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Abstract 

Depredation (i.e. partial removal of target catch prior to retrieval) caused by sharks is a prevalent issue affecting several fisheries in 

the southeastern USA. While US fisheries managers have begun monitoring shark depredation in commercial fisheries, there have 
been few attempts to quantify these interactions in the recreational fishing sector. To address this knowledge gap, we initiated a citizen- 
science-based project to provide an in-depth characterization of shark depredation in Florida’s recreational fisheries. This was done 
via multiple approaches, including social media content analysis, online angler surveys, and cooperative fishery-dependent charters. 
Across methodologies, snapper-grouper species were the most frequently depredated target species group, and bull and sandbar sharks 
were the most commonly identified depredating species. For ty -three percent of anglers experienced depredation, and the probability 
of experiencing depredation ranged from 10% to 60% and varied both regionally and seasonally. In addition, average depredation rates 
ranged from 31% to 47% and were within the range of reported rates from other recreational fisheries. These results will help build a 
comprehensi ve under standing of this human-wildlife conflict and could aid fishery manager s in developing management measures to 

address this fisheries conflict. Furthermore, this study highlights the benefit of incorporating citizen science when addressing complex 
fisheries issues involving stakeholder conflict. 
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Introduction 

Rapid growth and expansion of human populations world- 
wide have increased competition for resources and space with 

wildlife populations, resulting in increased interactions be- 
tween humans and wildlife (Woodroffe et al. 2005 ). Broadly 
defined as actions between humans and wildlife that have 
negative effects on the other, human-wildlife conflicts (HWC) 
are typically presented as real or perceived threats to human 

safety , property , economy , and recreation (Nyhus 2016 ). How- 
ever, these conflicts also pose a threat to wildlife populations 
(deSouza et al. 2015 , Torres et al. 2018 ), and more recently,
HWCs have begun to be re-framed as a divergence of peoples’ 
attitudes towards conservation (Redpath et al. 2013 ). While 
HWCs in terrestrial systems are well studied (see Woodroffe 
et al. 2005 ), particularly with respect to livestock depreda- 
tion by large carnivores (Carter and Linnell 2016 , van Eeden 

et al. 2018 ), within marine systems HWCs have not received 

the same level of attention. As global demand on fisheries has 
increased (Merino et al. 2012 , Zeller and Pauly 2019 ), one 
HWC receiving increased attention is depredation in marine 
fisheries (Tixier et al. 2020b ). 

In fisheries, depredation is defined as the partial or complete 
removal of target species caught with fishing gear by a non- 
© The Author(s) 2025. Published by Oxford University Press on behalf of Interna
article distributed under the terms of the Creative Commons Attribution License 
reuse, distribution, and reproduction in any medium, provided the original work 
arget species before it can be landed (Garrison 2007 , Gilman
t al. 2008 ). Typically attributed to larger marine predators
i.e. sharks, cetaceans, and large teleosts; MacNeil et al. 2009 ,
hideler et al. 2015 , Söffker et al. 2015 ), depredation has be-
ome a significant fisheries issue. Depredation has been re- 
orted worldwide across all major fishing sectors and tech- 
iques, with 60%–80% of commercial, recreational, and arti- 
anal fisheries reporting their first depredation experiences in 

he last 15–20 years (Tixier et al. 2020b ). Effects of depreda-
ion on these fisheries include both socio-economic and eco- 
ogical impacts, ranging from reduced catch and profits to in-
reased fishing pressure and mortality of both the target and
epredating species, and could pose a threat to the viabil-
ty of these fisheries (Hamer et al. 2012 , Tixier et al. 2020a ,
lavareau et al. 2023 ). 
While shark depredation in fisheries is not a new phe-

omenon (Drymon et al. 2024 ), research on shark depreda-
ion had been limited until the early 2000s (Mitchell et al.
018a , 2023 ). Since then, the body of research on shark depre-
ation has rapidly expanded, reflecting a growing aware- 
ess of this issue among scientists (see reviews by Gilman
t al. 2008 , Mitchell et al. 2018a , 2023 ) and fishery man-
gers (DPIRD 2024 , NOAA 2022 ). Much of this research
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as largely focused on characterizing and quantifying shark
epredation in commercial fisheries (Gilman et al. 2008 , Man-
elman et al. 2008 , MacNeil et al. 2009 , Carmody et al. 2021 );
owever, increasing reports of recreational anglers losing their
atch to sharks over the last 10 years have led to a greater fo-
us on shark depredation in recreational fisheries, particularly
n the USA and Australia (see reviews by Mitchell et al. 2018a ,
023 ). 
While studies on shark depredation in recreational fisheries

rom Australia have focused on quantifying rates and identi-
ying factors that influence depredation (Mitchell et al. 2018b ,
yan et al. 2019 , Coulson et al. 2022 ), as well as the poten-

ial behavioral effects of depredation (Mitchell et al. 2020 ),
esearch in the USA has largely focused on anglers’ percep-
ions of shark depredation. For instance, Casselberry et al.
2022) found that angler attitudes were largely driven by neg-
tive emotional responses towards shark depredation. Similar
rends were observed among Florida anglers in a study by Kl-
zentyte et al. (2023) ; however, this study examined depreda-
ion across all possible marine predators rather than depreda-
ion by sharks specifically. In addition, depredation also influ-
nced opinions and support of shark conservation and man-
gement efforts among recreational anglers in both Florida
Drymon and Scyphers 2017 ) and the Gulf of Mexico (Prasky
t al. 2023 ). While these studies provide valuable insight into
nglers’ attitudes towards shark depredation, they provide
inimal quantitative data on the extent of shark depredation
eyond reporting on the frequency with which anglers are
xperiencing depredation. More recently, studies by Holder
t al. (2020) , Griffin et al. (2022) , and Casselberry et al. ( 2024 )
ave examined shark depredation in recreational fisheries for
ermit ( Trachinotus falcatus ) and tarpon ( Megalops atlanti-
us ) in the Florida Keys, USA, identifying increased preda-
or encounter rates and spatial overlap in core use areas with
redators during specific times of the year for both species.
owever, detailed studies like these remain limited for other
sheries. 
Recreational saltwater fishing is an important pastime in

he USA (USDOI 2016 , 2022 ), with much of the fishing ef-
ort concentrated in the southeastern US (NMFS 2024 ). Given
he prevalence of saltwater fishing in these regions, it is not
urprising that recent studies have identified these areas as
hark depredation “hot spots.” In a survey of recreational
nglers and fishing guides, Casselberry et al. (2022) found
77% of respondents experienced shark depredation while
shing within the last 5 years, and was most frequently re-
orted in the southeastern USA (i.e. Florida). More recently,
 Florida-based survey by Klizentyte et al. (2023) found be-
ween 60% and 90% of respondents experienced depredation
uring the previous 12 months (though this included depre-
ation by all marine predators, not just sharks). However, de-
pite the apparent prevalence of shark depredation in recre-
tional fisheries in the USA, efforts to quantify shark depre-
ation rates and their underlying mechanisms in these fish-
ries remain limited. Given the significant economic impor-
ance of recreational fishing in Florida, as well as continued
oncern among stakeholders in the recreational fishing com-
unity that shark depredation is increasing, there is a press-

ng need to understand the extent of shark depredation in this
shery. Therefore, the goal of this project was to provide an

n-depth characterization of the current state of shark depre-
ation in Florida’s recreational fisheries. From June 2020 to
 h  
eptember 2023, we utilized a multifaceted citizen science
pproach that included content analysis, angler surveys, and
ooperative fishery-dependent charters, in order to (1) iden-
ify species involved in shark depredation, (2) quantify shark
epredation frequency (i.e. the percentage of anglers experi-
ncing depredation) and rates (i.e. percentage of total catch
ost to depredation), and (3) examine temporal and spatial
rends in shark depredation. The data collected in this study
ill fill a critical knowledge gap in our understanding of shark
epredation in US recreational fisheries and can be used by
tate and federal fishery managers to address this complex and
ontentious fisheries issue. 

