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Linking anglers, ﬁsh, and management in a catch-and-release
steelhead trout ﬁshery
Kara J. Pitman, Samantha M. Wilson, Elissa Sweeney-Bergen, Paddy Hirshﬁeld, Mark C. Beere,
and Jonathan W. Moore

Abstract: Fisheries are complex social–ecological systems with multiple potential linkages between ﬁsh and anglers. Understanding these linkages helps to support effective ﬁsheries management. We examine the social–ecological dynamics of a
recreational ﬁshery by assessing relationships between ﬁsh, anglers, and a management intervention. We focus on catch-andrelease steelhead trout (Oncorhynchus mykiss) ﬁsheries on six rivers within the Skeena River watershed, British Columbia, Canada,
the location of a recent management intervention. First, based on analyses of annual steelhead trout abundance and annual
angler effort information, we found that years with a higher abundance of returning steelhead trout were associated with years
of higher catch rates and angler effort. Second, based on analyses of nonresident angler effort, we discovered that a new
management intervention provided periods of lower angler effort, but effort was apparently redistributed to other rivers and
time periods. Third, responses from angler interviews post-management intervention revealed that anglers were more satisﬁed
if they caught more ﬁsh and experienced less crowding; at higher crowding levels, higher catch rates were required to increase
angler satisfaction. In conclusion, we found that this recreational ﬁshery is inﬂuenced by both human dimensions and natural
ecological dynamics such as ﬁsh population ﬂuctuations.
Résumé : Les pêches sont des systèmes socioécologiques complexes caractérisés par de nombreux liens potentiels entre les
poissons et les pêcheurs. La compréhension de ces liens aide à soutenir une gestion efﬁcace des pêches. Nous avons examiné la
dynamique socioécologique d’une pêche sportive en évaluant les relations entre les poissons, les pêcheurs et une intervention
de gestion. Nous nous sommes intéressés à des pêches avec remise à l’eau à la truite arc-en-ciel (Oncorhynchus mykiss) dans six
rivières du bassin hydrographique de la rivière Skeena, en Colombie-Britannique (Canada), lieu d’une intervention de gestion
récente. Premièrement, à la lumière d’analyses de l’abondance annuelle des truites arc-en-ciel et d’information sur l’effort
annuelle des pêcheurs, nous avons constaté que les années de plus grande abondance de truites arc-en-ciel de retour ont été
associées aux années aux taux de prises et à l’effort des pêcheurs plus élevés. Deuxièmement, à la lumière d’analyses de l’effort
des pêcheurs non résidants, nous avons découvert qu’une nouvelle intervention de gestion s’est traduite par des périodes d’effort
des pêcheurs plus faible, mais que l’effort était apparemment redistribué à d’autres rivières et périodes. Troisièmement, les
réponses obtenues d’interviews avec des pêcheurs après l’intervention de gestion révèlent que ces derniers sont plus satisfaits
s’ils prennent plus de poissons et qu’il y a moins d’achalandage et que, à des degrés d’achalandage plus élevés, il fallait de taux
de prises plus grands pour accroître leur satisfaction. En conclusion, nous avons constaté que cette pêche sportive est inﬂuencée
tant par des dimensions humaines que par la dynamique écologique naturelle, comme les ﬂuctuations des populations de
poissons. [Traduit par la Rédaction]

Introduction
Fisheries are social–ecological systems with bidirectional connections between ﬁsh, anglers, and managers (Arlinghaus et al.
2013; Fenichel et al. 2013; Hunt et al. 2013; Ward et al. 2016). For
instance, angler effort — the aggregate of how individual ﬁshing
effort is distributed across space and time — can inﬂuence ﬁsh
populations (Fulton et al. 2011; Fenichel et al. 2013; Hunt et al.
2013). Reciprocally, variation in ﬁsh abundance can affect the spatial and temporal distribution of angler effort. For example, if ﬁsh
abundance in a speciﬁc site declines, some anglers may become
less satisﬁed with their ﬁshing experience and shift their effort to
other sites (Gillis 2003; Abernethy et al. 2007; Wilson et al. 2016).
Lack of consideration of angler ﬁshing effort can lead to unexpected consequences of ﬁsheries management and undermine
management objectives. For example, creation of marine pro-

