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Abstract

Recreational angling is a very popular outdoor activity that is weather-dependent, although 
investigations of this relationship are rare. This study used weekly fishing effort (2015–

2021) estimates throughout coastal Louisiana to understand how effort changed in 
response to weather conditions. Although we found evidence for some effect of all the 
weather variables, temperature reported the greatest number of monthly effects, along with 
an overall declining effect throughout the year. We also examined how tropical storms and 
hurricanes reduce fishing effort, but that effort recovers rapidly after the storm. Finally, we 
examined fishing effort during the first year of the pandemic (2020) compared to previous 
years and found some monthly increases exceeding 100% of normal effort. Understanding 
angler motivations remains an important part of fishery management, and in a future with 
changes to weather, hurricanes, and global health crises, we can now know more about 
how environmental factors change angling effort.

Introduction

The influence of weather and season on human outdoor behavior is well accepted; studies

have even documented the correlation between favorable weather and employees reporting

sick [1]. However, the generality that warmer and dryer weather leads to more outdoor activity

may be too simple. Across the globe, weather and seasons are constantly changing—subse-

quently presenting conditions to different populations that have varying tolerances for temper-

ature [2], precipitation, and wind [3], among other conditions. Specific and local

understanding behind outdoor recreation decisions is important not only from a human

behavior standpoint, but because estimating the number of human users can help resource

managers understand and anticipate environmental use and resource exploitation.

Efforts to understand the effect of weather on outdoor recreation have been ongoing for

many years; for example, Verbos and Brownlee [4] developed the weather dependency frame-

work, which is a model to understand the effect of weather on outdoor recreation. Meanwhile,

the Weather Channel1 produces activity-specific indices to communicate the favorable com-

binations of both biotic and abiotic factors for multiple forms of recreation, such as the Golf

Index, the Ski Index, and the Fishing Index [5]. Other studies have focused on specific weather

variables. Paudyal et al. [6] reported the greatest number of daily visitors to the Florida
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National Scenic Trail to occur between 16–22˚C (among other findings), and Finger and Leh-

mann [7] documented temperature and rainfall to be significant factors in driving visitors to

lidos (public beaches) in Switzerland. On a seasonal level, disparities in weather patterns

between the mid-latitudes and tropical regions are a huge driver of the Caribbean tourism sea-

son [8]. Despite apparent relationships—such as warmer temperatures lead to increased recre-

ation—it is important to recognize that weather variables may have non-linear effects across

larger variable ranges. In a review of season and weather on physical activity, Tucker and Gilli-

land [9] found that although summer was often the season of greatest physical activity, this

was not true for Galveston, Texas because of extreme heat [10].

Recreational fishing is a popular outdoor activity across the globe and extremely popular in

the United States. An estimated 49 million anglers [11] spend $50 billion USD in the US annu-

ally [12], based on recent analyses. The vast majority of US anglers are licensed and many tar-

get fish species under some form of fishery management. Therefore, an accurate

understanding of angler effort and predictors of angler effort can be valuable to the fishery

management process. However, such predictors can assume a wide variety of forms that oper-

ate on widely varying timescales. For instance, short-term weather conditions can affect

angling decisions on daily scales (i.e., precipitation, wind) as well as seasonal scales (i.e., cold

in winter versus warmth in summer). Simultaneously, discrete and high-impact climate events

may disrupt angling effort for months after they occur by damaging the fishing infrastructure

(e.g., boat launches, marinas) that supports angler effort. Meanwhile, other natural events,

such as infectious disease outbreaks (i.e., COVID-19), can alter angling effort for years

depending on public health policies. The multi-scale influence of these natural disturbances

and their ability to predict subsequent angling effort are largely unknown within the fishery

management community.

As far back as 1979, researchers have investigated how weather (in this case temperature

and rainfall) was significantly related to fishing effort [13]. One study that did not even directly

measure weather or effort learned from angler surveys that weather significantly influenced

effort [14]. A handful of recent studies from across the globe have also attempted to quantify

the effect of temperature, precipitation, and wind on angler efforts. Griffin et al. [15] not only

found effects of weather variables on angler effort in Australia but that there were different

magnitudes of effects based on different types of fishing, specifically whether anglers were fish-

ing from a boat or from the shore. Hunt et al. [16] reported that maximum temperature and

precipitation both had negative effects on angler activity in Ontario Canada, and Labriji et al.

[17] reported on wind speed as a factor influencing fishing effort (although this was a single-

species commercial fishery in Africa). Dundas and von Haefen [18] provide what is perhaps

the most comprehensive and regionally appropriate analysis (when compared to our study), in

which they used Marine Recreational Information Program (MRIP; [19]) data to document an

inverted U-shape temperature response with reduced angling at temperatures less than 40˚F

and greater than 95˚F. This temperature profile largely aligns with other reports of outdoor

activity preferring 82˚F [20].