ethodology 

ocial media content analysis 

 qualitative content analysis of the Facebook group “Sports-
en Fighting for Marine Balance” (SFMB; https://www.

acebook.com/ groups/ 291161112320504 ) was conducted to
haracterize shark depredation in Florida’s recreational fish-
ries from the perspective of the most vocal anglers actively
eporting shark depredation. The SFMB page was established
n July 2020 by Florida anglers as a space to catalog and share
heir photographs and videos of shark depredation encoun-
ers, and although it is primarily focused on depredation en-
ounters from Florida, there are reports from throughout the
SA and other countries. At the outset of this study, the group

onsisted of ∼5700 members and grew to over 6500 members
uring the study period (July 2020–June 2022). 
For the content analysis, posts were reviewed weekly and

nly original posts (i.e. primary posts, excluding comments)
hat reported shark depredation events were assessed. For
ach post, the following information was recorded: name of
he person who made the post (to help ensure duplicate posts
ere not recorded), date (assumed to be the date of the post
nless otherwise noted), location (determined based on infor-
ation provided in the post), depredated fish species (recorded

o the lowest possible taxonomic level), depredator species (if
een; identified to lowest possible taxonomic group based on
ext and/or photographs/videos), fishing method (e.g. hook
nd line, spear). Depredated species that were identifiable
rom photos were further classified into one of eight “species
roup” categories based on state and/or federal species man-
gement groups (see Supplemental Material 1 for details):
napper-grouper, dolphin-wahoo-blackfin tuna, coastal mi-
ratory pelagics, highly migratory species (HMS; excluding
harks), deep-water snapper-grouper, inshore sportfish (e.g.
onefish, permit, redfish, seatrout, snook, and tarpon), sharks,
nd “other” (any species that did not fit in one of the previous
ategories). Once data from all the posts were collected, the
ata were subset to include only those posts originating from
lorida and summarized to characterize general depredation
rends. Note, all common names of fish species used through-
ut this study are based on those listed in FishBase (Froese
nd Pauly 2024 ). 

lorida angler surveys 

urvey design and sample pool 
n online survey was designed using Qualtrics XM software
nd distributed to current Florida saltwater fishing license
olders to characterize the current state of shark depreda-

https://www.facebook.com/groups/291161112320504
https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsaf013#supplementary-data
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tion in Florida’s recreational fisheries. In order to capture any 
temporal trends in depredation, the survey was distributed 

quarterly via email for 1 year, with each round comprising a 3- 
month season: summer (July–September 2021), fall (October–
December 2021), winter (January–March 2022), and spring 
(April–June 2022). Surveys were sent out at the beginning 
of each month immediately following each season. In each 

round, 4000 license holders were selected from the Florida 
Fish and Wildlife Conservation Commission’s saltwater li- 
cense holder database using random sampling with replace- 
ment, with an even distribution of anglers from the follow- 
ing seven regions (determined by their home county): West- 
ern Panhandle, Big Bend, Southwest, Florida Keys, Southeast,
Northeast, and out of state. These regions (excluding “out of 
state”) were based on FWC’s six regional management dis- 
tricts with modifications ( Supplemental Material 2 ), and were 
also used as answer choices to the question, “In which re- 
gion of Florida did you do most of your saltwater fishing 
in the last three months?” Due to our interest in angler fish- 
ing/depredation experiences within the three months preced- 
ing the distribution date, surveys were only sent to partici- 
pants who had a valid license during that time frame. License 
holders could receive the survey during multiple rounds as 
their fishing activities and depredation experiences may vary 
monthly. 

The online survey ( Supplemental Material 3 , Table S3.1 ) 
was divided into two parts: a quantitative and qualitative sur- 
vey, and the number of questions presented to each participant 
was dictated by their responses. This paper focuses on results 
from the quantitative portion of the survey, which had a max- 
imum of 36 questions and was split into two subsections. The 
first section was designed to determine angler experience, fish- 
ing habits (e.g. fishing region, fishing frequency, fishing years,
target species), and how frequently anglers experience depre- 
dation. The second section focused on anglers’ most recent 
depredation experience and was designed to determine which 

species are primarily being depredated, the species responsible 
for depredations, and calculate depredation rates. The survey 
was approved by the Florida Atlantic University Social, Behav- 
ioral, and Educational Research Institutional Review Board 

(Protocol #17907–1). 

Survey data quality control 
Prior to analysis all surveys were reviewed and only surveys 
with a completed quantitative section were included for sub- 
sequent analysis. Where respondents provided free-form text 
answers, responses were reviewed and manually categorized 

for consistency. For example, when asked to provide a species 
name (e.g. “Which species of fish did you most often target 
in saltwater in the last three months?”), the answers were 
modified to ensure each species was referred to by a sin- 
gle common name. In addition, all responses to the question 

“Which species of fish did you most often target in saltwater 
in the past three months?” were also classified into a “pri- 
mary target species complex” using the same eight categories 
from the content analysis. Two additional categories were 
also added for shellfish (e.g. lobster and scallops) and “any 
species” (i.e. no specific target species listed). In cases where 
respondents listed more than one answer (e.g. listed multi- 
ple target species or multiple depredating species), the first 
species listed in the response was assumed to be the primary 
species. 
ata analysis 
ener al char acterization 

esponses from the survey’s quantitative section were sum- 
arized to provide a general characterization of shark depre- 
ation in Florida. This included: (1) the percentage of anglers
hat experienced depredation in the previous three months,
2) the primary target species among anglers that experienced 

epredation, (3) the proportion of anglers experiencing depre- 
ation while targeting species groups, (4) species responsible 
or depredations, and (5) average depredation rates. 

epredation modeling 

wo types of analyses were used to examine the effects of sur-
ey season and fishing region on shark depredation. First, bi-
ary logistic regression was used to assess whether season or
shing region affected the probability of experiencing depre- 
ation (i.e. depredation frequency; defined as the percentage 
f respondents who experienced depredation). The probabil- 
ty of experiencing depredation was modeled using anglers’ 
esponses to the question, “Have you experienced depreda- 
ion during your fishing trips in the past three months?” for
ll respondents that also answered the question, “In which re-
ion of Florida did you do most of your saltwater fishing in
he last three months?” ( n = 1170). Depredation occurrence 
i.e. “yes” or “no”) was set as the binary response variable,
nd season, fishing region, and their interaction were set as
ategorical predictor variables. Analysis was conducted using 
he Fit Binary Logistic Model function in Minitab ® Statistical
oftware (v. 20). 