tected areas can displace ﬁshing effort to outside the protected
area, increasing ﬁshing pressure and risks of local over-ﬁshing
(Halpern et al. 2004; Hilborn et al. 2004; Kellner and Hastings
2009). Similarly, management interventions that limit or reduce
ﬁshing seasons can lead to a redistribution of effort at other times,
increasing ﬁshing pressure before or after the closure period (Hall
and Shelby 2000; Murray et al. 2001). Therefore, understanding
the drivers of angler effort and how effort may respond to
management interventions is a key component of effective ﬁshery management.
Angler effort in recreational ﬁsheries may be particularly unpredictable because individual angler incentives can be more
complicated or dynamic than in other ﬁsheries. Commercial ﬁsheries typically prioritize a single attribute (i.e., net proﬁt) and
therefore have a tightly coupled relationship between predator
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and prey (Hilborn and Walters 1992; Smith 1999; Post et al. 2002).
Thus, the ﬁshers utility function — that is, their preferences for
certain options over others — may be focused on proﬁt. However,
in recreational ﬁsheries, anglers’ choices may be driven by their
own personal satisfaction, which can depend on multiple attributes that individual anglers seek to maximize when making
their choice of where and how much to ﬁsh (i.e., their utility
function). Many variables have been reported to contribute to
angler satisfaction, including catch rate, size of ﬁsh, general enjoyment, natural beauty and serenity, and gear type (Holland and
Ditton 1992; Miko et al. 1995; Arlinghaus 2006; McCormick and
Porter 2014). Anglers can be satisﬁed with a ﬁshing trip even if
they were dissatisﬁed with their ﬁshing success (Fedler and Ditton
1994; Beardmore et al. 2015). Conversely, anglers may have high
ﬁshing success and be dissatisﬁed with their ﬁshing trip based on
the social environment of the trip (Beardmore et al. 2015). For
example, crowding has been shown to negatively affect anglers’
choices of ﬁshing sites independent of catch (Hunt 2005). Thus,
angler effort in recreational ﬁsheries is likely linked to multiple
potential factors that could inﬂuence their personal satisfaction
with their ﬁshing experience. Understanding the factors that inﬂuence angler satisfaction can help illuminate what underpins
their decisions about effort allocation and therefore help inform
recreational ﬁsheries management.
One important and illustrative recreational ﬁshery is that of
steelhead trout (Oncorhynchus mykiss) in the rivers of the Skeena
River watershed, British Columbia (B.C.), Canada. This ﬁshery is
well known to both local anglers as well as anglers who travel
from around the world to target these migratory ﬁsh (Hooton
2011). This ﬁshery is exclusively catch-and-release, which can
cause stress and some low-level incidental mortality in the
hooked and handled ﬁsh (Twardek et al. 2018). However, one of
the primary management challenges in this region is that of
crowding. Stakeholder engagement processes suggested that increases in ﬁshing effort over the last several decades have led
to crowding concerns and potentially reduced satisfaction of
the local anglers (Alan Dolan & Associates 2009; Ministry of
Environment 2010). Accordingly, the Skeena Region B.C. Ministry
of Forests, Lands, Resource Operations, and Rural Development
Fisheries Section (Skeena Region Fisheries Section) implemented
new regulations (hereinafter “management intervention”) in 2012
that restricted unguided nonresident anglers, deﬁned as any angler who was not Canadian and had not hired a ﬁshing guide,
from ﬁshing during certain times and in certain zones (Ministry
of Environment 2010; Ministry of Forests Lands and Natural
Resource Operations 2013). This challenge presents an opportunity to examine the degree to which this management intervention altered angler effort, and thus crowding, within the larger
context of other potential controls on angler effort, such as annual variation in steelhead trout abundance. Given that angler
effort is ultimately a product of individuals’ incentives and perceptions, further insight can be gained through connected social
studies of factors that inﬂuence angler satisfaction. More generally, given that successful management of ﬁsheries hinges on the
effective management of people (Hilborn 2007), this important
recreational ﬁshery can serve as a broadly relevant examination
of how multiple factors, including management intervention, can
inﬂuence both catch rate and angler effort.
Here we examined the factors associated with angler effort,
catch, and satisfaction in a globally notable recreational ﬁshery
during a period with a management intervention. While there is
increasing appreciation that effective ﬁsheries management depends on the consideration of multiple potential feedbacks
between social and ecological aspects of ﬁsheries and their
management (Carpenter and Brock 2004; Hunt et al. 2011; Ward
et al. 2016; Arlinghaus et al. 2017), there still are relatively few
studies that bring together data on both the ecological and social
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dimensions (Arlinghaus et al. 2013). Through combining extensive
datasets from both social science approaches and ecological analyses, we posed three questions. First, how does angler annual
catch rate and effort change in response to annual variation in
steelhead trout abundance and a management intervention? Second, did unguided nonresident anglers redistribute effort across
space and time in response to the management intervention?
Third, how do crowding and catch rates inﬂuence angler satisfaction post-management intervention? These analyses provide
insight into the socioecological linkages that underpin the management and dynamics of a catch-and-release ﬁshery.

Materials and methods
Study system
The large Skeena River watershed in northwestern B.C., Canada, drains 54 532 km2 from the Nechako Plateau and Coast
Mountains into the Paciﬁc Ocean (Gottesfeld and Rabnett 2008).
The Skeena River and its tributaries are internationally recognized as a world-class ﬁshing destination for steelhead trout. Steelhead trout are anadromous rainbow trout that spend 1–6 years in
fresh water, migrate to the ocean for 1–3 years, and then return
back to fresh water to spawn (Moore et al. 2014). Within the
Skeena River watershed, there are many locally adapted steelhead
trout populations (Beacham et al. 2012) that spawn in the different
tributaries (Tautz et al. 1992). This paper focuses on the recreational ﬁsheries for summer-run steelhead trout, the populations
that enter the drainage between June and October and spawn
from mid-May to late June of the following year (Beacham et al.
2012).
Return migrating adult steelhead trout are highly sought after
by recreational anglers. Each year, ⬃3000 nonresident anglers
visit the Skeena River watershed to ﬁsh for steelhead trout, bringing in ⬃CAN$16 million to the economy of this watershed
(Counterpoint Consulting 2008). Since the mid-2000s in B.C., the
steelhead trout recreational ﬁshery has been restricted to catchand-release owing to conservation concerns and efforts to maintain the viability of the recreational ﬁshery (Hooton 2011). A small
proportion of steelhead trout are caught by First Nations peoples
for food, social, or ceremonial ﬁsheries and as bycatch in international and local commercial salmon ﬁsheries (Hooton 2011).
This study focuses on the six most popular steelhead trout rivers within the Skeena River watershed: the Babine, Bulkley, Kispiox, Morice, and Zymoetz rivers as well as the main stem of the
Skeena River (Fig. 1). These six rivers are designated as Classiﬁed
Waters by a B.C. provincial management framework implemented in 1990 (Ministry of Environment 1998). Anglers ﬁshing
rivers or river sections designated as such are required to purchase a Classiﬁed Waters license. There are a total of 20 Classiﬁed
Waters within the Skeena Region that range in foot and boat
accessibility. Of the six rivers included in our study, the Morice,
Bulkley, and Skeena rivers are highly accessible for both foot- and
boat-based anglers. The Kispiox and Zymoetz rivers have remote
road-access points for most of their lengths; however, they have
limited boat access. The Babine River is relatively inaccessible,
and anglers are usually guided by a ﬁshing outﬁtter located on the
river.
One of the emerging management challenges for the steelhead
trout recreational ﬁshery in the Skeena River watershed is increasing crowding pressure. In 2010, a stakeholder consultation
and engagement process revealed that the quality of angling experience was being compromised in the Skeena Region for some
B.C. anglers because of overcrowding (Ministry of Forests Lands
and Natural Resource Operations 2013). The Skeena Region Fisheries Section therefore implemented new regulations to 12 Classiﬁed Waters within the region in 2012. The most signiﬁcant
change was mandating Canadian-only ﬁshing times and zones.
Published by NRC Research Press
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Fig. 1. The Skeena River watershed and its major tributary rivers overlaid on a digital elevation model in British Columbia, Canada. All the
major tributary rivers listed had a management intervention that restricted unguided nonresidents from ﬁshing (mainly) during the weekend,
while the Skeena (Section IV) had sections void of this management intervention. The map is projected in B.C. Albers to provide an equal-area
depiction of the region, but labels are expressed in WGS84 latitude and longitude.

