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Overfishing, habitat degradation, and climate change have caused declines in
shark populations throughout the world's oceans. However, in the United States
Gulf of Mexico (GoM), populations of several coastal shark species are starting to
stabilize following decades of successful regulations and enforcement. The
stabilization of coastal shark populations, coupled with increases in
recreational fishing effort, has the potential to escalate human-wildlife
interactions. The most often reported conflict is shark depredation, the partial
or complete removal of a hooked species by a shark. Reported increases in shark
depredation within the last several years have begun to erode angler support for
shark conservation, potentially undermining decades of previous work. To
address these concerns, we implemented a GoM-wide online survey to
characterize the impact of depredation on recreational reef fish anglers’ fishing
satisfaction and perceptions of shark management and conservation. Our results
revealed that most recreational anglers in the GoM have witnessed depredation
but have not changed their fishing behaviors. In contrast, anglers’ viewpoints on
managing shark populations were split between reducing population sizes and
maintaining current population levels. As coastal shark populations in the GoM
continue to recover, shark depredation is likely to increase. Consequently, efforts
to characterize anglers’ satisfaction and perceptions are a critical component of
future shark conservation initiatives.
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1 Introduction

Over the past century, overfishing, habitat degradation, and
climate change have contributed to the decline of shark populations
throughout the world (Worm et al, 2013; Dulvy et al, 2021).
Globally, pelagic shark species have faced steep population declines,
upwards of 71% since the 1970s, and coastal sharks have faced even
more significant declines ranging between 74-92% since the 1960s
(Roff et al., 2018; Pacoureau et al., 2021). These rapid declines are
primarily due to increased fishing pressure, causing many species to
experience overfishing and their stocks to be classified as overfished
(Pacoureau et al.,, 2021). Several factors may contribute to sharks’
susceptibility to overfishing, particularly their life history
characteristics, which may include relatively slow growth, late
onset sexual maturity, long life span, relatively low fecundity, etc.
(Kindsvater et al., 2016). In the Northwest Atlantic Ocean,
population declines occurred for some shark species as
commercial fishermen were encouraged to target what was
considered an underused resource at the time (Musick et al., 1993).

Recovery efforts began in the eastern United States following the
implementation of an Atlantic shark fishery management plan
(FMP) in 1993 (National Marine Fisheries Service, 1993; Carlson
etal, 2012). The objective of the 1993 FMP was to ensure the long-
term viability of shark stocks in the Atlantic and Gulf of Mexico
(GoM) by establishing calendar year quotas, reducing recreational
harvest, and prohibiting finning (National Marine Fisheries Service,
1993). Nonetheless, a 1998 coastal shark stock assessment revealed
that overfishing was still occurring, and quotas had to be reduced
again, particularly for sandbar shark (Carcharhinus plumbeus) and
blacktip shark (C. limbatus, National Marine Fisheries Service,
1999). This process continued, and by 2008, four more FMPs
were introduced to reduce the total allowable catches for
commercial and recreational anglers (Carlson et al., 2012).
Consequently, following decades of successful regulations and
enforcement, some coastal shark populations show signs of
recovery (Peterson et al., 2017; Pacoureau et al., 2023).

This commitment to the long-term viability of shark stocks may
adversely affect anglers’ fishing satisfaction. Human-shark conflicts
are multidimensional and complex (Simpfendorfer et al, 2021).
Notable among these conflicts is shark depredation, the partial or
complete removal of a hooked species by a shark (Gilman et al,
2007; Mitchell et al., 2023). In the GoM, anglers have reported rapid
and significant increases in shark depredation during the past 5
years (Drymon et al., 2022), and often attribute the interaction to
confirmed depredators like sandbar shark and blacktip shark
(Drymon et al, 2019). Increasing shark depredation has the
potential to negatively impact recreational anglers’ perceptions of,
and willingness to support, shark conservation (Robinson et al.,
2022). Thus, a broader understanding of the degree to which
recreational anglers are experiencing depredation will help inform
future management and conservation efforts for sharks.

