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Managers of recreational fisheries make assumptions about what anglers value, often emphasizing factors directly related to catch.
Evaluations that include both catch and non-catch aspects of recreational fishing, as well as the trade-offs between attributes that are trip-
based and those that measure opportunity over a season, are rarely be incorporated into management objectives and the design of manage-
ment frameworks. A study of two marine recreational fisheries in the United States, Pacific halibut in central Oregon and red snapper in
northeast Florida, comprised local interviews and a limited survey of recreational anglers to evaluate the relative importance of catch rates,
season length, and the uncertainty around early closures. National meeting reports, interviews, and stated-preference survey results suggested
that angling opportunity in the form of longer seasons may be more important to anglers than either catch rates or the uncertainty that
results from mid-season changes to fishery closure dates. Results suggest that researchers evaluating economic benefits to anglers should con-
sider including opportunity attributes directly in angler surveys. Issues associated with limited sample sizes and a lack of intermediate attrib-
ute values limit the use of this study for direct regulatory guidance, but it instead offers a potential methodology to be applied in future
analyse.
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Introduction
Fishery managers must consider human behaviour as well as

ensuring sustainable fish populations in designing and imple-

menting management measures (Fenichel et al., 2013a). Anglers,

fishery managers, and fish populations comprise a coupled,

dynamic, social-economic system (Ward et al., 2016). Thus, fish-

eries managers should carefully consider economic and social

issues and develop management responses by including the input

of groups impacted by management decisions (Fenichel et al.,

2013b). This will facilitate the cooperation of recreational sector

stakeholders (Hilborn, 2008; Ihde et al., 2011) through the

incorporation of socio-economic information that identifies fac-

tors, which provide angler satisfaction.

Angler utility has been defined as the extent to which an

angler’s desires are matched by their perceived fulfilment of those

desires (Holland and Ditton, 1992). It consists of many compo-

nents (Holland and Ditton, 1992), including both catch and non-

catch attributes with varying levels of relevance to management

(Fedler and Ditton, 1994; Arlinghaus, 2006). Because catch-

related attributes vary across fisheries, angler utility should be

specific to the species involved, and should cover the geographi-

cally relevant population of anglers (Haab et al., 2012; Schroeder
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and Fulton, 2013). For example, in the Southeastern US coastal

areas, an angler’s willingness to pay for a red snapper caught and

retained is more than eight times higher than the value of a red

snapper released (Carter and Liese, 2012). Similarly, on the West

Coast, anglers place a much higher value on the retention of

Pacific halibut relative to catching and releasing (Anderson and

Lee, 2013). On the other hand, many anglers are willing to

spend thousands of dollars simply for the experience of landing a

catch-and-release fish such as a marlin (Pine Iii et al., 2008). This

need to measure context-specific utility presents challenges from

a practical perspective. It requires a detailed experimental design

to capture the complexities generated by including multiple indi-

vidual species, local areas, and stakeholder groups. Such a broad

design has the potential to be cost-prohibitive.

When measuring angler utility, focus has commonly been

placed on trip-based factors, such as catch rates, the size of fish

caught, and bag limits. However, recreational anglers also value

opportunity and stability (NOAA Fisheries, 2018). These factors

have been discussed at a number of national meetings held in re-

cent years that have included representatives from NOAA

Fisheries, State and Federal regulatory agencies, and recreational

fishing stakeholders. The wide array of interests represented at

these meetings formed a broad constituency capable of formulat-

ing an effective strategy that will later promote the cooperation of

anglers in its implementation (Ihde et al., 2011).

Stakeholder objectives include improving opportunity and sta-

bility (NOAA Fisheries, 2018). What comprises opportunity and

stability? Opportunity is provided through the number of days

available (Abbott and Fenichel, 2013) as well as the number and

distribution of sites accessible for fishing (FCRC Consensus

Center, 2010; American Sportfishing Association, 2014).

Restricting opportunity can have limited impact on reducing

mortality, since anglers may simply relocate effort to unrestricted

areas or open-season days (Powers and Anson, 2016; Chagaris

et al., 2019). It may also increase bycatch mortality of the target

species in a multiple species fishery, muting the biological benefit

expected from any closure (Chagaris et al., 2019).

Stability is attained by a predictable set of allocations, seasons,

and regulations (Commission on Saltwater Recreational Fisheries

Management, 2014; NOAA Fisheries, 2014). Stability in the case

of for-hire boat owners allows planning in advance for the subse-

quent season (FCRC Consensus Center, 2010). Stability also

means minimizing or avoiding in-season adjustments to season

length; basing catch limits on multi-year moving averages; and

minimizing year-to-year regulatory changes if feasible.

