characteristics of a more or less scientific
systems understanding, the results from this thinking and research are also assessed by
interest groups or resource users who are not scientists. These qualified ‘outsiders’” are
exposed to a systems thinking in the form of numbers of stocks or species that lead them to
individually assess the current state of the cod stock:

“If one trusts the numbers which have been published in the recent years by
the Thiinen-Institute [federal research institute], we then have to consider the
fact that the stock has been brought to its knees, that there will be considerable
deficits in terms of cod.” (I10)

Bearing in mind that one cannot count the total amount of cod in the Western Baltic Sea,
the quote clearly relates to expected trends as generated by scientific system thinking and,
though probably, statistical calculation and modelling. The reference made to “numbers
which have been published in recent years by the Thiinen-Institute” suggests this aspect
and emphasizes via the temporal allusion “recent years” to a certain scientific credibility
and representativeness in terms of an aggregated time series. The status quo of the stock is,
moreover, metaphorically portrayed negatively as being “brought to its knees”.

Besides the various and sometimes obfuscating questions revolving around a system
thinking, issues related to methods and data generation are raised by our interviewees.
Systems are in many cases conceptually conceived as interwoven or networked entities.
Hence, reference is made to the multifaceted connections in a system and the consequential
causalities. This causes methodological problems in terms of what variables for a stock
assessment should be taken into consideration and with what data. These aspects become
apparent in the following quote:

“It is all considerably interwoven, very complex. We start with a very small
number of samples and then project what should be in the sea. We never have
an overview over the total stock. We hence compartmentalize the stock, then we
make a projection and then we gross up. There is a considerable uncertainty in
this. But it is nevertheless sold as a safe result.” (12)

The quote clearly exhibits how scientific data are assembled, constructed and gen-
erated: a holistic systems understanding is outlined, evoking a system-image in which
everything is connected to everything. Against this general background, a reductionist
and deductive rational is promoted (“we start with a very small number of samples”) in
which a though small empirical basis is used for a grounded estimation. This method-
ological step is legitimated by the claim that one can never “have an overview over the
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total stock”. Hereafter, the holistic vision and the reductionist necessities are assessed
and used to legitimate the heuristic “compartmentalization of the stock” which forms the
basis for the estimated development. This skillful and scientifically sound procedure is,
moreover, characterized as “uncertain” and critically contrasted with the conceptual leap
of taking it as the “real” state of cod-stocks out there in the sea. The final line in the quote
metaphorically assesses the aspect of results becoming a tradable good in terms of “sold as
a safe result” and criticizes this aspect. In sum, what we witness here is an insight into the
methodological and epistemological ways of constructing scientific knowledge about cod.

Such scientific knowledge, including the generalization in terms of safe results, is often
questioned among those involved in cod management. Population dynamics represent a
difficult topic and require several methodological and epistemological steps about which
various stakeholders have gathered some knowledge during the years of their involve-
ment. Thus, scientific results are not taken for granted but are scrutinized on a theoretical,
methodological and sometimes empirical level. One of the basic questions often revolves
around the methodological aspect as to whether and how the stock and “its special biology
could be exactly described”:

“Concerning the Western Baltic cod, I think that the question should be given
back to the scientists and one should ask whether the population dynamics and
the parameters for sustainable use of the stock with its special biology could be
exactly described, meaning that everything is clear.” (I7)

The need for clarity (“everything is clear”) in terms of visibility is in this quote
metaphorically depicted and used to conceptualize knowledge. This image is applied
against the background of the methodological understanding of “population dynamics”
together with the “parameters for sustainable use”. Both phrases refer to a relatively
detailed knowledge of the interviewee about the scientific approach and the conceptual
complexities of cod. These are played out against the though tentative aspect of whether
safe knowledge about the special biology of the cod stock is possible at all. Hence, prevail-
ing conceptual issues of an exact systems understanding for an envisioned “sustainable
use of the stock” are raised and relegated back to science.

Comparable aspects are also addressed in the next quote. Here, the methodological
aspects in terms of taking samples are depicted and contrasted with an assessment of
fishers to whom the approach appears to be wrong at worst or inconsistent at best:

“We have here this one topic. Science leaves on the 5th of May. They exactly set
sails on this very date and do their catch. And they wonder, oh dear, last year we
fished more fish. This year nothing. Well, they need it for their statistical analysis,
it has to be carried out that way. But no fisher understands this. He tells it the
scientist every time. You should not fish here. There is no fish here in these and
these weather conditions here. And the scientist says: No fisher,  have to do it
due to reasons of statistical analysis.” (I13)

What is shown here is a dispute about a different methodological approach to make
stock size estimates mainly characterized by an interplay of different times, study locations
and weather conditions, leading to different results. While the scientific approach is
legitimated by an ongoing “statistical analysis”, the way fishers gather their knowledge
appears to be based on experiential knowledge gained over time. The incompatibility
between these two approaches and their constituting parameters (different temporalities,
dissimilar sites and, according to the fishers, weather conditions) lies at the heart of this
mutual incomprehension and conceptual incompatibility. The results and the assessment
of the stock understandably differ and socially materialize as disagreement.

A way to tame this methodological difference and pacify the ensuing incongruities
consists in view of scientists in improving the data basis for producing scientific evidence.
Data appear to be the most important entity or object which is expected to provide a
remedy for disagreement. Various stakeholders, especially from scientific and govern-
mental institutions, continuously refer to the need for more data: “For this, for all these
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things, [ ... ] we need more, more data” (I4). These data are conceived to close gaps in
scientific knowledge and offer a more precise evidence. However, such a framing does
not address possible conceptual inconsistencies in the systems understanding of cod and
the consecutive modelling of stocks. Such aspects are ironically depicted in the following
quote by an ‘outsider’ to science:

“So, you can think about it because yesterday mister [ ... ] said it in a meet-
ing what he wishes for in the future. He said three times in a row: data,
data, data.” (12)

The phrase “data, data, data” on the one hand emphasizes the real need for data,
while the ongoing repetition on the other hand adds a critical if not ironic undertone to this
aspect. This matches one prevailing picture of fisheries science among some stakeholders:
science is perceived as considerably funded that simply does not deliver. By contrast, it
continuously asks for more funds and more data to produce, somewhere in the future, an
evidence-base for better predictions and management decisions. However, this picture is
contrasted with another, namely poor data bases:

“That they do not ask the critical question, exactly mention the aspect, that the
data basis is bad. I would have expected an outcry some years ago. [ ... ] They
should outline that all they have in terms of evidence generating mechanisms
is a crystal ball. This means, we believe but we do not know. And I do not
accuse them, that they cannot do science. But I would have expected that they
say: ‘It is about time, we have to do something now.” But such an activity is still
lacking.” (I1)

The necessity for articulating scientific needs is expressed and combined with a per-
sonal astonishment about the silence of science in view of the bad basis of data. This
behavior results in believing instead of knowing, as expressed by the metaphor of the “crys-
tal ball” that connotes fortune telling. Repercussions are scientific imprecision, knowledge
gaps which in turn bear an impact on the scientific evidence used to make and legitimate
management decisions.

3.2.2. Perspectives on Insecure Scientific Epistemologies

Scientific knowledge in fisheries science appears, as we have seen, to be a tricky entity,
and the aspects raised here about its generation make things even more complex, compli-
cated and confusing. The various system concepts depicted, the different methodological
approaches outlined, as well as various assumptions made and the notion of data as a
consolidating remedy unraveled in the analysis exhibited the multifaceted and sometimes
inconsistent epistemologies at work in fisheries science as seen through the interviewee’s
eyes. These bear a direct impact on the knowledge fabricated for management. They result
in inconsistencies and imprecisions as referred to by various stakeholders and scientists,
and as expressed, for example, by fishers who hold a different knowledge about fish as
based on their epistemologies. More data, as expressed by scientists and institutional rep-
resentatives, do appear to be one but not the only solution for the problems encountered.
This is because they do not close the qualitative gap between the need for conceptual
improvements of systems thinking and methods, and the implicit rationale of ‘more data’
generate better knowledge for stock assessments. So far, the analysis of our interviewee’s
perceptions indicates that knowledge about cod is imprecise due to the complexity of the
Western Baltic Sea ecosystem and its subsystem cod. This conceptual and methodological
gap cannot be addressed solely by increasing the amount of data to be used for analysis.
We would rather suggest here that science about cod in the Western Baltic Sea (and likely
in many other fisheries management cases) requires social re-organization and at the same
time an extension of scientific evidence.
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3.3. Management

Our coding of the interview transcripts and the derived subcategories give us a deep
insight into fisheries management at the different levels of action (EU, national and local
levels) including a detailed description of various management measures as well as the
participation of stakeholders within management. In addition, the state of the management,
its problems and possible improvements are outlined below (see Supplementary Material
Table 54 for a detailed description).

3.3.1. The Current State of the Baltic Sea Fisheries Management

Our detailed analysis revealed that the interviewees express various views on cur-
rent fisheries management problems and possible improvements. Concerning current
management procedures to quota distribution, the following quote is paradigmatic:

“And one says, you still, you, the member state, still owe me something. Because
I gave privileges to you back then, during the banana contingent and I now
want to get a bigger share here. There is a mercatorial element included. Trade.
Dithmarscher horse market, yes. (12)”

The metaphor of the “horse market” refers to the bigger, money-valued trade be-
tween several market levels. Trade is not restricted to one sector such as fisheries, and
decisions often interact with those in other sectors such as agriculture. Here, trade takes
place continuously at all levels such as a “horse market” taking place frequently. The
fisheries sector rather obtains small monetary shares with this market, hence the trade.
As member states “owe” something to each other, it becomes clear that the catch quota
distribution is often conditional on negotiations between the different sectors. This trade-off
between the fisheries and other sectors is also raised by a further interviewee where the
process is called “dealing” (I1) between fisheries ministers. This implies that the ministers
exchange money economically in a large dimension—meaning catch quotas in fisheries
management—between member states. These choices are made due to “actions causing the
least resistance” (I12) between stakeholders involved. The representation of interests within
the trade-off process, which “is not like in the past anymore” (I7), became less profitable
for fishers. Given the diverse underlying trades between sectors and rather small shares
for the fishery sector in fisheries management, interviewees express divers opinion on the
manner of how well the WB cod stock is currently managed.

As some interviewees agree that cod stocks are currently well managed and that
management is taking the right direction, other interviewees express diverse opinions.
Positive opinions are articulated with statements such as the following:

“Exactly. I guess, I won’t implement more than what we have so far. I think
we will reach our aim with the measures which are currently implemented in
alignment with the fisheries policy.” (19)

Current management measures are conceived as sufficient to reach the goals set by the
EU to promote the sustainable exploitation of WB cod. It is also mentioned that the current
actions taken are the “exact ones needed to reach the aim as fast as possible” (I7). “Exact
the ones” shows that from the broad range of possible measures the correct ones were
chosen and that no further thinking about alternatives is required. Another interviewee
supports the execution of current procedures with the fact that “it is decided now and
needs to be implemented. Because deviating from this would make it worse” (I1). The fact
of “making it worse” shows that the policy implemented is currently the best at hand, and
no alternatives are available. It also refers to the fact that fish stocks are in a bad state and
that improvement by management measures is needed.

Further interviewees add a time aspect to the positive connotation of the current
measures: “in the short term, everything needed is done” (I4) or “much more cannot be
done in the short term” (16). The temporal aspect as expressed via “short term” determines
the limits of successful implementation. The measures appear to be sufficient for now,
but taking long-term aspects into account, they seem to be insufficient for a sustainable
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management of the cod stock in the Baltic. In brief, short-term measures are the fastest and
easiest to implement, whereas now is the time to create long-term measures.

Opponents, in contrast, declare that “there is no sustainable management for
100 percent” (I13) and the fisheries management is “catastrophic” (I13) and has failed:

“So, in retrospect, one has to say the management has failed because the stock is
simply gone. That is the clear evidence.” (I8)

“Simply gone” and “clear evidence” explicitly frame the negative situation of the cod
stock. It appears that cod has disappeared under the supervision of the policy makers, who
are now confronted with the fact that their management did not work. The “catastrophic”
aspect shows the felt and urgent need for improvement and puts management as well as
decision makers under immense pressure.

In the context of poor management, the time aspect is perceived as the duration of
bad management as expressed in “and this has been managed badly for eight or nine
years by politicians being aware of that” (I4) or “No, of course not. Otherwise he wouldn’t
have collapsed. He wasn’t managed sustainably for 20 years. And this has led to the
current precarious situation”(I4). “Managed badly” and “wasn’t managed sustainably”
depict the severe situation and how it has failed over multiple time periods. The phrase
“precarious situation” clearly frames the current state of the management and puts it in the
grim position of no prospect of success.

Interviewees also mentioned that the management did not reach the aims of a multi-
annual measure implementation:

“The stock will be managed, governed, and the common aim is to manage it at
the MSY-level. We are not there yet.” (17)

“Not there yet” is a metaphor for a path, which is currently ‘walked’ to achieve a
sustainable cod stock. The management is on the right track, but the aim has not been
reached yet. Further support of the statement is given by one interviewee, who said
“there would be the case where the cohort is managed in a good way and might increase
in numbers, but this is nearly impossible until 2020” (I8). Moreover, “not there yet”
emphasizes a chance to achieve a sustainable management of the stock, whereas “nearly
impossible” rather pictures a strongly diminished chance.

As we have seen, the current way of fisheries management is framed differently
between the interviewees. It lies within a complex policy system where different sectors
are involved and so-called trade is taking place. The fisheries sector is forced constantly to
consider other sectors’ privileges, which makes implementing management measures on
its own rather impossible. Whereas some interviewees agree that the current state of the
management is sufficient to support the recovery of cod, others argue for improvements.

3.3.2. Problems

The analysis of the interviews, furthermore, highlights that concern exists regarding
the current management of cod. As raised by one interviewee, the scientifically established
maximum sustainable yield (MSY, a fishing reference level to sustain sustainable stock
development) approach is not fully implemented by the policy makers: “As I said, I think
it would have been good for all participants if one would have focused on the MSY goal
2020 on time.” (I13)

The temporal aspect of “on time” underlines that policy makers failed to focus on
fisheries goals and started their adjustments in terms of management too late. These adjust-
ments have consequently to be carried out in a stricter and intensive way bearing bigger
influences on the fisheries sector and the connected economy. This failure of management
for several years is also going hand in hand with concrete scientific quota proposals:

“Science recommends to reduce for further 20 percent, and they [policy makers]
only reduce for 10 percent, and that is how the stock becomes steadily smaller
and smaller. There is no way out of this spiral.” (14)
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The policy makers kept the cod quota higher than the scientific advice for several years.
The image of the “spiral” highlights the drastic situation and presumes, in this context, a
way down, where there appears no chance for the stock to recover. The follow-up problem
consists of the lack of transparency for the reason of higher cod quota: “It is fundamentally
non-transparent why catch quotas are set above the scientific recommendations” (I11).
This lack of transparency is an important issue concerning catch quota distribution, which
appears to be a “not really transparent process” (I5). The underlying reasons explaining
the catch quota distribution process are missing, which creates conflicts due to lack of
knowledge and can cause distrust among stakeholders.

Further complications are mentioned in relation to multiannual plans. These plans
imply the common fisheries policy (CFP) including the aim for fish stock being exploited
at sustainable levels or the control and implementation of fishing effort restrictions over
multiple years [62]:

“Of course, something happened in the first year, which was not taken into
account during the composition; the complete failure of the year 2015. The plan
did not have enough flexibility for this unexpected situation. Simply interfere
with the fisheries activities and take away 80 percent of the quota: that is not
sustainable.” (I7)

The aspect of lacking “flexibility” of the plans is a complicated issue. Yearly failures
of recruitment can occur due to environmental changes, which makes it difficult to stick
to commonly developed practice when these unexpected situations happen. “Flexibility”
would broaden the capacity of adaption for the economy and fishers. Furthermore, “simply
interfere” represents the diminished possibility for fishers to intervene in these severe
situations, since management plan was set. They have to follow the policies and measures
implemented with no space for negotiation or flexibility.

The main topics of current problems include the failure of policy makers to react on
time to the stock decrease, the non-transparent processes of catch quota determination
given scientific advice, as well as complications due to lacking flexibility in multi-annual
plans. These problems lead to distrust of stakeholders in the management and have great
implications for fishers, whose livelihoods largely depend on the catch quota and thus
the amount of fish they are allowed to catch. Based on these issues, the interviewees
propose suggestions for an improvement of management to enhance flexibility and risk
minimization due to unexpected stock failures.

3.3.3. Improvements

Given the accounts about the current way of cod management and its problems, the
interviewees proposed improvements with respect to flexibility, long-term planning and
scientific advice:

“And as the next step: that the policy can react fast to it. It is important to have a
really good stock, so with the years you can say flexibly: okay, the anglers don’t
need the bag limit anymore and the fishers can go up a bit. And in the next year
it can be decreased rapidly. So, it would be, I think, very important to include a
certain flexibility.” (I110)

In alignment with one of the problems, lack of flexibility, the interviewees raised the
issue for improvement. It is noteworthy that the interviewee mentions the relevance for
a “fast” reaction of policy makers and emphasizes the “flexibility” of providing quickly
adjustable catch quotas to fishers. “Fast” refers to the fact that current reactions are per-
ceived as rather slow, whereas “flexibility” in contrast demands rapid changes. Flexibility
would provide decision makers with the chance to conduct short-term measures with
rather smaller impacts on fishers and economy instead of implementing harsh regulations
to react to a too severe situation. In alignment with the flexibility, interviewees suggest to
implement a long-term management:
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“My immediate measure would be to directly start thinking about setting up
a long-term management and to implement this for 100 percent, to create safe
circumstances for all participants.” (I13)

“[Dlirectly” and “100 percent” illustrate the need for a change and safety in the
management. The actions need to take place now to ensure “safety” for the participants, so
that they can rely on agreed management measures in cases of unexpected situations. The
statement is also supported by one interviewee who proposes to “integrate enough buffer,
think a bit more in mid- and long-terms” (16). The buffer would make it easier for decision
makers to decide during unforeseen developments and provides security for the resource
users. The long-term planning is also associated with a learning process from the past:

“I can only express the wish that one thinks more in longer terms for the future,
to plan proactively and to learn from mistakes made in the past.” (I1)

It becomes clear from “proactively” that this aspect is not part of current management.
“Mistakes” also include that responsibility lies solely on each stakeholder group, but the
idea is to spread responsibility across the various groups (I1).

As the aspect of TAC settings is implemented on a yearly approach, it seems rather
impossible to plan more years ahead. To ensure a better safety and probably also trans-
parency within the process itself, the need for long-term management is stated quite often
by the interviewees. Even though the multiannual plan for cod, herring and sprat in the
Baltic Sea was adopted in 2016 under the new CFP [62], several interviewees still call for a
long-term solution to be implemented for WB cod.

