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Abstract
Reducing discard mortality in recreational fisheries remains an important component of stock rebuilding for many

reef fish species. Discard mortality for these species can be high due in part to barotrauma injury sustained during
capture coupled with high catch rates, but recent advances in fish descending devices can mitigate some of these
declines. Despite high survival rates with rapid recompression strategies, recreational angler opinions and perceived
effectiveness of the devices are relatively unknown. This study surveyed the perceptions, opinions, and attitudes of 538
recreational anglers regarding the use of descending devices in the reef fish fisheries of the Gulf of Mexico and U.S.
South Atlantic, with particular emphasis on Red Snapper Lutjanus campechanus. In total, 1,074 descending devices
were distributed to marine recreational anglers from North Carolina to Texas. After using the device for an average
of 8 months and 15 fishing trips, recipients completed a questionnaire assessing their perceptions on the efficacy of the
device. While 72% of respondents had little to no knowledge of descending devices prior to the study, 70% indicated
that they preferred this release method over venting after the study. Survey respondents released over 7,000 Red Snap-
per and 4,000 other reef fish species with their descending devices, and 76% were likely to continue employing the
device on their vessel. Eighty-nine percent of respondents believed descending Red Snapper would significantly reduce
discard mortality in the recreational fishery. We discovered that recreational anglers perceive the devices to be highly
useful in reducing discard mortality and are willing to employ them when releasing reef fish experiencing barotrauma.
Other studies have demonstrated that these descending devices do reduce discard mortality of reef fishes, and this
study indicates that recreational anglers are very willing to use them as a conservation tool.

Recreational fishing is an important outdoor leisure
activity to over 33 million people in the USA (Southwick
Associates 2012). It generates substantial income to local,

regional, and national economies while providing users an
alternative means of domestic consumption (Arlinghaus et
al. 2007). Recreational fishing is one of the most popular
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outdoor activities, with economic impacts for saltwater
recreational fishing totaling over US$63 billion annually
(NMFS 2015). The highest concentration of saltwater
recreational anglers resides in the Southeast (North Caro-
lina to Texas), a region that supports over five million
saltwater recreational anglers and generates $15 billion in
revenue for the economy (NMFS 2012), making it an
ideal location to study angler perceptions on fishery-
related issues.

Over 50 species of reef-associated fish from nine fami-
lies are managed by the South Atlantic Fishery Manage-
ment Council and Gulf of Mexico Fishery Management
Council, many of which have been historically overfished
or are still undergoing overfishing. Combined recreational
landings for South Atlantic and Gulf of Mexico reef fish
totaled over 12 million pounds in 2017 (NMFS 2017,
2018), making this southeastern region the largest feder-
ally managed recreational fishery in the nation. Yet, many
fisheries in the region are overfished and rely on strict reg-
ulatory measures, including minimum size limits and
closed seasons. For reef fish species such as Red Snapper
Lutjanus campechanus, discard rates resulting from these
regulations are very high and can be even higher outside
of the directed fishery due to short, or even absent, sum-
mer fishing seasons.

While many recreational anglers retain their catch for
consumption, approximately 57% of fish caught in the
USA are released (Bartholomew and Bohnsack 2005), and
88% of anglers participate in catch and release during
some part of their fishing activity (USFWS 2006). Catch-
and-release fishing has become an increasingly popular
method to conserve fishery resources through both volun-
tary practices and also as a requirement through man-
dated regulations (Cowx 2002; Cooke and Schramm 2007;
Brownscombe et al. 2017). Reductions in season length
and/or bag limit can result in very high regulatory discard
rates, which in some cases are greater than landings for
the directed fishery. For example, Gulf of Mexico Red
Snapper recreational discard rates have historically on
occasion been several times higher out of season than in
season (SEDAR 2015). Furthermore, many anglers target-
ing other species unintentionally catch Red Snapper and
are federally mandated to release them when this species
is caught out of season. The decision to discard a captured
fish can rely on various reasons, such as the fish being per-
ceived as bycatch, regulations in place that require release
(bag limits, size limits, closed season), belief that the fish
will survive to be captured at a later date, or for ethical
reasons (Cooke and Suski 2005). However, an essential
assumption in the catch-and-release and discard process is
that fish survive long term. While this assumption holds
true for many species, postrelease survival for deepwater,
physoclistous reef fish is further complicated by baro-
trauma, which leads to higher discard mortality rates than

