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a b s t r a c t 

Inland fisheries are complex social-ecological systems that can generate important nutritional, economic, cul- 

tural, and recreational benefits. Effective management of these systems for multiple user-groups requires an un- 

derstanding of the complex natural and human dimensions interactions within them. We examine the perceptions 

of stakeholders, Indigenous rightsholders, and regulatory/governance groups on the current and future status of 

Oncorhynchus mykiss (including their resident form – rainbow trout – and their anadromous form – steelhead) 

populations and fisheries in British Columbia (BC), Canada from 65 qualitative interviews and 1029 quantitative 

survey responses. Participants generally did not believe resident rainbow trout were threatened at the provin- 

cial level but were definitive in assessing anadromous steelhead trout as threatened. Habitat alterations, water 

temperature extremes, and climate change, were key threats identified for all forms of O. mykiss while bycatch 

in commercial fisheries and predation pressure from pinnipeds were specifically identified threats for steelhead 

trout. Anglers did not perceive recreational fishing pressure as a key threat in contrast to regulatory and gov- 

ernance groups. Fisheries managers were praised for stocking programs and managing small lakes fisheries but 

criticized for not doing enough to protect fish populations, for an unwillingness to challenge or confront commer- 

cial and Indigenous interests which infringe on conservation, and for a lack of aquatic monitoring. Three factors 

identified by participants contribute to fishery mismanagement, inaction, and decision paralysis: (1) insufficient 

resources (funding, staff, time), (2) confusion in jurisdictional authority between provincial and federal govern- 

ments, and (3) organizational structure of natural resource management agencies which are not autonomous 

from competing commercial and industrial objectives and directions. Despite conservation being purported as 

the highest priority of fisheries managers, economic, social, and political drivers are perceived as increasingly in- 

fluencing conservation decisions and actions. These findings can inform fisheries management and conservation 

decisions, policies and practices to ensure that they are more salient, robust, legitimate, and effective. 
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. Introduction 

Inland fisheries are complex social-ecological systems that provide

mportant nutritional, economic, cultural, and recreational benefits to

eople ( Arlinghaus et al., 2013 ; Lynch et al., 2016 ). Fisheries are essen-

ial to the sustainability and well-being of many communities around

he globe ( Welcomme et al., 2010 ; Cooke et al., 2016 ) and regions

cross Canada ( Cooke and Murchie, 2015 ; Castañeda et al., 2020 ). They

nclude commercial, moderate livelihood, subsistence, ceremonial,

nd recreational fisheries, which often maintain a common interest in

he same fish. Responsible fisheries management is essential for the

onservation and sustainable use of fishes ( Arthington et al., 2016 ).

et, the biophysical environment of inland fisheries is increasingly
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hreatened by rapid environmental change. Stressors such as habitat

lteration, pollution, invasive species, overexploitation and climate

hange are putting pressure on inland fish populations around the globe

 Reid et al., 2019 ) including in Canada ( Desforges et al., 2021 ). Indeed,

sh are among the most endangered organisms globally, especially in

reshwaters ( Cooke et al., 2013 ; Reid et al., 2019 ). Globally, populations

f freshwater species have declined by an average of 83% since 1970

 Harrison et al., 2018 ; Grooten and Almond, 2018 ), while migratory

sh which depend on freshwaters have declined by an average of 76%

ince 1970 ( Deinet et al., 2020 ). Ensuring the sustainability of fish

opulations and fish habitat in biophysical environments is but one

ajor challenge to inland fisheries management ( Arlinghaus et al.,

015 ). 
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Effective fisheries management must also consider the needs of hu-

ans, making decisions in the face of conflicting objectives, such as

mproving angling opportunities, conserving wild populations, and con-

rolling costs ( Smith et al., 1999 ; Riley et al., 2002 ; Varkey et al.,

016 ). The North American Model of Wildlife Conservation, the pre-

ailing model of science-based regulated management of wildlife on

ehalf of the public ( Organ et al., 2012 ; Krausman and Cain, 2013 ;

yder, 2018 ; Mahoney and Geist, 2019 ), like the biophysical environ-

ent, is also changing rapidly. Fisheries management in Canada today

nvolves engagement with recreational, commercial, Indigenous fish-

rs, environmental non-governmental organizations (ENGOs), and other

takeholders and rightsholders with a vested interest in a fish or fish-

ries issue, program, action, or decision. There are high expectations of

sheries managers to include all fisheries actors in management pro-

esses, and high expectations of these diverse fisheries actors for in-

olvement in those management processes ( Endter-Wada et al., 1998 ;

ecker et al., 2012 ; Krausman and Cain, 2013 ). In terms of governance,

sh and fisheries are seen by some as too complex to be governed by a

ingle agency, opening calls for co-management – joint action of mul-

iple parties – which is also ‘good’ and ‘ethical’ because it promotes

articipation, power, and equity of user groups ( Fennell et al., 2008 ;

erkes, 2009 ; Quimby and Levine, 2018 ). Even when hierarchical in-

titutional regimes are efficient, effective management is dependent on

takeholder support and perceptions of legitimacy associated with trust

n governing bodies ( Turner et al., 2016 ). Fisheries management in

anada is also further complicated by institutional challenges – trans-

oundary governance of fish, overlaps in governance between federal

nd state (i.e., province, territorial) level governments, and confusion

ver who has jurisdictional authority ( Temby et al., 2015 ; Jeanson et al.,

022 ). 

In British Columbia (BC), the most westerly province in Canada,

ainbow trout ( Oncorhynchus mykiss ) are a native cold-water salmonid

sh whose populations (when and where thriving) support recreational,

ubsistence, and ceremonial fisheries underpinning social, cultural, and

conomic well-being of BC’s diverse population, including Indigenous

eoples with deep connections to lands and waters. Rainbow trout in-

lude freshwater residents and an anadromous form called ‘steelhead’

rout, which migrate from marine to freshwaters to spawn. The long-

erm sustainability of these fish populations and their dependent fish-

ries are threatened by increased water temperatures ( Meka and Mc-

ormick, 2005 ; Parkinson et al., 2016 ; Twardek et al., 2018 ), declines

n dissolved oxygen in lakes ( Jane et al., 2021 ), drought and low wa-

er conditions ( Whitney et al., 2016 ; Gronsdahl et al., 2019 ). In BC,

ainbow trout fisheries contribute $957 million CAD (e.g., licence sales,

ccommodations, fishing equipment, boats, fuel etc.) to local and na-

ional economies and translates into the employment of 5000 persons

 Bailey and Sumaila, 2012 ; Freshwater Fisheries Society of BC, 2013 ).

he most preferred species in terms of total 2010 catch in BC are rain-

ow trout (58%) while steelhead trout are the 8th most preferred species

2%) ( Freshwater Fisheries Society of BC, 2013 ). 

Management of rainbow trout, fisheries and wildlife in BC is com-

lex, involving both federal and provincial government agencies, as well

s Indigenous communities and governments in specific territories. The

ain agency responsible for management of freshwater populations of

sh like rainbow trout is the British Columbia Ministry of Forests, Lands,

nd Natural Resource Operations and Rural Development (FLNRORD),

he provincial natural resources ministry. Marine fish and tidal waters

re exclusive federal jurisdictional authority and the primary responsi-

ility of The Federal Department of Fisheries and Oceans Canada (DFO)

gency. Under the Constitutions Act (s. 91(12), 92(13)) The Govern-

ent of Canada (i.e., DFO) is responsible for conservation and protec-

ion of all fisheries while the Province (i.e., FLNRORD) has jurisdiction

ver all other aspects of fisheries (e.g., licenses, who can fish, fishery

eases). DFO and FLNRORD thus have shared agency and responsibil-

ty for inland waters (lakes and rivers) and steelhead management. The

rovince (FLNRORD) has been delegated administrative authority over
2 
he recreational steelhead fishery but regulation of the commercial, First

ations and salmon fisheries (marine and freshwater) remains the re-

ponsibility of DFO ( Government of British Columbia, 2016 ). In addi-

ion, there are non-governmental stakeholders, such as academic re-

earchers, non-profit organizations, private consultants, and resource

ser groups (e.g., anglers) that are also involved in management pro-

esses of rainbow trout in BC. The Freshwater Fisheries Society of BC

FFSBC; https://www.gofishbc.com ), under contract from FLNRORD, is

esponsible for the province’s fish stocking program, improving angler

ccess, as well as various conservation services (including outreach and

ducation) (for study area and background see Appendix A, Supplemen-

ary Material). 

