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just can't fix everything. We can give him a hand sometimes." 
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Forty years of research supports a simple, long-standing, evidence based 
scientific consensus: if the integrity of wild salmon is a management 

priority, stocking hatchery fish should be avoided.” 
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Abstract
We investigate drivers of hybridization of local ecological knowledge (LEK) and scientific knowledge (SK) in small-scale
Atlantic salmon (Salmo salar) fisheries in western Norway through a case study from the Ørsta River. We find three primary
drivers of knowledge hybridization in local fishing groups as part of wild Atlantic salmon cultivation activities: facilitating
intergenerational knowledge exchange, coping with regulatory change, and improving the perceived validity of local knowledge
sets. We also identify three challenges to knowledge hybridization, and discuss how both drivers and challenges relate to once
complementary SK and LEK sets that have diverged as SK has become more technical and complex. We examine the processes
by which LEK and SK develop, evolve, and are used to facilitate wild salmon conservation in these fisheries and discuss the role
hatcheries can play adapting and utilizing large-scale SK and salmon policy to the local environment through hybridization
processes. We conclude with recommendations as to how reframing managerial views on hatcheries as facilitators of knowledge
production and transfer may improve both the accessibility of SK to local communities and the integration of LEK into
Norwegian wild salmon management.

Keywords Knowledge hybridization . Local ecological knowledge . Scientific knowledge . Norway . Salmo salar . Salmon
cultivation

Introduction

Over the past 100 years, cultivation practices for wild Atlantic
salmon (Salmo salar) and Pacific salmon (Oncorhyncus) have
undergone significant changes. As studies of salmonids have
developed into a well-established science (Motos and Wilson
2006), fisheries management and conservation practices have
changed to reflect a more specialized and professionalized
approach to salmonid management (Hind 2015), translating
into a shift away from cultivation-as-conservation (Lorenzen
et al. 2012). In Norway and elsewhere, this change has led to a
debate over whose expertise counts and what knowledge

types and traditions should inform salmon management and
conservation. In particular, the divergence of local ecological
knowledge (LEK) systems from scientific knowledge (SK)
systems presents challenges to managers and local practi-
tioners alike as to what knowledge should inform salmon cul-
tivation management.
Local ecological knowledge has commonly been compared

with, or found to contradict, scientific knowledge (Agrawal
1995; Brook and McLachlan 2005). LEK is broadly referred
to as site-specific knowledge of the environment derived from
experiences of a particular group of people (Berkes 2012).
While often used interchangeably with the terms Indigenous
Ecological Knowledge and Traditional Ecological
Knowledge (Ellen et al. 2000), we here use LEK to refer to
ecological experience-based knowledge since the subjects of
this study are not indigenous nor is their knowledge derived
from an ancient tradition. We use SK to refer to a more formal
and explicit process of knowledge acquisition and transmis-
sion, striving for generalizations and replicability in space and
time with the aim of achieving impersonal and unbiased re-
sults (Huntington et al. 2004; Degnbol 2005).
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Multiple studies point to significant differences between
LEK and SK in terms of knowledge acquisition, forms of
knowledge transmission, and degree of particularization, gen-
eralization, and verification of the knowledge involved (Ellen
et al. 2000; Huntington et al. 2004; Mazzocchi 2006; Davis
and Ruddle 2010; Berkes 2012, 2015). In recent decades,
however, a growing recognition of complementarities in these
knowledge sets has developed. Within academic circles as
well as political initiatives, there is increasing acknowledge-
ment of LEK as a credible and valid source of knowledge of
ecological processes, and as valuable in contemporary natural
resource management and decision-making (Brattland 2013;
Tengö et al. 2014; Weber et al. 2014; Berkes 2015; Hind
2015). The multiple ways of categorizing ‘knowledge’ in
studies advocating knowledge integration still leave room
for confusion and divergent interpretations when it comes to
the meaning of LEK and other knowledge terms, as well as
their applicability in environmental management (Raymond et
al. 2010).

Knowledge in Salmonid Management
and Conservation: the Case of Salmonid Hatcheries

The artificial breeding and rearing of salmonids and subse-
quent stocking into natural watersheds was a starting point
for science-based, modern fisheries management in most
countries draining to the North Atlantic as well as the North
Pacific oceans (Bottom 1997). This knowledge, coupled with
clear policy objectives to increase yield and provide economic
benefits, established a solid platform for cooperation between
scientists and managers at the national or regional level and
local practitioners, often with the aim of enabling local prac-
titioners to manage hatcheries (Berg 1986).
In Norway, national freshwater fisheries authorities were

directed to address Bapplied, practical inquiries^ (Berg 1986:
80). In addition to a focus on hatcheries, fish ladder construc-
tion and tagging experiments were typical activities for man-
agers and applied fisheries scientists until the 1970s (ibid.).
New scientific knowledge emerging during the 1970s – 1980s
indicated that salmonids have genetically distinct populations
due to their homing behavior, leading to local adaptation to
specific catchments (Ryman and Utter 1987; Garcia de Leaniz
et al. 2007; Fraser et al. 2011). Knowledge on how salmon
biodiversity can be threatened by the introduction of conspe-
cifics from non-native origins led to regulations and guide-
lines recommending reduced stocking and transfer of salmo-
nids (North Atlantic Salmon Conservation Organisation
2006). Despite these changes, stocking of salmon in natural
watersheds continues to varying degrees, ranging from sup-
plementation of natural stocks to reintroduction of extinct na-
tive populations (Lorenzen et al. 2012). Today, human prop-
agation of salmonids remains a complicated issue for fisheries
managers (Lorenzen et al. 2012; Sandström 2010).

The Norwegian Environment Agency (Miljødirektoratet),
Norway’s fish and wildlife management authority, is the pri-
mary agent for the aggregation, dissemination, and utilization
of scientific knowledge for wild Atlantic salmonmanagement,
and for establishing regulations for cultivation hatcheries and
issuing permissions to operate. The updated BGuidelines for
stocking of anadromous salmonids^ from 2014 (Norwegian
Environment Agency 2014) provides directions for the culti-
vation and stocking of salmon in Norway. This is in line with
the decentralized nature of Norwegian salmon management
policy aimed at empowering regional officials such as county
governors to implement broad policies at local scales, and
local river owner organizations to manage and implement
local-level decisions.
The guidelines (ibid.) put emphasis on avoiding stocking

cultivated salmon when natural recruitment is sufficient, and
prioritize habitat restoration over cultivation. If cultivation is
approved, there are strict rules for the use of local, wild
broodstock, which include genetic testing and broodstock col-
lection protocols (ibid.). Optimizing genetic diversity of the
broodstock (e.g., avoiding using few males), and avoiding
domination of cultivated fish over the naturally recruited com-
ponent through careful computation of so-called effective
population size are key responsible cultivation objectives
(Grant et al. 2017). The 2014 guidelines also prioritize stock-
ing individuals at the earliest life stage possible (e.g., fertilized
eggs over smolts) to minimize any selective impacts of the
hatchery environment (Karlsson et al. 2016).
The focus of our research presented here is how small-

scale, voluntarily operated salmon hatcheries are managed,
and the knowledge sets that inform that management. After
a long period of coherence between SK and LEK resulting in
an unequivocally positive judgment of hatcheries, the last sev-
eral decades have seen the evolution of SK toward a much
more critical view on hatcheries and their role within conser-
vation. LEK holders, meanwhile, maintain their original view-
points that hatcheries can play an important role in allowing
local salmon practitioners to engage in conservation and adapt
large-scale SK and salmon policy to the local environment.
The divergence of these respective viewpoints on hatcheries
has left hatchery practitioners in a power struggle to maintain
the validity and usefulness of their knowledge.

A Practice-Oriented Perspective on LEK
and Knowledge Hybridization

LEK has long been a staple in locally managed fisheries, de-
rived from and used through experiential, place-based knowl-
edge about fishery environments. Positive working relation-
ships between fishers and management authorities have been
identified as fostering effective fisheries management (Motos
and Wilson 2006; Hill et al. 2010; Mackinson et al. 2011). In
Norway, the obligation of resource management authorities to
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also emphasize LEK in otherwise scientifically-informed
management is explicitly expressed in the Nature Diversity
Act of 2009 (Section 8, Ministry of the Environment 2009).
While describing LEK as a knowledge source supplementary
to SK, the act does not include further details describing what
weight LEK should be given in management considerations.
The act is an example of the growing recognition of local
people holding relevant knowledge to environmental manage-
ment. Yet, specific guidelines and established practices for
LEK inclusion in policy remain lacking. In part as a coping
mechanism to address inclusion barriers, fishers are adapting
their knowledge sets through both institutional and less formal
processes (Thomas and Twyman 2004; Brattland 2013). As
the knowledge that drives policy-making is fundamental to
how natural resources are managed, understanding the factors
that drive such knowledge adaptation processes (and what
challenges may impede them) becomes important.
Recently, studies within the field of knowledge in general,

and LEK in particular, have promoted a practice-oriented ap-
proach to knowledge (e.g., Ingold 2011; Lauer and Aswani
2009; Lauer and Matera 2016) that conceptualizes knowledge
as dynamic and situated practices that cannot be contextually
separated. From this perspective, knowledge is never fully
stable and durable but Bthe ever-emergent product of a com-
plex process^ (Ingold 2011: 159). This approach further pro-
vides a theoretical basis for bridging the divide between LEK
and SK, and thus abandons culturally specific hierarchies of
knowledge, as both knowledge forms are conceptualized as
practices (Lauer and Aswani 2009). Rather than relating dif-
ferences between LEK and SK to comprehensiveness or va-
lidity, they are related to actual practices (ibid.). With the in-
creasing distance between salmon knowledge produced
through experience-based and scientific practices, active pro-
cesses of inclusion or exclusion of Bthe other^ knowledge also
relates to issues of power. Inspired by the practice-oriented
approach, acknowledging all knowledge as dynamic, hybrid,
and heterogeneous, we pays particular attention to processes
of explicit hybridization of LEK and SK for the purpose of
developing more efficient, relevant, and locally adapted salm-
on hatchery practices.
Within environmental management literature, hybrid

knowledge is often described as the new insights that evolve
from integrating different knowledge types or through multi-,
inter-, or trans-disciplinary research (Raymond et al. 2010).
Following Murdoch and Clark’s (1994) call for social science
research focusing on knowledge ‘hybridity,’ several studies
have addressed the topic (e.g., Forsyth 1996; Nygren 1999;
Thomas and Twyman 2004; Reid et al. 2011). These re-
searchers use the term ‘hybrid knowledge’ to refer to adapting
local examples of knowledge to larger contexts through the
mechanism of scientific knowledge. Most knowledge hybrid-
ization studies are focused on collection and integration of
LEK into the existing science-based natural resource

management frames, indicating a singular direction of knowl-
edge flow (Fernandez-Gimenez 2000; Davis et al. 2004; Baird
2007; Bohensky andMaru 2011; Harrison 2013). Raymond et
al. (2010), however, define hybrid knowledge as Bknowledge
types that have, in some way been integrated,^ generated
through Ba social learning process^ (ibid: 1769), and as de-
scribed byMurdoch and Clark (1994), ‘hybridity’ represents a
category of knowledge in whichmultiple ways of knowing are
Binextricably mixed.^ The processes that drive these forms of
hybridization of fisher knowledge, however, remain largely
unexplored. To that end, our research examines how LEK
and SK are hybridized in the context of small-scale salmon
hatcheries, and identifies and describes the drivers of knowl-
edge hybridization in local fishers and hatchery groups.

