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ARTICLE INFO ABSTRACT

Handled by: A.E. Punt Fishing in Oklahoma’s rivers and streams provides a unique experience for anglers in the state. Despite its
popularity, information on total demand and economic benefits associated with stream fishing is limited in the
state. Research on the role of site quality indicators, such as fish size and quantity, on recreational fishing has
shown mixed results. Whether fish size or quantity plays an important role in determining fishing demand and
economic value may have important management implications. We estimated the demand and economic value of
fishing under varying scenarios by using anglers’ responses to hypothetical behavioral questions related to
fishing in Ozark Highland streams and rivers in Oklahoma. We asked how intended number of trips might change
in the future given hypothetical increases in catch rates of fish, catch rates of trophy-sized fish, and catch rates of
preferred fish species, in combination with anglers’ trip-related data. Under current conditions, we estimated
consumer surplus per person per trip to be $55 and aggregate value across all stream anglers in Oklahoma to be
$68.51 million. Changes in marginal benefits varied among hypothetical scenarios of fish size and abundance but
was maximized with a 25% increase in catch rates of trophy-sized fish. The study findings contribute to the
understanding of the economic benefit of fishing in streams and suggest that fish size, rather than fish quantity, is
more important to stream anglers in the area.
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habitats and spent about $29.9 billion (U.S. Fish and Wildlife Service,
2016) and the average angler in Oklahoma spent approximately 31 days
per year pursuing their sport (Jager, 2015). Fishing also provides an
opportunity for outdoor retreats as a recreation activity of cultural sig-

1. Introduction

1.1. Background

Fishing is a recreational activity with important socio-economic and
cultural significance in the United States, contributing to more than
800,000 jobs with an overall economic value exceeding $115 billion
(American Sportfishing Association [ASA], 2013). The major source of
economic impact generated from recreational fishing is expenditures on
angling products and services such as food, lodging, transportation, and
fishing equipment (ASA, 2013). Moreover, fishing was the second-most
pursued wildlife-related recreational activity in the United States, fol-
lowed only by wildlife watching (U.S. Fish and Wildlife Service, 2016) In
2016, 30.1 million anglers took 322 million fishing trips in freshwater
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nificance (Hunt and Grado, 2010).

However, the prominence of fishing as a recreational activity is
declining in the United States (Hutt and Neal, 2010). The decline could
be driven, in part, from a demographic shift of the country toward a
greater composition of racial minorities because Whites have dispro-
portionately participated in angling activities as compared to racial
minorities (Hunt et al., 2007; U.S. Fish and Wildlife Service, 2016).
Racial identity may be an important factor to consider when evaluating
fisheries under changing demographics. For example, in Oklahoma, the
views of Native Americans have rarely been integrated into fisheries
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management. In the Ozark Highlands, Native Americans potentially
represent a larger number of stream anglers because of its location
within the boundaries of the Cherokee Nation. Past studies have indi-
cated that angling motivations and preferences among racial minorities
are often different compared to White anglers (Hunt and Grado, 2010;
Hunt et al., 2007). Demographic characteristics such as education are
negatively associated with angling participation for racial minorities
while it generally positive for White anglers (Lee et al., 2016). In terms
of preferences for facilities, minority groups tend to prefer
well-established sites with visible docks and walkways as a place to fish
(Valdez et al., 2019).

Fishing site attributes also play an important role in determining an
angler’s decision to fish at a particular site (Hutt and Neal, 2010; Mel-
strom et al., 2015). For example, Melstrom et al. (2015) indicated that
fish abundance played a positive role in angler decisions to visit certain
rivers and streams. Similarly, proximity to a fishing location, safe
environment, and site facilities (restrooms, shelter, etc.) play an
important role in an angler’s decision to select a site (Hutt and Neal,
2010). Past studies have also acknowledged the role of both consump-
tive and non-consumptive attributes of fishing sites in anglers’ motiva-
tion to go fishing and satisfaction from the fishing experience (e.g.
Arlinghaus, 2006; Connelly and Brown, 2000; Hutt and Neal, 2010;
McCormick and Porter, 2014). Place attachment or emotional bond
between individual and place influences recreationists satisfaction with
a place or recreation site (Ramkissoon et al., 2013). Place dependence or
satisfaction associated with functional attachments of a site in meeting
recreational needs, in which anglers display fidelity to particular fishing
sites regardless of availability of similar sites, has also been documented
with respect to recreation demand (Hailu et al., 2005; Stylidis, 2018).
Place dependence positively influences recreationists’ place satisfaction
(Ramkissoon et al., 2013), but place dependency may not necessarily
affect recreation demand significantly (Hailu et al., 2005).

In Oklahoma, most anglers fish standing waters (lakes, reservoirs,
ponds) while only 45% of anglers fish in rivers, streams, and creeks
(Jager, 2015). However, fishing in rivers and streams is concentrated in
the eastern part of the state, particularly for bass (Centrarchidae:
Micropterus) (Fisher et al., 2002). How stream anglers prioritize fishing
location attributes is unknown in eastern Oklahoma, but, in general, the
number of access points and status of facilities at fishing sites has been
shown to affect angling experience in other systems (Connelly et al.,
2013). In addition, river-specific attributes such as turbidity, length of
river available for fishing, and ease of floating may play important roles
when choosing a fishing site (Ji et al., 2016). Surveys on such important
information can help fisheries management agencies design programs to
meet the interests and needs of anglers (Hutt and Neal, 2010; York,
2019).

