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Introduction

Recreational fishing is an important social, cultural, and economic activity worldwide. In
the US, approximately 13% of the population participates in recreational angling, and in 2016 the
sector was estimated to provide $83 billion in US economic activity, supporting 500,000 jobs
(ASA 2018; USFWS 2018). In North America, sales of fishing licenses and taxes on fishing and
boating equipment are a primary source of funding for conservation efforts (16 U.S.C. 777-777k,
64 Stat. 430; Ditton 2008). State natural resource agencies are tasked with supporting,
conserving and regulating these important fisheries, and to do so undertake a wide variety of
management actions such as fish stocking, habitat management, access programs, and much
more. However, all too often the result of these management actions remain unquantified, and
natural resource agencies are left guessing about what effect if any their actions have had. This
can lead to extensive time, effort, and funding spent on actions that have little or no effect.
Improved analysis of management action efficacy is crucial for natural resource agencies to
make informed decisions about what actions should be continued, halted, or implemented
(Beacham et al. 2019). Knowing what the return on investment has been historically and what
patterns exist (and their drivers) allows agencies to provide the best possible product for their
constituents and agency decisions.

Stocking of black bass species is a widely applied management tool that is appreciated
by anglers, yet costly to management agencies. When used in an informed manner and an
appropriate location stocking can be a highly effective tool to bolster a recreational fishery.
However, it is not effective in every situation, and can be extremely expensive (Boxrucker 1986,
Hoffman and Bettoli 2005). As such, it is vital to understand where black bass stocking is

successful and where it is not meeting desired expectations. Continued stocking of a fishery that
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is not significantly benefiting from agency investments may constitute an enormous sink of
money and effort more effectively spent elsewhere. Management agencies often fall under heavy
political and public pressure to stock black bass for perceived benefits to the fishery that may or
may not be substantiated by data (Wingate, 1991). Post stocking analysis of success or failure to
improve the fishery can save managers significant time and money, and provide information
needed to justify the decision to stock or not stock. Other factors can affect resource use such as
proximity to populated areas, boat ramp access or other social aspects.

Perhaps the most effective metric to assess how well a given management action
improves recreational angling opportunity and success is angler effort, or the amount of time the
combined angler pool invests in angling on a body of water. If an increase in angler effort is
detected in response to a particular management action, that action has likely provided a better
fishery, increased economic value, and potentially recruited new anglers. Managers obtain
estimates of angler effort through angler interview programs known as creel surveys.
Deployment of creel clerks in temporal and spatial patterns that are designed to intercept a
representative random sample of anglers using a waterbody for interview produces an accurate
estimate of effort on that waterbody. These interviews collect data on time spent fishing, as well
as catch and harvest rates, demographic data, and other assorted metrics. Historically, creel
surveys were often conducted in a piecemeal basis to answer temporally and spatially discrete
questions (Bartley et. al. 2015). Increasingly however, management agencies have begun to
realize the utility of a standardized statewide system of creel surveys to provide insight into
landscape scale spatiotemporal trends.

The Tennessee Wildlife Resource Agency has been proactive in conducting statewide

standardized creels, conducting regular surveys on large, high angler use reservoirs across the



state. This provides a high quality data set to analyze for landscape patterns on spatial and
temporal scales, which can then be modeled against management action covariates to assess the
efficacy of those actions.
Objectives

The objectives of this study are to 1) identify landscape level trends in black bass angler
effort across Tennessee reservoirs, 2) to identify reservoirs that deviate from the landscape scale
patterns in black bass angling effort, and 3) to relate the probability of a reservoir deviating from
the common trend to management and environmental covariates.

Methods

Creel Reports

This project will utilize creel reports from the Tennessee Wildlife Resources Authority
from 2000 to 2018 to obtain estimates of angler efforts on large reservoirs across Tennessee. All
reservoirs except Normandy were sampled with roving survey methods using non-uniform
probability, stratified random sampling. Sections on each reservoir were delineated that could be
sampled in a 1-1.5 hr creel circuit, and assigned a sampling probability based on expected angler
use in a specified month where the sum of the probability across all sections equaled 1. Daylight
hours were split into 2 sampling periods which were similarly assigned sampling probabilities by
month, and split into weekends and weekdays to account for higher expected effort on weekends.
These probabilities were used to create stratified random work schedules for creel sampling
where each sample day consisted of a %2 day period within a single predefined section of lake.
Normandy reservoir used an access point survey rather than a roving survey, however the study
design was essentially the same with the exception of access points substituted for the predefined

sections in the roving framework.