Study Area and Methods

Our case study was conducted in Norway’s western Sunnmøre
district in the southernmost part of Møre og Romsdal county.
We focus primarily on the Ørsta River and hatchery, with
supporting information from hatcheries in the neighboring
villages of Sæbø and Stranda. The Ørsta River is approximate-
ly 25 km in length and empties into the Ørsta fjord at the
village of Ørsta (pop. ~ 6800). The Ørsta River, technically
two rivers, the Follestaddalselva and the Åmdalselva, which
join approximately 3 km from the river mouth, hosts a popu-
lation of wild Atlantic salmon, the fishing rights for which are
privately controlled by river property owners. The river owner
organization (Ørstavassdraget Elveeigarlag) is responsible for
the management of fishing access and regulation following
national salmon-river management rules typical of European
river ownership schemes. This includes, for instance, renting
out fishing access/selling licenses, maintaining banks and
shelters and surveillance (Stensland 2010). We chose the
study area after we received anecdotal information that the
hatchery groups in Sunnmøre were particularly Bvocal^ about
their salmon rearing activities and resistant to changing hatch-
ery regulations. Originally established to compensate for the
loss of salmon spawning and rearing grounds due to river
straightening in the 1950s, the Ørsta hatchery is run through
a voluntary collaboration of the river owners association and
the Ørsta hunting and fishing association.
We conducted semi-structured interviews in April andMay

of 2016 in the Ørsta region primarily within hatchery settings
to solicit perspectives on LEK and SK use in salmon conser-
vation in the hatchery context. As individual experiences vary
(Neis et al. 1999), recruitment of interview participants was
designed to capture a wide variety of individuals involved
with voluntary hatchery work or regulation. Interviews were
conducted with hatchery managers, both current and retired
(N = 2), board members and chairpersons of the local hunting
and fishing club and river owners association (N = 6), and
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anglers involved in hatchery activities on a regular basis (N =
3). Additional interviews were conducted with neighboring
hatchery operators (N = 4). We also sought interviews with
county and national level fisheries managers within the
Norwegian Environment Agency and County Governor
(N = 4), and scientists working within fisheries ecology, biol-
ogy, and genetics at predominant Norwegian research institu-
tions such as the Norwegian Institute for Nature Research
(NINA) and the Norwegian University of Science and
Technology (NTNU) (N = 2). Additionally, we conducted
substantial participatory observation during hatchery and
fishing-related activities.
Recruitment was focused on informants identified by peers

to be knowledgeable about the fishery and salmon cultivation
recruited using the key informant method (Bsnowball^)
(Biernacki and Waldorf 1981) and recruitment saturation
was reached when no new individuals were recommended.
In total, 21 individuals participated in recorded interviews
typically lasting between 60 and 90 min. All fishers
interviewed were male, typically between 45 and 75 years old.
Interviews were conducted in English (the native/preferred

language of the interviewers) except in some cases where
translation from Norwegian to English was provided through
a translator. Though most informants willingly communicated
in English, all interview participants were given the option to
use their native language if they preferred. Any non-English
comments were later translated and included in interview
transcriptions.
Interviews were guided by a written set of discussion

prompts. As the interviews included multiple research topics
beyond those in this article, the interview guide was designed
to elicit perspectives on knowledge production, knowledge
sharing, the evolution of knowledge over time, mechanisms
of knowledge hybridization, and applications of knowledge
(SK and LEK) within a hatchery context. Questions were
open-ended and intended to engage interview participants to
share additional information and stories. Thematic saturation
was achieved when either all members of a stakeholder group
had been interviewed, or when no new information was being
produced.
Analysis of interviews and ethnographic field notes was an

iterative process conducted using Atlas.ti version 7 (ATLAS.ti
1999), a qualitative analysis software. Interviews were first
open coded for emerging themes through repeated reading
and categorizing of data. Following this, the data were coded
again to analyze the identified themes and elicit insights into
specific knowledge-related topics. After more specific codes
had been developed, a third round of analysis was conducted
using memos. The most prevalent and thematically relevant
codes were used as memo topics to develop theoretical expla-
nations of the data. All coding and preliminary analysis were
conducted by the first author. Secondary analysis and results
were contributed to and discussed by all authors.

Results - Drivers of Knowledge Hybridization

Three primary drivers and three challenges to hybridizing
LEK with SK knowledge emerged from our analysis:

Intergenerational Knowledge Exchange

Knowledge hybridization in fisher groups occurs through in-
tergenerational knowledge exchange enhanced by the transi-
tion of responsibility and leadership from older fishers to
younger generations. Intergenerational transitions of hatchery
operations are slowly taking place as younger fishers with a
contemporary science education take on operational responsi-
bilities. Through shared practices, older generations are hy-
bridizing their LEK with incoming SK, and younger genera-
tions are developing or learning LEK as an addition to their
more generalized school scientific knowledge.
The transition of hatchery operations responsibility is con-

sidered essential, especially by the oldest members of the fish-
ing groups who consider the additional paperwork required by
the new stocking guidelines as something for Byounger men.^
They also believe that new technologies to improve the quality
of the cultivated fish are a positive change, even if challenging
to learn and adopt. This reflects deeply held attitudes within
fisher groups that they should try to produce salmon of the
best possibly quality, typically described in terms of quantity,
fitness, size, and similarity to a Bwild type^ salmon.
Younger fishers also reflect positively on the learning ex-

perience of intergenerational hatchery work. One of the youn-
gest group members described working with older fishers,
illustrating a hybridization of the SK within the general edu-
cation of younger fishers with the LEK held by older fishers:

Sometimes I learn something from them and the next
day they are asking me something and I [teach] some-
thing to them. Most of the older [men] are very kind.
They also appreciate [that] the younger generation are
coming up and see what they are doing and learning by
what they have done, these last centuries. It's quite in-
teresting. (E. Johansen, May 10, 2016)1 [sic throughout]

Another example of hybridization takes place within par-
ticular hatchery operations. For example, the flow rate of the
hatchery’s incoming water was for many years determined by
the sound of water moving through the pipes, a technique
developed by the oldest hatchery manager over a half century
of listening (T. Mortensen, Personal Communication, May 6,
2016). The new and relatively younger hatchery manager has
now installed an electronic water flow gauge providing a more

1 All names attributed to quotes have been fictionalized to preserve anonymity
of research participants.
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accurate measuring system. He nevertheless checks the gauge
readings, counting seconds on his watch while water fills a
pre-measured hand-held container. Through these adaptations,
the new hatchery manager is hybridizing LEK with more
technical SK techniques in an effort to improve the quality
of hatchery operations as he adapts to his role of hatchery
manager.

Coping with Change

Knowledge hybridization allows fishers to cope with policy
changes requiring adoption of new methods in their hatchery
activities. This is evident in the broodstock harvest, an annual
activity to obtain reproductive material for the hatchery.
Each year, members of the river owners association and the

Ørsta hunting and fishing group together harvest salmon
broodstock from which they later strip eggs and milt. Fishers
rely upon experience to spot incoming salmon schools within
the tidal river estuary, where they collect broodstock with a
small seine net from a boat. This requires precise timing to
seine the fish and transfer them into large plastic holding
tanks. The skills and knowledge required to perform the
labor-intensive broodstock harvest are derived from many
years of practice, and refined through interactions with re-
searchers and experts within the aquaculture industry.
The location of the broodstock harvest has been controver-

sial in recent years due to changes in regulations from the
County Governor. According to the 2014 stocking guidelines,
broodstock must originate from the watershed/river to be
stocked (Norwegian Environment Agency 2014). Within this
scope, Ørsta’s County Governor has directed that broodstock
must be collected from the same location where stocking takes
place. This interpretation requires that broodstock be harvest-
ed by rod in the upper Follestaddal River, the branch most
affected by straightening. Fishers say these requirements place
undue stress on the fish, which fight to the point of exhaustion
when caught with a rod, making them less likely to survive
captivity. Furthermore, the fish must survive a car journey of
approximately 10 km from the river to the tanks. Here, the fish
reside until DNA testing is complete and the genetic material
can be harvested if deemed suitable for hatchery use (as re-
quired by the stocking guidelines).
Fishers agree that it would take many skilled fishermen

fishing in Follestaddalen for several days to catch enough
broodstock to supply the hatchery, a challenging task for a
voluntary force. Their primarily concern, however, is that
the new harvest location threatens the welfare of the
broodstock:

Yeah, I think it's better for the fish to take it with a net…
because then the fish are healthy and it's not tired, and
it's not so stressed that they die [as when] we have to go

up in the river and fish it and then transport it in 10km in
a truck, and put it in our [tanks]. If we can use the net…
and then put it right in the pool, we don’t have to touch it
with our hands…And then you also have a smaller risk
that the fish can be affected, get sick. I think the best
ways to take it [is] all the way down by the fjord. And
use nets and gloves… instead of using a rod and a lure or
something. The fish is much more healthier when you
do it that way. (E. Johansen, May 10, 2016)

The Ørsta area fishers have voiced these concerns to the
County Governor who, in light of this local information has
allowed an adjustment to the requirements. A year-to-year
agreement about broodstock harvest location accounts for
real-time environmental conditions, fish return, and other sea-
sonal changes that are relevant to the operation of the Ørsta
hatchery. Simultaneously, fishers have experimented with har-
vesting broodstock in the Follestaddalen area and are contin-
uously trying to improve the quality of rod-caught broodstock
by reducing fish stress during harvest and improving transpor-
tation conditions.
This development illustrates how fishers are taking new

information about broodstock harvesting and adapting their
own practices to maximize beneficial outcomes through both
advocating for their own knowledge of fish welfare and
compromising between SK-based policies and their own
LEK-driven practices and needs, i.e., hybridizing their knowl-
edge in order to cope with policy changes.

