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TITLE: Hatching knowledge: a case study on the hybridization of local ecological knowledge and scientific

knowledge in Norwegian small-scale Atlantic salmon (Sa/mo salar) cultivation

ABSTRACT: This article examines drivers of hybridization of local ecological knowledge (LEK) and scientific
knowledge (SK) in small-scale Atlantic salmon (Salmo salar) fisheries in western Norway. Using a case
study from the @rsta River, we examine the processes by which knowledge hybridization is performed in
local fishing groups as part of wild Atlantic salmon cultivation activities. We find three primary drivers of
knowledge hybridization: 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 grown apart 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
local contexts. We discuss whether hatcheries can play an important role adapting and operationalizing
large-scale SK and salmon policy to the local environment through hybridization processes. To conclude,
we make recommendations about how reframing managerial views on hatcheries as facilitators of
knowledge transfer and production may improve the accessibility of SK to local communities and

improve the integration of LEK into Norwegian wild salmon management.

SAMMENDRAG: Denne artikkelen belyser arsakene til hybridisering av lokal gkologisk kunnskap (LEK) og
vitenskapelig kunnskap (SK) i forvaltningen av atlantisk laks i Norge. Med klekkeridrift i @rstaelva pa
Vestlandet som utgangspunkt undersgker vi hvordan lokale fiskere og frivillige benytter seg av
kunnskapshybridisering i sitt arbeid med a bevare villaksen. Studien finner tre hovedarsaker til denne
hybridiseringen: malet om a forbedre lokale kultiverings — og klekkeripraksiser, gnsket om effektivt a
tilpasse nasjonale forvaltningsmal til lokale forhold, og gnsket om a styrke LEK som en gyldig og relevant
kunnskapsform. Det identifiseres tre utfordringer for hybridisering, og vi analyserer hvordan bade
drivkrefter og barrierer knytter seg til hvordan LEK og SK fgr hadde felles mal og forstaelsesrammer, men
senere skilte lag nar SK ble mer kompleks og teknisk. Prosessene som fgrer til at bade LEK og SK oppstar,
utvikles og brukes i vern og forvaltning av laks pa lokalt plan drgftes. Til slutt diskuteres hvilken rolle
klekkerier kan ha i a tilpasse SK og nasjonale mal for lakseforvaltning til lokale forhold gjennom
kunnskapshybridisering. Mer transparente ordninger for utveksling og gjensidig nyttiggjgring av lokal

gkologisk kunnskap og vitenskapelig kunnskap anbefales. Dette vil kunne utgjgre et viktig bidrag i
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arbeidet med 3 oppna en mer baerekraftig forvaltning av atlantisk laks i Norge hvor sosial og gkologisk

baerekraft sees i sammenheng.
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Introduction

Over the past 100 years, cultivation practices for wild Atlantic salmon (Sa/mo salar) and Pacific salmon
(Oncorhyncus) have undergone significant changes. As studies of salmonids has 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, Beveridge, and Mangel
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 practitioners alike as to what knowledge should inform salmon
cultivation management.

Local ecological knowledge has commonly been compared with, or found to contradict, scientific
knowledge (Brook and MclLachlan 2005; Agrawal 1995). LEK is broadly referred to as site-specific
knowledge of the environment derived from experiences of a particular group of people (Berkes 1999).
While often used interchangeably with the terms Indigenous Ecological Knowledge and Traditional
Ecological Knowledge (Ellen, Parkes, and Bicker 2000), this article uses LEK as referring to ecological
experience-based knowledge, appropriate as the subjects of this study are not indigenous nor is their
knowledge derived from an ancient tradition. We use SK to refer to scientific knowledge, commonly
described as following a more formal and explicit process of acquisition and transmission, striving for
generalizations and replicability in space and time with the aim of impersonal and unbiased results
(Degnbol, 2005; Huntington et al., 2004).

Multiple studies point to significant differences between LEK and SK in terms of knowledge
acquisition, forms of knowledge transmission, and degree of particularization, generalization, and
verification of the knowledge involved (Berkes 2012; Berkes 2015; Davis and Ruddle 2010; Ellen, Parkes,

and Bicker 2000; Huntington, Suydam, and Rosenberg 2004; Mazzocchi 2006). In recent decades,
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however, a growing recognition of complementarities in these knowledge sets has developed. Within
academic circles as well as political initiatives, there is increasing acknowledgement of LEK as a credible
and valid source of knowledge of ecological processes, and as valuable in contemporary natural resource
management and decision-making (Berkes 2015; Brattland 2013; Tengo et al. 2014; Weber et al. 2014;
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

Local salmonid cultivation in Norway represents more than 150 years of tradition (Svasand et al. 2004),
as it does in other countries around the northern hemisphere (Bottom 1997). Essentially, the discovery
of artificial breeding and rearing of salmonids and subsequent 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 aiming at increasing 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 to enable local practitioners to run hatcheries (Berg 1986).