Following binary logistic regression, depredation rates were 
alculated for all respondents who answered “yes” to hav- 
ng experienced depredation. Respondents who experienced 

epredation were asked to provide additional details about 
heir most recent fishing trip where they experienced depre- 
ation, including total number of fish caught and total num-
er of fish depredated, and depredation rates were calculated 

s the percentage of the total trip catch that was depredated.
ecause only respondents that experienced depredation were 
sked about their most recent trip where they experienced 

epredation, calculated rates were always greater than 0%.
epredation rates that exceeded 100% ( n = 55) indicated in-

orrect numbers were entered in the survey and were removed
rior to analysis. Once calculated, a generalized linear model 
GLM) was used to assess whether season or fishing region
nfluenced depredation rates. A GLM with a beta distribution 

as built using the “glmmTMB” package (Brooks et al. 2017 )
n R (version 4.3.2), with depredation rate set as the response
ariable and season, fishing region, and their interaction as
redictor variables. Data exploration was conducted prior to 

odel building to avoid common statistical problems (Zuur 
t al. 2010 ), including checks for outliers, interactions, and
ollinearity. Collinearity of covariates was investigated using 
eneralized variance-inflation factor (GVIF) scores. Any co- 
ariate with a score greater than three was removed and the
VIFs were recalculated (Zuur et al. 2010 ). Significance was

et at P = 0.05 for all analyses. 

ooperative fishery-dependent charters 

epredation s w abs and genetic analysis 
ample collection 

o improve the identification of shark species responsible 
or depredating target catch, we partnered with local fishing 

https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsaf013#supplementary-data
https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsaf013#supplementary-data
https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsaf013#supplementary-data
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harters ( Supplemental Material 3 , Table S3.2 ) to obtain ge-
etic samples from depredated fish carcasses. Swab sampling
ethodology was modified from Drymon et al. (2019) and
otedar et al. (2019) , and charter captains and crew were
rained by project personnel on the proper sampling tech-
ique. Briefly, upon retrieval of a depredated fish, the carcass
as carefully brought aboard and placed on a sanitized area
f the vessel, and the bite wounds of the depredated fish were
ently swabbed with a sterile swab to collect transfer DNA
up to two replicates per fish). The swab was then placed
nto a storage vial with 100% ethanol. Each charter was pro-
ided with a DNA swab sampling kit that contained sam-
ling bags and a spray bottle with 10% bleach solution to
terilize the sampling area. Each sampling bag contained two
terile swabs, two 2 ml cryo-vials with 100% ethanol, and a
ata card for recording depredation metadata. Depredation
etadata included date, time, location (coordinates and/or
escription), water depth, water temperature, fishing depth
i.e. surface, mid-water, or bottom), species caught, length of
pecies caught (total length or fork length; estimated or mea-
ured), depredation outcome, depredating species (if seen),
nd a QR code to submit photos of the depredated fish. Depre-
ation outcome was recorded as minimal damage (i.e. teeth
arks on fish), partial damage (i.e. fish partly consumed),

ull damage (i.e. only head left), or bite-off (i.e. fish and gear
ost). 

Charter operators reported that many depredation events
ften resulted in “bite-offs” (i.e. the complete loss of the fish
nd gear), and thus no carcass was available to swab for DNA.
o address this, monofilament samples were collected from
he bite-offs to test the feasibility of using monofilament as an
lternative method of obtaining DNA to identify the depre-
ating species. To collect the monofilament samples, captains
ere provided with a pair of scissors and bleach wipes (to

terilize scissors before and after collection) and instructed to
ut two ∼2.5 cm sections of monofilament from the end of the
ite-off and store the monofilament in the sample vials as they
ould do for a swab. Negative field controls (i.e. swabs from
on-depredated catch) were haphazardly collected by project
ersonnel during ride-along charters. In addition, the ethanol
upply used to fill the sample storage vials was tested as an-
ther negative control. 

enetic analysis 

enetic identification of depredating shark species was con-
ucted by direct comparison of DNA sequences identified
rom swab or monofilament samples with DNA sequences ob-
ained from local shark species and was based on genetic tech-
iques previously described by Drymon et al. (2019) , Fotedar
t al. (2019) , Vardon et al. (2021) , and Webb et al. (2022) . All
enetic analyses were performed by Genidaqs (Cramer Fish
ciences, West Sacramento, CA). Full laboratory methods are
vailable in Supplemental Material 4 . 

ooperative charter surveys 
eriodic cooperative surveys (i.e. ride-alongs) were conducted
board our local, homeport charter fishing partner (Shock-
eader Charters) between June 2022 and August 2023 to col-
ect data on depredation rates and potential drivers of depre-
ation, including environmental conditions and various fish-
ng variables (i.e. fishing effort, fishing style, bait type). For
ach ride-along, fishing effort and environmental data were
ollected at each fishing location. Fishing effort data included:
ime spent fishing, number of rods being fished, species caught
nd the outcome (i.e. whether the fish was kept or released),
nd the number of depredations (including bite-offs). Envi-
onmental data included location, water depth, time of day,
nd a vertical profile of conductivity and water temperature
sing a CastAway CTD (SonTek/Xylem Inc.). Ride-alongs
lso served as quality control checkpoints for the genetic
ampling. 

esults 

ocial media analysis 

ontent analysis of the Facebook group SFMB was conducted
rom July 2020–June 2022 and identified 616 primary posts
hat reported an incidence of shark depredation. Overall, 502
osts (81.5%) were from the USA, of which 442 (71.8%) were
rom Florida. The remainder of the posts were from The Ba-
amas ( n = 14), Australia ( n = 5), the Caribbean ( n = 5),
exico ( n = 1), Thailand ( n = 1), or did not report a loca-

ion ( n = 88). All subsequent results are based on posts from
lorida. 
In 364 (82.4%) of the posts, the depredator was not seen.

n posts where the depredator was seen ( n = 78; 17.6%),
2 species were positively identified, and sharks (10 species)
ere the most frequently reported depredator (96.2% of
osts; Table 1 ). Non-shark depredators were only reported
n three of the posts (barracuda, n = 2; goliath grouper,
 = 1). Bull sharks ( Carcharhinus leucas ) were the most fre-
uently reported depredating shark species (38.5%, n = 30)
nd depredated 17 species of fish. Forty-eight fish species
ere reported as being depredated ( Table 1 ), with greater

mberjack ( Seriola dumerili , 10.4%), mutton snapper ( Lut-
anus analis , 10.2%), king mackerel ( Scomberomorus cavalla ,
.5%), gag grouper ( Mycteroperca microlepis , 7.9% ) , and
tlantic sailfish ( Istiophorus albicans , 7.9%) comprising the
ve most frequently reported depredated species. No single
pecies comprised greater than 10.5% of the reports. Overall,
4.5% of the depredations occurred on species in the snapper-
rouper (48.9%), HMS (12.8%), and coastal migratory pelag-
cs (12.8%) species management complexes. The remainder of
epredations occurred on inshore sportfish (10.8%), dolphin-
ahoo-blackfin tuna (8.9%), other species (3.2%), deepwater

napper-grouper species (1.6%), and sharks (0.9%). Depreda-
ion reports throughout the year were multimodal, with the
ighest peak in reports observed in July ( n = 19, 24.4%), after
hich reports decreased through the fall and winter months.
 second, albeit lower, peak in reports was observed in April

 n = 7, 9.0%) followed by the lowest number of reports in
une ( n = 1, 1.3%) ( Fig. 1 a). 

lorida angler surveys 

rom October 2021–July 2022, a total of 2259 Florida recre-
tional saltwater fishing license holders responded to the on-
ine survey for an overall response rate of 14.1%, of which
213 (98%) agreed to participate. Of those anglers who
greed to participate, 1688 (76.3%) completed the quanti-
ative section. Overall, responses were distributed relatively
venly across the study regions within each round, except for
he Florida Keys region, which saw consistently higher re-
ponse rates across all rounds compared to the remaining re-
ions ( Supplemental Material 3 ; Table S3.3 , Fig. S3.1 ). 

https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsaf013#supplementary-data
https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsaf013#supplementary-data
https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsaf013#supplementary-data
https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsaf013#supplementary-data
https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsaf013#supplementary-data
https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsaf013#supplementary-data
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ener al char acterization 

cross all completed surveys, 42.8% of respondents
 n = 1179) experienced depredation while saltwater fishing
uring the previous three months. A total of 344 respondents
aid they saw the depredator during their most recent depre-
ation experience. Of those respondents, 88.4% ( n = 304)
nswered “Yes” when asked if they could reliably identify
he depredating species, with a total of 20 species identified
s depredators ( Table 2 ). Sharks (16 species; 86.6%) were
he most frequently identified depredator, with bull sharks
33.8%) the most commonly identified shark species followed
y unidentified sharks (21.3%), lemon sharks ( Negaprion
revirostris ; 7.2%), and sandbar sharks (6.2%); all other

dentified shark depredators each accounted for < 5% of
he total. Only 13.4% ( n = 41) of respondents who iden-
ified the depredator during their most recent depredation
xperience reported a non-shark species as the depredator,
ncluding dolphin (6.6%), barracuda (5.3%), goliath grouper
1.3%), and American alligator (0.3%). Overall, given the
arge percentage of respondents that identified sharks as the
epredator in their last depredation experience, depredation
rends in subsequent analyses were associated with anglers’
xperiences with shark depredation. 

