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Contemporary fisheries management typically takes a model-oriented approach 

that places quantitative science and modelling at the centre of decision-making (Cox & 

Benson, 2016, De La Mare, 1998). The model-oriented approach uses stock abundance 

and catch monitoring data to address biological questions about fish stock status and 

productivity, the historical impacts of fishing, and forecasted short-term stock responses 

to harvest choices (Hilborn &Walters, 1992). Fishery management processes and 

outcomes have improved substantially for many large-scale commercial fisheries that 

have adopted a model-oriented approach (Mora et al. 2009), because harvest decisions 

increasingly account for uncertainties about fish population dynamics and monitoring 

data. Indeed, the model-oriented approach helps fishery managers achieve several 

essential tenets of the precautionary approach to capture fisheries (FAO 1996). 

At the same time, fisheries are inherently complex, with important interactions 

among biological dynamics, the environment, and the socio-economic systems in which 

they are embedded (Plaganyi et al. 2013, Rindorf et al. 2017). The model-oriented 

approach is usually so focused on modelling and estimating the details of stock 

dynamics and data that socio-economic dynamics get ignored and, consequently, so do 

other key tenets of the precautionary approach, such as long-term management goals 

like the needs of future generations and avoidance of irreversible change.  

Managing fisheries for both short- and long-term sustainability requires a 

decision-making plan that, if consistently repeated over time will lead to sustainable 

outcomes regardless of time scale. Unlike the model-oriented approach, this 

management-oriented paradigm (MoP) instead focuses on strategic management goals 

to (i) establish biological, social, and economic objectives, (ii) develop a suite of 

alternative plans or decision-making procedures, (iii) ranking the procedures in terms of 

their expected ability to achieve the objectives, and (iv) implementing the plan 

consistently over time. The management-oriented paradigm is well-established in 

several large-scale fisheries around the world and is held as the "gold standard" of 

effective and precautionary fisheries management. Nevertheless, the MoP also comes 

with some formidable challenges; chief among these is the need to establish quantitative 
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objectives that are important and acceptable to all fishery participants (Cox & Benson 

2016). 

Indigenous communities regularly feel that they are under-represented in 

fisheries decision-making. Although the precautionary approach to fisheries 

management requires consideration of future generations 
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resources (FNFC 2007, Jones & Pinkerton 2016, von der Porten et al. 2016). They have 

been working through the courts, as well as through public policy avenues to engage as 

equal partners in fisheries decision-making. Working to develop management structures 

that recognize and meet the inherent rights of Indigenous people to self-governance will 

require 
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made up of two main user groups, commercial fishermen, and Nuu-chah-nulth 

Indigenous harvesters. The Nuu-chah-nulth are a group of 14 Nations whose traditional 

territories occur along the WCVI and who harvest herring for both commercial and food 

and ceremonial purposes. The DFO has struggled to manage the herring fishery in a 

sustainable way that meets the needs of the Nuu-chah-nulth and the non-Indigenous 

commercial fisheries, leading to frequent conflict between the Nuu-chah-nulth, the DFO, 

and the commercial fishing industry.  

 Herring on the WCVI has experienced multiple collapses over the past 50 years. 

A large reduction fishery starting in the 1940’s led to a population collapse in 1968, 

drastically limiting the herring being harvested by the Nuu-chah-nulth for food and 

ceremonial purposes. Since the collapse in the 1960’s, herring stocks have behaved 

erratically on the WCVI, making it challenging to sustainably allocate harvest to both 

commercial and food fisheries (DFO 2018). Since the early 2000’s the herring population 

have experienced a period of low productivyt, leading to increased tension between the 

DFO and Nuu-chah-nulth. 

-chah-
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harvest regulations and management decisions in Canada and Europe (Aas, Haider, & 

Hunt 2000, Hunt 2005, Hunt, Gonder, & Haider 2010), to assess farmers’ preferences 

for management actions to modernise agriculture in Uganda (James 2010), and to 

estimate the public's preference for waste management options in Macao (Jin, Wang, & 

Ran 2006). 