Maintaining Relevance

As noted earlier, the use of hatcheries as a conservation tool
for wild Atlantic salmon is contentious, characterized by an
ongoing debate over the value and efficacy of stocking pro-
grams (Brannon et al. 2004; Araki and Schmid 2010).
Consequently, knowledge hybridization is also driven by fish-
ers’ desire to remain relevant and active within this debate.
Fishers recognize that hatchery management policies are

founded upon scientific knowledge. In response, they have
sought to improve their own SK expertise and develop SK-
type practices in order to enhance the legitimacy of their voice
in the hatchery debate. For example, fishers have learned new
techniques that allow them to participate in DNA sample col-
lection and preservation, and to perform factorial cross breed-
ing. Similarly, fishers reported reading scientific articles and
reports produced by Norway’s premier fisheries research in-
stitutions (NINA,2 NTNU3), and expressed strong interest in
partnering with scientists to study their local and neighboring
salmon populations.

2 Norwegian Institute for Nature Research, Online: https://www.nina.no/
3 Norwegian University of Science and Technology, Online: https://www.
ntnu.edu/
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For example, fishers recognize the need to monitor the
results (and by extension, efficacy) of their stocking activities,
a key issue of contention in the hatchery debate, and have
developed a monitoring system based on SK methods and
LEK. Each October fishers walk a 3 km stretch of the
Follestaddalen River above the straightened section where,
using waterproof cameras, they film below the surface to
count adult spawners and groups of juveniles and evaluate
the condition of the river-bed.
It is unclear, however, if fishers’ efforts to produce fit

salmon and monitor the effectiveness of the hatchery are
improving the legitimacy of their hatchery activities in the
eyes of fisheries managers. Though fishers desire to partic-
ipate in scientific studies, they also expressed frustration
with participating in research and then never hearing from
researchers again. Notably, they desire to learn the out-
comes of research in which they participate, and hope to
be able to apply findings towards improving their own
hatchery and stocking efforts.

Challenges to Knowledge Hybridization

Along with the drivers of knowledge hybridization are several
challenges that impede, de-incentivize, or dissuade fishers
from incorporating SK into their own LEK:

Inadequate Channels and Perceptions of Validity

The Norwegian Environment Agency includes local stake-
holder perspectives in policy changes by holding public
comment or consultation periods. Though some activities
by the agency require a public comment period, the 2014
stocking guideline changes did not. While the Norwegian
Environment Agency was under no obligation to solicit
comments for this case, it recognized the value of local
input from those groups operating voluntary hatcheries,
and managers chose to provide a 90-day window for public
comment:

Some of those [consultation] processes are mandatory
for us. If we make a new provision or something we
have to have a public hearing of at least three months
hearing period. For guidelines it's more [that] we can,
and we usually do that, but it's not mandatory by law.
We could develop guidelines without a public hearing
necessarily, because it's not legislation. But usually we
do [have the public comment period]. (A. Lund, April
26, 2016)

Even with the opportunity for LEK holders to participate in
the public comment process, the advice and knowledge used

for the agency’s eventual drafting of the stocking guidelines
(Karlsson et al. 2016) emerged primarily from an expert ad-
visory group (A. Lund, Personal Communication, April 25,
2016). National-level managers are responsible for the deci-
sion as to who should or should not be included in the expert
group. From our interview data it appears that recruitment to
the expert group is based on managerial perceptions of what
expertise is necessary and valid in making the decisions in
question.
For example, the expert advisory group did include two

individuals – a hydropower stocking expert from a major
Norwegian electricity company4 and a stocking expert
representative from the national veterinary institute –
whose expertise managers described as Bpractical^ knowl-
edge (A. Lund, Personal Communication, April 25, 2016).
While these ways of knowing are not, in themselves, rep-
resentative of LEK, they demonstrate an interest at the
national level to include the Bon the ground, practical^
perspective on hatchery and stocking operations.
Nonetheless, no voluntary hatchery experts were included
in the expert group.
From this, it is evident that managers and fishers view

the validity and value of LEK differently. Fishers strongly
believe that their experiences and years of accumulated
knowledge are valuable and more relevant to local condi-
tions than may be the case for large-scale, more general-
ized research. As one angler and hatchery operator ex-
plained (via interpreter):

[I] don’t entirely trust the scientists because all the rivers
are different, and [I] feel that they do not have the spe-
cifics as such from [our river]. So when a new require-
ment shows up, it's not necessarily the best for our river.
(B. Thorkild, May 10, 2016)

When it comes to local specifics, fishers view their knowl-
edge more relevant to actual conditions, based within every-
day observations of Bwhat is actually happening^ and inclu-
sive of SK-based information.

Expertise and Trust

Comments about the important nature of trust between local
fishers and outside groups, particularly fisheries managers and
fisheries scientists, arose frequently during interviews. In par-
ticular, fishers find the knowledge sources informing fisheries
management decisions highly relevant to the amount of trust
they later place in those decisions. In terms of their own LEK,

4 In Norway, hydropower installations that impede or otherwise damage mi-
gratory routes or spawning and rearing habitat for fish are, in most cases,
legally obligated to perform compensatory stocking to the affected waters.
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fishers reported that they do not believe that management
officials want their knowledge, as the following comments
illustrate:

We are very seldom asked, but told what to do. (P.
Larsen, May 3, 2016)
I find it somewhat hard for these officials to understand
the value of the local knowledge. Sometimes it kind of
feels like they feel they know it better, learn it out of a
book or whatnot. And I'm sure that is valuable of course,
but local knowledge is very important. (R. Pedersen,
May 12, 2016)

This latter comment represents a common fisher perception
of a hierarchy of access and power associated with access,
where opportunity to contribute meaningful information and
perspectives to policy-making processes is most available to
those stakeholder groups whose knowledge is most similar to
the knowledge base already in play. The majority of Ørsta
fishers believe that fisheries scientists and managers currently
hold that position. One university researcher described this
perception as, in part, a communication problem.
Commenting on the historical transition from positive to neg-
ative managerial views on stocking, he noted:

Of course, scientists, managers, we are not always very
good at addressing public– especially when it comes to
new principles and so on. In these areas what we are
saying is… that your father, your grandfather, even your
[great] grandfather was wrong. In the 1920s we had
plenty of hatcheries. So we are actually going into a
generation and saying that what you did was wrong,
you know. Especially when you come to rural areas, it's
a hard message to get. (O. Muslat, April 25, 2016)

This comment illuminates the challenges of communicat-
ing change in SK to stakeholders, especially when that knowl-
edge comes with requirements to change practices that may
contradict past communications. It also hints at the way
hatchery-related LEK and SK once related to one another
and cohered around mutual understandings and objectives,
but now maintain disparate positions in the hatchery debate.

Challenges of Scale

Both fishers and fisheries managers face challenges of scale
when it comes to the relevance of knowledge sets and appli-
cation of policies. As fishers emphasize the importance of
LEK, and the SK that they may integrate into their LEK, their
knowledge practices are experiential and place-based, produc-
ing knowledge and perspectives most applicable to their local

environment. This creates challenges in making their LEK-
derived observations and concerns relevant on a national
scale, and in incorporating broad, generalized, and multi-
disciplinary SK into their local hatchery activities.
National and county level managers are tasked with creat-

ing policies and regulations that are applicable at broad tem-
poral and spatial scales. Therefore, it is inherently difficult for
them to manage for the specific needs of each local commu-
nity. Additionally, there is the sheer logistical challenge of
relatively few managers responding to the input of many in-
dividual stakeholders across more than 400 salmon-bearing
rivers in Norway.
Currently, the somewhat decentralized nature of

Norwegian salmon management policy aims to empower lo-
cal stakeholders and delegate decisions to local river owner
organizations, thereby providing opportunities for regulatory
adaption to local conditions. As one manager pointed out:

If you go back in history sort of, 10, 20, 30 years, [there]
was much less involvement of the general public or
stakeholders in all sides of fisheries management.
Everything was decided by a very few people. The
whole salmon management has developed from a very
centralized sort of management to more and more local
management. Where river owners have got a much big-
ger possibility of influencing the management and actu-
ally deciding how their river is managed in every sense,
you know, from fishing regulations to stocking. (R.
Haussman, April 26, 2016)

Still, locals are challenged to fit the needs of their specific
conditions into nationally (or internationally)-oriented policies
and regulatory frameworks and, conversely, apply broad-scale
SK to localized conditions.

Discussion

Three primary drivers of knowledge hybridization were iden-
tified in the Ørsta River hatchery case: facilitating intergener-
ational knowledge exchange, coping with regulatory change,
and improving the functionality and validity of local ecolog-
ical knowledge. Conversely, several challenges that impeded
or prevented hybridization also emerged: perceptions of valid-
ity, inadequate channels for knowledge sharing, challenges of
power and trust, and challenges of scale. Fishers are hybridiz-
ing their knowledge out of the necessity to both improve the
quality of hatchery fish and actively participate in the debate
over voluntary hatcheries as conservation tools.
Intergenerational knowledge exchange fosters the develop-

ment and sharing of LEK while integrating the increasingly
in-depth formal education of younger generations of fishers.
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The prevalence of intergenerational and peer-to-peer knowl-
edge sharing processes within this case indicates its impor-
tance in maintaining group coherence. This knowledge ex-
change within the fisheries’ groups also includes integration
of SK, at varying degrees, depending on the issues at hand.
Fishers desire to remain both practically and socially relevant
in their work and in how they are perceived by managers and
the public. In practical terms, fishers are interested in produc-
ing high quality hatchery-reared fish, and make deliberate
trade-offs in cost, effort, and other variables in order to achieve
this goal (McShane et al. 2011; Camp et al. 2017).
For example, the decision about how long to keep fish in

the hatchery before stocking them into the Ørsta River is in-
formed by combined LEK and SK of water temperature ef-
fects on developing fish embryos, environmental events typi-
cal to the Ørsta River, and the condition of ideal stocking
locations. It is also informed by SK of the impacts on physi-
ological and behavioral fitness of the salmon from the hatch-
ery environment (McDonald et al. 1998), the effects of feed-
ing juveniles with aquaculture-grade food (Thodesen et al.
1999), and the potential survival advantages of stocking larg-
er, stronger juveniles (Letcher and Terrick 2001). Combined
with intergenerational (re)production of knowledge, hybridiz-
ing LEKwith SK allows fishers to makemore informed trade-
offs in their stocking practices.
Fishers are actively concerned with public perceptions of