In Norway, national freshwater fisheries authorities were directed to address “applied, practical
inquiries” (Berg 1986, p. 80). In addition to a focus on hatcheries, fish ladder construction and tagging
experiments were typical activities for managers 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
(Fraser et al. 2011; Garcia de Leaniz et al. 2007; Ryman and Utter 1987). Knowledge on how salmon
biodiversity can be threatened by the introduction of conspecifics from non-native origins led to
regulations and guidelines recommending reduced stocking and transfer of salmonids (North Atlantic
Salmon Conservation Organisation 2006). Despite these changes, stocking of salmon in natural
watersheds continues to varying degrees, ranging from supplementation of natural stocks to
reintroduction of extinct native populations (Lorenzen, Beveridge, and Mangel 2012). Today, human
propagation of salmonids remains a complicated issue for fisheries managers (Lorenzen, Beveridge, and

Mangel 2012; Sandstrém 2010).

4
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The Norwegian Environment Agency (Miljgdirektoratet), Norway’s fish and wildlife management
authority, is the primary agent for the aggregation, dissemination, and utilization of scientific knowledge
for wild Atlantic salmon management, and for establishing regulations for cultivation hatcheries and
issuing permissions to operate. The updated “Guidelines for stocking of anadromous salmonids” from
2014 (Norwegian Environment Agency 2014) provides directions for the cultivation and stocking of
salmon in Norway. This is in line with the decentralized nature of Norwegian salmon management policy
aimed at empowering regional officials like the county governor 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
collection protocols (ibid.). Optimizing genetic diversity of the broodstock (e.g., avoiding using few
males), and avoiding domination of cultivated fish over the naturally recruited component through
careful computation of so-called effective population size are key responsible cultivation objectives
(Grant et al. 2017). The 2014 guidelines also prioritize stocking 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).

Taken together, these changes represent the phenomenon on which we center this article: 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 several decades have seen the evolution of SK toward a much
more critical view on hatcheries and their role within conservation. LEK holders, meanwhile, remain
similar to their original viewpoints where 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 disassociation of these respective viewpoints on hatcheries have caused SK and LEK to
represent diverging knowledges, and hatchery practitioners are left in a power struggle to maintain the

validity and usefulness of their knowledge.

LEK and knowledge hybridization through a practice-oriented lens
LEK has long been a staple in locally-managed fisheries, derived from and operationalized by
experiential, place-based knowledge about fishery environments. Positive working relationships

between fishers and management authorities have been identified as fostering effective fisheries
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management (Hill et al., 2010; Mackinson et al., 2011; Motos & Wilson, 2006). Within a Norwegian
context, the obligation of resource management authorities to 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 the importance attached to LEK, nor 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 management. 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 (Brattland 2013; Thomas and Twyman 2004). 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 approach to knowledge (e.g. Ingold, 2000, 2011; Lauer and Aswani 2009; Lauer and
Matera 2016, Marchand 2010). This processual approach conceptualizes knowledge as dynamic and
situated practices that cannot be contextually separated. From this perspective, knowledge is never fully
stable and durable, but “the ever-emergent product of a complex process” (Ingold 2011: 159). This
knowledge approach furthermore provides 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 differences between LEK and
SK to comprehensiveness or validity, differences here become related to the actual practices creating the
knowledges (ibid.). With the increasing distance between salmon knowledge produced through
experience-based and scientific practices, active processes of inclusion or exclusion of “the other”
knowledge also relates to issues of power. Inspired by the practice-oriented approach, acknowledging
how all knowledge is dynamic, hybrid, and heterogeneous, this article pays particular attention to
processes of explicit hybridization of LEK and SK for the purpose of developing more efficient, relevant,
and locally adapted salmon hatchery practices