Among those anglers that experienced depredation and
isted a primary target species ( n = 503), snapper-grouper
ere the most frequently targeted species group (54.5%),

ollowed by inshore sportfish (18.3%) and dolphin-wahoo-
lackfin tuna (16.1%); all other target species groups each
omprised less than 5% ( Fig. 2 a). Regional differences were
bserved in the three most frequently reported primary target
pecies among anglers that experienced depredation ( Fig. 2 b).

hile snapper-grouper were the most frequently targeted
pecies complex in all regions except the Northeast, there
ere differences in the second most frequently targeted species

roup. Dolphin-wahoo-blackfin tuna was the second most
requently targeted group when experiencing depredation in
he Southeast (29.7%) and Florida Keys (26.8%) regions,
hereas inshore sportfish were the second most targeted

pecies group in the Western Panhandle (13.3%), Big Bend
38%), and Southwest (31.1%) regions. In the Northeast, in-
hore sportfish (38.5%) were the most frequently targeted
pecies group when experiencing depredation and snapper-
rouper (28.2%) were the second most frequently targeted
roup. 

Although snapper-grouper, dolphin-wahoo-blackfin tuna,
nd inshore sportfish were the most frequently targeted
pecies among anglers that experienced depredation, the pro-
ortion of respondents targeting those species groups that
eported experiencing depredation was 59.1%, 57%, and
3.6%, respectively. In contrast, 100% of respondents who
argeted deepwater snapper-grouper species ( n = 2) and
2.1% of respondents who targeted highly migratory pelagic
pecies (i.e. tunas, billfish; n = 23) reported experiencing
epredation while targeting those species ( Fig. 3 ). 

epredation modeling 
egional and seasonal variation was observed in the percent-
ge of respondents experiencing depredation ( Fig. 4 ). Results
rom the binary logistic regression ( χ2 = 93.62, df = 23,
 < 0.0001, adj. R 

2 = 0.0533; Table 3 ) indicated that both
eason ( χ2 = 17.76, df = 3, P = 0.000) and fishing region
 χ2 = 31.97, df = 5, P < 0.0001) were significant factors,
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Figure 1. Number of depredations per month by depredating species (a) reported in posts from the SFMB Facebook page (not shown: unidentified 
sharks ( n = 17), barracuda ( n = 1), and goliath grouper ( n = 1); e x cludes depredations where the depredator was not seen) and (b) identified from 

genetic analysis of swab and monofilament samples (2 depredators include bull and finetooth ( n = 1), bull and sharpnose ( n = 1), and lemon and 
sharpnose ( n = 1). 

Table 2. List of suspected depredator species as identified by respon- 
dents that answered “Yes” to the question “Could you reliably identify 
the depredator?” when answering questions related to their most recent 
depredation experience. 

Depredator species n % 

Bull shark 103 33.8% 

Unidentified shark 65 21.4% 

Lemon shark 22 7.2% 

Dolphin 20 6.6% 

Sandbar shark 19 6.2% 

Barracuda 16 5.2% 

Blacktip shark 15 4.9% 

Reef shark 9 3.0% 

Tiger shark 7 2.3% 

Dusky shark 5 1.6% 

Hammerhead shark (unidentified) 5 1.6% 

Goliath grouper 4 1.4% 

Nurse shark 4 1.4% 

Spinner shark 4 1.4% 

American alligator 1 0.3% 

Bonnethead shark 1 0.3% 

Great hammerhead shark 1 0.3% 

Mako shark 1 0.3% 

Smalltooth sawfish 1 0.3% 

Silky shark 1 0.3% 

White shark 1 0.3% 

Total 305 100% 
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but not their interaction ( χ2 = 22.94, df = 15, P = 0.085).
The probability of experiencing depredation was highest in 

spring (48.7%; Fig. 5 a) and the odds of experiencing depre- 
dation were between 1.3 and 1.5 times greater than all 
other seasons ( Table 4 ). The Florida Keys (57.4%), Western 

Panhandle (48.5%), and Southeast (47.1%) regions had the 
ighest probabilities of experiencing depredation, compared 

o the Northeast (32.5%), Big Bend (31.3%), and Southwest 
24.2%) regions, which had the lowest probabilities of expe- 
iencing depredation ( Fig. 5 b, Table 4 ). Although the interac-
ion effect was not significant, there did appear to be some
easonal variation in depredation probability among the fish- 
ng regions ( Fig. 5 c). Notably, the probability of depredation
as consistently high across all seasons in the Florida Keys,
hereas in the Southeast it was higher during summer and
inter, and lower during fall and spring. In the Big Bend re-

ion, depredation probability decreased steadily from summer 
o winter, but then showed a substantial increase during spring
o a probability similar to that for the Florida Keys and West-
rn Panhandle. 

A total of 493 respondents provided answers to ques- 
ions relating to their most recent depredation experience, al-
owing for the calculation of trip-specific depredation rates.
hese rates represent the percentage of catch that was lost
n reported trips that experienced depredation and are not 
djusted to account for trips that did not involve depre-
ation. The percentage of the total depredated catch re- 
orted by anglers ranged from 1% to 100% (based on an-
wers only from respondents who experienced depredation),
ith an overall average depredation rate of 41.3% ± 0.01% 

mean ± SE; Fig. 6 a). Average seasonal depredation rates 
anged from 37.3% ± 0.04% (fall) to 47.1% ± 0.03% (win- 
er); spring and summer both had average depredation rates of
0.0% ± 0.02% ( Fig. 6 b). Average regional depredation rates
anged from 31% ± 0.04% (Southwest region) to 45.8% ±
.04% (Southeast region; Fig. 6 c). However, results from the
LM ( χ2 = 1.39, df = 1, P = 0.24) showed no significant

ffect of season ( χ2 = 2.25, df = 3, P = 0.52), fishing region
 χ2 = 7.95, df = 5, P = 0.16), or their interaction ( χ2 = 18.83,
f = 15, P = 0.22) on depredation rates. 
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Figure 2. Primary target species complex (a) for anglers that had been saltwater fishing in the past 3 months ( n = 1130) based on depredation 
experience, and (b) by region among respondents that experienced depredation ( n = 500). Note: the generic groups—any species (yes, n = 7; no, 
n = 24) and other (yes, n = 6; no, n = 21)—are not shown in the figure. Region abbreviations are FLK = Florida Keys, WPH = Western Panhandle, 
SE = Southeast, BB = Big Bend, SW = Southwest, and NE = Northeast. Primary target abbreviations are: SG = Snapper-Grouper, ISF = Inshore 
Sportfish, DWB = Dolphin-Wahoo-Blackfin tuna, HMS = HMS-Pelagics, CMP = Coastal Migratory Pelagics, DWSG = DeepWater Snapper-Grouper. 