The recently reported increases in depredation may be the result
of several factors, including changes in fishing practices, learned
behavior of sharks, reductions in natural prey, and environmental
shifts; however, many anglers believe depredation is increasing
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because of increasing shark populations (Mitchell et al., 2023).
Therefore, the goal of this work was to characterize the frequency
and impact of coastal shark depredation in the United States GoM
based on recreational anglers’ perceptions and knowledge of shark
management and conservation. Specifically, our objectives included
(1) quantifying shark depredation rates, (2) understanding anglers’
experience with shark depredation, (3) gauging anglers’ support for,
or opposition to, shark management and conservation, and (4)
documenting anglers’ perceptions on preliminary population
recovery of selected shark species in the region.

2 Methods
2.1 Survey instrument

An online survey was developed to understand how shark
depredation impacts reef fish anglers’ fishing satisfaction. The
survey was designed and implemented in Qualtrics XM, an online
platform for building and conducting surveys. The survey data
described in this paper represent questions across the following five
categories: 1) Angler characteristics; 2) Depredation characteristics
and frequency; 3) Impact of shark depredation on anglers; 4)
Factors influencing shark depredation; and 5) Shark population
management (Table 1). Multiple branching questions were used to
identify and ask specific questions on the primary type of
depredation that respondents have encountered (i.e., shark,
dolphin, other fish, fill-in-the-blank). If anglers selected that they
had experienced a depredation encounter, they were prompted to
answer additional questions. A list of known or potential factors
that may influence shark depredation was developed in
collaboration with other fisheries scientists and anglers. This list
was used to identify 12 common factors that may predict higher
occurrences of shark depredation. These factors were used to better
understand the potential influence of fishing behavior on shark
depredation frequency.

Qualtrics Research Panels was contracted to recruit survey
participants. Qualtrics Research Panels is a “panel aggregator”
that has gained popularity over the last decade as a rigorous and
cost-effective approach to online surveys (Harlan et al., 2019; Boas
et al., 2020; Miller et al., 2020). To ensure responses were robust,
several precautions were taken. First, a self-affirming question
required participants to select whether or not they would
“provide their best answers”; respondents who indicated “no”
were removed from the dataset. Second, two “attention check”
questions were included in the survey to detect “speed-running”
(finishing the survey faster than 50% of the mean completion time)
or “straight-lining” (repeatedly selecting the same answer) (Zhang
and Conrad, 2014; Scyphers et al., 2021). Third, Qualtrics provided
a data scrubbing service to identify “bots” and other falsified data
entries to further improve data quality. The survey was open for 7
weeks, from January 2022 to March 2022. This survey was approved
by Northeastern University’s Institutional Review Board (Approval
#13-07-16), and informed consent was acquired from
all participants.
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TABLE 1 Categories and associated questions included in the
depredation survey.

Responses

Question (SES)

Category

Depredation Have you ever directly experienced a
"bite-oft" (i.e., having a hooked fish bitten

or removed while reeling it in)?

"Yes," "No,"

characteristics
"T don't know"

and frequency

Depredation Have you ever seen someone else "Yes" "No."
es," "No,
characteristics experience a "bite-off* while reeling in a . ; B
T don't know
and frequency | hooked fish?
"Very familiar"
Depredation . . ry
. How familiar are you with the term to "I've never
characteristics B o ;.
depredation"? heard of it
and frequency
(3 levels)
The scenario of a hooked fish being
partially or completely removed by a non-
Depredation target species is referred to by fisheries o e
o - « i w - Yes," "No,
characteristics scientists as “depredation.” Note: This is

"I don't know"
and frequency | different from a predator consuming a ontinow
fish after release. Have you changed the

way you fish because of depredation?

What percentage of fish are "bitten off" or

Depredation removed by another predator prior to

0% - 100%

characteristics
(10 levels)

being caught? In other words, for every
and frequency = 100 fish you hook and begin reeling in,

how many would be lost to depredation?