Among site attributes, fish size and quality are considered important
determinants of fishing demand (Alberini et al., 2007; Deely et al., 2019;
Melstrom et al., 2015). Furthermore, different approaches such as travel
cost (Deely et al., 2019), choice models (Hunt, 2005), and contingent
behavior models (Alberini et al., 2007; Prayaga et al., 2010), have been
used to quantify the effect of these factors on demand and economic
value. However, these studies have found mixed results from signifi-
cantly positive (Deely et al., 2019) to no relationship between fish size
and quality with economic value (Alberini et al., 2007; Prayaga et al.,
2010). In a pooled revealed preference and contingent behavior model,
the actual trip frequencies are combined with stated trip frequencies for
future scenarios to form a panel data set (Deely et al., 2019). This
approach has been particularly useful in fisheries studies examining the
impact of changes in price, water levels, and water clarity on fishing
demand (Egan and Herriges, 2003; Eiswerth et al., 2000; Englin and
Cameron, 1996). However, only a few studies, in Australia and Europe,
have applied this approach to understanding the impact of change in
catch rate on fishing participation (Alberini et al., 2007; Deely et al.,
2019; Prayaga et al., 2010). To our knowledge, the effect of fish size and
quantity on economic value in freshwater streams has not been
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conducted in the United States.

The purpose of this study was to estimate the effect that fish quantity
and fish size may have on the frequency of trips to rivers and streams for
Oklahoma anglers, in turn, allowing estimation of the potential effect of
economic benefits to anglers from fishing. We combined data related to
anglers’ current and intended fishing trips in Oklahoma rivers and
streams to explore the effect of (a) an increase in catch rate, (b) an in-
crease in catch rate of preferred species, and (c) an increase in catch rate
of trophy-sized fish, on fishing trips in Oklahoma. Likewise, given the
importance of socio- psychological factors in fishing participation (Hunt
and Grado, 2010; Hutt and Neal, 2010), we also identified the role of
place dependence and demographics on fishing demand.

Our research contributes to the state of current knowledge in three
unique ways. First, we used the travel cost method to estimate welfare
associated with angler’s current and future trips in Oklahoma streams
and rivers. Second, we studied the interconnections between fishing
demand and satisfaction coming from place dependence to reflect
functional attachment to a site in achieving the specific recreational
goal. To this end, our study extended the recreational demand model by
investigating influence of place dependence on fishing demand. Finally,
despite active programs to increase participation of minorities in rec-
reational fishing in the United States, only a few studies have examined
race dynamics in catch-related preferences (Hunt et al., 2007). The
present study estimated the demand of anglers in Oklahoma streams and
rivers in an area predominated by Native Americans.

2. Materials and methods
2.1. Data collection

We employed a mixed-mode survey methodology for data collection
including onsite handover and mail back questionnaires, mail survey
packets (a personalized cover letter, questionnaire, and a business reply
envelope), and a web-based questionnaire (Dillman et al., 2014; Vaske,
2019). Field biologists, social scientists, and experts on non-market
valuation methods reviewed and provided feedback on the draft sur-
vey and the survey protocol was approved by Oklahoma State Uni-
versity’s Institutional Review Board (IRB Approval # AG-19-12). The
survey instrument included four sections. In the first section, we asked
questions related to angling experiences, travel distance to fishing site,
preferred species, party size, and number of trips to Oklahoma rivers,
streams, and creeks. The series of trip frequency questions provided
revealed preference and contingent behavior data for hypothetical sce-
narios of different catch rates (Table 1). The second section included
specific information about black bass, including Smallmouth Bass
(Micropterus dolomieu), which is the most pursued species of the genus in
eastern Oklahoma (Chapagain et al., 2020a). This section also included
discrete choice questions related to black bass fishing sites, in which

Table 1
Revealed preference and contingent behavior questions asked to the
respondents.

Revealed preference

How many times did you go fishing in Oklahoma in the past 12 months including your
most recent trip

Contingent behavior

How many trips do you intend on taking only in rivers, streams, and creeks in the next
12 months in Oklahoma?

If there were a 10% increase in catch rate, how many trips would you take?

If there were a 25% increase in catch rate, how many trips would you take?

If there were a 10% increase in catch rate of fish species you prefer the most, how
many trips would you take?

If there were a 25% increase in catch rate fish species you prefer the most, how many
trips would you take?

If there were a 10% increase in catch rate of trophy-sized fish, how many trips would
you take?

If there were a 25% increase in catch rate of trophy-sized fish, how many trips would
you take?
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respondents were asked to indicate their most and least important
characteristics when deciding where to fish. The third section included
questions about anglers’ perceptions and motivations to fish streams and
rivers in Oklahoma. Finally, the fourth section was designed to gain
socio-economic characteristics of the respondent. A complete copy of the
survey questionnaire is available upon request.