traditional catch and release occurring at shallower depths
(Rummer 2007; Campbell et al. 2014). Barotrauma occurs
due to rapid decompression experienced during ascent and
has the potential to significantly reduce the odds of sur-
vival in Red Snapper and other deepwater reef fish (Rum-
mer and Bennett 2005; Rudershausen et al. 2014; Curtis et
al. 2015). Overcoming the issues surrounding barotrauma
in catch-and-release fisheries is arguably one of the most
important and unresolved complications facing managers
today (Arlinghaus et al. 2007).

Fishery managers previously attempted to address
barotrauma-induced mortality in the Gulf of Mexico reef
fish fishery by promulgating regulations that required
anglers to possess a venting tool onboard any vessel fish-
ing in federal waters (GMFMC 2007). Soon after the
enactment of the amendment, Wilde (2009) challenged the
efficacy of venting discarded reef fish exhibiting baro-
trauma to increase survival. Additionally, Scyphers et al.
(2013) determined that angler experience and knowledge
on proper use of the tools was poor, possibly minimizing
potential benefits from venting. Wilde (2009) performed a
broad meta-analysis to examine the effectiveness of vent-
ing to reduce discard mortality in a variety of fish species.
His results concluded that venting should be avoided;
however, a more recent meta-analysis discovered it to
have positive effects (Eberts and Somers 2017). Addition-
ally, the recent development of alternative methods to mit-
igate barotrauma, such as descending devices, have made
the ways to mitigate barotrauma more widely available
and more frequently used. Thus, the requirement to pos-
sess a venting needle in federal waters of the Gulf of
Mexico was rescinded and, more recently, several fishery-
governing bodies have initiated new policies to incorporate
descending devices into their fishery management plans
(GMFMC 2018).

Rapidly recompressing fish using descending devices
has been shown to be a successful method to reduce dis-
card mortality in offshore reef fishes (Jarvis and Lowe
2008; Brown et al. 2010; Sumpton et al. 2010; Curtis et al.
2015; Runde and Buckel 2018). However, few studies
have specifically examined angler perceptions or their
willingness to use descending devices in recreational or
commercial fisheries. Crandall et al. (2018) examined the
motivating factors for Florida fishers to use venting and
descending devices and their willingness to use these
devices for barotrauma mitigation through online survey
data. Dick (2017) interviewed fishery specialists, scientists,
and managers to determine various challenges involved
with the devices and to what extent mandating their use in
the South Atlantic Red Snapper fishery would be possible.
Study participants raised concerns due to a lack of scien-
tific research, limited survey data, and the issue with the
multispecies complex in the reef fish fishery. Participants
also discussed the importance of angler involvement in the
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regulatory process and that trust between managers and
stakeholders in the fishery would be vital for moving for-
ward. Thus, more information as to whether anglers are
willing to use these tools is certainly essential if managing
entities wish to mandate anglers to recompress discarded
fish using descending devices as a management strategy in
the future.

The primary goal of this study was to evaluate the per-
ceptions and opinions of Gulf of Mexico and South
Atlantic recreational anglers regarding the use of descend-
ing devices in offshore reef fish fisheries. There perhaps
could not be a better model fishery to test the perceptions
of these devices than the Gulf of Mexico and South Atlan-
tic Red Snapper recreational fishery. Anglers in these
regions have recently been faced with shortened Red
Snapper seasons despite recent improvements in the
stocks, and the recreational sector contributes a large pro-
portion of the total catch of the fishery. The specific objec-
tives for this project were to (1) obtain angler perspectives
on the use and effectiveness of a popular descending
device by distributing them to recreational anglers from
North Carolina to Texas and following up with a survey
questionnaire and (2) compare the perceptions and opin-
ions acquired from survey responses among the three
recreational subsectors (private, charter boat, and head-
boat anglers) to evaluate the potential for required use of
the tools in recreational reef fish fisheries.