CAOACA*?$)+0&-&*:4'$+&*E9/&0$,&"-)*$"*2"*!"#$%&"'()*:'"-&9-*

DCEs have multiple benefits that could help Indigenous fisheries managers 

better understand the preferences of their community, such as providing information 

about the communities preferred quantitative levels for different objectives. However, 

these methods have rarely been used to elicit the preferences of Indigenous 

communities within a resource management context. The use of any Western 

quantitative methods to understand Indigenous preferences should be done with an 

awareness of the potential inappropriateness of these methods in an Indigenous context. 

Many Indigenous scholars call for the use of traditional Indigenous methodologies, such 

as story-telling, to gather information about Indigenous communities, in-lieu of Western 

research methods (Simpson 2004, Louis 2007). 

As well, there may also be difficulties in using DCEs in an Indigenous community 
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Currently, the Nuu-chah-nulth have approximately 10,000 members, with most 

people living on or near their traditional territory. The 14 Nations follow both a hereditary 

and elected governance system, with each Nation having a group of Ha’wiih (Hereditary 

Chiefs), and an elected Chief and Council. All 14 Nations are connected through the 

Nuu-chah-nulth Tribal Council, which provides support programs to the Nations, 

including fisheries management. 

MAMA* :',,("$-.Y:'3328'02-$7&*@&)&20+4*

Indigenous communities have a complicated history with academic research, 

with previous negative experiences making it challenging to develop trusting and positive 

relationships between academics and communities (Castelden, Morgan, & Neimanis 

2010). In recent years, academic researchers have recognized the need to change their 

behaviour and research approaches to engage respectfully with Indigenous communities 

(Drawson, Toombs, & Mushquash 2017, Riddell, Salamanca, Pepler, Cardinal, & McIvor 

2017). For this project, a research partnership was developed with the Nuu-chah-nulth 

community guided by the best practices of community-collaborative research (CCR), 

which involves engaging local communities and individuals in the research process with 

the goal of sharing or co-generating knowledge to understand complex problems and 

bring about change through policy (Tondu et al. 2014). CCR focuses on respecting and 

understanding community needs, building trust within the community, and making 

genuine collaborative efforts to engage with the community and promote knowledge 

exchange.  Through a CCR research approach, I developed a respectful research 

partnership between myself and the Nuu-chah-nulth community, meaningfully involving 

community members in my research.  I partnered with Uu-a-thluk, to engage with Nuu-

chah-nulth community members to design and implement a survey, and to validate the 

research results. 

Engaging with Indigenous communities in a way that follows their preferred and 

traditional protocols is important to show respect for, and an understanding of, the 

communities culture and values. I worked with Uu-a-thluk fisheries managers to follow 

the appropriate protocols while engaging with the Nuu-chah-nulth community. I initially 
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the Nuu-chah-nulth communities. Subsequent consent from the hereditary chiefs 

legitimized the research project within the Nuu-chah-nulth community.  

A focus of CCR is to co-generate knowledge, and develop research partnerships 

that are beneficial for all parties involved (Adams et al 2014, Tondu et al. 2014). 

Engaging with Uu-a-thluk managers and Nuu-chah-nulth community members allowed 

me to design a survey that would help the Nuu-chah-nulth with their fisheries 

management goals, and 
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characteristics and experience with commercial and food and ceremonial herring 

fisheries. The second section contained the discrete choice experiment (DCE), which 

asked individuals to choose between herring food and ceremonial spawn fishery 

scenarios. The third section of the survey asked questions about the wider marine 

ecosystem, and requested qualitative comments on characteristics that they thought 

were important in food and ceremonial herring spawn fishery. 