While tropical cyclones (TCs; referring to both tropical storms and hurricanes) have been

shown to pose persistent environmental consequences beyond their acute wind and surge

threats [21], only recently have we begun to learn about the varying effects that tropical storms

have on coastal fish populations. Tropical storms have been documented to effect both individ-

ual species populations (e.g. Atlantic croaker Micropogonias undulatus in the Chesapeake Bay,

USA [22]) and fish assemblages—although recent work suggests minimal effects of TCs on

fish (in New Jersey, USA [23]; in Florida, USA [24]; and in Louisiana, USA [25]). While a wide

range of effects on fish abundance and behavior may not be directly connected to angler effort,

it is well known that many anglers have an understanding of how fish respond to their
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environment, and as a result anglers may fish more or less based on their perceptions of rela-

tive abundance and location of target fish species.

Early work has reported a wide range of COVID-19 pandemic effects on anglers (hence-

forth referred to as the pandemic). A survey of recreational anglers from 15 countries reported

an overall reduction in marine recreational fishing [26]. Yet in the US, studies thus far have

suggested the opposite—that recreational angling effort substantially increased as a result of

the pandemic. MRIP data has shown the average number of fishing trips increasing by 44%

from 2019 to 2020, with the greatest increases in the US Gulf of Mexico and Atlantic regions

[27], and an independent survey of anglers in 10 US states found that, although pandemic

effects were heterogeneous across states, there was a net increase in angling effort during the

first three months of the pandemic (March–May 2020; [28]).

The goal of this study is to better understand the effects of weather, TCs, and the COVID-

19 pandemic on marine recreational anglers in the northern Gulf of Mexico. The northern

Gulf of Mexico presents an attractive study system for a number of reasons. First, the state of

Louisiana records angler effort at the weekly scale, which provides far more temporal resolu-

tion than most other large scale effort surveys. (For comparison the federal MRIP survey pro-

vides angler effort at the time scale of two months.) Louisiana also provides spatial resolution

to their angler effort data, whereby inshore and offshore effort can be attributed to regions

within the state. Coastal Louisiana’s subtropical climate also means that, while overall tempera-

tures may be considered mild, sub-freezing temperatures can still occur in the winter, and

summers experience extreme heat [29]. The northern Gulf of Mexico also experiences regular

TCs, and this regularity permits us to investigate TCs with some measure of replication that

would not be afforded in other areas [30]. Finally, Louisiana experienced some of the highest

rates of COVID cases relative to the rest of the US [31], which leaves no doubt that fishing

effort for much of 2020 was taking place during the strong influence of the pandemic (com-

pared to other regions of the US that did not see as many COVID cases or did not have strong

pandemic waves in 2020). The objectives of this study are to 1) quantify the effect of ambient

weather variables on angling effort, 2) evaluate the response of fishing effort after TCs, 3) and

to document fishing effort in 2020 relative to non-pandemic years.

Methods

Data preparation

Fishing effort data. Fishing effort data was acquired from the Louisiana Department of

Wildlife and Fisheries (LDWF) as part of their LA Creel recreational fishery monitoring pro-

gram [32]. The LA Creel program is a combined weekly access-point survey (boat launches,

marinas, etc.) to estimate catch (harvest) along with weekly phone and email surveys to

licensed anglers to estimate fishing effort, which is measured in single-day, single-angler trips

[32]. Although Louisiana previously participated in the federal MRIP program (and its prede-

cessor, Marine Recreational Fisheries Statistics Survey, MRFSS), the National Oceanographic

and Atmospheric Administration approved LA Creel for use in 2018. LA Creel provides esti-

mates for both offshore and basin-specific inshore locations on a weekly basis, which makes it

one the most high-resolution long-term creel monitoring programs in the US.

Weekly effort estimates are available starting in 2015 (with weeks defined as starting on

Monday and ending on the following Sunday) and are available spatially across five inshore

coastal study areas shown in Fig 1a: Pontchartrain (1), Barataria (3), Terrebonne/Timbalier

(5), Vermilion/Teche (6), and Calcasieu (7) as well as a single aggregated offshore area. Effort

within coastal study areas is further split into charter or private, and for this analysis we only

consider private data, which represents individual recreational anglers. To accommodate the
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mobility of anglers between coastal study areas (e.g., someone who lives in Pontchartrain and

assesses weather conditions at his or her home but fishes in Barataria where their effort is regis-

tered in LA Creel), we aggregated Pontchartrain, Barataria, and Terrebonne/Timbalier into

the east region and Vermilion/Teche, and Calcasieu into the west region Recent travel

Fig 1. (A) LDWF coastal study areas (Credit: wlf.louisiana.gov). (B) National Weather Service forecast zones within southern

Louisiana and adjacent coastal waters. Red zones are administered by the Lake Charles NWSFO whereas blue zones are under the

jurisdiction of the Slidell/New Orleans NWSFO. Onshore zones generally correspond to parish political boundaries, except in some

coastal parishes where the parish is divided into an inner, land-centric forecast zones and an outer, coastal zone.

https://doi.org/10.1371/journal.pone.0291126.g001
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estimates of (n = 1,136) coastal Louisiana recreational anglers reported an average one-way

distance for a fishing trip to be 86 miles [33], which would keep most anglers fishing within

the region that they live.

