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Abstract

Involving citizen scientists in research has become increasingly popular in natural resource
management and allows for an increased research effort at low cost, distribution of scientific
information to relevant audiences, and meaningful public engagement. Scientists engaging
fishing tournament participants as citizen scientists represent ideal scenarios for testing citi-
zen science initiatives. For example, the Texas Shark Rodeo has begun shifting to conser-
vation-oriented catch-and-release practices, which provides a unique opportunity to collect
data on a large scale for extended periods of time, particularly through tagging large num-
bers of sharks for very little cost compared to a directed scientific study. However, critics are
somewhat skeptical of citizen science due to the potential for lack of rigor in data collection
and validation. A major management concern for shark fisheries is the ability of anglers to
identify species. We tested some of the assumptions and value of citizen-collected data by
cross-verifying species identification. Specifically, the purpose of this study was to evaluate
the accuracy of shark species identifications made by anglers fishing in the Texas Shark
Rodeo using photographs that were submitted as a requirement for tournament participa-
tion. Using a confusion matrix, we determined that anglers correctly identified 97.2% of all
shark catches submitted during the Texas Shark Rodeo from 2014-2018; however, smaller
sharks and certain species, including blacknose and spinner sharks, were more difficult to
identify than others. Most commonly confused with blacktip sharks, spinner sharks were
most commonly identified incorrectly (76.1% true positive rate [TPR]) followed by blacknose
(86.8% TPR), finetooth (88.0% TPR), and Atlantic sharpnose sharks (93.8% TPR). This
study demonstrated that citizen scientists have the ability to identify sharks with relatively
low error. This is important for science and management, as these long-term datasets with
relatively wide geographic scope could potentially be incorporated into future assessments
of sharks in the Gulf of Mexico.

Introduction

While not a new concept, the use of citizen scientists, or volunteers to aid in the collection of
data as part of scientific inquiry, has become increasingly popular in ecology and natural
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resource management. Historically, citizen scientists have been a privileged few, including
names such as Benjamin Franklin and Charles Darwin, working either alone or with other
amateurs [1]. Today, the availability of technology and encouragement from the scientists and
granting agencies seeing value in stakeholder engagement and outreach has helped increase
dissemination of information to and ultimately provide more meaningful involvement by citi-
zen scientists in a wide range of fields. Citizen scientists’ interest in scientific investigations
stem from a variety of factors, but may include a study’s geographic location (e.g., favorite fish-
ing or hunting area), particular focal species or group (e.g., birds, fish), or general topic (e.g.,
climate change). This has allowed for beneficial relationships to form between the scientific
community and the public, allowing researchers additional personnel to collect samples and
promoting more meaningful public engagement typically through hands-on learning experi-
ences [2].

Resource managers have worked with citizen scientists on a diverse array of research topics
including ornithology, reef ecology, community composition, and water quality monitoring
among others [3-8]. One of the most iconic and longest on-going examples of citizen science
is the Christmas Bird Count run by the National Audubon Society in the United States every
year since 1900, which involves thousands of amateur birders who help to perform surveys
that would be impossible for just a few scientists to efficiently complete [9]. These participants
are a large workforce that have already contributed significant scientific knowledge regarding
range expansions and distribution patterns of North American birds [10]. Within the field of
fisheries, managers have recently begun using mobile apps to gather fisheries-dependent data
from recreational anglers [11-12]. Engaging recreational anglers has provided data from
remote locations that might have otherwise been logistically or financially inaccessible [13].
Thus, there are clear opportunities to advance science and improve the spatial and temporal
scope of studies by involving citizen scientists.

Despite these gains in research capacity, there are some challenges with citizen science,
including standardizing the collection method and maintaining scientific rigor and validity of
the data [1-2,10,13-14]. These challenges contribute to the scientific community’s uncertainty
about the reliability of data collected by citizen scientists [5,15]. Foster-Smith and Evans [10]
explored the reliability of volunteer-collected data by comparing it to data collected by profes-
sionally trained scientists. Volunteers assisted scientists in mapping the distribution and abun-
dance of common coastal species along the shores of Isle of Cumbrae, Scotland. The study
found that volunteers were capable of learning to identify species, record their occurrence, and
take size measurements. While some errors by volunteers were detected during the study, sim-
ilar errors were also detected from the trained scientists, including recording errors and some
species misidentification, but that accuracy improved with practice. Misidentification errors
can have serious impacts on ecological monitoring studies and conservation actions, including
culling of endangered species [16], unobserved declines in fish stocks [17], and wasted
resources through drafting of inappropriate management plans for species with false sightings
[18]. Nevertheless, these studies showed there is real potential for citizens to add valuable and
credible data to the scientific knowledge base.