The survey was designed over 8 months by myself and the Herring Committee, a 

group made up of Uu-a-thluk managers and Nuu-chah-nulth community members. We 

used information from previous consultations between the DFO and Nuu-chah-nulth on 

herring fishery objectives to frame the survey, and to identify the types of information 

that would be the most helpful to Uu-a-thluk managers. A preliminary questionnaire was 

administered to community members to better understand the herring ecosystem from a 

Nuu-chah-nulth perspective. The final survey and discrete choice experiment were then 
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layers of spawn on bough until a certain thickness. At this point, satisfaction would 

plateau and potentially decrease. Comments from Nuu-chah-nulth harvesters as well as 

research on the Central Coast of BC have described a decrease in spawn quality once 

layers reach a certain thickness (Gauvreau et al. 2017). High layers of spawn on bough 

can cause eggs to rot or peel off boughs (Gauvreau et al. 2017).  

 
R$%(0&*MAMA* H./'-4&)&)*28'(-*-4&*#$0&+-$'"23$-.*'1*/0&1&0&"+&)*1'0*-4&*1'(0*

2--0$8(-&)*()&#*$"*-4&*?:EA*

 

Number of Spawning Areas

Sa
tis

fa
ct

io
n 

(u
tili

ty
)

●

●

●

●

●

●

●

●

●

●

Number of Spawn Areas

Travel Time (hours)

Sa
tis

fa
ct

io
n 

(u
tili

ty
)

● ●
●

●

●

●

●

Travel Time to Spawn Area

Poor Mediocre Good Excellent

Quality of Spawning Area

Sa
tis

fa
ct

io
n 

(u
tili

ty
)

Quality of Spawn Area

Layers of SOB

Sa
tis

fa
ct

io
n 

(u
tili

ty
) 

●

●

●

●

●

●

● ●

●

●

Layers of Spawn on Bough



15 

MAOAPA*E9/&0$,&"-23*?&)$%"*

I created a full-factorial, orthogonal design using SAS 9.4. Priors were not used 
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A choice experiment assumes that individual n will choose alternative i over 

alternative j if 𝑈"# > 𝑈5#. Therefore, the probability that person n will choose alternative i 

over alternative j is:  

𝑃𝑟𝑜𝑏 𝑖 𝐶 = 	𝑃𝑟𝑜𝑏{𝑉"# + 	𝜀"# > 𝑉5# + 	𝜀5#}; 	∀𝑗 ∈ 𝐶   Equation 3 

where C is the complete set of all possible alternatives from which the individuals can 
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having on knowledge transmission across generations. Other Indigenous communities in 

British Columbia have experienced a loss of traditional harvest knowledge due to a lack 

of access traditional harvesting areas (Turner & Turner 2008), and Uu-a-thluk is 

interested in whether this cultural knowledge loss is happening within the Nuu-chah-

nulth community.  

Along with a lack of access to herring spawn, individuals under the age of 50 

have grown up in a very different world than those over the age of 50. Most of this 
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Self-Ranked Knowledge: 

Self-ranked knowled
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“describe and rank up to 5 characteristics you consider important in determining the 

quality of a spawning area”, and these qualitative answers were analyzed to determine 

key themes. I followed the phases of thematic analysis as described by Braun and 

Clarke (2006). The data was read a number of times to familiarize myself with 

responses, while I made note of initial ideas. I then generated initial codes for the data, 

highlighting the basic features of each response. These codes where then collated into 

different possible themes. The potential themes were then reviewed by myself, and 

some Uu-a-thluk staff to make sure they made sense in relation to the coded extracts. 

Themes were then refined and given specific names.  The percentage of times a theme 

was mentioned was determined by counting the number of coded data points that fit into 

that theme, divided by the total number of coded data points. 