voluntary hatcheries (see also Meffe 1992) and seek to remain
relevant and engaged in salmon conservation debates. They
want to be taken seriously by county and national-level deci-
sion makers, and so have adapted their advocacy and commu-
nication styles to fit the predominant scientific arguments
about stocking. For example, broodstock selection and harvest
location have been major points of contention, and fishers
have shaped their arguments to be concerned with best prac-
tices in maintaining genetic diversity among broodstock and
their welfare during harvest.
Simultaneously, fishers also leverage their LEK to counter-

argue issues where SK and their own LEK contradict one
another or are otherwise incompatible. For example, SK-
informed rules about broodstock harvest location and the de-
sired genetic composition of the Ørsta River salmon popula-
tion are rebutted with arguments that these rules do not ade-
quately reflect the conditions or meet the needs of the local
river environment. In this case, fishers argue that their LEK is
more appropriate in guiding local management decisions. This
example demonstrates that the processes of hybridization in-
clude not only the production of new knowledge, but also the
selection of knowledge considered most useful to the knowl-
edge holder within particular contexts and for particular
purposes.
As compared to fishers, our study did not find substantial

evidence that fisheries managers are hybridizing their knowl-
edge (bringing LEK into SK). This is likely due tomany of the

same challenges that limit knowledge hybridization for fish-
ers. But while hybridization itself may not be taking place
amongst managers, there is evidence that LEK is viewed, if
not well-utilized, as a potentially valuable source of informa-
tion and input (Holm 2003). Managers demonstrated attempts
to be inclusive of stakeholder knowledge when designing pol-
icy, such as in the case of the non-mandatory public comment
period in the 2014 stocking guideline development. From in-
terviews with managers, we know that engaging with dissat-
isfied stakeholders is time-consuming as well as expensive,
and so managers are motivated to try to satisfy stakeholder
groups when creating new policy. This approach is driven in
part by practical considerations given that stakeholders are
unlikely to voluntarily comply with rules that do not reflect
their own perceptions (Degnbol 2005).
However, effectively engaging stakeholders is challenging

(Rosten 2017), particularly for purposes of including LEK
perspectives. In Norway, formal channels for such inclusion
are limited and the opportunities that do exist are considered
insufficient and ineffective by the fishers in this study. The
public comment period, along with occasional visits to stake-
holder areas and topic-driven meetings, represent the extent of
institutionalized inclusion of local stakeholder perspectives
into policy-making processes. Aside from this, fisheries man-
agers at the county and national levels depend upon fishers to
communicate through email, attendance at public meetings,
and submission of solicited comments (A. Olsen, Personal
communication, April 26, 2016). However, there are few
agency staff in comparison to the many fishers and fishing
groups throughout Norway, and there are practical limitations
to their ability to engage stakeholders leading to inadequate
opportunities for local fishers to meaningfully include their
LEK in Norwegian salmon management. Together with the
hegemonic role of SK within the current knowledge-based
salmon management (Hind 2015), these insufficient opportu-
nities create an inherent hierarchy between LEK and SK
holders and their respective power to contribute to (salmon)
cultivation regulations.
It is, however, important to keep in mind that attention to

LEK inclusion in salmonmanagement is still relatively new in
Norway and thus processes of inclusion are still developing.
Some recent Norwegian projects such as The Norwegian
Reference Fleet (Bjørkan 2011) hold promise in offering fish-
eries information from a broad range of knowledge sources.
Meanwhile, knowledge hybridization functions as a coping
mechanism among hatchery operators, where improving their
literacy in SK serves as a strategy to gain validity and an
access point for LEK contributions to salmon management.
From a broader perspective, the process of knowledge hy-

bridization also acts as a reversal of the disassociation of SK
from LEK as complementary knowledge systems (Mackinson
and Nottestad 1998). While our study is focused on identify-
ing and describing the drivers and challenges to knowledge
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hybridization, it also underscores the power dynamics in-
volved when different knowledge sets are considered contra-
dictory rather than complementary, and illustrates processes
by which these power dynamics are maintained. Our results
show that both LEK and SK are useful and necessary for
fishers to perform conservation via hatcheries, yet the 2014
policy changes reflect the prioritization and institutional pow-
er of SK over LEK. The formalized scientific institutions that
produce and empower SK, combined with positivistic tradi-
tions in fisheries science (Hind 2015), place a high premium
on Bbest available science^ (Charnley et al. 2017) when
crafting policy. The processes through which LEK is pro-
duced, however, do not follow correspondingly systematic,
formalizing methodologies as applied in the production of
SK (Bjørkan 2011). Consequently, LEK does not fit the frame
of formal, authorized knowledge upon which salmonmanage-
ment is founded and further separates LEK from knowledge
with which salmon managers are familiar. While potentially
relevant, reliable, and valid, LEK is seldom organized in a
way that makes the knowledge directly transferable for man-
agement purposes (ibid.).
It is not surprising that though some authors have argued

for the value of LEK and its relevance to SK-dominated salm-
on management (Forsyth 1996; Silvano and Valbo-Jørgensen
2008), in the current hatchery context LEK is clearly viewed
as a secondary means by which salmon management should
be informed. The drivers of hybridization identified in this
study demonstrate how those whose knowledge is in a posi-
tion of lesser power use hybridization as a means of
reclaiming and reasserting the value of their knowledge. In
this way, they reclaim their credibility as knowledge holders.
Looking forward, the processes of hybridization may offer
new ways to integrate fishers’ knowledge into other knowl-
edge cultures, an effort within knowledge disciplines that has
yet to be fully successful (Hind 2015). In doing so, the partial
knowledge of hatcheries currently produced by both LEK and
SK may be made more complete and useful to local practi-
tioners and broad scale managers. Local hatcheries thus ap-
pear to be an important bridge between LEK practices and the
highly desired improvements to cultivation made possible
through SK processes.
Understood through a practice-oriented approach to knowl-

edge, hatcheries are facilitators of the reproduction of knowl-
edge, where both LEK and SK are acknowledged and includ-
ed. This finding leads to a new question as to whether, within
national and international salmonmanagement, hatcheries can
play a role in improving local conservation measures rather
than being viewed as a cause of conservation harm to wild
salmon stocks. We argue that this new view is possible if
hatcheries are considered facilities for localized salmon
knowledge production where insights gained from
experience-based as well as scientific practices are integrated
for the purpose of developing more effective and locally

appropriate salmon hatchery practices. Furthermore, through
growing insights into scientific methods and argumentation,
fishers not only increase their ability to discover weaknesses
in scientific recommendations (Bjørkan 2011), but may also
develop new ways of gathering and presenting their
experience-based knowledge, thereby making it more acces-
sible to managers. Simultaneously, managers would need to
develop new ways for recognizing and acknowledging in-
sights gained from other processes beyond the scientific
(Joks and Law 2016). Our results show positive tendencies
when it comes to a managerial recognition of the value of local
stakeholder involvement. By further developing hatcheries as
a social learning arena for knowledge reproduction with a
more lateral approach to LEK and SK, they may enhance
information transmission and facilitate knowledge processes
from which important managerial lessons can be learned.

Conclusion

Fishers interviewed in our case study possess a rich variety of
LEK that enables them to enact conservation activities for
salmon in the Ørsta River, especially in the context of their
voluntarily-operated hatchery. Fisher knowledge sets are built
upon lived experiences and a robust network of knowledge
sharing within and between local fishing groups, across gen-
erations. These fishers are operating within a formal manage-
ment system primarily based upon SK and developed through
empirical and scientific inquiry within Norwegian and inter-
national scientific and regulatory institutions. While SK and
LEK once represented complementary knowledge in the con-
text of salmon cultivation, in recent decades they have
evolved in disparate directions. For multiple reasons, local
fishers use hatcheries as facilitators of knowledge hybridiza-
tion and knowledge production processes as they struggle at
the interface and uneven power dynamics of LEK and SK.
This study identifies three drivers of knowledge hybridiza-

tion within fisher groups in the Ørsta hatchery: to facilitate
intergenerational knowledge exchange, to cope with changing
hatchery regulations, and to maintain social and practical rel-
evance and improve fishers’ role as essential knowledge
holders within Norwegian salmon management. Three chal-
lenges to hybridization are also identified, indicating that
while hybridization may be an effective tool for knowledge
integration and hatchery operation in some aspects, it is not a
replacement for the integration of multiple knowledge sys-
tems into a management framework.
Fisheries management systems that better integrate multi-

ple knowledge systems may result in policies, regulations, and
scientific understandings of salmon conservation that are more
reflective of and adaptable to the local level, thereby reducing
conflict over the adoption process. Similarly, understanding
the means by which LEK are being used to solve local
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problems could better inform managers as to how broad pol-
icies may be made more adaptable to local contexts. We rec-
ommend that hatcheries be reframed as management tools for
information transmission and facilitators of knowledge repro-
duction, where both LEK and SK are acknowledged and in-
cluded. Examples of LEK-integrated fisheries management
systems abound in fisheries literature and could be adapted
to a Norwegian model (Mackinson and Nottestad 1998;
Mahon et al. 2003; Gilchrist et al. 2005; Baird 2007).
As the use of salmon hatcheries in Norway, particularly

voluntary hatcheries, becomes more contentious, research into
the drivers of conflict and the role that knowledge sets play
should be pursued. Just as importantly, the knowledge used to
inform perspectives and research will have a significant influ-
ence over the degree to which hatcheries may be part of a
comprehensive salmon conservation strategy that has local
as well as national and possibly international legitimacy.
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A B S T R A C T

Voluntary hatcheries, or hatcheries operated privately by local anglers and fishery owners, are a historical part
of salmonid conservation and enhancement efforts in Europe. However, these types of hatcheries have faced
increasing scrutiny over the last several decades because of the potential negative ecological impacts created by
stocking salmon into wild (albeit declining) populations. We hypothesized that hatchery programs provide value
to communities well beyond the possible conservation contribution to local salmon. Utilizing a qualitative
ethnographic approach, we identified and classified a range of benefits produced by voluntary salmon hatcheries
within three case studies in Norway, Wales, and Germany. Across all cases, voluntary hatcheries facilitated or
provided diverse social, psychological, and conservation benefits to individuals and groups of cultivators, as well
as to the river environment. Voluntary hatcheries can be considered as a visible means of environmental
stewardship and are perceived by many operators as an important means for mitigating human obstacles to wild
salmon conservation. Based on the multiple benefits that voluntary hatcheries create for the people engaged in
hatchery activities, we lay out alternative views that add to the traditionally black-and-white, pro or anti-
hatchery perspectives. Improved incorporation of multiple social-psychological hatchery benefits into future
fisheries management decisions, outreach, and communication will provide a more holistic approach to sus-
tainable hatchery management, reduce stakeholder conflict, foster civil engagement in salmon conservation, and
enhance environmental stewardship.

