

[image: Untangling the impact of live baitfish restrictions on recreational fishing participation in the United States]
Untangling the impact of live baitfish restrictions on recreational fishing participation in the United States





BRIEF RESEARCH REPORT

published: 29 November 2024

doi: 10.3389/fcosc.2024.1446550

[image: image2]


Untangling the impact of live baitfish restrictions on recreational fishing participation in the United States


Victoria DeRooy * and Amanda Hansen


Upstream Aquatic Institute, Dover, DE, United States




Edited by: 

Chiara Bragagnolo, Federal University of Alagoas, Brazil

Reviewed by: 
 José Oliveira, Federal University of Alagoas, Brazil

Yifan Lu, Leibniz Association (LG), Germany

*Correspondence: 

Victoria DeRooy
 victoria@upstreamaquatic.org


Received: 10 June 2024

Accepted: 15 November 2024

Published: 29 November 2024

Citation:
DeRooy V and Hansen A (2024) Untangling the impact of live baitfish restrictions on recreational fishing participation in the United States. Front. Conserv. Sci. 5:1446550. doi: 10.3389/fcosc.2024.1446550



In recent decades, many jurisdictions have established regulations governing the use of live baitfish in recreational fishing. Live baitfish can originate from either aquaculture farms or wild harvest. Live bait regulations are usually motivated by conservation concerns, such as the role that live baitfish play in the spread of invasive species and aquatic diseases. One barrier that may prevent policy regulation of live baitfish is the fear among policymakers that limiting the use of live baitfish could impact the general public’s interest in fishing. However, conservation policy is hindered by the fact that there is very little research on this concern. In this study, we conduct a before-after control-intervention (BACI) analysis to test whether live baitfish regulations in the United States are followed by changes in recreational fishing. Using data from the 1960s to the present day, we analyze four states that have implemented live baitfish restrictions: Maine, New York, Vermont and Colorado. We find that live baitfish restrictions do not cause a decline in the public’s participation in fishing. Our results can empower policymakers to craft evidence-based regulations on the use of live baitfish for conservation purposes while remaining confident that such policies are not likely to cause any unintended consequences on the recreational fishing community.
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Introduction

Recreational fishing is a popular pastime in countries all over the world. People may participate in recreational fishing for many reasons—people may want to catch their own food, to engage with nature, to socialize with other people, to experience a temporary escape, and to experience a sense of accomplishment, among other motivations (Arlinghaus et al., 2021). Since recreational fishing involves an economically, biologically, and socially important use of aquatic resources, recreational fishing has many implications for government policy (Scheufele and Pascoe, 2022).

One area of recreational fishing with important policy implications is the use of live baitfish. In North America, fishers may purchase live baitfish from retail stores, but fishers may also catch live baitfish themselves or use dead or artificial baits (Drake and Mandrak, 2014). The type of bait used may depend on the fisher’s personal preference and the fishing context—for example, many game fishing tournaments prohibit the use of live bait, and live bait may pose a higher risk of gut hooking. The effects of live bait restrictions on recreational fishing are not immediately obvious. On one hand, a moderate proportion of recreational fishers appear to use live baitfish (e.g. 17% in a recent survey in Colorado, USA (Platis and Schisler, 2021); 55% in a recent survey in Ontario, Canada (Hunt et al., 2022)). On the other hand, these fishers use live baitfish as one bait type among many; it is rare for fishers to state that they use live baitfish exclusively (Hunt et al., 2022; Platis and Schisler, 2021).

In this study, we analyze the effects of live baitfish restrictions on recreational fishing. The past half-century has seen a number of statutes and regulations restricting the use of live baitfish. There are a number of states in the United States that have implemented restrictions on live baitfish (Kerr, 2012). Some examples of states with meaningful restrictions are Maine (Me. Stat. tit. 12, § 12461), New York (N.Y. Comp. Codes R. & Regs. tit. 6, pts. 10, 35, 188), Colorado (2 Colo. Code Regs. § 406-1-104) and Vermont (Vt. Code R. 12-010-088). The most common restriction is a prohibition on taking live baitfish and using those baitfish for fishing in a different waterbody—most states allow recreational fishers to catch live baitfish and then use those baitfish within the same body of water from which they were caught. Other states place bans on imports of live baitfish only (Kerr, 2012).