Regional delineations were also guided by the bifurcation of southern Louisiana between

two National Weather Service (NWS) forecasting offices (NWSFOs; Fig 1b). In Louisiana, two

NWSFOs issue weather forecasts and warnings for the coastal parishes, one based in Lake

Charles, LA, and the other in Slidell, LA. Although individual coastal study areas may be of

interest, the NWSFO boundary perfectly aligns with the border between Terrebonne/Timba-

lier and Vermilion/Teche coastal study areas (Fig 1), providing a clean separation of the effort

data by region. Because the NWS weather warnings are later leveraged as a proxy for weather

conditions (see next section), the aggregation of coastal study areas along NWSFO boundary

was a logical parallelism for the analysis. All offshore effort was removed from the analysis

because the regional designation is ambiguous; i.e., offshore landings could not be attributed

to the east or west.

Of particular importance is the fact that, although effort estimates are produced by week,

effort varies depending on day of the week. LDWF estimates about 70% of effort taking place

on the weekend—as defined by Friday, Saturday, and Sunday—with the other 30% of effort on

weekdays (Monday, Tuesday, Wednesday, and Thursday; [32]; S1 Table). Although our analy-

sis does not look at time at scales finer than a week, this within-week variability is not only

important for understanding effort but was also included in how we effort-weighted some of

the weather variables (see next section).

Weather data. Meteorological conditions were characterized using 2-m temperature, pre-

cipitation, and 10-m wind speed from the ERA5 atmospheric reanalysis [34], a 0.25-degree

gridded global dataset. Gridded hourly meteorological data covering all of southern Louisiana

and adjacent coastal waters were collected for the period 2015–2021, coincident with the

period of record for the LA Creel survey. Because weather conditions, particularly wind and

precipitation, may not be consistent across the entire Louisiana coast at any given time,

weather conditions were summarized for the regions shown in Fig 1b. For instance, an active

thunderstorm day near New Orleans, may reduce effort over the southeast region, while south-

west Louisiana may experience little precipitation and sunny weather conditions.

Each hourly variable was averaged over the regions depicted in Fig 1b, yielding two values

per variable per hour. Regional means were then summarized on a daily basis as follows: maxi-

mum temperature (˚C), total precipitation (mm), and maximum wind speed (m/sec). Other

characterizations of daily weather conditions were also explored (e.g., mean temperature, max-

imum wind speed, heat index); however, all like-variable-derived metrics (i.e., mean tempera-

ture vs maximum temperature; mean wind speed vs maximum wind speed) were strongly

colinear, and only one of each was retained.

Because the LA Creel survey is collected weekly, the daily meteorological conditions were

aggregated to match the temporal resolution of the effort data. Rather than employing a tradi-

tional mean, this analysis opted for a weighted average based on the historical distribution of

fishing effort according to the LA Creel survey (S1 Table). For instance, weekends are the most

heavily fished days of the week, so an uncomfortably cold Saturday would have a dispropor-

tionate effect on weekly effort compared to an uncomfortably cold Tuesday. Weekly variable

aggregations resulted in each region having 364 weekly effort values (52 weeks over 7 years)

paired with corresponding effort-weighted maximum temperature, mean precipitation, and

maximum wind speed.

Because many anglers, especially those fishing from watercraft, closely monitor National

Weather Service forecasts for sea conditions, weekly counts of marine advisory issuance were

catalogued alongside the meteorological conditions. Archived watch, warning, and advisory
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products for the offshore zones in Fig 1b were retrieved from the publicly accessible Iowa Mes-

onet database (https://mesonet.agron.iastate.edu/vtec/). Three types of marine forecast prod-

ucts are considered, all of which indicate poor fishing conditions: Small craft advisories,

tropical storm warnings, and hurricane warnings. Though the NWS issues multiple advisories

and warnings that might portend poor coastal fishing conditions (e.g., special marine warn-

ings, gale warnings and dense fog warnings), such products were either issued infrequently or

designed to be issued reactively after a decision to go fishing has likely been made. The total

number of small craft advisories issued by each NWSFO over its forecast zones during the LA

Creel survey week were summed alongside the effort data (Table 1). Large small craft advisory

counts reflect a combination of persistent rough seas during the week as well as the areal

expanse of the afflicted waters. Weekly aggregation was repeated for both tropical storm and

hurricane warnings (Table 1). NWS warning and advisory patterns can vary across issuing

offices (Table 1), further necessitating the regional stratification of the effort analysis.

According to the Slidell NWSFO webpage (https://www.weather.gov/lix/wwa_criteria),

small craft advisories are issued whenever sustained winds of 21–33 kt, frequent gusts to 21–33

kt, or waves�7 feet are expected within 36 hours. Meanwhile, tropical storm (hurricane)

warnings indicate that sustained winds of 34–63 kt (�64 kt) associated with a TC are expected

within 36 hours. Both tropical storm and hurricane warnings indicate that high winds may be

accompanied by storm surge, coastal flooding, and/or river flooding. In some cases, the

36-hour lead time for these advisories and warnings caused a slight disconnect between the LA

Creel week when the warning was issued and the week when the effort was impacted. These

infrequent instances were manually resolved on a case-by-case basis.