Within environmental management literature, hybrid knowledge is often described as the new
insights that evolve from integrating different knowledge types (local and scientific) or through multi-,
inter-, or trans-disciplinary research (Raymond et al. 2010). After Murdoch and Clark (1994) identified a
gap in knowledge hybridization studies and called for social science research focusing on ‘hybridity’,

several studies have addressed the topic (e.g. Forsyth 1996; Nygren 1999; Thomas and Twyman 2004;
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Reid, Williams, and Paine 2011). In these studies, hybrid knowledge refers to adapting local examples of
knowledge to larger contexts through the mechanism of scientific knowledge. Most knowledge
hybridization studies are focused on collection and integration of LEK into the existing science-based
natural resource management frames, indicating a singular direction of knowledge flow (Baird 2007,
Bohensky and Maru 2011; Davis et al. 2004; Fernandez-Gimenez 2000; Harrison 2013). Raymond et al.
(2010), however, defines hybrid knowledge as “knowledge types that have, in some way been
integrated,” generated through “a social learning process” (ibid: pg. 1769), and as described by Murdoch
and Clark (1994), hybridity represents a category of knowledge in which multiple ways of knowing are
“inextricably mixed.” What processes drive these forms of hybridization of fisher knowledge, however,
remain largely unexplored. To that end, this study examines the processes by which LEK and SK are
hybridized in the context of small-scale salmon hatcheries, and identifies and describes the drivers of

knowledge hybridization in local fishers and hatchery groups.

Study area and Methods
This case study was conducted in Norway’s western Sunnmgre district in the southernmost part of Mgre
og Romsdal county. The study focuses primarily on the @rsta River and hatchery, with supporting
information coming from hatcheries in the neighboring villages of Seebg and Stranda. The @rsta River is
approximately 25km in length, which empties into the @rsta fjord at the village of @rsta (pop. ~ 6,800).
The river is technically two rivers, the Follestaddalselva and the Amdalselva, which join approximately
three kilometers from the river mouth and are collectively referred to as @rsta River. The @rsta River
hosts a population of wild Atlantic salmon, the fishing rights for which are privately controlled by river
property owners. The river owner organization (@rstavassdraget Elveeigarlag) is responsible for the
management of fishing access and regulation under national salmon river management rules typical to
European river ownership schemes. This includes, for instance, renting out fishing access/selling licenses,
maintaining banks and shelters and surveillance (Stensland 2010). The study area was chosen after the
authors received anecdotal information that the hatchery groups in Sunnmgre were particularly “vocal”
about their salmon rearing activities and resistant to changing hatchery regulations. The @rsta hatchery
is run through a voluntary collaboration between the river owners association and the @rsta hunting and
fishing association. The hatchery was originally established to compensate for the loss of salmon
spawning and rearing grounds due to river straightening in the 1950s.

Semi-structured interviews were conducted in April and May of 2016 in the @rsta region

primarily within hatchery settings to solicit perspectives on LEK and SK use in salmon conservation in the
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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
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, biology, and genetics at predominant Norwegian research
institutions such as the Norwegian Institute for Nature Research (NINA) and the Norwegian University of
Science and Technology (NTNU) (N = 2). Additionally, researchers 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. Participants were recruited using the key informant method (“snowball”)
(Biernacki and Waldorf 1981) and recruitment saturation was reached when no new individuals were
being recommended. In total, 21 individuals participated in recorded interviews typically lasting between
60-90 minutes. All fishers interviewed were male, with typical ages being between 45-75 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 participating
translator. Though most informants willingly communicated in English, all interview participants were
given the option to make comments in 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 written to elicit
perspectives on knowledge production, knowledge sharing, 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 was coded

again to analyze the identified themes and elicit insights into specific knowledge-related topics. After
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more specific codes had been developed, a third round of analysis was conducted using memoing. The
most prevalent and thematically relevant codes were used as memo topics to develop theoretical
explanations of the data. All coding and preliminary analysis was conducted by the first author.

Secondary analysis and results were contributed to and discussed by all authors.

Results - Drivers of Knowledge Hybridization
From our analysis, three primary drivers and three challenges to hybridizing LEK with SK knowledge

emerged.

Intergenerational knowledge exchange

Knowledge hybridization in fisher groups occurs through intergenerational knowledge exchange,
enhanced by the transition 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 responsibilities. Through shared practices, older
generations are hybridizing their LEK with incoming SK, and younger generations are developing or
learning LEK as an addition to their more generalized, school-acquired scientific knowledge.

The transition of hatchery operations responsibility is considered essential, especially by the
oldest members of the fishing groups who consider the additional paperwork burden brought about by
the new stocking guidelines as something for “younger 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.
These beliefs reflect 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 “wild
type” salmon.