Another suggestion to improve the lack of safety in terms of economic projectability
was mentioned concerning scientific advice:

“The EU needs to be oriented towards and implement the scientific advice. Then,
they don’t have to live with the insecurity anymore and the stock could recover,
and would have the room to vary, which would also minimize the risk.” (I12)

The direction of the EU in this context does not consider the scientific basis that is
needed to manage the stock in to a sustainable condition. The criticism about management
giving higher catch quotas than scientific advice suggested is seen as a chance for improving
the situation. The positive consequences of such an improvement mentioned are the stock
recovery or the increasing security given a “risk” minimization. “[TThe risk” represents
the great uncertainty for fishers due to strong reductions of catch quotas. The insecurity
is also mentioned in the context of science, where it represents the uncertainty of catch
quota ranges:

“But in a system with this high variety like the Western Baltic Sea or the Baltic
Sea in general, this will reoccur to us constantly. And what I always propose
to politicians in this case is to not concentrate that much on what they can do
with even more money, but they should accept the uncertainty which we specify.
Make your management that robust that it is not built upon less than 10 percent
uncertainty. I don’t want to say mistake. Because these are not mistakes, but it is
uncertainty.” (14)

What is depicted here are the ingredients and aspects of “robust” management. Ro-
bust management lies within “decision making under deep uncertainty” which entails
complex systems that are difficult to estimate and where experts have diverse opinions
on the system’s functions and its relationships [63-65]. The models, capturing this deep
uncertainty, analyze different possible choices against different compelling futures [66],
from which robust management trade-offs are developed as tools for promising the man-
agement of socioecological systems [67]. For the cod management, this requires a lot of
cautiousness from decision makers who have to deal with several aspects: environmental
variability, insecurity of the fishers, the economy and the uncertainty provided by scientific
advice. “Robust”, however, means that management can withstand all uncertainties and
still satisfies all stakeholders affected. The proposal for this tricky situation consists of the
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suggestion for managers to focus less on money-related issues but rather consult science to
incorporate its advice into management.

From the detailed analysis of the interviews, we gained various perspectives and
descriptions on the current management situation, its inherent problems and suggestions
for improvements. The opinion on whether management is sufficient differs among in-
terviewees, as well as their consecutive argumentation for or against certain measures.
Nonetheless, fisheries management has not prevented the stock from reaching a depleted
state and is not achieving a recovery of the stock. Problems raised by interviewees include
management timing (i.e., implementation of measures seems to occur far too late), flexi-
bility in catch quota allocation and management adjustments (i.e., ability to respond to
unforeseen events such as stock failures). More flexibility in the catch quota allocation is
primarily suggested to mitigate the impact on fishers and their livelihoods. However, inter-
viewees did not describe what this flexibility might entail. In addition, they say that better
implementation of scientific advice would improve the situation of the WB cod fisheries.

4. Discussion

The interviews we conducted reveal a broad spectrum of existing problems but also
hold possible solutions to support a sustainable harvesting of fish stocks. Above all, they
provide potential entry points to generally make the fisheries sector more stable and
sustainable for the future. The interacting and mutually dependent issues of knowledge,
science and management were conceived as relevant by our interviewees and provided a
comprehensive insight into the manifold problems revolving around WB cod.

We have shown that there are various ‘knowledges’ in the consideration of cod as a
species ranging from historical knowledge, biological knowledge and tacit knowledge to
economic knowledge. Such diversity in the description of cod and its related ecological,
economic and social dimensions reflects a multilayered picture among various stakeholders
and demonstrates different lenses through which this species can be seen (Figure 3). Fur-
thermore, we have shown how cod is conceptualized in different scientific ways, leading to
a jumble of framings which lack the challenging task of an integrated understanding of the
cod system itself (Figure 3). This not only leads to mistrust among various stakeholders
but also to conflicts that arise from the methods used to collect data and the resulting
conclusions drawn from them. Thus, there are not only gaps in scientific knowledge,
which nestle in the limitations or diversity of methods and models, but there are various
framings based on various ways of ‘knowing’ cod. These aspects become apparent in the
framing of cod management where different perspectives were identified mirroring current
problems on the local, national and EU level while also calling for improvements (Figure 3).
The analysis revealed multiple points of criticism, e.g., that management lacks flexibility
(i.e., rapid response to environmental, economic or social changes) or transparency in the
allocation and distribution of fishing quotas. There are, moreover, calls to better imple-
ment a long-term management plan that would not only safeguard the stock but also
fisheries. One way forward could be to use approaches in which ‘knowledges’, scientific
evidence and management options can be negotiated in an open-ended and symmetrical
way (Figure 3). This would generally mean to make the process a more social endeavor in
which the ecological and the social hold equal places.
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stocks is characterized, in part, by a lack of flexibility and transparency in the allocation of fishing quotas, leading to conflict
and mistrust among resource users and interest groups. First and foremost, there are diverse system understandings and
the resulting different conceptualizations of system components, system functioning and system dynamics (various system
thinking). In the past and still today, there is a lack of recognition of this knowledge diversity and suggestions on how to
implement this in management (insufficient implementation). This aspect reflects a past development that is not sustainable
and develops into a picture that is nowadays characterized by mistrust and a lack of acceptance of management decisions
(lack of trust). To ensure a sustainable exploitation of natural resources, and in our case fish stocks in EU waters, there is a
need to redesign the participation processes within the management system. There is a huge spectrum of different types of
knowledge or “knowledges’ generated by various user and interest groups. In order to reverse the resulting downward loop of
management development, it is necessary to recognize and integrate these knowledge types into the management process
(diverse knowledge types). This step should be followed by a participatory process involving different users as well as interest
groups to gather their perspectives on the system itself and management (joint negotiation). The main objective consists
of building or rebuilding trust between the different stakeholders in the system with the intention to develop integrated
management decisions and consequently to ensure a sustainable use of natural resources (increase in trust).

The Theoretical and Methodological Entrance to the Multifaceted Species Cod

The basic assumption that human activity affects nature and therefore fish [2] opened
up the possibility to theoretically study cod in its entirety and to explore its diversity from
different angles. However, in order to turn cod into a manageable species, a legitimate
scientific classification is developed which provides the basis for fisheries management not
only of WB cod. However, there is a growing interest in understanding cod not only from
the scientific perspective but also in attributing a growing role to stakeholders’ framings of
the system. This assumption that cod is not a homogeneous object and cannot exclusively
be classified by science has provided space to think about cod in a more comprehensive
way. The idea of the so-called “cod multiple” [12,31,42] provided the opportunity to
comprehensively understand this species, to enlarge and discuss problems revolving
around this stock. This theoretical approach allowed us to reframe cod from different
biological, economic and social perspectives.
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The aspect to understand management as co-construction and to negotiate and in-
volve different ‘knowledges’ [21] encouraged us to explicitly focus in our approach on
the investigation of the different ‘knowledges’, the framing of science and management.
This now enabled us to provide food for thought that could help to make management
more participatory and thus represent a contribution to the sustainable use of WB cod
in particular and natural resources in general. However, it should be realized that inte-
grating more and different ’knowledges’ does not automatically improve the interaction
between different stakeholders and increase the acceptance of management decisions as
well as their implementation in practice. However, the awareness of the different ’knowl-
edges’ and their backgrounds can lead to the support of better mutual understanding
which can be understood as a first step to manage the system and its components in a
more sustainable way.

In this context, it is relevant to emphasize that knowledge about and framings of a
system can be generated and determined through multiple ways (e.g., experiences and
analysis). In general, different understandings and framings of a system can be explained
by the fact that people interact in very different ways with the system itself or system
components such as fish species that are, for example, directly (practicing fishing) or
indirectly (modeling fish distribution) related to the biological system. These different
ways of generating knowledge lead stakeholders to develop different perspectives on
and understandings of the biological “‘workings’ of natural resources—or in our case, WB
cod [68]—and the resulting management options [17].

It has, moreover, been shown that there are different ways and practices of scientists
and fishers to frame the state of fish stocks. While a fisher trusts his on-board equipment
to iteratively follow fish to catch it (i.e., fine spatial scale and local) and observes stock
from their on-boat or practice perspective, researchers use scientifically standardized
routes to estimate stock size through scientifically sound and robust epistemologies (i.e.,
large spatial scale and universal) [69-72]. The assessment of and knowledge about stock
size is thus not only determined by different technologies but rather by the background
of different epistemologies, rationales, practices and approaches. These aspects cause
variations in the framing of problems, meaning not only which problem is perceived,
but how it is constructed, socially embedded and what finally has to be done about it.
Diverse epistemologies are important as they allow a fish stock to be explored at different
scales, providing a comprehensive picture of it as well as its surrounding system [71].
The intent, therefore, should be to acknowledge different epistemologies and indicate
that natural resource management should incorporate a broader variation of "knowledges’
to reflect current ecological, social and economic changes [25,73-75] and what to do in
relation to them.

In order to ultimately reveal, explore and recognize these ‘knowledges’, it is important
to consider how stakeholders can be effectively involved in the context of natural resource
management and at what levels this can take place. This process can be organized and
designed in many different ways, depending on the organizational level, but also on
the resources available (e.g., time), as well as the specific intention of the stakeholder
participation and the intended forms of possible interaction see [74,76].

In the context of European fisheries management, there are numerous considerations
of co-management approaches, but the attempt to implement them seems to be blocked in
parts by top-down driven management [77]. However, there are two EU initiatives that
have been established to institutionalize and thus strengthen stakeholder participation at
regional (e.g., AC, Advisory Council) and local levels (e.g., FLAG, Fisheries Local Actions
Groups) [50,78-80].

ACs were implemented with the aim to increase involvement of various groups in
fisheries management (e.g., commercial fisheries and NGOs) to support discussion across
stakeholders and develop various ways of cooperation [49,50,78,81]. The main task of
ACs consists of formulating recommendations for the European Commission on aspects
of the European fisheries management [50]. These include advice on the compliance
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with socioeconomic aspects of the management (e.g., implementation of new fishing gear)
or simplification of rules for commercial fisheries [78]. It should be noted that these
recommendations by the ACs only have a consultative function and are not subject to any
implementation obligation. This kind of stakeholder involvement in fisheries management
could be seen as a positive first step. However, there is also criticism with regard to the
ACs (i) due to the unequal distribution of representatives given the majority of fisheries
representatives (60:40, i.e., fishing industry:other groups), (ii) to limited attendance due
to resources such as time or money and (iii) to the difficulties of finding consensus due to
diverse regional and local issues [48,50,81,82].

FLAGs, unlike ACs, are based at the local level and involve not only fisheries and
eNGOs but also the public and private organizations [78,79]. The goal here is to design
joint strategies that benefit the development of local fish communities (e.g., an app to
support direct marketing for local fish) [80]. While ACs tend to involve large-scale fisheries,
FLAGs are more likely to involve small-scale fisheries [78]. As far as the influence of
FLAGs on decision-making processes is concerned, they can rather be understood as
offering a possibility for co-management, which is strongly dependent on local realities and
willingness. Linke and Bruckmeier (2015) show examples in which FLAGs clearly distances
themselves from political activities, while others want to actively influence politics and its
actions. For some FLAGs, direct participation in local decision-making is even described,
through which, e.g., spatial planning processes could be influenced by fisheries [78]. In
this context, it is important to note that a FLAG can be related to different topics such as
(i) society and culture, (ii) added value to fisheries, (iii) environment, (iv) diversification
and (v) governance. The latter objective aims to strengthen the role of fishing communities
in the local development and governance of local fisheries resources, thus giving fishers
a voice in local decision making and resource management [80]. In this regard, Miret-
Pistor et al. (2020) noted that only a few of the reviewed projects focused on this objective.
However, other overarching goals of FLAGs would also contribute to governance [79],
although a critical review reveals that the focus is only on knowledge sharing and not on
actual power sharing.

It should be noted that there are already initiatives established by the EU that enable
the participation of various stakeholders, which, unfortunately, only provide for limited
power sharing. In general, however, it must be stated that communication and interaction
between resource users and interest groups in many ways is a first step toward a jointly
managed resource. However, this needs to be socially institutionalized in order to build
trust at the lowest level and thus create acceptance of, for example, management decisions
in the second step. This engagement with resource users and stakeholders is time intensive
and requires a lot of care to lay the foundation for trust, not only between stakeholder
and scientist but also with the stakeholder group itself. Time-wise, this step is often
underestimated, due to projects being set up for too short a time, which does not allow firm
social structures to be built up. Approaches to highlighting in this context are Community
of Practice [83] or Living Lab [84]. Both approaches focus on a similar start (e.g., topic
and, if applicable, conflict shared by the stakeholders) and the establishment of defined
ways of working to create an initially informal social institution [83,84]. A positive aspect
to be emphasized is a given long-term planning capability (e.g., by long-term funding),
which helps to establish a social system in a multifaceted exchange with the stakeholders
on the ground. What is missing here, as already described in parts for ACs and FLAGs, is
the “real” power to concretely influence and change management design and measures.
Of course, it is possible to involve mayors or ministers, but again, there is no general
guarantee that developed proposals for change in natural resource management will
actually be implemented.

Lastly, it is important to note that, especially in the context of EU management, there
are multiple ways to involve stakeholders in fisheries management, but in most cases, this
form of involvement is limited to knowledge sharing rather than stakeholder empowerment.
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5. Conclusions

To conclude, we have highlighted the different stakeholder ‘knowledges” and perspec-
tives that frame Western Baltic cod and its surrounding systems. Likewise, we exposed the
time dimensions that permeate WB cod at the scientific, political, administrative and social
levels, leading not least to divergent temporal frames that have created conflicts or, as in
our case, harden them.

As to the present state, it seems that a kind of endless and rather unsuccessful loop
has developed over the recent decade that is calling for integrated action more than ever.
Top-down EU fisheries management has contributed to overfishing (and stock depletion),
in which fishing pressures (e.g., catch quota) have been too high and predictions have been
false due to model uncertainty and environmental change [39]. This resulted in a lack in
trust among fishers, politicians and scientists.

Therefore, actions that increase stakeholder involvement at multiple levels of gover-
nance, i.e., local, national, and supranational, have the potential to promote confidence in
and acceptance of management measures, one of the keystones of achieving a sustainable
exploitation of marine resources. This shift would mainly address the aspect that man-
agement needs to be designed in a more social way, meaning to be more participatory in
terms of negotiation while acknowledging the various ‘knowledges” and perspectives on
the ‘cod-multiple’. Our study hence emphasizes the need to better implement ecosystem-
based management in EU fisheries of which a social-ecological system approach is a key
component [85-87]. Even if this path requires more time and financial resources, it can
address the sustainability goals set within the EU [88].

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
10.3390/su132112229/s1. Accompanying our manuscript, we present additional information on
the stock assessment of Western Baltic cod and measures taken to manage this stock sustainably.
The document also includes the interview guide consisting of questions on ecology, management,
economy, communication as well as conclusion and ideas for solutions. Also included are the
detailed descriptions of the three categories knowledge, management and science and their empirical
subcategories, as collectively identified during interview analysis.
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Supplementary Material

Western Baltic cod (WBC) stock status and management measures taken
In recent years the development of this stock has been strongly influenced
in a negative way, particularly by climatic change effects (Drinkwater
2005, Hiissy et al. 2011, Stiasny et al. 2016, Voss et al. 2019) and continued
overfishing (Sellke et al. 2016). According to scientific findings within our
period of investigation (2017-2018), the fishing mortality (F) as well as the
spawning stock biomass (5SB) were outside safe biological limits within
both reference years: F was above FMSY (MSY = maximum sustainable
yield; fishing pressure at sustainable level) and SSB was below the
reference point called MSY Btrigger (ICES 2017, ICES 2018). It should also
be mentioned that SSB has been below the reference level since 2008, as
well as F, which was significantly above FMSY (ICES 2017, ICES 2018).
Furthermore, the level of recruitment (R, i.e., number of young fishes enter
the fishery) has been low since 1999 and, according to scientific estimates,
itis assessed to be at lowest level of the time series in 2016 (ICES 2017, ICES
2018). Based on scientific calculations, a strong decrease of the cod catch
quota for Western Baltic cod was set at EU level resulting in a reduction of
catches by 60% compared to 2015 (EC 2016). As commercial fisheries are
directly dependent on the level of the quota, this reduction also led to a
considerable loss of fishers’ income. Based on an estimated stock
development, a roll-over period was negotiated for 2018 meaning a no
further decrease or increase of the catch quota of Western Baltic cod (EC
2017).

Additionally, since 2017, the removal of cod by recreational fisheries has
been considered in the fisheries stock assessment for Western Baltic cod.
According to scientific calculations, recreational fisheries contribute
significantly to the overall fishing mortality and were consequently
significant compared to the catches from commercial fisheries (Strehlow et
al. 2012, Eero et al. 2014). A so-called bag limit was introduced regulating
anglers’ removal by a fixed daily catch limit of 5 specimens, or 3 during
the eight-week closure period between February to April (EC 2016, EC
2017). The latter was established politically in order i) to protect the
Western Baltic cod stock from possible disturbance during spawning
aggregations and thus ii) contribute to stock recovery (EC 2016, EC 2017).
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Table Al. List of questions asked within each interview. The order of asked
questions was dependent on the interviewees’ expertise. Hereby, the interview
guide consisted of five different thematic blocks: ecology, management, economy,
communication as well as conclusion and solution. For the questions Ecl, Ec2
(economics) and C1 (communication) additional scale questions were used, which
asked for further knowledge about economics and communication.

Id Questions

Ecology

Unlike in most marine areas, the marine fish species in the brackish water sea
Baltic Sea are strongly dependent on environmental conditions such as salinity,
temperature, oxygen content. In addition to these environmental factors,
economic sectors such as fishing or tourism also influence fish stocks like cod.

E1 What is your current state of the cod stock in
the Western Baltic Sea? Would you rate the
stock as endangered?

E2 Do you believe that a good environmental
status can be achieved by 2020?
E3 How do you evaluate the influence of climate

change on marine fish stocks and in particular

on the stock situation of Western Baltic cod?
E4 Do you think that seabirds, such as cormorants
and marine mammals (e.g. porpoises and seals)

may have a negative impact on cod stocks in

the Western Baltic Sea?
E5 Do you think that recreational fisheries have a
negative impact on the stock size of the
Western Baltic cod?

Management
The stock of cod in the Western Baltic Sea is currently managed accordingly to a
multi-annual plan. In addition to the Total Allowable Catches (TACs), this plan
provides further restrictions on fishing activities. The aim is to manage the stock
according to the maximum sustainable yield (MSY).
How would you define a good status for a fish
stock?
Do you currently consider the Western Baltic
cod stock to be sustainably managed?
a) Do you think the MSY approach is
appropriate?

M1

M2

b) Is it possible to achieve the management
target by 2020?
How would you explain to a student the way of
M3 allocating catch quotas in a comprehensible
way?
How would you evaluate the current fisheries
management of the EU?

M4

a) In your opinion, what are the biggest
problems and uncertainties in the management
of Western Baltic cod?
b) Do they consider the EU's sanctioning
potential to be too low?
Do you trust the calculation on the basis of
Mb5 which the fishing quotas are allocated & if
yes/no why/why not?

What do you think about the fact that the
fishing quotas, and therefore the fisheries, are
currently much less restricted than suggested

by scientists?

Mé6

121



Sustainability 2021, 13, 12229

Can you comprehend the implementation of
"bag limits" and fishing ban zones for angling
in the current state of the stock? Do you think
that these will lead to a recovery of the stock?
Which stakeholders do you consider to have
the greatest influence on the size of fishing

M7

M8
quotas and on the management of fish stocks in

general?
M9 Who do you think should take on which tasks
in fisheries management?
What do you say to the following quotation:
"Fish has a lobby, fishers don't!"