"It has not

Shark i ted
dea:e dation Has depredation impacted your fishing, E:]li ZC ”e ton"liIS
X P and if so, when did it first start? 8
impacts or more years
ago" (5 levels)
To what extent do these factors influence
depredation? Geographic location,
Factors distance from shore, depth, bait type, time | "Strongly
influencing of year, target fish species, habitat type, influences" to
shark density of fishing vessels near you, "Not at all"
depredation number of fishing lines in the water, time (3 levels)
spent fishing one area, time of day, and
returning to fishing locations
. "Strongly agree"
Shark How much do you agree with the B
. . - to "Strongly
population following statement? Shark depredation is disagree"
management a result of regulations to protect sharks 8
(5 levels)
Shark In your opin'ion, shark pop.ulations in the "Increased” to
. Gulf of Mexico should be: increased, . .
population L Eliminated
maintained at current levels, reduced, or
management (4 levels)

eliminated

2.2 Statistical analyses

Data were exported from Qualtrics and imported into RStudio
version 4.1.2 (R Core Team, 2021). To evaluate if depredation
impacts anglers differently throughout the GoM, Chi-Squared tests
with the Holm-Bonferroni method, or nonparametric Kruskal-
Wallis tests, were used to evaluate the relationship between
responses and states. Similarly, Chi-Squared tests were used to
evaluate the relationship between reported shark depredation rates
and angler perceptions of shark populations. For all tests, P < 0.05
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was considered significant. When a significant P-value was
observed, a post-hoc analysis was conducted. A Chi-Squared post-
hoc test was used for a Chi-Squared test, and a Dunn’s test was used
for a Kruskal-Wallis test (Beasley and Schumacker, 1995; Dinno,
2017; Ebbert, 2019). All Chi-Squared tests were simulated 2000
times using a Monte Carlo simulation. Questions that contained
categorical responses with less than five observations were
combined with the closest selectable category to ensure the
accuracy of Chi-Squared tests.

2.3 Data visualization

All questions were visualized using the HH package (Heiberger,
2022). Colorblind-safe shades were selected using the RColorBrewer
package and the viridis package (Neuwirth, 2022; Garnier et al,
2023). Other packages used in data preparation and visualization
included the Likert package developed by Bryer & Speerschneider
(2016), the dplyr package developed by Wickham et al. (2021), and
the tablel package developed by Rich (2021).

3 Results
3.1 Angler characteristics

A total of 740 people participated in the survey, and survey
responses were relatively evenly distributed across the five GoM states
(n=151, 152, 141, 141, and 155 in Texas, Louisiana, Mississippi,
Alabama, and Florida, respectively). Of those 740 respondents, 711
completed demographic sections (Supplementary Table 1). A total of
319 respondents were female, with an average age of 41 + 12.7 (SD)
years. Another 388 respondents were male, with an average age of
39.9 + 12 (SD) years. Three respondents who preferred not to identify
their gender were an average age of 353 + 12.4 (SD) years. One
respondent selected other as their gender and was 42 years of age. The
remaining 29 respondents who did not fill out the gender section
were an average age of 40 + 14.8 (SD) years.

Anglers self-classified into three groups based on fishing
experience: 39.0% were novices, 30.3% were intermediates, and
30.7% were specialists/veterans (Needham et al, 2009; Scyphers
et al, 2021). There was no statistical difference in anglers’ self-
classification rates across states in the GoM (Chi-Squared test:
P=0.14). Anglers also identified one of the following three areas
where they primarily fish: bays and rivers (32%), nearshore (closer
than 4.8 km or 3 miles, 33.9%), and offshore (greater than 4.8 km or 3
miles, 34.1%). There was no statistical difference between anglers’
primary fishing areas across states in the GoM (Chi-Squared test:
P=0.28). Anglers were also asked to identify their primary reef
fish target species. The most common species was red snapper
(Lutjanus campechanus, 33.1%), followed by hogfish (Lachnolaimus
maximus, 13.1%). Each other reef fish species comprised less than 5%
of the total.
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3.2 Depredation characteristics and
frequency