Data analysis

Effect of weather on fishing effort. Although there are many weather variables that could

conceivably be considered, we identified four variables of interest: precipitation, wind, temper-
ature, and small craft advisory frequency (Fig 2). Each of these variables represents a different

potential effect on angler effort. Precipitation can discourage fishing by creating uncomfort-

able and unsafe conditions for the angler along with equipment challenges. Maximum wind

speed represented our hypothesis for wind, under the idea that anglers are more sensitive to

maximum winds, which would generate the roughest fishing conditions, instead of minimum

or mean wind speeds. Maximum temperature was also used under the same logic as wind—

the maximum temperature is what would likely motivate angler behavior over other measures

of temperature, especially in a warm climate like coastal Louisiana where extreme heat is com-

mon in several months of the year (and more common than extreme cold). Additionally,

anglers likely base their assessment of future fishing conditions as informed by television or

internet-based forecasts that typically communicate heat via the daily high temperature.

Finally, the weekly total count of small craft advisories represents a more holistic and official

designation of wind that also communicates specific information about expected sea condi-

tions. Based on expert opinion, we thought this advisory was the most relevant to anglers

Table 1. Total number of NWS advisories and warnings issued for forecast zones within each of the CWAs consti-

tuting the two study regions between 2015–2021.

NWSFO (region) Small craft advisory Tropical Storm Warning Hurricane Warning

Slidell (east) 4100 154 68

Lake Charles (west) 2137 78 26

https://doi.org/10.1371/journal.pone.0291126.t001
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because of the connection to boating and consequently communicated unique information

that was not redundant to the effort-weighted maximum wind speed.

Before using any of the four predictors, we ran a Pearson correlations on all pairwise com-

binations of predictors and found the greatest correlation was -0.57 (between temperature and

small craft advisory), which was below conventional thresholds for concerns about multicolli-

nearity. Finally, because the objective of this analysis was to look at the possible effect of differ-

ent types of weather, we did not want other confounding effects included in the data. We

removed weeks with hurricane warnings and tropical storm warnings (which were analyzed

Fig 2. Annual cycles of effort-weighted meteorological variables for the 2015–2021 study period for each coastal

region. Dark lines represent the 7-yr locally weighted scatterplot smooth (LOESS) and shaded regions correspond to

the 95% confidence interval.

https://doi.org/10.1371/journal.pone.0291126.g002
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separately), weeks in which Memorial Day, Independence Day, and Labor Day holidays fell

(due to the well-known increase in effort associated with these long, warm-weather weekends),

and all of 2020—in order to remove any potential effect of the pandemic (which was also sepa-

rately analyzed).

To model the potential effects of weather variables on angling effort, we used a Bayesian

hierarchical model. We included a random effect of month in the model because we wanted to

allow for the potential magnitude and direction of the effect to change throughout the year. As

examples, the effect of wind may have a greater magnitude in cooler months than in warmer

months, or the effect of temperature may have a positive direction during cooler months and

negative effect during warmer months (Fig 2). The general form of the hierarchical model is as

follows:

yi ¼ aj þ bj1 � xi1 þ bj2 � xi2 þ bj3 � xi3 þ bj4�xi4 þ �i ð1Þ

�ij � N 0;s2ð Þ ð2Þ

bj1

bj2

bj3

bj4

0

B
B
B
B
@

1

C
C
C
C
A
� MVN μ;Σð Þ ð3Þ

μ ¼ ðb̂ j1; b̂ j2; b̂ j3; b̂ j4Þ ð4Þ

Where yi is the log-transformed effort for week i and αj is a random intercept for j = 12

months. β terms represent the four model coefficients on the four predictors, x1–4, with sub-

scripts j for monthly random effects and i for weekly observations, as appropriate, and follow-

ing the order of 1 for precipitation, 2 for temperature, 3 for wind, and 4 for small craft advisory.

�i is the residual error associated with week i (Eq 2). All four predictors were standardized by

mean centering and dividing by one standard deviation [35], which both improved model

convergence and allows for direct comparisons of the predictor effect sizes. The spatially vary-

ing model parameters were assumed to come from a multivariate normal (MVN) distribution

(Eq 3), where μ and Σ are the population mean and variance-covariance matrix, respectively.

As such, b̂ j1; b̂ j2; b̂ j3; b̂ j4 describe the population-average across all months, using all data. Prior

probabilities on all parameters were diffuse. We used diffuse normal priors for b̂ j1; b̂ j2; b̂ j3; b̂ j4

and modeled Σ using the scaled inverse-Wishart distribution [35].