Should fisheries representatives be given more

M10

M11 decision-making power in fisheries
management?
M12 Do you believe that a reduction in fleet capacity
will be necessary to protect the stock?
Do you see the scrapping premium as an
M13 appropriate measure to protect the cod stock in
the Western Baltic Sea?
How do you assess the benefits of alternative
M14 fishing methods (e.g. modified nets to avoid by-
catch species)?
Do you see the business concept of
“Kutterfisch’, i.e. one company controls
M4 production, processing and marketing, as a
potential business model for the fishing
companies managing the western Baltic cod

stock?

Economy (Ec)
Cod and herring are considered to be the “bread fish” for Schleswig-Holstein (cod)
and Mecklenburg-Vorpommern (herring). Fishers here are dependent on the
income from fisheries on these species.
How do you assess the economic importance of
Ecl the Western Baltic cod stock both nationally
and internationally?

Assess the economic damage caused by the

Ec2 .
management measure now and in the future:
a) bag limit
b) fishing prohibited zones
Communication

During the master class, we dealt intensively with a number of different media
contributions. Each of these articles provides an exciting insight into the
cooperation but also into the dependencies of the stakeholders involved.
How do you perceive and evaluate the dialogue
between stakeholders involved in the fisheries
C1 management of Western Baltic cod (e.g.
between scientists and representatives of
angling and commercial fisheries)?

Please describe possible reasons for a disrupted

C2 ..
communication.
If you have a suggestion for improving
C3 communication between stakeholders - what

might it be?

Conclusion & solution (CS)
What do you think has gone wrong in the past
CSs1 with the management of EU fish stocks in
general and of Western Baltic cod in particular?
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cSs2

CS3

CS4

CS5

CS6

If you had to give an assessment, how do you
estimate the involvement of the relevant
stakeholders in the current stock situation of
Western Baltic cod?

What would be your personal first/important
measure that would contribute to improving
the cod stock situation in the Western Baltic?
What do you think has a higher priority? The
state of the stock or the economic security of
fisheries?

How could you foresee a balance between
protection and economic consequences?

Is a sustainable fishery at all possible for you
while protecting a stock?
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Table A2a. Knowledge describes everything that the interviewees know, and which cannot be predominantly assigned to the EU fisheries
management. This comprises a total of 10 different knowledge types, which e.g. are related to a spatial component (i.e., local knowledge), temporal
component (i.e., historical knowledge, future knowledge) or knowledge that could be explicitly assigned to a specific stakeholder group (i.e., fishers’

knowledge, anglers knowledge).

General categories

Type Description

Local knowledge

Tacit knowledge

Ecological knowledge

Historical knowledge

Biological knowledge with local reference; knowledge of biological processes (i.e., abiotic
Local ecological knowledge and biotic factors at local level), e.g., fish species distribution in the Greifswald Bay area or
an oxygen depletion event in Kiel Fjord
Economic knowledge with a local reference, e.g. marketing strategy of fisheries
Local economic knowledge cooperative or side-business of fishers in summer (i.e. tourist trips). The economic term
includes commercial fisheries (catch, processing), tourism and recreational fisheries

Knowledge of the experienced in the personal or work context. The own experiences are
the main focus here and refer secondarily to other types of knowledge, e.g., interaction

Tacit knowledge with other stakeholders via mail (institutional knowledge) or provided information about
fish distribution by fishers (fishers” knowledge)

Knowledge of the ecosystem which is not clearly assigned to flora & fauna or influencing

Baltic Sea ecosystem factors on Baltic Sea ecosystem, e.g., distribution of fish (in general) in response to climate

change

. Biological relationships, i.e. descriptions of flora and fauna of the ecosystem, e.g. explicit
Flora and fauna of Baltic Sea . ) . . L .
knowledge on Baltic Sea fish species as well as existence of vegetation in certain areas (e.g.,
ecosystem

bank area)
Knowledge about abiotic influences on the ecosystem, including human-induced factors

Abiotic factors of Baltic Sea (e.g. commercial fishery, agriculture), e.g., the influence of agriculture or fishery on the

t
ecosystem ecosystem health
Biological knowledge that concerns the species cod including the evaluation of the
Cod . . S . . e
biological condition of cod based on its recruitment or length distribution
Biological knowledge concerning impacts on cod; knowledge about abiotic (e.g.,
Influences on cod temperature or oxygen conditions), biotic (e.g., predator-prey relationship) and

anthropogenic influences (e.g., commercial fisheries, recreational fisheries)
. Past biological processes and values related to the Baltic Sea ecosystem, i.e. past inflow
Baltic Sea ecosystem o .
events from the North Sea or past abundance of seals within the Baltic Sea

Knowledge about cod refers to processes from the past, e.g., stock development or

Cod reproductive behavior in the past (i.e., beginning of sexual maturity)
Economy Past economic processes including market price of cod or the social status of the fisher in
the community
Others Includes all contents which could not be assigned to the categories Baltic Sea, cod and

economy, e.g. past institutional structures

124



Sustainability 2021, 13, 12229

Future knowledge Baltic Sea ecosystem
Cod
Economic knowledge Cod

Commercial fisheries

Others
Institutional
Structure
knowledge
Content

. Fisheries observation
Fishers knowledge

knowledge

Fishers' experimental
knowledge

Angler knowledge

Non-knowledge Non-knowledge (reference)

Knowledge about future events and effects on the Baltic Sea ecosystem, which are based
on assumptions supported by knowledge from the past and present (e.g., future climate
events)

Knowledge about future events and effects on cod, which are based on assumptions
supported by knowledge from the past and present (e.g., future stock development)
Description of the economic importance of the Western Baltic cod stock, i.e. regional
importance (i.e., cultural status) compared to its world market importance (i.e., market
price)

Includes all economic contents in connection with commercial fisheries, including fish
processing and certification processes
Includes all economic contents which cannot be assigned to the categories cod and
commercial fisheries, i.e., buyer behaviour or the economic importance of other sectors
like tourism and recreational fisheries
Structural setup of institutions involved, processes and communication channels (e.g.,
round tables)

Stakeholder knowledge, statements and opinions on e.g., commercial fisheries, NGO,
management, tourism
Fisheries knowledge goes back to fishers as a profession and their practice of fishing
(fisheries representatives are excluded); fishers provide information about the fishery (e.g.,
catches, length frequency)

Fishers” knowledge is based on being a fisher as a profession and fishers” practice of
fishing (fisheries representatives are excluded); unique knowledge of the fishers that
derives from fishing as a social practice
Contents which are mentioned related to recreational fisheries (i.e., fishing gear) and
management measures (i.e., bag limit)

Statement that the interviewee does not know something, but refers directly to persons,
institutions or stakeholder groups who possess that knowledge (e.g. I don't know, but XY
knows!"); reference to science is excluded
Statement that the interviewee does not know something, and makes no reference to

Non-knowledge (no reference) persons, institutions or stakeholder groups who might have knowledge about this ("I don't

know!")
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Table A2b. Knowledge-science describes the acquisition of knowledge by the interviewee, which is scientific consensus. This appropriation can be
acquired through listening or reading. Further, knowledge-science is defined by reference to the scientific community. This category often appears

in connection with the legitimation of non-knowledge.

General categories Type

Description

Non-knowledge

Tacit knowledge

Science reference

Interviewee does not know something, but refers to science that could give the answer;
e.g., no knowledge about explicit numbers on the cod stock but reference to scientists
Tacit knowledge of the interviewee, which is scientifically grounded, e.g., stock
assessment data
Reference to a scientific source (e.g., data of stock assessment) to answer the question

Table A3. Category science contains all quotes that explicitly refer to or mention science in its broadest sense. A total of 9 different sub-categories
were found providing a rich conceptual landscape about how the different actors conceive the rationales of science and its perceived role by the

interview partners.

General categories Type

Description

Science Scientists
Scientific institutions
Scientific disciplines

Scientific epistemology System understanding of cod
Problem of system dynamics

Weakness of models and
modelling
Methodological gaps
Empirical principles
Science and Society Trust in science
Scientific uncertainty

Scientific predictability
Data availability and
generation

Scientists mentioned and referred by interview partners
Scientific Institutions mentioned by interviewees
Disciplines referred to as important for the cod problem
Usefulness of a systems understanding of cod in the positive and negative sense as
assessed by the interview partner
Aspects of complexities and interactions within systems as described by the interview
partner
Limits and limitations of models as seen through the interviewee’s eyes

Methodological problems in research as depicted by interview partners
Perceived or experienced ways of interpreting results taken from data analysis as
witnessed by the interviewee
Ascribed relevance to science and its results for society by the partner
Attributed uncertainty of scientific results and procedures as assessed by the interview
partner
Perceived accuracy of predictions as perceived by the interview partner
Quest for more data instead of conceptual improvement of models
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Table A4a. Management and its list of subcategories primarily concerned with the fisheries management of the European Union. These were further
subdivided into a spatial classification (EU, federal and state level), the description of the management (e.g. reference points, conservations measures)
and its problems and improvements (EU=European Union, TAC=Total Allowable Catch, MSY=Maximum Sustainable Yield, Blim=biomass limit
reference point, BLE=Bundesanstalt fiir Landwirtschaft und Erndhrung (Federal Office for Agriculture and Food), MOFI=Mobile Fisheries Log app,

ICES=International Council for the Exploration of the Sea).

General categories Type Description
Levels EU level Management in relation to the European Union; policies on EU level (e.g., Common
Fisheries Policy) and EU competence (e.g., consultancy and determination of quota by the
European Council and Commission, respectively)
Federal level Management in connection with Germany; contents on federal level and responsibility of
the German government (e.g. enforcement of regulations)
State level Management on the level of federal states; contents on state level and responsibility of the

federal states (i.e., Schleswig-Holstein, Mecklenburg-Vorpommern)
Description of the EU Management system - general Includes everything mentioned in the context of the current EU fisheries management, i.e.
measures, multi-annual plans, quota
Management system - TAC ~ Knowledge of the management system; this can range from very simple to very complex
structures. The statements here refer mainly to system behind the allocation of the quota
like the scientific advice from ICES given to the European Commission

fisheries management

Reference points Contains everything mentioned about reference points (MSY, Blim, etc.), as well as the
definition of the good environmental status
Stakeholder opinion Returns whether the interviewees classify the current management as sufficient for the

stock to recover
Fishers direct implementation Management content that directly affects the commercial fishers, e.g., catch reports, BLE
app (MOFI app)
Controls Presence and implementation of controls within the commercial fishery, i.e.,
implementation of the control regulation
Conservation measures that have been implemented to protect the cod stock like set-aside
premiums, landing obligation

Conservation measures

Alternative fishing gears Statements on alternative catch techniques (i.e., selective gear), as well as on possible
technical developments
Bag limit Contents and judgement on the subject of the bag limit, i.e. effectiveness of this
management measure in order to ensure cod stock recovery
Reduction of fleet capacity Statements and judgements on the management measure fleet reduction
Subsidies Includes statements and judgement on subsidies, e.g. scrappage bonus, set-aside premium
Participation Stakeholders - general Contains everything mentioned concerning the participation of the stakeholders involved

in the EU fisheries management (e.g., the inclusion on several policy levels)
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Stakeholder responsibilities
Regional Advisory councils
Commercial fisheries
Recreational fisheries
Science
Communication
Impacts Impact on cod

Recreational fisheries
Impact on management

Problems Management system

TAC

Controls
Multi annual plan

Ecological aspects

Fishers

Scrapping bonus
Reduction of fleet capacity

Bag limit

Improvements in general

Assignment of tasks and position of stakeholders, e.g. task of the fisheries committee to
find compromises between economic and fishers’ livelihood trade-off
Management in the context of regional areas; responsibilities and stakeholder participation
of EU countries in the EU fisheries management; here, Baltic Sea Advisory Council
Contents, which were mentioned in the context of fishers’ participation in the EU fisheries
management, e.g., how and who to include
Participation of recreational fisheries in the EU fisheries management, e.g. inclusion in the
discussion about measures to conserve spawning cod
Participation of science in the fisheries management, e.g. in which way to include science
General statements regarding communication between stakeholders in the context of the
EU fisheries management like an extended exchange between stakeholders on EU and
national level
Impacts on the cod stock through the fisheries management, e.g., the amount of allowed
and used catch within the different fisheries
Specific impacts of recreational fisheries on the cod stock (i.e., the amount of cod fished
Any impact on the management, including the influence by various stakeholders like the
commercial fisheries lobby
General problems (e.g., actions like the decrease of fishing pressure were taken too late)
regarding the EU fisheries management system
Problems (e.g., distribution among recreational and commercial fisheries) related to TAC,
including the distribution of the quota
Problems occurring in the context of the measure control like the complete enforcement
Includes the issues of multi-year plans, e.g. their inflexibility
Includes problems raised by the lack of ecological aspects (e.g. stock in general, age
structure) in the management; e.g., consider the genetic diversity of the stock for
management measures
Problems (e.g., moratorium) that directly affect the fishers
Any problems related to the management measure scrappage bonus (e.g., does not have a
positive effect on the cod stock)

Problems related to the fleet capacity and its reduction like the already small size of the
fleet
Possible problems (i.e., measure the effect of the bag limit) that were mentioned in the
context of the bag limit

Suggested improvements for and by the management including a higher flexibility for
quick reactions to unplanned occurrences
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Improvements

Long-term management

TAC distribution

Trade-off between sectors
Scientific advice

Improvements of
communication

Proposal for a long-term planning (e.g. for increasing robustness), rather than annual
management implementations

Improvements concerning the TAC distribution, e.g., changes in the TAC levels between
commercial and recreational fisheries or taking the TAC across several years (no loss of

quota for fishers)

Statements regarding the balance between commercial fisheries, conservation or tourism
in order to enhance the stability of a socio-ecological as well as socio-economic system
Improvements mentioned in relation to the scientific advice, e.g., EU should hold on to

advised quotas
Recommendations to improve communication between stakeholders involved in EU
fisheries management like a change of existing staff or the inclusion of all stakeholders at
round tables
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Table A4b. Management-knowledge describes all content of the interviews that explicitly refer to category management and are primarily aimed at
the interviewees' knowledge of EU fisheries management, i.e. management in general (e.g. participation by stakeholder groups), explicit management
measures (e.g. catch quota, scrapping premium) or knowledge types with focus on EU fisheries management (e.g. historical knowledge) are
addressed (EU=European Union, MSY=Maximum Sustainable Yield, TAC=Total Allowable Catch). It should be highlighted that only this
subcategory was subject to a different coding procedure. Based on author knowledge, all relevant management measures according to Western Baltic
cod were noted and finer categorized if necessary. Furthermore, central knowledge types from the categorization of knowledge were used and
applied including historical knowledge, tacit knowledge, local knowledge, non-knowledge and fishers' knowledge.

General categories Type Description
Management Structure Management on structural basis including different guidelines or reference values (e.g.,
MSY). Statements are excluded if they can be clearly assigned to a management measure
(e.g. catch quota, scrapping bonus)
Participation Participation on international, national and regional level by stakeholder groups in the EU

fisheries management of Western Baltic cod
Ecology Knowledge about management in connection with ecological concerns, e.g., knowledge

about the fish species cod or the ecosystem
TAC Structure Structural characteristics, i.e. legal requirements for the implementation of this measure,

including the distribution of the quota, the amount of the set quota
Ecological impact Ecological impacts related to the TAC, e.g., impact on the stock in terms of a decreased
catch quota (stock recovery)
Economic impact Economic effects due to the fishing quota as a management measure; effects refer to the
fishing sector in general (e.g., less income due to a decrease in TAC) and in particular to
certification processes (e.g., loss of certification license)
Bag limit Structure Structural characteristics of the bag limit, including legal requirements for the

Reduction of fleet capacity

Scrapping bonus

Ecological impact

Economic impact

Structure
Economic impact

Structure

implementation, e.g., to what amount the removal is limited or the origin of the defined
reference value
Ecological impact of the bag limit, e.g. the effect on the stock in terms of a reduction of the
bag limit resulting in a stock recovery
Economic effects through the bag limit; effects refer mainly to the fishing and tourism
sectors, e.g. the reduction of anglers through fewer fishing opportunities and the resulting
decline in the tourism sector (including bed occupancy, restaurant visits)
Description of the legal requirements defining this measure, including a description of the
ships affected by fleet capacity reduction
Description of economic impacts, i.e. impacts relating exclusively to the fisheries sector
(e.g., loss of fishing boats)
Description of the legal requirements defining this measure, including a description of the
ships affected by the scrapping bonus
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Alternative fishing
opportunities

Seasonal closing

Historical knowledge

Tacit knowledge

Local knowledge

Non-knowledge

Fishers’ knowledge

Economic impact Description of economic impacts, i.e. impacts relating exclusively to the fisheries sector
(e.g., loss of fishing boats)
Structure Description of the legal requirements by which the management measure is defined and
determined, e.g. description of different alternative fishing gear (e.g., cock pots, fish traps)
Ecological effects caused by the use of alternative fishing gear; these effects must be
Ecological impact considered for the entire ecosystem or individual ecosystem components, e.g. reduction of
by-catch (e.g., harbor porpoise, seal)
Economic impacts due to the use of alternative fishing gear. These effects are mainly to be
Economic impact considered for the commercial fisheries sector (e.g., investment by commercial fisheries
related to higher costs)
Description of the legal requirements by which the management measure is defined and
Structure determined, e.g. description of time limits as well as fishing activities that are excluded
from the closed season
Ecological effects through the establishment of closed seasons, e.g. stock recovery due to
Ecological impact the reduction of fishing pressure within a defined period of time (i.e. during the spawning
season)
.. Economic effects caused by the implementation of closed seasons, e.g. reduction of fishing
Economic impact . .
effort and resulting loss of income
TAC Past catch quota concerns; including content on the distribution mechanism of the catch
quota (relative stability by a 15% barrier) or catch quotas allocated in the past
Reduction of fleet capacity Historical knowledge related to reduction of ﬂe'zet C.apac'ity; this includes e.g. past
performance of the commerecial fisheries fleet
Alternative fishing gears Knowledge of past alternative fishing gears, e.g. size selection of fish
TAC, bag limit Experience (personal, working context) in connection with the EU fisheries management
’ of the Western Baltic Sea cod; here in particular related to TAC and bag limit
Management contents with local reference, e.g. size of the local commercial fishery fleet or
effects by the bag limit particularly in Heiligenhafen
Non-knowledge in the context of EU fisheries management; contents which clearly show
Non-knowledge - reference that there is no knowledge and no reference to corresponding responsibilities (e.g.,
stakeholder groups). Usually this classification is accompanied by "I do not know"!
Non-knowledge in the context of EU fisheries management, i.e., "I do not know, but XY
Non-knowledge - no . . o
knows." No knowledge but reference to corresponding responsibilities (e.g., stakeholder

groups)
Fishers” knowledge with management reference; here fisheries management of Western

reference

Baltic cod, i.e. fishers’ information concerning data related to stock assessment
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Abstract

Groups with higher cognitive diversity, i.e. variations in how people think and solve prob-
lems, are thought to contribute to improved performance in complex problem-solving. How-
ever, embracing or even engineering adequate cognitive diversity is not straightforward and
may even jeopardize social inclusion. In response, those that want to promote cognitive
diversity might make a simplified assumption that there exists a link between identity diver-
sity, i.e. range of social characteristics, and variations in how people perceive and solve
problems. If this assumption holds true, incorporating diverse identities may concurrently
achieve cognitive diversity to the extent essential for complex problem-solving, while social
inclusion is explicitly acknowledged. However, currently there is a lack of empirical evidence
to support this hypothesis in the context of complex social-ecological systems—a system
wherein human and environmental dimensions are interdependent, where common-pool
resources are used or managed by multiple types of stakeholders. Using a fisheries exam-
ple, we examine the relationship between resource stakeholders’ identities and their cogni-
tive diversity. We used cognitive mapping techniques in conjunction with network analysis to
measure cognitive distances within and between stakeholders of various social types (i.e.,
identities). Our results empirically show that groups with higher identity diversity also dem-
onstrate more cognitive diversity, evidenced by disparate characteristics of their cognitive
maps that represent their understanding of fishery dynamics. These findings have important
implications for sustainable management of common-pool resources, where the inclusion of
diverse stakeholders is routine, while our study shows it may also achieve higher cognitive
coverage that can potentially lead to more complete, accurate, and innovative understand-
ing of complex resource dynamics.
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Introduction

Diversity is a term generally used to identify differences between individuals or describe
instances of being composed of differing elements or including different qualities. Depending
on the type of differences by which the diversity is determined, people can be categorized
under demographic, cultural, political, occupational, intellectual, or many other categories. As
a guiding principle, these dimensions can be dichotomized into two overarching kinds of
diversity: (a) identity diversity and (b) cognitive diversity [1-3].