Restrictions tend to be motivated by environmental concerns. The transfer of live baitfish to new water bodies has been a primary cause for the establishment of invasive fish species in the United States (Kerr, 2012; McEachran et al., 2023). The risk of introducing invasive species is highest when baitfish is purchased live from retailers, as this causes baitfish to be farmed or caught in one water body and then used for fishing in a different water body. Fishers may empty bait buckets at the end of fishing trips, exacerbating the risk of introducing invasive species (Kerr, 2012). Recent studies have found that many retail stores in the United States sell live baitfish species known to be invasive (Mulligan et al., 2023; Snyder et al., 2020). Live baitfish may also cause the spread of aquatic viruses, diseases (e.g. parasitic tapeworms), and invasive invertebrates (e.g. spiny water flea) (Kerr, 2012). For example, one study found that the Asian fish tapeworm was widespread in live baitfish sold by retail stores in Michigan (Boonthai et al., 2017). Restrictions in the United States mirror developments in other jurisdictions, including many provinces in Canada and parts of Europe (Gunderson and Tucker, 2000; Kerr, 2012).

The United States is somewhat unique in having a small industry dedicated to producing farm-raised fish for use as live bait. The United States Department of Agriculture reports that, in 2022, there were 320 farms producing baitfish in the United States with a total value of 56 million USD (United States Department of Agriculture, 2024). Production tends to be clustered in a few large farms, with the most important states for the production of live baitfish being Arkansas, Ohio, Wisconsin, and Minnesota (United States Department of Agriculture, 2019).

Production volumes and prices have been declining over time (O’Dierno et al., 2003). The majority of costs experienced by farms are from labor, feed costs, marketing costs, and regulatory costs (Engle et al., 2020; van Senten and Engle, 2017). Many farms that produce baitfish are also involved in other industries, such as sportfish production (Van Senten et al., 2018). Baitfish are typically sold for between 4 and 10 USD per pound, depending on species, size, and time of year (Mcintosh, 2010). Baitfish can pass through multiple market stakeholders before finally reaching retail sale to customers for use in fishing (Mcintosh, 2010; O’Dierno et al., 2003). The most common species include fathead minnows (Pimephales promelas) and golden shiners (Notemigonus crysoleucas), plus a smaller number of fish from other species (McEachran et al., 2022; Mcintosh, 2010; United States Department of Agriculture, 2019). The industry focuses on freshwater baitfish for use in freshwater fishing, though some farms produce saltwater species for use in marine fishing.

A key question surrounding this policy debate is whether a restriction on live baitfish could impact the public’s interest in recreational fishing (e.g. Copping, 2007). This question is relevant for three reasons. Firstly, states may place an intrinsic value on promoting fishing as a recreational activity. Secondly, state fisheries agencies often obtain revenue from the sale of fishing licenses. Thirdly, the number of fishing licenses sold in a state is used by the federal government to apportion, for that state, a particular share of the federal Wildlife and Sport Fish Restoration funding (Fish and Wildlife Service, 2024).

Therefore, it would be beneficial for state policymakers to know whether a ban on live baitfish could be expected to impact the public’s interest in fishing. Despite the importance of this question, there has been basically no sophisticated analysis of whether live baitfish restrictions could impact the public’s interest in fishing. A couple of studies have attempted to answer this question. One study concluded that there was no impact of baitfish regulations on license sales—however, this study was limited to Maine and was only able to use data up until 1991 (Frost and Trial, 1993). Another study concluded that the number of baitfish dealer licenses exhibited no statistical relationship with the number of anglers (Parker, 2021). This study was more recent, but it was also limited to Maine. This means that we are lacking information on most of the states that have implemented baitfish restrictions, especially since the turn of the century. In this paper, we address this knowledge gap by conducting a statistical analysis to untangle the effects of live baitfish restrictions on the public’s interest in fishing.





Methods




Statistical modeling

How can we detect whether a live baitfish restriction affects interest in fishing? There are two possible effects of a live baitfish restriction. One possibility is that a live baitfish restriction could cause a sudden, discrete change in fishing. Another possibility is that a live baitfish restriction could cause a gradual change in fishing over time—that is, a change in the trend of fishing. Furthermore, previous research has shown that the per-capita interest in fishing has decreased over time in many Western countries as other recreational activities have become available (Arlinghaus et al., 2021). This means that we need to detect any changes against this pre-existing background trajectory.

The statistical model that is appropriate is a before-after, control-intervention, paired series (BACIPS) model. A review of BACIPS models is given by Wauchope et al. (2021). Specifically, we use the model published as equation 4 in section S3 of that paper’s Supplementary Material.

This model uses a time series of some outcome variable across two groups: an intervention group and a control group. The time series is separated into “before” and “after” the policy change that we are interested in. This way, we can measure whether the outcome variable responds to the policy change in a way that cannot be explained by background changes. We can also distinguish between immediate and longer-term effects of the policy change—the parameter β[BA*CI] represents the immediate effect of the policy change, while the parameter β[BA*CI*T] represents the effect of the policy change on the long-term trend. We conduct the analysis in the statistical programming software R (R Core Team, 2020), using the packages ggplot2 (Wickham, 2016) and sjPlot (Lüdecke, 2021) to visualize our results.