Figure 3. Proportion of respondents experiencing depredation based on the primary target species complex. Numbers at the bottom of the bars indicate 
the number of respondents targeting a given species complex that experienced depredation. Proportions are based on the total number of respondents 
targeting a given species complex: DWSG = DeepWater Snapper-Grouper ( n = 2), HMS = HMS-pelagics ( n = 28), SG = snapper-grouper ( n = 464), 
DWB = dolphin-wahoo-blackfin tuna ( n = 142), CMP = coastal migratory pelagics ( n = 28), and ISF = inshore sportfish ( n = 390). Note: this e x cludes 
the generic groups: other, any species, shellfish, and sharks. 
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ooperative fishery-dependent charters 

epredation s w abs and genetic analysis 
enetic samples were collected from 18 species of fish across
5 depredation events between October 2021–September
023 and included samples from both depredated fish car-
asses ( n = 57) and monofilament bite-offs ( n = 28;
upplemental Material 3 , Table S3.4 ). Samples were collected
uring every month of the study period and in depths ranging

https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsaf013#supplementary-data
https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsaf013#supplementary-data
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Figure 4. Seasonal and regional variation in the percentage of respondents that experienced depredation while saltwater fishing in the past three 
months. Region labels are shown in the upper left panel for Summer and are consistent across all seasons: WPH = Western Panhandle, BB = Big Bend, 
NE = Northeast, SW = Southwest, SE = Southeast, and FLK = Florida Keys. Individual samples sizes per region/season can be found in 
Supplemental Material 3 , Table S3.3 . 

Table 3. Results of the binary logistic regression ( χ2 = 93.62, df = 23, 
P = 0.0 0 0, adj. R 

2 = 0.0533) assessing the effect of season (surv e y 
round), fishing region, and their interaction on the probability of experi- 
encing depredation. 

Term Coefficient Coefficient SE z-value P -value 

Constant −0.847 0.282 −3.01 0.003 
Season: χ2 = 17.76, df = 3, P = 0.000 

Fall −0.711 0.618 −1.15 0.250 
Winter −1.386 0.670 −2.07 0.038 
Spring 1.022 0.409 2.50 0.012 

Region: χ2 = 31.97, df = 5, P = 0.000 
Florida keys 1.208 0.341 3.54 < 0.0001 
Northeast −0.182 0.464 −0.39 0.694 
Southeast 0.880 0.381 2.31 0.021 
Southwest −0.438 0.421 −1.04 0.299 
Western panhandle 0.816 0.378 2.16 0.031 

Round ∗ Region: χ2 = 22.94, df = 15, P = 0.085 

Levels for significant factors are shown, with significant levels within each 
factor shown in bold. 
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from 9.8 to 121.9 m ( Supplemental Material 3 , Table S3.5 ).
Most samples (41.2%) were collected in April ( n = 18) and 

May ( n = 17) and from depths between 20 and 30 m ( n = 54,
63.5%). Seventy-one samples (83.5%) were collected while 
bottom fishing and 14 samples (16.5%) were collected while 
pelagic fishing/trolling. 

The depredating species was successfully identified in 

65.9% of the samples, with successful DNA amplification 
nd depredator identification from both swabbed carcasses 
75.4%) and monofilament samples (46.4%). Seven shark 

pecies were positively identified as depredators and depre- 
ated 13 species of fish ( Table 5 ). The percentage of depreda-
ion events with a confirmed depredator for each fishing char-
er ranged between 35.7% and 85.7%, and the number of
epredating species encountered by the charters ranged from 

ne to five. Sandbar sharks ( Carcharhinus plumbeus , 37.5%)
nd bull sharks (35.7%) were the most frequently identified 

epredating species, and snappers were the most frequently 
epredated species group (43.5%) with a positively identi- 
ed depredator. Depredations by sandbar sharks were highest 
n May, whereas depredations by bull sharks were highest in
ebruary and March ( Fig. 1 b). Three samples identified sharp-
ose sharks (genus Rhizoprionodon ) as the depredator; how- 
ver, it was not possible to distinguish between Atlantic sharp-
ose ( R. terraenovae ) and Caribbean sharpnose ( R. poro-
us ), even with voucher specimens from both species. In ad-
ition, there were also three instances where two depredators 
ere positively identified from the same depredation event 

 Supplemental Material 3 , Table S3.4 ): (1) bull and finetooth
harks were identified from a single swab from a depredated
utton snapper (sample 13); (2) bull and sharpnose sharks 
ere identified on separate swabs from a gray triggerfish car-

ass (sample 19); (3) and lemon and sharpnose sharks were
dentified on separate swabs taken from a mutton snapper car-
ass (sample 34). 

https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsaf013#supplementary-data
https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsaf013#supplementary-data
https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsaf013#supplementary-data
https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsaf013#supplementary-data
https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsaf013#supplementary-data
https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsaf013#supplementary-data
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Figure 5. Main effects plots showing the probability of experiencing depredation (“yes” response) (a) per season, (b) by fishing region, and (c) per 
season in each fishing region. 
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ooperative charter surveys 
 total of 12 ride-alongs were conducted with our indus-

ry fishing partner Shock Leader Charters, LLC between June
022 and August 2023 ( Table 6 ). The number of sites fished
er trip ranged from 3 to 6 (mode = 5), with an average
shing time per site of 0.67 ± 0.05 hours. A total of 597
sh were hooked during these trips, of which 562 fish (45
pecies; Supplemental Material 3 , Table S3.6 ) were landed and
0 were depredated (6.7%; includes 35 bite-offs). Most of
he catch was comprised of snapper-grouper species (77.6%),
ith mutton snapper (15.5%), gray snapper ( Lutjanus griseus ,
3.7%), tomtates ( Heamulon aurolineatum , 12.8%), and lane
napper ( Lutjanus synagris , 11.2%) accounting for 53.2%
f the total catch. Depredations occurred on 83.3% of the
rips ( n = 10) and the average per trip depredation rate was
.4% ± 3.4% (mean ± SE, range = 0–41.7%). Across all
rips, the average depredation rate per fishing location was
.9% ± 2.7% (mean ± SE, range 0%–100%). The five depre-
ations that were not bite-offs included two mutton snapper,
ne red snapper ( Lutjanus campechanus ), one cobia ( Rachy-
entron canadum ), and one tomtate. 
iscussion 

hark depredation in Florida’s recreational fisheries contin-
es to be a substantial concern. Utilizing a multifaceted cit-
zen science approach, this study provides an in-depth char-
cterization of shark depredation in Florida’s recreational
sheries. Collectively, this approach identified depredating
pecies, depredation frequencies, and rates across all compo-
ents of the study and highlights the benefits of incorporat-
ng citizen science when addressing this important fisheries
ssue. 

dentifying species responsible for depredations 

dentification of the depredating shark species remains a ma-
or gap in shark depredation research (Mitchell et al. 2018a ,

itchell et al. 2023 ). This is largely because most depreda-
ion events occur at depth and are rarely observed, making
t difficult to accurately identify the species involved, and
ven when the depredator is seen, it can be difficult to dis-
inguish between similar species (Fotedar et al. 2019 ). This is

https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsaf013#supplementary-data
https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsaf013#supplementary-data
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Table 4. Pairwise odds ratios for categorical predictors and 95% confi- 
dence intervals (CI). 