Younger fishers also reflect positively on the learning experience of intergenerational hatchery

work. One of the youngest group members had this experience of working with older fishers:

“Sometimes | learn something from them and the next day they are asking me something and |
[teach] something 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 interesting.” (E. Johansen, May 10, 2016)* [sic throughout]

L All names attributed to quotes have been fictionalized to preserve anonymity of research participants.
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These comments about reciprocal learning and teaching relationships demonstrate a
hybridization of the SK within the general education of younger fishers with the LEK held by older fishers.
Another example of hybridization takes place within particular 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). Now, the new and relatively
younger hatchery manager has installed an electronic water flow gauge, adapting to a more accurate
measuring system. Still, he double 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 the leadership role of hatchery manager.

Coping with change

Knowledge hybridization allows fishers to cope with policy changes that require them to adopt new
methods in their hatchery activities. This phenomenon is evident in the example of broodstock harvest,
an annual activity fishers perform in order to obtain reproductive material for the hatchery.

Each year, members of the river owners association and the @rsta hunting and fishing group
work together to harvest salmon broodstock, from which they later strip eggs and milt. Fishers rely upon
experience to spot incoming salmon schools within the tidal estuary of the @rsta River, where they
collect broodstock with a small seine net and boat. This activity is labor intensive and requires precise
timing in order to seine the fish and transfer them into large plastic holding tanks. The skills and
knowledge required to perform the broodstock harvest are derived from many years of practice, and
refined through interactions with researchers and experts within the aquaculture industry.

The location of the broodstock harvest has been controversial 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, @rsta’s County Governor has directed that broodstock must be collected from the same location
where stocking takes place. This interpretation requires that broodstock be harvested 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 via rod making them

less likely to survive captivity. Furthermore, the fish must survive a car journey of approximately 10
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kilometers 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 required 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, | 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. | 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) [sic

throughout]

The @rsta area fishers have voiced these concerns to the County Governor who, in turn, has
considered this locally-held information and allowed for an adjustment to the requirements. A year-to-
year agreement about broodstock harvest location accounts for real-time environmental conditions, fish
return, and other seasonal changes that are relevant to the operation of the @rsta hatchery.
Simultaneously, fishers have experimented with harvesting broodstock in the Follestaddalen area and
are continuously trying to improve the quality of rod-caught broodstock by reducing fish stress during
harvest and improving transportation conditions.

This example demonstrates how fishers are taking new information about broodstock harvesting
and adapting their own practices to maximize beneficial outcomes. This is done in combination with
advocating for their own knowledge of fish welfare and compromising between SK-based policies and
their own LEK-driven practices and needs. Taken together, this example illustrates how fishers are

hybridizing their knowledge in order to cope with policy changes that affect their hatchery activities.

Maintaining relevance

As described in the introduction, 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 programs
(Brannon et al. 2004; Araki and Schmid 2010). Within the context of this conflict, knowledge

hybridization is also driven by fishers’ desire to remain relevant and active within this cultivation debate.
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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 an effort
to improve the legitimacy of their voice in the hatchery debate. For example, fishers have learned new
techniques that allow them to participate in DNA sample collection and preservation, and to perform
factorial cross breeding. Similarly, fishers reported reading scientific articles and reports produced by
Norway’s premier fisheries research institutions (i.e., NINAZ, NTNU3), and expressed strong interest in
partnering with scientists to study their local and neighboring salmon populations.

One example of the effort to maintain relevance is found in how fishers measure the
effectiveness of their stocking activities, a key issue of contention in the hatchery debate. Fishers
recognize the need to monitor the results (and by extension, efficacy) of their stocking activities, and
have developed a monitoring system based on SK methods and LEK. Each October fishers gather to walk
a three kilometer 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.
Through this activity they can examine spawning grounds, count redds, and evaluate the condition of the
river bed.

It is unclear, however, if fishers’ efforts to raise 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 participate in scientific studies, they also expressed frustration with
participating in research and then never hearing from researchers again. Notably, they desire to hear the
outcomes of research in which they participate, and hope to be able to apply findings toward 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 stakeholder 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

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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under no obligation to solicit comment 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 advisory group (A. Lund, Personal Communication, April 25,
2016). The decision as to who should and should not be included in the expert group is made by
national-level managers. From our interviews, recruitment to the expert group is based on managerial
perceptions of what expertise is necessary and valid in making the decisions at hand.