We had the opportunity to explore and validate the value of scientific data for shark fisher-
ies along the Texas Coast. The Texas Shark Rodeo (TSR) is an annual 9-month long land-
based shark fishing tournament that advocates for catch-photo-release with an “emphasis on
tagging and collecting data for the conservation of sharks” (texassharkrodeo.com; Fig 1).
There is no entry fee for the tournament, with winners receiving trophies and recognition, but
no monetary incentive. Anglers participating in the TSR tag and submit a photograph of their
catch for it to be counted. This allowed for validation at several levels: the angler, tournament
official, and scientist. Interestingly, the tagging component also allowed for a second
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Fig 1. Map of Texas coastline showing hotpots of land-based sharks catches during the Texas Shark Rodeo, 2014-2018. Shark catches are depicted
using point density (number of sharks/km?) over a grid of 50 x 50 m cells. Base-maps are used freely from Natural Earth (naturalearthdata.com).

https://doi.org/10.1371/journal.pone.0226782.9001

verification by anglers if a shark was recaptured. At the end of the tournament, the participant
or team with the most points wins, depending on the division (e.g., top three teams, top three
anglers, top three junior anglers, and largest of each species). Participants earn points based on
the length of sharks landed with the potential to earn bonus points for collecting scientific
data, landing an “uncommon” species, or recapturing a previously tagged shark. While species
misidentification is a valid concern in many citizen science efforts [19-21], access to inexpen-
sive cameras and equipment, many of which are integrated into smartphones, afford scientists
the ability to verify observations made by citizen scientists [22]. The purpose of this study was
to evaluate the accuracy of shark species identifications using submitted photographs to deter-
mine the validity of this citizen science-generated data for use in scientific investigation.

Methods

Anglers participating in the TSR were permitted to target sharks from shore (e.g., beach, jetty,
channel), excluding piers or vessels of any type. As per tournament rules, landed sharks were
identified, measured, photographed, tagged with a conventional dart tag (if length was >32 in
[81.3 cm]; tournament rule), and released. Date of capture, location, stretched total length
(STL; measured from the tip of the snout to the tip of the stretched upper caudal lobe), sex,
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species, and tag number, along with photographs were then submitted via online form. These
data were available for all sharks captured during the TSR between 2014 (first year of the tour-
nament) and August 2018.

To confirm the species identification submitted by anglers, each photograph was viewed
during the data entry and quality control process by tournament officials and then by expert
scientists (first reader). If the angler species identification was not confirmed by the first
reader, the photograph was sent to the second reader for a blind identification. If identifica-
tions differed between the two readers, then a third reader made a blind identification of the
photograph. If identifications still differed, then the photograph was jointly examined by the
second and third readers, and if a consensus could not be reached, the shark was classified as
unknown. Percent agreement was calculated between the anglers and the final reader identifi-
cation excluding those classified as unknown.

Statistical analyses were completed in R version 3.5.0[23] to determine accuracy of shark
species identification and for reader comparison analyses. Confusion matrices using the caret
package [24-25] were used to determine the overall accuracy of angler identification of shark
species for the entire dataset and by size binned into 25-cm increments. Prediction and classifi-
cation error were also determined for the entire dataset and by size. For the purpose of this
study, species identifications made by anglers were considered predictions and were compared
to the species identifications made by the scientists, which were considered the validated or
actual species. Therefore, prediction errors (also known as false negatives or misidentifica-
tions) occurred when the angler identified the shark as a species other than the species identi-
fied by skilled scientists (e.g., the angler identified the shark as a spinner shark (Carcharhinus
brevipinna), but it was actually a blacktip shark [Carcharhinus limbatus]). Conversely, classifi-
cation errors (also known as false positives or misclassifications) occurred when the angler
identified the shark as one species when it was in fact another species (e.g., the angler identified
the shark as a blacktip shark, but it was actually a spinner shark; Fig 2). Using a one-sided
exact binomial test, the overall accuracy rate was compared to the no-information rate (NIR),
the best ‘guess’ of species if no information was given which corresponds to the largest propor-
tion of the observed classes. If the overall accuracy was significantly greater than the NIR,
angler species identifications were significantly better than identifications based on chance
[24]. McNemar’s test was used to assess the symmetry of the species identification agreement
table (i.e., angler vs. scientist identifications). A significant test was expected if certain species
were consistently misidentified. This analysis was followed up with one-sided exact binomial
tests to determine if the probability of anglers correctly identifying certain shark species was
lower than the overall accuracy rate. All tests were conducted at the o = 0.05 significance level.