Identity diversity—also known as surface-level diversity—refers to differences in a set of
subjective characteristics that are apparent across individuals or groups [2]. As such, many
social categories or deductive specifications that are explicitly defined by demographic, socio-
economic, cultural, political, or any other salient features of the individuals fall into identity
diversity. These are factors that are generally considered observable (think demographic cate-
gories), and often perceptible by those who seek or care about diversity and inclusion [4].

On the other hand, cognitive diversity—also known as deep-level diversity—refers to differ-
ences in how people represent, think about, and solve problems [2]. Hong and Page (2004) refer
to this kind of diversity as functional differences and explain how it might be determined by mea-
suring variations in people’s perspectives (i.e., how they represent a problem) and heuristics (i.e.
how they find solutions to a problem) (also see [5]). This kind of diversity has been suggested to
be a critical driver of improving group performance in complex problem-solving [6-8]. Three
mostly cited problem-solving benefits associated with cognitive diversity are i) augmentation
(i.e., the generation of a larger pool of knowledge), ii) purification (i.e., the cancelation and
refinement of errors and inaccuracies mostly in predictions), and iii) recombination (i.e., the
emergence of innovative solutions as a result of higher possibility for permutation and combina-
tion of knowledge) [6, 9-11]. Accordingly, since human societies face more complex problems
today, cognitive diversity becomes a vital ingredient in contemporary problem-solving.

Despite these benefits, achieving cognitive diversity is not always straightforward because
such differences across groups and individuals are not immediately observable or readily
detectable [12]. Instead, to assess cognitive diversity, researchers need to dive deeper into
invisible variations in personality, intellectual abilities, and cognitive characteristics of individ-
uals using intelligence tests [13], psychological and neuropsychological assessments [14], men-
tal modeling techniques [15], or cognitive ability tests [16]. Yet, seeking and embracing
cognitive diversity does not necessarily satisfy the full inclusion of diverse social identities [2,
17], which can be problematic wherein social inclusion is vital to achieving ethical goals such
as achieving social equity and resolving conflicts in areas like participatory governance [18].

However, the inverse may possibly be true—that is, some sort of identity diversity can con-
gruently achieve beneficial cognitive diversity [19, 20]. Under certain circumstances, incorporat-
ing diverse identities into problem-solving may concurrently encourage cognitive diversity
which is beneficial to groups’ problem-solving capability, while it also satisfies the social equity
goals. While it does not appear to be an unreasonable assumption in some cases (e.g., particularly
those cases wherein some salient differences that determine identity diversity are of high prob-
lem-solving relevance) [21], the literature around “diversity” is still open to debate about the rela-
tionship between identity and cognitive diversity. In fact there is evidence to the contrary, that is,
that identity diversity does not always contribute to beneficial cognitive diversity [2, 3, 17].

Regardless of these controversies, in many cases, achieving both kinds of diversity at the
same time or what has been referred to as “congruence between surface and deep-level charac-
teristics”—has been thought to be a major success [2]. Despite practical challenges,
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implementing this congruency has been recommended in multi-stakeholder governance and
management systems such as common-pool resources and environmental assessments [18].
Understanding diversity within stakeholders who interact with natural resource systems,
therefore, serves as a great case study to evaluate these congruencies since they typically involve
multiple stakeholders and require the participation of socially diverse groups in dialogue,
deliberation, decision-making, and adaptive co-management [22]. This inclusive participation
of socially diverse groups of stakeholders in decision-making and policy development pro-
cesses instills stakeholders’ sense of ownership of the decisions, helps them address conflicts
and build shared understandings, thereby improving the legitimacy of natural resource man-
agement strategies [23, 24]. It, thus, constitutes an important component of improving deci-
sion-making and social and environmental sustainability [25].

In addition, natural resource systems are composed of both social components (i.e.,
human-related factors like consumption, regulations and conservation) and ecological compo-
nents (i.e., nature-related factors like ecosystem health, resource abundance, productivity), as
well as their feedback interactions (e.g., the impact of consumptions or regulations on resource
dynamics or the impact of degraded ecosystem productivity on human well-being). These so-
called social-ecological interdependences commonly lead to complex system behaviors and
dynamics that are hard to predict [26, 27]. As a result, understanding and managing natural
resource systems typically entails the participation of cognitively diverse individuals who bring
a wider range of perspectives and heuristics to the table, and their diverse knowledge pool can
lead to a greater cognitive coverage and a boosted problem-solving capability [7, 8, 28, 29].

Here we explore whether congruence exist in groups with diverse environmental stakehold-
ers who self-identify themselves in different professional roles, each represents a certain type
of human-nature interactions. We hypothesized that these different social identities are associ-
ated with distinct cognitive spaces and knowledge (i.e. there exist a correlation between surface
and deep-level diversities in environmental stakeholders).

We build this hypothesis on prior theoretical and empirical evidence describing that differ-
ent social groups of resource stakeholders (e.g. fishermen, hunters, scientists, policymakers,
and managers) interact differently with natural and social dimensions of ecosystems at differ-
ent time and spatial scales. Such different social groups may also be subjected to diverging
beliefs and values [30], disparate experiences with the nature [28], differences in preferred
adaptation strategies and management policies [31], and are thought to build in their minds
diverse cognitive representations (i.e., mental models) of the system that reflect their specific
interests and interactions.

To empirically support our hypothesis, we use a fisheries example where multiple groups of
stakeholders interact differently with a natural ecosystem (i.e., a common-pool resource sys-
tem). Our case is the Western Baltic cod (Gadus morhua) in Germany. Western Baltic cod is of
crucial importance for regional ecosystems and constitute a vital component of coastal econo-
mies [32, 33] (a more detailed explanation of the case study is provided in S1 File). Cod is
known as one of the species in high demand and plays a key role in the Baltic Sea, environmen-
tally, socially and economically [34]. Here, we focus on stakeholder groups who are differently
affected by or involved in fisheries management and therefore represent varying interdepen-
dences with the natural ecosystem (S1 File).

We use a semi-quantitative cognitive mapping technique called Fuzzy Cognitive Mapping
(FCM) [35, 36] in conjunction with network analysis to develop a novel approach to measur-
ing cognitive distances within and between social groups of stakeholders (i.e. individuals with
diverse roles and resource use). Finally, analyzing the congruence of differences in stakehold-
ers’ identities and features of their cognitive maps can empirically demonstrate the potential
proximity of surface and deep-level diversities among environmental stakeholders.
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Methods
Data collection

Mental models and fuzzy cognitive maps. To measure variation in stakeholders’ percep-
tions and understanding of the complex social- ecological relationships (i.e. deep-level diver-
sity), we collected individual mental models about fisheries ecosystem dynamics and
management from fisheries stakeholders. Theoreticians have hypothesized that humans
develop in their mind simplified internal representations of the complex reality that allow
them to perceive the world around them [15]. Individuals who observe, interact with, and
experience the world around them can concurrently develop an internal model of the external
world to understand it and predict how it functions [37]. These so-called mental models repre-
sent patterns of perceived cause-and-effect relationships among various concepts that are built
through reasoning and thus shape the basis for problem-solving and decision-making [38].
Importantly, these mental models can be elicited through cognitive mapping techniques [39].
Cognitive maps are graphical representations of mental models in the form of directed net-
works where nodes represent concepts and edges show the causal relationships between them
(see S1 File for more details).

Here we used Fuzzy Cognitive Mapping (FCM) [35]—an enhanced form of cognitive maps
which mathematically and graphically model system components (nodes), their causal rela-
tionships (edges), and the strength of these relationships using a normalized quantitative
parameterization of causal magnitudes. In an FCM, edges are characterized by a normalized
number in the interval of [-1, +1], corresponding to the strength and sign of causal relation-
ships between nodes, thereby forming a weighted directed graph [40]. These weighted directed
graphs can be analyzed using network analysis through measures and algorithms related to
node connectivity, graph distances, their adjacency matrices similarity, and graph clustering
[41].

Cognitive map elicitation. Five relevant stakeholder types were identified in a stake-
holder analysis: Local fisheries (including commercial and recreational fishers) (33.3%), repre-
sentatives of tourism industry (12.1%), Non-governmental organizations (NGOs) (18.2%),
managers and policymakers (18.2%), and scientific experts (18.2%). Two key criteria were
applied to sample study participants (N = 33) using a purposeful sampling strategy: stakehold-
ers needed to be affiliated with a German institution either through their job or honorary posi-
tion, and have been active (involved or affected) in the cod fishery in the Western Baltic Sea
for more than 5 years (see the description of interviewed stakeholders in S1 File). The first cri-
terion is based on the intention of a national survey, whereas the second one was chosen as a
reference point to ensure that the interviewees have established themselves in their position
(job, volunteer) and are familiar with the subject of cod fishery in the Western Baltic Sea. Both
criteria led to the exclusion of some actors, including stakeholders from the fishing industry or
people who have only recently started working on this topic, for example, trainees.

We elicited stakeholders’ FCMs through semi-structured interview processes. This study
was conducted with approval of University of Hamburg, and informed consent was acquired
from all participants. All subjects gave their informed consent via email for inclusion before
they participated in the study. The study was hence conducted in accordance with the Declara-
tion of Helsinki. Individuals were asked to identify relevant concepts (i.e., system components)
and their causal relationships, from which they then drew a concept map representing their
mental models about Western Baltic cod ecosystem and fisheries management. This process
included routine FCM data collection practices with open-ended concepts [42]. Participants’
cognitive maps were qualitatively homogenized (i.e., using the same terminology for concepts
that have the same meaning across all individual maps; see refs.[43, 44] for more detail about
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qualitative homogenization and standardization process) and digitized after the interview (i.e.
maps were converted to digital weighted directed graphs and corresponding adjacency matri-
ces using www.mentalmodeler.org) and sent back to the interviewees for validation. We
described in details the cognitive map elicitation protocol elsewhere [45] and in S1 File.

Data analysis

Comparing graphs. Following the qualitative homogenization of FCMs and standardiza-
tion of terminologies used to describe their concepts, we conducted a subsequent level of
homogenization called quantitative homogenization: FCM adjacency matrices were brought
to the same size and thus included information about every unique concept that was men-
tioned in any of the contributing FCMs. By doing this, all adjacency matrices were adjusted to
have the same size in favor of matrix comparability—for each individual FCM, the absent
nodes not mentioned in the original map were added but left unconnected to other nodes.

To measure cognitive diversity in a group, we determine how dissimilar the cognitive maps
of the group members are by measuring the average of their pairwise distances. To quantify
the distance between cognitive maps, we perform network comparisons of FCMs. Each FCM
is a directed, weighted graph G(V,E), with V being the set of nodes (i.e. set of homogenized
concepts mentioned by all individuals) and E being the set of edges (i.e., causal connections).
We compute the distance between a pair of FCMs by taking into account two measures:

(a) The distance between the dichotomized adjacency matrices of their graphs:

The dichotomized adjacency matrix A9 of a graph G is a n x n square matrix, where # is the
number of nodes, and the elements of the matrix [a;] indicate whether pairs of nodes i and j
are adjacent [a;] = 1 or not [a;] = 0 in the graph. Apart from weightings, in FCMs, the pres-
ence and absence of the connections is important information which is a binomial variable (0
or 1), representing the extent to which one individual includes or excludes the directed causal
relationship between two concepts when representing a complex system (independent of the
sign and the strength of the relationships). One common norm used as graph distance is the
Jaccard distance [46]. Given two graphs G;(V,E;) and G,(V>,E;) with dichotomized adjacency

d~ad
matrices A¢ and A¢, the Jaccard coefficient ] is defined as J(A?, AY) = 27

T Adjpd
AIUA2

, and their Jaccard

distance is calculated as follows:

d; =1-J(A],A)) (1)

(b) The distance between the spectra of their graphs:

The spectrum of a graph G(V,E) is the set of eigenvalues of its normalized Laplacian [47,
48] and contains useful information about the principal properties and structure of a graph
which has important implications for graph comparisons [48-50]. In addition, the prior study
[25] demonstrated that the Euclidian distance between the spectra of two FCMs perfectly
matches the distance between dynamics of causal relationships as perceived by individuals (i.e.
simulation of what-if scenarios using a combination of fuzzy logic and artificial neural net-
works) [35, 51].

Let A,, be the undirected, weighted adjacency matrix such that the elements of A,, = [a;] =
[a;] indicate the edge weights between pairs of nodes i and j that are adjacent in the graph.
Then the (symmetric) normalized Laplacian is defined as LY = D2LD /%, where L = D—
A,,, while D is the degree matrix. Importantly, all eigenvalues of the normalized Laplacian are
real and non-negative [48], thereby offering a practical tool for measuring graph distances.
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Given two graphs G;(V,E;) and G,(V>,E,) we find a set of all eigenvalues for each normalized
Laplacian as their spectra. Similar to the approach outlined in [52, 53], we compute the Euclid-
ian distance between the graphs’ spectra d; as follows:

K

d, = Z (A — ;“21‘)2 (2)

i=1

where 4, is the i largest eigenvalue and (4, > 0 for V i). We find the smallest k such that the
sum of the k largest eigenvalues constitutes at least 90% of the sum of all of the eigenvalues. If
the values of k are different between the two graphs, we use the smaller one k*.

These two measures of graph distance are complementary as they take into account the
structural properties that are characterized by either edge directionality or edge weights. Thus,
to jointly acknowledge the weight and directionality of causal connections in FCMs, we define
the cognitive distance between two FCM:s as follows:

CD=——x¢ (3)

were ¢ is the standardization coefficient for mapping CD to a normalized range between [0,1].

All individual cognitive maps were converted into adjacency matrices and the cognitive dis-
tances between any pairs of maps were computed using Eq 3. For each identifiable social
group (e.g., fishers, managers, NGOs, tourism, and experts) we make two sets of cognitive dis-
tances: the intra-group set including the cognitive distances between any pairs of socially
homogeneous individuals who share the same social category (e.g., a pair of fishers), and the
inter-group set including the cognitive distances between any pairs of socially diverse individu-
als who do not share the same social category (e.g., a pair of one fisher and one manager).
Independent sample t-tests were used to compare the means of cognitive distances in intra-
group and inter-group sets. This helped us determine whether or not inter-group distances
were longer than intra-group distances—that is, the cognitive diversity amongst socially
diverse individuals was statistically significantly higher than the cognitive diversity in socially
homogeneous ones. Despite the fact that independent-samples t tests were shown to be reason-
ably robust to Type I and Type II errors when the normality assumption was violated [54], we
conduct an additional non-parametric test to determine the significance of differences. We use
the non-parametric Wilcoxon-Mann-Whitney (or U) test to compare differences between
intra-group and inter-group sets of cognitive distances with the assumption that they are inde-
pendent, but not normally distributed.

Monte-Carlo method. We then used the Monte-Carlo method (MCM), wherein the vir-
tual FCMs were randomly reproduced from the probability distributions of stakeholder-driven
cognitive maps. That is, virtual agents with a defined identity (e.g., fisher, manager, etc.) were
computationally generated, such that their cognitive maps were randomly drawn from the
probability distribution of FCMs elicited from actual individuals of that social type [8]. For
each group g with K individuals i = 1,. . .,k, the set of all unique edges mentioned by these indi-
viduals is {E}:

{E} = UL {E} (4)

K
forVee {E}, m, = %ZXE (5)
i=1
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Where 7, is the frequency of edge e in group g, {E'} is the set of edges included in the FCM
of individual i, and X! = 1 ifeis in (E}, (X! = 0, otherwise). Then, a random FCM is gener-
ated in two steps: First, a random set of edges is drawn such that the probability that the gener-
ated FCM includes edge e is determined by a Bernoulli distribution, Pr(X, = 1) ~ Bern(m,); and
second, the weight of edge e in a random FCM w(e) is determined by a random normal distri-
bution:

w(e) ~ N(u,,0,) (6)

Where p, and o, are the mean and standard deviation of weights assigned to edge e by all
individuals in group g whose FCMs include e. Although, this process of random FCM genera-
tion uses edges-probability distribution (instead of nodes-probability distribution), which rep-
resents the likelihood that two-nodes co-occur, and at the same time, they are adjacent, it does
not take into account the probability that two edges with a shared source node co-occur in a
map. One possible solution to this limitation is to keep at least a memory order of one and
hence using a Markov-Chain Monte-Carlo (MCMC) of memory 1 in which the random
matrix is reproduced while representing a memory with respect to the number of first neigh-
bors that each node has. However, this requires a relatively large sample of observations (i.e.,
collected FCMs), which in many cases, is not achievable due to the fact that FCM interviews
are typically time and resource demanding.

Importantly, the MCM helps us regenerate virtual samples of stakeholders that artificially
represent various levels of identity diversity, thereby enabling us to carry out a probabilistic
examination of how identity diversity correlates with cognitive diversity. Using MCM we built
100 replicates of our FCM sample. Each reproduced sample has N = 33 individuals (to resem-
ble actual sample size) with a random combination of virtual agents from different social cate-
gories (i.e. individuals of different types). For each random replicate, 1000 bootstrap resamples
were used to estimate the 95% confidence interval.

To measure the identity diversity of each reproduced sample we used Shannon’s entropy
index (H) [55]. The Shannon’s entropy index takes into account both the richness (i.e., how
many unique identities exist in a sample) and the evenness (i.e., how even the proportions of
stakeholder identities are in a sample), and thus provides useful information about identity
diversity. Fig 1 displays four illustrative samples of size 10 with different richness and evenness.
We calculate identity diversity in each sample using the following equations:

n
H= _Zpi X Ln(pi)7 P = Nt (7)

eH

b= max (r)

(8)
where H is the Shannon’s entropy index, #; is the number of individuals of type i, N is the sam-
ple size, D is the identity diversity, and max(r) is the maximum possible richness (i.e. maxi-
mum possible number of unique types) in a sample, which is 5 in our case. D is a number
between [0,1] with values closer to one representing higher diversity. In addition, we define
cognitive diversity as the mean of pairwise cognitive distances (CD) (see Eq 3) between any
two individuals within the sample. Finally, the correlation between identity diversity and cog-
nitive diversity is calculated using Pearson correlation coefficient.