To model the potential for month-specific effects on the weather-effort relationship, Eq 3

can be modified as follows:

bj1

bj2

bj3

bj4

0

B
B
B
B
@

1

C
C
C
C
A
¼

mb1

g
b2

0 þ g
b2
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0

B
B
B
B
B
@

1

C
C
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C
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: ð5Þ

Eq 5 allows for the predictor of month to model variation in the monthly change in regres-

sion slopes for the coefficient of temperature, βj2. In this relationship, g
b2
0 represents the inter-

cept for the effect of month and g
b2

1 represents the slope (effect) of month, indicted by the
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variable, zmonth. Diffuse normal priors were used for both γβ2 parameters. Any varying slope

parameter in the first level (Eq 1) is a candidate for modeling in this second level of the model;

however, we only had a hypothesis for temperature and not for other effects, and as such lim-

ited our second level investigation to temperature. Keeping the effects of precipitation, wind,

and small craft advisory varying by month does, however, allow us to understand if direction

or magnitude of these effects varies by month. Temperature was the only variable for which we

expected a predictable change across months; for example, an increase in temperature in

cooler months might increase angling effort whereas an increase in temperature in warmer

months might decrease angling effort. Note that before deciding on a simple linear regression

to test for the effect of month, we evaluated other functional forms. Quadratic, negative expo-

nential, and hyperbolic function were all evaluated in Eq 5, yet they all performed relatively

poorly, which is likely due to the fact that there are only 12 points to model in Eq 5. The regres-

sion line (from Eq 5) was able to model these 12 points whereas other functions either overfit

the data or did not fit at all due to limited contrast in zmonth.

The model for weather (Eqs 1–5) was run twice: once for the east region and once for the

west region. For each model, we ran three parallel Markov chains beginning each chain with

different values. From a total of 300,000 samples from the posterior distribution the first

30,000 samples of each chain were discarded then we retained every other sample for a total of

105,000 samples used to characterize the posterior distributions. We assessed convergence for

all parameters both visually (trace plots and density plots of posterior distributions), as well as

with the Brooks-Gelman-Rubin statistic, R̂, with values <1.1 indicating convergence. Analyses

were run using JAGS [36] (from the jagsUI package), run from within R [37].

Effect of tropical cyclones on fishing effort. Weeks with�1 tropical storm or hurricane

warning were qualitatively compared against the International Best Track Archive for Climate

Stewardship [38], a global database of TC tracks and intensities, to determine if the TC directly

impacted Louisiana, and if so, which region was primarily affected. This process was necessary

to avoid analyzing the angling effort response of weak TCs that, though they may have met the

technical criteria for a tropical storm warning in an offshore zone, passed through the central

Gulf of Mexico and posed little practical disruption to nearshore coastal activity. Additionally,

this vetting process identified the coastal region that was most impacted by the storm and

where changes in angling effort were most likely to occur. In total, 12 TCs from 2015–2021

directly impacted at least one region of Louisiana. To determine the duration of a TC’s impact

on fishing activity, we wanted to model the effort in the weeks following each TC, under the

thinking that TCs and weaker hurricanes would require little recovery time, whereas major

hurricanes would see effort continue to increase (i.e., recover) several weeks after landfall. To

estimate the effect of TCs on fishing effort we subset the effort data to only include weeks dur-

ing or after landfall for the 12 TCs. A total of five weeks of effort was included for each TC,

where week 1 included the day of landfall. (There were a few instances where landfall occurred

early in week 2, though the associated tropical storm/hurricane warning was issued in week 1.

Although in these rare cases no TC made landfall in week 1, the impending landfall would be

expected to effect angler effort and as such, those weeks were kept).

A Bayesian hierarchical model was also used for this analysis whereby Eq 1. was modified

to be a varying intercepts and varying slopes simple linear regression. Weekly effort was again

the response variable and Relative week to landfall (1–5) was the continuous predictor. Inter-

cepts and slopes varied with the random effect of specific TC. The varying slopes were modeled

with a simple linear regression against TC severity at landfall, with 0 indicating a tropical

storm and 1–5 following the Saffir-Simpson hurricane wind scale at the time of landfall

extracted from IBTRaCS. This second level regression allowed for the possibility to capture the
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hypothesized relationship between greater slope estimates corresponding with more severe

TCs. In other words, we were testing for the effect that more severe TCs will have both a

greater decrease in angling effort at the time of landfall and a slower recovery back to pre-TS

levels.

Effect of COVID-19 pandemic on fishing effort. Recreational angling effort in coastal

Louisiana was widely reported to be higher than typical effort during the pandemic. Therefore,

we did not want to simply test this expectation, but sought to quantify the monthly difference

in effort during 2020 compared to all other pre-pandemic years (2015–2019). Note that for

this analysis we excluded all of 2021, which in exploratory analyses appeared more like pre-

pandemic fishing effort, but could still be considered part of the pandemic and therefore

unclear as to how much 2021 was a pandemic year, a non-pandemic year, or some type of new

post-pandemic level of effort. Additionally, while there was no strong reason to expect differ-

ent pandemic effects on the eastern or western regions of the state, we opted to continue with

the east and west regions for the pandemic analyses for consistency throughout our study.