Here we examine the perceptions of stakeholders, Indigenous right-

holders, and regulatory groups on the current and future status of rain-

ow and steelhead trout populations and fisheries in BC, Canada. We are

articularly interested in views on the resilience of rainbow trout pop-

lations in BC, fisheries management, and decision making. As part of

his study, we also sought out suggestions on possible policy responses to

ew environmental conditions affecting rainbow trout. We use a) qual-

tative data from in-depth interviews with members from natural re-

ource management branches of Indigenous and parliamentary govern-

ents, as well as non-governmental stakeholder groups and b) quan-

itative data from surveys from rainbow trout anglers, to analyze the

actors which govern the long-term sustainability of these fisheries in

C. These perceptions can inform fisheries management and conserva-

ion decisions, policies and practices that are more salient, robust, legit-

mate, and effective ( Bennett et al., 2017 ). 

. Methods 

.1. Interviews 

A qualitative approach based on open-ended semi-structured inter-

iew questions ( Axinn and Pearce, 2006 ; Creswell, 2014 ; Young et al.,

018 ) was used to gather opinions and perspectives of actors connected

o rainbow trout science and management. The interview questions (see

able 1 ) were designed to encourage open-ended discussion about rain-

ow trout management from a wide range of respondents. This study

as conducted in accordance with the University of Ottawa Research

thics Board (File Number: 02-18-08). We performed a pilot interview

fter ethical clearance that showed no issues. All participants gave in-

ormed consent to participate in the study. Although some interviewees

ranted permission to use their names, all quotes shared in this article

re attributed anonymously in order to protect identities. 

We developed the initial population frame for interviews by search-

ng the BC Government Directory ( https://dir.gov.bc.ca/ ) for govern-

ent employees who work in fisheries management using the keywords

fish ” or “fisheries ”. The population frame was then further developed

n consultation with two senior managers in the provincial government

nd a senior scientist/officer with FFSBC to ensure that key government

mployees, stakeholders, and rightsholders were identified. The popula-

ion frame was then supplemented by snowball sampling from voluntary

eferrals by respondents. 

Interviews were conducted in person and over the phone between

pril and November 2018. A total of 65 interviews were conducted (re-

ponse rate of 40%) with participants from natural resource manage-

ent branches of Indigenous governments ( n = 4), parliamentary gov-

rnments ( n = 33), as well as representatives from FFSBC ( n = 7) and

on-governmental stakeholder groups ( n = 22) who have been involved

n the management of recreational and subsistence rainbow trout fish-

ries ( Table 2 ). An additional 96 individuals were contacted but did not

articipate because they a) did not respond to our request or b) declined

o participate due to little interest or no expertise in rainbow trout (affil-

ations of these individuals are provided in Appendix B, Supplementary

aterial). Each of the 9 different resource management regions in BC

ad at least one representative interview participant, covering all areas

https://www.gofishbc.com
https://dir.gov.bc.ca/
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Table 1 

Open-ended interview questions analyzed in this article and to which interviewee group they were directed: Natural resource management branches of Indigenous 

governments (FN); parliamentary governments (GOV); representatives from Freshwater Fisheries Society of BC (FFSBC) and non-governmental stakeholder groups 

(STKH) ( Table 2 ). Also included are relevant survey questions analyzed in this article which were directed to n = 1029 rainbow trout and steelhead anglers. 

n/ a = not applicable. 

Interview Question Interviewee Group Survey Question 

Conservation status assessment of rainbow and steelhead trout populations 

In your opinion, do you think that wild rainbow trout populations are 

currently threatened [under threat]? 

ALL ( n = 65) Please indicate your level of agreement or disagreement with the 

following statements: - I believe that [previously selected fish] 

populations in British Columbia are currently at risk of decline due to 

environmental changes 

[ If yes ] What do you think are the primary causes of these threats? Why 

do you think that? 

[ If no ] Why do you think that? In your opinion, how much of a threat do the following factors pose to 

[previously selected fish] populations? – Agriculture, Climate change, 

Commercial bycatch, Dams, First Nations fishing, Fish diseases, Fish 

farming/Aquaculture, Forestry, Habitat alterations, Invasive species, 

Mining, Predation, Recreational fishing, Residential & commercial 

development. Water quality 

In your opinion, over the past ten years, water temperatures of the 

waters you regularly fish in British Columbia... 

In your opinion, over the next ten years, water temperatures of the 

waters you regularly fish in British Columbia... 

In your opinion, climate change in British Columbia is... 

Please indicate your level of agreement or disagreement with the 

following statements: - I believe that climate change will not harm 

[previously selected fish] populations in British Columbia for many 

years 

Please indicate your level of agreement or disagreement with the 

following statements: - I believe that climate change will never harm 

[previously selected fish] populations in British Columbia 

Praise and criticisms of parliamentary governments managing the rainbow and steelhead trout fishery 

In your opinion, what are governments doing right in managing the 

rainbow trout fishery? 

FN, FFSBC, STKH In your opinion, how much of a threat do the following factors pose to 

[previously selected fish] populations? - Poor management 

Doing wrong? ( n = 32) Please indicate your level of agreement or disagreement with the 

following statements: - I believe that the provincial government has 

provided sufficient resources to successfully manage fish populations in 

British Columbia 

Please indicate your level of agreement or disagreement with the 

following statements: - I believe that the provincial government has 

implemented the necessary regulations to successfully manage fish 

populations in British Columbia 

Do you believe that the federal government ought to be involved in the 

management of fish populations in British Columbia? 

Fishery actors 

Do you have direct contact with stakeholders in the course of a fishing 

season? 

GOV, FFSBC n/a 

[If yes] Which ones? How frequently? In what ways? ( n = 39) 

How important is stakeholder input/feedback/consultations in your 

decision-making? 

How do you balance the different demands/interests of stakeholders in 

your decision-making? 

How do you prioritize these competing demands/interests? 

Prioritizing conservation concerns in decision-making 

In your opinion, at what point do stakeholder interests or demands 

override potential conservation concerns? 

GOV, FFSBC n/a 

( n = 39) 

Criticisms of decisions made with respect to fisheries management of rainbow trout populations 

As you know, some people are critical of the decisions made with 

respect to fisheries management of rainbow trout populations. 

GOV, FFSBC n/a 

What are the most common criticisms that you hear? ( n = 39) 

What do you personally think of these criticisms? [In your opinion, 

are these criticisms valid?] 
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f the province. Interviews lasted between 18 min and 2 h, depending on

he level of detail provided by the respondent. Anadromous wild steel-

ead trout were discussed by interview participants opportunistically

nd voluntarily (i.e., there were no steelhead-specific questions). 

.2. Data analysis 

Interview transcripts were transcribed from audio to text using Trint

 https://trint.com ) and then coded and analyzed using NVivo 12 soft-

are ( QSR International Pty Ltd., 2018 ). 
3 
The coding process involved two steps. In the first step responses

ere categorized according to the original interview questions ( Table 1 )

n order to isolate relevant content. In the second step inductive coding

as conducted, for which the coded responses were re-read for emer-

ent themes ( Thomas, 2006 ; Charmaz and Belgrave, 2012 ). Responses

ere read a third time to identify any additional themes and were then

orted under final themes to provide a measure of their prevalence. A

esponse may have multiple thematic codes if warranted. All coding

as performed by the first author. Because the coding task, in addition

o transcription of data from audio to text, already consumed a signif-

https://trint.com
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Table 2 

Affiliations of the 65 interview participants, grouped as members from natural resource management branches of Indigenous governments, and parlia- 

mentary governments, the Freshwater Fisheries Society of BC as well as non-governmental stakeholders. 