METHODS
SeaQualizer distribution.— To examine recreational

angler perceptions regarding the use of descending
devices, partnerships and collaborations were formed with
various sportfishing entities to distribute approximately
1,100 descending devices to recreational anglers for use
from June 2015 to October 2016. In collaboration with
FishSmart (www.fishsmart.org), a science-based program
that researches and promotes methods to reduce release
mortality in recreational fisheries, agency and nonprofit
collaborators distributed a standard model (50–100–150
feet) SeaQualizer to recreational anglers along with infor-
mation on FishSmart's “best practices” for releasing deep-
water fish afflicted with barotrauma. The best practices
information includes guidance on assessing fish condition,
the effects of barotrauma, and the different types of deep-
water release techniques (e.g., venting tools and descend-
ing devices) and directs anglers to supplementary online
resources on these topics. The best practices states that
for deepwater releases, rapidly returning the fish to depth
using recompression techniques is the preferred method of
choice, followed by venting when rapid descent is not
possible. The target population consisted of offshore
recreational anglers of the Gulf of Mexico and South
Atlantic that targeted reef fish. The majority of devices

(79%) were distributed online at www.takemefishing.org/f
ishsmart, although additional devices were distributed in
person at fishing tournaments and club gatherings (5%),
through dockside creel stations by project collaborators
(5%), and from state agency personnel and other organi-
zations (11%) from the eight Gulf of Mexico and South
Atlantic states (Texas, Louisiana, Mississippi, Alabama,
Florida, Georgia, South Carolina, North Carolina) (see
Acknowledgments). Potential recipients were identified as
individuals that were offshore-vessel owners or operators
or individuals that were chartering offshore vessels target-
ing reef fish. Anglers were directed to the FishSmart Web
site through articles, postings on social media oriented
toward saltwater anglers, and direct mail and email to
memberships of angling organizations in the region. The
only selection criteria imposed on the Web site registra-
tion was that a participant's shipping address had to be
within the coastal areas of the study region. Dockside dis-
tribution was conducted by agency personnel based on
their knowledge and familiarity with the anglers in indi-
vidual ports. All three subsectors of the federal recre-
ational fishing sector (private anglers; charter captains,
owners, and operators; and headboat captains, owners,
and operators) were represented in the project. Prior to
survey development, researchers engaged with potential
participants and established partners from previous pro-
jects through informal feedback and conversations to
determine appropriate survey questions that would pro-
vide optimum data for investigating angler perceptions.
Initial attitudes and opinions of anglers acquired during
the distribution phase assisted in the construction of the
survey questionnaire.

Survey implementation.— Project participants were
asked to complete a 30-question online survey concerning
the extent of their use, their opinions, and the perceived
effectiveness of the SeaQualizer after 8 months (see the
appendix for the full survey questionnaire). This provided
sufficient time to test their techniques and newly acquired
tool on their vessels. Incentives were offered to complete
the survey in the form of a random prize drawing, where
one of two items could be awarded: a Shimano offshore
fishing rod or reel valued at $269.99 or $549.99, respec-
tively. Participants were classified as a private recreational
angler; a charter boat captain, owner, or operator; or a
headboat captain, owner, or operator and were assigned a
home state based on primary fishing port. Estimates of
the number of fish released with descending devices during
the study was calculated by extrapolating survey responses
that quantified the number of discards recompressed by
each angler. Questions of particular interest assessed what
percent of fish the participants believed survive long term
after being released from a descending device and to what
extent they will use the device on their vessel in the future.
Because Red Snapper are a species of recent debate and
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concern regarding barotrauma mitigation, anglers were
asked to provide their opinions on how such devices could
be helpful or hurtful specifically towards the Red Snapper
recreational fishery.