In addition to these meetings and conferences, in 2013, NOAA

conducted a national survey regarding fisheries management

practices to anglers in 22 coastal states and received 9200

responses. Results were generally consistent in both the West

Coast and South Atlantic coastal fisheries (Brinson and Wallmo,

2017). On the West Coast, anglers preferred strategies that protect

and restore degraded fish habitat, and, if tighter regulations were

necessary, favoured trip-level measures such as minimum size

limits and bag limits over a reduction in season length. In the

South Atlantic, anglers preferred measures to improve natural

habitat, establish artificial habitat, and, if tighter regulations were

necessary, favoured imposing more restrictive minimum size lim-

its over shortening the season (Brinson and Wallmo, 2013).

Also, there have been two studies of angler behaviour in these

two specific fisheries. A prior stated-preference survey indicated

that Pacific halibut anglers prefer larger fish, but marginal utility

declines as fish size increases, and importance is placed more on

retained fish than released fish (Anderson and Lee, 2013).

Another stated-preference survey for red snapper showed that

increases in catch have declining marginal utility, and that most

value was realized by retaining fish, not simply catching them

(Carter and Liese, 2012).

The overarching goal of our study was to develop a framework

that could be used to assist fisheries managers in devising a suc-

cessful governance strategy. For this purpose, we developed

stated-preference questions that included those framed on a

season-long basis, rather than framing questions at the trip level.

By tending to focus on trip-level utility, most stated-preference

surveys that are used to develop a utility function have not di-

rectly evaluated the relative importance of a key component of

angler satisfaction—how many days in a year an angler is able to

go fishing for the species—which is affected by season length, the

timing of season days, and the possibility of early closures.

Here, for each of the two case study fisheries, we conducted fo-

cused person-to-person interviews with individuals representing dif-

ferent fishery segments and consulted other background information

to identify three key management-relevant attributes of angler satis-

faction. Next, we developed and administered a stated-preference

survey to a limited sample of anglers as a proof of concept to help

identify the relative importance of these three attributes to overall

utility. The two case studies were Pacific halibut (Hippoglossus steno-

lepis) in central Oregon and red snapper (Lutjanus campechanus) on

the Atlantic coast of Florida. Each is a preferred target in a large re-

gional recreational fishery. Using survey results for each of the three

attributes, we developed utility curves to examine how angler utility

varies as the value of these attributes increase.

Methods
Case studies
The US states of Washington, Oregon, and California comprise

International Pacific Halibut Commission (IPHC) Area 2A and

receive an aggregated allocation of the overall United States and

Canadian Pacific halibut catch limit. Within Area 2A, the regula-

tory strategy used to divide this allocation is set by the US

National Marine Fisheries Service with input received from these

three states. In 2018, the sport fishery in Oregon received 29.7%

of the Area 2A non-tribal allocation. Of this allocation, the

Oregon Central Coast subarea received 93.79% of the Oregon

sportfishing allocation. The Oregon Department of Fish and

Wildlife assigns allocations and separate season days for the

Central Oregon subarea to a nearshore (inside 73.2 m depth) fish-

ery and an all-depth fishery, which allows offshore (outside 40

fathom contour) fishing. In nearshore waters, halibut catch rates

are much lower, weather and ocean conditions are less likely to

preclude fishing on any given day compared to the offshore fish-

ery, and bycatch rates of yelloweye rockfish (Sebastes ruberrimus)

are lower (ODFW, 2019). Retention of most species is permitted

in the nearshore fishery, but on all-depth days, regulations pro-

hibit retention of most species, except salmon, sablefish, Pacific

cod, flatfish species, tuna, and other offshore pelagic species. For

Pacific halibut, the bycatch of endangered yelloweye rockfish has

a very large effect on management decisions. The fishing season

may be halted once yelloweye quota has been reached, which

impacts the utility associated with season length. Charter opera-

tions operate primarily offshore during all-depth days as a result

of the higher catch rates. Each recreational fishing group—
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nearshore private boat anglers, offshore private boat anglers, and

charter operations—has interests that potentially differ.

Red snapper is one of the most popular species for offshore

anglers throughout the US South Atlantic and Gulf of Mexico

regions. In the South Atlantic, it is managed by the National

Marine Fisheries Service in Federal waters in consultation with

the South Atlantic Fishery Management Council, which is cur-

rently reviewing its recreational regulatory strategy for the snap-

per/grouper fishery. A Snapper/Grouper Fishery Plan

Amendment is being developed for consideration in 2019 that

will set catch limits for red snapper, address recreational permit-

ting and reporting for private recreational fishermen, and identify

best fishing practices. A rebuilding plan was adopted in 2010 that

allows for limited harvest as the red snapper population grows.