For onsite distribution, a survey instrument with business reply en-
velope was handed to anglers at various access points along three
streams in the Ozark Highlands of eastern Oklahoma: the Illinois River
(above Lake Tenkiller), Baron Fork, and Caney Creek. These three river
systems are in close proximity to each other and are popular for bass
fishing. However, they differ in terms of size (i.e., length, area,
discharge), and number of public access points, providing different
levels of fishing opportunities (Chapagain et al., 2020a). However, due
to excessive rain and flooding during the summer of 2019, only 37
surveys were returned with this method. To increase sample size, the
survey was then mailed to an additional 1015 anglers with Oklahoma
fishing licenses. This sample was stratified to target the zip codes from
which anglers had visited our study rivers or had returned fish tags
implanted in bass in these rivers as part of another study (Chapagain
et al., 2020a). The mail survey followed protocols suggested by the
Dillman Tailored Design Method (Dillman et al., 2014), which included
a survey packet with a personalized cover letter, survey, and a
postage-paid, business reply envelope. After accounting for 187 unde-
liverable addresses, we received 64 completed surveys for an adjusted
response rate of 8.04%. Finally, an online version of the survey was
emailed to 1671 anglers using the Qualtrics survey platform (Qualtrics,
2020). The desired email addresses for this electronic database were
solicited from creel surveys, tag returns, social media, online fishing
forums, and the Oklahoma fishing license database. In total, we received
101 responses from the web-based questionnaire, with an adjusted
response rate of about 7.8% after accounting for 373 incorrect email
addresses.

To calculate the cost of travel, only the cost of vehicle depreciation,
gas, and upkeep (such as oil, repairs, maintenance, and tires) were
considered for the mileage rate (Parsons, 2017). Following a commonly

r (fﬂr’(f) ()" (1+ﬂﬂi)7<ﬁ+k>

P(Ki = Ki|K > 0) =

: (/13> R (1+/i/1,-)7<;7

used practice in travel cost literature, we used variable operating cost for
large sedan i.e., $0.14 per km, to apply evenly across all anglers sur-
veyed rate (American Automobile Association [AAA], 2019). The cost of
travel was thus the product of round-trip driving distance and mileage
rate. Similarly, we used the most common practice for valuing travel
time as one-third of hourly wage rate as an opportunity cost of time
(Lankia et al., 2019; Parsons, 2017). The wage rate was calculated by
dividing household income by total number of working hours in a year
(i.e., 2080 h). Travel cost was the sum of cost of travel plus opportunity
cost of time in travel. To address non-response and mixed-mode biases
(Dillman et al., 2014), we conducted a standard check by conducting
chi-square tests and t-tests on key demographics (age, gender, race,
education, income) between early respondents (i.e., those who respon-
ded before sending a reminder) and those who responded after sending
reminders in the mail and web-based survey (Joshi et al., 2019;
Thompson and Hansen, 2012). Likewise, we compared socioeconomic
information from the latest Oklahoma Department of Wildlife Conser-
vation’s (ODWC) angler report to our results for bias (Joshi et al., 2019;
Thompson and Hansen, 2012). Finally, because data were collected
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three different ways, we compared angler opinions about site attach-
ment among the online, onsite mail-back, and mail survey respondents.
Because data were collected through a mixed-mode approach, we also
tested whether the mixed method influenced our sample respondents in
terms of their angling behavior and consequently the need for any
transformation in our analysis. We tested respondents’ age and house-
hold income for normality with Shapiro-Francia test, which showed our
data to be non-normal (Mbah and Paothong, 2015). As a result, we used
non-parametric Kruskal-Wallis tests (P < 0.05) for all demographic
characteristics (i.e., education, race, gender, age, and household in-
come) to determine significant differences in respondent characteristics
by different modes, followed by a Dunn’s test (P < 0.05) with Bonferroni
correction to compare between two different modes.

2.2. Conceptual model

The foundation for our demand analysis is built on the premise of the
travel cost method (Haab and McConnell, 2002). The method is a
demand-based model for recreational use where the number of trips
taken by an individual to a site or multiple sites is modeled as a function
of cost to reach the site and other demographic factors (Parsons, 2017).
The empirical process of the method involves estimating the parameters
of the demand function and calculation of welfare measures based on
estimated parameters. Because anglers chose a given river, stream, or
creek from among many available alternatives when they were sur-
veyed, the cost of their travel to reach that site reflects demand (Haab
and McConnell, 2002). As such, this situation can be depicted with a
generic demand model:

Zn KBy +M; <N, (@)
(j=1

where K; represents angling trips by an angler i to site j, By cost of
commute, M; expenses incurred during the visit, and N; total income.
Because the response variable in the travel demand function depicting
the number of angling trips is an integer, we used a negative binomial
regression model, expressed as (Yen and Adamowicz, 1993):

. ,where ki =1,2....n,4 > 0. 2)

In Eq. (2), K; represents the number of angling trips and K; is its
realized value (Yen and Adamowicz, 1993). Similarly, two key attributes
of the above relationship, the gamma function and over-dispersion pa-
rameters, are presented by I' and S, respectively. Finally, the following
relationship describes its distribution function of this regression
framework (4;):

A = exp(x;a) 3)
In Eq. (3), x; and « are the vectors of explanatory variables and their
parameter coefficients, respectively.

2.3. Empirical model

In basic demand function literature, the empirical research suggests
that socio-economic attributes, as well as the availability of substitute
sites, play important roles in trip demand (Haab and McConnell, 2002;
Joshi et al., 2017).