To determine if differences in income, education, fish-
ing experience, and fishing habits affected responses, a sec-
ondary portion of the survey was designed to evaluate
demographic information and fishing practices. Once
respondents had completed the initial portion of the sur-
vey, they were offered a secondary incentive for answering
an additional nine questions. After completing the sec-
ondary portion of the survey, they would be entered into
another free drawing to win a separate Shimano rod or
reel valued at $269.99 or $649.99, respectively. Demo-
graphic questions addressed gender, age, zip code, com-
bined household income, and highest level of education.
To determine fishing experience, participants were asked
how many days they fished last year and the total number
of years they have spent targeting offshore reef fish. Most
commonly targeted fishing depth and distance from shore
were also identified.

The survey questionnaire was created using Sur-
veyMonkey (SurveyMonkey 2017). Due to the various
types of questions in the survey, responses involved multi-
ple formats. The majority of answers were on an ordinal
scale (e.g., very unlikely to very likely), though not all
answers followed the same ordinal categories. For exam-
ple, the question addressing angler likeliness to use a
descending device to release fish requiring submergence
assistance yielded an ordinal scale from “not likely to use
at all” to “likely to use it on all fish,” while the question
asking how helpful respondents believe descending devices
would be in reducing discard mortality in Red Snapper
yielded an ordinal scale from “not helpful” to “very help-
ful.” Other questions provided nominal answers, binary
yes or no answers, and percentage “slide-bar” answers.

Statistical analysis.— The variety of data collected from
diverse answer categories necessitated a variety of appro-
priate statistical analyses to assess various aspects of the
survey responses. A key objective in this study was defin-
ing differences in perceptions and attitudes about descend-
ing devices based on each respondent identifying with a
recreational subsector. Analyses with significance testing
were used to examine differences between the private and
charter subsectors; however, the number of headboat
responses prevented statistical comparisons with the other
subsectors. Ordinal logistic regression (OLR) was per-
formed when answer categories were on an ordinal scale,
a chi-squared test of independence was performed when
answers were nominal, and a Kruskal–Wallis test was per-
formed when respondents chose a percentage of 0% to
100% using a slide bar. Likelihood-ratio tests (LRT) were
performed when post hoc analysis of OLR models was
required. All tests were performed using the statistical

package R (R Core Team 2017). Analysis of variance
(α = 0.05) was used where quantitative comparisons were
possible.

RESULTS

Survey Responses
We distributed 1,074 SeaQualizers to recreational

anglers in coastal regions from North Carolina to Texas.
Of those, a relatively high response rate of 538 completed
the survey sent via email (50% response rate), with the
majority of responses coming from saltwater anglers in
Texas (23%), Alabama (27%), and Florida (28%) (Figure 1).
All other states made up less than 10% of respondents.
Most respondents (79%) received their SeaQualizer via
online registration on FishSmart's Web site. Anglers
received educational materials (written and/or video) that
included information on best practices for releasing fish
(including when to use a descending device) and appropri-
ate use of the SeaQualizer. Approximately 67% of recipi-
ents believed the combinations of materials they received
improved their knowledge and skills regarding recognition
of barotrauma and proper fish handling and release
methods.