The season was closed in 2010 and 2011, open with limited har-

vest in 2012–2014, closed in 2015–2016, and again open with lim-

ited harvest in 2017–2018. With respect to State waters nearer to

shore (within three nautical miles) Florida regulations permit

fishing for red snapper year-round, but red snapper generally do

not frequent the nearshore along the Florida Atlantic coast.

Focused interviews and qualitative analysis
In-person interviews were conducted with recreational fishing

individuals for the two selected fisheries. Interviewees were iden-

tified via referrals from various sources such as tackle shops, fish-

ery associations, fishery agencies, and from prior interviewees.

The interviews were semi-structured, focusing on:

(1) What the individual likes about fishing in general;

(2) What the individual likes about fishing for the target species;

(3) The context in which they go fishing;

(4) What the individual does not like about the fishery;

(5) How the individual feels about alternative forms of regula-

tion; and

(6) Their fishing practice relating to releasing fish.

We then transcribed the in-depth interviews and combined,

sorted, and arranged themes using NVivo software (version

10.1.3) as part of an overall approach that combined both quali-

tative and quantitative methods (Yin, 2014) to identify important

recreational fishing attributes to anglers. Subjects included major

segments comprising anglers participating in the fishery—on-

shore and offshore for Pacific halibut, and both private boat own-

ers and charter operators and customers.

For Pacific halibut, individuals who were willing to participate

in personal interviews were identified from a recreational fishing

electronic bulletin board; through personal referrals; through

conversations at landing ramps, bait and tackle stores; or onboard

a charter vessel. Seven of these anglers were interviewed in

Newport and the Portland metropolitan area during May 2014.

Interviewees included representatives of a regulatory agency, a

tackle shop owner, customers of party boats, private boat anglers,

and party boat owners and operators. Participants included peo-

ple who primarily fished offshore (outside 40 fathoms) and those

who primarily fished nearshore (inside 40 fathoms).

For red snapper, six face-to-face interviews were conducted

with charter captains, recreational anglers, and bait and tackle

shop owners and employees, in locations along the Florida coast

between Port St. Lucie and Port Canaveral. Interviews occurred

in person during late August to early September 2015.

Interviews were transcribed and then qualitatively analysed us-

ing an inductive approach with NVivo software (version 10.1.3).

The use of qualitative methods accomplished three objectives.

First, this method served as a means of triangulation to cross-

check results generated from other relevant studies of these fisher-

ies and angler utility. Second, it was used to design the questions

posed on stated-preference surveys, described next. Third, it was

used as a source of complementary data for the quantitative

analysis of stated-preference surveys (Yin, 2014).

Development of a pilot stated-preference survey specific
to each fishery
Identifying and measuring angler utility can be approached in a

variety of ways (Fenichel et al., 2013a). A common approach is

the use of a stated-preference survey (Aas et al., 2000; Carter and

Liese, 2012; Lew and Larson, 2015). In the United States, stated-

preference models have been used in studies of the Northeast US

recreational summer flounder fishery (Massey et al., 2006); the

Oregon and Washington recreational salmon fishery (Anderson

and Lee, 2013); the Southeast US recreational grouper, red snap-

per, dolphinfish, and king mackerel fisheries (Carter and Liese,

2012); the US Gulf of Mexico recreational red snapper fishery

(Abbott et al., 2018); the Alaska halibut charter boat fishery (Lew

and Larson, 2015); and the groundfish fishery in the Northeast

(Lee et al., 2017). Based on interviews and outcomes of national

stakeholder meetings, we selected the three most salient,

management-relevant attributes for the stated-preference survey:

(i) days available to go fishing (a proxy for season length and fish-

ing opportunity), (ii) the catch rate for retained fish, and (iii) the

unpredictability associated with early season closure (a proxy for

stability). To have considered more than three factors would have

required a longer survey (the number of choice combinations

varies not linearly with the number of factors, but geometrically),

which may have reduced the level of participation. The choice of

retained fish, rather than caught fish, was selected as a result of

prior surveys performed for these two fisheries (Carter and Liese,

2012; Anderson and Lee, 2013). With respect to season uncer-

tainty, in the halibut fishery, currently the largest factor contrib-

uting to mid-season overrun and cancellation or under-run and

the addition of days is the setting of “fixed” spring all-depth sea-

son dates. If take during the season overruns the spring all-depth

quota (which represents the majority of the total quota), the

remaining spring all-depth days will be cancelled, followed by

summer all-depth days, followed by nearshore season days.