Respondents were asked two questions about their depredation
experiences using the term “bite-off” as an informal synonym. In
response, 78.6% of anglers selected that they had experienced a bite-
off, and 81.8% selected that they had seen someone else experience a
bite-off. Additionally, respondents were asked if they had ever heard
the term “depredation.” In response, 80.9% of anglers were
somewhat or very familiar with the term, while 19.1% had never
heard the term “depredation.” Next, respondents were asked if
depredation has changed the way they fished. This question
formally defined depredation as follows: “the scenario of a
hooked fish being partially or completely removed by a non-
target species is referred to by fisheries scientists as “depredation.”
Note: This is different from a predator consuming a fish after
release.” Only 20.1% of anglers had changed how they fish in
response to depredation, 73.8% of anglers had not changed how
they fish, and 6.1% did not know (Figure 1). Respondents were then
asked to identify the rate at which they have encountered
depredation. The median depredation frequency was 30%, the
mean was 32%, and the mode was 10% (Figure 2). Depredation
rates did not significantly differ across states in the GoM (Kruskal-
Wallis test: P=0.21).

3.3 Impact of shark depredation on anglers

To address the perception that shark depredation has been
increasing, respondents were asked if shark depredation has

10.3389/fcosc.2023.1271223

impacted their fishing, and if so, when the impacts began. The
most often selected response was that it had not impacted anglers’
fishing (45.7%), followed by within the past year (26%) and 5 years
ago (18.4%). There was slight variation across the GoM states;
in particular, respondents from Louisiana more frequently
stated that shark depredation had not impacted their fishing
(60%, Chi-Squared post-hoc test: P=0.002). All other responses
were similar across the GoM states (Chi-Squared post-hoc test:
P=0.37) (Figure 3).

3.4 Factors influencing shark depredation

To understand how anglers perceive factors that influence shark
depredation, respondents were asked to what extent the following
factors influence shark depredation: geographic location, distance
from shore, depth, bait type, time of year, target fish species, habitat
type, density of fishing vessels near you, number of fishing lines in the
water, time spent fishing one area, time of day, and returning to
fishing locations. Generally, anglers perceived a wide range of factors
to influence shark depredation occurrence; 95% believed that
geographic location and habitat type somewhat or strongly
influence shark depredation. Similarly, depth and time of year
(94% each), as well as target fish species (93%), were believed to
somewhat or strongly influence shark depredation. Slightly less
influential factors included distance from shore, bait type, density
of fishing vessels, time of day, and time spent fishing one area.
Alternatively, 11% of anglers believed that the number of fishing lines
in the water is not at all influential, while 16% of anglers believed
returning to fishing locations is not at all influential (Figure 4).

Angler experiences with depredation

Have you ever directly
experienced a bite-off?

Have you ever seen someone
else experience a bite-off?

Questions

Have you changed the way you
fish because of depredation?

|
(O]
©
Cc
| 5
Q.
o
-740 &
G
o
o}
[ o &

|
0

20 40 60 80 100

Percent Response
Yes® No | don't know

FIGURE 1

Categorical responses to questions about anglers’ experiences with depredation. The left Y-axis displays the questions asked of the respondents, the
X-axis displays the percentage of the total response, and the right Y-axis displays the number of respondents.
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FIGURE 2

Categorical responses to a question asking about the rate at which anglers have encountered depredation. The left Y-axis displays the individual Gulf
of Mexico states and the entire Gulf of Mexico, the X-axis displays the percentage of the total response, and the right Y-axis displays the number of

respondents.

3.5 Shark population management

To investigate the interaction between shark populations and
fisheries management, respondents were asked if shark populations
in the GoM should be increased, maintained at current levels,
reduced, or eliminated. The most common responses were that
shark populations should be maintained at current levels (45.4%) or
that shark populations should be reduced (34.9%). Opinions on
shark populations did not differ among respondents from different
states in the GoM (Chi-Squared test: P=0.70) (Figure 5). To further
quantify anglers’ views on shark management, respondents were
asked the degree to which they felt shark depredation was a result of

Impacts of shark depredation on fishing

regulations to protect sharks. In response, 61.1% of respondents
either strongly or slightly agreed with this statement, 28.6% neither
agreed nor disagreed, and 10.3% strongly or slightly disagreed. No
significant differences were observed across GoM states, except for
Mississippi, where respondents selected neither agree nor disagree
significantly less than any other state (Chi-Squared test: P=0.008)
and Texas where respondents somewhat disagreed significantly
more than other states (Chi-Squared test: P=0.04) (Figure 6).
Respondents who had never, or only rarely (i.e., 10% depredation
rate), experienced shark depredation were more likely to indicate
that shark populations should be maintained at current levels (Chi-
Squared test: P=0.004 for both comparisons).