The vast majority of respondents identified as private
recreational anglers (n= 451, 84%), while 81 (15%) and 6
(1%) respondents identified as charter boat and headboat
captains, owners, or operators, respectively (Figure 1). On
average, respondents owned their SeaQualizer 8 months
and used it on 15 trips prior to completing the survey.
Sixty-eight percent of anglers targeted reef fish in water
depths of 38 m or less, 18% targeted depths between 38 m

FIGURE 1. Percent response of private, charter, and headboat anglers
when asked in which state they most commonly target reef fish. The
numbers listed above the stacked bars refer to the total number of
respondents from each state, while those listed in parentheses in the
legend refer to the total number of respondents from each recreational
subsector. State abbreviations are as follows: TX=Texas, LA=
Louisiana, MS=Mississippi, AL=Alabama, FL=Florida, GA=
Georgia, SC= South Carolina, and NC=North Carolina.
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and 53 m, and the remaining respondents (14%) targeted
depths greater than 53 m (Figure 2). Similarly, the major-
ity of respondents fished closer to shore when targeting
reef fish, with 67% fishing within 30 miles (48 km) of
shore.

Most respondents had used a venting tool at some
point in the past (89%), with significantly more charter
respondents having vented in the past than private
anglers (chi-square test: χ= 4.314, P< 0.05). When
employing venting tools in the past, 78% of respondents
vented all or most fish when they exhibited signs of
barotrauma. When asked what cues or combination of
cues anglers used to determine if submergence assistance
was required, 80, 75, 68, 57, and 41% considered a pro-
truding stomach, bloated abdomen, inability to sub-
merge, exophthalmia, and sluggishness to be effective
cues, respectively. Twenty-three percent of respondents
considered all of those symptoms as useful signs. Thir-
teen percent used a venting tool or descending device on
all fish regardless of symptoms, while 3% never used
either. Sixty-three percent of respondents stated they still
used venting tools to release fish exhibiting barotrauma.
Responses were not significantly different between private
anglers and charter boat captains (chi-square test: χ=
1.758, df= 1, P= 0.185). For those that did not currently
employ venting tools to release fish, 19% stopped using
them because they did not think they worked, 17%
believed the fish were able to submerge without the help
of venting, and 5% stopped using venting tools because
they thought they were too time consuming. Sixty-seven
percent chose the “other” category and were required to
specify their reason. Of those 150 “other” respondents,
66 specifically mentioned they preferred rapid

recompression to venting. The mean percentage of fish
believed to survive the venting process was 57%, and this
was not significantly different between private and
charter respondents (Kruskal–Wallis test: χ= 0.152, df=
1, P= 0.697).

Previous knowledge concerning the use of descending
devices was generally low. Seventy-two percent of respon-
dents had little to no knowledge about descending devices
prior to acquiring their SeaQualizer. Only 45 of the 517
respondents (<9%) had a high to very high amount of
knowledge prior to receiving their SeaQualizer. Charter
boat captains were more likely to possess previous knowl-
edge on the devices than private anglers (OLR: β= 0.521,
χ= 5.365, P< 0.05).

The likelihood of respondents to use a descending
device to release fish exhibiting barotrauma was very high
(Figure 3), and no differences in likeliness-to-use existed
between private and charter sectors (OLR: β= −0.2095,
χ= 0.821, P= 0.365). Only eight individuals were not
likely to use a descending device at all, whereas 33% were
likely to use one to release all fish, 43% to release most
fish, and 14% to release approximately half of the fish
they catch exhibiting barotrauma.

The vast majority of respondents (89%) believed
descending devices would be at least “moderately helpful”
in reducing discard mortality in the Red Snapper fishery
(Figure 4). Seventy-nine percent believed they would be
“helpful” to “very helpful.” When answers were compared
between private anglers and charter captains, private
anglers believed the devices to be only slightly more help-
ful than charter captains did. However, these differences
were not statistically significant (OLR: β=−0.407,
χ= 2.940, P= 0.086).

FIGURE 2. Private, charter, and headboat anglers’ most commonly targeted depths (meters) when fishing for reef fish. Sample sizes listed in
parentheses in the legend correspond to the number of respondents from each recreational subsector.

510 CURTIS ETAL.



Mean perceived survival of reef fish released with
descending devices was higher than for vented fish for
both private respondents (ANOVA: F1, 824 = 327.72,
P< 0.0001) and charter respondents (ANOVA: F1, 140=
41.48, P< 0.0001) (Figure 5). The mean predicted survival
rate of both descended and vented fish was very similar
between private and charter respondents (Figure 5).