Ethics statement

This research was approved by the Texas A&M University-Corpus Christi Institutional Ani-
mal Care and Use Committee under protocols #08-15 and #08-18 and also by National Park
Service permits PAIS-2010-SCI-0009, PAIS-2015-SCI-0001, and PAIS-2016-SCI-0018. Tour-
nament participants captured and tagged sharks following the rules and regulations of the
Texas Parks and Wildlife Department and the TSR. The individuals in this manuscript have
given written informed consent (as outlined in PLOS consent form) to publish these case
details.

Results

Participants of the TSR submitted 5,419 unique sharks with corresponding data and photo-
graphs from 2014 through August 2018. Of those submissions, only one submission did not
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Fig 2. Example confusion matrix for binary classification of blacktip sharks. An example for each correct (true positive; true
negative) and incorrect (false negative; false positive) outcome is given within each cell.

https://doi.org/10.1371/journal.pone.0226782.9002

include a photograph of a shark, leaving 5,418 unique sharks in the data set. Blacktip sharks

were the most frequently captured species followed by bull sharks (Carcharhinus leucas) then
sandbar sharks (Carcharhinus plumbeus; Table 1). The largest shark captured was a tiger shark
(Galeocerdo cuvier) at 427 cm STL, and the smallest was a sandbar shark measuring 33 cm
STL. At least one shark was reported in each size bin covered by that species possible biological
size range.

A total of 92 recaptures were reported during the study period for a 1.7% recapture rate;
however, eight of the recaptured sharks were originally tagged outside of the TSR (e.g., four
were tagged as part of the National Marine Fisheries Service (NMFS) Apex Predator Program).
Of the 92 recaptures, 42 were reported as by tournament anglers (i.e., sharks tagged and recap-
tured by participants in the TSR), and 42 recaptures were reported outside of the TSR (i.e.,
sharks tagged during the tournament but recaptured by a non-participant of the TSR). Of the
42 recaptures reported as part of the TSR, seven sharks were harvested or died prior to release,
and two were reported dead after washing up on the beach shortly after the initial tagging
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Table 1. List of shark species caught during the Texas Shark Rodeo (TSR) from 2014 to August 2018 in order from most frequently captured to least frequently cap-
tured, including minimum, maximum and average stretch total length (STL; cm) for each species. Recaptures were also reported for sharks tagged and recaptured by
participants in TSR (recaptures during TSR) and sharks tagged during TSR but recaptured by a non-participant of TSR (recaptures outside of TSR).

Species

Blacktip

Bull

Sandbar

Atlantic sharpnose
Spinner”*
Bonnethead
Finetooth*
Blacknose*
Scalloped hammerhead*
Great hammerhead*
Tiger*

Lemon*

Unknown

Dusky*

Shortfin mako*
Total

*uncommon species designation under TSR rules.

https://doi.org/10.1371/journal.pone.0226782.t001

Number Caught | Percent Total | Min STL (cm) | Max STL (cm) | Average STL (cm) | Recaptures during TSR | Recaptures outside TSR

2526
1581
354
224
163
144
117
68
68
50
50
41
28

2

2
5418

46.6 43 200 143 18 22
29.2 74 284 173 12 6
6.5 18 267 133 15 6
4.1 33 135 83
3.0 60 231 103 1 2
2.7 46 117 70 1
2.2 48 152 109
1.3 46 133 105 1
1.3 43 262 167
0.9 188 396 283 2
0.9 122 427 252 1
0.8 130 295 236 4 1
0.5 43 99 68
<0.1 290 293 291
<0.1 320 330 325
100 18 427 147 50 42

event. Of the 42 recaptures reported outside of the TSR, seven sharks were reported washed up
on the beach after the initial tagging event. Not including death during the fight or landing
process, 9.8% (n = 9) of recaptures were reported as washed up or dead upon recapture. Two
sharks were recaptured twice, a sandbar shark and a great hammerhead shark (Sphyrna
mokarran).