Additionally, lack of differences between regions could be interpreted as evidence for a single

state-wide effect of the pandemic.

Results

Effect of weather on fishing effort

Between two regions and four weather variables in each region we examined a total of 96

potential monthly effects of weather (Fig 3). Small craft advisories appeared to have the least

effect on angler effort; no months in the West region ever showed an effect of small craft advi-

sories and only January in the East region showed a significant effect. Maximum wind speed

was also largely a non-factor in determining angling effort, with the exception of January and

May in the East region and January and March in the West region—all months that showed a

significantly negative effect of maximum wind on angler effort. Precipitation was a significant

monthly effect for four months of the year in the East region and three months of the year in

the West region, and although some of the months differed, the significant months tended to

occur in the late winter and again in the late summer. Finally, as expected we saw both signifi-

cant effects of temperature across months while also documenting an overall decrease in the

effect of temperature over the calendar year. Significant temperature effects were exclusively

positive and associated with increased fishing effort in the winter, spring, and November in

the East region but only in January through March in the West region. September in the West

region was the only month that found a negative effect of temperature on angling effort, but

the magnitude of the effect was not significant. The second level regression on the effect of

month on the slope of temperature found the monthly effect to be negative for both the East

and West regions; however, effect was not significant (at the 5% level).

Effect of tropical cyclones on fishing effort

We examined a total of 12 TCs: six tropical storms, two Category-1 hurricanes, one Category-

2 hurricane, one Category-3 hurricane, and two Category-4 hurricanes. All 12 TCs were fit for

individual relationships between the recovery of fishing effort based on the relative week from

landfall. Eleven of 12 TCs had a non-significant slope of effort recovery in the five weeks after

landfall (Fig 4), based on effort from the region that experienced the primary storm impact.

Hurricane Ida was the only storm in which a significant increase in effort was detected,

although several other storms showed positive slopes (that were not significant at the 95%

level).
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Effect of COVID-19 pandemic on fishing effort

Effort increases in 2020 were clear when compared to the five years prior to the pandemic

(2015–2019). January and February 2020 were consistent with typical effort from earlier years

(Fig 5), which would be expected given that a global pandemic and local effects in Louisiana

were not felt until March. Effort for March, April, and May were substantially higher in 2020

Fig 3. Standardized monthly effect estimates by region for precipitation, small craft advisories, temperature, and

maximum wind speed. In each of the eight panels the point represents the estimated mean monthly effect and the

intersecting line segment represents the 95% credible interval. Points and lines in red indicate monthly estimates that

are not credibly 0, while light blue points and lines indicate estimates that with 95% credible intervals overlapping 0.

The black line in both temperature panels represents the level 2 regression on the effect of temperature throughout the

calendar year.

https://doi.org/10.1371/journal.pone.0291126.g003
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than in any previous year; effort in the East region for March and April was close to 75%

higher than the same months in pre-pandemic years, while effort in the West region was

around 150% higher for the same months. May effort was also high, but June and July effort in

both regions was remarkably consistent with pre-pandemic levels. August saw another

Fig 4. A) Angling effort in the weeks after tropical cyclone landfall. Each panel represents an individual storm that

made landfall in Louisiana during our study. Black dots represent effort estimates (on a log scale) in the region

corresponding to landfall. The gray lines represent the linear regression fit to the points, with non-significant

regression lines in blue and one significant regression line in red. B) Overall slope of recovery effort regressed against

tropical cyclone severity. The coefficient estimates of the individual storm recovery regression lines (shown in panel A)

are represented by black dots. Estimates are plotted by the category of the storm, with zero representing a tropical

storm and 1–4 representing hurricane strength. The black line is the regression of the 12 effort slopes against storm

category.

https://doi.org/10.1371/journal.pone.0291126.g004
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substantial increase in effort, but the remainder of the year in both regions returned to pre-

pandemic levels (with the exception of October in the West region, which was substantially

lower than pre-pandemic). With a few exceptions, it appears that the pandemic increased rec-

reational angling effort in Louisiana with little regional effect.

Discussion

For many anglers the decision to go fishing involves an increasing amount of information.

Brief, impromptu fishing trips close to a residence likely involve fewer risks and therefore

fewer decisions; however, many anglers are willing to drive long distances and prepare boats

and other equipment in order to fish for many hours or days. Because fishing is an exclusively

outdoor activity weather is intuitively a primary consideration informing decisions to fish.