In a given sampling day, creel clerks interviewed as many anglers as possible during the
study period. If there were more anglers than could be interviewed in the sampling period,
fishing parties were systematically skipped in order to obtain a representative spatial sample of
the entire section. If anglers agreed to an interview, the creel clerk would proceed to collect
information on length of the trip, target species, catch data, distance traveled to fish, dollars
expended on the trip, and whether they were fishing a tournament. The clerk also counted all the
fish harvested, and obtained bulk weight of harvested fish per species.

As the actual data collected in a creel survey only provides data on a small
spatiotemporal scale, it was necessary to extrapolate the data to obtain an estimate of the overall
metrics. For the purposes of this project, angler effort is the metric of primary importance.
Estimates of effort were computed multiplying the angler count by the average length of the
fishing trip for a given sampling period (e). This was subsequently expanded to an estimate of
angler effort for the whole lake and the whole day (E) by dividing the e by the product of the
sampling probabilities assigned to the section and period sampled that day. In order to obtain
total monthly effort means of E across weekends and weekdays were calculated separately.
These means were weighted by the number of each type of day in the given month and summed
to provide a mean daily effort estimate. This estimate was multiplied by the number of total days
in the month to give a total monthly effort estimate (T). In order to obtain estimates of effort for
individual species, T was multiplied by the proportion of anglers targeting that species during
that month.

Study Site Selection
From the many water bodies creeled by TWRA from 2000-2018, only lakes and

reservoirs that were sampled at least 9 or more times were selected for inclusion in this study to



ensure temporal coverage. This resulted in the selection of 19 lakes and reservoirs (Figure 1)
spatially distributed across Tennessee that include a diverse sample of trophic regimes, angler
usage, physical characteristics, and habitat types.
Data Extraction
Using TWRA creel reports from 2000-2018, we extracted data on angler effort, catch, and
harvest per year and reservoir for a variety of sportfish species. For this study, the primary metric
examined will be Angler effort directed at combined Micropterus spp., hitherto referred to as
“black bass” that included largemouth basses, smallmouth bass, and spotted basses. We selected
this metric as all study locations had black bass populations that were heavily targeted by
recreational anglers. In addition to this, black bass of one or more species/strain were commonly
stocked in several of the study reservoirs, allowing us to assess how stocking may influence
angler effort. To this end, we combined angler effort per year across all black bass species into a
single metric for use in this study.
Model Description

To explore synchrony in angler effort across reservoirs, we will utilize a model
framework similar to that found in Li et al. (2012) and Wagner et al. (2016). Namely, in order to
determine the probability that patterns of angler effort on a given reservoir deviated from the
common trend we will use a Bayesian model choice procedure bolstered by a Bayesian
hierarchical modeling framework. To accomplish this, we will fit two alternate models, one
hypothesis assumes a common trend in angler effort patterns across all reservoirs, and an
alternative hypothesis that estimates trends for each reservoir separately. Subsequently we will
introduce a model indicator to select the model that most appropriately describes that reservoir.

The posterior frequency of the model indicator selecting the common trend model at each used



Markov chain- Monte Carlo iteration will be used to determine the likelihood that a reservoir
differs significantly from the common trend. All models will be fitted using WinBUGS (Lunn et.
al., 2000) used from within R (R Core Team, 2014).

We will also attempt to relate likelihood of deviating from the common trend to
covariates such as black bass stocking levels, region, environmental factors, and distance to an
urban center (e.g., population size and access). To do this we will fit a beta regression model to
relate probability of deviance from the common trend to each of these factors.

Implications

This study will provide crucial insight into overall trends in black bass angler effort
across Tennessee, and will provide valuable information into the efficacy of stocking
management actions undertaken by the Tennessee Wildlife Resource Agency. Understanding
where stocking actions are and are not effective, and which species of black bass demonstrate the
greatest improvement to the fishery when stocked could help management bodies in Tennessee
and elsewhere best direct their resources to areas where they can be most effective.

References
ASA (American Sportfishing Association). 2018. Sportfishing in America: An Economic

Force for Conservation. Alexandria, VA.

Bartley, D. M., G. J. De Graaf, J. Valbo-Jgrgensen, and G. Marmulla. 2015. Inland

capture fisheries: status and data issues. Fisheries Management and Ecology 22(1):71-77.
Beacham, TD, Wallace, C, Jonsen, K, et al. Comparison of coded-wire tagging with

parentage-based tagging and genetic stock identification in a large-scale coho salmon

fisheries application in British Columbia, Canada. Evol Appl. 2019; 12: 230 254.

https://doi.org/10.1111/eva.12711


https://doi.org/10.1111/eva.12711

Boxrucker, J. 1986. Evaluation of supplemental stocking of largemouth bass as a
management tool in small impoundments. North American Journal of Fisheries
Management, 6: 391-396. [Taylor & Francis Online],

Copeland, J. R. and Noble, R. L. 1994. Movements by young-of-year and yearling
largemouth bass and their implications for supplemental stocking. North American
Journal of Fisheries Management, 14: 119-124.