This regulation restricted angling to all unguided nonresidents,
on many of the Classiﬁed Waters, including all six study rivers
(Fig. 1). However, the Skeena River main stem (Skeena IV) had
sections that were void of the regulations. Therefore, the Skeena
River offers an experimental contrast for understanding the potential inﬂuence of the new regulations on angler effort. This
management intervention attempted to balance the local economic beneﬁts of visiting nonresident anglers while providing
angling opportunities with lower crowding for B.C. residents,
thus maintaining a high-quality angling experience for all anglers
(Ministry of Environment 2010).

Analysis overview
This study consisted of three main sets of analyses, which we
brieﬂy summarize here and describe in greater detail in a later
section (Table 1).
The ﬁrst set of analyses consisted of examining annual catch
rate and angler effort as a function of annual steelhead trout
abundance and a management intervention. These analyses examined the relationships between annual angler catch rates or
effort and annual steelhead trout abundance as well as years before and after the management intervention. Angler catch rates
and effort were obtained from the Steelhead Harvest Analysis
Published by NRC Research Press
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models (Table 2)
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(Table 2)
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displacement by nonresidents
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level” (Table 3)
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(SHA 1997–2016; De Gisi 1999), and steelhead trout index of abundance data were obtained from the Tyee test ﬁshery (1997–2016).
The Skeena River, for which there were mixed regulations imposed, was used as a reference with regards to the management
intervention. In these analyses, we examined the interannual patterns of effort and catch for the whole recreational ﬁshery population (Canadians and nonresidents).
In the second set of analyses, we looked at management intervention and distribution of angler effort. The management intervention restricted unguided nonresident anglers from ﬁshing at
certain times and places. Therefore, to determine whether unguided nonresident angler effort was redistributed across space
and time owing to the management intervention, we examined
daily unguided nonresident angler effort information from the
Classiﬁed Waters e-licensing database in the six rivers of interest
(2009–2016).
Finally, in the third set of analyses, we investigated angler satisfaction. To understand the determinates of angler satisfaction,
and thus perhaps the factors that inﬂuence their effort, we analyzed data from a large survey study (River Guardian Program).
This survey occurred post-management intervention (2013–2015).
These analyses considered whether Canadians and nonresidents
had different satisfaction levels, whether satisfaction varied by
river, and how satisfaction was associated with catching ﬁsh and
crowding.
Annual catch rate and angler effort as a function of annual
steelhead trout abundance and a management intervention
To determine whether annual catch rate and angler effort reﬂected annual steelhead trout abundance, and whether angler
catch or effort changed before or after the management intervention, we used two datasets that spanned the management intervention: the SHA and Tyee test ﬁshery steelhead trout index of
abundance datasets (Table 1). Since 1967, the B.C. government has
conducted an annual mail-out survey, known as the SHA, to document catch and effort trends in steelhead trout recreational ﬁsheries throughout the province. This survey provides a means for
the provincial ﬁsheries managers to monitor angling activity on
more than 400 streams in B.C. (De Gisi 1999). In March of each
angling license year, ⬃62% of anglers who purchased a steelhead
license receive a questionnaire requesting information on steelhead trout angling activity and catch in the previous year. Over
the years, ⬃27% of the surveyed anglers who ﬁshed for steelhead
trout provided a response to the questionnaire (De Gisi 1999).
Although this survey has been conducted since 1967, we only
focused on data from 1997–2016 to align with the Tyee test ﬁshery
data. From the SHA, we obtained annual angler effort for each
river (total number of reported angler days ﬁshed during the ﬁshing license year) and annual catch rate, calculated by dividing the
annual total reported ﬁsh landed by the annual total angler days
reported for each river, providing a mean catch per angler day for
each year of the six study rivers. According to the SHA responses,
on the six study rivers there was a mean of 5380 ± 3564 reported
angler days ﬁshed (this and all subsequent values are reported as
means ± standard deviation (SD)) and an annual mean catch rate
of 1.1 ± 0.4 steelhead trout landed per angler day between the years
1997 and 2016.
We obtained annual steelhead trout index of abundance data
from the Tyee test ﬁshery located on the Skeena River main stem
(Fig. 1). In operation annually since 1955, the Tyee test ﬁshery uses
gillnet sets in the tidal portion of the Skeena River. Each year, the
ﬁshery starts operation on 10 June and ends on 31 August (and
more recently into September). Prior to 2002, an undyed, ﬁbrous
nylon gillnet was used; it was subsequently replaced by a sixstrand Alaska Twist gill net being set across a channel measuring
2–5 km long and 0.8 km wide multiple times per day, providing an
index of abundance for returning salmon and steelhead trout to
the Skeena River watershed (Jantz et al. 1990). The annual cumuPublished by NRC Research Press
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lative index for steelhead trout represents the cumulative sum of
the daily catch per hour standardized to 10 June, allowing for
comparison across years. We obtained the cumulative index of
abundance values, hereinafter referred to as steelhead trout abundance, until 31 August (the date on which the Tyee test ﬁshery was
consistently operated across all years). While the Tyee test ﬁshery
steelhead trout is only an index of abundance, the annual steelhead trout abundance from Tyee has a strong positive linear relationship (r2 = 0.67) with the annual estimates of steelhead trout
abundance from a tagging program conducted on the Bulkley
River, a tributary to the Skeena River that supports the largest
steelhead population (analyses not shown; Saimoto and Saimoto
2011). Thus, it is likely that different rivers within the Skeena have
steelhead trout abundances that are positively correlated with
each other (Kendall et al. 2017) and that the Tyee test ﬁshery
provides a reasonable index of abundance for steelhead trout
within the watershed.
In two independent models, we examined the relationship between either reported annual catch rates (mean catch per angler
day) or annual effort (total angler days) for each year and potential
predictor variables of steelhead trout abundance, river, and the
interaction of the management intervention (i.e., before versus
after regulations) and river. Angler effort and catch rates were
from the SHA database. We tested hypotheses about all covariates,
and consequently compared all possible model combinations of
variables using the Akaike information criterion corrected for
small sample sizes (AICc). For each of the annual catch rate and
angler effort models, we compared 10 candidate models using the
AICc (Burnham and Anderson 2002), and assessed the relative
plausibility of each candidate model using Akaike weights (refer
to online Supplementary Tables S1 and S21). We centered and
standardized the steelhead trout abundance variable so that its
mean was zero and standard deviation was 2 (Grueber et al. 2011).
To compare the effect that steelhead trout abundance and the
management intervention had on the six study rivers, we considered the Skeena River main stem as a reference, given that the
management intervention was not applied to all sections of the
Skeena River main stem, making the Skeena a “mixed” system.
Therefore, all other rivers’ signiﬁcance levels are comparable to
that of the Skeena River main stem. To determine whether anglers’ effort in one year was based on steelhead trout abundance
from the previous year, we competed the top candidate model
from the AICc results with a model using the same covariates but
with a 1-year time lag for angler effort. The 1-year time lag model
received a higher AICc score and was therefore not considered in
any further analyses. Model selection results are available in online (Supplementary Tables S1 and S21). All analyses were performed in R version 3.4.2.
Management intervention and distribution of angler effort
The management intervention restricted unguided nonresident anglers from ﬁshing during certain times and in certain
zones. Therefore, to determine whether unguided nonresident
angler effort redistributed across space and time owing to the
management intervention, we examined effort information from
the Classiﬁed Waters e-licensing database. In 2009, the B.C. provincial government created an electronic database that records all
license sales information from anglers who purchased any type of
angling license, including the Classiﬁed Waters license (Table 1).
For rivers in the Skeena Region, nonresident anglers are required
to purchase a Classiﬁed Waters license for the speciﬁc river and
day that they will be ﬁshing during the steelhead trout season
(September through October). The database records a unique angler ID associated with the number of days (organized by date)
that each nonresident angler ﬁshed on any speciﬁc river in B.C.,
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including whether they were guided or unguided. B.C. anglers are
only required to purchase one annual Classiﬁed Waters license,
are able to ﬁsh any river over the entire licensing year (1 April to
31 March), and are therefore not included in this analysis, as dayand river-speciﬁc data are not available. On the six study rivers,
there was a mean of 12.5 ± 15.7 unguided nonresident angler license sales sold per day between the years 2009 and 2016.
We compared unguided nonresident angler effort (based on
Classiﬁed Waters license sales) for the 3 years before and 5 years
after the 2012 management intervention on each of the six study
rivers. To determine how the management intervention inﬂuenced angler effort by unguided nonresidents, we averaged the
daily unguided nonresident angler license sales for each day
(Monday–Sunday) and each river (Babine, Bulkley, Kispiox, Morice,
Skeena (Section IV), Zymoetz) during the Classiﬁed Waters period
(1 September – 1 October, excluding any dates outside this range).
We normalized these data by the 2009–2011 mean angler licenses
sold for each day of the week and river to facilitate comparison
before and after management intervention. We examined post
hoc daily guided nonresident angler effort to determine whether
nonresidents were hiring guides more often since the management intervention, given that guided nonresident anglers are
void of the weekend angling restriction.
Angler satisfaction
After the management intervention was implemented, a Skeena
River Guardian Program was initiated to gain insight into
how the management intervention may have impacted anglers
(Table 1). This 3-year program (2013–2015) involved stream-side
angler surveys on the Bulkley, Kispiox, and Zymoetz rivers during
the peak angler season (September through October). Stream-side
angler surveys were based on a stratiﬁed random sampling design
(Zar 1984; Pollock et al. 1994), whereby interviews were scheduled
to occur 3 days a week during the week days, and 2 days a week
during the weekend days. There were three crews of two River
Guardians each surveying one of the three rivers during either
early (0830–1630) or late (1100–1900) shifts to allow for interception of anglers at different times of the day. River Guardians accessed known angling locations by truck or jet boat and surveyed
all accessible anglers — that is, anglers who could exit the water
to conduct an interview. Anglers surveyed were asked a suite of
questions pertaining to their basic license information, quality of
angling experience rating (i.e., satisfaction), effort, catch, and
compliance (see Pitman and Hirshﬁeld 2015 for questionnaire).
For this study, we only included the survey questions pertaining
to crowding, catch, and satisfaction. These questions included,
“How many anglers do you remember seeing today?”, “How many
steelhead have you landed?”, and “Between 1 and 5, how would
you rate your quality angling experience today, 1 being very poor
and 5 being excellent” (thereafter “satisfaction level”).
We examined how the number of steelhead trout landed and
crowding levels impacted angler satisfaction based on angler residency and the speciﬁc river they were ﬁshing. To identify the best
predictors of angler satisfaction, we ﬁt ordinal logistic regression
models using the MASS package in R (Venebles and Ripley 2002).
We examined the relationship between angler satisfaction as an
ordered categorical factor (very poor < poor < fair < good < excellent) and covariates such as number of steelhead trout landed,
number of anglers seen, residency status (Canadian or nonresident), and river (Bulkley, Kispiox, or Zymoetz). We also examined
the potential support of including the following interactions: residency status and number of anglers seen, residency status and
number of steelhead trout landed, and number of anglers seen
and number of steelhead trout landed. B.C. residents and Canadian non-B.C. residents are combined and considered “Canadian”