Indigenous 

Governments (FN) 

N Parliamentary 

Governments (GOV) 

N Freshwater Fisheries 

Society of BC 

(FFSBC) 

N Stakeholders (STKH) N TOTAL N 

Biologists 2 Biologists 

(FLNRORD) 

17 Biologists 2 Academia 6 

Fisheries Managers 2 Directors 

(FLNRORD) 

3 Officers and 

Executives 

4 BC Hydro 2 

Fish & Wildlife 

Section Heads 

(FLNRORD) 

6 Environmental 

non-governmental 

organization 

(ENGO) 

5 

Human Dimensions 

Specialist 

(FLNRORD) 

1 Private 

environmental 

consultants 

6 

Policy Analysts 

(FLNRORD) 

2 Retired provincial 

government 

employees 

3 

Conservation 

Science Section 

(MOECCS) 

3 

Science Branch 

(DFO) 

1 

Participant 

Sub-Total 

(4) (33) (6) (22) 65 
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cant amount of time and resources, using more than one coder was

ot viable in this research. Additionally, the coding system/frame is the

ollection instrument, not the coder, and should establish coding con-

istency. Multiple coders may have different theoretical biases and will

rganize codes into themes in different ways ( Armstrong et al., 1997 )

hus it is not always clear if using different coders reduces susceptibility

o bias or errors in judgement. Although we acknowledge using multi-

le coders will reduce the risk of human error and may be a limitation

n the present paper. Figures were produced in GraphPad Prism version

.2.0 ( www.graphpad.com ). 

.3. Survey 

Interview data was supplemented with an online survey of BC rain-

ow trout anglers, titled “Threats to Rainbow Trout and Steelhead in British

olumbia ” (see Jeanson et al., 2021 ),. For several themes for which

here is overlap between interview questions and questions in the on-

ine survey (see Table 1 ), interview results are augmented with results

rom the online survey to provide complimentary insights on the views

f rainbow trout angler stakeholders. 

The online survey was conducted in accordance with the Carleton

niversity Research Ethics Board (#10733). Participants were required

o give informed consent via the online consent form at the beginning

f the survey. The survey consisted of multiple choice, Likert-style, and

ree-answer questions. The survey mechanism was built and operated us-

ng the online Qualtrics software. The survey was pre-tested with three

nglers experienced in fishing for rainbow trout in BC. Pre-testing indi-

ated a completion time of approximately 15 min. The survey was avail-

ble for approximately 6 months from the beginning of April to mid-

ctober 2018 and was distributed using a non-random, non-stratified

roadcast sampling method to reach BC rainbow trout anglers. The sur-

ey was distributed through recruitment posts to personal social media

ccounts (Twitter and Facebook), paid targeted advertising (Facebook),

nd links in email newsletters of FFSBC and Anglers Atlas. 

A total of 1171 individuals opened the survey link and viewed the

urvey but after removing individuals who did not: i) continue the sur-

ey after reviewing the consent form ( n = 47), ii) fish for rainbow trout

n BC ( n = 6), and iii) did not respond to any question in Table 1 or

ppendix C, Supplementary Material ( n = 89) a total of 1029 surveys

rom rainbow trout anglers were retained. At the beginning of the sur-
4 
ey, anglers were asked to select which subpopulation of rainbow trout

hey target most (rainbow trout in streams/rivers, large lakes, and small

akes, steelhead in streams/rivers) and answer all survey questions with

hat response in mind to account for differences in fishing experiences.

e grouped rainbow trout anglers to facilitate comparison with inter-

iewee responses but recognize anglers in our case are not homogenous

nd grouping angler subpopulations risks losing some nuance. Statisti-

al differences in responses between rainbow and steelhead trout an-

lers were compared with a two-sample Mann-Whitney U (Wilcoxon

ank-sum) significance test. 

. Results 

Additional results on the following topics not covered in the main-

ext due to space limitation constraints are provided in Appendix C, Sup-

lementary Material: ‘Ensuring the long-term sustainability of rainbow

nd steelhead trout fisheries in BC’; ‘Managing wild populations versus

tocked populations’; ‘Rainbow trout management plan’; and ‘The most

hallenging aspects of rainbow trout management and conservation’. 

.1. Conservation status assessment of rainbow and steelhead trout 

opulations 

For non-anadromous resident wild rainbow trout, interviewees gen-

rally provided a nuanced answer to whether wild rainbow trout popu-

ations are currently threatened, rarely taking an extreme position (28%

ot at risk, 55% neither threatened nor not at risk, 8% threatened)

 Fig. 1 ). The following quotations capture the majority sentiment of in-

erviewees, “at the provincial level no, at a population-specific level,

es some are at risk ” (Interview #1, FFSBC); “it seems unlikely that the

hole species is threatened but there certainly are certain populations

hat are threatened, and I would say certain types of populations are

uch more threatened than other ones ” (Interview #55, academia af-

liation). Most interviewees qualified their responses, acknowledging

hat some rare populations of resident rainbow trout (e.g., ecotypes,

comorphs) may be threatened. Particularly, wild river and stream pop-

lations such as those in the Kettle and Horsefly rivers, as well as recre-

tionally prized, large-bodied piscivorous rainbow trout like the Ger-

ard rainbow trout of Arrow, Quesnel, Kamloops, Shuswap, and Koote-

ay Lakes. Angler survey respondents took more extreme positions, with

http://www.graphpad.com
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Fig. 1. Perceived threat level of rainbow 

and steelhead trout in British Columbia by 

members from natural resource management 

branches of Indigenous governments (FN), 

parliamentary governments (GOV), Freshwa- 

ter Fisheries Society of BC (FFSBC), non- 

governmental stakeholders (STKH), and an- 

glers. Rainbow trout: FN, GOV, FFSBC, STKH 

interviews n = 65, angler surveys n = 871; steel- 

head trout: FN, GOV, FFSBC, STKH interviews 

n = 65, angler surveys n = 143. 
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8% of rainbow trout angler responses believing non-anadromous resi-

ent wild rainbow trout are currently threatened ( Fig. 1 ). 

For steelhead, 96% of interviewees were definitive in assessing the

nadromous form of rainbow trout in BC as threatened ( Fig. 1 ). For

xample, “and on the anadromous side it’s a train wreck. It could not

e worse ” (Interview #46, retired provincial government employee),

they’re on death’s doorstep right now it seems ” (Interview #59, retired

rovincial government employee), “Steelhead are critically imperiled.

heir stock numbers have continued to decline precipitously ” (Interview

48, FLNRORD). Interviewees particularly underscored declining steel-

ead populations on Vancouver Island and the southern interior Fraser

opulations (e.g., Thompson and Chilcotin river steelhead). Most steel-

ead angler survey respondents (90%) also perceived steelhead popula-

ions to be threatened in BC. 

Loss or degradation of habitat, residential and commercial devel-

pment, water temperature extremes (particularly high summer water

emperatures affecting river and stream populations), climate change,

ecreational fishing pressure, and abstraction of water were the primary

hreats to wild rainbow trout identified by interviewees ( Fig. 2 A). A

nique threat to interior populations of wild rainbow trout mentioned

y several interview respondents is the outbreak of mountain pine bee-

le ( Dendroctonus ponderosae ) in British Columbia, which has altered

reshwater and riparian habitats and hydrology through the subsequent

imber salvage and forest cover loss (see illustrative interview excerpts

n Appendix D, Supplementary Material). 

Bycatch in commercial fisheries, habitat alterations, climate change,

ncreased predation pressure from pinnipeds and marine mammals, wa-

er temperature extremes, and water quality (particularly declines in

oastal oceanic condition and productivity) were the most frequently

eferenced threats to wild steelhead by interviewees ( Fig. 2 B). 