For example, the expert advisory group did include two individuals — a hydropower stocking
expert from a major Norwegian electricity company* and a stocking expert representative from the
national veterinary institute — whose expertise managers described as “practical” knowledge (A. Lund,
Personal Communication, April 25, 2016). While these ways of knowing are not, in themselves,
representative of LEK, they demonstrate an interest at the national level to include the “on the ground,
practical” perspective on hatchery and stocking operations. Despite this, 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, rich,
and more relevant to local conditions than may be the case of large-scale, more generalized research. As

one angler and hatchery operator explained (via interpreter):

*1n Norway, hydropower installations that impede or otherwise damage migratory routes or spawning and rearing
habitat for fish are, in most cases, legally obligated to perform compensatory stocking to the affected water course.
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[Translated] “He doesn’t entirely trust the scientists because all the rivers are different, and he
feels that they do not have the specifics as such from [our river]. So when a new requirement

shows up, it's not necessarily the best for our river.” (B. Thorkild, May 10, 2016)

When it comes to local specifics, fishers thus view their knowledge more relevant to the actual
conditions, based within everyday observations of “what is actually happening” and inclusive 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 particular, 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, fishers commented that they do not

believe their knowledge is wanted by management officials. As a leader of a fishing group said:

“We are very seldom asked, but told what to do.” (P. Larsen, May 3, 2016)

Another fisher expressed a similar sentiment:

“l 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 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 @rsta 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 negative managerial

views on stocking, he said:
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“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 communicating change in SK to stakeholders,
especially when that knowledge 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 of 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 application of policies. As fishers emphasize the importance of LEK, and that SK
which they may integrate into their LEK, their knowledge practices are experiential and place-based,
producing knowledge and perspectives most applicable to their local environment. This creates
challenges in making their LEK-derived observations and concerns relevant to a national scale, and in
incorporating broad, generalized and multi-disciplinary SK into their local hatchery activities.

By the nature of their responsibilities, national and county level managers are tasked with creating
policies and regulations that are applicable at broad temporal and spatial scales. Therefore, it is
inherently difficult for national managers to manage for the specific needs of each local community.
Additionally, there is the sheer logistical challenge of relatively few managers responding to the voices of
many individual stakeholders across more than 400 salmon-bearing rivers in Norway.

Currently, the somewhat decentralized nature of Norwegian salmon management policy aims to
empower local 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, ten, twenty, thirty 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
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of management to more and more local management. Where river owners have got a much
bigger possibility of influencing the management and actually 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 local 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 identified in the @rsta River hatchery case:
facilitating intergenerational knowledge exchange, coping with regulatory change, and improving the
functionality and validity of local ecological knowledge. Conversely, several challenges that impeded or
prevented hybridization also emerged: perceptions of validity, inadequate channels for knowledge
sharing, challenges of power and trust, and challenges of scale. Fishers are hybridizing 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 development and sharing of LEK while
integrating the increasingly in-depth formal education of younger generations of fishers. The prevalence
of intergenerational and peer-to-peer knowledge sharing processes within this case indicates its
importance in maintaining group coherence. This knowledge exchange 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 producing 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 @rsta River is informed by combined LEK and SK of water temperature effects on developing fish
embryos, environmental events typical to the @rsta River, and the condition of ideal stocking locations. It
is also informed by SK of the impacts on physiological and behavioral fitness of the salmon from the

hatchery environment (McDonald et al. 1998), the effects of feeding juveniles with aquaculture-grade
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food (Thodesen et al. 1999), and the potential survival advantages of stocking larger, stronger juveniles
(Letcher and Terrick 2001). Combined with intergenerational (re)production of knowledge, hybridizing
LEK with SK allows fishers to make more 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 decision makers, and so have adapted their advocacy and
communication 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 practices in maintaining genetic diversity amongst
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 desired genetic composition of the @rsta River salmon population
are rebutted with arguments that these rules do not adequately reflect the conditions or meet the needs
of the local river environment. In this case, fishers argue LEK to be more appropriate in guiding local
management decisions. This example demonstrates that the processes of hybridization includes not only
the production of new knowledge, but also the selection of knowledge considered most useful to the
knowledge 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 knowledge (bringing LEK into SK). This is likely due to many of the same challenges that
limit knowledge hybridization for fishers. 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
information and input (Holm 2003). Managers demonstrated attempts to be inclusive of stakeholder
knowledge when designing policy, such as in the case of the non-mandatory public comment period in
the 2014 stocking guideline development. From interviews with managers, we know that engaging with
dissatisfied 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, the