In our case, we use annual data on fishing interest—the intervention group contains a state that has implemented a baitfish restriction in a particular year, and the control group contains the states in the surrounding region that did not implement such a ban. For example, if we want to examine the impacts of New York’s live bait restriction in 2007 (Figure 1B), then our intervention group is New York; our control group is other states in the Northeast region of the United States; and our time series is separated into before 2007 and after 2007. In a minority of geographic locations, there are modest fluctuations in the historical license data. For example, fluctuations are visible around the year 1990 in Vermont (Figure 1C) and the West region (Figure 1D). The former may be attributable to demographic change, as there were no major management reforms relating to Vermont’s recreational fishing licenses around 1990, but there was a sharp increase in urban population sizes in Vermont between 1980 and 1990 (U.S. Census Bureau, 2012; Vermont General Assembly, 2024). The latter may relate to a series of largely administrative changes in California license regulations in the late 1980s (California Department of Fish and Wildlife, 1999). Visual inspection reveals no meaningful differences in trends near the time of the live bait regulations studied here.




Figure 1 | Trends in paid fishing licenses over time in four key states (A: Maine; B: New York; C: Vermont; D: Colorado) with restrictions on live baitfish (gold line) compared to other states in each region (gray line). Trends are expressed as a percent of the human population. Vertical dashed lines show the year in which a state’s live baitfish regulation was established. Data: United States Fish and Wildlife Service (2024).



We conduct a separate statistical analysis on all four states that have implemented restrictions on the use or movement of live baitfish, as long as those restrictions were implemented within the date range of our data. These states are Maine (2007) (Figure 1A), New York (2007), Vermont (2007), and Colorado (2011). We exclude states whose baitfish restrictions were implemented before the beginning of our dataset—Alaska (1960), Idaho (1947), Oregon (1940s), Minnesota (1927), Utah (1956), and Washington (1948). We also exclude the numerous states that have implemented import bans only, as an import ban would presumably have less impact on the day-to-day behavior of recreational anglers and would therefore be more difficult to detect statistically.





Data sources

As a measure for recreational fishing participation, we use data on the number of fishing licenses. Specifically, we obtained data on two variables:

	“Paid fishing license holders”, which we use as a measure of the revenue that state fishing agencies obtain from fishers.

	“Resident fishing licenses, tags, permits and stamps”, which we use as a measure of the general public’s engagement in recreational fishing in a particular state.



Both variables are reported by state and year, with data from most states ranging from 1961 to 2021. The dataset is available for public download from the United States Fish and Wildlife Service via Amazon Quicksight (Fish and Wildlife Service, 2024). We inspected the data and removed a single outlier, which was clearly indicative of an administrative error (Vermont in 1970). Note that we express the data in terms of the year in which a license was issued, which is two years before the apportionment year (as expressed in the original dataset) (Fish and Wildlife Service, 2024).

The population of the United States has changed dramatically since the 1960s. To account for this, we express both of our variables as “per capita”—that is, divided by the number of people living in a particular state in a particular year. To convert our variables to per-capita, we obtained data on the United States human population. This dataset is made publicly available on Github by Tauberer (2020), which fetches and aggregates data on the annual population estimates originally estimated by the United States Census and published by the Federal Reserve Bank of St. Louis. This data gives annual estimates of the population of each state from 1900 to 2020.

We note that we do not correct for multiple comparisons. In the scientific community, opinions vary about whether or how to correct for multiple comparisons (Barnett et al., 2022; Greenland, 2021; Midway et al., 2020). For our analysis, we retain the standard significance threshold of 0.05—this allows us to decrease the risk that we fail to detect a real relationship, at the expense of increasing the risk that we “detect” a relationship that does not exist in reality. This is the most appropriate choice for our specific research question; if live baitfish restrictions indeed have an impact on the public’s engagement in recreational fishing, this is a relationship that the relevant stakeholders for this analysis (i.e., policymakers) ought not to miss (Barnett et al., 2022; Greenland, 2021). To address the higher risk of false positives, we simply note any findings we detect that are on the threshold of statistical significance, as these are the findings for which correcting for multiple comparisons would cause us to draw different conclusions.






Results and discussion

Our analysis shows that live baitfish restrictions have no detectable impact on the public’s engagement in recreational fishing (Table 1, Figure 2). This was true for both paid licenses and residential licenses and permits.