Like interviewees, angler survey respondents identified habitat alter-

tions and water quality as key threats to wild rainbow trout populations

n BC ( Fig. 2 C). Rainbow trout anglers also aligned their opinions with

nterviewees around water temperature extremes (based on experiences

f the water bodies they regularly fish): 59% are of the opinion that

ver the past ten years, water temperatures in British Columbia have

ncreased (i.e., have become warmer), and 74% are of the opinion that

ver the next ten years, water temperatures in British Columbia will

ncrease (i.e., will become warmer). 

Angler survey responses for steelhead were similar to interviewees

ith commercial bycatch, habitat alterations, climate change, and water

uality identified as key threats ( Fig. 2 D). As rainbow trout anglers did,

teelhead anglers also agreed with interviewees around water tempera-

ure extremes (based on experiences of the water bodies they regularly

sh): 71% are of the opinion that over the past ten years, water temper-

tures in British Columbia have increased (i.e., have become warmer),

nd 78% are of the opinion that over the next ten years, water tem-

eratures in British Columbia will increase (i.e., will become warmer).

m  

5 
niquely, steelhead anglers were also of the belief that First Nations

sheries are a large threat to steelhead populations. Steelhead anglers

id not identify pinniped and marine mammal predation as much of a

hreat as interviewees did ( Fig. 2 D). 

Neither resident rainbow nor anadromous steelhead trout anglers

erceive recreational fishing pressure as a key threat, in contrast to inter-

iewees ( Fig. 2 ). Steelhead anglers perceived climate change as a much

reater threat to their preferred fished population than resident rainbow

rout anglers: 52% of steelhead anglers expressed that climate change in

ritish Columbia is a very serious problem in contrast to 35% of resident

ainbow trout anglers ( p < 0.001); 76% of steelhead anglers strongly dis-

gree or disagree that climate change will not harm fish populations in

ritish Columbia for many years in contrast to 59% of resident rainbow

rout anglers ( p < 0.001); 90% of steelhead anglers strongly disagree or

isagree that climate change will never harm fish populations in British

olumbia in contrast to 79% of resident rainbow trout anglers ( p < 0.05).

Additional results on the ‘Conservation status assessment of rainbow

nd steelhead trout populations’ are provided in Appendix C, Supple-

entary Material. 

.2. Praise and criticisms of parliamentary governments managing the 

ainbow and steelhead trout fishery 

FLNRORD in partnership with the FFSBC were praised by intervie-

ees for their stocking programs, which supplement and take pres-

ure off wild fish populations in addition to generating economic rev-

nue. They were also commended for their stocking of indigenous (wild)

trains and deliberate attempts to separate wild populations from hatch-

ry populations to prevent introgression between them. They were also

ecognized for providing a mix of recreational angling opportunities and

eceived specific compliments regarding the management of small lakes

sheries (e.g., “I think they’re managed well. They have got the repu-

ation of being some of the best, if not the best in the world ” Interview

59, retired provincial government employee). FLNRORD was also com-

ended for their working relationships with First Nations and fulfilling

heir legal duty to engage in “meaningful consultation ” ( Newman, 2009 )

nd their receptiveness to reconciliation with Indigenous communities

a key policy priority for the Canadian and BC governments). From a

egulatory perspective, FLNRORD were complimented for being increas-

ngly conservative, prioritizing habitat protection, and being reactive

o threats. Examples included harvest regulations; implementing tem-

erature closures when rivers exceed a certain threshold; gear and bait

estrictions such as the prohibition of live fish for bait. 

Conversely, many interviewees (34%), including previous employees

f the provincial government, were highly critical of governments, in-

icating that they are not doing enough in the management and conser-

ation of rainbow trout. Responses focused on letting politics influence

anagement instead of science (e.g., “the best science in the world is
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Fig. 2. Perceived threat factors of (A) rainbow and (B) steelhead trout in British Columbia by members from natural resource management branches of Indigenous 

governments (FN), parliamentary governments (GOV), Freshwater Fisheries Society of BC (FFSBC), and non-governmental stakeholders (STKH) represented as a 

fraction of the total mentioned threats ( n = 65 interviews); and of (C) rainbow trout ( n = 883 survey responses) and (D) steelhead trout anglers in British Columbia 

( n = 146 survey responses). Statistical significance tests differences in survey responses between rainbow and steelhead trout anglers ∗ p ≤ 0.05, ∗ ∗ p ≤ 0.01, ∗ ∗ ∗ 

p ≤ 0.001. 
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o use if you can not implement any of it. That seems to be the dilemma

e face now ”, Interview #63, retired provincial government employee),

 lack of accountability or government oversight over professional in-

ustry, unwillingness to confront First Nations interests which infringe

n conservation (e.g., “governments seem to be falling all over them-

elves to deal with First Nations, according to the United Nations Dec-

aration on the Rights of Indigenous Peoples and it just seems like that

endulum has swung too far to one side. A lot of stuff is being done Na-

ion to Nation [i.e., direct negotiation between governments and Indige-

ous communities] without the rest of society having any input which

s very troubling ”, Interview #59, retired provincial government em-

loyee) and unwillingness to confront or challenge commercial fisheries

e.g., “the federal government are not managing commercial intercep-

ion fisheries that are catching steelhead as bycatch ”, Interview #61, BC

ydro). 

Most angler survey respondents believe poor management is a major

r critical threat to Oncorhynchus mykiss populations, with this opinion

tronger amongst steelhead anglers ( p < 0.001) ( Fig. 3 A); and disagree

hat the provincial government has implemented the necessary regula-

ions to successfully manage Oncorhynchus mykiss populations, with this

pinion also stronger amongst steelhead anglers ( p < 0.001) ( Fig. 3 B).

lightly more than half of steelhead anglers believe that the federal gov-
6 
rnment (DFO) ought to be involved in the management of steelhead

opulations in BC; while most rainbow trout anglers do not believe that

FO ought to be involved in the management of rainbow trout popula-

ions ( p < 0.001) ( Fig. 3 C). 

Aside from a handful of high-profile fisheries (e.g., Kootenay Lake,

ettle and Horsefly rivers), across all interviewee groups (29% of partic-

pants) governments were also criticized for their general lack of stock

ssessments, monitoring and information on rainbow trout populations,

specially those in rivers and large lakes. A lack of government over-

ight of industry and enforcement (e.g., conservation officers) were ad-

itional criticisms. Many interviewees suggested that there are insuffi-

ient resources for government management agencies. Specifically, that

overnments are constrained by a lack of funding, depending on external

unding to maintain their responsibilities; and are experiencing reduced

taff levels, and reduced scientific capacity and knowledge. The follow-

ng quotations captures the sentiment of many, “I guess in some ways

hey’re always reactive, because they have to be. There’s one fisheries

iologist for a really large region. How on earth are we going to effec-

ively manage the resource when we’re so limited? During government

udget cuts, first thing to go when you’re trying to pinch pennies is all

he environment people ” (Interview #15, academia affiliation). Angler

urvey respondents expressed the same beliefs – generally disagreeing
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Fig. 3. Stacked bar plot of angler responses to 

online survey questions. A: rainbow trout (RBT) 

anglers, n = 761; steelhead trout (ST) anglers, 

n = 140; B: RBT anglers, n = 729; ST anglers, 

n = 133; C: RBT anglers, n = 737; ST anglers, 

n = 131; D: RBT anglers, n = 655; ST anglers, 

n = 119. 

t  

s  

s

 

w  

s  

a  

s  

s  

s  

m  

a  

f  

s  

w  

j  

o  

p  

m  

a  
hat provincial governments have been provided sufficient resources to

uccessfully manage populations, with this opinion stronger amongst

teelhead anglers ( p < 0.001) ( Fig. 3 D). 