Supplementary data are available with the article through the journal Web site at http://nrcresearchpress.com/doi/suppl/10.1139/cjfas-2018-0080.
Published by NRC Research Press

Pitman et al.

1065

Can. J. Fish. Aquat. Sci. Downloaded from www.nrcresearchpress.com by Simon Fraser University on 07/11/19
For personal use only.

Table 2. Parameter estimates obtained from the linear regression
model ﬁt to estimate either annual catch rate (mean catch per angler
day, model 1) or annual angler effort (total angler days, model 2) in the
six study rivers of the Skeena River watershed, British Columbia,
Canada.
Model 1: catch rate

Model 2: angler effort

Parameter

Estimate ± SE p

Estimate ± SE

(Intercept)
Steelhead trout
abundance
Babine River
Bulkley River
Kispiox River
Morice River
Zymoetz River
Reg
Babine River: reg
Bulkley River: reg
Kispiox River: reg
Morice River: reg
Zymoetz River: reg

0.567±0.041
0.240±0.034

<0.001
<0.001

0.968±0.057
0.398±0.057
0.256±0.057
0.603±0.057
0.682±0.057
0.118±0.040

<0.001 −2938.7±467.5
<0.001
4603.7±467.5
<0.001 −3017.9±467.5
<0.001 −2882.7±467.5
<0.001 −3605.9±467.5
0.004
5159.1±684.0
−5542.3±963.7
−2227.2±963.7
−5162.3±963.7
−4696.1±963.7
−4116.1±963.7

p

6325.7±330.8 <0.001
603.1±242.6
0.015
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.023
<0.001
<0.001
<0.001