Last but not least, we drew on network theory and cognitive map analyses of perceived cau-
sation [56] to cluster FCMs using their network micro-motifs (i.e., micro-structures that are
constructed by two or three nodes and some unique patterns of connections between them,
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Fig 1. Illustrative samples of individuals with different levels of richness and evenness. Four hypothetical examples with low-to-high levels of richness and evenness are
shown in (A). The calculated identity diversity with regards to each sample’s richness, evenness, and their influence on the level of diversity is shown in (B). Samples’
diversity was calculated using an information theoretic measure built on Shannon’s entropy formula.

https://doi.org/10.1371/journal.pone.0244907.9001

which shape the underlying elements of perceived causation in a cognitive map). The fre-
quency distribution of these micro motifs in one cognitive map—also known as directed
graphlets of size two and three—can provide useful information about how one individual sees
the causal interdependencies and can be used as a tool for deep-level comparisons [51]. Theo-
retical and empirical studies have frequently suggested the use of seven simple micro-motifs
(Fig 2) to exemplify common patterns of perceived causation [56-62]. We combined Principle
Component Analysis (PCA) and K-mean clustering to develop an unsupervised learning algo-
rithm that clusters individuals based on their frequency distributions of these 7 micro-motifs
and no pre-defined labeling. We also clustered the individuals based on their pre-defined iden-
tities (i.e. social types labeling). Analyzing and visualizing the alignment between identity-
based clustering and micro-motif-based clustering helped us further examine the proximity of
surface and deep level diversities.

Results
Intra versus inter-group cognitive distances

We collected 33 FCMs through semi-structured interviews with stakeholders (see S1 File). Five
social groups (i.e. types) of stakeholders participated in our study. Fig 3 illustrates the compari-
son of intra-group versus inter-group pairwise cognitive distances (see Eq 3). Independent
sample t-tests were used to compare the means, and p-values demonstrate significance of their
difference. In all five socially distinguishable groups of stakeholders (Fig 3A-3E) the mean of
inter-group cognitive distances is longer than the mean of intra-group cognitive distances, and
in three groups (i.e., NGOs, tourism, and experts) these differences are statistically significant
at the level of p < 0.05. It is visible from the Fig 3F that, once all individuals are combined, the
cognitive diversity (measured by the mean of cognitive distance between any pairs of
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Multiple Effects
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Linear Triplet (Source) shared adjacent node

Indirect Effect

Linear Triplet
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One node affects a non-adjacent node throw a
third node that mediates the effect

Two non-adjacent nodes affect a shared

Multiple Causes Linear Triplet (Sink) adjacent node

Closed Triplet One node affects an adjacent node while it
Moderated Effect P simultaneously affects that node throw a third

(Feedforward)

node.

Closed Triplet Three adjacent nodes affect one another

Feedback Loop P through a cycle, either clockwise or counter-
(Feedback)

P2

clockwise

Fig 2. Seven micro-motifs and their corresponding network structure (Graphlet). These micro-motifs exemplifying common patterns of
perceived causation in cognitive maps.

https://doi.org/10.1371/journal.pone.0244907.9002

individuals) amongst socially diverse individuals (i.e. inter-group pairs) is statistically signifi-
cantly higher than the cognitive diversity in socially homogeneous ones (i.e., intra-group
pairs). Additionally, the results of nonparametric Wilcoxon-Mann-Whitney U test further
supported the findings that the mean of inter-group cognitive distances was statistically signifi-
cantly larger than the mean of intra-group distances (p = 0.04), even if the the normality
assumptions were violated.

Correlation of identity and cognitive diversity

Next, we examined the correlation of identity and cognitive diversity using the MCM. Fig 4
shows the result of 100 randomly generated samples of stochastic agents (i.e. artificial individ-
uals who own randomly-generated cognitive maps drawn from the probability distribution of
actual FCMs). These random samples represent different levels of identity diversity deter-
mined by Eq 8. Pearson correlation coefficient of 0.74 revealed a positive association between
samples’ identity diversity and the mean of pairwise cognitive distances among agents’ cogni-
tive maps. That is, samples high in identity diversity are 74% probable to show high cognitive
diversity (each sample was bootstrapped 1,000 times to estimate 95% confidence interval).

Proximity of surface and deep-level clusters

In addition, we compared the results of two clustering algorisms: one based on predefined
socially distinguishable labels (i.e. identity), and the other one based on an unsupervised
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dimension reduction technique (i.e., a PCA) that transforms cognitive maps from their
7-dimensional micro-motif space (see Fig 2) to a 2-dimensional principle component space,
where clusters are determined by k-nearest neighbors (based on their Euclidian distance). Fig
4A and 4B illustrate the results of these two clustering algorithms for a randomly reproduced
sample of size 1,000 (with 200 individuals for each of five social groups). It is visible from these
figures that individuals who are similarly clustered by their predefined social identities are
more likely to be in the same cognitive neighborhood that represents a prevailing cluster of
individuals who are closely matching in terms of how they perceive causal interdependences.
Fig 5C shows the probability of possible concurrencies formed by the categories of two cluster-
ing algorithms. Interestingly, for each cognitive cluster, there exists one and only one dominat-
ing social cluster (i.e. identity) whose concurrency probability is greater than 0.5, meaning that
the overwhelming majority of individuals within a cognitive cluster share the same social iden-
tity. These findings revealed that environmental stakeholders demonstrate distinguishable dif-
ferences in discrete aspects of their cognitive models (i.e., deep-level clusters) that are most
probably aligned with the way they could have been distinguished by their disparate social
identities (i.e., surface-level clusters). Consequently, these perfect alignments demonstrate the
strong likelihood of congruence of surface and deep level diversities in environmental
stakeholders.

Discussion

The importance of diversity, in general can be seen across systems, from ecosystems [63] to
economic systems [64], and also extends to norms regarding social inclusion and social equity
[65, 66]. In each case, diversity is considered to make systems more adaptable and resilient to
changes. Here we extend this general notion of the diversity bonus [4] and provide evidence of
the hypothesized correlation between identity diversity (surface) and cognitive diversity
(deep). Our data provide empirical evidence that the inclusion of diverse stakeholder groups
in natural resource problem-solving has implications for better understanding the complexity
of natural resource systems since different social groups interact within these systems some-
what similarly by group, but distinct across groups providing more opportunities for full cog-
nitive coverage [8]. While the literature on collaborative natural resource management has for
some time promoted the inclusion of diverse stakeholder groups and public participation for
improved decision-making [18], the diversity of knowledge systems that these different social
groups bring with them has been largely assumed, rather than empirically evaluated with some
exceptions [67].

Combining approaches from network science, graph theory, and cognitive mapping, we
explored the relationship between social identity and cognitive diversity in environmental
stakeholders who interact with a common pool resource system. For this, we collected stake-
holders’ cognitive maps using FCM—a weighted, directed graph that visualizes people’s men-
tal models that represents how each individual perceives causal interdependencies to explain
the complex real world they interact with. In this study we used a case of Western Baltic cod in
Germany and collected FCMs from five groups of stakeholders whose identities are socially
distinguishable (i.e., social categories that are identified by their distinct roles and types of
resource use which specify how they interact with the fisheries ecosystem and its resources).

Our data indicate that individuals whose identities (i.e., social categories) vary and demon-
strate variations at surface-level, also develop cognitive maps that are more likely to demon-
strate diverging network structural aspects as determined by their longer cognitive distances—
a quantitative measure to represent cognitive, deep-level variations base on cognitive map
characteristics. We developed a novel measure of cognitive distance which simultaneously

PLOS ONE | https://doi.org/10.1371/journal.pone.0244907 November 4, 2021 11/18

147


https://doi.org/10.1371/journal.pone.0244907

PLOS ONE

Do social identity and cognitive diversity correlate in environmental stakeholders?

A

Clustered by identity

B

Clustered by cognitive

maps

PC2 (8.90%)

Fishers
Managers
Tourism
NGOs

Experts
& o

%

.' R )
o.. Ce
o ? °
2 e °

°
°

o”‘o

e o
°
LY

Probability of concurrency

100
90
80
70
60
50
40
30
20
10

PC1 (76.33%)

PC1 (76.33%)

Experts
e TOUriSM
e \lanagers
e NG O
Fishers

\Z

Cognitive (deep-level) clusters

Fig 5. The proximity of identity and cognitive diversities based on micro-motifs in cognitive maps. Principle component analysis was performed on the seven
dimensions of micro-motif frequencies in 1000 random cognitive maps (with 200 individual maps were re-produced form the probability distribution of cognitive maps
of each of the five social groups). Two principle components were retained, cumulatively explaining about 85% of variance. Individual maps are illustrated by points in a
2-dimensional principle component scatter plot where points are clustered by their predefined social identities in (A) and by a K-Mean clustering algorithm using the
Euclidian distances between points in (B). Black triangles in (A) and (B) illustrate the center of the clusters based on K-nearest neighborhood. The probability of
concurrencies of social identities and cognitive clusters is shown in (C).

https://doi.org/10.1371/journal.pone.0244907.9005

PLOS ONE | https://doi.org/10.1371/journal.pone.0244907 November 4, 2021

148

12/18


https://doi.org/10.1371/journal.pone.0244907.g005
https://doi.org/10.1371/journal.pone.0244907

PLOS ONE

Do social identity and cognitive diversity correlate in environmental stakeholders?

takes into account dissimilarities in graph and spectral-graph metrics to provide useful insights
about how individuals’ cognitive maps (i.e., mental models) differ at the macro scale (metrics
that represent a graph as a whole). These methods for comparing FCMs prove to produce use-
ful information about how individuals represent different mental models and how they vary in
perceiving the dynamics of the system they represent (e.g. [8, 25]).

Despite the benefits of using spectral methods such as the eigenvalue similarity index we
used in the current study, we should warn the readers of some of the drawbacks associated
with the use of spectral methods in comparing graphs (e.g., dependence on the matrix repre-
sentation and abnormal sensitivity, such that small changes in the graph’s structure can pro-
duce large changes in the spectrum) [51]. Thus, before using this approach, we encourage
readers to evaluate the sensitivity of the spectra of their observed sample of FCMs to small
changes (e.g. through a repetitive process of random small alterations, such as random removal
or extension of nodes and edges). We, also encourage readers to replicate our study by using
other methods for comparing graphs and conclude which approaches most appropriately fit
their study.

Yet, it is also interesting to consider the variations of cognitive maps at the micro scale. To
that end, we examined the distribution of certain directed graphlets in cognitive maps (i.e.
micro-motifs) that represent common patterns of perceived causalities and are building blocks
of causal reasoning [56]. This micro-motif comparisons, too, showed the proximity of identity
and cognitive diversities (Fig 5). While conventional graphlet methods for network compari-
sons such as Relative Graphlet Frequency distance (RGF-distance) [68] or Graphlet Degree
Distribution agreement (GDD-agreement) [69] use all 2-5-node Graphlets, our approach only
takes into account those micro-motifs that represent common typology of perceived causation
and have important relevance to comparing cognitive maps (see Fig 2).

Trade-offs in measuring knowledge diversity

Currently, there are several methods that exist to elicit and compare knowledge diversity, each
with trade-offs. For example, “Cultural Consensus” theory [70] is a relatively straightforward
way to understanding within and across group differences, often measured through evaluating
individuals’ responses to a series of related questions where norms and shared beliefs can be
assessed through aggregate responses [71]. While these methods have been widely used, many
questions posed to individuals exist at a broad-level and often force participants to select
binary responses (true/false). Additionally, qualitative approaches, such as applying emergent
coding rubrics to concept maps or narratives are also common [72]. While these approaches
provide rich data, analyzing and coding qualitative concept maps take considerable time and
are resources that might not be available with larger datasets. Finally, FCM as a semi-quantita-
tive assessment, such as the approach we use here, has been popular in recent years. Gray et al.
(2014) point out, however, that there are considerable trade-offs in how these cognitive maps
are collected: are concepts/elements in the model pre-defined?, are these maps the result of an
interviewer leading the process of map development or are crowdsourced freely, or are they a
mix of data collection methods? Each decision a researcher makes in the data collection pro-
cess will influence the analytical options available to the researchers and should be considered
fully in the design of studies seeking to elicit, capture and integrate or compare individual
knowledge [42].

In the context of social-ecological systems, and in contrast to our findings, Stier et al. (2017)
found that experts can exhibit cognitively diverse views and perceptions about the structure of
a complex ecosystem (e.g., marine food web), independent of commonly identified “bins” of
expertise (e.g., local, scientific, traditional) [17]. That is, the identity and cognitive diversities
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may not necessarily co-occur. The authors of that study have contended that individuals’
demographics and background may not explain differences in perceptions of complex ecosys-
tem structure as evidenced by lack of variations in their cognitive maps.

We argue that such findings might be influenced by the methodological biases resulting
from highly standardized elicitation methods where cognitive maps are constructed using pre-
defined standardized concepts provided by researchers. In such cases, representation of indi-
viduals’ cognitive maps is significantly influenced by researchers’ presumptions or limitations;
consequently, true cognitive diversity is less likely to be fully captured. Therefore, we decided
to provide more flexibility and elicited cognitive maps while individuals were able to freely
brainstorm, represent concepts, and draw connections between them with no influence from
researchers and facilitators. This decentralized process allows individuals to freely represent
their internal perceptions and system knowledge, and therefore it increases the probability
that a wider spectrum of knowledge diversity (i.e., cognitive coverage) is sampled. In addition,
conventional methods to compare FCMs (e.g. methods described in [51]) which were used by
prior studies (e.g., [17]), take into account fewer structural metrics mainly obtained by com-
paring the value of network global statistics, such as the density, number of receiver/driver/
ordinary nodes, complexity index, hierarchy index, and the centrality of particular nodes.
Except for the centrality, these metrics do not consider the correspondence between nodes—
that is, two FCMs with different set of nodes, (i.e., different qualitative compositions) may be
considered very similar only because they have the same number of nodes or how these nodes
are connected to each other matches across two FCMs (i.e., apples and oranges considered
similar because they both have round shapes). These limitations may impact the results of pre-
vious studies. Here we addressed these limitations by introducing a novel approach to measur-
ing cognitive distances within and between groups of stakeholders.

Conclusion

In sum, our approach produces a more inclusive set of insights into understanding and mea-
suring within group and between group knowledge variations, which has three important
implications: First, measuring within group cognitive distances has implications for how we
understand similarities and knowledge homogeneity within "social groups”, which enables
innovative approaches to measuring culture (shared ideas and knowledge) and group-specific
cognitive biases or alternatively, identifying different types of expertise (e.g. commercial fisher-
men may have more expertise about biological or market-related aspects of a fishery compared
to other groups). As our study supports, individuals form the same social group hold more
similar knowledge, and this might be attributed to their shared experiences, beliefs and values;
the routine set of human-environment interactions they adopt in their day-to-day life; and a
more frequent exposure to the same information sources and social network (e.g., shared
media and news outlets). They, therefore, build in their minds cognitively more homogenous
understanding of the complex ecosystem dynamics compared to the members of other social
groups. Our novel approach of measuring within group shared knowledge helps us to under-
stand how different social groups construct their specific cultural spaces about the environ-
ment which, in turn, lead stakeholders to behave/adapt in a certain way in response to
environmental and social changes.

Second, measuring across group cognitive distances has implications for understanding
how incorporating diverse knowledge and perceptions from across groups may ensure prob-
lem-adequate solutions, reaching knowledge saturation points, and the achievement of more
complete “cognitive coverage”. Knowledge held by stakeholders varies across social groups, yet
suggesting that different types of stakeholders hold complementary perceptions of complex
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social-ecological interdependencies. Our approach of measuring between group cognitive dis-
tances ensures that we bring in adequate knowledge diversity from across multiple stakeholder
groups to harness their collective intelligence. Nevertheless, we did not evaluate whether more
diverse groups improve group task performance.

Finally, our findings have applications for designing inclusive processes and adaptive co-
management practices [23]. Such approaches encourage the participation and involvement of
relevant stakeholders and may enhance the credibility and legitimization of management strat-
egies while resource users, managers, NGOs, policymakers, and scientists bridge their divides
and jointly agree on possible management actions for uncertain ecosystems [73]. Furthermore,
to achieve knowledge co-production, inclusive processes with buy-in from diverse individuals
should also guarantee an increase in the total pool of available knowledge and cognitive cover-
age. Our study assures that involving diverse groups of stakeholders into adaptive co-manage-
ment can also achieve knowledge co-production: the “Iterative and collaborative processes
involving diverse types of expertise, knowledge and actors to produce context-specific knowl-
edge and pathways towards a sustainable future” [24]. However, it worth noting that inclusion
of diverse stakeholder groups with diverging perspectives and knowledge, if not properly har-
nessed, may undermine the success of co-management and knowledge co-production pro-
cesses as conflicts may arise. Importantly, dialogue between different stakeholder groups needs
to be mediated and stakeholder engagement requires extensive facilitation, such that conflict-
ing representations of the system/problem does not reduce the effectiveness or the value of
diversity, but guarantees the creation of between-group synergies.

Supporting information

S1 File. This file includes supporting materials, figures and tables for “Do social identity
and cognitive diversity correlate in environmental stakeholders? A novel approach to mea-
suring cognitive distance within and between groups.”

(PDF)
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Supplementary Material

The case of Western Baltic cod

Cod of the Western Baltic Sea (Fig. S1) is not only ecologically of great importance (i.e.,
predator-prey relationships), also the commercial fishery, which is dependent on this species,
shapes the area of the North German Baltic Sea coast and thus provides a high socio-cultural
variety. In addition, tourism and especially recreational fisheries are main components of the
region, i.e. anglers come from all over Germany to the Baltic Sea coast to catch for cod and

thus have a great influence on the characteristics of this region.

However, the state of the stock is currently outside safe biological limits (ICES, 2019). In order
to ensure a sustainable management of commercial fish stocks like cod in the Western Baltic
Sea, the European Union (EU) has implemented various management measures within the
framework of the Common Fisheries Policy (EC, 2013; EC, 2016). These include, in particular,
the so-called total allowable catch quotas (i.e., TACs). In the specific case of Western Baltic
cod and due to its low stock size, also recreational fisheries are regulated by a fixed daily catch

limit since 2017 (i.e., bag-limit).

However, the level of these two management measures is controversially discussed.
Stakeholders involved (i.e., managers, scientists, environmental organizations) or directly
affected (i.e. commercial fishery, recreational fishery, tourism) have partially strongly divergent
perceptions on the cause of the stock status and so of the appropriate measures which need
to be taken in terms of stock recovery. This state of affairs continues to these days and has

led to hardening fronts between these groups.