During visual confirmation of angler species identification, readers classified 28 entries
(0.5% of all shark photographs) as unknown. The unknown classification was assigned to
shark photographs that could not be identified because distinguishing characteristics were not
visible (Fig 3). Readers were able to assign a species identification to the remaining 5,390 pho-
tographs. After the final reading, the readers and anglers agreed on 97.9% of the identifica-
tions. Overall, 125 sharks were misidentified by anglers (Table 2), which corresponded to a
97.2% (95% CI: 96.7-97.6) overall accuracy in angler identification of sharks that were posi-
tively identified by the readers. The NIR was calculated at 46.6%, which was significantly dif-
ferent from the overall accuracy rate (p < 0.001), suggesting that anglers could not just guess
the species identification and be correct the majority of the time.

Higher error rates were observed for certain species that are more difficult to distinguish.
For example, the species identification agreement table failed to pass McNemar’s test of sym-
metry (x> = 8.01, df = 1, p = 0.005), suggesting certain species were consistently misidentified
by anglers. Exact binomial tests indicated the identification accuracy for four species was sig-
nificantly less than the overall accuracy rate (p < 0.001). Spinner shark identification accuracy
was the lowest (76.1% TPR) followed by blacknose shark (Carcharhinus acronotus; 86.8%
TPR), finetooth shark (Carcharhinus isodon; 88.0% TPR), and Atlantic sharpnose shark
(Rhizoprionodon terraenovae; 93.8% TPR) (Table 3). Tiger sharks, lemon sharks (Negaprion
brevirostris), and shortfin mako sharks (Isurus oxyrinchus) were the only species with no mis-
identifications or misclassifications (100% TPR). The dusky shark (Carcharhinus obscurus)
was also never misidentified (100% TPR) but was misclassified four times as either a spinner
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Fig 3. Shark photographs submitted by participants in the TSR where distinguishing characteristic were visible (A) and photographs that were classified as
unknown (B-D). A) Confirmed sandbar shark with visible characteristics. B) Angler identified shark as bull shark, but identification could not be confirmed
because shark was underwater. C) Angler identified shark as blacktip shark, but identification could not be confirmed because ruler covered most of the shark’s
body. D) Angler identified shark as a sandbar shark, but species could not be identified because of photo scale, blurriness, and shark’s head covered by angler’s
hand.

https://doi.org/10.1371/journal.pone.0226782.9003

or finetooth shark. Some angler-identified species were never misclassified, but were misiden-
tified, such as the bonnethead shark (Sphyrna tiburo) which was misidentified once (as a great
hammerhead shark) in the 144 encounters (99.3% TPR). The most commonly confused sharks
by anglers were blacktip and spinner sharks with 31 of the 39 misidentified spinner sharks ini-
tially identified as blacktip sharks. Fifteen of the 37 misidentified blacktip sharks were initially
identified as spinner sharks. Excluding shark identifications that could not be confirmed (i.e.,
unknown), blacktip sharks were misclassified the most with 50 submissions, followed by spin-
ner sharks with 19 misclassifications, and Atlantic sharpnose sharks with 14 misclassifications
(Table 2).

Opverall accuracy of angler identifications for sharks that were eligible for tagging per tour-
nament rules (81.3 cm STL) increased to from 97.2% to 98.4% (95% CI: 98.0, 98.8). Finetooth
(85.7% TPR) and blacknose sharks (85.7% TPR) were identified with lowest accuracy, followed
by spinner sharks with an 88.8% TPR (Table 3). Blacktip and spinner sharks of these larger
size classes remained the most confused species, with 13 blacktip sharks initially identified as
spinner sharks and 9 spinner sharks initially identified as blacktip sharks. However, larger
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Table 3. Species sensitivity (TPR) and specificity (true negative rate [TNR]) for all sharks identified by anglers
participating in TSR, 2014-2018. Sensitivity (TPR) is also reported for sharks of taggable size in the tournament
(81.3 cm STL).

Species Sensitivity Specificity Sensitivity
(True Positive Rate) (True Negative Rate) (Taggable size)
Dusky 1.0000 0.9993 1.0000
Lemon 1.0000 1.0000 1.0000
Shortfin mako 1.0000 1.0000 1.0000
Tiger 1.0000 1.0000 1.0000
Bull 0.9987 0.9974 0.9987
Bonnethead 0.9931 1.0000 0.9706
Blacktip 0.9854 0.9779 0.9872
Scalloped hammerhead 0.9853 0.9998 0.9792
Sandbar 0.9802 0.9965 0.9855
Great hammerhead 0.9800 0.9996 0.9800
Atlantic sharpnose 0.9375 0.9967 0.9640
Finetooth 0.8803 0.9979 0.8571
Blacknose 0.8677 0.9996 0.8571
Spinner 0.7607 0.9956 0.8875
Unknown 0.0000 0.9998 0.0000

https://doi.org/10.1371/journal.pone.0226782.t003

blacktip sharks were identified correctly in 98.5% of all encounters. In addition to tiger, lemon,
and shortfin mako sharks, dusky sharks were also identified with high accuracy and had no
misclassifications at taggable size, but these species comprised a small portion of captured indi-
viduals. The number of misidentified sharks decreased from 125 when considering all sharks
entered in the TSR to 72 when considering only those ‘eligible’ for tagging. Similarly, sharks
with unknown identification decreased from 28 to 2 individuals.