Note: Coefﬁcients (b) and standard errors (SE) are given in standard deviation
units, which allow for comparison of effect sizes among explanatory variables.
All river-speciﬁc levels of signiﬁcance are based on the model conﬁdence intervals and ﬁt relative to the Skeena River. Probability (p) values in bold are significant at the 95% conﬁdence level. Management intervention was a categorical
variable of either unregulated (before 2012 management intervention) or regulated (“reg”; after 2012 management intervention), when unguided nonresident
anglers were restricted to angling at certain times and in certain zones. Model
results are references to unregulated years.

in this analysis because of the small sample size of Canadian
non-B.C. residents. Ordinal logistic regression models are ideal for
analyzing ranked categorical response variables, such as angler
satisfaction, because they preserve the structure of the original
ordinal ranks of the categorical response variable. We tested hypotheses about all covariates, and subsequently compared all
possible model combinations of variables, including only single
interactions. We compared the 28 candidate models using the
AICc (Burnham and Anderson 2002), and assessed the relatively
plausibility of each candidate model using Akaike weights. We
centered and standardized our covariates to a mean of zero and
standard deviation of 2 to enable direct comparison of effect sizes
among variables (Grueber et al. 2011). Model selection results are
available online (Supplementary Table S31).
For all data on steelhead trout anglers, information was aggregated and anonymized prior to conducting the analyses. This
study was approved by Simon Fraser University’s Ofﬁce of Human
Ethics.

Results
Annual catch rate and angler effort as a function of annual
steelhead trout abundance and a management intervention
The most parsimonious model for annual catch rate (mean
catch per angler day) included river, management intervention,
and annual steelhead trout abundance (Supplementary Table S11).
This model accounted for 94% of the Akaike weight and was
strongly supported as the top model by ⌬AICc (next best model
had ⌬AICc = 6.7; Supplementary Table S11). Across all rivers, the
relationship between annual catch rate and annual steelhead
trout abundance was positive, with the overall annual catch rate
varying by river (Table 2; Fig. 2). As predicted, the catch rate was
higher in years when there was greater steelhead trout abundance. Surprisingly, the management intervention had a signiﬁcant positive effect on annual catch rate, where annual catch rate
was slightly higher after the management intervention (p < 0.001;
Table 2). The model selection results did not support the inclusion

of an interaction term between management intervention and
river.
The most parsimonious model for annual angler effort (total
angler days) included annual steelhead trout abundance, river,
management intervention, and interaction between management
intervention and river (Supplementary Table S21). This model accounted for 89% of the Akaike weight, and the next-best model
had a ⌬AICc > 4 (Supplementary Table S21), indicating substantial
support for the top model. Across all rivers, the relationship between annual angler effort and annual steelhead trout abundance
was signiﬁcantly positive, with annual angler effort varying by
river (Table 2; Fig. 3). There was a signiﬁcant interaction effect
between river and management intervention on annual angler
effort, where annual angler effort appeared to increase after the
management intervention on all rivers except for the Babine and
Kispiox rivers (Table 2; Fig. 3). Over time, angler effort has varied
by year and river. Annual angler effort has increased on the Bulkley, Morice, Skeena, and Zymoetz rivers, decreased on the Babine
River, and stayed relatively constant on the Kispiox River (Supplementary Fig. S11).
Management intervention and distribution of angler effort
The 2012 management intervention, which was applied to certain rivers at certain times, appeared to redistribute unguided
nonresident angler effort temporally and spatially. Before the
2012 management intervention, unguided nonresident angler
effort was distributed throughout the week (Monday–Sunday)
(Fig. 4). However, after the management intervention was implemented on the Bulkley, Kispiox, Morice, and Zymoetz rivers, unguided nonresident angler effort decreased during restricted
times (primarily weekends) (Fig. 4), which was expected given the
restrictions during these times. For example, prior to the management intervention, there was a mean of 36.2 ± 19.2 (mean ± SD)
unguided nonresident licenses sold per day during the weekdays,
and 32.0 ± 15.8 licenses sold per day during the weekend day for
the Bulkley River. After the management intervention, weekday
sales by unguided nonresident anglers increased by 35% on average, while weekend sales decreased by 93%, because some unguided nonresident anglers either violate the regulation or
accidentally purchase angler days during restricted times. By contrast, sections of the Skeena River were not affected by the management intervention, and angler effort has been generally
higher on this river since 2012, regardless of day of the week
(Fig. 3; Supplementary Fig. S11). Angler effort from unguided nonresident anglers appeared to be slightly lower on the Babine River
after the management intervention (Fig. 4). The Kispiox River does
not exhibit an increase in weekday ﬁshing by unguided nonresidents after the regulations, as was seen on the Bulkley, Morice,
and Zymoetz rivers. Nonresidents who hire a guide are void of the
weekend ﬁshing restriction. There was an increase in angler effort
by guided nonresidents since the management intervention (with
the exception of angler effort on the Zymoetz River); however,
there has been no particular increase in guided nonresident angler effort during restricted times (primarily weekends) speciﬁcally (Supplementary Fig. S21). There are no equivalent effort data
for B.C. resident anglers. Regardless, the management intervention appears to be associated with temporal and spatial redistribution of unguided nonresident angler effort in the Skeena River
watershed.
Angler satisfaction
We used interview information post-management intervention
on steelhead trout anglers to examine their ﬁshing experience
and provide insight into angler satisfaction. A total of 1972 anglers
reported on their satisfaction: 761 rated their experience as excellent, 578 as good, 416 as fair, 142 as poor, and 75 as very poor. The
median satisfaction level was “good”. Of the satisfaction levels
reported, 1274 came from Canadians and 698 from nonresidents.
Published by NRC Research Press
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Fig. 2. Relationships between annual steelhead trout abundance and annual catch rate (mean catch per angler day) by recreational anglers in
the six study rivers in the Skeena River watershed, British Columbia, Canada. Shown is a predicted line before and after the management
intervention in 2012, with the grey line indicating values before the 2012 management intervention and the broken black line indicating
values after the 2012 management intervention. Each point is the annual catch rate from 1997 to 2016, where the grey points are years before
the management intervention and the black points are years after the management intervention.