In order to investigate how these different perceptions are described and structured, we have
collected and analyzed mental models of different stakeholders from 5 groups, i.e. commercial
and recreational fisheries, NGOs, tourism, scientific experts and management agencies (Table
S1).
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Fig S1. Map of the Baltic Sea region. This map shows the different subdivisions (SD) set by
the FAO. The Western Baltic Sea and thus the distribution area of Western Baltic cod is
represented by SD22-24, i.e. the Belts Sea (SD22), the Sound (SD23), and the Arkona Sea
(SD24). Here, the region of interest is the German coast within SD22-24. [Funk, 2020]
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Fig S2. Cognitive map elicitation. (A) shows how an individual constructed a mental model
in their head. They then participated in an interview process where individuals were asked to
identify relevant concepts (i.e., system components) and their causal relationships, from which
they then drew a concept map representing their mental models about Western Baltic cod
ecosystem and fisheries management (B). Participants’ cognitive maps were digitized after the
interview (i.e. maps were converted to digital weighted directed graphs using
www.mentalmodeler.org) (C) and sent back to the interviewees for validation.
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Table S1. In order to evaluate the perception of the social-ecological system (SES) of the
Western Baltic cod fisheries from the perspective of different stakeholders, participants from 5
relevant groups were interviewed (NGO=non-governmental organization, Com
Fish=commercial fisheries representatives, MV=Mecklenburg-Western Pomerania, Rec
Fish=recreational fisheries representatives, SH=Schleswig-Holstein).

Stakeholder group Description %

Representatives of i) commercial fisheries at national and
state level (i.e., manager of fishing cooperative, commercial
Com Fish & Rec Fish fishers from MV and SH) and ii) Representative of the 33,3
recreational fisheries at national and state level with focus
on sea angling

Representatives of i) marine protection of the Baltic Sea at
NGO regional, national and international level, ii) local fisheries  18.2
in SH and iii) certification of commercial fisheries

Officials focusing on i) catch quotas, ii) fisheries
management at international and national level, and iii)
nature conservation as well as iv) angling tourism at
regional level

Managers 18.2

Academics with research focus on i) economy of
commercial fisheries, ii) Baltic fish ecology, iii) Baltic
fisheries management and iv) gear development in
fisheries

Members of tourism associations at regional level with
focus on i) the promotion of regional angling tourism or ii)
tourism activities in nature, as well as iii) manager of a
fishing store

Scientific experts 18.2

Tourism 12.1

Additional references

EC (2013). Regulation (EU) No 1380/2013 of the European Parliament and of the council of

11 December 2013 on the Common Fisheries Policy, amending Council Regulations
(EC) No 1954/2003 and (EC) No 1224/2009 and repealing Council Regulations (EC)
No 2371/2002 and (EC) No 639/2004 and Council Decision 2004/585/EC.

EC (2016). Regulation (EU) 2016/1139 of the European Parliament and of the Council of 6

July 2016 establishing a multiannual plan for the stocks of cod, herring and sprat in the
Baltic Sea and the fisheries exploiting those stocks, amending Council Regulation (EC)
No 2187/2005 and repealing Council Regulation (EC) No 1098/2007.

Funk, S. 2020. Spatio-temporal distribution, food intake and growth of cod (Gadus morhua L.)
in the Western Baltic Sea. (Doctoral thesis, University of Hamburg, Germany).
ICES (2019). ICES Advice on fishing opportunities, catch, and effort Baltic Sea ecoregion. Cod

(Gadus morhua) in subdivisions 22-24, western Baltic stock (western Baltic Sea).

Copenhagen.
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3. SUMMARY

Considering humans as part of the ecosystem has significantly increased in importance in
recent decades. The understanding of a system as a social-ecological system (SES), i.e. the
emphasis that not only ecological components interact within in a system, but also social
components influence ecological ones and vice versa, has become increasingly important
(Ostrom 2009, Partelow 2018). Particularly in natural resource management (Reed 2008, Long
et al. 2015, Stephenson et al. 2016, Alexander et al. 2019) and concerning governance issues
(Jentoft & Chuenpagdee 2009, Burns et al. 2011, Birnbaum 2015), this understanding goes
hand-in-hand with the inclusion of resource users and interest groups, so-called stakeholders,

who are part of, influenced by, dependent on, or affect the system.

Today, the involvement of multiple stakeholder groups is an important pillar in fisheries
legislation worldwide (e.g., European Union, EC 2013), United States of America (Jones &
Seara, 2020)), and has become increasingly important in scientific research (e.g., Mackinson
et al. 2010, Aanesen et al. 2014, Steins et al. 2019). The latter addresses, for example,
stakeholder perceptions (Gray et al. 2012) and the exploration as well as integration of different
knowledge types into fisheries management (Folke 2004, Daw 2008, Figus et al. 2017, Steins
etal. 2019). Moreover, studies on the structure of social networks in the context of stakeholders
involved in or affected by environmental management are of central importance exploring, for
example, questions of power and interdependence (Bodin & Crona 2009, Bodin et al. 2019).
This is accompanied by concerns about the ‘appropriate’ inclusion of resource users and
interest groups in institutional structures of natural resource management and its underlying
governance (Burns & Stéhr 2011, Birnbaum 2015, Stepanova 2019).

In natural resource management and governance, it is crucial to know i) who the relevant
stakeholders are, how they perceive the SES they are part of and what knowledge informs this
understanding, ii) how stakeholders are incorporated into the management network and what
structures characterize them, and iii) how a common-pool resource, such as a fish stock, can
be managed by multiple stakeholders with what structures need to be in place to do so (i.e.,

knowledge and power-sharing).

We conducted a literature review to answer the above questions, with the objective of
examining how stakeholders are generally defined, who is considered a relevant stakeholder
in the context of coastal and marine fisheries management, how their methodological
involvement is described, and what the underlying intention is (Study I). At the time of data
collection, there was a sharp increase in the number of scientific papers addressing the topic
of stakeholder participation. We disclosed that many papers lack a more precise definition of

who is considered a stakeholder and what is understood by participation. A particularly critical
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aspect is that in half of the studies, stakeholders were only used for research purposes and
actual participation in the sense of the definition (participation with the aim of contributing to
management) has not taken place. Moreover, we found that in some cases stakeholders
involved are not or only vaguely described (e.g., term stakeholder is often used as a buzzword

only) resulting in reduced reproducibility and limited opportunities for further research.

Using an online survey questionnaire, we conducted a comprehensive identification of
stakeholders affected by and involved in the Western Baltic (WB) cod fisheries. Based on
various categories, we selected from these a number of stakeholders representing commercial
fisheries, recreational fisheries, environmental non-governmental organizations (eNGOs),
tourism, administration, and science. In total, we conducted 33 interviews with relevant
stakeholders of the WB cod fisheries system. To reveal the individual perceptions on WB cod
fisheries, we used the mental model approach that has been established in SES research
(Study II). The results of the study show a different understanding of the system among all six
stakeholder types. Both social and environmental system components differ in their number in
the overall system, and in their individually defined definitions and units of measures. The latter
was determined to enable a dynamic mapping of the system. It should be particularly
emphasized that the definitions and units of measure of the social components vary to some
extent significantly between the stakeholder groups, but also within the respective groups.
There is a need to take differing perceptions of a multitude of stakeholders involved in natural
research management into account. This is to promote understanding between the various
groups, but more importantly to increase the acceptance of management decisions to enable

the sustainable exploitation of natural resources such as fish stocks.

We conducted further interviews with relevant representatives from commercial fisheries,
eNGOs, recreational fisheries and administration, with the aim to explore WB cod in the context
of its underlying fisheries management, and to learn the different stakeholders’ description and
perception of problems and improvements (Study lll). Here, we identified a comprehensive
range of knowledge types (e.g., tacit knowledge, local ecological knowledge, non-knowledge)
representing WB cod in its multi-faceted aspects. It can also be seen that, especially the
perceptions of the current stock (here related to the stock recruitment) and even more so in
the perception of its future development opinions differ greatly, ranging from “cod is on the
mend” to “on the verge of collapse”. Our comprehensive analysis also shows the multi-layered
uncertainties in WB cod evaluation and its related influencing parameters, such as climate and
marine mammals. Furthermore, this study shows strong stakeholder criticism towards EU
fisheries management, not only from the perspective of commercial fisheries (e.g., short-term

measures, insufficient catch quotas) but also from the perspective of eNGOs (e.g., non-
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transparency of quota setting with regard to scientific advice) and science (e.g., lack in
implementation of MSY levels). But concerns are also raised by stakeholder groups regarding
science, which acts as an advisory body for fisheries management, by all stakeholder groups,
implying scientific evidence is too insecure to provide precise stock assessments (e.g., natural
mortality rate of cod). Recognition and integration of multiple types of knowledge in fisheries
management can enhance sustainable use of natural resources by increasing trust among
stakeholders and thus the acceptance of management decisions. Institutionalization of
participatory processes, especially at the local level, is necessary to recognize knowledge-
sharing across multiple stakeholders, and to initiate power-sharing to involve resource users

and interest groups in the management of WB cod.

We explored the relationship between social identity and cognitive diversity among
stakeholders (e.g., commercial fisheries, eNGOs, administration) interacting with a shared
resource system through the combination of approaches from complex network science, graph
theory, and cognitive mapping (Study IV). The results suggest that groups with greater identity
diversity also exhibit greater cognitive diversity, as evidenced by different characteristics of
their cognitive maps representing their understanding of the WB cod fisheries system.
Specifically, cognitive distances between groups are greater than cognitive distances within
groups. Moreover, cognitive diversity of socially diverse individuals (i.e., intergroup pairs) is
shown to be statistically significantly higher than cognitive diversity of socially homogeneous
individuals (i.e., intragroup pairs). Our study shows that higher cognitive coverage may lead to
a more complete, accurate, and innovative understanding of the complex resource dynamics
of the WB cod. Thus, the measurement of cognitive distances may contribute to the
understanding of similarities within social groups, and enable innovative approaches to
measure group-specific cognitive biases as well as to identify different knowledge types.
Involving diverse stakeholders in natural resource management can therefore contribute to a
better understanding of the complexity of resource systems and may help to address and solve

conflicts.
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4. DISCUSSION

The wickedness in fisheries management

Natural resource management is generally characterized by a multitude of affected and
involved stakeholders such as diverging perceptions of the resource condition and the
surrounding system (e.g., system components and their interactions) and the respective
management (e.g., number and strength of management measures) (Jones & Seara 2020).
Diverse knowledge and assumptions, as well as economic dependencies and cultural
identities, frame this complexity and transform natural resources such as fish stocks into a
dynamic and complex system that makes it difficult to implement the ‘right’ management,
making fisheries management a ‘wicked problem’ (Jentoft & Chuenpagdee 2009, DeFries &
Nagendra 2017, Jones & Seara 2020, Hare 2020).

Rittel and Webber (1973) introduced the term ‘wicked problem’, meaning a complex and tricky
problem that is symptom and cause of other problems, difficult to grasp and solve in its entirety,
not least due to the large numbers of involved stakeholder and their diverging perceptions,
knowledge or interests (Jentoft & Chuenpagdee 2009, Hare 2020). The definition of a problem,
as Jentorf and Chuenpagdee (2009) argued, is already a ‘wicked problem’, arising from the
multitude of stakeholders involved in the management, their interaction and their construction
of the system as well as its components. Study Il and Ill show in part very different designs of
the Western Baltic (WB) cod fisheries system and its underlying management. Marine
mammals (e.g., seal, harbor porpoise) and seabirds (e.g., cormorant), which are described
and incorporated into the system as protected goods on the one hand, are characterized as
enemies of the fisheries on the other hand. An increasing population of seals, harbor porpoise
and cormorants means loss of income and more work for the fisher, if they end up being caught
as bycatch. Conversely, stakeholders from environmental non-governmental organizations
(eNGOs), for example, describe the increasing population of marine mammals and seabirds
as a positive impact on the ecosystem and as sign of a good environmental status. The
construction of the problem i) the negative impact of marine mammals and birds on catch, and
ii) the negative impact of the fisheries on marine mammals indicates one of the many ‘wicked
problems’ in fisheries management of the WB cod. Thus, the definition of the problem itself is
subject to individual descriptions and integrations into the respective system, which slows
down or even hinders the identification of appropriate measures to address the problem
(Jentoft & Chuenpagdee 2009, Hare 2020). High variability in the definition of system
components and their measurable integration into the WB cod fisheries system itself must also
be emphasized here (results from Study Il). The social components in particular are subject to

high variability, indicating the complexity of managing a social-ecological system.
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Especially, the integration of the fisheries sector into the system reveals intriguing insights into
the system understanding in general and the entire problem domain. In terms of interaction
with other system components, it makes a big difference whether the focus of the fisheries is
on the gear (e.g., trawl, gilinet), the type of income (e.g., primary or secondary), or even the
impact on the system (e.g., industrial fisheries). While gear may have an impact on other
ecological components, such as harbor porpoise (e.g., bycatch), fisheries, when defined by its
income type solely, does not necessarily have an impact on the named species. Even whether
a stakeholder is talking about predation on a fish stock in general, or about predation by marine
mammals or by seabirds, seals, harbor porpoises, or cormorants indicates a great diversity in
the perception of the system, its interactions and dynamics. Most significantly, it demonstrates
potential problems in interaction (and communication) between stakeholders that could pose

challenges to management (Burns & Stéhr 2011, Aanesen et al. 2014).

The results of the mental model study also display differences in the identification of system
components and their interactions, including definitions and units of measure of components,
between and within the relevant stakeholder groups such as commercial fisheries, eNGO and
administration. Deciding who is a stakeholder in fisheries management thus affects how the
system is generally framed, what problems are defined and characterized in the process, and
what recommendations for management measures are made (Burns & Stohr 2011, Kraan et
al. 2014, Aanesen et al. 2014, Stephenson et al. 2016, Jones & Seara 2020). General,
stakeholder involvement has positive effects, such as complementing scientific information
with local ecological knowledge (LEK), traditional ecological knowledge (TEK) (Folke 2004) or
fishers’ ecological knowledge (FEK) (Daw 2008, Figus et al. 2017, Funk et al. 2020). But it can
also slow down or even hinder the finding of solutions due to different perceptions on a problem
or conflict and the management measures to be taken (Aanesen et al. 2014, Long et al. 2015,
Linke & Jentoft 2016).

Fisheries management is already complex enough to promote sustainable management (Levin
et al. 2013, Aanesen et al. 2014). In addition, new measures may also lead to the involvement
of additional resource users or interest groups, increasing the complexity of fisheries
management. Using the example of the WB cod, the implementation of the so-called bag limit
in 2017, through which the recreational fisheries as well as the tourism sector became involved
in the fisheries management discussion as further stakeholder groups, can be highlighted here
(Eero et al. 2014, EC 2016). This complexity in understanding the system (including its
interactions and dynamics), and differences in the value of the group-specific interaction with
the system and the criticism of its measures taken, is clearly evident in the results from the
mental model analysis (Study Il) and the comprehensive analysis of expert interviews (Study
). At first glance, both recreational and commercial fisheries seem to have similar interests

in the system: i) the removal of fish, ii) the closeness to nature, and iii) the freedom that
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everyone can enjoy with it. However, when it comes to finding a common solution to restore
sustainable management of the WB stock, both groups accuse each other of overfishing the
stock in the past. It is said, that recreational fisheries is the least harmful method of catching
fish, whereas trawl or gillnet fisheries negatively affects marine ecosystems through destroying
bottom-dwelling organisms or bycatch of marine mammals, respectively. The commercial
fisheries, on the contrary, argues that they earn their salary by catching fish, but recreational
fisheries is only considered a hobby, which should be taken into account when implementing
appropriate management measures. In addition, there is the economic value of fishing and
tourism compared to commercial fisheries. According to stakeholders, angling tourism can
generate five times as much as the commercial fisheries. Yet the tradition and culture of the
fisheries sector shape and characterize many regions along the Western Baltic coast and

contribute to the economic value of the regions.

Moreover, climate change and its impact on marine ecosystems, such as the species shifts
and thus new species in the respective system (Pinsky et al. 2020), raise new questions
towards fisheries management (Mdéllmann et al. 2021) and may lead to increasing complexity
and the difficulty taking appropriate measures (Levin et al. 2013, Pinsky et al. 2018,
Bruckmeier 2019, Maureaud et al. 2020). Maureaud et al. (2020) indicate that EU fish stocks
are already managed by several countries through the classification of management areas,
but the management of transboundary migratory species requires special adaptations such as
temporal and spatial monitoring of species, by combining several regional surveys. The study
by Mélimann et al. (2021), with a specific focus on the WB cod, shows that decades of
overfishing and the effects of climate change led to a tipping point in the WB cod fisheries,

which poses new challenges for the management of this species and its fisheries.

In a nutshell, a variety of different ‘wicked problems’ were identified in fisheries management
of WB cod: i) the definition of a problem, ii) the definition of system components and their
interactions as well as its variations across and within relevant stakeholder groups, and iii)
additional management measures or stressors. In this context, it should be emphasized that
these are only some of many ‘wicked problems’ in the management of fish stocks.
Consequently, ‘wicked problems’ in fisheries management become a constant challenge for
managers and policy makers, with the assumption that it is difficult or in some cases even
impossible to find an appropriate solution for everyone (Jentoft & Chuenpagdee 2009, Hare
2020). Hereby, each solution benefits one or multiple groups, but in the course of fish stock
management it never benefits all, as the interest in and the knowledge about the system its
components are sometimes very heterogeneous (Aanesen et al. 2014, Aminpour et al. 2020).
Thus, it is the task of managers and policy makers to achieve a balance between ecology,
economy and social issues to, for example, align sustainable fish status, the safety of the

fisheries sector with the prevention of cultural identity of local communities.
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Conflict resolution through stakeholder engagement

‘Wicked problems’ can, by definition, generate long-lasting conflicts because the solution to a
problem itself is not easily achieved, and in some cases even impossible (Adams et al. 2003,
Jentoft & Chuenpagdee 2009, Hare 2020). Since natural resources are used by stakeholders
with heterogeneous interests, values, beliefs, and interdependencies (Binder et al. 2013,
Sterling et al. 2017, Arlinghaus et al. 2021), conflicts can be seen as a natural part along with
their use and management (Adams et al. 2003, Jentoft 2017, Stepanova 2019). This can lead
to divergent perceptions about the system, its interactions, and its dynamics (Gray et al. 2012,
Aminpour et al. 2020), causing differences in the understanding of existing problems (e.g.,
declining fish stocks) and management actions to be taken to, for example, manage a fish
stock back to a sustainable state (Adams et al. 2003, Steins et al. 2019, Van Hoof et al. 2019).

Conflicts are here defined as non-violent (e.g., not determined by wars) and in parts coastal
and locally specific (Stepanova 2019). In the context of natural resource management, these
conflicts can be diverse, complex and in parts interlocked (Bruckmeier 2019, Dahlet et al.
2021). According to Bruckmeier (2019), resource and spatial conflicts can be categorized as
follows: (i) conflicts over soil, water, air pollution, and other environmental damage; (ii) conflicts
within and between different interest groups sharing the same resource; (iii) conflicts over
access to and use of natural resources; (iv) conflicts caused by illegal use of natural resources
or land (Bruckmeier 2019, Mendenhall et al. 2020, Arlinghaus et al. 2021).