MAZA* S23$#2-$"%*R$"#$"%)*K$-4*-4&*:',,("$-.*

After the qualitative and quantitative data analysis was complete, the results and 

the inferences I drew from them were discussed and validated using a focus group with 

Uu-a-thluk fisheries managers and community members. This focus group provided 

community members and managers to provide comments on the research, and express 

any concerns they might have with the results. Feedback from participants was gathered 

verbally, and through a short questionnaire. 
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The survey was completed in-full by 87 respondents, with at least 1 response 

from every Nation (Table 2). Respondents were evenly split across socio-demographic 

characteristics, with 47% of respondents were male and 53% of respondents were 

female, and ages ra



25 

 

 
R$%(0&*OACA* F2-$)12+-$'"*+(07&)*#&-&0,$"&#*10',*-4&*V&-2*/202,&-&0*&)-$,2-&)*

'1*-4&*/0$,20.*?:E*,'#&3A**

 *

2 4 6 8 10

−0.4

−0.3

−0.2

−0.1

Number of Spawning Areas

Sa
tis

fa
ct

io
n 

(u
tili

ty
)

●

●

●

●

Number of Spawn Areas

0 2 4 6 8

−1.2

−1.0

−0.8

−0.6

−0.4

−0.2

0.0

Travel Time (hours)

Sa
tis

fa
ct

io
n 

(u
tili

ty
)

●

●

●

●







28 

 
R$%(0&*OAMA* ?$11&0&"+&*$"*/0&1&0&"+&)*1'0*-027&3*-$,&*2"#*32.&0)*'1*)/2K"*'"*

8'(%4*#&/&"#$"%*'"*0&)/'"#&"-*2%&*2"#*0&)/'"#&"-*3&7&3*'1*)&31Y
02"L&#*L"'K3&#%&A*G'K*L"'K3&#%&*$)*2*)&31Y02"L$"%*8&-K&&"*CYM*'"*
2*)+23&*'1*CYN[*,'#&02-&*$)*2*)&31Y02"L$"%*'1*OYZ[*2"#*4$%4*$)*2*
02"L$"%*'1*BYNA**

OAMAOA*



29 

looking at 5 different age groupings. The sensitivity analysis age groupings were 0-46 

and 48-85, 0-48 and 49 to 85, 0-50 and 51-85, 0-51 and 52-85, 0-52 and 53-85.    

Differences in preferences for travel time to spawn area for each grouping of 
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Preferences for layers of spawn on bough were more sensitive to how age 

groups were split than preferences for travel time to spawn area. Once the older age 

group was increased to 52 and over, there was no longer a significant difference in 

preferences between the younger and older age categories (Fig. 3.4).  
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Self-Ranked Knowledge: 

Differences in preferences for travel time were insensitive to whether low, 

moderate, and high knowledge was grouped as 1-2, 3-6, 7-9, or 1-3, 4-6, and 7-9, or if 
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Univariate attribute analysis found that the quality of spawning area had the 

biggest impact on the percent of people choosing a scenario. When all other attributes 

are held constant, increasing the quality of spawning area from mediocre to good 

increases the percentage of individuals choosing the “better” scenario by 12.2%. 

Multivariate attribute analysis for two attributes, layers of spawn on bough and travel 

time to spawn area are presented in this paper to provide an example of how this 

analysis can be used as a management decision support tool (Fig. 3.7). 
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Uu-a-thluk fishery managers and community members generally felt that the 

quantitative results from this DCE analysis reflected individual preferences, and were 

able to provide feedback on my interpretation of the results. I collected survey feedback 

on the results of the survey from 5 Nuu-chah-nulth community members, with all 5 

individuals agreeing on the results for preferences for quality of spawn area, travel time 

to spawn area, and layers of spawn on bough. Three individuals agreed with the results 

for preferences for number of spawn areas, and 2 individuals disagreed with these 

results. 
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Indigenous communities currently lack tools and processes to help quantify their 

objectives in a way that can effectively inform the DFO processes for managing 

fisheries. Using a case study on the West Coast of Vancouver Island, this project 

examined how a survey with a discrete choice experiment can be used to help 

understand Indigenous preferences for the outcomes of a food and ceremonial fishery. 