opportunities that do exist are considered insufficient and ineffective by the fishers in this study. The
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public comment period, along with occasional visits to stakeholder areas and topic-driven meetings,
represent the extent of institutionalized inclusion of local stakeholder perspectives into policy-making
processes. Aside from this, fisheries managers at the county and national level depend upon fishers to
send email, attend public meetings, and submit solicited comments (A. Olsen, Personal communication,
April 26, 2016). However, agency staff are few in comparison to the many fishers and fishing groups
throughout Norway, and practical limitations apply in their ability to engage stakeholders. Because of
these limitations, inadequate opportunities exist 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 opportunities 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 salmon management
is still relatively new in Norway and thus processes of inclusion are still developing. Some recent
Norwegian projects such as The Norwegian Reference Fleet (Bjgrkan 2011) hold promise in offering
fisheries 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 hybridization also acts as a reversal of
the disassociation of SK from LEK as complementary knowledge systems (Mackinson and Nottestad
1998). While this study has focused on identifying and describing the drivers and challenges to
knowledge hybridization, it also underscores the power dynamics involved when different knowledge
sets are considered contradictory rather than complementary, and illustrates processes by which these
power dynamics are maintained. The results of this study 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 power of SK over LEK. The formalized scientific institutions that produce
and empower SK, combined with positivistic traditions in fisheries science (Hind 2015), place a high
premium on “best available science” (Charnley et al. 2017) when crafting policy. The processes through
which LEK is produced, however, do not follow correspondingly systematic, formalizing methodologies as
applied in the production of SK (Bjgrkan 2011). Consequently, LEK does not fit the frame of formal,
authorized knowledge upon which salmon management is founded and further separates LEK from
knowledge with which salmon managers are familiar. While potentially both relevant, reliable, and valid,
LEK is seldom organized in a way that makes the knowledge directly transferable for management

purposes (ibid.).
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It is not surprising that though some authors have argued for the value of LEK and its relevance
to SK-dominated salmon management (Forsyth 1996; Silvano and Valbo-Jgrgensen 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 position of lesser power use hybridization as a means of reclaiming and reasserting the value of
their knowledges. 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 knowledge
cultures, an effort within knowledge disciplines that has yet to be fully successful (Hind 2015). In doing
so, the partial knowledges of hatcheries currently produced by both LEK and SK may be made more
complete and useful to local practitioners and broad scale managers. Local hatcheries thus appear 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 knowledge, hatcheries are facilitators of
the reproduction of knowledge, where both LEK and SK are acknowledged and included. This finding
leads to a new question: within national and international salmon management, can hatcheries 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 argumentations,
fishers not only increase their ability to discover weaknesses in scientific recommendations (Bjgrkan
2011), but they may also develop new ways of gathering and presenting their experience-based
knowledge, thereby making it more accessible to managers. Simultaneously, managers would need to
develop new ways for recognizing and acknowledging insights gained from other processes beyond the
scientific (Joks and Law 2016). The results from our study 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,
hatcheries may enhance information transmission and facilitate knowledge processes from which

important managerial lessons can be learned.

Conclusion
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Fishers within this case study possess a rich variety of LEK that enables them to enact conservation
activities for salmon in the @rsta 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 generations. These fishers are operating within a formal
management system primarily based upon SK and developed through empirical and scientific inquiry
within Norwegian and international scientific and regulatory institutions. While SK and LEK once
represented complementary knowledge in the context of salmon cultivation, in recent decades they
have evolved in disparate directions. For multiple reasons, local fishers use hatcheries as facilitators of
knowledge hybridization 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 hybridization within fisher groups in the @rsta
hatchery: to facilitate intergenerational knowledge exchange, to cope with changing hatchery
regulations, and to maintain social and practical relevance and improve fishers’ role as essential
knowledge holders within Norwegian salmon management. Three challenges 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
systems into a management framework.

Fisheries management systems that better integrate multiple 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 problems could better inform
managers as to how broad policies may be made more adaptable to local contexts. We recommend that
hatcheries be reframed as management tools for information transmission and facilitators of knowledge
reproduction, where both LEK and SK are acknowledged and included. Examples of LEK-integrated
fisheries management systems abound in fisheries literature and could be adapted to a Norwegian
model (Baird 2007; Gilchrist, Mallory, and Merkel 2005; Mackinson and Nottestad 1998; Mahon et al.
2003).

Overall, the future of salmon hatcheries in Norway, particularly voluntary hatcheries, has yet to
be determined. As the use of these 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 influence over the degree to which
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hatcheries may be part of a comprehensive salmon conservation strategy that has legitimacy by the

riverside as well as in central agency offices.
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