A range of the approximate total number of fish
released by anglers during this study was calculated
by multiplying the number of respondents in one cate-
gory by the range of the minimum and maximum
number of fish released in that category. Throughout
the course of this study, survey respondents released a
minimum of 7,068 to a maximum of 11,235 Red
Snapper and a minimum of 4,316 to a maximum of
6,790 other species of fish. On average, charter

captains and private anglers released approximately 28
and 16 Red Snapper per person, respectively, between
the time of acquiring their SeaQualizer and completing
the survey.

After receiving and using the SeaQualizer, 70% of all
participants preferred descending to venting, with private
respondents more likely to prefer descending to venting
than charter respondents (chi-squared test: χ= 24.567,
P< 0.001) (Figure 6). After operating the SeaQualizer,
74% of private anglers preferred to release fish with a
descending device, whereas 55% of charter respondents
preferred descending to other methods. Likewise, 17% of
charter captains still preferred venting compared with only
7% of private anglers. Only 4% of respondents still

FIGURE 3. Percent response of private, charter, and headboat anglers
when asked how likely they were to use a descending device to release
fish exhibiting barotrauma. The sample sizes listed under the stacked bars
refer to the number of respondents from each recreational subsector.

FIGURE 4. Percent response of private, charter, and headboat anglers
when asked how helpful they believe descending devices would be in
improving discard mortality in the Red Snapper fishery. The sample sizes
listed under the stacked bars refer to the number of respondents from
each recreational subsector.

FIGURE 5. Perceived postrelease survival rates associated with
descending and venting of discarded reef fish of private, charter, and
headboat anglers. Percentages correspond to the perceived proportion of
fish that survive once released with either a descending device or venting
tool. The error bars represent the standard error of the mean. The
sample sizes listed under the stacked bars refer to the number of
respondents from each recreational subsector.

FIGURE 6. Percent response of private, charter, and headboat anglers
when asked what barotrauma mitigation method they prefer after testing
their SeaQualizer. Sample sizes correspond to the number of respondents
from each recreational subsector.
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preferred neither venting nor descending at the end of the
study period.

Of the original 538 survey participants, 476 agreed to
complete the secondary portion of the survey assessing
fishing habits and demographic information. Fifty-four
percent of respondents had been fishing for more than 20
years, 20% for 11 to 20 years, 17% for 5 to 10 years, 9%
for 1 to 4 years, and only two respondents had been fish-
ing for less than 1 year (0.4%). Charter captains were
more likely to have greater fishing experience than private
anglers (OLR: β= 0.862, χ= 10.404, P< 0.001). When
asked how many days they targeted reef fish last year,
41% took more than 20 trips, 24% took 11–20 trips, and
the remaining 34% took 10 trips or less, with charter
respondents having fished more days than private angler
respondents (OLR: β= 2.349, χ= 50.219, P< 0.001).

The majority of survey participants were males (96%)
between the ages of 41 and 65 (66%). The highest level of
education for 58% of respondents was a bachelor's degree
or higher, and 66% held a combined household income of
at least $75,000. Compared to charter captains, private
anglers were more likely to have earned a higher educa-
tion (OLR: β=−1.192, χ= 21.824, P< 0.001) and hold a
higher household income (OLR: β=−0.559, χ= 5.190,
P= 0.025). Education was not a significant predictor of
either angler willingness to use descending devices (LRT:
P= 0.243) or of perceived benefit of the devices to reduce
discard mortality in the Red Snapper fishery (LRT: P=
0.123). Fishing experience was also not a significant pre-
dictor of angler willingness to use descending devices
(LRT: P= 0.090) nor of the perceived benefit of the
devices to reduce discard mortality (LRT: P= 0.991).