Trip=f (travelcost,sociodemopgrahics, substitute, relatedvariables) 4)
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Following the demand curve represented by Eq. (4) above, consumer
surplus (CS) of an individual fishing trip is computed as the area under
the demand curve and above the average cost line; mathematically, the
area is equal to the negative inverse of the travel cost coefficient.
Therefore, the resulting CS can be divided by party size to yield per-
person per-trip value as shown in Eq. (5):

-1

ATcost

CS =

(5)

In Eq. (5), ares represents the estimated parameter of the travel cost
variable. We calculated the upper and lower bounds of the confidence
interval of the travel cost coefficient through bootstrapping the standard
errors to calculate the confidence interval of CS (Kling and Sexton,
1990). We used negative binomial regression instead of Poisson because
a test of over-dispersion using the likelihood ratio test rejected the null
hypothesis that mean and variance were equal. We used negative
binomial regression models by following past recreation demand studies
(Deely et al., 2019; Lankia et al., 2019; Prayaga et al., 2010) to combine
contingent behavior responses with revealed trip responses by using
panel negative binomial regression. Separate models were estimated for
each contingent behavior scenario, and panel data of three different data
sets was formed for each scenario. Each model included responses of
trips taken in the past 12 months before completing the survey, number
of trips respondents intended to take in the next 12 months under a
status quo condition, and annual trips the respondent would take under
different scenarios of increased catch rate. Each panel data set included
a dummy variable indicating if the data is related to number of trips in
the last 12 months, and a dummy representing contingent behavior data.
The base category for each panel set was a dummy for number of trips in
the future under status quo condition. A random-effects panel negative
binomial model was estimated for each contingent behavior model. All
the contingent behavior scenarios were compared to the estimated
future trips and economic values under the status quo condition. Change
in demand was estimated by calculating the difference in predicted
change in status quo condition and increased catch rates. The marginal
economic effect, which provides additional value associated with
changes in contingent behavior, was calculated using the following
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formula (Prayaga et al., 2010; Deely et al., 2019):

Marginal effect = S, * ( ! ) (6)

ﬁ Tcost

where f is the coefficient for contingent behavior dummies for each
contingent behavior scenario.

To calculate the total annual economic benefits of fishing in Okla-
homa streams and rivers, we used data collected by ODWC (Jager, 2015;
York, 2019) and estimated the number of stream anglers in the state.
York (2019) estimated there were 757,469 anglers in Oklahoma,
including resident and non-resident anglers, as well as annual and life-
time license holders. Among lifetime license holders, approximately
80% go fishing every year in Oklahoma (Jager, 2015). Also, approxi-
mately 13% of licensed anglers fished most often in rivers, streams, and
creeks (Jager, 2015). Therefore, on average, we estimated that 81,731
anglers fish in Oklahoma rivers and streams, annually.

The total number of trips in the last 12 months to Oklahoma streams
and rivers served as a dependent variable in the travel cost model
(Table 1). Similarly, total visits in the past 12 months, visits intended for
the next 12 months, and intended future visits under hypothetical sce-
narios of increased catch rates were dependent variables for the
contingent behavior models.

Consistent with previous research on recreation demand (Deely
et al., 2019; Joshi et al., 2017), we chose age, income, and race as
socio-demographic variables in the model. In particular, the variable
“income” captures the ‘income effect’ in the demand model. Likewise,
expenses to visit another similar fishing site (substitute cost) were
chosen as an independent variable to capture the substitution effect
(Chapagain et al., 2020b). Respondents were asked where they would
have fished if, for some reason, they were not able to visit their most
recently visited fishing site. Finally, other variables such as group size,
experience, identity as a bass angler, and membership of a fishing group
were also considered for the regression analysis (Chapagain et al.,
2020b; Deely et al., 2019). Stata version 16.1 was used for data cleaning
and analysis, and we used nbreg and xtnbreg commands for revealed
preference and contingent behavior models, respectively. We did not

Table 2
Definition and descriptive statistics of variables used in the models.
Variable Definition Mean Std.
Dev.
Dependent

Current Trips
Intend trips

Fishing trips in Oklahoma rivers and streams in last 12 months
Intended trips in next 12 months under status quo

13.37 20.64
17.24 27.49

Ratel0O Intended trips if catch rate increase by 10% 18.44 27.69
Rate25 Intended trips if catch rate increase by 25% 20.65 28.99
Prefer10 Intended trips if catch rate of the most preferred species increase by 10% 20.49 28.52
Prefer25 Intended trips if catch rate of the most preferred species increase by 25% 23.11 29.61
Sizel0 Intended trips if catch rate of trophy-sized fish increase by 10% 20.70 28.81
Size25 Intended trips if catch rate of trophy-sized fish increase by 25% 23.64 30.90
Price
Travel cost Travel cost with opportunity cost based on 33% of wage $35.91  $34.54
Socio-economic
Income Mean annual household income (in thousands) $85.65  $36.66
Age Age of the respondents 50.26 15.51
Native A dummy variable, 1 if the race of the respondent is Native American, and 0 otherwise 0.26 0.44
American
Other
Substitute cost Travel cost to reach a substitute fishing site $47.41 $49.70
Current A dummy variable, 1 if dependent variable in panel describes trips in past 12 months, and 0 otherwise - -
Future A dummy variable, 1 if dependent variable in panel describes trips in next 12 months under status quo, and 0 otherwise (served as base =~ — -
variable)
Scenario A dummy variable, 1 if dependent variable in panel describes contingent scenario, and 0 otherwise - -
Group size Number of individuals in the group 2.15 0.87
Experience Number of years fishing in Oklahoma 35.85 17.05
Bass angler Dummy variable, 1 if the respondent has taken bass fishing trips in last 12 months 0.76 0.43
Member Dummy variable, 1 if the respondent is a member of fishing group or online forum 0.30 0.46
Satisfaction A variable representing place dependence i.e., whether respondent gets more satisfaction visiting the most visited fishing site than any 3.23 1.07