Table 1 | Key results from the statistical analysis.






Figure 2 | Trends in resident fishing licenses, permits, tags, and stamps over time in the four key states (A: Maine; B: New York; C: Vermont; D: Colorado) with restrictions on live baitfish (gold line) compared to other states in each region (gray line). Trends are expressed as a percent of the human population. Vertical dashed lines show the year in which a state’s live baitfish regulation was established. Data: United States Fish and Wildlife Service (2024).



For paid licenses, every state’s regression model showed no significant effect of the live baitfish restriction on the percentage of people who held paid licenses (compared to other states in that region) (Table 2). No state showed a meaningful change after the live baitfish restriction was implemented, whether immediately (table row BAi × CIj) or in the long-term trend (table row BAi × CIj × Ti).


Table 2 | Linear regression models for paid licenses.



Likewise, for residential licenses/permits, every state’s regression model showed no significant effect of the live baitfish restrictions on the percentage of people who held licenses (Table 3). Here too, no state showed a meaningful change after the live baitfish restriction was implemented, whether immediately (table row BAi × CIj) or in the long-term trend (table row BAi × CIj × Ti). There are two possible exceptions. For New York, the regression model estimates that there was a 0.12% decrease in the number of residents who held licenses/permits after the baitfish regulations (table row BAi × CIj). The model also estimates that this was followed by a 0.17% increase each year after the regulations (table row BAi × CIj × Ti). Likewise, for Vermont, the analysis estimates that the live baitfish regulations were associated with a 2.28% increase in the residential license/permit holders each year after the regulations (table row BAi × CIj × Ti). However, all three of these parameters had associated p-values that were very much on the threshold of significance (p = 0.023, 0.02, and 0.031 respectively). Had we corrected for multiple comparisons, these estimates would have been non-significant, indicating that these specific estimates may simply be a statistical artifact.


Table 3 | Linear regression models for residential licenses and permits.



As such, the overall conclusion that can be drawn from our analysis is that live baitfish restrictions have no detectable impact on the public’s engagement in recreational fishing. This lends credence to the findings of earlier state-specific studies, which also concluded that live baitfish regulations do not seem to impact the public’s engagement in recreational fishing (Frost and Trial, 1993; Parker, 2021). This finding is reasonable given the trends in baitfish use typically observed in surveys of recreational anglers. While the proportion of fishers who use live baitfish is reasonably high (e.g. 17% in Colorado, USA and 55% in Ontario, Canada), fishers overwhelmingly report using multiple bait types rather than live baitfish exclusively (Hunt et al., 2022; Platis and Schisler, 2021). It is possible that fishers faced with a new live bait restriction simply switch to other types of bait, which would explain the lack of an effect of restrictions on total recreational fishing activities as documented in this study.

Our results are subject to the usual caveats and limitations that apply to all studies like ours. The biggest caveat is that our data, like that of any similar policy study, is observational. Some disciplines such as medicine can use experimental trials to establish the effects of a particular policy on some relevant outcome variable (e.g. O’Donoughue Jenkins et al., 2016). However, in economics and resource policy, observational data from “natural experiments” are often the best available source of information (e.g. Eicher and Schreiber, 2010). We advise caution when attributing causation to any particular policy on the basis of data like ours. In fact, there is one reason that might confound our analysis—three of the four baitfish restrictions in our dataset were motivated by viral hemorrhagic septicemia (VHS). It is conceivable that public concern about VHS might have suppressed interest in recreational fishing independently of any effect on baitfish. However, if VHS does indeed confound our data, then it is likely to push our analysis towards detecting an effect of baitfish regulation—that is, public concern about VHS would cause false positives in our analysis. Thus, the fact that we did not detect any effect of baitfish restrictions on recreational fishing is unlikely to be confounded by the presence of VHS.

Another limitation with our study is that we assume that the best “control” group for a particular state contains all other states in the region of the United States (e.g. for New York, all other states in the Northeast). We maintain that this is the most appropriate choice, given the available data—indeed, this method has been applied in other studies on agricultural and resource economics (Carter et al., 2021). However, we cannot rule out the possibility that there might be state-specific differences that are not accounted for by using nearby states as the control group.

Rigorous evidence can empower legislators and regulatory agencies to ensure that aquatic ecosystem management and policy is based on the best available science and a belief in the possibility of positive change (Esch et al., 2018; McAfee et al., 2019; Ryder et al., 2010). In this study, we have provided the best available evidence on the effects of live baitfish regulations on public engagement in fishing. We anticipate that the evidence and analysis provided in this study will empower policymakers to craft sound, evidence-based regulations on the use of live baitfish in the United States.
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