Conversely, if the fixed days fall short of quota, then days will be

added on to the spring all-depth season. Early season closure risk

may increase given the adoption of proposals to use yelloweye

rockfish bycatch as a trigger for season closure.

The stated-preference survey for Pacific halibut was distributed

in October 2015 to individuals via two methods. The Oregon

Department of Fish and Wildlife included the survey by provid-

ing a link at the end of the annual survey sent out via email to

people who have indicated an interest in recreational halibut fish-

ing. This yielded few responses, so the distribution was broadened

by posting the link to the survey on a local web-based bulletin

board (www.ifish.net).
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The Pacific halibut survey generated responses for the follow-

ing fishery subgroups:

(1) Charter owners, operators, and employees (n ¼ 14).

(2) Offshore private and charter anglers (n ¼ 11).

(3) Nearshore private boat anglers (n ¼ 8).

These subgroups for Pacific halibut were created and individually

analysed because of their differing fundamental characteristics,

which became apparent following interviews with anglers partici-

pating in those subgroups. As discussed above, the nearshore and

offshore (all-depth) fisheries have different season dates and at-

tract anglers with distinct motivations. As a result, we present

results for nearshore anglers (nearshore season), offshore anglers

(all-depth season), and charter operators and employees sepa-

rately. Pooled results for these groups are also provided in the

Supplementary materials.

The stated-preference survey for South Atlantic red snapper

was developed and distributed via email through a network of

contacts in Florida involved with recreational fishing in March

and April 2016. There were 68 respondents. Although the fishery

consists of both charter and private boat segments, they share the

same season and a clear justification for the analysis of subgroups

was not apparent. Nonetheless, both aggregated and unpooled

subgroups are provided in the Supplementary materials.

In a series of nine choices, survey participants were offered a

choice between two hypothetical alternatives, which varied in

the number of fish caught and retained, the number of days

available to fish over the season, and the chance the season

would be closed early. A full factorial approach generated the

list of combinations. Duplicates were removed, as well as those

combinations where one of the alternatives was superior to the

other over all three attributes based on the assumed sign of the

utility parameters. This resulted in nine sets of paired alterna-

tive choices, drawing from the low or high utility attribute levels

listed in Table 1.

The survey methodology used in connection with both fisher-

ies serves as a pilot approach, since anglers did not have an equal

probability of selection. The sampling methodology resulted in a

low number of completed surveys and may have produced selec-

tion bias (Barrett et al., 2017). However, it met a management

goal of being cost-effective (NOAA Fisheries, 2018) and was fo-

cused on a single species and a local geographic area.

Construction of utility curves
Stated-preference survey data were used to generate utility curves

for each of the three utility attributes in each fishery segment.

Two attribute levels (low and high) for each attribute were pre-

sented in combinations of preference options. Although only two

values were used, non-linear utility curves were constructed by

assuming an inverse hyperbolic sine relationship (Layton, 2001;

Carter and Liese, 2012) between the attribute value (a) and the

resulting value of the utility component (C). For example, the

utility derived from fish caught and retained was not a linear rela-

tionship with increasing number of fish; this model implicitly

assumes diminishing marginal utility:

C ¼ bv � ln aþ
ffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ a2
p� �

(1)

Estimated coefficients (bv) under the inverse hyperbolic sine

model were determined from random-parameters logistic mod-

els. We modelled the utility that an individual receives from

selecting a season (a set of options) in the stated-preference ques-

tions as a function of the number of days available to a respon-

dent to fish in the season (Available fishing days), catch rates

(Retained catch), and the probability of avoiding an early season

closure (Season certainty). To account for potential heterogeneity

across the preferences of anglers and charter operators, we

allowed parameters to follow a specified distribution instead of

fixing the values across respondents. To account for potential het-

erogeneity across the preferences of anglers and charter operators,

we allowed parameters to follow a specified distribution instead

of fixing the values across respondents. A symmetric triangular

distribution was chosen to ensure a consistent sign across the

population for each of the three attributes. This approach

acknowledges heterogeneity in preferences while imposing an in-

tuitive restriction that an attribute cannot have a positive impact

on utility for one individual while having a negative impact for

another individual. We imposed this constraint by fixing the

spread of the distribution during estimation. For any attribute

with parameter estimate b, we estimated a triangular distribution

that is bounded by 0 and 2b and rises linearly to its peak at b
from each of these bounds (Greene and Hensher, 2003). We esti-

mated model parameters using simulated maximum likelihood

with 10 000 random draws in LIMDEP. See Train (2003) for an

in-depth discussion of simulation methods for choice models.