The Western Baltic Sea (WBS), and in particular WB cod fisheries system is complex and
further characterized by multiple conflicts for space and resources existing among stakeholder
groups that are part of the system (e.g., Burns & Stohr 2011, Arlinghaus et al. 2021). However,
due to the declining biomass of main target species, for example WB cod (ICES 2021,
Mélimann et al. 2021), the resource fish is becoming limited and conflicts over resource and
space continue to increase (Mendenhall et al. 2020, Arlinghaus et al. 2021). In this regard, the
WBS is characterized by a multitude of affected and involved stakeholder groups and thus by
different interests regarding the resource and the space, but also by diverging perceptions
about existing conflicts, and how they should be solved (Jones & Seara 2020). The problems
and associated tensions between commercial fisheries, recreational fisheries and eNGOs
have dominated the WBS for decades (Arlinghaus et al. 2021), but conflicts have greatly
intensified due to the impact of climate change as well as declining yields in fisheries
(Blenckner et al. 2015, Moélimann et al. 2021). Conflicts have also become increasingly serious
within the fisheries sector in recent years, for example, between high-seas and small-scale
coastal fisheries, as well as between full-time and part-time fishers. Resource scarcity, not only
for cod, the increasing designation of marine protected areas and wind parks and the thus

reduced space in which fishers can pursue their craft, are just some of the reasons.

168



As described earlier, conflicts are part of a system in which a resource is shared and interests
are not homogeneous in this regard (Adams et al. 2003, Stepanova 2019). Hence approaches
need to be formulated when these conflicts hinder the implementation of management
measures and thus limit the sustainable exploitation of resources. Therefore, direct
engagement with resource users and interest groups is needed to address these conflicts and
to formulate possible solutions and adaptation options (Gray et al. 2012, Jentoft 2017). The
objectives of conflict management can be either short-term or long-term, but should be
understood as a continuous interactive process linked to the management of natural resources
(Stepanova 2019, Steins et al. 2019). In this course, stakeholder engagement can be
distinguished between formal (e.g., EU advisory councils) and informal (e.g., mediation,
stakeholder dialogues) forms as well as between knowledge-sharing and power-sharing (Linke
& Bruckmeier 2015, Stepanova 2019, Miret-Pastor et al. 2020) (Figure 5).

FORMAL KNOWLEDGE-SHARING FORMAL POWER-SHARING

>

S

E

(o)

3 Knowledge exchange across Distribution of power among
stakeholders without the legal stakeholders involved in the
obligation to mtegrate this design and implementation of
knowledge into the management management and its decision-
of natural resources and decision- making processes (non-legally-
making processes binding)

Example Example
Phone call, email, stakeholder EU Advisory Council

diaolog

Influence

Figure 5. Conflict resolution through stakeholder engagement. Simplified figure using the
example of EU fisheries, showing the different forms of conflict resolution in management and
decision-making processes: i) informal knowledge sharing (light blue), ii) informal power
sharing (light orange), iii) formal knowledge sharing (blue), and iv) formal power sharing

(orange) (EU=European Union, FLAGs=Fisheries Local Action Groups).
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Numerous studies in the context of fisheries research demonstrate that the disclosure and
recognition of knowledge between stakeholders can help to reveal the different perspectives
on the system (Stier et al. 2016, Stephenson et al. 2016), and thus increase the acceptance
of management decisions which contributes to sustainable use of natural resources (Aanesen
et al. 2014, Jones & Seara 2020) (Figure 5, informal knowledge-sharing, formal knowledge-
sharing). Through a participatory modeling approach, as well as conducting interviews, we
revealed diverse knowledge types and demonstrated various perspectives on the WB fisheries

system and its underlying management (informal knowledge-sharing). Moreover, we have

been interviewing both local and national stakeholders, allowing us to view the system, its
interaction and dynamics from different levels of governance. But, the integration of such
knowledge, which is considered relevant to support sustainability, is not necessarily
implemented in management or decision-making processes (Linke & Bruckmeier 2015,
Stephenson et al. 2016). In particular, traditional ecological knowledge (TEK), local ecological
knowledge (LEK) and fishers’ ecological knowledge (FEK) provide valuable information about
the system and its dynamics, essential for the implementation and outcome of management
(Jentoft et al. 1998, Folke 2004, Jentoft & Chuenpagdee 2009, Steins et al. 2019, Funk et al.
2020). The disclosure of this knowledge can be achieved not least by a constant exchange
among stakeholders, based on trust and respect. However, the integration of knowledge
cannot be reached through goodwill and participation alone; institutionalization (legal-binding)
is necessary to support the power relations between stakeholders being part of decision-
making processes (Stepanova 2019). In general, and not on a case-by-case basis, it is only

through power-sharing (informal power-sharing, formal power-sharing) that a greater influence

on decision-making processes through stakeholder engagement can be assumed (Figure 5)
(Linke & Bruckmeier 2015). Particularly noteworthy is the legal-binding power-sharing, as
understood in the concept of co-management (e.g., Murunga et al. 2021), where
responsibilities for management are decentralized and assigned to resource users and interest
groups at various governance levels, but usually at the local level (e.g., Jentoft et al. 1998,
Linke & Bruckmeier 2015). Co-management of fisheries resources has only limited experience
in Europe, and in the specific case of WB fisheries, this approach is open to debate - mainly
because top-down European fisheries management exists, with some of its laws and principles
dating back to the 1980s (e.qg., relative stability) (Baudron et al. 2020, Morin 2020). Moreover,
by construct of the EU, fisheries resources are managed communally, meaning by more than
one country and thus various values, norms and interests associated to the fish stocks and its
surrounded system exist. In the case of the WB cod, besides Germany, Denmark, Estonia,
Finland, Lithuania, Latvia, Poland and Sweden have a share of the total quota. As the concept
of the relative stability is very outdated (Baudron et al. 2020, Morin 2020), some EU member

states, for example Denmark, allow to trade quotas individually (ITQs = individual transferable
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quotas) (i.e., form of formal power-sharing) (Merayo et al. 2018). In Germany, however, this is

prohibited by law, but could be a first right step to give more decision power to the commercial
fisheries about ‘their’ fishing opportunities. Merayo et al. (2018) criticize that the approach of
ITQs is exclusively economically driven, leaving out environmental and social sustainability. In
addition, only economically well-established fishing companies would benefit, disadvantaging
small-scale fisheries that are rich in tradition and culture (Merayo et al. 2018). However, there
are approaches within the EU fisheries management to promote a stronger involvement of
stakeholders and thus contribute not least to conflict resolution (e.g., Advisory Councils (ACs),
Fisheries Local Action Groups (FLAGs)). With the establishment of ACs, for example, the EU
created an instrument at regional level which promotes the dialogue and knowledge transfer

between stakeholders of diverse groups (formal knowledge-sharing) (Linke et al. 2011, Linke

& Jentoft 2016). The institutionalization of stakeholder engagement is intended to address
conflicts between various stakeholder groups and countries which may lead to increased
acceptance of the management measures imposed by the EU (Linke et al. 2011, Linke &
Jentoft 2016). Critically, however, 60% of the seats are allocated to the fishing industry and
the remaining 40% to other groups, such as recreational fisheries, small-scale fisheries and
environmental and nature conservation organizations (Linke & Bruckmeier 2015, Linke &

Jentoft 2016). Very clearly, there is an informal power-sharing i) within the different fisheries

sectors (fishing industry vs. small-scale fisheries), but also ii) between the fishing industry and
conservation organizations. This circumstance subordinates the contribution of knowledge by
stakeholders with fewer seats (informal power) and empowers the knowledge of the fishing
industry. However, even if knowledge-sharing between the stakeholders participating in the
AC is legally binding through the Common Fisheries Policy (CFP), it must be critically
emphasized that the implementation in management or decision-making processes is lacking
(Linke & Bruckmeier 2015, Linke & Jentoft 2016).

To summarize, the EU fisheries management is constructed in such a way in which the
following forms of conflict resolution can be found at EU, national and local level: informal
knowledge-sharing, formal knowledge-sharing, as well as informal power-sharing. Legal-
binding power-sharing, as it is appealed in co-management approaches, is not existent (Linke
& Bruckmeier 2015, Linke & Jentoft 2016). And thus, instruments like ACs remain fig leaves
of politics, giving the impression that resource users or interest groups can actually contribute

and influence decision-making processes.

Conflict resolution of natural resources in general, and specifically of WB cod, should not be
approached with the goal of resolving the conflict in its entirety; rather, goals should be
formulated in stages that are adaptable to potential new challenges or stakeholders involved

in the conflict (Stepanova 2019). Given the norms, values, and cultural realities of local
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communities along coastal areas, the approach to conflict resolution should be considered on
a case-specific basis (Sterling et al. 2017). In doing so, it is first and foremost important to get
a picture of the conflict(s) surrounding the social-ecological system, meaning i) which conflict
needs to be resolved, ii) are there multiple conflicts intertwined, iii) which groups are involved
in this conflict, iv) have there already been initiatives to support conflict resolution, v) how long
has the conflict existed and how hardened is it possibly (Mendenhall et al. 2020, Dahlet et al.
2021, Arlinghaus et al. 2021). The methods of conflict resolution are diverse, ranging from
mediation to participatory modeling and Bayesian Belief Networks (Haapasaari et al. 2012,
Gray et al. 2014, Stier et al. 2016). Games and simulations can also help to look at the system
from a different perspective and contribute to a common understanding across stakeholders
(see Edwards et al. 2019). However, a cooperative, collaborative and participatory way of
working with stakeholders is essential to promote knowledge-sharing, joint learning and, last
but not least, the building or strengthening of trust, thus contributing to conflict resolution
(Stepanova 2019). Conflict resolution should be given time and space to, among other things,
develop a common understanding of the conflict in order to build trust and be able to formulate
goal-oriented solutions across the various stakeholders involved in the conflict. However,
conflicts can also be framed as an opportunity in terms of managing an SES in which

stakeholders can both learn and find common solutions (Lopes et al. 2017).
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5. CONCLUSION

The Western Baltic fisheries are changing: the stock size of important target species such as
herring and cod are decreasing, causing a progressive decline of the fisheries and its lack of
young fishers, leading to the possible loss of tradition and culture and the knowledge

associated with it, meaning the eventual restructuring of fishing communities along the coast.

This thesis focuses on the so-called bread winning fish of the German fisheries — Western
Baltic (WB) cod. Using various methods such as participatory modeling, expert interviews, and
network analysis, my co-authors and | not only explored the diverse knowledge about the WB
cod from the perspective of various stakeholders, but rather this work shows how multifaceted
WB cod, its fisheries, and the surrounding system are. A large number of stakeholders are part
of this system and thus indirectly and directly involved in its changes. We presented the
different problems and conflicts around the system WB cod fisheries, identified and framed by
the different stakeholders. Diverging opinions about the fisheries management in general and
its success exist, but we have also been able to reveal various resource and spatial conflicts

that relate to the system under focus.

However, we have also shown that the WB cod fisheries system is complex and that
stakeholder involvement can be beneficial in exploring this complexity. With disclosing and
acknowledging these various system components, interactions and dynamics, trust among
stakeholders could be strengthened and thus promote the success of various management
measures. The involvement of user and interest groups should not focus exclusively on the
disclosure of knowledge, its recognition and the goal of a common understanding. Rather,
there is a need for additional instances in the future resulting in the participation of stakeholders
in decision-making processes. At the various governance levels (e.g., local level), the focus
today is only on the knowledge transfer, while power-sharing is still treated step-motherly in

the case of Baltic fisheries management.

The Western Baltic Sea is a dynamic system and the adaptation to its current ecological, social
and economic development seems now more important than ever, in order not to lose the
fisheries sector and various elements associated with it. But this adaptation requires a
transdisciplinary approach - which depends not least on the willingness of the stakeholder to

participate and on the possibilities to shape this adaptation.
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- Capturing social network structures —

The interaction and dependence of involved social groups in the
management of Western Baltic cod
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Dear study participant,

in the context of my PhD thesis | am dealing with the fisheries management
of cod (Gadus morhua) in the Western Baltic Sea and the network
structures of involved stakeholders.

The purpose of this questionnaire is to identify those German stakeholders
or stakeholders from abroad (with German representation) and to analyze
their network. In particular, | am interested in how the individual institutions
are connected to each other.

Answering the questionnaire will not take more than 10 minutes of your
time!

In order to maintain anonymity, your data will of course be treated
confidentially. Should you wish to receive the results of the research, you
will have the opportunity to enter your e-mail address at the end of the
qguestionnaire (note: by entering your e-mail address, no references to the
completed questionnaire will be stored).

Thank you for your participation and support.

Heike Schwermer.

Contact person

Heike Schwermer

University Hamburg, Institute for Marine Ecosystems and Fisheries Science
Grosse Elbstralle 133

22767 Hamburg

Tel.: 04042838 - 6658

E-Mail: heike.schwermer@uni-hamburg.de
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Definition of relevant terms
Network

"From the perspective of social network analysis, networks are defined as actors who
are connected to each other through relationships," (Kilduff & Tsai 2003)."

Institutions

"Institutions are the humanly devised constraints that structure political, economic and
social interaction. They consist of both informal constraints (sanctions, taboos, customs,
traditions and codes of conduct) and formal rules (constructions, laws, property rights),”
(North 2003)*.

According to this, an institution describes the formal and informal rules of a society that
define incentive structures for political, economic and social interaction.

For the sake of simplicity, within the questionnaire the following terms are grouped under
institution: ministry, agency, board, university, institute, institution, federal government,
association, community. Commercial fisheries and recreational fisheries are also
described here by the term institution.

Interest group

The term interest group covers the institutions that represent similar to the same
interests. In the following questionnaire, six interest groups are distinguished: science,
environmental non-governmental groups, commercial fisheries, tourism, politics and
administration.

! Kilduff M., Tsai W. (2003). Social networks and organizations. SAGE publications.

2 North D. C. (1991). Institutions. Journal Article. The Journal of Economic Perspectives. Vol. 5, No. 1: 97-
112.
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1. To which of the interest groups mentioned here do you count your employer?

Note: Please only choose an interest group.

A. Science D. Tourism G. Others:
B. eNGO E. Politics
C. Commercial fisheries F. Administration

2. And to which interest group do you personally belong?

Note: Please only choose an interest group.

A. Science D. Tourism G. Others:
B. eNGO E. Politics
C. Commercial fisheries F. Administration

3. How long have you been employed in the interest group you named in
question 1?

Note: The time of your professional training is not considered here.
A. <1year C.6 — 10 years E. 16 — 20 years

B. 1 -5 years D. 11 — 15 years F. > 20 years

4. In addition to the classification of your employer in the corresponding interest
group, the information in which institution you are employed is particularly
valuable for us.

We would therefore be very pleased if you would note the name of your employer or the
fisheries cooperatives you belong to, below:

5. Please list the institutions you cooperate with most frequently in a
professional context.

Note: Name a maximum of 10 German institutions or institutions abroad with German
representation.

o o0 bd-=
= © © N O
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6. In the following possible institutions in Germany and abroad (with German
representation) are listed.

Please indicate which of the statements applies to the respective institution:

(0) Institution is known to me by name.

(1) The institution's tasks and focus are known to me.

(2) Cooperation with this institution has already taken place.
(3) A cooperation is currently taking place.

Note: The order in which the institutions are listed is based on a rough classification
(i.e., interest group), but not on a gradation of importance.

v

Institution 0| 1|2/ 3| Notknown

ICES

Christian-Albrechts Universitat

IFM GEOMAR

Institut fur Hydrobiologie und Fischereiwissenschaften

Thinen Institut fur Ostseefischerei, Rostock

Landesforschungsanstalt M-V

Baltic Sea Advisory Council

Greenpeace

World Wildlife Fund for Nature (WWF)

Naturschutzbund (NABU) e.V.

Bund fir Umwelt und Naturschutz Deutschland e.V. (BUND)

EUCC - Die Kusten Union Deutschland e.V.

Deutscher Naturschutzring e.V.

Marine Stewardship Council

European Anglers Alliance

AktivRegion Ostseekuste e.V.

Commercial fisheries

Recreational fisheries

Deutscher Fischereiverband e.V.
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Landesfischereiverband S-H e.V.

Landesfischereiverband M-V e.V.

Verband der Deutschen Kutter- und Kistenfischerei e.V.

Landesverband der Kutter- und Kistenfischer M-V e.V.

Deutscher Angelfischerverband e.V.

Deutscher Meeresangelverband e.V.

Angler Verband S-H e.V., Uetersen

Landesanglerverband M-V e.V.

HELCOM, Helsinki (FIN)

Europaische Union (EU), Brissel (BEL)

EU Ministerrat, Brissel (BEL)

EU Parlament, Brussel (BEL)

EU Kommission, Brissel (BEL)

Bundesregierung, Berlin

Bundesministerium fir Umwelt, Naturschutz, Bau und
Reaktorsicherheit (BMUB), Berlin

Bundesministerium fir Umwelt, Naturschutz, Bau und
Reaktorsicherheit (BMUB)

Ministerium fur Erndhrung, Landwirtschaft und Umwelt und
ldndliche Rdume S-H

Landesamt flr Landwirtschaft, Umwelt & landliche Raume
S-H

Landwirtschaftskammer S-H

Ministerium fur Landwirtschaft, Umwelt und
Verbraucherschutz M-V

Landesamt fur Landwirtschaft, Lebensmittelsicherheit und
Fischerei M-V

Wasserschutzpolizei

Umweltbundesamt

Bundesamt flr Naturschutz, Putbus (Vilm)

Bundesanstalt fir Landwirtschaft und Ernahrung, Hamburg

Ministerium fir Wirtschaft, Verkehr, Arbeit, Technologie und
Tourismus S-H

Tourismusagentur S-H

Ministerium flir Wirtschaft, Arbeit und Gesundheit M-V

Tourismusverband M-V e.V.
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7. please name other possible institutions in Germany or abroad (with German
representation).
Please indicate which of the statements applies to the respective institution:

(0) Institution is known to me by name.

(1) The institution's tasks and focus are known to me.
(2) Cooperation with this institution has already taken place.
(3) A cooperation is currently taking place.

Note: Please move to the next question if you can't think of any other institution.

v

=
o
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8. With regard to the management of cod in the Western Baltic Sea, which
institutions should cooperate more closely in the future?

Sample: Institution 1 - Institution 2

Note: Only use the institution that has already been mentioned in the questionnaire.

© NSO RN
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9. And with which institutions would you like to cooperate more strongly in future?

Note: Only use the institution that has already been mentioned in the questionnaire.

6.
7.
8.
9.
10.

o o0bd-=
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10. Would you like to be informed about the research results?

Please enter your email address below:

| would like to thank you for your participation and your contribution to our
research project.

You now have the opportunity to note comments or question:
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Liebe Interviewte,

noch einmal mochten wir uns herzlich fur lhre Teilnahme an dem Projekt
,Erfassung des sozial-Okologischen Netzwerkes des Westlichen
Ostseedorsches mittels mentaler Modelle” bedanken. Erst durch Ihr hohes
Engagement und die Mdglichkeit, uns an Ihrem mentalen Modell teilhaben
zu lassen, konnte die Erhebung in diesem Male erfolgreich durchgefuhrt
werden.

Nun mochten wir Ilhnen die Ergebnisse aus den anderen Interviews nicht
vorenthalten und hoffen lhnen durch diese Zusammenfassung einen guten
Einblick in die mentalen Modelle der anderen Interviewten zu geben. Wie
sehen also Vertreter*innen ,meiner” Gruppe das sozial-Okologische System
des Westlichen Ostseedorsches? Wie nehmen Vertreter*innen anderer
Gruppen das System wahr? Was beeinflusst die Komponenten Dorsch,
Fischerei und Dorschquote?