Species identification generally became more accurate as size increased as anglers were
100% accurate for sharks measuring 225 cm STL and larger. However, the data showed fine-
tooth sharks were more difficult to identify as they grew larger, commonly being misidentified
as blacktip or Atlantic sharpnose sharks. Blacktip sharks were the most commonly captured
species in the 50-175 cm size range and were identified correctly (i.e., TPR) >95% of the time
(Table 4). Generally, for all species, smaller sharks were the hardest for anglers to identify, with
blacknose sharks between 75-100 cm having the lowest TPR at 50.0%, followed by spinner
sharks between 50-75 cm and 100-125 cm at 62.3% TPR and 80.0% TPR, respectively; this
was consistent with spinner sharks being the most difficult to identify overall.

Discussion

Land-based shark fishing is a popular recreational activity in Texas, with the trend favoring
more conservation-oriented practices using catch-and-release methods [3,26-27]. Tourna-
ments that follow these conservation-oriented practices, like the TSR, are dramatically gaining
in popularity and participation, and they are also important in providing an alternative to kill-
tournaments that can impact stocks, and often face public criticism [28]. The switch to no-kill
tournaments and increase in popularity of catch-and-release has provided a unique opportu-
nity to collect data on a large-scale for extended periods of time with minimal costs compared
to traditional scientific surveys of this size. The partnership with the TSR has allowed for the
documentation of >5,400 sharks by >380 anglers along the entire Texas coast during a
~4-year period-tagging and data collection of a magnitude that would be impossible under
traditional scientific study constraints both logistically and financially. Previous studies using
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species composition and biological measurements collected during the TSR assumed that par-
ticipants were relatively skilled and adept at shark identification [3,29], and these studies relied
on the species identifications being accurate. Given the 97.2% overall accuracy of shark identi-
fications made by anglers in the TSR, our study confirms that this group of citizen scientists
can provide reliable data for studies of shark populations off the Texas coast. This accuracy is
comparable to other accuracy rates for species identification across a variety of taxa and sys-
tems, which have been typically reported between 70-95% [30-32].

While the overall accuracy of shark species identifications was high, some species were
more difficult for anglers to recognize. For example, spinner sharks were commonly confused
with blacktip sharks. Discerning between these two species has also been an issue with scien-
tists in the past [33]. The key characteristic commonly used to distinguish between these two
species in field guides and by anglers is the lack of pigmentation on the anal fin of blacktip
sharks that is usually present on spinner sharks greater than 80 cm STL [33]. Smaller spinner
sharks (<75 cm STL) were the most misidentified category in this study, likely due to these
sub-adult sharks lacking pigmentation on the anal fin, making them visually very similar to
blacktip sharks. Overall, spinner sharks were poorly identified in most size classes examined,
with anglers tending to classify spinner sharks as blacktip sharks rather than the reverse. Given
that spinner sharks were classified as an uncommon species by the TSR and, therefore, earned
more points in the tournament than blacktip sharks, it seems most likely that anglers were sim-
ply misidentifying them and not intentionally misidentifying them to earn more tournament
points. Furthermore, spinner sharks were also misidentified as dusky sharks, Atlantic sharp-
nose sharks, and one was submitted as unknown. Thus, for species like the spinner shark
which are more difficult to identify, it is critical to continue validation of submissions and
increase educational opportunities and materials to better prepare anglers when they do
encounter these species.