Level A Level B Odds ratio 95% CI 

Season 
Fall Summer 0.8531 0.5855–1.2429 
Winter Summer 0.8512 0.6186–1.1713 
Spring Summer 1.2801 0.9378–1.7474 
Winter Fall 0.9979 0.6708–1.4844 
Spring Fall 1.5006 1.0132–2.2225 
Spring Winter 1.5038 1.0727–2.1083 

Region 
Florida keys Big bend 3.0682 2.0559–4.5789 
Northeast Big bend 1.1023 0.6641–1.8294 
Southeast Big bend 2.0339 1.2833–3.2235 
Southwest Big Bend 0.723 0.4505–1.1603 
Western panhandle Big bend 2.0206 1.3072–3.1234 
Northeast Florida keys 0.3593 0.2323–0.5555 
Southeast Florida keys 0.6629 0.4525–0.9711 
Southwest Florida keys 0.2356 0.1584–0.3505 
Western panhandle Florida keys 0.6586 0.4620–0.9388 
Southeast Northeast 1.8452 1.1279–3.0186 
Southwest Northeast 0.6559 0.3963–1.0857 
Western panhandle Northeast 1.8332 1.1445–2.9362 
Southwest Southeast 0.3555 0.2248–0.5621 
Western panhandle Southeast 0.9935 0.6516–1.5149 
Western panhandle Southwest 2.7948 1.8101–4.3153 

Pairwise odds ratios with significant predictors identified in the binary logis- 
tic regression are highlighted in bold. Odds ratios are for level A relative to 
level B. 
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particularly true for untrained anglers and could partly ex- 
plain why previous studies by Casselberry et al. ( 2022 ) and 

Klizentyte et al. (2023) did not ask anglers to identify the shark 

species involved in the depredation. In an effort to address this 
knowledge gap, we used established genetic techniques (Dry- 
mon et al. 2019 , Fotedar et al. 2019 , Vardon et al. 2021 , Webb 

et al. 2022 ) to facilitate identification of the depredating shark 

species in 66% of the depredation events sampled by charter 
fishing partners. While previous studies have either had high 

success rates ( > 60%) and small sample sizes ( n < 30; Dry- 
mon et al. 2019 , Fotedar et al. 2019 , and Webb et al. 2022 ) 
or a large sample size ( n = 52) and low success rate ( < 20%; 
Vardon et al. 2021 ), this study had both a large sample size 
and high success rate ( n = 89, 66%), particularly for samples 
obtained from swabbed carcasses ( n = 57, 75%). In addition,
we were also able to validate the use of monofilament samples 
to identify the depredating species from depredations that re- 
sulted in a bite-off (i.e. no fish carcass retrieved), though it 
should be noted that these bite-offs could have also been the 
result of the shark taking the bait directly (i.e. not a depre- 
dation event). Still, this is the first time that this technique 
has been attempted, and its moderate success ( ∼46%) shows 
promise for improving our ability to accurately identify shark 

species responsible for depredations in both recreational and 

commercial fisheries. 
Results from the depredation swab and monofilament anal- 

ysis identified bull sharks and sandbar sharks as common 

depredator species in Florida. Although these results are from 

a limited geographic region (i.e. east-central Florida), they 
support the findings from both the content analysis and on- 
line survey (which encompassed the entire state of Florida) 
that also identified bull sharks and sandbar sharks as the 
two species most frequently reported as responsible for depre- 
dation. These results are also consistent with other studies 
rom the Gulf of Mexico (Drymon et al. 2019 ) and Australia
Fotedar et al. 2019 , Vardon et al. 2021 ) that also identi-
ed bull sharks and sandbar sharks as common depredat- 
ng species, as well as other carcharhinid sharks. Identifying 
hese two species as the most common depredators should 

id fishery managers as they develop ways to address shark
epredation and could have significant implications for man- 
ging both species. For instance, sandbar sharks have been his-
orically overfished but have been protected from overfishing 
ince the mid-1990s when their retention became prohibited 

utside of the shark research fishery (SEDAR 2017c ). Since
hen, there has been evidence that the population has begun
o recover (Peterson et al. 2017 , SEDAR 2017c ), although the
tock remains overfished. Conversely, bull sharks have not had 

 species-specific stock assessment, and their population status 
s unknown. Given the differences and uncertainty among the 
tock statuses for these two species, it is likely that different
anagement approaches may be needed to address depreda- 

ion by each species. 
Although this study focused on shark depredation in recre- 

tional fisheries, it should be noted that other species of ma-
ine predators (i.e. dolphins, large teleosts, seabirds) can also
e responsible for depredations. For instance, Mitchell et al.
2019) observed multiple attempts by large teleosts to depre- 
ate hooked fish while studying shark depredation in a West-
rn Australia recreational fishery. In the USA, Casselberry et 
l. (2022) found that 68.5% of North American saltwater
nglers had experienced depredation by species other than 

harks. Similarly, 85% of Florida anglers reported depreda- 
ions by more than one predator species (Klizentyte et al.
023 ). Indeed, sharks were the most frequently identified 

epredator in the current study; however, non-shark species,
ncluding dolphins, barracuda, and goliath grouper were also 

dentified as depredators, which is consistent with findings by 
lizentyte et al. (2023) . While it is important to acknowledge
on-shark species as potential depredators, given the relatively 
ow number of reports from this study, we are confident that
he depredation trends observed throughout this study accu- 
ately reflect shark depredation trends in Florida’s recreational 
sheries. 

dentifying frequently depredated species 

napper-grouper species were the most frequently depredated 

arget species group reported across all study methodologies.
utton snapper, red snapper, and greater amberjack were 

hree of the five most frequently depredated species in both
he content analysis and depredation swab sampling and are 
ll part of the snapper-grouper species complex, which was
he most reported target species group from online survey 
espondents that had experienced depredation. This is con- 
istent with recent findings by Klizentyte et al. (2023) , who
lso found that most Florida anglers experienced depredation 

hile targeting reef fish, as many of the species in the snapper-
rouper complex are demersal/semi-demersal and typically as- 
ociated with both natural and artificial reef habitats. Similar
rends have also been reported in Western Australia, where 
epredation was generally higher for demersal species than 

or pelagic species (Mitchell et al. 2018b , Coulson et al. 2022 ).
onsidering recent stock assessments have shown that some 

eef fish species are overfished and/or experiencing overfish- 
ng in the South Atlantic (e.g. red snapper, SEDAR 2017a ;
ed grouper, SEDAR 2017b ) and Gulf of Mexico (e.g. greater
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Figure 6. Percentage of depredated catch reported by respondents who provided details about their most recent trip where they had experienced 
depredation ( n = 493): (a) o v erall, (b) per season, and (c) per fishing region. Dashed lines (black) represents the o v erall mean proportion of depredated 
catch across all fishing types (41.3%). Dot-dashed lines (red) represent the mean proportion of depredated catch in each fishing region. Fishing region 
abbreviations: BB = Big Bend, FLK = Florida Keys, NE = Northeast, SW = Southwest, WPH = Western Panhandle, and SE = Southeast. 
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Table 5. Species interaction list for swab/mono samples with a positively identified depredator. 

Depredator species 

Depredated species Cplu Cleu Nbre Rhsp a Cfal Smok Cleu and Ciso 
Cleu and 

Rhsp 
Nbre and 

Rhsp Total # DS % DEP 

Mutton snapper 1 6 4 1 1 13 6 23 .2 
Unknown 3 5 1 1 10 5 17 .9 
Red snapper 7 1 1 9 4 16 .1 
Gray snapper 4 2 1 7 4 12 .5 
Greater amberjack 2 1 3 3 5 .4 
Vermillion snapper 2 1 3 3 5 .4 
Cobia 2 2 2 3 .6 
Gag 1 1 2 3 3 .6 
Gray triggerfish 1 1 2 3 3 .6 
Great barracuda 1 1 2 1 .8 
Blackfin tuna 1 1 2 1 .8 
King mackerel 1 1 2 1 .8 
Mackerel 
(unidentified) 

1 1 2 1 .8 

Red grouper 1 1 2 1 .8 

T O T 21 20 6 3 2 1 1 1 1 56 7 100 .0 
# SD 9 8 3 3 2 1 1 1 1 13 b 

% DEP 37.5 35.7 10.7 5.4 3.6 1.8 1.8 1.8 1.8 100.0 

a Unable to distinguish between Rhizoprionodon terraenovae and R. porosus . 
b Excludes unknown depredated species. 
DS = depredator species, SD = species depredated. % DEP = percentage of total depredations. Depredators are listed by four-letter species codes comprised 
of the first letter of genus name and first three letters of species name: Clue = Carcharhinus leucas , Cplu = C. plumbeus, Nbre = Negaprion brevirostris , 
Rhsp = Rhizoprionodon sp., Cfal = C. falciformis , Smok = Sphyrna mokarran , Ciso = C. isodon . 
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amberjack, SEDAR 2020 ; gag grouper, SEDAR 2021 ), high 

levels of mortality from shark depredation could have signif- 
icant implications for the recovery and management of these 
species. 