Fig. 3. Relationships between annual steelhead trout abundance and annual angler effort (annual total angler days) by recreational anglers in
the six study rivers in the Skeena River watershed, British Columbia, Canada. Shown is a predicted line before and after the management
intervention in 2012, with the grey line indicating values before the 2012 management intervention and the broken black line indicating
values after the 2012 management intervention. Each point is the annual catch rate from 1997 to 2016, where the grey points are years before
the management intervention and the black points are years after the management intervention.

There were 945 satisfaction levels reported on the Bulkley River,
408 on the Kispiox River, and 619 on the Zymoetz River. Based on
these interviews, the mean number of anglers seen was 7 (SD =
7.5); the mean number of steelhead trout landed was 0.5 (SD = 1.2).
The most parsimonious model of angler satisfaction included
river, angler residency, number of steelhead trout landed, number of anglers seen, and the interaction between number of steelhead trout landed and number of anglers seen (Supplementary
Table S31). This model accounted for 72% of the Akaike weight, and

the next-best model had a ⌬AICc > 4 (Supplementary Table S31),
indicating substantial support for the top model. This top model was
used to predict the probability that an angler would respond with a
satisfaction level (very poor, poor, fair, good, or excellent) given different scenarios of number of steelhead trout landed and anglers
seen.
An angler’s satisfaction level increased as a function of the
number of steelhead trout they landed and decreased with the
number of anglers seen and depended on river and angler resiPublished by NRC Research Press
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Fig. 4. Proportional change in daily license sales by unguided nonresidents from 2009 to 2016 for the six study rivers in the Skeena River
watershed, British Columbia (B.C.), Canada. All values are expressed relative to the mean number of angler licenses sold for each weekday and
river from 2009 to 2011, prior to the 2012 management intervention. Positive values therefore represent increased sales since the management
intervention. B.C. residents were not included, as they are not required to purchase daily licenses. Each line represents one year of license
sales. Light grey lines are sales before the management intervention, and black lines are sales after the management intervention. Shaded
grey regions are restricted angling days, when unguided nonresidents are not allowed to ﬁsh. Bulkley, Kispiox, Morice, and Babine rivers are
restricted on Saturday and Sunday; the Zymoetz River is restricted on Friday, Saturday, and Sunday; and the Skeena Section IV has restricted
and unrestricted sections. Skeena IV is a management unit of the Skeena River (Fig. 1).

dency (Table 3; Fig. 5). For example, for every additional steelhead
trout landed by a Canadian angler ﬁshing the Bulkley River,
which is approximately the equivalent of 2 SD from the mean, an
angler was approximately three times as likely to have a higher
satisfaction level. By contrast, if that angler encountered 14 other
additional anglers on the river (i.e., 2 SD), the odds that the angler
responded with a higher satisfaction level (e.g., excellent) instead
of a lower satisfaction level (e.g., poor) decreased by ⬃70%. In
other words, if more anglers were seen on the river, anglers were
more likely to respond with a lower satisfaction level. There was
also a signiﬁcant interaction between the number of steelhead
trout landed and number of other anglers seen (p < 0.001; Table 3).
Speciﬁcally, it took more ﬁsh landed at higher crowding levels to
maintain high satisfaction (Fig. 5). In addition, angler satisfaction
depended on angler residency; anglers who were Canadian had a
higher probably of reporting a higher satisfaction level than nonresident anglers (Table 3; Fig. 5). Last, anglers ﬁshing different
rivers had different satisfaction levels (Table 3; Supplementary
Figs. S3 and S41).

Discussion
This study examined extensive datasets, relying on both social
science approaches and ecological analyses to examine the linkages underpinning the dynamics of an internationally recognized
catch-and-release steelhead trout ﬁshery during a management
intervention. The study had several key ﬁndings. First, we found
that annual catch rates and effort were higher in years when there

were more steelhead trout. Second, we found that the management intervention did indeed reduce unguided nonresident
anglers’ effort during the weekend, as intended, but was also
associated with the spatial and temporal displacement of effort to
other times and places. Third, angler surveys revealed that anglers
were more satisﬁed when they caught more ﬁsh and encountered
fewer anglers, but this satisfaction depended on residency of the
angler as well as the river they were ﬁshing. Collectively, this
study will not only help recreational ﬁsheries to evaluate a speciﬁc management intervention but also provides a broadly relevant example of how both ecological and social factors inﬂuence
recreational ﬁshery dynamics.
In all our study rivers, anglers caught more ﬁsh in years when
there was greater steelhead trout abundance. Perhaps not surprisingly, anglers often catch more ﬁsh when there are more ﬁsh to
catch (Beard et al. 1997; Harley et al. 2001; Wilson et al. 2016).
However, this is not always the case. In some ﬁsheries, catch rates
plateau as ﬁsh abundance increases, likely due to saturation of
anglers (Peterman 1980). Other studies of recreational ﬁsheries
have found that catch rates stay high as ﬁsh abundance declines,
also called hyperstability (Erisman et al. 2011; Ward et al. 2013).
Several processes may cause hyperstability; for example “effort
sorting” (Walters and Martell 2004), where ﬁshing skill varies
across individual anglers, and therefore success rate that anglers
are willing to tolerate varies — less-skilled anglers will typically
exit the ﬁshery (or seek other recreational opportunities) before
Published by NRC Research Press
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Table 3. Parameter estimates obtained from the ordinal logistic regression model
explaining angler satisfaction level as a function of angler residency (Canadian or
nonresident), river (Bulkley, Kispiox, or Zymoetz rivers), number of steelhead trout
landed, and number of other anglers seen in the Skeena River watershed, British
Columbia, Canada.
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Conﬁdence
intervals
Parameter

Estimate ± SE

Lower

Upper

p

Nonresident angler
Kispiox River
Zymoetz River
No. of anglers seen
No. of steelhead trout landed
No. of steelhead trout landed ×
no. of anglers seen

0.61±0.09
1.37±0.12
1.01±0.10
0.60±0.09
5.77±0.15
0.51±0.25

0.51
1.10
0.83
0.51
4.36
0.32

0.73
1.70
1.23
0.71
7.74
0.85

<0.001
<0.001
0.900
<0.001
<0.001
0.007

Note: Coefﬁcients and standard errors (SE) are given in standard deviation units, which allow
for comparison of effect sizes among explanatory variables. Probability (p) values in bold are
signiﬁcant at the 95% conﬁdence level. Parameter levels of signiﬁcance are based on the model
conﬁdence intervals and ﬁt relative to Canadian resident anglers on the Bulkley River. Coefﬁcients are interpreted as odds ratios relative to Canadian resident anglers on the Bulkley River.