Identical modelling approaches were used for both species. The

model for Pacific halibut was further broken out into three sub-

groups to accommodate different motivations among different

participant types: (i) offshore private anglers, (ii) offshore charter

owners and operators, and (iii) nearshore private anglers.

Although the model for red snapper was estimated by combining

two potential sub-groups [(i) private and charter anglers and (ii)

charter boat owners, operators, and employees], unpooled

Table 1. Utility attribute values used for northeast Florida red snapper and central Oregon Pacific halibut utility surveys.

Utility attribute
Attribute
level

Red
snapper

Halibut
nearshore

Halibut
offshore anglers

Halibut charter
owners, operators,
employees

Retained catch (number of fish per trip) Low 1 0.5 0.5 0.5
High 5 2 2 2

Available fishing days (number of days) Low 10 1 1 5
High 50 6 6 15

Season certainty (per cent chance that the
season length will not be shortened mid-season)

Low 50% 50% 50% 50%
High 90% 90% 90% 90%
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estimates for these sub-groups are provided in the Supplementary

materials.

Values for C (Equation 1) for each component were calculated

and used to construct utility curves for the three variables in each

of the four fleet segments. These represent the utility to anglers at

any given value of the variable. Marginal utility, on the other

hand, represents the additional utility provided by an increment

of the variable and typically declines as values of the variable in-

crease (i.e. diminishing returns). Although tracking total utility

for each attribute is instructive, the utility of any fishery manage-

ment action should be evaluated relative to the baseline level of

utility in the absence of the action, and therefore, marginal utility

values are provided alongside total utility values. Marginal utility

(M) at any given value of the variable is calculated as the deriva-

tive of C with respect to a:

M ¼ dC

da
¼ bvffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1þ a2
p (2)

Results
Personal interviews and social media
Overall, personal interviews and communications and review of

recreational comments on a media bulletin board (www.ifish.net)

shared certain common results while also highlighting several dif-

ferences between the two fisheries, suggesting potential differen-

ces in preferred management strategies. The iFish electronic

bulletin board was useful for two purposes. First, its discussion

forums provided a robust discussion between anglers on topics

important to them in each of the two case study fisheries. Season

length and timing, catch limit, and other subjects were debated

and discussed, providing another data point of angler points of

view. Second, the bulletin board provided a method for distribut-

ing the surveys.

When queried during personal interviews about fishing in gen-

eral, individuals in both fisheries noted the importance of similar

attributes including being out on the ocean or in nature, spending

time with friends, and, especially for private boat anglers, the sat-

isfaction derived from strategizing and preparation associated

with fishing. These factors were not included in our survey, be-

cause they are only indirectly related to management actions.

With respect to fishing for the target species, individuals in

both fisheries valued bringing home food. Red snapper anglers

were more likely to cite the excitement associated with the catch,

since red snapper can put up a good fight. They also enjoyed the

ability to fish for other species when fishing for red snapper.

Halibut anglers, on the other hand, enjoyed the fact that halibut

is the first fish available in the spring.

With respect to their dislikes, individuals in both fisheries

mentioned overcrowding and a derby mentality. Red snapper

anglers were particularly unhappy with season restrictions or can-

cellations when they are observing what they believe is an abun-

dant population. Halibut anglers were more likely to cite weather

and ocean conditions as a concern. Individuals in both fisheries

would be willing to accept minimum size or bag limit restrictions

if they led to a longer season. Halibut anglers were especially con-

cerned with how season days are allocated within a season and

some favoured a tagging system.

With respect to the uncertainty associated with potential early

season closures, the response depended on the individual. It was

more of a concern for those who are for-hire owners or operators,

and others who need to plan well in advance because they have to

consider their work schedules, or who travel long distances to the

fishing grounds. It seemed to be less of a concern to retirees or to

those who live locally. Of note, those opinions may change due to

recent regulatory changes in Oregon that now allow for in-season

modifications to the sport halibut seasons based on yelloweye

rockfish impacts (ODFW, 2017a).