DISCUSSION
This study surveyed the perceptions, opinions, and atti-

tudes of recreational anglers regarding the use of descend-
ing devices to reduce discard mortality in offshore reef
fish. The majority of survey participants had positive per-
spectives on the benefits associated with using the tools to
release discarded fish experiencing barotrauma. Slight dif-
ferences in opinions existed between the three subsectors
of the recreational fishing sector regarding their utility,
but the majority believed they were effective tools for
improving survival of discarded fish. Headboat respon-
dents were less likely to use the devices due to the time-
consuming process required to release a single discard
while meeting client demands, although the low sample
size (n= 6) for this fishing sector necessarily made this
observation only qualitative. Nevertheless, all subsectors
perceived descending devices to be beneficial tools in
improving discard mortality in the Red Snapper fishery
and more respondents preferred using fish descending
devices to venting practices after the opportunity to use

these devices. These results provide evidence that recre-
ational anglers positively perceive and are willing to use
fish descending devices to improve discard survival.

Descending devices offer anglers an alternative release
strategy to invasive venting techniques. While studies have
shown that both venting and rapid recompression can
reduce mortality (Eberts and Somers 2017), rapid recom-
pression does not require anglers to possess knowledge
regarding fish anatomy and physiology, whereas venting
does. In this way, descending devices can prevent well-
intentioned anglers unfamiliar with venting procedures
from injuring fish. For example, Scyphers et al. (2013) and
Hazell et al. (2016) discovered that a substantial number
of venting-tool users were inserting their hypodermic nee-
dles in improper locations, potentially puncturing vital
organs and reducing the chance of survival. Furthermore,
angler experience was not correlated with knowledge of
proper venting technique (Scyphers et al. 2013). These
complications associated with improper venting technique
and location are prevented by employing descending
devices. Even when venting tools are operated correctly,
descending strategies may result in greater chances of fish
survival (Curtis et al. 2015).

Based on the questionnaire results, the majority of
anglers surveyed in this study indicated positive attitudes
toward, and desire to learn, successful release practices
using descending devices. Despite charter respondents hav-
ing more fishing experience and previous knowledge
regarding rapid recompression devices, a greater propor-
tion of private respondents preferred descending devices to
venting after operating the SeaQualizer. Seventy percent
of survey respondents stated that their barotrauma mitiga-
tion preference was descending by the end of the study,
suggesting a transition towards favoring descending
devices over venting tools as a preferred release method.
Moreover, the perceived benefit of these devices to
increase survival of discarded fish is very high and even
greater than when using venting tools. However, each sub-
sector of the recreational fishery has differing motives for
using descending devices during fishing trips. For example,
charter captains and deck hands aboard headboats have
additional challenges and expectations of clients in provid-
ing a quality fishing trip that private recreational anglers
do not, and these demands might influence their willing-
ness to use these devices under certain circumstances. Pri-
vate anglers may prefer to focus on proper release
techniques because they are not required to tend to clients
and assist numerous anglers at once. Charter captains and
deckhands likely experience more time-sensitive situations
in which multiple fish require release simultaneously,
potentially resulting in their higher likelihood to continue
employing venting strategies as the less time-consuming
method. Private anglers made up the majority of survey
responses, while headboats comprised a relatively small
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portion; therefore, observations regarding the perceptions
of headboat captains and deckhands should be interpreted
cautiously and additional data collection for this sector is
certainly needed. Further research and development of
more efficient strategies to descend fish and how these can
best be implemented on headboat charters with many
anglers catching fish simultaneously would be extremely
useful.