The DCE provided quantitative information to show positive preferences for increased 

layers of spawn on bough and quality of spawning area, and negative preferences for 

increasing number of spawning areas and increasing travel time. This quantitative 

preference information can be used to determine community acceptance of different 

food and ceremonial fishery outcomes, helping managers better understand when Nuu-

chah-nulth food and ceremonial herring fishery outcomes are met.  Developing 

management procedures that promote these quantitative fishery outcomes recognizes 

and responds to the Nuu-chah-nulth’s preferences and is a key step in recognizing the 

communities’ values and Indigenous rights to access herring. 

Survey results indicated that Nuu-chah-nulth preferred higher quality spawning 

areas that were sheltered and less sandy compared to unprotected sandy areas. These 

attributes could reflect harvesters’ safety while collecting spawn, as well as the quality of 

the spawn collected (Gauvreau, Lepofsky, Rutherford, & Reid 2017). As expected, Nuu-

chah-nulth also preferred high quality fishing areas as close as possible to their 

communities as indicated by strong preferences for shorter travel times to fishing areas. 

Shorter travel times have several advantages for Nuu-chah-nulth food and ceremonial 

fisheries. For instance, short transit times solve several logistical issues such as  (i) 

lowering costs of fishing (e.g., in transit time and fuel), which is important because food 

and ceremonial fisheries provide no direct monetary gain; (ii) easing concerns about the 

safety of long transit times to fishing areas during late-winter and early-spring when sea 

states can be dangerous; (iii) operationally, increasing the chance of harvesters getting 

to the spawn early; and (iv) making it more efficient to check boughs frequently during 

the spawning period.  

Greater travel distances to access herring spawn increases the need to cross 

into another Nation’s territory and therefore obtain permission to fish from other Nation's 
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Ha'wiih. The 14 Nuu-chah-nulth Nations all have traditional territories along the coast. 

The Nations Ha’wiih are responsible for managing their territories resources, including 

fisheries (Arbour, Kuecks, & Edwards 2008). If an individual from another Nation wishes 

to harvest in a Nation’s territory that is not their own, they require permission from the 

Ha’wiih of the other Nation (Arbour et al. 2008). Requests for permission to harvest are 

an important traditional practice to the Nuu-chah-nulth, but increases the cost and 
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The levels for layers of spawn on bough were chosen based on consultation with 

a small number of Nuu-chah-nulth harvesters. We chose the levels for layers to try to 
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preferences held by the Nuu-chah-nulth. Where DCE preferences did not match the 

hypothesized preferences, Nuu-chah-nulth harvesters were able to provide information 

to explain these differences. 
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Nuu-chah-nulth community to take part in harvesting and to learn about stewardship 

processes. For example, an 18-year-old respondent explains how low herring 

abundance has impacted their ability to learn about herring harvesting from their mother: 

I would love to have herring and herring spawn strong in our area so 
that I can learn how to harvest myself. My mothers’ generation used 
to harvest but since the decline in herring - she has not been able to 
teach me in our traditional harvest area 

Heterogeneity in preferences across age groups occurred within the Nuu-chah-

nulth community, which raises some concern about shifting baselines regarding the 

herring fishery. Shifting baseline syndrome (SBS) refers to a change in human 

perceptions of biological systems due to loss of experience about past conditions 

(Papworth, Rist, Coad, & Milner-Gulland 2009).  Known class estimates from the DCE 

showed individuals under the age of 50 have more linear decreasing preferences for 

travel time to spawn area compared to individuals over the age of 50, who are less 

sensitive to travel times in the 0 to 2-hour range (but subsequently showed negative 

utility for travel times greater than 4 hours). Respondents under the age of 50 also had 

significantly different preferences for layers of spawn on bough where, paradoxically, 

younger individuals had no preference for increasing layers of spawn on bough.
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preferences for travel time and layers of spawn on bough were significantly different 

between respondents with low knowledge of herring harvest and stewardship, and those 

with medium or high herring knowledge. Respondents with low knowledge had more 

linear preferences for travel time than medium and high knowledge individuals. Similar to 

the counter-intuitive preferences for travel time shown by relatively younger survey 

participants, low knowledge individuals showed decreasing utility as the number of 

layers of spawn on bough increased, which was opposite to what one would expect. 