Stated-preference survey results
All estimated parameters from logit models had signs that

matched expectations; in both fisheries, anglers and charter oper-

ators preferred longer seasons, higher catch rates, and a lower

probability of an early season closure (Table 2). With the excep-

tion of the Pacific halibut nearshore private anglers sub-group, all

estimated parameters were statistically significant. We observed

strong similarities in the relative preferences for the Available fish-

ing days, Retained catch, and Season certainty attributes across all

user groups. However, we also found significant heterogeneity

among respondent preferences in both fisheries and among all

three Pacific halibut sub-groups. This heterogeneity suggests that

changes in management designed to increase the utility of fishery

participants are unlikely to completely avoid decreasing some

anglers’ utilities.

Estimated total and marginal utility illustrate the trade-offs

anglers are willing to make between attributes. Whether the aver-

age angler would prefer a baseline season described by season

days, retained catch, and certainty relative to an alternate season

depends on the difference between total utility evaluated at the

baseline levels of these attributes and total utility evaluated at the

levels put in place by the alternate season.

For northeast Florida red snapper, the three curves for total

utility (Figure 1a) can be used to determine the relative increase

Table 2. Parameter estimates from mixed logit models applied to
stated-preference surveys in four fleet segments using the IHS
transformation.

Pacific Halibut Red
Snapper

Nearshore Offshore Charter

Retained catch (number
of fish per trip)

0.97 7.62** 5.32*** 1.62***

Standard error 1.03 3.09 1.48 0.22
Available fishing days

(number of days)
3.46** 5.59** 6.42*** 2.22***

Standard error 1.68 2.23 1.81 0.26
Season certainty (per

cent chance that the
season
length will not be
shortened mid-
season)

4.90 6.92** 9.72*** 6.21***

Standard error 3.10 3.11 2.79 0.85
Respondents 8 11 14 68
Log likelihood at zero �49.91 �67.93 �85.26 �413.81
Log likelihood at

convergence
�26.66 �33.16 �61.44 �321.10

Limits of the symmetric triangular distributions used to model heterogeneous
preferences are constrained to be equal to zero on one side and twice the
mean on the other and, therefore, are not presented separately.
**p50.05, ***p50.01.
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in utility for each attribute for any given change in the attribute’s

level. Because of the non-linearity assumed for utility functions,

the utility gain resulting from one additional retained fish is

greater between zero and one fish than between four and five fish.

In assessing trade-offs between the three attributes, at low values

of the attributes, marginal utility associated with increases in the

number of days available for fishing exceeds the marginal utility

for either the catch rate or season certainty (Figure 1b). In con-

trast, at higher attribute levels, marginal utility converges across

the three attributes. As an illustrative example, Figure 1a and b

together suggests that an angler would be reasonably indifferent

to choosing between an increase in the number of available fish-

ing days from 40 to 50, an increase in season certainty from 80%

to 90%, or an increase in the average daily retained catch from

four to five, as utility gains are similar between these scenarios.

However, at lower values of these attributes, an angler would

favour an increase in the number of available fishing days from

10 to 20 over an increase in season certainty from 50% to 60%,

with an increase in average daily retained catch from one to two

being intermediate between these (Figure 1b).

For central Oregon Pacific halibut, survey results from near-

shore anglers again illustrate how a given change in attribute level

affects the level of total utility for that attribute (Figure 2a). The

trade-offs implied by marginal utility (Figure 2b) are similar to

those observed in the snapper fishery (Figure 1b).

We observe a different pattern for the offshore for-hire halibut

fleet. Here, available fishing days has a much higher total utility

compared to the other two attributes across the full ranges of

attribute values (Figure 3a). The marginal utility for available

fishing days does not diminish rapidly as the number of available

fishing days increased, like it did for the other two halibut fleets

and the snapper fishery (Figure 3b).

The offshore private halibut fleet shows a similar relative im-

portance of available fishing days to anglers, but for this fleet

retained catch is the next-most important attribute (Figure 4a).

Similarly, marginal utility at low values of attributes is greatest

for available fishing days, intermediate for retained catch, and

lowest for season certainty (Figure 4b).

A change in utility associated with one of the attributes is de-

pendent not only on the magnitude of change in the attribute

value but also on the baseline values of the three attributes. Table 3

shows several examples for the red snapper fishery of baseline

scenarios of the three attributes along with expected changes in

utility resulting from small changes in the values of each attribute.

Percentage changes in utility are based on the total utility across all

three attributes before and after the change in a single attribute. All

three attributes show diminishing marginal returns in utility as

baseline values of the attributes increased. Based upon the
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Figure 1. Northeast Florida recreational red snapper total (a) and
marginal (b) angler utility for days fishing, season certainty, and fish
caught. Utility curves show outputs of a logit model applied to
stated-preference surveys. Endpoints of the curved lines represent
low and high values of the attributes presented to respondents in
surveys.
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Figure 2. Central Oregon recreational Pacific halibut nearshore
anglers total (a) and marginal (b) utility for days fishing, season
certainty, and fish caught. Utility curves show outputs of a logit
model applied to stated-preference surveys. Endpoints of the curved
lines represent low and high values of the attributes presented to
respondents in surveys.
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illustrative changes and baselines considered, the diminishing pat-

tern of marginal returns was strongest for fishing days; the mar-

ginal utility of season certainty declined but not as rapidly.