other sites (measured on a Likert Scale from 1 to 5; 1 = strongly disagree, 5 = strongly agree)
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apply corrections for endogenous stratification (i.e., frequent visitors are
more likely to be sampled than less-frequent visitors) and
zero-truncation (i.e., respondents must have taken at least one trip).
These artifacts often exist in data collected onsite, but onside data rep-
resented only a small portion of total responses in our study. Moreover,
past studies have shown that endogenous stratification had insignificant
effects on coefficient estimates and economic values (e.g., Dobbs, 1993;
Shrestha et al., 2002).

3. Results

Out of 202 returned surveys, 188 complete surveys were available
for final analysis in the revealed preference model after dropping ob-
servations with incomplete information for variables used in the anal-
ysis. Respondent demographics from our survey were similar to results
from a state-wide study (Jager, 2015), suggesting minimal non-response
bias (Table 2). In our survey, average age of respondents was 50 years
(SD + 15.51) and a majority of respondents were White (72%), with an
average household income of about $86,000 (SD =+ $36,660). The
average cost of travel from respondent’s home to fishing site was $36
(SD + $34.54). Jager (2015) reported that anglers in Oklahoma were on
average 48 years old and mostly White (84%). In our survey, 26% of
respondents identified as Native American and almost two-fifths of the
respondents held a bachelor’s or graduate degree. Average group size
was around 2.6 people (SD + 1.11). Almost one-third of respondents to
our survey were members of a fishing group or online forum. On
average, respondents to our survey had 36 years (SD + 17.05) of fishing
experience, and they traveled approximately 68 km (SD + 82.6) to their
fishing sites (compared to 63 km for statewide anglers; Jager, 2015).
Likewise, we did not find any statistical difference between early and
late respondents.

While comparing responses from the three different modes of our
survey, we did not find any statistical variations (P < 0.05) between
eight out of nine statements about how emotionally attached re-
spondents were to the site they fished most recently. Among five de-
mographic characteristics (education, race, gender, age, and household
income), only age and income were significantly different for the three
different survey modes. The age of mail respondents (59.02 + 15.5) was
significantly greater than the age of the respondents for the other two
groups (50.95 + 16.5) while household income for mail respondents
(77,844.87 + 37,736.1) was significantly lower than respondent’s an-
swers obtained through the internet (90,981.75 + 35,162.9). Although
mode effects are important statistical considerations in survey-based
research, Dillman et al. (2009) found that data collected through mail
and web respondents behaved similarly, so we aggregated angler re-
sponses by survey mode for further analysis.

Table 3
Regression estimates and incident rate ratios (IRR) of fishing in Oklahoma
streams and rivers with assumption of wage rate included (N = 188).

Variables Coefficient Std. error IRR
Travel cost -0.008" 0.00 0.99
Income -0.003 0.00 0.99
Age -0.026" 0.01 0.97
Substitute cost 0.002 0.00 1.00
Group size 0.029 0.10 1.04
Experience 0.008 0.01 1.01
Bass angler 0.413¢ 0.22 1.51
Member 0.498" 0.20 1.64
Native American 0.131 0.23 1.04
Satisfaction 0.174" 0.09 1.19
Constant 2.792% 0.55 16.94
Log likelihood -645.074

Pseudo R? 0.036

# Indicates significant at 1%,
b Indicates significant at 5%,
¢ Indicates significant at 10%.
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3.1. Revealed preference model

Among the independent variables, coefficients for travel cost, age,
bass angler, member, and satisfaction were significantly different
(P < 0.1) (Table 3). Categorically, travel cost and age were negative, but
bass angler, member of fishing group or online forum, and level of
satisfaction were positive. Incident rate ratio (IRR) estimates indicate
how changes in the variable under consideration, with all other vari-
ables are held constant, would result in proportional changes in angling
participation rate. For example, increasing the age of respondents by 1
year would result in a proportional change of 0.97 in angling partici-
pation rate. Our model showed that the predicted number of fishing trips
in Oklahoma Ozark Highlands rivers and streams was 13.3 per year
(Table 3). In terms of species, the predicted number of trips per year for
bass anglers (those who have taken at least 1 trip) was 14.2 compared to
only 9.38 trips for non-bass anglers. The predicted number of trips for a
member of a fishing group and online forums was 18.18, whereas trips
for non-members were 11.10. Using the coefficient of our travel cost
variable (Table 3) and equation (Eq. (5)), the estimated CS per person
per trip was $55, with confidence intervals through bootstrapping the
standard errors ranging from $44 to $72. Our results indicated that
anglers took, on average, 15.24 trips to rivers and streams. Using CS per-
person per-trip ($55), predicted fishing trips in streams and rivers
(15.24), and the estimated total number of Oklahoma stream and river
anglers (81,731), we estimated the statewide net benefit of fishing in
streams and rivers to be $68.51 million, with a confidence interval of
$54.81 million and $90.93 million.