Poor governmental organizational structure and strategic direction

as a cross-cutting criticism. FLNRORD’s mandate and organizational

tructure were questioned, citing a focus on resource extraction, with

 lack of management plans or reference to fisheries management in

ervice plans. For example, “I do not know to what extent your average

tatutory decision maker considers wild rainbow trout in making a deci-

ion about timber allocation. Most of those decisions are made by district
7 
anagers of forests that probably have no training in aquatic ecology

nd fisheries management and I’m not even sure that they get any input

rom the few staff that are. ” (Interview #39, ENGO affiliation). Confu-

ion between who has jurisdiction for management of anadromous fish

as also a cross-cutting criticism. For example, “the Feds [DFO] do have

urisdiction, but I think the province has jurisdiction over some aspects

f different types of fisheries and I think it’s easier for governments to

ass blame to each other and try to appease stakeholder groups than

eet the primary objective of recovery. As soon as you start talking

bout habitat it gets blurry. Who’s responsible for what? And conflict-
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‘  

i  
ng objectives and municipal versus provincial versus federal and now

irst Nations are a part of that too. And it becomes exceedingly chal-

enging. ” (Interviews #35 & 36, FFSBC). Poor coordination between the

ine FLNRORD resource management regions was also cited, for exam-

le, “…you can have two regions side by side doing a totally different

hing. Often, they do not know what the region next to them is doing.

hey’re not allowed to travel between regions unless they get a Direc-

or’s approval ” (Interview #57, academia affiliation). 

.2.1. Freshwater Fisheries Society of BC 

FFSBC was specifically referenced and praised by interviewees for

heir unique role in the governance and management of rainbow and

teelhead trout. For example, “I think the creation of the Freshwater

isheries Society and giving them the mandate that the government

ever really exercised, which is to actually promote and develop the

shery, was a great idea ” (Interview #53, retired provincial govern-

ent employee). The illustrative quotation in Appendix E, Supplemen-

ary Material provides more context to the formation and role of FFSBC

nd how that has altered the perception of government agencies like

LNRORD. 

However, not all were supportive of FFSBC with one respondent par-

icularly critical: “And then the final straw. They did what was called the

ore review and spun off and created the Freshwater Fisheries Society

nd that used to be within government, it was called The Fish Culture

ection. And so now that that’s outside of government being run on con-

ract. That took that role and that oversight away from the government

nd now it’s being run essentially by a contractor. ” (Interview #57, re-

ired provincial government employee). 

.3. Fishery actors 

.3.1. First Nations versus recreational interests 

Fisheries managers described the difficulty in balancing intersections

etween recreational angling groups and First Nations, which often have

ifferent values and views. Interviewees discussed the challenges of the

iffering value propositions of harvesting fish for food and security ver-

us recreational interests in catching and releasing fish and how those

ight be at odds with one another. 

“When it comes to recreationally focused species like rainbow trout,

that’s where the disconnect is. A lot of times First Nations have

more of a tie to the value for food and ceremonial purposes. The

recreational element is part of the disconnect. ” (Interview #44,

FLNRORD) 

“For the most part, Indigenous peoples in BC have a fundamental

disconnect with sport fishing. It is viewed as playing with their food.

And one of the underpinning principles for sport fishing in BC, the

use of catch and release as a management tool, fundamentally puts

us into conflict with Indigenous peoples, especially with rainbow

trout. ” (Interview #51, FFSBC) 

.3.2. Indigenous people’s subsistence harvesting of rainbow trout 

First Nations have a unique history in BC that is strongly tied to

almon and are perceived to have less interest in rainbow trout. 

“First Nations in this area are much more salmon centric ” (Interview

#4, FLNRORD) 

And where and when rainbow trout or steelhead are harvested, it is

often out of necessity and not preference. 

“Where we have anadromous fish and fisheries, Indigenous peo-

ple are focused on salmon and rainbow trout are seen to be an af-

terthought. Rainbow trout just do not contribute to the harvest cycle

for First Nations, where they would nomadically migrate through

various camps to harvest moose, harvest caribou, harvest salmon,

harvest berries when they’re seasonally available. They never talked
8 
about the seasonal harvest of rainbow trout. It just does not regis-

ter for them. They do not really see it in the same way as salmon. ”

(Interview #51, FFSBC) 

“In the wintertime when their salmon resources are depleted, they

will go out and harvest steelhead, but many First Nations have said

their preferred sustenance is salmon over steelhead, that they will

eat a steelhead, but they much prefer salmon. They use steelhead as

a last resort. ” (Interview #58, FLNRORD) 

.3.3. Emerging interest of Indigenous peoples in rainbow trout 

Some respondents forecasted an emerging interest of Indigenous peo-

les in rainbow trout due to environmental changes affecting their pre-

erred food sources, salmon, and due to economic opportunities that are

otentially afforded by rainbow trout fisheries. 

“There’s a renewed interest, I think, from First Nations because of

climate change some of those [salmon] populations are going to be

a little bit more difficult to meet their sustenance needs and rainbow

trout might be the one that they’re able to fill the gap with because

of the regeneration times and potentially their ability to be managed

quicker and more effectively. ” (Interview #14, FLNRORD) 

“The more progressive First Nations are seeing it as: what is the eco-

nomic interest in rainbow trout? Are there some benefits rather than

the traditional food, social, and ceremonial consumptive uses of rain-

bow trout? So, that is new and it’s starting to appear more frequently

across British Columbia, especially in the south, where economic op-

portunities are the driver now for First Nations interest in sport fish-

ing. So, some of them are putting aside their fundamental dislike for

sport fishing, if there’s an economic interest in it. ” (Interview #51,

FFSBC) 

This emerging interest in rainbow trout and freshwater fisheries from

ot only Indigenous fishers, but also other salmon fishers, raises con-

erns of added pressures to these systems. 

“As salmon stocks and saltwater and freshwater salmon fishing op-

portunities decline there’s going to be more and more pressure put

on large lakes, small lakes, inland rivers and non-anadromous fishing

opportunities ” (Interview #46, retired provincial government em-

ployee). 

.3.4. Interest in co-management of rainbow trout 

Given the interests of some Indigenous peoples in ownership of eco-

omic fisheries, some First Nations are either in the process of develop-

ng or discussing co-managed or collaborative freshwater fisheries with

he provincial government. 

“In small lakes with rainbow trout fisheries, up until now we have

not had a lot of First Nations involvement as they’re so focused on

salmon. With salmon stocks really declining we have been told by

First Nations that they are going to start pursuing rainbow trout as a

protein source. And so now they are actively looking to co-manage

some of our fisheries. So that is changing so that’s going to be a really

big impact our stocking program. ” (Interview #18, FLNRORD) 

“There are some [First Nations] that are very interested in becoming

part of the stocking program and running it as an economic venture.

And then there’s others that just want to have absolutely nothing

to do with it and think that it’s something that nobody should do

because they do not understand and do not value and just think that

it’s weird to play with your food. ” (Interview #54, FLNRORD) 

However, co-managed or collaborative fisheries can prove to be dif-

cult if provincial and First Nation government mandates do not align,

larified some interviewees. 

Additional results on ‘Fishery actors’ specifically on the topics of

Contact with stakeholders’; ‘Stakeholder input, feedback, consultation

n decision-making’; and ‘Balancing different demands and interests of
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takeholders in decision-making’ are provided in Appendix C, Supple-

entary Material. 

.4. Prioritizing conservation concerns in decision-making 

Consistent with the provincial government’s allocation framework

see Appendix C section ‘Balancing Different Demands and Interests of

takeholders in Decision-Making’, Supplementary Material), conserva-

ion is claimed as the first and foremost priority of government employ-

es and FFSBC. 

“Well, pretty much everything we do in BC, fundamentally conser-

vation comes first. If we can not account for the conservation of the

population, being able to maintain its stability looking forward, then

there really is not any other options for us in terms of managing a

fishery. ” (Interview #6, FLNRORD) 

“We want to make sure that we’re not jeopardizing the popula-

tion based on our management decisions. That’s the goal. Sustain-

able populations. Fisheries can occur but if we’re getting to a place

where we’re threatening the population, we should not be fishing

anymore. ” (Interview #43, FLNRORD) 

While conservation is of highest priority there are certain scenar-

os where governments are often not prepared (or able) to fully in-

ervene and implement conservation actions (e.g., “I actually do not

hink conservation in this province always comes first ”; Interview #21,

LNRORD). 