€
[
©
B
3
14
2
€
>

o

20

Percent Response

It has not impacted my fishing @ Within the past year 'l 5 years ago

FIGURE 3

Categorical responses to a question asking if shark depredation has impacted anglers’ fishing, and if so, when the impacts began. The left Y-axis
displays the individual Gulf of Mexico states and the entire Gulf of Mexico, the X-axis displays the percentage of the total response, and the right Y-

axis displays the number of respondents.
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Factors influencing shark depredation
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FIGURE 4
Categorical responses to a question asking anglers the extent to which several factors influence shark depredation. The left Y-axis displays the
factors, the X-axis displays the percentage of the total response, and the right Y-axis displays the number of respondents.

Anglers’ opinions regarding changes to shark populations
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FIGURE 5

Categorical responses to a question asking anglers if shark populations in the Gulf of Mexico should be increased, maintained at current levels,
reduced, or eliminated. The left Y-axis displays the individual Gulf of Mexico states and the entire Gulf of Mexico, the X-axis displays the percentage
of the total response, and the right Y-axis displays the number of respondents.
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Anglers’ agreement with the statement
“shark depredation is a result of regulations to protect sharks”
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FIGURE 6

Categorical responses to a question asking anglers the degree to which they feel shark depredation is a result of regulations to protect sharks. The
left Y-axis displays the individual Gulf of Mexico states and the entire Gulf of Mexico, the X-axis displays the percentage of the total response, and

the right Y-axis displays the number of respondents.

4 Discussion

Shark depredation is increasingly reported by stakeholders,
particularly in countries with robust shark management initiatives
in place (e.g., United States, Australia; Casselberry et al.,, 2022;
Coulson et al., 2022; Mitchell et al., 2023). Most recently, studies
have begun to quantify the social complexities of the underlying
conflict to better understand how anglers respond to shark
depredation (Iwane et al., 2021; Casselberry et al, 2022; Hoel
et al.,
conflict by attempting to understand how anglers’ perceptions of

2022). Our findings further characterize the underlying

depredation in the GoM are linked to preferences for fishing
regulations and conservation measures for sharks.

Results from our survey highlight that depredation is a relatively
common human-wildlife conflict in the GoM; most anglers
surveyed have either seen, or personally experienced, depredation.
Moreover, the observed depredation rate was consistent across
states in the GoM. The similarity we observed was unexpected
given the heterogeneous environmental conditions and fishing
regulations across the region. However, it is likely that this
similarity is a function of the relatively coarse scale of our survey.
Previous studies quantifying spatial trends in depredation indicate
that it occurs more frequently in areas with higher recreational
fishing pressure (Mitchell et al., 2018). Accordingly, future efforts to
identify depredation hot spots across the GoM should link
recreational fishing effort to fine-scale depredation rate estimates.

Many anglers in the current study perceive that shark
depredation has increased in recent years. These findings are
consistent with similar studies in other regions, including
Western Australia (Ryan et al., 2019) and South Florida
(Casselberry et al., 2022; Klizentyte et al., 2023). However, a
similar number of anglers surveyed in this study reported that
shark depredation has not impacted their fishing. Regardless, the
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dichotomy between anglers who are vs. are not impacted by shark
depredation suggests the importance of indexing changes in shark
depredation rates over time while pointing to the need to better
understand the underlying experiences that differentiate these two
angler groups.