Fig. 5. Probability of either a Canadian (including residents of British Columbia) or a nonresident angler having a predicted satisfaction level
of excellent, fair, good, poor, or very poor, given landing either zero, one, two, or four steelhead trout and the number of anglers seen that
day (0–50) on the Bulkley River. These ranges capture most of the range in the observed catch and crowding.
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more-skilled individuals during periods of ﬁsh decline (Ward et al.
2013; Post 2013; van Poorten et al. 2016). By contrast, our analyses
indicated that on all study rivers the relationship between annual
catch rate and ﬁsh abundance appears to be positive and linear in
the range of the data we examined. This pattern is analogous to a
type I functional response of predator–prey relationships (Holling
1959), with the major difference being that catch-and-release ﬁsheries often do not kill the ﬁsh. Accordingly, in this system, higher
steelhead trout abundances translate to higher angler catch rates,
thus altering their angling experience.
Our study found that there was a signiﬁcant positive relationship between annual angler effort and annual steelhead trout
abundance. These results complement many studies showing
strong effort–abundance relationships (Carpenter et al. 1994;
Johnson and Carpenter 1994; Cox et al. 2002; Post et al. 2002),
similar to a numerical response of predatory–prey relationships,
where the density of predators (angler effort) changes as prey
numbers (steelhead trout abundance) increase (Holling 1959). We
note that the relationship between annual angler effort and steelhead trout abundance was not as strong as the relationship between annual catch rate and steelhead trout abundance (Figs. 2
and 3). It is likely challenging for anglers to predict returns of
steelhead trout or respond to within-season steelhead trout abundance estimates because of the travel costs and preplanning required for many anglers to visit the Skeena River watershed.
While we hypothesize that there may also be longer-term feedbacks between steelhead trout abundance, angler satisfaction,
and future effort, our analyses did not observe lag effects of steelhead trout abundance on total angler effort in the next year. The
observation that years with more steelhead trout are associated
with higher angler effort is of importance given that steelhead trout
angling has been estimated to bring upwards of CAN$16 million to
the local economy (Counterpoint Consulting 2008). More ﬁsh should
translate into more angler effort and hence more money for the local
economy.
The management intervention was associated with shifts in
both annual catch rates and angler effort. First, for all angler
residency types combined, there was an intriguing increase in
annual catch rates after the regulations, with annual catch rate
increasing after management implementation on all six study
rivers. This pattern might be because the management intervention was associated with a general increase in relative use of
guides by nonresident anglers on all rivers (with the exception of
the Zymoetz River) after the management intervention (Supplementary Fig. S21). Guided nonresident anglers are exempt from
the management intervention that restricts ﬁshing on weekends;
thus, the new regulations may have incentivized nonresidents to
hire guides. Presumably, guided anglers have a greater success at
landing ﬁsh. Therefore, it is possible that the increase in guided
activity on these rivers contributed to the increase in catch rate
after the management intervention. However, the increase in
catch rate after the management intervention could also be due to
other factors, such as developments in gear or ﬁshing techniques
or shifts in the experience level of anglers. Second, the management intervention was associated with shifts in total angler effort
(Canadians and nonresidents), but these shifts manifested differently depending on the river. Total angler effort increased on the
Skeena, Bulkley, Morice, and Zymoetz rivers after the management intervention; however, effort decreased or stayed the same
on the Babine and Kispiox rivers. Thus, in terms of total annual
angler effort, the management intervention was not associated
with a consistent pattern.
Our study found that the management intervention, which focused on reducing angler effort by unguided nonresident anglers,
did most likely provide times and places with less ﬁshing pressure, but this effort was apparently displaced to other times and
places. As intended, the management intervention resulted in a
shift to virtually no angler effort by unguided nonresident anglers
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on the weekend, which likely provided ﬁshing opportunities for
B.C. resident anglers with lower angler crowding on the Bulkley,
Kispiox, Morice, and Zymoetz rivers (Fig. 4). Thus, the new regulation achieved its primary objective. However, following the
management intervention, unguided nonresident angler effort
increased on weekdays on these rivers (with the exception of the
Kispiox River) (Fig. 4), likely increasing crowding challenges at a
different time. This temporal displacement of effort has been
previously observed in other systems — temporary closures can
lead to an increase in angler effort outside of the closure window
(Hall and Shelby 2000; Murray et al. 2001). Furthermore, unguided
nonresident angler effort also increased on river sections (Skeena
River section IV; Fig. 4) where there were areas void of the management intervention during times when other rivers were restricted. This spatial displacement is analogous to the movement
of ﬁshing effort to the edges of marine protected areas following
designation (Halpern et al. 2004; Hilborn et al. 2004). Thus, our
study indicates that Skeena Region ﬁsheries managers did achieve
the goal of reducing crowding for local anglers on some rivers on
the weekends, yet there was an apparent temporal and spatial
displacement of unguided nonresident angler effort to other
times and places, which exacerbates crowding challenges at different times. Therefore, our study contributes to a growing understanding of how spatial and temporal displacement of angler
effort can complicate ﬁsheries management (Hall and Shelby
2000; Murray et al. 2001; Halpern et al. 2004).
Our study found that landing a ﬁsh and seeing few other anglers
were determinants of angler satisfaction in this recreational steelhead trout ﬁshery, with satisfaction varying by angler residency
and river. Importantly, there was an interaction between the
number of ﬁsh landed and crowding — as anglers experience
higher levels of crowding, higher catch rates were needed to
maintain a high level of angler satisfaction (Fig. 5). Our work adds
to the understanding of how both ecological (ﬁsh abundance) and
social (angler effort and crowding) processes deﬁne angler satisfaction. Previous studies have shown that both catch-related attributes, such as the number of ﬁsh landed and ﬁsh size, as well as
non-catch-related factors, such as crowding, accessibility, and
ﬁshing regulations, can be important to anglers; however, some
factors are more important than others (Holland and Ditton 1992;
Aas et al. 2000; Wilson et al. 2016). In some recreational ﬁsheries,
angler satisfaction can be determined primarily by catch rates or
size of ﬁsh landed (Arlinghaus 2006; McCormick and Porter 2014;
Beardmore et al. 2015), while in others, non-catch-related factors,
such as crowding, take precedence (Martinson and Shelby 1992;
Hunt 2005). These different angler satisfaction levels are likely
determined by the diversity of ﬁsheries and anglers (Beardmore
et al. 2011, 2015). Indeed, we found that different types of anglers
(Canadian versus nonresidents) had slightly different levels of satisfaction. Regardless, this portion of the study reveals that both
catching ﬁsh and crowding inﬂuence the satisfaction of both Canadian and nonresident anglers in this ﬁshery.
Our study suggests that the multiple factors controlling steelhead trout abundance in the Skeena River watershed can translate into angler satisfaction and angler effort. Because catching
ﬁsh was important to anglers (Fig. 5), and catch rates were linked
to steelhead trout abundance, higher abundances of steelhead
trout should lead to higher levels of angler satisfaction (Fig. 6). On
the other hand, angler effort was also positively associated with
steelhead trout abundance, which could lead to crowding and
lower levels of angler satisfaction. Many factors contribute to the
population dynamics of steelhead trout in the Skeena River watershed and beyond (Kendall et al. 2017). The commercial mixedstock salmon ﬁshery in the Skeena River directed at sockeye salmon
(Oncorhynchus nerka) and pink salmon (Oncorhynchus gorbuscha) intercepts a variable number of summer-run steelhead trout (ranging from ⬃1000 – 17 000 ﬁsh caught, depending on the year) as
bycatch because they overlap in their migration timing (J.O. Thomas
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Fig. 6. Conceptual model of social–ecological linkages in Skeena
River steelhead trout ﬁsheries. Black arrows indicate pathways of
connections quantiﬁed in this paper. Positive relationships are
indicated by a plus symbol, negative relationships are indicated by a
minus symbol, and zero or negative relationships are indicated by a
0/– symbol. For example, Fig. 5 demonstrates the positive relationship
between annual catch rate and angler satisfaction. Grey arrows indicate
hypothesized connections.