.4.1. First Nations 

“If there’s a defined conservation risk, I think that the province has

hown they will institute a conservation value. I think where that breaks

own are situations where First Nations are involved. ” (Interview #35,

FSBC). First Nation communities are at times told they are no longer

ble to maintain a food source fishery and to stop fishing when there is

 conservation concern, which becomes contentious when First Nations

nvoke their traditional and constitutional rights to fish. When these sce-

arios occur, First Nations and FLNORD agree, most of the Indigenous

ommunity is compliant and only a few are non-compliant. If there is

 conservation issue, government employees aspire to deeply engage

nd consult with the community, sharing information back and forth to

evelop a conservation-based approach. 

.4.2. Economic factors 

“Often, I think the economic drivers outweigh conservation ele-

ents ” (Interview #14, FLNRORD). Decisions that generate economic

enefits exert weight on fisheries management decisions and may ul-

imately tip in favor of economic value. “For conservation, we do not

sually get a lot of push-back from the recreational angler. But if there’s

uides who are making money, if there is a commercial fishery that

ycatches them, that’s when you run into problems. ” (Interview #42,

OECCS). 

.4.3. Social and political factors 

“Sometimes it’s a political decision made at a higher level regardless

f what maybe the science is saying ” (Interview #18, FLNRORD). “At

he biologist level or the lowest manager’s level, I really try to focus

n the conservation aspect. However, once an issue goes up the line,

ecisions tend to become more political. So quite often we recommend

omething that may be based on conservation and then we get told that

rom a political level you can not do that, or we have to find a balance

omewhere. So, we try to be focused on conservation as much as we can

ut there’s always a political aspect that plays into things which is what

akes the job difficult at times ” (Interview #26, FLNRORD). Political

nd social resistance was described in examples of stakeholder push-

ack to closing or limiting rainbow trout fisheries to deal with invasive

pecies or to prevent hybridization with Westslope cutthroat trout. The
9 
olitical influence of stakeholder groups is also demonstrated in the fol-

owing example, “Our Premier a couple of years ago, Christy Clark over-

urned a small regulation that we were going to change in Kamloops. We

anted to change the age and access regulations on this lake to allow

or more children to be able to access it because on too many lakes these

ld guys were going every day and fishing and taking up all the access

oints. Everybody agreed, it seemed like a simple slam dunk. We got the

irector to sign off on it and it went to the Premier’s office and because

t was an election and there were twelve disgruntled old guys that she

ight lose twelve votes on, she canned it. ” (Interview #40, FLNRORD).

“I think decisions and information gathered by regional biologist

nowadays is significantly affected by the politics. Their manage-

ment decision or proposals are undermined by outside influences.

Best management practices do not rule the day. There’s interference.

Social interference. ” (Interview #46, retired provincial government

employee) 

Additional results on ‘Prioritizing conservation concerns in decision-

aking’ are provided in Appendix C, Supplementary Material. 

.5. Criticisms of decisions made with respect to fisheries management of 

ainbow trout populations 

“We do not get a lot of criticism to be honest ” was repeated by many

sheries managers (i.e., FLNRORD government and FFSBC employees).

ost criticisms of fisheries management that are received are steelhead-

pecific, clarified interviewees. Table 3 presents the most common crit-

cisms of decisions made with respect to fisheries management of rain-

ow trout populations. Overall, Table 3 shows that many stakeholders

nd actors are perceived to have completely opposing viewpoints (i.e.,

any feel that there should be more stocking, while others feel there

hould be less; many want to harvest more fish, while others want all

sh to be released). Overall, these findings suggest people want more,

nd bigger fish, and they want more fishery access opportunities, but

ave very different opinions about how to achieve this (e.g., stock more,

r restrict fisheries more so that fish grow larger). Some respondents de-

cribed that often the most vocal critics are past fisheries managers: “Ex

iologists. They’re probably our biggest critic of all ”; “All the retired bi-

logists in the province have nothing better to do than to criticize what’s

oing on ”. 

Fisheries managers agreed that most criticisms were valid or war-

anted, “except the we’re fresh out of university one ”. According to some

nterviewees, stakeholders are often not informed nor understand the

omplexity of government and making decisions in government. The

iversity and contradiction in criticisms was often reconciled by fish-

ries managers who emphasized that they value and try to manage for

iversity and quality of fishing opportunities (i.e., there is room for all

ear-types and fisheries). 

. Discussion 

Our results show that non-anadromous rainbow trout are not per-

eived to be threatened provincially, but some rare populations (e.g.,

cotypes, ecomorphs) are of special concern. Conversely, anadromous

teelhead trout are definitively perceived as threatened by every group

f study participant which comes as no surprise given it has been emer-

ency listed by COSEWIC – The Committee on the Status of Endangered

ildlife in Canada, an independent watchdog committee of wildlife ex-

erts and scientists ( Government of Canada, 2018 ). Key threats iden-

ified by participants to both anadromous and non-anadromous On-

orhynchus mykiss populations were similar: habitat alterations, water

uality, water temperature extremes, climate change, residential and

ommercial development, and abstraction of water. Predation pressure

rom pinnipeds (i.e., seals and sea lions) and bycatch in commercial

sheries were identified threats specific to steelhead. Recreational an-

lers underestimated their effects on fish populations relative to per-
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Table 3 

Criticisms of decisions made with respect to fisheries management of rainbow trout populations. Interviews containing at least one mention is the total number 

of interviewees who discussed this topic. Overall mentions are the total number of times a topic was discussed and coded. Code occurrence is a rough proxy 

of relative importance of each topic (parliamentary government [GOV] and FFSBC employees ( n = 39). 

Criticism Interviews containing at 

least one mention 

Overall mentions 

Not doing enough; Do not know enough; Does not get out in the field enough; Are not experienced enough 15 19 

Not enough fish – stock more fish 15 17 

Regulations are too conservative – a lack of harvest opportunity (e.g., bag limits are too low)/management is 

overly risk adverse 

10 13 

Stock too many fish – lakes are overstocked and overpopulated 6 9 

Fish are not big enough 5 6 

Regulations favor a particular gear-type (e.g., fly fishing over others) or fishery (e.g., trophy fisheries over others) 5 6 

Regulations should be more restrictive (e.g., more closures, more catch-and-release, smaller bag limits) 5 6 

Lack of government investment in managing/enhancing fisheries (resources, staff) 5 5 

Lack of fishing access and opportunity 4 6 

Poor communication with stakeholders/governments are not listening 4 6 

Regulations are too complicated 4 5 

Not enough enforcement of regulations 4 4 

Lack of communication between federal and provincial government/lack of communication between regions 2 2 

Prioritize other species (i.e., Kokanee Oncorhynchus nerka , Westslope cutthroat trout Oncorhynchus clarkii lewisi ) 2 2 

Too many anglers 1 1 

c  

h  

R  

p  

t  

w  

g  

fi  

o  

c  

a  

m  

i  

a  

i  

a  

t  

c  

m

4

p

 

t  

s  

b  

m  

c  

f  

H  

m  

fi  

p  

r  

c  

l  

w  

c  

a  

a

 

p  

s  

a  

a  

p  

G  

H  

a  

v  

o  

fi  

t  

c  

p  

u  

p  

c  

n  

a

 

p  

v  

C  

s  

i  

M  

O  

o  

b  

o  

w  

W  

i  

r

 

s  

d  

h  

i  

e  

a  

F  

F  

p  

s  

s

eptions of other participants. Fisheries managers received praise for

atchery stocking programs and managing small lakes fisheries (like

osenberger et al., 2004 ) but criticized for a lack of information on fish

opulations and being too passive in prioritizing conservation in prac-

ice (e.g., for an unwillingness to stand up to interests of actor groups

hich infringe on the conservation of fish populations). This may sug-

est genetic diversity of fish populations may be undervalued so long as

sh stocks are abundant (and fishable). Interestingly, retired employees

f the provincial government were often the most outspoken critics of

urrent management efforts, suggesting an intergenerational disconnect

nd opposition. This case research suggests effective fisheries manage-

ent is limited by insufficient resources (funding, staff, time), confusion

n jurisdictional authority between provincial and federal governments,

nd poor organizational structure and strategic direction. We found ev-

dence that political and economic influence may override conservation

ctions despite clear organizational mandates and policies of conserva-

ion as the top priority. We focus the remaining discussion on the main

ontributions relevant for inland fisheries research, conservation, and

anagement in BC and beyond. 