While most anglers we surveyed have experienced shark
depredation, few have changed the way they fish as a result. Our
findings are comparable to previous studies, and illuminate
differences between fishing sectors; in general, private recreational
anglers are less likely than charter-for-hire or commercial
fishermen to change their fishing behavior in response to shark
depredation (Casselberry et al, 2022; Coulson et al., 2022;
Klizentyte et al., 2023). On the surface, it would seem that losing
catch to depredation is always a negative experience. However, it
may be that anglers with low avidity who infrequently encounter
depredation either do not know how to avoid it, or view the
interaction as a neutral, or even positive, experience. Further
understanding this dynamic, ie., quantifying if and when shark
depredation ceases to become an exciting or novel aspect of the
angling experience, warrants further investigation.

Our survey also provides insights into anglers’ perceptions of
the potential factors influencing shark depredation. Several factors
were identified, and moderate to strong support was shown for
several. Interestingly, most respondents believe that geographic
location, habitat type, and depth either somewhat or strongly
influence shark depredation. In many parts of the northern GoM,
these three concepts are conflated, essentially supporting the idea
that certain regions (i.e., certain locations, habitats, and depths) are
more prone to shark depredation than others. Respondents’ support
for the concept of “shark depredation hotspots” suggests that
recreational anglers may attribute increases in shark depredation
to learned behavior by sharks, in line with a growing body of
evidence (e.g., Mitchell et al., 2018; Mitchell et al., 2020). However,
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many anglers also believe a number of other factors either
somewhat or strongly influence shark depredation, further
indicating the complexity of this human-wildlife conflict. Given
that most anglers we surveyed have not changed the way they fish
because of shark depredation, it is not surprising that the least-
reported factor believed to influence shark depredation was
returning to fishing location. Future efforts to encourage GoM
anglers to modify their fishing practices can benefit from “lessons
learned” in other regions experiencing similar conflicts (e.g.,
Coulson et al., 2022).

An interesting relationship was revealed between shark
depredation and anglers’ views on shark management. While we
found that most anglers have not changed their fishing behavior due
to shark depredation, nearly two-thirds of anglers believe that shark
depredation is the result of management regulations leading to the
recovery of shark populations. Consequently, anglers who
encounter shark depredation rates higher than 10% want policies
implemented that either maintain or reduce shark populations,
while anglers who rarely experience shark depredation indicated
that shark populations should be maintained or increased. These
findings add to a growing body of evidence indicating that anglers
associate increases in shark depredation with regulations to
conserve or protect sharks (Drymon and Scyphers, 2017;
Casselberry et al., 2022; Klizentyte et al., 2023). Gathering
stakeholder support for initiatives to further quantify and
ultimately mitigate shark depredation will require targeted
outreach and education, including messaging that acknowledges
the potential relationship between shark populations that are
rebuilding and real (or perceived) increases in shark depredation
(Carlson et al., 2019).

Scientists and managers are at a crossroads with respect to
depredation in the GoM. Policies such as the recently-enacted shark
fin ban (James, 2023) will likely continue to decrease the
commercial value of sharks, creating additional economic
challenges for the United States commercial shark fishery. These
challenges will likely be compounded by the recent addition of
several shark species to Convention on International Trade in
Endangered Species of Wild Fauna and Flora Appendix II
(Convention on International Trade in Endangered Species of
Wild Fauna and Flora, 2023), which will increase international
regulations on the trade of commercially harvested species.
Collectively, these actions may further reduce the commercial
value of sharks, which could lead to reduced commercial harvest,
thus reinforcing the often-heard sentiment that “reductions in
commercial shark landings” are responsible for increases in
depredation (e.g., Klizentyte et al., 2023). However, it is important
to acknowledge that this is not a definitive, simple, or linear
relationship. It may be that learned behavior from sharks (e.g.,
Mitchell et al., 2020), or increases in recreational fishing effort
(sensu Arlinghaus et al,, 2021), are equally or even more likely to be
driving the reported increases in shark depredation. If so, future
reductions in commercial shark harvest may not influence shark
depredation rates. Regardless of the path forward, we recommend
that future efforts to manage shark depredation in this region
should increasingly focus on integrated approaches that
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encompass the attitudes, perceptions, and desired outcomes of the
diverse stakeholders who interact with GoM fisheries.
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