Indeed, these preferences were opposite to moderate and more knowledge respondents 

who showed increasing utility for increasing layers of spawn on bough. These 

differences highlight the impact that lower herring knowledge has on preferences, and 

the importance of restoring herring spawn near Nuu-chah-nulth communities to increase 

herring knowledge throughout the community.  
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Conversations with Nuu-chah-nulth community members and qualitative 

comments from the survey highlight that harvestable spawn biomass and spatial 

distribution of spawning activity represent both a perception of ecological system health 

as well as deep cultural values for the Nuu-chah-nulth.  Higher amounts of harvestable 

biomass mean more spawn on bough for people to supplement their diets, and more 

spawn for cultural events. Spawn events that are closer to communities has the dual 

effect of allowing greater communi
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herring harvest, and ecological attributes, such as the harvestable biomass, and the 

proximity of spawn to communities.  
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]4&00$"%^*X&0)/&+-$7&)**

The overarching goal of this research was to improve our understanding of Nuu-

chah-nulth preferences for herring food and ceremonial fishery outcomes using a 

discrete choice experiment. The models produced by DCE’s have greater statistical 

power as you increase the sample size. While we were hoping to get between 150-200 

responses, by the end of the study only we had only 87 responses, even after 

implementing a cash incentive. The lower number of responses was likely due to: (i) 

timing of the research, and (ii) limited engagement from Nuu-chah-nulth Nation fisheries 

staff.  

Implementing the survey during the summer meant there were fewer individuals 

around their communities to answer the survey, and that individuals were generally busy 

and focused on summer resource harvesting. The timing of the survey distribution was 
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distributing the survey to their Nation, and whether I could visit communities to help 

distribute the survey, but there was limited engagement back from the staff.  

Many of the Nation’s fisheries staff are operating at a capacity deficit, with more 

projects, research requests and consultations than they can handle (Castleden et al. 

2012). I do not believe that they didn’t engage with the survey because they were 

uninterested, but because they did not have the capacity to take on another project. 

Fisheries staff are also closely involved in the communities of the Nation they work for, 

with many staff being from the Nation themselves. This means that community issues, 

illnesses and deaths impact them and their ability to take on other projects. In the future, 

relationships with individual Nation fisheries staff should be developed earlier on in the 

research process. It would also have been beneficial to organize formal community 

events in each Nation that followed Nuu-chah-nulth protocol where a meal was served, 

and individuals were led through the survey. This would have given people an 

opportunity to ask questions about the research, and to clarify questions they had about 

the survey, in particular related to the DCE section. 

While having more survey responses would have greatly increased the reliability 

of the results from the discrete choice models, the survey and DCE itself could also have 

been improved to provide better and more useful information. Based on feedback from 

Uu-a-thluk staff administering the survey in person, the wording and structure of some 

questions were changed to improve clarity and understanding. However, individuals 

completing the survey still commented on parts of the survey they found confusing and 

unclear. Specifically, many individuals found the discrete choice tasks confusing and 

unintuitive. Having a step-by-step description of how to complete the DCE, with a 

sample DCE for individuals to complete would have likely improved responses. 

Having a longer time to design and implement the survey would also have 

improved the survey and DCE. A longer study period would have allowed us to get a 

more input from Nuu-chah-nulth community members about appropriate levels for the 
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between qualitative comments from the survey and the DCE outputs leads us to believe 
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To our knowledge, this is the first time a DCE has been applied in an Indigenous 

fisheries management context.  This research provides an example of a methodology 

that can help Indigenous communities to translate their general fishery goals into specific 

measureable objectives, allowing their goals and values to be better represented and 

included in fisheries management decision-making. This case study on the WCVI Pacific 

herring fishery shows that a DCE paired with a simple qualitative survey can provide 

important quantitative and qualitative information about Ind
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communities. New data collection protocols and models need to be developed to allow 

management to occur at the spatial scales relevant to the Nuu-chah
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