1. Introduction

Stocking is a much used and abused management tool in fisheries
management and conservation world-wide (Cowx, 1994). Stocking
objectives range from improving fishing opportunities to purely con-
servation-oriented stocking activities designed to protect and enhance
small or declining populations (Arlinghaus et al., 2016; Lorenzen et al.,
2012). Though stocking of salmonids (Salmonidae) has historically been
a widespread, popular management initiative among many stakeholder
groups to improve (“cultivate”) wild stocks (Berg, 1986; Bottom, 1997;
Wolter, 2015), improvements in scientific understanding of potential
negative impacts of cultivation on wild salmonid populations (Bolstad
et al., 2017; Glover et al., 2017) have challenged the scientific and
managerial opinion in relation to stocking (Arlinghaus et al., 2015;

Lorenzen et al., 2012; Sandström, 2011). Stocking can produce sig-
nificant benefits to fisheries and help restore and conserve fish popu-
lations (Lorenzen et al., 2012). Although a range of contextual factors
affect the outlook of stocking programs, in many situations alternative
tools to stocking may prove superior in protecting and enhancing
threatened fish stocks (Arlinghaus et al., 2016). However, stocking
where hatchery fish are released into naturally recruiting populations
can produce significant conservation concerns. Stocking has been
documented to spread disease (Hewlett et al., 2009), affect local genetic
integrity through population mixing (Laikre et al., 2010), reduce po-
pulation growth of wild stocks (Chilcote et al., 2011), and contribute to
the challenges faced by the wild stock component in anthropogenically
altered rivers (Buoro et al., 2016; Laikre et al., 2010; Lorenzen et al.,
2012).
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Over the past 30–40 years, science has become increasingly critical
toward stocking in light of unavoidable trade-offs between yield in-
crease, cost, and potential negative impacts on wild stocks (Amoroso
et al., 2017; Camp et al., 2017). As a result, in places where wild salmon
populations still exist, stocking programs are increasingly being re-
stricted (e.g., Norway) or ended (e.g., Wales) in a managerial pre-
ference to strengthen wild stocks through habitat restoration initiatives.
Meanwhile, in places where salmon have gone extinct (e.g., Germany)
or where populations have greatly declined (e.g., France), there is little
alternative to stocking when trying to re-establish self-sustaining stocks
in the wild (Granek et al., 2008). The same is true for rivers where the
local salmon population has been significantly affected by parasite in-
fection or environmental destruction (Forseth et al., 2017). In Germany,
for instance, despite decades of salmon stocking no single self-sus-
taining salmon stock is known to the authors, suggesting that habitat
limitations continue to constrain re-establishment of a stock.

Stocking governance systems differ throughout the world. In some
countries such as the USA and Canada, stocking is typically conducted
by state-run hatcheries. Conversely, in much of Europe fishing rights
are private and tied to land ownership; here stocking decision-making is
often conducted by local-level clubs and associations or by land owners
(henceforth “cultivators”) (Fujitani et al., 2017; Riepe et al., 2017;
Stensland, 2010). In the European context, it has been commonly ob-
served that private actors organize voluntary hatcheries designed to
support, protect, and restore wild stocks of iconic, high-demand species
such as Atlantic salmon (Salmo salar) and brown trout (Salmo trutta)
(Arlinghaus et al., 2015; Daedlow et al., 2011; Fujitani et al., 2017), and
that these initiatives remain popular amongst cultivator groups (Riepe
et al., 2017). This study focuses on what we term “voluntary hatch-
eries”, or hatcheries operated by local angling or river owner groups for
the purpose of conserving local wild Atlantic salmon stocks through
stocking either in stock rebuilding or stock enhancement contexts.

Hatcheries and associated stocking programs raise three primary
concerns: 1) the physiology, behavior, and overall fitness of hatchery-
reared fish and how they differ from wild conspecifics (Blanchet et al.,
2008; Fleming and Petersson, 2001; Jonsson and Jonsson, 2006; Swain
and Riddell, 1990); 2) the effect of stocked fish on wild stock genetics
through inbreeding and disease and parasite transmission (Garcia de
Leaniz et al., 2007; Verspoor, 1988); and 3) a preference among many
stakeholders (i.e., anglers, river owners, and local managers) for
hatcheries, sometimes used as a substitute for the lack of opportunity
for large-scale river rehabilitation (Arlinghaus et al., 2015; Dabrowska
et al., 2014; Stensland, 2012). Salmon cultivation opponents argue that
hatcheries provide a false “easy fix” to more insidious problems af-
fecting salmon stocks, effectively detracting funding and interest from
long-term conservation work (Waples, 1999). From an economic
standpoint, hatchery and stocking critics also argue that stocked salmon
have generally low return rates in comparison to wild cohorts (Milot
et al., 2013; Romakkaniemi, 2008; Saltveit, 2006) while requiring high
annual investments. Stocking advocates, meanwhile, argue that
stocking programs may accelerate a population’s recovery when used in
tandem with habitat improvement work, and that stocking can create
additive effects to increase catch in some situations (Amoroso et al.,
2017). Similarly, in cases where a population verges on extinction,
there is arguably no alternative to stocking due to lack of a wild stock
that could produce sustainable recruits (Arlinghaus et al., 2015).

Many organizations and stakeholders are involved in the stocking
controversy at multiple scales of organization, including local stake-
holders, regional and state agencies, and scientific and international
organizations (Sandström, 2010,2011). International policies are often
bluntly critical of salmonid stocking; for example, the intergovern-
mental North Atlantic Salmon Conservation Organization’s (NASCO)
Williamsburg Resolution “is designed to minimise impacts of aqua-
culture, introductions, transfers and transgenics on the wild stocks”
(North Atlantic Salmon Conservation Organisation, 2006). In doing so,

the resolution provides guidelines to stocking, which give direct at-
tention to the negative impact of stocking on the genetic integrity of
wild stocks (North Atlantic Salmon Conservation Organisation, 2006,
pg. 16–17). These and other conservation guidelines (e.g., UN Con-
vention on Conservation of Biological Diversity North Atlantic Salmon
Conservation Organisation, 2017) direct national-level fisheries man-
agers and policy makers to develop more restrictive guidelines for
country-specific stocking programs (Sandström, 2011). Meanwhile,
local-level hatchery supporters try to engage in the debate by citing
hatchery-supportive literature and arguments, questioning the cred-
ibility of work that showcases negative impacts of stocking, and often
referencing the specific circumstances of local hatchery and stocking
projects (or related problems such as escapees from aquaculture)
(Brannon et al., 2004; Siemens et al., 2008). Somewhat in the middle,
Waples (1999) argues that hatcheries are neither inherently good nor
inherently bad, and “neither of these positions leads to productive
dialogue, nor is either supported by a thoughtful consideration of the
issue” (pg. 13). Yet, managers are often compelled to rely upon “best
available science” (Charnley et al., 2017) in designing cultivation po-
licies. Such science typically is ecology and biology-oriented, omitting
the human dimensions (Arlinghaus et al., 2017; Ditton, 2004). This is
unfortunate, as human dimensions are usually of prime importance in
fisheries management success (Arlinghaus, 2006). Attention (from both
managers and local stakeholders) focusing on the non-human dimen-
sions of fisheries management (Ditton, 2004) runs the risk of ignoring
important causes and drivers of conflict (Arlinghaus, 2005; Arlinghaus
et al., 2017, p. 201), in cases of voluntary hatcheries and stocking in
general (Riepe et al., 2017; van Poorten et al., 2011).

While the debate over hatcheries focuses primarily on the effec-
tiveness and risks of stocking, alternative roles and benefits of stocking
and hatcheries, such as the psychological and educational benefits of
being involved in conservation, remain largely unexamined. In this
context, voluntary cultivation of salmonids shares many similarities
with outdoor recreation. Such activities are self-chosen, voluntary, and
based on the individual’s investment of resources such as free time,
money, and knowledge/skills. A large body of literature in outdoor
recreation in general, and recreational fishing in particular, has un-
derscored that participants engaging in angling activities reap multiple
types of benefits (Driver and Knopf, 1976; Fedler and Ditton, 1994;
Holland and Ditton, 1992; Parkkila et al., 2010; Weithmann, 1999).
These benefits enable people to meet their needs, pursue their goals,
and increase their quality of life; in other words, to increase their well-
being (Britton and Coulthard, 2013; Pretty et al., 2007).

The psychological, physiological, social, and economic benefits that
accrue on the level of the individual also interact across scales leading
to effects on society on a larger scale (social/cultural, economic, and
ecological) (Driver, 2009; Manning, 1999; Parkkila et al., 2010). For
example, engaging in cultivation can foster the subjective/cognitive
and relational well-being of the individual while also achieving in-
strumental conservation benefits (by increasing or conserving salmon
stocks) that benefit communities or entire human-ecological systems
(Voyer et al., 2017). If participants in voluntary cultivation of salmon
derive multiple benefits from the activity, the resulting individual and
societal benefits potentially exceed the costs of fish cultivation and its
assumed physical contribution to salmon conservation.

We posit that voluntary hatcheries produce multiple benefits at both
individual and group levels that exceed the “narrow” focus on the
biological contribution of hatcheries to wild salmon populations. By
drawing on the multiple benefits framework from outdoor recreation
research (Driver, 2009; Manning, 1999), the objective of this study is to
identify and assess the full range of benefits produced by voluntary
hatcheries. We then use this assessment to understand the influence of
these multiple benefits on salmon management, conservation, and
conflict.

H.L. Harrison et al.



2. Methods

In this study, an ethnographic approach allowed access to observe
and experience the cultivator-hatchery relationship and associated
benefits, including personal issues of value, relationships, and meaning
assigned by individuals to their hatchery activities. Ethnography is a
well-established approach to study fisheries, particularly in the small-
scale fisheries literature (Carothers, 2010; Fabinyi et al., 2015;
Harrison, 2013; Harrison and Loring, 2014; Loring et al., 2014). Using
typical ethnographic methods such as interviewing and participant
observation, the research team examined the multiple functions of
hatcheries as producers of psychological, social, and conservation
benefits for fishing groups and individuals within three case studies.