Dieses Dokument ist so aufgebaut, dass wir lhnen zunachst das
methodische Vorgehen beschreiben (Seite 6). Im Anschluss werden wir
lhnen erste Ergebnisse aus einer derzeit verfassten Publikation
prasentieren  (Seite 9). Aufgeteilt nach den verschiedenen
Interessengruppen (Fischerei, Freizeitfischerei, Umweltschutz, Verwaltung,
Tourismus und Wissenschaft) finden Sie dann eine Vielzahl der Modelle ab
Seite 14 .

Wir haben versucht Ihnen einen maoglichst tiefen Blick in die Ergebnisse zu
geben. Sollten von lhrer Seite noch Anregungen oder Fragen bestehen, so
kontaktieren Sie mich sehr gerne unter der unten genannten Adresse.

Wir winschen lhnen einen interessanten Einblick,

Prof. Christian Mdllmann, Raissa Borgmann & Heike Schwermer

DBUC)
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1. Vorbereitung

2. Erklarung

3. Identifizierung

4. Mapping

5. Kommunikation

Eine Woche im Voraus erhielten die Beteiligten ein Handout, welches
das Ziel des Projekts erlauterte und eine Erklarung zu sozial-
Okologischen Systemen und mentalen Modellen gab. Ferner wurde
das Vorgehen der Datenerhebung beschrieben und eine Definition
der drei Ausgangskomponenten Dorsch, Fischerei und Fangquote
beigefugt.

Zu Beginn eines jeden halbstrukturierten Interviews gingen wir das
Handout durch und beschrieben ausfuhrlich, wie wir bzgl. der
Erfassung des mentalen Modells vorgehen werden; nach der
Projektbeschreibung zu Beginn wurden die Interviewten gebeten,
sich vorzustellen und zu beschreiben, wie lhre Arbeit mit Dorsch in
der westlichen Ostsee in der Vergangenheit aussah und wie lange
sie hierzu schon arbeiten.

Um die Erhebung ihres mentalen Modells zu starten, wurden den

Interviewten zwei Fragen gestellt, :

1. Wenn Sie an den Kabeljau in der westlichen Ostsee denken,
welche Komponenten kommen lhnen in den Sinn? (Definition der
Komponenten);

2. Wie ist das Verhaltnis zwischen diesen Komponenten?
(Beschreibung der Verbindungen zwischen Komponenten). Die
Komponenten (max. 20) konnten entweder sozialer, 6kologischer
oder 6konomischer Natur sein.

Das Vorgehen hinsichtlich der Visualisierung des mentalen Modells
war den Interviewten Uberlassen; a) alle Komponenten aufschreiben
und anschlieBend miteinander verbinden; b) Fragen 1 und 2
kombinieren. Hierbei war es wichtig, dass eine Definition der
Komponenten sowie die Maldeinheit dieser beschrieben wurde. Um
die Beziehung zwischen Komponente A und B zu beschreiben, muss
von einer Erhohung der beeinflussenden Komponente A
ausgegangen werden, um die Wirkung auf die beeinflussenden
Komponente B zu beschreiben. Hierbei kann es entweder zu einer
Erhdéhung (+) oder einer Absinkung (-) dieser kommen.

Am Ende des Mappings wurde dem Interviewten eine Liste von
Komponenten (Pradation, Beute, Umweltfaktoren, andere Fische,
Freizeitfischerei, Tourismus und eNGO) vorgelegt. Diese basieren
auf einem Vorabtest mit Wissenschaftlern der Universitat Hamburg.
Die Komponenten wurden immer in der gleichen Reihenfolge
vorgeschlagen und konnten entweder akzeptiert oder abgelehnt
werden.

Fir die Erstellung der mentalen Modelle wurden folgende Materialien
verwendet: a) Whiteboard, b) Tafelmarker, c¢) laminierte
Komponentenkarten (vordefiniert, leer).

Drei Tage nach dem Interview wurde dem Befragten eine
digitalisierte Version des eigenen mentalen Modells per E-Mail
zugesandt; zur Visualisierung verwendeten wir die Software
MentalModeler. Die Befragten hatten die Mdglichkeit, ihr mentales
Modell zu andern oder zu erweitern.



1. Datenerhebung

1. Vorbereitung 4

=

2. Erklérung [ (@ ][@éﬁ][vﬁ]

3. Identifizierung

4. Mapping

5. Kommunikation

Abbildung 2.

Der 5-stufige Ansatz wurde verwendet, um die Wahrnehmung (mentale Modelle) der
Interviewten in Bezug auf das sozial-Okologische System des westlichen
Ostseedorsches zu beschreiben: 1. Vorbereitung (Handout: Vorbereitung auf die
Datenerhebung), 2. Erklarung (Beschreibung aller wichtigen Informationen fir die
Datenerhebung), 3. Identifizierung (Aktivierung des mentalen Modells des Interviewten),
4. Mapping (Graphische Darstellung des mentalen Modells des Interviewten durch
Komponenten und Beziehungen) und 5. Kommunikation (digitalisierte Karte wurde an
den Interviewten geschickt, um nach Anderungen und/oder Zufriedenheit zu fragen).



Interviewpartner*innen

Im Zeitraum vom 09.02.-10.04.2019 fuhrten wir eine Datenerhebung durch,
die zum Ziel hatte, die Wahrnehmung verschiedener
Interessenvertreterinnen auf das sozial-Okologischen Systems des
westlichen Ostseedorschs zu erfassen. Die Auswahl der Interviewten basiert
auf funf von uns festgelegten Kriterien: i) Interviewte ist Teil einer deutschen
Institution/Verein, ii) Interviewte hat an der vorangegangenen Studie zur
sozialen Netzwerkanalyse der Dorschfischerei in der westlichen Ostsee
teilgenommen, iii) Interviewte besitzt eine langjahrige Erfahrung (> 5Jahre)
auf dem untersuchten Gebiet, iv) Job-Position und v) Interviewte ist verfugbar
in dem von uns festgesetzten Zeitraum. Mindestens vier der beschriebenen
Kategorien musste hierbei erflllt sein.

Die 33 Interviewten dieser Studie sind Vertreterinnen aus 6
Interessensgruppen: Fischerei, Freizeitfischerei, Verwaltung, Tourismus,
Wissenschaft sowie Umweltschutz. Jede Gruppe ist hierbei durch ein
sogenanntes Piktogramm dargestellt und wir Sie durch das Dokument
begleiten.

N=7

/Fischerei

N=6(’o
e




2. Ergebnisse

A Strukturelle Analyse

a) Beziehung/ Komponente b) Soziale Komponenten c) Okologische Komponenten

201 ‘
.

|
— NGO —— Freizeitfischerei — Wissenschaft
|
|
— Fischerei — Verwaltung —— Tourismus
|

Interessengruppe

Im Zuge der Auswertung haben wir sowohl eine strukturelle Analyse
der mentalen Modelle wie auch eine inhaltliche Analyse dieser
durchgefuhrt.

Die Analyse der Struktur wird hier beispielhaft durch die Male
a) Beziehung/Komponente, b) Anzahl sozialer Komponenten sowie
c) Anzahl Okologischer Komponenten dargestellt. Eine umfassende
Strukturanalyse wurde von Raissa Borgmann vorgenommen und
umfasst neben einer Netzwerkanalyse vor allem eine Clusteranalyse.

Was wird deutlich?

Weder zwischen den Gruppen noch innerhalb der betrachteten
Gruppen sind klare Muster zu erkennen.

Das heil3t, es gibt keine Gruppe, die sich durch das Verhaltnis
Beziehung zu Komponente, Anzahl sozialer oder Anzahl 6kologischer
Komponenten von den anderen stark unterscheidet. Auch die
Clusteranalyse zeigt, dass es keine klaren Muster hinsichtlich der
Struktur der mentalen Modelle gibt.




Komponenten und die verwendeten Synonyme

Alle mentalen Modelle sind in diesem Dokument in der Form, raumlich wie auch
in der sprachlichen Formulierung dargestellt, wie sie durch die Interviewten

festgelegt wurden.

Interessant ist, dass fur einige Komponenten mehrere Begriffe definiert wurden,
d.h. a) Verwendung der Mehrzahl, b) Erganzung durch weitere Begriffe, c) Begriff
als Person oder aber d) Verwendung eines ,neuen” Begriffs. Folgende Tabelle

zeigt lhnen einige dieser Komponenten:

Freizeitfischerei

eNGO

Wissenschaft

Arbeitsplatze

Salzwassereinstrom

Nahrung

Pradation

Temperatur

Angelfischerei
Angler
Brandungsangler
Freizeitfischer
Freizeitangler

U-NGO

Okogruppen
Naturschutzverbande
Verbande Naturschutz

Wissenschaftler

Wissenschaft, Forschung
Wissenschaft (Daten, Modelle)
Forschungsinstitute
Wissenschaftsapparat

Jobs (Fisch)
Humankapital

Salzwassereinstrom (02)
Salzwassereinstrome
Einstrom
Nordseewassereinstrom
Wasseraustausch Nordsee
Hydrologie

Wetter, Wasseraustausch

Nahrungsangebot (Adult)
Nahrungsangebot (Larven)
Nahrungsorganismen
Nahrung fiir Dorsch

Pradatoren

Rauber

Fressfeinde

Fralfeinde (Fische)
Fralfeinde (Meeressauger)

Erwarmung Ostsee

Klima, Wassertemperatur
Wassertemperatur
Umwelteinfluss Klimaerwarmung



2. Ergebnisse

B Inhaltliche Analyse

(@)

101

Anzahl der MaBBe

Okologisches System (b) Soziales System (c)

1
104 ' .
1

Anzahl der MaRe
Frequenz [%)]

0 4 8 12 16 20 24 28 32 36 0 4 8 12 16 20 24 28 32 36
Anzahl der Nennungen Anzahl der Nennungen 100% Uneinigkeit 100% Einigkeit

B Okologisch [ Sozial

Die inhaltliche Analyse basiert auf einer qualitativen wie auch einer
quantitativen Auswertung der mentalen Modelle. Wir haben die Messgrole,
welche fur die jeweilige Komponente individuell durch jeden Interviewten
definiert wurde, genutzt, um eine Aussage dartber zu treffen, inwieweit ein
gleiches Systemverstandnis zwischen den Interviewten besteht.

Die Abbildung zeigt eine Unterteilung in die Komponenten des a)
Okologischen Systems sowie des b) sozialen Systems. Die gestrichelten
Linien begrenzen genau den Bereich, fir den ein unterschiedliches
Verstandnis der KomponentenmessgroRen vorliegt. Besteht ein gleiches
Verstandnis so liegen die Datenpunkte auf x=1.

In c) ist der prozentuale Anteil der sozialen wie auch okologischen
Komponenten dargestellt, fur welche ein nicht gleiches (100% Uneinigkeit,
links) und ein gleiches (100% Einigkeit, rechts) Verstandnis vorliegt.

Was wird deutlich?

Das Verstandnis uber die Funktion der okologischen Komponenten ist uber
alle Gruppen deutlich groRer als das Uber der sozialen Komponenten.
Lediglich fir eine 6kologische Komponente (Altersstruktur des Dorsches)
liegen verschiedene Messgroflen vor (1. Anzahl der groRen und alten
Dorsche, 2. Starke der Durchmischung).




Wie lese und interpretiere ich ein mentales Modell?

Jedes Modell wird beschrieben durch i) Komponenten sowie ii) deren
Beziehungen zueinander. Hierbei kann eine Komponente mehrere andere
beeinflussen oder durch diese beeinflusst werden.

Die (digitalisierten) Modelle in dieser Dokumentation sind durch farbige Pfeile
gekennzeichnet und beschreiben sich wie folgt:

—) ZUNahme der Komponente
—— ADNahme der Komponente

Um die Beziehung zwischen den Komponenten zu verstehen, ist jede dieser
durch eine MessgroRe definiert. Diese Messgrdofie wurde individuell durch die
Interviewten festgelegt und wird flr jedes der hier aufgefihrten Modelle
tabellarisch  dargestellt. Es ist immer von einer Zunahme der
einflussnehmenden GréRe auszugehen, um die Wirkung auf die beeinflussende
Komponente zu beschreiben. Folgendes Beispiel:

—

Durch einen Anstieg der Fangquote (A) des westlichen
Ostseedorschs, darf mehr gefangen werden, wodurch der Umsatz,
in der Fischerei (B) steigt.

A) Fangquote wird gemessen an der Hohe der Fangquote.
B) Fischerei misst sich an dem Umsatz der durch den Fang von Fisch
generiert wird.




2. Ergebnisse

Auf den folgenden Seiten finden Sie eine Vielzahl der (digitalisierten)
mentalen Modelle. Bevor die einzelnen Modelle prasentiert und entsprechend
ihrer Hauptcharakteristika beschrieben werden, wird lhnen ein kurzer
Uberblick Uber die relevanten Gruppen Fischerei, Freizeitfischerei,
Umweltschutz, Tourismus, Verwaltung und Wissenschaft gegeben. Hierbei
soll kurz auf die Fragen ,Wie beschreibt sich die Gruppe?“ und ,Was sind die
am haufigsten genannten Komponenten der Gruppe?“ eingegangen werden.

Im Anschluss an diese Kurzbeschreibung wird dann im Detail jedes der
einzelnen Modelle aufgefuhrt. Zu jedem Modell finden Sie neben Eckdaten
aus der strukturelle Analyse eine Tabelle, welche die Komponenten und die
Messgrofden (individuell durch den Interviewten definiert) aufzeigt. Erst
hierdurch konnen die Modelle in ihrer Dynamik verstanden und
nachvollzogen werden.

Durch diese Form der Darstellung wollen wir Ihnen die Mdglichkeit geben, die
Wahrnehmungen und  Sichtweisen anderer  Vertreter*innen lhrer
Interessengruppe, aber auch die der Vertreter®innen anderer Gruppen,
nachzuvollziehen.

1. Welche Komponenten werden genannt?
2. In welcher Beziehung stehen die genannten Komponenten
zueinander?
3. Welche Komponenten sowie deren Definitionen gleichen
denen aus meinem Modell und in welcher Beziehung
stehen sie zu anderen Komponenten des Systems?

Interessengruppen
= 52
Fischerei, Umweltschutz, ‘M Verwaltung,
Seite 14 Seite 41 ' Seite 71
N L ——— \ J
) [ om0 )
® o . .
Freizeitfischerei, Tourismus, ' Wissenschaft,
Seite 31 Seite 53 ‘E Seite 71
L) A

— 18 —



Tourismus

Wir haben 7 Interviews
mit Vertretern*innen aus
der Gruppe Fischerei
gefuhrt.

Hierbei wurden insgesamt

142 Komponenten
definiert (Mittel: 20
Komponenten pro
Interview).




2.1 Fischerei ,

Tourismus, Nahrung und

Freizeitfischerei sind die am haufigsten

genannten Komponenten in der Gruppe

Fischerei.

Durch einen Anstieg der Touristen

(Komponente: Tourismus) werden

sowohl in der Freizeitfischerei (auch:

Angelfischerei) wie auch in der Fischerei

hohere Umsatze erzielt. Ferner kommt

es durch mehr Angler auch zu einer

Starkung der Eigenvermarktung (auch: m
Selbstvermarktung). Tourismus 7
Nahrung (auch: . Nahrungs.anget.)ot Nahrung 5
(Adulte, Larven)) hingegen wirkt sich
positiv. auf den Dorschbestand aus, Freizeitfischerei 5
sprich: je mehr Nahrung, desto hoher  ymweltorganisation 4
die Dorschbiomasse. Eine Erhdhung der 4
Umweltfaktoren Temperatur, Sauerstoff-
und Salzgehalt resultieren in erhdhten  Salzwassereinstrom 4
Nahrungsmengen.

Freizeitfischerei (auch: Angelfischerei,

Angler) wirkt als konkurrierender Nutzer,

heit: je hohe die Entnahmen durch

Angler, je niedriger auch der

Dorschbestand. Dieses bedingt geringe

Fangmengen fur die Fischerei. Eine

Erhdhung der Dorschquote, und eine

damit einhergehende Erhohung des Bag

limits bedingen hingegen die Zunahme

an Anglern.

Salzgehalt




Kormoran

Temperatur

*\
\ 4

Touismes ] [ Nehrung |

Fangmengen

Energieverbrauch,

+

Selbstvermarktung

+ +
. >
Nachhaltigkeit - Okonomie
+
+
Betriebskosten

+ Wetter,
Wasseraustausch
Ostsee
Salzgehalt

Zentralste Komponenten

1.  Dorsch
. Fischerei
3. Sauerstoff, Nachhaltigkeit,

Fangmengen, Fangaufwand

r .
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Betriebskosten
Dorschquote
Energieverbrauch, Emissionen
Fangaufwand
Fangmengen
Fischerei
Nachhaltigkeit
Okonomie
Selbstvermarktung
Selektivitat
Tourismus

Vorschriften

Dorsch
Kormoran
Nahrung
Reproduktion
Robben
Salzgehalt
Sauerstoffgehalt
Temperatur

Wetter, Wasseraustausch

Hohe der Betriebskosten

Hohe der Fangquote

Hohe des Energieverbauchs

Hohe des Fangaufwandes

Hohe der Fangmenge

Hohe der Umsatze in der Fischerei
Hohe der selektiven Entnahme
Hoéhe der Wertschopfung

Menge der selbstvermarkteten Fische
Hohe der selektiven Entnahme
Anzahl der Touristen

Anzahl der Vorschriften

Laicherbiomasse (SSB)
Anzahl der Kormorane
Menge an Nahrung

Anzahl der Rekruten

Anzahl der Robben

Hohe des Salzgehaltes
Hohe des Sauerstoffgehaltes
Hoéhe der Temperatur

Haufigkeit der Einstromevents aus
Nordsee

Sozial

Okologisch



Kutter / Boote

Selektivitat

Nachhaltig
(sozial, 6konomisch,

Altersdurchschnitt
aktiver Fischer
(abnahme)

Beifangereduktion

Reproduktion

+

Nahrungsangebot

(Larven)

Untersuchungs-
ergebnisse
Wissenschaft

“ Empfehlung der
Wissenschaft

Festlegung der
ZielgroBen

Zentralste Komponenten

1. Fischerei
. Dorsch
3. Nachhaltig (sozial, 6kologisch,
Okonomisch)

Informationen zum Netzwerk
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1 @ Okologisch - 7
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Anforderung Naturschutz

Beifangreduktion
Dorschquote

Durchschnittsalter Fischer

Empfehlung Wissenschaft
Erlose

Fahrtgebiet
Fangaufwand
Fanggebietsverlust
Festlegung ZielgroRe
Fischerei
Freizeitfischerei
Kutter, Boote

MSY

Nachhaltigkeit

Nachwuchsfischer
Selektivitat
Tourismus
Quotenverteilung

Untersuchungsergebnisse
(Wissenschaft)

Andere Fische
Dorsch

Elternbestand (Dorsch)
Nahrungsangebot (Larven)
Nahrungsangebot (Adulte)
Pradation

Reproduktion

Salzwassereinstrom

Starke der Naturschutzanforderung

Menge der reduzierten Beifange
Hohe der Fangquote

Starke der Altersverteilung

Hohe der wissen. Empfehlung
Hohe des Umsatz

Flache des Fahrtgebietes

Hohe des Fangaufwandes

Hohe der Verlustflache

Hohe des Bysy.ig