Contrary to similar species such as blacktip and spinner sharks, many sharks have
extremely distinguishing characteristics making them easier to identify, especially off the
Texas coast. For example, tiger sharks have very characteristic markings (i.e., ‘stripes’) making
them distinctive from most species commonly captured in the Gulf of Mexico [34-35]. The
shortfin mako is also distinct with its deep blue coloring and dark eye, and while it may be con-
fused with the longfin mako (Isurus paucus), the longfin mako is rare off Texas, making this
misidentification unlikely. While their hammer-shaped heads make the group iconic, some
anglers have confused bonnethead, great hammerhead, and scalloped hammerhead sharks
(Sphyrna lewini). Adult bonnethead sharks are smaller than adult scalloped or great hammer-
head sharks but may be confused with juveniles even though bonnetheads have a more
rounded, shovel-shaped head [35]. Great hammerhead and scalloped hammerhead sharks
have a more nuanced distinction between the two species. The great hammerhead has a
straighter leading edge of the hammer and has a taller dorsal fin than the scalloped hammer-
head but could be easily confused if not commonly observed [35]. While all of these species are
distinct and more readily identifiable, they comprised only a small portion of the data set
(5.8%).

Despite smaller size classes being more difficult to identify for all species, angler identifica-
tion accuracy was higher than the NIR (i.e., the largest proportion of the observed classes), sug-
gesting that angler identifications were better than identifications made by chance alone.
Anglers were unlikely to misidentify sharks in the largest size classes (>275 cm STL), which
included less frequently captured species such as dusky, great hammerhead, lemon, shortfin
mako, and tiger sharks. As per tournament rules, sharks above 81.3 cm could be tagged, earn-
ing the TSR participant additional points. This rule eliminated most of the smaller sharks that
were misidentified, especially spinner sharks, which increased to 88.8% TPR when excluding
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these smaller individuals. Overall identification accuracy of tagged individuals greater than
81.3 cm also increased to 98.4%. These findings clearly indicate size is a factor influencing
accurate species identifications. With more training and the development of a field guide for
shark pups and early juveniles, anglers may be able to further improve their identification
skills.

Recaptures are an important component of any tagging study, as they can provide insight
into fish movements, growth rates, catch and survival rates, and site fidelity [36-37]. However,
recapture data rely on the angler or beachgoer to report the fish to the proper tagging institu-
tion. Of the 92 shark recaptures reported during this study, eight were originally tagged outside
of TSR, but were reported during the tournament via the online form. In the tournament,
anglers received bonus points for recaptured sharks even if the tag was not distributed by the
tournament, giving incentive to report any recapture. Additionally, our research program
offered rewards for reported recaptures which was advertised on the tags to increase the
chance of reporting, especially by the TSR non-participants. While some recaptured sharks
had tags that contained institutional information (e.g., NMFS Apex Predators Program), other
tags did not have such information, or the reporter did not examine the tag closely enough to
determine the tagging source. While pictures of the recaptured tag were requested, many
reporters left the tag in the shark upon release without taking detailed pictures of the tag. Asa
result, we have recapture reports that cannot be verified due to an inability to determine the
initial tagging source. This source of non-reporting prevents the acquisition of valuable data
but can be addressed by tournament managers to minimize these occurrences in future tour-
naments. These tags along with other more sophisticated electronic tags show the need for a
centralized tagging database, where “orphaned” tags can be paired with owners.

Finally, some recaptures were reported when a shark washed up on the beach dead, which
comprised a relatively small percentage of all recaptures (9.8%). While the exact discard mor-
tality is not known in the land-based shark fishery and needs further study, survivability is
thought to be high. In fact, two sharks (a great hammerhead and a sandbar shark) have been
recaptured multiple times during the study period, suggesting that some species of sharks may
be more resilient than others [38-40], and/or some anglers were efficient and careful when
handling and releasing sharks. Regardless, estimates of discard mortality in this increasingly
popular land-based shark fishery are severely needed for stock assessments. While these esti-
mates remain unavailable, outreach and engagement to provide anglers with the best handling
and release practices are essential to increase survival and maintain a sustainable fishery.

Conclusions

Citizen scientists have contributed valuable knowledge and data to wildlife and fisheries man-
agers for decades. This study demonstrated that citizen scientists have the ability to tag, collect
biological data, and identify sharks with little error, and that with the use of technology, such
as digital cameras found in smartphones, identifications can be verified. As participants of
larger tournaments, like the TSR, anglers collect substantial amounts of data throughout most
of the year, allowing scientists and managers access to data on a geographic and temporal scale
that could not be easily obtained otherwise. For anglers, this contribution can be done with lit-
tle impact to the fishery as these anglers sampled fish caught using catch-and-release tech-
niques during recreational fishing trips [37]. This is important for managers as these long-
term datasets could potentially be incorporated into future assessments of sharks in the Gulf of
Mexico. Future research should combine genetic barcoding to confirm species identification
of unknown individuals and explore the possibility of cryptic or hybrid species misidentifica-
tion, as well as determining the discard mortality in this land-based shark fishery.
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