Ditton, R. B. 2008. An International Perspective on Recreational Fishing. Pages 5-55

Global Challenges in Recreational Fisheries. Blackwell Publishing Ltd, Oxford, UK

Guangquan Li, Nicky Best, Anna L. Hansell, Ismail Ahmed, Sylvia Richardson,
BaySTDetect: detecting unusual temporal patterns in small area data via Bayesian model
choice, Biostatistics, Volume 13, Issue 4, September 2012, Pages 695-710,
https://doi.org/10.1093/biostatistics/kxs005

Hoffman, K. J. and Bettoli, P. W. 2005. Growth, dispersal, mortality, and contribution of
largemouth bass stocked into Chickamauga Lake, Tennessee. North American Journal of
Fisheries Management, 25: 1518-1527.

Hoxmeier, R. J. and Wahl, D. H. 2002. “Evaluation of supplemental stocking of
largemouth bass across reservoirs: effects of predation, prey availability, and natural
recruitment”. In Black bass: ecology, conservation, and management Edited by: Philipp,
D. P. and Ridgway, M. S. 639-648. Bethesda, Maryland: American Fisheries Society.
Symposium 31

Lunn, D.J., Thomas, A., Best, N., and Spiegelhalter, D. (2000) WinBUGS — a Bayesian


https://www.tandfonline.com/servlet/linkout?suffix=i1548-8675-28-2-434-Boxrucker1&dbid=20&doi=10.1577%2FM07-052.1&key=10.1577%2F1548-8659%281986%296%3C391%3AEOSSOL%3E2.0.CO%3B2&tollfreelink=2_230_eeba91b59af2171593df4968cbda6cf1d92ba3c7d2302568ffed076d99563351
https://doi.org/10.1093/biostatistics/kxs005

modelling framework: concepts, structure, and extensibility. Statistics and Computing,
10:325-337.

R Core Team (2014). R: A language and environment for statistical computing. R
Foundation for Statistical
Computing, Vienna, Austria. URL http://www.R-project.org/

RBFF (Recreational Boating & Fishing Foundation). 2019. 2019 Special Report on
Fishing. Alexandria, VA.

Wagner, T., S.R. Midway, T. Vidal, B.J. Irwin, and J.R. Jackson. 2016. Detecting Unusual
Temporal Patterns in Fisheries Time Series Data, Transactions of the American Fisheries
Society, 145:4, 786-794, DOI: 10.1080/00028487.2016.1150879

USFWS (U.S. Fish & Willdife Service). 2018. 2016 National survey of fishing, hunting,
and wildlife-associated recreation. Washington, DC.

Paul J. Wingate. U.S. State's View and Regulations on Fish Introductions. Canadian
Journal of Fisheries and Aquatic Sciences. 48(S1): 167-170. https://doi.org/10.1139/f91-

316


https://www.r-project.org/
https://doi.org/10.1139/f91-316
https://doi.org/10.1139/f91-316

7 Ay WP
’\/ 5 G“ ,:"J Jeto™
~ 350 wo
3 Ept NI IES B0 S8 ss S g South Holsto
-~ \./ T .Clarksville SR e ingspor r—*(z_‘
— .\ \SJ i —_— i Barkley : Dale Hollow v o dv e cwl
§ < Kentucky * Percy Priest * *\ Boone, City,
P, S JNashville Center Hill ) //
/ * & Melton Hil R
/ /W
VAIES £ Old Hickary <X * Knoxville*Dou P 0
3sboro o ,Murfreesboro SiaWars Bar e 9 ?'" Q‘\‘
e Q¥ Tellico el Wil }
A Jackson V_QQ * ¥ o \06" £+
& -
~ N Ve ¢ !
g Normandys ze o |
‘l o % . )
d Chickamauga ’
< Memphis * S CK 7 i B Pt U
= Pickwick Tim's Ford _Chattanooga | . s
Fo - o SO SR et Nl O L A SR i3 1 = 1
J \\ 'l / = Greenville u}
e i \ Chattahoochee r . ]
3 olly Spri f Z S upssHiie \ National S
g Helly Springs { g \ Forest (\

Figure 1. Tennessee reservoirs with at least 9 years of creel survey data from 2000 to 2018.