Data was collected through in-depth, semi-structured interviews
with 15–25 individuals per country representing both voluntary
hatchery groups and salmon managers in Norway, Wales, and Germany.
All interview participants were identified through the key informant
method (Marshall, 1996). Case studies were selected to represent a
variety of hatchery programs with respect to longevity of stocking
program, governance system, and current state of stocking in the area.
Fisheries management in these three case studies is typical to European
privately-owned recreational fisheries (Arlinghaus, 2006). Details con-
cerning the spatial, governance, and stakeholder characteristics of each
case are described in Table 1.

As part of the data collection protocol, the research team also en-
gaged in participant observation in a variety of hatchery and fishing-
related activities in Norway and Wales, spending between two to three
weeks in both locations. Participant observation activities (e.g. angling,
observing river conditions with anglers, conducting regular stock
maintenance, and moving fish into new tanks prior to stocking) took
place in a variety of locations that allowed the researchers to gain
important insights into hatchery and salmon-related activities. These
insights functioned as a necessary basis to, and were explored further
through, the interview process.

In Norway, data collection was conducted in April and May of 2016
in Sunnmøre district, with the primary focus on the voluntary hatchery
used to stock the Ørsta River. In Wales, data collection was conducted
in June of 2016 within the River Wye catchment area primarily be-
tween the Builth Wells and Monmouth areas. In Germany, fieldwork
was conducted between March and June of 2017 in the tributaries of
the River Weser and the River Elbe, with a focus on one hatchery on the
River Elbe.

Interviews typically lasted between 60 and 120minutes and were
recorded and transcribed in full. In Norway and Wales, most interviews
were conducted in English, and those who preferred a non-English
language were provided with a translator during the interview.
Alternatively, interview participants were encouraged to express de-
tailed comments in their native language and provide only a short
summary in English. The detailed native language descriptions were
then later formally translated to English and included in the transcribed
interview texts. In Germany, most interviews were conducted in
German, and later transcribed and translated into English. Interviews
were semi-structured in nature and guided by a written set of questions
and discussion prompts. The interview guide was written to elicit per-
spectives on several topics, including knowledge production, hatchery
practices and organization, drivers for hatchery and stocking practices,
benefits and consequences of hatchery work and stocking, local history
of stocking, social networks within hatchery groups, causes and drivers
of conflict surrounding the use of voluntary hatcheries, fisher habits
and demographic information. Questions were open-ended, intended to
encourage interview participants to share information and stories they
found most relevant in illustrating their perspectives.

Analysis of interviews and ethnographic field notes was an iterative
process conducted using Atlas.ti version 7 (ATLAS.ti, 1999), a qualita-
tive analysis software. The data was first open coded for emerging
themes through repeated reading and categorizing of data using

software tools (Charmaz, 2014). In this context, codes are a word or
phrase that are chosen to capture the essence of the concepts emerging
from the text. Through the coding, concepts are being categorized and
the researcher may begin to group together like concepts or ideas
(Corbin and Strauss, 1990). The data was then coded a second time to
explore previously identified themes and elicit insights into specific
topics. A third round of analysis was conducted by writing analytic
memos using the most prevalent and thematically relevant codes as
memo topics. Coding and memoing are an important part of a grounded
analysis of data that allows concepts to emerge and theories to develop
through consistent and repeated presence in the data (Corbin and
Strauss, 1990), thereby forcing the researcher to remain grounded
within the text and check all developing theories against evidence from
the data. Text from the memoing analysis and significant code names
formed the basis of the data analysis in this article.

The data sets for each country were transcribed and coded in the
sequence in which they were collected, beginning with data from the
Norwegian case, then Wales, then Germany. In this, the authors were
immersed several times in each interview, beginning with conducting
the interview, then transcribing the interview through hours of intense
listening and re-writing, then through the analysis process. Time be-
tween the original interview and the first transcriptions (2–3 months)
was intentionally inserted to give the authors a fresh view of each in-
terview before data analysis. The first author coded the Norwegian and
Welsh interviews, and themes were discussed amongst the authors
afterwards. The German interviews were divided and coded separately
by the first and second author, and codes were then compared and
discussed afterward to compare the results of each researcher’s analysis.
Though category labels naturally varied between individual re-
searchers, this comparison revealed overall agreement on identification
of the major concepts presented in this article. This agreement provided
researchers relative certainty in the validity and rigor of their approach
to data categorization and interpretation.

3. Results

We identified a range of psychological (Table 2), social (Table 3),
and conservation benefits (Table 4) mentioned by interviewees as de-
rived from their participation in hatchery and salmon stocking activ-
ities. Throughout the text, alphanumeric references relate the text to
descriptions in the benefit tables (“P” refers to psychological benefits,
Table 2; “S” refers to social benefits, Table 3; “C” refers to conservation
benefits, Table 4). All benefits presented here were identified across all
three case studies unless otherwise described.

3.1. Psychological benefits

3.1.1. Achievement, contribution, and satisfaction
Cultivators reported strong feelings of personal satisfaction resulting

from their cultivation activities. Cultivators find great value in caring
for and contributing to the well-being of salmon (P2), especially when
releasing salmon into the wild. This satisfaction derives from two
subsidiary feelings that are closely linked: achievement and contribu-
tion.

In terms of achievement, cultivators enjoy overcoming the chal-
lenges of raising a sensitive and at-risk species and, in Germany, of
completing the “impossible” task of bringing back an extinct species
(P4). Closely linked with this is the cultivators’ perceived ability to
learn new skills, adapt cultivation practices to the local environment,
and successfully raise otherwise vulnerable juveniles (P3). Doing
hatchery work and participating in salmon stocking is obviously deeply
satisfying to cultivators and creates positive feelings of self-esteem and
achievement.

In terms of contribution, cultivators feel they have a responsibility
as anglers to contribute to the well-being of salmon (P4). Many culti-
vators enjoy being part of something “bigger than themselves”, as

H.L. Harrison et al.
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described by one Norwegian cultivator:

“When everything is natural, you thank God that it works. But as an old
[angler] told me, ‘Why don't we help God a little? He's a busy man. He
just can't fix everything. We can give him a hand sometimes.’"
(Participant #20, Norway)

In Norway and Wales, hatchery projects have few, if any, clearly
defined or quantifiable stocking goals beyond ‘improved’ stocks and the
upper limits of allowable stocked material. Instead, most cultivators
desire to restore salmon stocks to their “glory days”, while others aimed
at maintaining current salmon populations as well as achieving benefits
for other aquatic species and the ecosystem. Similarly, conservation
project timelines are a critical issue, as some cultivators anticipate the
restoration of salmon stocks will likely come too far in the future for
them to personally enjoy it. While many see the “journey as the re-
ward”, others concluded that hatchery work was necessary to speed up
the process of salmon restoration. Notably, cultivators in Germany
tended to have defined stocking goals with specific timelines or other
metrics, but these goals varied amongst individual cultivators within
the same hatchery project.

For many cultivators, hatchery work supports a nature ethic based
around care for and interaction with nature (P5) and a philosophy of
responsibility to engage in work that will benefit the natural world.
Many cultivators consider the hatchery to be a symbol of this ethic, and
the cultivation work an act of ethical fulfillment. Nearly all cultivators
indicated strongly that their motivation to do cultivation work is pri-
marily to give back to nature and a belief that conservation work is a
good thing to do, both for people and for salmon. As exemplified by the
chairman of one German angling club:

“We wanted to do more than a normal angling club. To put it this way,
we wanted to give something back [to] nature. As a user of nature, one
takes from nature, destroys nature, and that was a bit the original idea,
to give something back to nature.” (Participant #5, Germany)

3.1.2. Hobby and leisure time
In all three cases, cultivators desire to do conservation work that

matches both their personal interests (i.e., salmon and angling) and
utilizes pre-existing skills and knowledge sets. In all cases, hatchery
work is perceived as meaningful and highly enjoyable, and many cul-
tivators categorized their hatchery work as an important “hobby” or
leisure activity (P6). Dependent on the time of the year, some of the
cultivators spend a significant amount of time (often 1+ hours per day)
in the hatchery doing cultivation-related work. Interestingly, many
cultivators also spent unstructured free time in the hatchery when no
work was required (P6), a behavior related to fascination, awe, and
desire to interact frequently with salmon (P3). Another reason for fre-
quent hatchery visits is the social factor, as many groups host regular
social meetings in the hatchery (P2). As explained by a Norwegian
cultivator:

“I think that’s the most important thing and why people are willing to do
it. It’s social. We meet often every Friday in the hatchery and have a chat
and spending time [sic]… we have a house by the river here. It’s very
nice. Sit there and watching the fish in the summer… so it’s, of course,
social. That’s a really important [thing] when you’re going to use so
much of the free time.” (Participant #4, Norway)

Hatcheries also fulfill an annual cycle of salmon activity for culti-
vators (P7). For approximately half the year, cultivators fill their free
time with angling. When the angling season ends, cultivators fill time
once spent angling with hatchery work. For many, this transition from
angling to cultivation also achieves a transition from extraction from
the salmon resource to contribution. The satisfaction achieved by this
pairing of activities relates strongly to the nature ethics held by culti-
vators (P5), as well as their desire to see a sustainable salmon resource
(P4).

3.1.3. Personal identity
The personal identity of cultivators is strongly linked to and sup-

ported by their involvement in hatchery work (P1). Cultivators ex-
perience feelings of independence and self-determination while doing
fish cultivation as the work grants an ability to act in a semi-in-
dependent manner alongside like-minded people. Some cultivators
even said they would be “lost” without the hatchery as part of their
weekly routine. Being a volunteer, a salmon person, capable craftsmen
in charge of the hatchery operations, or a respected member of the
club’s board forms an important part of cultivator’s positive self-per-
ception. In some cases, cultivators related not only personal identities to
their relationships with salmon cultivation, but also their national
identities. As one fisher described:

“Everyone has a relation to salmon because salmon, that’s Norway.
Atlantic salmon, that’s Norway… every Norwegian [has] a relation to
salmon I think. Yes. I remember when I was a small boy, once in a while
a small piece of salmon [to eat]. It was heaven.” (Participant #11,
Norway)

3.2. Social benefits

3.2.1. Facilitation of social relationships
Hatcheries are important social outlets, particularly for middle to

late-aged, male anglers (S2). Hatcheries provide cultivators with ways
to enjoy time with peers who have similar interests through activities
they find mutually meaningful and fulfilling. Similarly, the value of
volunteerism and engaging in community stewardship through
hatchery activities was perceived as important by many interviewees.
Based on these shared values, some hatchery groups have developed a
strong feeling of community (S5). Said one Norwegian cultivator:

“So a hatchery is [a] very positive way of having [a] good environment
locally. All people interest[ed] in the river, they meet, they have a little
cigarette and talk about the river. They agree tomorrow, we do this.
Yeah, so it’s important. It's a club feeling.” [sic throughout] (Participant
#5, Norway)

The social aspect is also important to younger cultivators, who enjoy
spending time with and learning from the older members of the
hatchery community (S1). Time spent with multiple generations of
anglers is an important prerequisite for the transfer of knowledge, va-
lued tradition to the oldest members of hatchery groups.
Intergenerational activities also support the recruitment of new in-
dividuals into fishing and cultivation activities. Cultivators argue that
hatcheries provide opportunities for young people to take part in tra-
ditional (or heritage) activities related to an iconic species, since some
hatchery practices span over 50 years (S4). In all three case studies,
cultivators are inspired by historical cultivation activities and expressed
the desire to maintain or restore historic salmon populations for the
benefit of future generations.