Discussion
National meetings, one-on-one interviews and this study’s stated-

preference survey (Table 4) all show the need to consider and

weigh season-related variables (season length and season cer-

tainty) in addition to per-trip variables commonly perceived to

be of greatest importance to anglers (i.e. catch rates). When eval-

uating alternative season scenarios using marginal utility rates, at

low attribute values anglers may be willing to sacrifice retained

catch rates and certainty in these two fisheries in order to increase

available fishing days. At those low attribute values, regulations in
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Figure 3. Central Oregon recreational Pacific halibut for-hire
owners, operators and employees total and marginal utility for days
fishing, season certainty, and fish caught. Utility curves show outputs
of a logit model applied to stated preference surveys. Endpoints of
the curved lines represent low and high values of the attributes
presented to respondents in surveys.
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Figure 4. Central Oregon recreational Pacific halibut offshore anglers
total and marginal utility for days fishing, season certainty, and fish
caught. Utility curves show outputs of a logit model applied to stated-
preference surveys. Endpoints of the curved lines represent low and
high values of the attributes presented to respondents in surveys.

Table 3. For the Florida red snapper recreational fishery, the expected percentage gain in total utility from all three attributes derived from
specified increases in those attributes when compared to specified baseline values.

Baseline scenario Expected percentage increase in utility

Days
fishing

Fish
retained

Season
certainty (%)

From four
more available
fishing days

From one more
fish retained
per trip

From a 4%
increase in
certainty

10 1.0 50 28.82 8.63 1.80
14 1.4 55 4.79 6.63 1.68
18 1.8 60 3.61 5.34 1.60
22 2.2 65 2.88 4.45 1.56
26 2.6 70 2.39 3.80 1.52
30 3.0 75 2.04 3.32 1.50
34 3.4 80 1.78 2.94 1.49
38 3.8 85 1.57 2.64 1.48
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recreational fisheries management systems may be adjusted to in-

crease overall angler satisfaction even as retained catch rates

decrease.

For Pacific halibut charter owners, operators, and employees,

an increase in season length generates additional utility that

exceeds a corresponding change in catch rates or season certainty.

This might be explained by two factors. First, their incomes are a

linear function of the number of days fishing, not a function that

implies diminishing marginal returns. For-hire owners, operators,

and employees are motivated by revenue from trips taken, which

accrues in a linear fashion with respect to trips, i.e. not with

diminishing returns. Second, during May at the beginning of the

halibut season, salmon and tuna seasons have not commenced

(ODFW, 2013). This latter point suggests that a longer season

may be of less importance because of the availability of alternative

targets later in the year.

For offshore Pacific private boat halibut anglers, any conclu-

sions to be drawn from the total utility curves (Figure 4a) require

conditioning on the underlying attribute values of any season sce-

narios being analysed (Table 3). Whereas a change in retained

catch rates generates utility that rivals that of available fishing

days, it might be explained given the expense involved in pursu-

ing a species that is located far offshore and which may be desir-

able to eat but which may not provide as much excitement when

it is hooked compared to other species. Season certainty may gen-

erate lower marginal utility, which would be consistent with feed-

back from interviews that suggest offshore anglers in the past

have been able to gauge season length fairly closely by watching

weekly catch totals online.

For the nearshore fleet, total utility for retained catch was

lower than total utility for the other two attributes throughout

the ranges of attribute values. This lower relative importance may

be because, unlike days open to offshore halibut fishing, anglers

in this fishery are allowed to retain a much wider variety of other

substitute groundfish species (ODFW, 2017b). Meanwhile, when

examining marginal utility curves, the steep initial decline in the

marginal utility of season days for offshore anglers (Figure 4b)

likely reflects the fact that the large majority of offshore halibut

anglers in Oregon only choose to make one or two trips per year

(ODFW, 2013).