In addition to identifying the most frequently depredated 

species/target species groups, results from the online survey re- 
vealed an interesting trend related to the proportion of anglers 
that target certain species groups and experience depredation.
Specifically, 100% of anglers targeting deepwater snapper- 
grouper (DWSG) and 82% of anglers targeting highly mi- 
gratory pelagics (HMS) reported experiencing depredation, 
which is markedly higher than the nearly 24% of anglers that 
experience depredation when targeting inshore sportfish and 

the roughly 50% of anglers that experience depredation while 
targeting snapper-grouper, dolphin-wahoo-blackfin tuna, or 
coastal migratory pelagics. Overall, this suggests that there 
may be an association between the time spent retrieving a 
fish and the likelihood of experiencing depredation, as both 

DWSG and HMS typically have longer fight times due to the 
depths at which they are caught and/or their large size and ex- 
tended fight times when hooked compared to other the other 
target species groups. This trend is consistent with recent find- 
ings by Casselberry et al. ( 2024 ), which show that longer fight 
times lead to decreased survival of Atlantic tarpon due to 

depredation by Great Hammerhead sharks ( S. mokarran ). Al- 
though the sample sizes for both DWSG and HMS were low 

( n = 2 and n = 23, respectively), this trend suggests that en- 
couraging anglers to employ fishing techniques that can re- 
duce fight times could help to minimize their chances of expe- 
riencing depredation. 

Depredation frequency 

Results from the Florida angler survey and data from the co- 
operative charter surveys indicated a high frequency of shark 

depredation. In the Florida angler survey, ∼43% of respon- 
ents reported experiencing depredation while fishing in the 
ast three months, while depredation was observed on ∼82% 

f cooperative charter survey trips. These frequencies are con- 
istent with depredation frequencies reported in other studies.
or instance, the 43% of surveyed anglers experiencing depre- 
ation in the previous 3 months in the Florida angler survey
s within the range of the 38%–56% of surveyed anglers in

estern Australia that reported experiencing depredation at 
east once in the last year (Mitchell et al. 2018b , Ryan et al.
019 , Coulson et al. 2022 ). Conversely, the 83% frequency
f shark depredation on ride-along charters is consistent with 

he 60%–90% of anglers that reported experiencing depreda- 
ion in the US (Casselberry et al. 2022 ), Florida (Drymon and
cyphers 2017 , Klitzentyte et al. 2023 ), and Gulf of Mexico
Prasky et al. 2023 ). Overall, our results provide further evi-
ence of the persistence and prevalence of shark depredation 

n recreational fisheries, but that certain user groups are being
isproportionately affected. 
Depredation frequency also showed seasonal and regional 

ariability, with the highest depredation frequencies occur- 
ing during the spring, and in the Florida Keys, southeast,
nd southwest regions. Although this study was the first to
xamine seasonal variations in depredation frequency in the 
SA, the regional trends in this study are generally consistent
ith results from Klizentyte et al. (2023) , who also highlighted

hese same regions of the state. One possible explanation for
hese trends is that this variation corresponds with seasonal 
nd regional variability in angler fishing behavior. For in- 
tance, sea state in Florida is generally more favorable for fish-
ng offshore during the summer, providing more opportunities 
or anglers to get on the water. In addition, the South Atlantic
ecreational grouper season opens in May, and the Gulf of

exico and South Atlantic recreational red snapper seasons 
ypically open in July, which previous studies have shown re-
ults in a marked increase in fishing pressure (Powers and An-
on 2016 , Sauls et al. 2017 ). This could explain the higher



14 McCallister et al. 

Table 6. Summary of cooperative charter surv e y s conducted with Shock Leader, LLC, a fishing charter based out of Fort Pierce, FL, USA. 

# of fish Depredation rate (%) 

Charter date Hours fished Hooked Landed # of depredations # of bite-offs Per site Per trip 

6/9/2022 5.6 
Site 1 1 .43 38 36 3 2 7 .9 
Site 2 1 .45 26 25 1 1 3 .8 
Site 3 0 .62 8 8 0 0 0 .0 

6/28/2022 15.2 
Site 1 1 .02 16 10 6 6 37 .5 
Site 2 0 .57 11 10 1 1 9 .1 
Site 3 1 .00 19 19 0 0 0 .0 

7/25/2022 18.9 
Site 1 0 .42 7 7 0 0 0 .0 
Site 2 1 .33 12 9 4 3 33 .3 
Site 3 0 .78 10 9 1 1 10 .0 
Site 4 0 .53 4 4 0 0 0 .0 
Site 5 0 .42 3 1 2 2 66 .7 
Site 6 0 .25 1 1 0 0 0 .0 

7/29/2022 2.9 
Site 1 1 .22 13 13 0 0 0 .0 
Site 2 0 .63 1 1 0 0 0 .0 
Site 3 0 .33 1 1 0 0 0 .0 
Site 4 0 .50 0 0 0 0 0 .0 
Site 5 0 .77 19 18 1 1 5 .3 

8/30/2022 10.2 
Site 1 0 .63 14 14 0 0 0 .0 
Site 2 0 .77 13 8 5 5 38 .5 
Site 3 0 .33 1 1 0 0 0 .0 
Site 4 0 .62 15 15 0 0 0 .0 
Site 5 0 .60 6 6 0 0 0 .0 

9/19/2022 0.0 
Site 1 1 .10 18 18 0 0 0 .0 
Site 2 0 .38 0 0 0 0 0 .0 
Site 3 0 .78 11 11 0 0 0 .0 
Site 4 1 .33 18 18 0 0 0 .0 

10/14/2022 0.0 
Site 1 0 .57 17 17 0 0 0 .0 
Site 2 1 .08 16 16 0 0 0 .0 
Site 3 0 .32 3 3 0 0 0 .0 
Site 4 0 .57 6 6 0 0 0 .0 
Site 5 1 .08 27 27 0 0 0 .0 

3/28/2023 5.4 
Site 1 0 .67 16 16 0 0 0 .0 
Site 2 0 .37 15 15 0 0 0 .0 
Site 3 0 .35 12 12 0 0 0 .0 
Site 4 1 .52 11 11 0 0 0 .0 
Site 5 0 .48 10 10 0 0 0 .0 
Site 6 0 .82 29 25 5 4 17 .2 

4/27/2023 4.3 
Site 1 0 .50 7 6 1 1 14 .3 
Site 2 0 .35 3 3 0 0 0 .0 
Site 3 0 .38 3 3 0 0 0 .0 
Site 4 0 .27 0 0 0 0 0 .0 
Site 5 0 .85 10 10 0 0 0 .0 

5/25/2023 5.0 
Site 1 1 .25 25 23 2 2 8 .0 
Site 2 1 .23 23 23 0 0 0 .0 
Site 3 0 .18 2 1 1 1 50 .0 
Site 4 0 .08 10 10 0 0 0 .0 