.1. Conservation status assessment of rainbow and steelhead trout 

opulations 

Anglers generally believe that resident wild rainbow trout are more

hreatened than interviewees (i.e., fisheries managers) do ( Fig. 1 ). This

uggests disagreements regarding the magnitude of threats to wild rain-

ow trout or perhaps, systematic differences in social science instru-

ents. Anglers may be subject to an emotional and enthusiasm bias, a

loseness and connection to fish populations, perceiving the threats to

avoured fish populations as greater than they are ( Organ et al., 2010 ;

effelfinger et al., 2013 ; Love-Nichols, 2020 ). What is clear is that al-

ost all anglers are concerned for the long-term sustainability of the

sh populations they like to fish (like Malcolm et al., 2021 ). Our inter-

retation of these findings is that both anglers and interviewees believe

ainbow trout are not threatened at the species or provincial level, but

ertain isolated and vulnerable populations (e.g., wild river and stream,

arge-bodied piscivores) likely are. The implications of such a consensus

arrants future natural and social science research into the diversity and

haracterization of vulnerable rainbow trout populations and eco-types;

nd into the social, economic, and cultural values of such populations

nd eco-types. 

We revealed that both rainbow and steelhead trout anglers did not

erceive recreational fishing pressure as a key threat. This is largely con-

istent with other human dimensions empirical research in the recre-
10 
tional fishing sector that demonstrates anglers perceive sportfishing

s one of the lowest impacts on fish populations and that anglers ap-

ear to be more critical of other user groups (see Lynch et al., 2010 ;

allagher et al., 2015 ; Nguyen et al., 2016 ; Danylchuk et al., 2017 ).

owever, recreational fishing has the potential to negatively affect fish

nd fisheries and may contribute up to 12% of global fish harvest (re-

iewed in Cooke and Cowx 2004 ), and in most inland fisheries in devel-

ped countries recreational fishing is the dominant user of freshwater

sheries resources ( Arlinghaus et al., 2002 ; FAO, 2012 ). Our findings

hen suggest that anglers are unaware of potential angling threats and

onservation solutions or are choosing to respond in a way that least im-

acts their recreational activities (if more conservative management reg-

lations were established). This finding and others discussed below (i.e.,

redation, climate change) may also present a starting point for future

onversations about the potential contribution of recreational fishing to

ot only fishery declines, but also human induced habitat degradations

nd alterations. 

Interestingly, surveyed steelhead anglers did not identify predation

ressure as a large threat to steelhead populations in contrast to inter-

iewees. However, in DFO’s recent recovery potential assessment for

hilcotin River and Thompson River steelhead trout ( DFO, 2018 ), in-

hore predation from seals, especially harbor seals ( Phoca vitulina ), was

dentified as the single largest predictor of steelhead declines (see also

elnychuk et al., 2014 ; Berejikian et al., 2016 ; Sobocinski et al., 2020 ).

ur research suggests anglers are generally unaware of the magnitude

f this threat. Management levers for steelhead recovery are limited

ut survival between smolt and adult is needed for recovery regardless

f fishing efforts which could suggest pinniped reduction (cull) which

ould require social policy choices at the ecosystem management level.

ork from DFO (2018) suggests that reducing steelhead fishing mortal-

ty to zero or freshwater range expansion will not be nearly enough to

ecover steelhead. 

Steelhead anglers perceived First Nation fisheries as a large threat to

teelhead populations. As this was inconsistent with interviewees, it is

ifficult to surmise the true underlying perception of the threat to steel-

ead posed by First Nation fisheries. Perhaps interviewees were hesitant

n pointing fingers at Indigenous communities they are attempting to

stablish more harmonious relationships with. This pattern of results is

lso consistent with previous literature which points to conflict between

irst Nation and recreational fishers, and particularly, complaints about

irst Nation fisheries use of nets for fishing ( Nguyen et al., 2016 ). Trans-

arently acknowledging situations when First Nations fisheries lead to

teelhead mortality and bycatch and taking future preventative mea-

ures to reduce it may defuse conflict (Ibid). 
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Steelhead anglers perceived climate change as a much greater threat

han resident rainbow trout anglers. However, climate change is im-

acting freshwater habitats and hydrological processes at an alarm-

ng rate and is unequivocally a prime threat to resident rainbow trout

 Wenger et al., 2011 ; Whitney et al., 2016 ). This implies there is a need

or FLNRORD and FFSBC to educate and inform resident rainbow trout

nglers on the magnitude of this threat and how it contributes to fish-

ries closures. Like Litt et al. (2021) , our work suggests big gaps in an-

ler awareness of threats, especially in our case of recreational angling

nd climate change for both rainbow and steelhead trout. If resident

ainbow trout anglers appreciate the extent that climate change and

ther factors threaten beloved fish populations, this could promote cli-

ate activism and pro-environmental behaviours benefitting fish habi-

at ( Cooper et al., 2015 ; Love-Nichols, 2020 ). 

.2. Implications 

Our results have several implications for the management of rainbow

nd steelhead trout. Anglers as well as some interviewees were highly

ritical, identifying poor management as a major issue to conserving fish

opulations, wanting governments to do more in enforcing regulations

nd monitoring – similar to results found by Malcolm et al. (2021) . 

.2.1. Insufficient resources (funding, staff, time) 

Both interviewees and angler respondents expressed the same be-

iefs that the provincial government (FLNRORD) has not been provided

ufficient resources to successfully manage rainbow and steelhead trout

opulations. Study participants linked these limitations with a lack of

quatic monitoring, government oversight of industry, and natural re-

ource law enforcement. 

.2.2. Confusion in jurisdictional authority between provincial and federal 

overnments 

Study participants believed that the federal government (DFO) ought

o be more involved in the management of steelhead populations in BC.

teelhead anglers likely place little trust and confidence in the gover-

ance of DFO affecting their perceptions of DFO’s governance legitimacy

 Turner et al., 2016 ). These results also suggest shared jurisdictional au-

hority between federal and provincial agencies over anadromous fish-

ries enables mismanagement, inaction, and decision paralysis. 

.2.3. Organizational structure of natural resource management agencies 

hich are not autonomous from competing commercial and industrial 

bjectives and directions 

Alternatively, this also supports the idea that fisheries management

gencies in our case are organizationally structured in such a way that is

ot autonomous from competing commercial and industrial objectives

nd directions like forestry and commercial fishing. For instance, DFO

as frequently criticized for their unwillingness to confront or chal-

enge commercial fisheries. These findings imply a possible need for

ransformative institutional reform ensuring fish, fish habitat, aquatics

esearch and management are all within the same department or min-

stry and uncompromised by other competing mandates. It also suggests

or stronger cohesion, communication, and coordination amongst man-

gement agencies in transboundary or overlapping jurisdictions, even

mongst adjacent regions. 