and Associates Ltd. 2010; Beacham et al. 2012), with recent continued
attempts to implement alternative practices to decrease steelhead
trout bycatch (Walters et al. 2008). Catch-and-release ﬁshing for
steelhead trout can kill some individuals and has negative physiological consequences (Bartholomew and Bohnsack 2005; Cooke
and Schramm 2007; Pollock and Pine 2007; Twardek et al. 2018),
with unknown population-level consequences (Policansky 2002;
Arlinghaus et al. 2007). Multiple other factors can inﬂuence steelhead trout abundance, such as changes in freshwater habitat
(Gustafson et al. 2007; Kendall et al. 2017) and ocean conditions,
which have been unfavourable for many populations of steelhead
trout over the past several decades (Moore et al. 2015; Kendall et al.
2017). Regardless of the multiple mechanisms governing variation
in steelhead trout abundance, our analyses make the important
linkage that processes affecting steelhead trout abundance will
alter angler catch rate, satisfaction, and effort.
Our study integrated multiple data sources that have limitations and must be presented with caveats. Annual catch rates
were based on SHA self-reported catch numbers. We believe that
these self-reported catch rates are likely biased high. Indeed, the
median self-reported catch estimate was approximately twice as
high as the median catch rates quantiﬁed by the River Guardians
angler survey. It is likely that the self-reported catch rates were
exaggerated owing to prestige or recall bias. Prestige bias occurs
when angler catch reporting is biased high owing to a subconscious or conscious urge for anglers to demonstrate their angling
prowess (Pollock et al. 1994; Sullivan 2003). Recall bias occurs
when anglers can’t recall ﬁshing failure because of the time span
between when the angler was ﬁshing and when they received the
survey, leading to an overestimation of catch (Sullivan 2003). Unless prestige or recall bias shifted unevenly across years, we believe the qualitative patterns we observed are robust to this bias. It
is also possible that anglers completing mail-in surveys may have
been vague in identifying where they were ﬁshing. For example,
anglers might have reported that they ﬁshed the “Skeena River”,
when they may have actually ﬁshed one of its tributaries (e.g., the
Bulkley, Babine, and Kispiox rivers). Another potential bias in the
SHA is nonresponse error, a potentially serious shortcoming of
mail-in surveys, where nonrespondents are typically less active or
more successful participants in the ﬁshery, resulting in an overrepresented sample of less- or more-successful anglers (Brown
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1991; Pollock et al. 1994). These types of errors and biases are
typical for mail-in surveys, yet still augment our understanding of
the social science of the ﬁshery (Pollock et al. 1994). Furthermore,
actual numbers of returning steelhead trout to the different study
rivers are generally unknown; analyses relied on the Skeena River
main stem indices of abundance that integrate multiple river systems. However, population dynamics of nearby steelhead trout
populations are generally positively correlated (Kendall et al.
2017), lending support to our use of these data sources. We also
highlight that there is no within-season effort information for
B.C. residents, as they are not required to purchase day-speciﬁc
Classiﬁed Waters licenses. Collectively, these factors undoubtedly
contributed unexplained variation to the dynamics we described
in our analyses.
Our study illuminates the direct and indirect linkages between
anglers, management, and ﬁsh abundance in this recreational
catch-and-release ﬁshery (Fig. 6). Angler satisfaction is directly
inﬂuenced by catch rate and crowding, both of which are in turn
inﬂuenced by management intervention and ﬁsh abundance.
Higher steelhead trout abundance was not only associated with
higher catch rates but also higher effort, which could be interpreted as having opposing effects on angler satisfaction, given
that higher angler effort would lead to more crowding. It also
seems likely that there will be a longer-term feedback between
angler satisfaction and the popularity of the ﬁshery (gray arrow
between angler effort and angler satisfaction in Fig. 6). The resultant future higher effort could erode angler satisfaction owing to
crowding. In addition, there is likely some level of mortality imposed on steelhead trout from catch-and-release angling — even if
mortality rates are low (<10%) (Bartholomew and Bohnsack 2005;
Taylor and Barnhart 2010). The tens of thousands of angler days
each year and catch rates of approximately one ﬁsh per angler per
day could lead to lower numbers of steelhead trout, and therefore
dissatisﬁed anglers (grey arrow between angler effort and ﬁsh
abundance in Fig. 6). Thus, this ﬁshery is inﬂuenced by a complicated combination of three types of processes: sociocultural (e.g.,
management intervention), socioeconomic (e.g., bycatch in commercial ﬁsheries), and ecological (e.g., ocean survival, habitat
integrity). Our study adds to the growing appreciation of the
importance of social–ecological linkages in ﬁsheries management (Ward et al. 2016; Arlinghaus et al. 2017).
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