3.2.2. Networking
Hatcheries act as facilitators of social network development by

bringing together individuals who might otherwise not interact through
activities such as broodstock collection, stocking, and fin clipping, all of
which demand significant labor. Leaders of some angling groups re-
ported that work done in hatcheries helps spread awareness and sup-
port for other activities, such as teaching fishing skills to children and
adults, visits to or by schools to hatcheries to teach conservation and
ecosystem sciences, or activities such as litter cleanups and riverbank
maintenance – all activities that additionally provide direct conserva-
tion benefits in addition to social value. Cultivators enjoy meeting new
people from outside their regular social networks and making social
connections related to angling and other recreational activities. As one
German cultivator described:
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“What is typical for our club is that many people got to know each other
well. The club consists of very different groups of people, so let’s say from
the lawyer to the craftsman, and somehow everybody has this common
topic that connects them, and there are no barriers, no barriers at all.”
[sic throughout] (Participant #6, Germany)

Opportunities to cultivate also build trust and working relationships
between cultivation groups (and, by extension, anglers and river
owners) and fisheries scientists and management officials (C2).
Cultivators in all cases expressed concerns about a lack of support for
hatcheries from fisheries managers and policy makers. In cases where
managers, policy makers, or scientists included hatcheries in con-
servation schemes, however, cultivators responded with increased trust
and interest in cooperation (C3). In Germany, cultivators wished for
more support from the government and see the possibility of raising
public interest in rivers through hatcheries. In Norway, cultivators and
managers expressed that though they may disagree about the use of
voluntary hatcheries in salmon conservation, successful salmon man-
agement requires working together to find common ground and mu-
tually support worthwhile conservation efforts. A Welsh biologist
echoed these sentiments:

“I’ve seen a lot of my fisheries management colleagues hated by anglers,
[and] who hate the anglers with a similar passion, and yet we’ve always
had a fantastic relationship with them. I mean, okay, partly that's be-
cause they see hatcheries as a great thing because they’re putting fish in
the wild. But it’s partly because we recognize the value of giving these
guys some ownership of some part of the river. Of something that they
can take care of themselves, have pride in, learn from and… have a
passion for the other things about the environment. Conservation, that’s
really important.” (Participant #15, Wales)

3.3. Conservation benefits

3.3.1. Facilitation of conservation work
Voluntary hatcheries provide opportunities for cultivators to parti-

cipate in conservation activities due to a low barrier-to-entry compared
to that of habitat improvement projects, which can be expensive and
require overcoming substantial legal requirements (C1). Participation
in hatchery and stocking activities also contributed to cultivator’s in-
terest, support, and engagement in other types of conservation work
otherwise unrelated to stocking. For example, Welsh volunteers orga-
nize litter cleanups and teach school children about ecosystem science
and salmon fishing as part of their seasonal conservation work.

Cultivators participate in a variety of conservation activities as a
direct result of interest, skills, or social networks developed through
involvement with the hatchery. Across cases, these activities include
the creation and improvement of spawning habitats and the removal of
barriers for migration. For example, cultivators in Norway evaluate
stocking efforts through annual autumn assessments. Similarly, culti-
vators in Norway and Wales reported catching and removing escaped
farmed salmon while conducting broodstock collection. In some
German rivers, cultivators also reported catching an increasing number
of farmed salmon in the past five to ten years, and are working to in-
hibit their reproduction.

Hatchery activities have led cultivators to develop relationships
with scientific, conservation, and (in some cases) aquaculture interests
to generate financial, intellectual, and material support for hatchery
work. For instance, cultivators are deeply interested in scientific re-
search surrounding conservation and restoration techniques for salmon
stocks. In all cases, cultivators discussed their efforts to incorporate best
management practices into their hatchery operations, and expressed
interest in participating in scientific studies focused on their local fish
populations. Cultivators also exhibited long-term efforts to learn culti-
vation techniques recommended by scientific literature and develop
working relationships with researchers.

3.3.2. Biodiversity and mitigating future disaster
Cultivators believe voluntary hatcheries provide support to biodi-

versity initiatives and scientific research on wild Atlantic salmon (C4).
In both Norway and Germany, voluntary hatcheries raise brown or sea
trout alongside salmon, while in Wales the remaining hatchery (now
used only for research purposes) is used to grow indigenous, critically
endangered species (e.g., freshwater pearl mussel (Margaritifera mar-
garitifera)). Cultivators point out that the skill and knowledge used to
grow salmon in voluntary hatcheries could also be used to support re-
storation or conservation work for other species, an added conservation
benefit especially in rural areas where no other such facilities exist. In
Germany, cultivators have adopted the biodiversity mindset into their
long-term hatchery goals with some groups using hatcheries to cultivate
other threatened fish species.

Cultivators and some fisheries managers view hatcheries as re-
positories of cultivation skill and knowledge, held collectively within
the cultivators themselves and supported, developed, and transferred
through their social interactions. As one fisheries manager said when
describing the remaining cultivation facility on the River Wye:

“The other point is retaining capacity and competence. The husbandry of
salmonids would be an important skill competence… so we’re main-
taining that [hatchery] [for] rearing of salmon for investigation pur-
poses. And we believe that retaining that capacity and competence is
important.” (Participant # 17, Wales)

This knowledge and skill base, along with the physical capacity of
the hatchery itself, act as an “insurance policy” that could mitigate
against future ecological or anthropogenic disaster within the targeted
salmon stock or river ecosystem (C5). In Norway, for instance, culti-
vators fear that incidences of escaped farmed salmon will only increase
as the commercial aquaculture industry grows, and voluntary hatch-
eries will play an important role in magnifying wild stock genetics in
the midst of farmed interlopers. Similarly, disease outbreaks are con-
sidered to be a serious threat to vulnerable salmon stocks and voluntary
hatcheries-turned-gene banks could be used to mitigate the con-
sequences.

4. Discussion

This study revealed a rich bundle of benefits produced by voluntary
hatcheries that exceed their biological contributions to wild salmon
conservation and fisheries. In our three cases, voluntary hatcheries
provided or facilitated many of the psychological (Table 2), social
(Table 3), and conservation (Table 4) benefit domains described within
the outdoor recreation research literature (Freudenberg and
Arlinghaus, 2009; Haas et al., 1980; Manning, 1999), with notable
parallels to non-catch benefits produced by recreational angling op-
portunities (Arlinghaus and Mehner, 2004; Ditton, 2004; Fedler and
Ditton, 1994; Manfredo et al., 1996; Weithmann, 1999). All three
benefit domains were identified across all cases, though specific bene-
fits within each domain were produced through different mechanisms
and to varying degrees between cases, and not all benefits arose in
every case. For example, all three cases had strong representation of
social benefits (Table 3), but in Norway the benefit of networking op-
portunities (S3, Table 3) did not emerge as strongly as in the Welsh and
German cases. This is likely caused by the small river size and relative
isolation of each cultivation group in the Norwegian case, resulting in
minimal opportunities to build social networks.

Across all three cases, the most significant benefit produced by
voluntary hatcheries was as a means of participating in salmon con-
servation. While cultivators’ interest in conservation through stocking
fits in line with the history of stocking (Bate, 2001; Cowx et al., 2010;
Granek et al., 2008), the use of hatcheries in enacting environmental
stewardship runs counter to common perceptions that angler-driven
stocking efforts are motivated primarily to improve catch opportunities
through a technological fix (“techno-arrogance” (Meffe, 1992).
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Enhancing opportunities for angling was either not relevant (such as in
Germany), or took a seemingly secondary role in motivating hatchery
work. Survey research among German fishery managers in angling
clubs revealed that helping to conserve threatened species is a major
motivator and driver of local management actions, including stocking
(Arlinghaus et al., 2015; Riepe et al., 2017).

Another key benefit facilitated by voluntary hatcheries was enga-
ging cultivators to support non-hatchery-related management and
conservation by generating the networks, resources, and the human
capital necessary to engage in small or large-scale conservation activ-
ities, such as stock monitoring, removal of escaped farmed salmon, and
habitat improvement (Granek et al., 2008). Importantly, these ex-
amples of participation in conservation are distinct from work done by
state hatchery programs (common to Norway and formerly to Wales,
and to salmonid stocking in North America), as state programs do not
typically offer opportunities for the lay public to take part in hatchery
work (von Lindern and Mosler, 2014).

4.1. Examining hatchery-related benefits through frameworks for
understanding benefits of outdoor recreation

Our findings suggest that the outdoor recreation framework
(Manning, 1999) is suitable as a means to identify most of the benefits
associated with voluntary hatcheries, though, some challenges have
arisen in categorizing and describing benefits. For instance, the routine
(P7) benefit is typically described in the literature as the opportunity to
escape from daily routine by engaging in a recreational activity
(Manning, 1999). While this definition remained true in the German
and Welsh case, Norwegian cultivators described their hatchery activ-
ities as an important part of their normal routine as opposed to escape,
and described being “lost” if their hatchery were closed and their
hatchery routine interrupted. This example demonstrates that the de-
finitions of some categories must be flexible to remain relevant in the
hatchery context.