3.2. Contingent behavior models

The random-effects panel negative binomial models were estimated
for each contingent behavior model (Table 4). The total number of ob-
servations for each panel set for contingent models was 564 (i.e., 3 times
188). The dependent variable for each model included responses from
current trips, future trips under status quo condition, and intended trips
under improved fishing conditions. The levels of significance differed
but signs of the coefficients associated with all variables are consistent
across all six models (Table 4). The dummy for current trips was nega-
tive and significant across the board at the 1% level, suggesting that
anglers took fewer trips in the last 12 months than the number of trips
they intended to take in the future (which is the base category in the
regression). Similarly, all dummy variables representing contingent
behavior in the future were positive and significant suggesting that they
are likely to take more trips under “improved” fishing conditions with a
higher catch rate. Compared to the revealed preference model, the co-
efficient for bass angler satisfaction was not significant but the coeffi-
cient representing Native Americans was significant across the models.

Predicted change in demand and marginal effect in economic value
varied for each of the contingent models (Table 5). Regarding the pre-
dicted number of fishing trips, models predicted that respondents would
take the most trips for trophy-sized fish, and an increase in trip numbers
was as high as 54% (i.e., an increase of 9 trips within 12 months when
the catch rate of trophy-sized fish increased by 25%; Table 5). The
marginal effect on economic value due to improvement in catch rate was
highest ($32.23) when the catch rate of trophy-sized fish increased by
25%, however, this marginal effect was close to scenarios for preferred
species ($27.25). Increased catch rate of trophy-sized fish resulted in a
higher percentage increase in demand and economic value than the
percentage increase due to an increase in catch rate only, suggesting that
size of fish is more important to anglers than fish quantity. Using pre-
dicted change in annual visits and marginal change in economic value
(Table 5), in conjunction with the estimated number of Oklahoma
stream and river anglers (81,731), we estimated an increase of $1.48
million for a 10% increase in catch rate. Alternatively, we estimated an
increase as high as $24.58 million for a 25% increase in catch rate of
trophy-sized fish.
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Table 4
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Random effect negative binomial regression estimates for contingent behavior models (N = 564) of anglers fishing Oklahoma streams and rivers.

Variable Quantity

Preferred species Trophy-sized fish

10% increase 25% increase

10% increase 25% increase 10% increase 25% increase

Coef. (SE) Coef. (SE) Coef. (SE) Coef. (SE) Coef. (SE) Coef. (SE)
Travel cost -0.007" (0.00) -0.006" (0.00) -0.006" (0.00) -0.006" (0.00) -0.006" (0.00) -0.005" (0.00)
Current -0.275" (0.09) -0.274" (0.04) -0.276" (0.05) -0.276" (0.05) -0.277% (0.04) -0.276" (0.05)
10% increase in quantity 0.078" (0.08) - - - - -
25% increase in quantity - 0.2217 (0.04) - - - -
10% increase in preferred species - - 0.203" (0.04) - - -
25% increase in preferred species - - - 0.335° (0.04) - -
10% increase in size - - - - 0.210" (0.04) -
25% increase in size - - - - - 0.363 (0.04)
Income -0.004 (0.00) -0.003 (0.00) -0.003 (0.00) -0.002 (0.00) -0.004° (0.00) -0.002 (0.00)
Age -0.023" (0.00) -0.020" (0.01) -0.020" (0.01) -0.018" (0.01) -0.0217 (0.01) -0.019" (0.01)
Substitute cost 0.001 (0.00) 0.0003 (0.00) 0.0003 (0.00) 0.0004 (0.00) 0.0002 (0.00) 0.0003(0.00)
Group size 0.183" (0.04) 0.154" (0.08) 0.152° (0.08) 0.112 (0.08) 0.167° (0.08) 0.140° (0.08)
Experience -0.001 (0.00) 0.0002 (0.01) 0.002 (0.01) 0.003 (0.01) 0.002 (0.01) 0.001 (0.01)
Bass angler 0.120 (0.09) 0.111 (0.18) 0.132 (0.18) 0.147 (0.17) 0.138 (0.18) 0.154 (0.17)
Member 0.534" (0.08) 0.468" (0.17) 0.477" (0.17) 0.439" (0.16) 0.501" (0.17) 0.456" (0.16)
Native American 0.337° (0.08) 0.340° (0.17) 0.299° (0.17) 0.251° (0.16) 0.368" (0.17) 0.326" (0.16)
Satisfaction 0.023 (0.03) 0.057 (0.07) 0.031 (0.07) 0.039 (0.07) 0.037 (0.07) 0.052 (0.07)
Constant 3.784" (0.25) 3.268" (0.55) 3.243" (0.56) 2.874" (0.53) 3.308" (0.56) 2.855" (0.53)
Log likelihood -1781.49 -1820.55 -1832.94 -1878.60 -1827.84 -1871.12
Akaike Information Criterion (AIC) 3592.99 3671.11 3695.88 3787.22 3685.68 3772.24

Coef. stands for coefficient, SE stands for standard error,
# Indicates significant at 1%,
b Indicates significant at 5%,
¢ Indicates significant at 10%.

Table 5

Predicted trip, changes in number of trips and the marginal effect in economic benefits due to contingent behavior of anglers fishing in Oklahoma streams and rivers.