As expected, temperature was often an important driver of fishing effort. Across all of Loui-

siana we saw strong positive effects of temperature in winter and spring months, which is

Fig 5. Angling effort in relation to the COVID-19 pandemic. The top two panels show monthly angling effort estimates (by region) during the

pandemic year (2020) compared to pre-pandemic angling effort. The dark red line representing 2020 effort does not have any uncertainty because each

month is a single estimate, while the pre-pandemic monthly estimates are represented by the blue line with the shaded blue polygon representing the

range of effort estimates. The lower two panels show monthly pandemic effort as a percentage of normal (pre-pandemic) effort. Bars with red shading

indicate greater pandemic effort than normal effort while blue bars indicate greater normal effort than pandemic effort (with the intensity of color

simply representing the magnitude of the difference). At the bottom of the lower panels, for reference, is an inset of monthly COVID cases across all

Louisiana (not broken down by region).

https://doi.org/10.1371/journal.pone.0291126.g005
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easily interpreted as warmer days in cooler months creating conditions that get more people

out fishing. This effect of temperature disappeared in the warmer months of the year. Summer

and fall in Louisiana—the hottest times of year—saw no significantly positive effect of temper-

ature. This may be attributed to low variability in temperature during summer and early fall

compared to the cool season. For instance, the standard deviation for effort-weighted mean

temperature in June and July (both regions inclusive) was 1.1˚C and 1.8˚C, respectively. In

contrast, the analogous values for January and February were 3.3˚C and 3.6˚C. Because the

effort-weighted means were standardized during the data preparation, a standardized value of

1 in January reflects 3x the temperature increase compared to the mean as it does in June.

While a warmer-than-average such week in January may motivate recreational anglers to go

fishing, the same standardized temperature value in June reflects a relatively negligible change

to weather conditions that is unlikely to influence angler behavior.

During most of the summer and fall months the effect of temperature was still slightly posi-

tive, which may be explained as warmer days being sunny and less likely to experience precipi-

tation and strong wind. For instance, in the East region, the coefficient of determination (R2)

between temperature and wind speed is 0.001 (p = 0.69) for weeks when the effort-weighted

mean temperature was <25˚C. However, when the effort-weighted mean was�25˚C, temper-

ature and wind were negatively correlated with an R2 of 0.22 (p<0.001). This means the warm-

est weeks in the dataset were generally accompanied by the friendliest wind conditions,

perhaps offsetting the undesirable heat. And although it was not a significant effect it was inter-

esting to see that September in the western region of the state did report a negative effect of

temperature, suggestive of the idea that at a certain temperature threshold fishing effort does

decrease. This may partially be attributed to the accumulated effect of “heat fatigue” through-

out the summer. An angler that might have reflexively braved exceptionally warm tempera-

tures to go fishing earlier in the summer may be more willing to abstain after several months

of fishing in such conditions. Additionally, an offset in water temperature may be at play,

whereby cooler water temperatures (during warm air temperature days) in early summer

might allow better fishing while warm water and warm air temperatures in late summer could

be less desirable.

Somewhat surprisingly, small craft advisories, precipitation, and wind were not strong indi-

cators of a decrease in fishing effort. Although these three variables were not strongly corre-

lated, it is very possible that they have an interactive effect that informs the decision to go

fishing. For example, extreme wind or extreme precipitation alone may stop a fishing trip, but

so might moderate wind and light precipitation when they are both present. Future research

may consider more closely examining the effects of combinations of meteorological factors on

angling effort. Additionally, the small craft advisories were not effort-weighted in the same

manner as the other variables, allowing small craft advisories on low-effort days to carry equal

weight. Lastly, all three of these variables are more relevant to boat fishing, whereas tempera-

ture likely influences all fishing modes (e.g., shore and boat). Thus, the responses to small craft

advisories, wind, and precipitation may be dampened due to shore anglers’ indifference to

poor sea conditions indicated by elevated small craft advisories, wind, and precipitation.

Though the relationship between TCs, fish, and fishing has been studied previously, most

studies have tended focus on the post-TC movement of fish populations, livelihoods, and eco-

nomic impacts on communities. To our knowledge, this is the first study to consider the

response of recreational angling to tropical storms and hurricanes. The data we analyzed

largely supported our hypothesis that the rate of recovery of recreational angling effort

increased with the severity of the TC. Despite this general support we also learned that most

storms showed little effect of effort recovery, suggesting that outside of major hurricanes, rec-

reational fishing on the Louisiana coast is resilient to TCs. More severe storms, such as
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Hurricanes Zeta and Ida, showed the pattern we expected of an increase in effort with relative

week after landfall. We very much expected this same effect from Hurricane Laura, another

major hurricane that landed in Louisiana; however, Laura was so devastating that our five-

week recovery period was far too short to capture the true recovery time because of the severe

damage to fishing infrastructure (boat launches, marinas, etc.). Many residents in the West

region were out of power for months and in certain locations infrastructure needed (or

remains) to be entirely rebuilt. In addition to these logistical barriers for the region’s anglers,

persistent power outages would also impede the ability of the LaCreel effort program to call

and sample licensed anglers. This historic storm had effects beyond what coastal Louisiana

typically experiences and likely accounts for the reason we did not see any slope of recovery of

fishing effort.

Another possible limitation of our TC analysis is the spatial scale. Although the East and

West regions of Louisiana are generally representative of weather and also meaningful spatial

scales for anglers, sometimes a hurricane’s landfall can be extremely localized. For instance,

Hurricane Ida (2021) made landfall near Port Fourchon, LA, as a Category-4 storm. Nearby

Grand Isle, LA, an active coastal fishing community, was devastated by Hurricane Ida.