Most importantly, the way hatchery benefits were elicited through
the ethnographic approach showed the way benefits were coupled and

interrelated, demonstrating interdependency between benefit domains
required for the production of each individual benefit (Fig. 1). For ex-
ample, routine (P7) occurred as a function of the social nature of
hatchery work as well as the fulfilling nature of participating in con-
servation. In another example, networking opportunities between culti-
vators (S3) provided satisfaction at the individual psychological level
while simultaneously tied to shared conservation interests in cultivator
groups. Social and psychological benefits shared significant overlap (S1,
S2, P6), as did psychological and conservation benefits (P5, P4, C5),
and to a lesser degree, social and conservation benefits (C2, C3). These
overlaps not only present challenges in categorizing benefits, but im-
portantly reflect the realities found in our case studies: psychological,
social, and conservation benefits are interdependent upon one another,
and each domain facilitates or enhances the production of the others. If
one of the domains is threatened (e.g. if hatchery work as the catalyst
for group activities is eliminated), the other benefit domains are also
reduced.

The provision or secession of psychological and social benefits
through hatcheries should be of interest to fisheries managers because
they affect the cultivators’ well-being, a strong contributor to behavior
of humans in general (Hunt, 2005). Well-being is a multi-dimensional
concept defined as “a state… where human needs are met, where one
can act meaningfully to pursue one’s goals and where one enjoys a
satisfactory quality of life” (McGregor, 2008). Recreational outdoor
activities can, for example, contribute to people’s subjective well-being
by increasing their self-esteem and improving their mood (Pretty et al.,
2007). As with the benefits categories, relational and social well-being
are closely interlinked and interdependent (Coulthard et al., 2011). In
the present study, voluntary hatchery work was a way of both being
with others (social benefits) and pursuing meaningful goals (psycho-
logical benefits), both contributing to individual and social well-being.

Hatcheries also produced specific conservation benefits (Table 4)
and supported conservation as a secondary outcome of the production
of psychological and social benefits. These interdependencies raise
some interesting questions about the nature and substitutability of vo-
luntary hatchery work, particularly to the relevance of “recreational” as

Fig. 1. Illustration of the interconnected and overlapping nature of psychological, social, and conservation benefits produced by voluntary hatcheries. Some benefits are interdependent
on multiple functions and interactions occurring within hatcheries, and could not occur without the co-production of multiple benefit domains at once.
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a descriptor of voluntary hatchery activities. For example, is voluntary
cultivation simply another broad form of outdoor recreation focused on
fish and fishing? Or, does this work belong in a category of activity
more akin to traditional non-government organization conservation
work, such as habitat improvement, monitoring, or activism?

These questions are relevant as voices critical of voluntary hatch-
eries often suggest that benefits gained from hatcheries could be sub-
stituted with a different recreational activity or a more “appropriate”
conservation activity. From our study, we know that cultivators seek
hatchery activities in addition to their regular recreation activities (e.g.,
angling), suggesting that cultivation work fulfills different needs or
provides different or supplementary benefits than those already ob-
tained elsewhere. Additionally, the primary benefit of “access to con-
servation opportunities” described above is not a benefit typically
identified as part of the outdoor recreation framework in general or
angling specifically, and therefore is not truly “recreational” in nature.

From this, we conclude that voluntary hatchery work, while pro-
viding many of the same benefits as typical recreation activities, is not
typically sought after as a recreational pursuit and therefore should not
be categorized as a recreational activity per se. Rather, engagement in
voluntary hatcheries can be constructed as providing opportunity to
achieve a higher good; to give something back to nature and help
salmon recover or maintain in the face of environmental (or perhaps
political) adversity, perhaps best termed as environmental stewardship.

4.2. Understanding the drivers that keep hatcheries open

Taking these findings into account, it is unlikely that voluntary
hatcheries are immediately substitutable solely through other activities
such as habitat improvement. In addition to the reasons stated above,
preference for hatcheries over other types of conservation activities
may be a result of historical path dependencies, political visibility of
stocking, or strong social norms by the angler constituency (van
Poorten et al., 2011; Riepe et al., 2017). For example, all cases had a
long lasting tradition of hatcheries where stocking has been a key
management and conservation tool for a long period of time (Berg,
1986; Bottom, 1997; Wolter, 2015), likely transferring hatchery prac-
tices into habit. Once this transformation occurs, cessation or sub-
stitution of the activity is exceedingly difficult due to loss aversion
(Kahneman and Tversky, 1984) in light of the multiple benefits created
by hatcheries.

The cultivators in our investigated cases had few, if any, alternative
means of pursuing their conservation drive due to substantial legal and
economic structural constraints in pursuing habitat work. This is an-
other reason why voluntary hatcheries have become the primary outlet
for conservation work by local stakeholders and anglers (Arlinghaus
et al., 2015). Anglers “stubborn” allegiance to hatcheries for con-
servation reflects these constraints, as well as the other benefits they
derive from participating in hatchery-based conservation. Importantly,
habitat improvement is different from stocking; it demands intensive
networking with other social-ecological systems and decision-makers
and often suffers from low implementation rates and high costs
(Aprahamian et al., 2003; Bilsby et al., 1998). By moving from hatch-
eries to habitat work, cultivators lose some sovereignty through colla-
borating with agencies, agricultural sectors, hydropower, water man-
agement and other actors. Thus, the transactions costs of habitat
management are high, and the way such activities tie into empower-
ment and abilities of individual anglers to make decisions is sub-
stantially different from that of stocking. It is thus unlikely that habitat
management activities can easily substitute the benefits derived from
voluntary hatcheries from a sociocultural perspective.

Finally, in cases where voluntary hatchery status is under debate,
valuation of multiple benefits helps to explain conflict-oriented beha-
vior from both cultivators and managers. From this study, it is clear that
the focus on efficacy and cost-effectiveness by some scientists and
managers is divergent from the multiple focuses of local cultivators.

Thus, groups are valuing and prioritizing the benefits produced by
voluntary hatcheries differently. This point is essential as contemporary
debates about hatcheries and stocking have focused on efficacy of
hatcheries to help conserve wild stocks as compared to economic and
opportunity costs, and most scientific discussions relate to the actual
contribution (or damage) hatcheries can do to wild salmonid stocks and
their environment. This is not the framing local cultivators have about
their hatcheries. Consequently, many scientists and managers effec-
tively ignore the many other psychological, social, and conservation
benefits produced by voluntary hatcheries which matter to stake-
holders.

Assumptions that the drivers for continued local hatchery work on
salmon are related primarily to increased opportunities to catch fish are
refuted by this study (particularly in the Welsh and Norwegian cases).
The same is true for assumptions that the lack of engagement in al-
ternatives to stocking is the result of the inability of cultivators to un-
derstand and adapt to new scientific knowledge. Further efforts to
manage voluntary hatcheries solely from this framing will likely ex-
acerbate existing conflicts between conservationists, fisheries man-
agers, and local cultivation groups. Moreover, in countries where
Atlantic salmon are extinct there is little alternative to engaging in
stocking − an activity that must be supplemented by (or perhaps
should supplement) large scale habitat restoration. If public managers
of rivers and fisheries need or want to restrict or terminate hatchery
programs (or hold discussions about such initiatives), our study sug-
gests they must be aware of the multiple meanings cultivators attach to
hatcheries and the specific contextual setting in which hatcheries are
operated (e.g., extinct wild stocks). Manager and communicators would
be well-advised to accept the underlying psychological forces and be
cautious in their communications and decision-making if they are to
maintain a constructive dialogue.

4.3. Holistic strategies for managing voluntary hatcheries

A key message of this article is the importance of hatcheries to
hatchery practitioners, and how they and society gain many important
benefits from hatcheries apart from the production of salmon. To that
end, management of voluntary hatcheries should be cognizant of and
ideally facilitate different types of benefits. While legitimate concerns
about hatcheries should not be ignored (Cowx, 1994; Grant et al., 2017;
Waples, 1999), managers could shift the focus and purpose of voluntary
hatcheries toward a more holistic approach (Lorenzen et al., 2010) by
adding non-biological benefits to stocking and hatchery objectives. This
shift will require all stakeholders to reach a shared understanding of the
goals and objectives underlying hatchery programs, consider trade-offs
to achieve multiple outcomes (McShane et al., 2011), and recognize the
merits of all stakeholders’ arguments and values (Harrison and Loring,
2014; Loring et al., 2014; Redpath et al., 2013). This change in per-
spective would achieve a broader scope of purpose for hatcheries and
avoid alienating stakeholder groups that pursue conservation activities,
but who also derive social and psychological benefits from hatchery
work.

Until now, cultivators have been incentivized to argue the case in
support of hatcheries from a stock-based perspective, engaging in a
power dynamic that situates research-based knowledge superior to
other knowledge types (Ingram, 2008). However, research on the effi-
cacy of voluntary hatcheries is often insufficient (Cowx et al., 2010),
allowing the hatchery debate to continue without sufficient informa-
tion. Rather than relying upon reactive commentary on top-down
proposed policy changes, we recommend a transdisciplinary manage-
ment approach (Chapin et al., 2010; Cowx et al., 2010; Fujitani et al.,
2017) which will achieve four important outcomes: (i) explicit con-
sideration of non-conservation benefits, (ii) jointly-produced knowl-
edge that brings better information into hatchery management and
effectively corrects misconceptions held by anglers, cultivators or
managers about the achievements of stocking programs (Arlinghaus,
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2006; Cowx, 1999); (iii) increase buy-in of non-scientists into research
outcomes; (iv) help in conflict resolution.

5. Conclusion

Our study provides new perspectives and information for con-
sidering voluntary hatcheries as salmon conservation tools. Voluntary
hatcheries provide diverse and bundled psychological, social, and
conservation benefits to both cultivators and salmon stocks. These
benefits have strong parallels to benefits derived from recreational
angling and outdoor recreation, but are likely not replaceable by an-
gling or other already-present recreational activities in these case stu-
dies. Decision makers could take advantage of these many benefits by
creating better-defined goals and objectives for hatchery and/or
stocking projects in harmony and close collaboration with hatchery
operators, pursuing joint studies and co-production of knowledge about
stocking impacts and outcomes, and better fostering civil engagement
toward salmon conservation with anglers and other stakeholders. In
this context, managers and policy makers should recognize the many
non-conservation benefits that hatcheries provide when implementing
outreach and communication strategies to avoid defensive and con-
flicting situations.

Hatchery groups have the same basic goals of most river and fishery
managers − to generate means to help salmon maintain or recover
their populations. It will be beneficial to build on this common interest
and jointly work toward addressing the overarching reasons for why
wild salmon stocks often decline. By contrast, taking an exclusive bio-
logical perspective and being overly critical of hatchery efforts promises
to create enduring tension with those for whom hatcheries provide the
means to generate meaningful civil engagement for salmon conserva-
tion. We recommend greater opportunity should be made of cultivator’s
willingness to participate in a wider set of conservation measures be-
yond stocking and provide the political and social resources to address
the reasons of salmon decline.
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