Contingent behavior Catch rate Visits

Consumer surplus

Predicted annual rate

Change in rate

Per person per trip Marginal effect

Per person per trip Aggregate benefit (millions)

Quantity (catch rate) 10% increase 20.4 3.2
25% increase 22.3 5.1
Preferred species 10% increase 22.7 5.5
25% increase 26.1 8.9
Trophy-sized fish 10% increase 23.4 6.2

25% increase 26.5 9.3

$71.21 $5.58 $1.48
$76.43 $16.87 $7.05
$78.18 $15.84 $7.08
$81.63 $27.35 $19.87
$81.56 $17.10 $8.64
$88.75 $32.23 $24.58

Note: All the contingent behavior scenarios were compared to the estimated annual visits to the (future) status quo (17.2) and CS value.

4. Discussion

Overall, our results provide important insights into demand and
economic value of stream fishing. In the revealed preference model, the
negative sign and statistical significance of the travel cost variable
suggest that higher costs reduce fishing trip frequency, which is typical
recreational demand behavior (Haab and McConnell, 2002; Joshi et al.,
2017). This relationship between travel cost and intended trip frequency
was also prevalent in the contingent behavior models, which is consis-
tent with previous literature (Deely et al., 2019; Prayaga et al., 2010).
Our results suggested that income and substitution effects over angling
trip demand were trivial in both revealed preference and contingent
behavior models, which is consistent with past recreational studies (e.g.
Alberini et al., 2007; Bowker et al., 2007; Bowker and Leeworthy, 1998;
Deely et al., 2019; Joshi et al., 2017; Ovaskainen et al., 2012).

The aggregate benefits estimation showed a substantial benefit of
fishing opportunities to Oklahoma anglers in streams and rivers.
Therefore, the results of this study illustrate the public value of fishing
and provide a strong economic reason for maintaining fishing oppor-
tunities in Oklahoma; along with ecological and social benefits. Esti-
mates of current economic benefits from this study (e.g., estimated
consumer surplus per person per trip at $55) are within the range of
values reported in previous studies. For instance, Melstrom et al. (2017)
estimated the per trip economic value of recreational fishing in

Oklahoma lakes to be $67 ($60 in 2015 dollars) by studying data from
148 lakes, which is only slightly more than $55 we estimated for rivers
and streams in this study. Most notably, difference in two estimates is
due to different approaches to calculate cost of travel for a fishing trip.
We only considered vehicle operating cost (depreciation, gas, and up-
keep such as oil, repairs, maintenance), using the mileage rate, spent for
total trip to calculate cost of travel (Parsons, 2017). Although there is
not system method to parse out travel cost of individual site or activity,
we considered only operating cost following a commonly used practice
in travel cost literate (Bowker et al., 2007; Parsons, 2017). Melstrom
etal. (2017) considered lodging and food costs, but such expenses can be
attributed to more than once recreation activity or site. Considering the
major portion of angler’s expenditure was used for lodging and food in
their study, total cost used to estimate economic value may not represent
the value of fishing only. They also considered overnight trips which are
likely to be multi-purpose and multi-destination trip, therefore, total
cost (such as food, lodging) may have spent for other activities.

Our results indicate that anglers fishing in Oklahoma’s streams and
rivers would like to take more trips, should the proposed increase in
overall catch rate, catch rate of trophy-sized fish, and catch rate of
preferred species be realized. This result suggests that factors such as fish
size and species help determine the decision to go fishing to a site in
addition to catch rates (Prayaga et al., 2010). These findings differ from
other similar studies (e.g. Alberini et al., 2007; Prayaga et al., 2010) that
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revealed no meaningful effect when hypothetically improved catch rates
on angling trip frequency were proposed. However, our findings are
consistent with Deely et al. (2019), who solicited information from both
onsite and online platforms, possibly reducing the avidity and endoge-
nous stratification bias. Since all these studies, including our own, were
conducted in different parts of the world, differing preferences may be
attributed to socio-economic and cultural variations in anglers. For
instance, fishing demand, harvest rate, fishing motivation differ for
anglers with different socio-economic background (Chapagain et al.,
2020a).

Past research has shown how various fishing site qualities affect an
angler’s decision to go fishing in rivers and streams (Melstrom et al.,
2015), but our study was unique in that it specifically assessed how fish
size within a particular group of fishes (i.e., mostly bass) might further
contribute as a factor. In addition, we quantified changes in demand and
economic value with change in fish quantity, size, and species. In
particular, increases in trophy-sized fish added the most angler partici-
pation and provided more economic value to anglers compared to in-
creases in smaller fish and preferred species. These results imply that
fish size is more important to stream anglers in Oklahoma than fish
quantity. Although ODWC had stocked non-native Tennessee lake-strain
Smallmouth Bass in the area in the past, which likely have a larger
growth potential than the native Neosho Smallmouth Bass subspecies
(Taylor et al., 2018), they quit stocking to prevent genetic introgression
with the native subspecies. As a result, a dichotomy can be construed
between managing a fishery for maximizing fishing demand and
providing more benefits to anglers versus conserving biodiversity,
especially for locally-adapted black bass forms (Taylor et al., 2019;
Seguy and Long, 2020).