Recent studies have either used angler models of utility based on

trip-level factors (Carter and Liese, 2012; Anderson and Lee, 2013),

or have not fully incorporated elements of fishing opportunity into

a bioeconomic model (Abbott and Fenichel, 2013). With respect to

Pacific halibut on the West Coast, an extensive recreational fishing

discrete choice survey was conducted by NOAA in Oregon and

Washington during 2006 and 2007 (Carter and Liese, 2012;

Anderson and Lee, 2013). Pacific halibut was one of the species in-

cluded within the survey, which asked anglers to choose between

trips based on the species caught, the size of fish caught, and vary-

ing bag limits. An analysis, which focused on comparing the recrea-

tional value of wild and hatchery salmon (Anderson and Lee, 2013)

provided partial insight on recreational angler preferences in these

two states for species including halibut, but angling opportunity

was not explicitly included in the model.

In the South Atlantic in 2003, NOAA’s Southeast Fisheries

Science Center Office conducted a survey of anglers in several rec-

reational fisheries, including red snapper. The survey measured

anglers’ relative preferences for different regulatory strategies,

based on a discrete choice experiment methodology. The utility

attributes included the target species, number of fish caught per

trip, the bag limit, the minimum size limit, catch at or above the

minimum size, trip cost, and catch of species other than the target

species (Carter and Liese, 2012).

Both of the above studies measured utility using trip-based fac-

tors. Here, we used a similar stated-preference survey methodol-

ogy that is context-specific with respect to geography and species

(Beardmore et al., 2015). However, in contrast to many existing

studies, our approach considers and includes attributes that are

both catch and non-catch related (Fedler and Ditton, 1994). Also,

unlike much of the existing literature, our model of angler utility

is not restricted to trip-based motivational factors, as it also

incorporates motivational factors that stretch over a season, and

therefore, assists in predicting overall fishing intensity (Fenichel

et al., 2013a). Increased season length can generate both trip-

based utility factors if it results in less crowding in the fishery

through avoidance of a derby fishery (Cox et al., 2002), but it also

includes increased opportunity that stretches over an entire

season.

These results are not intended for direct regulatory guidance in

managing these two fisheries. Instead, they suggest an approach

to identifying and prioritizing the elements of angler satisfaction

at a local level. The limitations of this study are several. First, the

non-linear relationships between the three chosen attributes and

their associated utility rely on an assumption that, while in line

with economic theory, should be tested with a survey that

includes intermediate levels of attributes in the experimental de-

sign. Second, other attributes beyond the three selected may be

significant. However, the effect of potential omitted attributes

should be tempered by the use of an experimental design that

produces minimal correlation between attributes. Third, the se-

lection of survey respondents may have resulted in characteristics

of respondents being correlated with our outcomes of interest,

and the sample sizes might not be adequate to expand the calcu-

lated utility and marginal utility curves from the sample to the

full population of all anglers in these fisheries. Future-related

work should consider a more robust sampling plan. Fourth, sea-

son days are not generic. The days of the week and the calendar

days selected for the season days are likely to be important in de-

termining utility and are not captured by the survey. Finally, as

noted above, for Pacific halibut, the bycatch of endangered yel-

loweye rockfish has a very large effect on management decisions.

Table 4. Summary of attribute importance based on multiple data
sources.

Data source Attribute

National conferences Opportunity and season certainty
National surveys Minimum size and bag limit restrictions

acceptable; shorter seasons are not.
Personal interviews Non-catch attributes, bringing home food,

willingness to accept minimum size or bag
limit restrictions for longer seasons, desire to
avoid derby style fishing. Red snapper adds
more of a sport element to the catch.

Local species-
specific surveys

In general, more season days. At higher
attribute values, catch rates may provide
slightly higher marginal utility.
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Despite the limitations of this study, the identified importance

of season length; even at the expense of retained catch; is consis-

tent with the results of personal interviews for these two fisheries,

the priorities identified in stakeholder meetings (NOAA Fisheries,

2018), and with other studies (Abbott and Fenichel, 2013).

Future work should not only include a larger sample coupled

with a survey administration less subject to potential selection

biases but also compare models that explicitly incorporate season

length with trip-based models that do not, the latter requiring

aggregation over different sets of choice occasions to evaluate the

effect of season length. The results of our surveys can be incorpo-

rated within bioeconomic models to quantify how management

policies may affect overall utility across all attributes. Results

from these same stated-preference surveys have been merged with

an age-structured population dynamics model to generate a bio-

economic model for these two fisheries. This merging of popula-

tion models and angler utility models provides a framework for

predicting changes in both biological attributes and angler utility

measures in response to changes in management parameters. This

may assist fishery managers in developing successful regulatory

strategies for recreational fisheries.

Supplementary data
Supplementary material is available at the ICESJMS online ver-

sion of the manuscript.
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