FLNRORD and/or DFO were perceived as unwilling to step in and

sk First Nations to forego their fishing rights in the name of conser-

ation and protection of fishes. Of course, these relationships are bud-

ing and delicate after centuries of western exploitation and expropria-

ion making any western parliamentary government intervention likely

eem authoritarian ( Simpson, 1999 ; 2001a ; 2001b ). Much work remains

o be done to build true and lasting reconciliation, but our findings

uggest that relationships in the pursuit of conservation are possible

f trust and respect are placed at the core of interactions. This will be
11 
ver more important as our results suggest an emerging interest of In-

igenous peoples in rainbow and steelhead trout for subsistence due to

eclines in salmon or for local economies as a source of income. This

upports the Provincial Framework for Steelhead Management in British

olumbia which suggests “First Nations in BC are interested in working

ogether with both Provincial and Federal government to share man-

gement responsibilities and to address issues in steelhead management

or the common good and to enhance the well-being of First Nations’

ommunities ” ( Government of British Columbia, 2016 ). Co-managed or

ollaborative inland fisheries between parliamentary governments and

irst Nations may be difficult, but co-management (sharing of power

nd responsibility between government and local resource users) can de-

iver positive ecological and social outcomes and improvements in gov-

rnance ( Berkes, 2009 ; d’Armengol et al., 2018 ). Co-managed and col-

aborative fisheries are likely to be more successful if they’re mindful of

ower and equity asymmetries and embrace adaptive management prin-

iples. Trust, respect, mutual learning, and open mindedness are cru-

ial elements for collaborative and co-managed fisheries ( Chapman and

chott, 2020 ; Cvitanovic et al., 2021 ) especially given the differing value

ropositions of harvesting fish for food and security versus recreational

nterests in catching and releasing fish. 

Proposed solutions to improve relations with First Nations and com-

ercial fishers suggested an increase in communication, focused on re-

ucing bycatch mortality across sectors and groups. 

.2.4. Economic, social, and political drivers are perceived as increasingly 

nfluencing conservation decisions and actions 

Our findings point to a concerning trend of economic, social, and

olitical considerations influencing fisheries management and overrid-

ng conservation despite it being purported to be the highest prior-

ty amongst fisheries managers. These results support previous litera-

ure which have found management and conservation decisions eclipsed

y influencing economic or political considerations (e.g., Morrison-

aunders and Bailey 2003 ; Carroll et al., 2017 ; Artelle et al., 2018 ).

ne trend that warrants highlighting is the lack of accountability of

overnment oversight over professional industry. After years of cuts to

he public service, the BC government is reviewing its “professional re-

iance ” model which risks conflict of interest when professionals are

mployed by the same industry the government regulates ( Smith et al.,

017 ; Heer and Girling, 2020 ). As our results also indicate, that science

ormally done by the province, and then outsourced to “qualified pro-

essionals ” hired by industry and project proponents, has had little to no

versight (e.g., Appendix D illustrative extract 2, Supplementary Mate-

ial). “By allowing professional reliance to run wild, I think the industry

eally had free will and range in the province of British Columbia ” [Inter-

iew #45, private environmental consultant]. Overturning this model,

nd the austerity of governments investment in fisheries management

time, staff, and financial resources), would surely open pathways to

ore evidence and conservation-based decisions. 

.2.5. Stakeholders 

Our work reveals several interesting trends in relationships be-

ween fisheries managers and stakeholders. FLNRORD government and

FSBC employees recognized the potential for ‘agency capture’ by stake-

older groups (i.e., undue influence on agency decision-making by spe-

ial interest groups which lobby or advocate for personal interests,

rtelle et al., 2018 ). In our case, fisheries managers exercise caution in

eighting any one individual or groups interests over others, given that

he most vocal angling clubs and associations represent a very small

roportion of the full angling community. Our participants suggested

emory recall and avidity biases may compromise angler perceptions

e.g., van Poorten et al., 2011 ; Howarth et al., 2021 ). Our results further

ndicate managers place greater emphasis on natural science evidence

e.g., stock assessment information), when it is available, than stake-

older information or preferences. Lastly, with the average age of an-

ling participants increasing (see Brownscombe et al., 2014 ) our results
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mply this will have profound effects for angler-derived license revenue

or FFSBC and HCTF and their programs and investments in fisheries

nd habitat conservation (see Appendix C section ‘The most challenging

spects of rainbow trout management and conservation’, Supplementary

aterial). This implies that FFSCBC and HCTF will need to maintain effi-

iency in the reduction of license revenue or conversely, seek alternative

unding sources or inflationary increases in license prices for seniors. 

.3. Limitations 

Our study population was highly biased to non-Indigenous fisheries

ctors. This was not intentional as we attempted to have a representative

ataset. Nonetheless, this limits our ability to infer perceptions beyond

rimarily western decision-makers and resource users. Representatives

rom natural resource branches of Indigenous governments were few,

s many of those contacted for requests for interviews expressed little

r no interest or expertise in rainbow trout, citing identities linked pri-

arily to salmon. The methods employed also presents limitations. In

rouping rainbow trout angler subpopulations and interviewees to fa-

ilitate comparison we recognize these groups are not homogenous and

rouping risks losing some nuance and difference in perceptions (e.g., by

egion, position within organization, fishery targeted). The interviewer,

urvey developer, and data analyst consciously or otherwise, may in-

uence the direction of participant responses, or the coded emergent

hemes, through underlying personal biases or preconceptions. Errors

n inference may also arise through measurement error and translation

alidity – the degree to which we accurately translated the construct of

hat interview and survey participants were saying. Poor quality audio

n recording and errors in transcription from audio to text, and errors in

nterpreting and coding participant constructs are inherent limitations

o this study; limitations that cannot be controlled by the use of software

e.g., NVivo). Admittedly, the magnitude of such methodological biases

s quite low. 

.4. Conclusion 

Inland fisheries are complex interconnected social-ecological sys-

ems that need to be explored further to enable effective fisheries man-

gement realizing long-term sustainability and resilience. This article

xamined the perceptions of stakeholders, Indigenous rightsholders, and

overnment employees on the current and future status of rainbow and

teelhead trout populations and fisheries in British Columbia, Canada.

he nuanced perceptions of the conservation status and values of resi-

ent rainbow and steelhead trout suggests future natural and social sci-

nce research is needed into the diversity and characterization of vul-

erable rainbow trout populations and eco-types and their associated

ocial, economic, and cultural values. Our findings suggest that anglers

nd other stakeholders and rightsholders are largely unaware of key

otential threats to rainbow and steelhead trout (i.e., pinniped preda-

ion, climate change, recreational angling). This implies there is a need

or science-communication research to engage fisheries end-users and

he public. Particularly fisheries management agencies, like FLNRORD

nd FFSBC in our case, should be responsible for educating and inform-

ng anglers and the public on the magnitude of threats and how they

ontribute to fisheries closures. If anglers and other end-users appreci-

te the extent that climate change and other factors threaten cherished

sh populations, this could promote pro-environmental behaviours ben-

fitting fish habitat and populations. We found evidence of an under-

ying and concerning trend (see Morrison-Saunders and Bailey 2003 ;

arroll et al., 2017 ; Artelle et al., 2018 ) that despite being conservation

urported as the highest priority of fisheries managers, economic, social,

nd political drivers are increasingly influencing conservation decisions

nd actions (see also Kadykalo et al., 2021 ). This raises questions as to

hether the perceived diminishing priority of conservation in wildlife

ecision-making is indeed a true phenomenon and whether there ever

as a ‘golden era’ of conservation-prioritized decision-making to recall
12 
ack to. Moreover, it raises questions if the increased democratization

f wildlife management (e.g., stakeholder and Indigenous consultation,

o-management etc.) enables conservation-prioritized decision-making

esulting in management outcomes that are beneficial for wildlife re-

ources. (1) Insufficient resources (funding, staff, time), (2) confusion

n jurisdictional authority between provincial and federal governments,

nd (3) poor organizational structure and strategic direction of natural

esource management agencies which are not autonomous from com-

eting commercial and industrial objectives may enable mismanage-

ent, inaction, and decision paralysis in fisheries management (see also

eanson et al., 2022 ). Future research is thus needed to determine the

xtent which adjacent governance jurisdictions coordinate to manage

nterregional ecosystem service/disservice flows, such as fisheries, and

he extent to which social, economic, and political considerations influ-

nce final decisions in wildlife management. Further, empirical inves-

igations of co-managed fisheries approaches are needed to assess their

ffectiveness and limitations in wildlife management contexts. We hope

hese perceptions inform effective fisheries management and conserva-

ion as rainbow trout governance and management approaches adapt to

hanging social and ecological conditions. 
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