Similarly, anglers who were involved in online fishing forums and
groups (e.g. Oklahoma Smallmouth Bass Alliance, Ozarks Smallmouth
Alliance Oklahoma Kayak Anglers) were more avid than anglers in
general, demonstrating social media to be an effective platform for mass
and interpersonal communication among anglers (Nguyen et al., 2012;
Shiffman, 2018). Social media has become an important source of
communication in the past two decades and many anglers use online
platforms to share pictures of their catch and share information with
their peers. Engaging anglers through social media platforms can
become an effective tool for managers (Taylor and Sammons, 2019)
especially as fiscal resources decline (Fawcett et al., 2020; Gharis et al.,
2014; Joshi et al., 2020). Declining participation among elderly anglers
is a concern in Oklahoma, a state where the average angler age has
increased in the past two decades (Jager, 2015; York, 2019). As a result,
while the use of social media can help attract and engage relatively
younger anglers, traditional outreach platforms such as university
extension factsheets, newspapers, or other forms of printed media can
remain relevant.

Our findings suggest that race and party size did not play an
important role in determining number of fishing trips to rivers and
streams. However, Native Americans and those traveling together in
larger groups were likely to take more angling trips with an increase in
overall catch rate. This dynamic in recreational behavior is consistent
with previous research that suggests higher importance in consumptive
aspects of fishing among minorities than Whites in the United States
(Hunt and Ditton, 2002). Likewise, the joyful feeling of fishing success
that comes with the sense of potential catch outcomes (Beardmore et al.,
2015; Schramm et al., 1998) might have excited anglers traveling in
larger groups to plan for future trips. This suggests that managing a
fishery for multiple angler segments is important, and that gathering
opinions from under-represented groups, such as Native Americans, is
vital.

Our results suggest that sense of place and emotional attachment are
large motivators for the number of trips anglers take. This result is
intuitive because anglers satisfied with their recreation experience are
likely to fish more frequently. Place attachment establishes emotional
bonds, and those who positively appraise a recreational site feel a strong
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connection and higher satisfaction through repeated interactions (Far-
num, 2005; Oh et al., 2013; Stylidis, 2018). Place dependence has been
used to understand the potential of a recreation site to satisfy the needs
and desires of individuals (Stylidis, 2018). Interestingly, these anglers
were also more interested in making trips in the future with
catch-related efficiencies. These findings are consistent with previous
research on fisheries (Oh et al., 2013) and suggest the continued
importance of activity-specific preferences (e.g. catching fish) for the
specialized recreationists who feel connected to a certain fishing site and
do not prefer to search for substitute sites. These results contrast with
previous findings that activity-specific experiences (e.g. catching fish)
become less important than overall feelings, once recreationists
frequently visit the same place and become place specialists (Ditton
et al., 1992). It is worth noting that we did not ask anglers to compare
between catch-related or non-catch related outcomes, in connection to
their place attachment. The role of non-catch outcomes on place
attachment would require future research, but could help guide man-
agement of facilities, such as stream access, as a way to increase angler
satisfaction.

A couple of limitations of this study are worth noting. First, despite
our best efforts to conduct onsite surveys, flooding, and other inclement
weather situations did not allow us to solicit information from a single
survey mode. Although the mixed-mode survey has been routinely used
in recent years, the effect of mode bias in survey responses cannot be
ruled out completely. Second, although the total responses used for
regression analysis are comparable to those of similar studies (Alberini
et al., 2007; Deely et al., 2019), the sample size was less than ideal.
These caveats notwithstanding, our study results provide important
findings that can help wildlife management agencies and university
extension programs promote sustainable angling in Oklahoma.
Although the research was conducted in Oklahoma, our findings may be
applicable across the southern United States where similar angling
cultures exist.

5. Conclusion

Our results have important implications for fisheries management
and policy. Foremost, our study demonstrated that fishing opportunities
in streams provide substantial economic benefits to Oklahoma anglers
with an overall value as high as $68.51 million. The economic valuation
from this study provides justification for management by federal and
state agencies responsible for wildlife and outdoor recreation on rivers
and streams. This value is also a lower-bound estimate of welfare loss to
Oklahoma anglers if fishing opportunities are unavailable for some
reasons, further demonstrating the value of the unique recreational
fishing opportunities in Ozark Highlands rivers and streams.

Moreover, contingent model results imply that the economic benefits
associated with stream and river fishing in Oklahoma could increase
with higher catch rates, but would be maximized through increases in
catch of larger-sized fish. Stated differently, our results found that an-
glers in Oklahoma streams and rivers value catching more larger fish
compared to catching more fish overall. The marginal benefits under the
different contingent behaviors we examined provide useful information
about potential effects of different fishery management alternatives.

Our contingent behavior analysis revealed that Native American
anglers in Oklahoma placed a higher value on catch-related aspects of
fisheries rather than size-related aspects of the fishery, in contrast with
the general angling population. Because bass fishing trends are moving
toward voluntary catch-and-release (Long et al., 2015), it is imperative
to consider minority preferences in future fishery management actions.
With the state of Oklahoma collaborating with several Native American
tribes for issuance of fishing licenses, a statewide survey of tribal license
holders could provide additional insights among this minority group in
particular when managing shared fisheries resources. Results showing
higher demand for younger anglers and forum members imply that so-
cial media along with traditional extension sources could be an
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important outreach platform to reach specific angler subgroups with
fishing related information.
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