8/17/2023 41.7 
Site 1 0 .50 5 3 3 2 60 .0 
Site 2 0 .53 6 5 1 1 16 .7 
Site 3 0 .25 1 1 1 0 100 .0 
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dds of experiencing depredation during Spring (i.e. April–
une) in the online survey and the greater number of depreda-
ion posts identified via content analysis during July, respec-
ively. We should also note that variation in angler behavior
ay have contributed to response bias that could have influ-
nced overall response rates in the online survey. For instance,
he lower number of responses during the winter season could
e related to anglers spending less time fishing due to the



A multifaceted citizen-science approach for characterizing shark depredation in Florida’s recreational fisheries 15 

Table 6. Continued 

# of fish Depredation rate (%) 

Charter date Hours fished Hooked Landed # of depredations # of bite-offs Per site Per trip 

9/26/2023 3.6 
Site 1 0 .88 16 15 1 1 6 .3 
Site 2 0 .48 11 11 0 0 0 .0 
Site 3 0 .78 17 16 1 1 5 .9 
Site 4 0 .33 7 7 0 0 0 .0 
Site 5 0 .22 4 4 0 0 0 .0 
Site 6 0 .28 0 0 0 0 0 .0 
Total − 597 562 40 35 − −
Mean 0 .67 − − − − 8 .9 9.4 
( ± SE) ( ± 0 .05) ( ± 2 .7) ( ± 3.4) 
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winter holidays and/or less favorable weather conditions (i.e.
cold fronts). Similarly, more favorable weather conditions 
throughout the year in the southern portion of the state, could 

explain the consistently higher response rates across seasons 
in the Florida Keys. 

Another possible explanation for the seasonal variation in 

depredation frequency could be shark behavior. In partic- 
ular, the large number of depredation samples collected in 

April and May by our charter fishing partners could corre- 
spond to seasonal increases in shark abundance during these 
months when adult sharks for many of the species identified 

as depredators in this study are known to give birth and mate 
(Castro 1993 , McCandless et al. 2007 ) and have been shown 

to exhibit natal or regional philopatry to parturition and mat- 
ing areas (Chapman et al. 2015 ). This is particularly true for 
bull sharks, which have well-documented nursery habitats in 

the estuaries throughout Florida (Heupel and Simpfendorfer 
2011 , Strickland et al. 2020 , Edwards et al. 2022 ) and were 
frequently identified as a depredator in this study. These char- 
acteristics of shark reproductive ecology could lead to higher 
local or regional abundances of sharks during this time, par- 
ticularly in nearshore/coastal waters where recreational fish- 
ing pressure might be higher, thus increasing the likelihood 

of experiencing shark depredation. As such, our findings have 
implications for managing and mitigating shark depredation,
as there is often a desire to protect these same areas to help 

facilitate shark conservation (Speed et al. 2010 ). 

Depredation rates 

While many previous studies have broadly quantified the fre- 
quency of shark depredation in recreational fisheries, this 
study quantified per trip shark depredation rates in recre- 
ational fisheries. Labinjoh (2014) reported an average depre- 
dation rate of 8.4% for a charter fishery in South Africa, and 

in Western Australia depredation rates ranged from 3.7% to 

7.2% depending on fishing style and target species (Mitchell 
et al. 2018b) . In this study, average per trip depredation rates 
from the cooperative surveys were consistent with those re- 
ported by Mitchell et al. (2018b) and Labinjoh (2014) , rang- 
ing from 0% to 26.2% with an average of 9.4%. On the other 
hand, depredation rates reported from the Florida angler sur- 
vey were more variable, with the proportion of depredated 

catch (among anglers who reported experiencing depredation 

on their last trip) ranging from 1% to 100%, and the aver- 
age proportion of depredated catch (41.3%) was markedly 
higher than the depredation rates recorded during the cooper- 
ative fishing charters and those reported in earlier studies. It is 
ossible, however, that this value is an overestimate of the av-
rage depredation rate. First, there were multiple surveys with 

alculated depredations rates greater than 100% that were ex- 
luded from analysis. This suggests that some respondents en- 
ered incorrect values when completing the survey, and thus 
t is possible that values reported in the included surveys may
ave also been over-estimated due to recall bias (Tarrant et al.
993 ). For instance, anglers may have been more likely to re-
ember fish they lost to depredation (e.g. snapper or grouper),
ut not all the fish that were caught and discarded (e.g. smaller,
ess charismatic species such as grunts). Conversely, anglers 
ay be less likely to remember or report depredations on

maller, less charismatic species because they are not targeting 
hem, thus leading to an underestimate of depredation rates.
econd, because depredation rates were only calculated for 
espondents that had experienced depredation, all rates were 
reater than 0%. If surveys from those respondents that did
ot experience depredation had been included when calculat- 
ng depredation rates (using a value of 0), the average depre-
ation rate would have been considerably lower than 43.1%.
urthermore, although survey recipients were randomly se- 

ected and overall response rates were relatively high, it is
lso possible that anglers who have had more recent and/or
requent experiences with shark depredation may have been 

ore willing to respond to the survey than those that did not.
ollectively, these caveats illustrate some of the challenges as- 

ociated with establishing depredation rates in this sector. 
Studies examining factors that influence shark depredation 

n recreational fisheries are notably limited, possibly due to 

he limited quantitative data available on depredation rates.
n this study, despite having a significant effect on depredation
requency, neither season nor fishing region had a significant 
ffect on depredation rates. The difference in the significance 
f these factors between depredation metrics (i.e. frequency 
s. rates) suggests that depredation rates may be influenced 

y other factors (e.g. water depth, habitat, fishing pressure,
shing location, fishing style) that vary across smaller scales
ithin broader factors such as season and region. For instance,
itchell et al. (2018b) found that shark depredation rates at
ingaloo Marine Park in Western Australia varied spatially,

nd fishing pressure, depth, and latitude were all significant 
actors influencing depredation rates. In particular, they found 

igher depredation rates in areas with higher levels of fishing
ressure (Mitchell et al. 2018b ). Casselberry et al. ( 2024 ) iden-
ified fishing fight time and current as significant factors hav-
ng an effect on shark depredation risk at a tarpon fishing hot
pot in the Florida Keys. In an effort to examine the effects
f other variables on depredation rates in this study, survey
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espondents who provided detailed catch data for their most
ecent trip where they experienced depredation were also
sked to provide additional details about the environmental
onditions (e.g. water temperature, depth, habitat) and their
shing behavior (e.g. time fishing, fishing style, bait type). Our
nitial goal was to incorporate these variables into a predictive
odel to assess what conditions might influence depredation

ates. Unfortunately, due to a combination of limited and in-
onsistent responses (possibly due to memory recall) and a
ide range of values among the responses we did receive, it
as not possible to develop this model. Thus, future work

o quantify the factors influencing shark depredation rates in
lorida’s recreational fishery should explore these and other
otential predictors. 

onclusions 

hark depredation is a complex and polarizing human-
ildlife conflict that represents a significant issue facing

ecreational fisheries. The results from this study are cru-
ial for building a comprehensive understanding of shark
epredation in a recreational fishing hotspot. Our integra-
ive approach using citizen science (content analysis, angler
urveys, cooperative charters, and genetic sampling) helped
rovide a holistic view of this issue. These techniques helped
s achieve a consensus on the depredator species involved
primarily bull and sandbar sharks) and the recreational tar-
et species being affected (primarily snapper-grouper species).
e hope these findings will facilitate discussions between

takeholders and both state and federal fishery managers as
hey work to develop actionable management measures to
ddress this conflict. 
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