According to the Coastal Emergency Risks Assessment web tool (https://cera.coastalrisk.

live/), estimated storm surge exceeded two meters across most along the barrier island com-

munity. In contrast, storm surge in Cocodrie, LA, approximately 60 km west of Grand Isle,

experience an estimated storm surge of less than 0.3 m. Additionally, protected marinas

along the north shore of Lake Pontchartrain experienced much milder surges on the order of

0.5 m, which would have allowed them to reopen with relative swiftness. However, all three

of these areas fall within the East region, confounding the interpretation of post-TC recovery.

While some communities are severely battered, broader regional fishing infrastructure may

remain relatively intact allowing anglers to continue fishing from alternative locations and

boat launches.

The effect of the COVID-19 pandemic on recreational angling in Louisiana was generally

consistent across the state. The largest increases in fishing effort occurred from March through

May, which was the very start of the pandemic. Although emergency “stay at home” orders

required non-essential workers to shelter in place, outdoor activities were exempt from these

so-called “lockdowns” in Louisiana (https://gov.louisiana.gov/assets/Proclamations/2020/JBE-

33-2020.pdf), and it is clear that recreational angling experienced an unprecedented boom as

people had time away from work and increases in discretionary time that overlapped with

some of the most favorable weather months of the year. The strength of this effect is perhaps

clearest in March and April 2020 in western Louisiana during which fishing effort was around

150% above normal effort. Interestingly, June and July of 2020 were near-normal effort

months when compared to pre-pandemic effort, and it could be that anglers who had just

fished a lot in the spring were decreasing their effort during the warmer months, or were get-

ting back to work after stay-at-home orders were expiring or not being enforced. August 2020

reported large effort increases similar to those in the spring. It is hard to know exactly what

was motivating the short-term increase in August, but it could have been related to the second

COVID wave that was again causing people to cancel vacations and identify safe outdoor activ-

ities that include fishing. Alternatively, Louisiana instituted a statewide mask mandate on July

11, 2020, that may have prompted some anglers to pursue outdoor activities that where mask-

ing was not required (https://gov.louisiana.gov/assets/Proclamations/2020/modified/89-JBE-

2020-State-of-Emergency-COVID-19-Face-masking-order.pdf). The remainder of 2020 was

relatively normal in terms of fishing effort with the exception of October in western Louisiana,

which likely includes the long-term effect of Hurricane Laura’s damage to roads, marinas, and

other infrastructure needed to support recreational fishing. Recent work around the globe has
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found the effect of COVID on recreational angling to be very heterogenous with many places

showing dramatic decreases in effort [39], and in comparison, Louisiana appears to be a place

that was extreme in its change (increase) in fishing effort in 2020.

More robust conclusions regarding the weather-effort relationship were limited by the

design of the LaCreel program. Although the catch and effort estimates from the LaCreel pro-

gram are considered to be among the best in the US, they are still estimates and at the weekly

scale could be prone to missing or misrepresenting the true amount of effort taking place

across the coast. A second limitation is the resolution of our temporal scale. Decisions to go

fishing generally take place at the scale of a day, and it is also very common for weather to

change day-to-day. So, although the best unit of study would have been day, we were limited

to investigating weather and effort at the scale of week, which in some cases could mute stron-

ger daily patterns. Despite these very real limitations to LaCreel, we still think the LaCreel

weekly effort data is very robust and appropriate for this analysis, nor are we aware of any bet-

ter recreational angling data set that was available.

Conclusion

Successful resource management requires understanding the factors that influence stakeholder

participation and extraction of resources, and as management evolves, angler motivation and

choice are likely to increase in recreational fishing research. Given this expectation, scientists

and managers need an improved understanding of effects outside of the number of licenses or

size of the fish population. Our study identifies and quantifies important environmental condi-

tions, both contemporaneous and antecedent, that are associated with elevated fishing effort.

Understanding ambient weather, discrete TC events, and public health ordinances not only

help us to explain recent and current patterns and fishing effort, but also help us anticipate the

future. Based on the relationships we have documented between angler effort and temperature

it is possible to consider what recreational angling looks like under various scenarios of climate

change. Increases in effort also have impacts on revenue from license sales, use of coastal infra-

structure, and support for enforcement. We might also expect the effects of climate change to

be heterogeneous; for example, warmer summers in Louisiana may lead to decreases in effort,

while warmer winters may lead to increases in effort. These background and subtle long term

effort changes can be contrasted to the acute changes we document from the pandemic. It is

clear that Louisiana anglers viewed the pandemic—even from the very start—as an opportu-

nity to increase the time they spend fishing. The acute and strong positive effect of the pan-

demic not only underscores the importance of recreational angling to the state of Louisiana,

but also suggests that in future public health crises—and possibly other crises—we might

expect similar increases in recreational fishing.
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