Despite existing variations in attitudes and feasibility in
use between the subsectors, the majority of all anglers sur-
veyed believed descending devices could be beneficial in
reducing discard mortality in the fishery. This preference
was in contrast with results obtained in other studies,
where the majority of offshore recreational anglers pre-
ferred venting to descending (Hazell et al. 2016; Crandall
et al. 2018). A key difference between this study and those
above was that anglers in this study received a free
SeaQualizer and information on best practices for use.
These participants also were able to use a descending
device in the field while making judgments on its efficacy
and utility prior to taking the survey, whereas 32% of the
anglers in Crandall et al. (2018) were not aware of the
descending devices prior to survey completion. Moreover,
53% of respondents in Crandall et al. (2018) targeted fish-
ing depths of less than 18 m (60 feet), where many reef fish
may not require assistance submerging. Only 13% of Gulf
of Mexico and South Atlantic anglers from this study tar-
geted depths of less than 23 m (75 feet), and 71% preferred
descending to venting after employing a SeaQualizer on
their vessel for an average of 8 months. Prior to acquiring
the SeaQualizer for this study, 88% had used a venting
tool and, of those, 78% had vented all or most fish
exhibiting barotrauma. After using the descending devices,
70% preferred descending to using a venting tool. These
results indicate that anglers in our study may have chan-
ged their preference of barotrauma mitigation techniques
from venting to descending after employing a descending
device on their vessel.

Conversely, the receipt of the free SeaQualizer device
and distribution of best practices materials could have
played an influential role in promoting a positive percep-
tion and preference reported by anglers through the
removal of purchasing barriers and priming respondents
with preconceived benefits of these devices. The FishSmart
best practices brochure distributed along with the descend-
ing devices states that recompression is the method of
choice for returning barotrauma-afflicted fish to the water.
It is possible that this information could potentially bias
the angler's perception of these devices and, while this
does not negate their response, it could have potentially
inflated the positive response towards descending devices
relative to venting tools by a small unknown percentage.
Crandall et al. (2018) reported that one of the barriers to
using descending devices was the expense in purchasing,

as well as the lack of training or knowledge of devices
and the extra time requirement. Thus, the removal of
these barriers to use seems to be a critical component in
facilitating the use of these descending devices that may
be achieved through complementary promotional pro-
grams and increasing angler knowledge and awareness
through dissemination of materials on best practices and
device use.

Angler knowledge and perception are often overlooked
when formulating hypotheses and methods to improve
release mortality and, in many instances, angler opinion,
observation, and participation can be highly useful in
assisting with research, management, conservation, and
sustainable use of fishery resources (Aswani and Hamilton
2004; Granek et al. 2008; Boudreau and Worm 2010;
Brownscombe et al. 2017). For fishery management agen-
cies seeking to implement future regulations that require
the use of specific tools to reduce mortality in released reef
fish, studies such as this are imperative for successful inte-
gration. Cooke and Schramm (2007) noted the importance
of gathering and disseminating data on the utility and
effectiveness of new regulations prior to enforcing them. If
angler knowledge regarding the use of such devices is rudi-
mentary or even nonexistent, appropriate dissemination of
methodological instructions and best-use practices would
be an essential complement to the actual devices before
anglers could be expected to use them. Unlike other baro-
trauma mitigation techniques, descending devices offer
anglers an easy-to-operate tool that does not require
extensive knowledge on the physiology of various species,
which likely contributed to the strong preference for
descending over venting release strategies.

While our survey response rate of 50% is extremely high
for these types of studies, it is important to note that the
perceptions of survey respondents may not necessarily be
representative of the entire angling population. One char-
acteristic that indicates that the survey respondents may be
more representative of more avid anglers is the number of
fishing trips reported during the duration of the study. The
average angler had completed 15 offshore fishing trips over
8 months, which is far above average for the typical off-
shore reef fish angler. Additional demographic data from
supplementary questions also indicates that more avid
anglers were the likely participants for this study. The lack
of survey results from some states also indicates that partic-
ipation may be more positively influenced through better
outreach and engagement channels. Future studies should
seek to promote these outreach mechanisms and fill partici-
pation data gaps in order to obtain the most representative
view of how descending devices are perceived in the entire
recreational fishing community. Nevertheless, this study
provides one of the most comprehensive collections of sur-
vey data on the perceptions of descender device use for the
recreational fishery.
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Overall, both charter and private recreational reef fish
anglers were found to have positive perspectives and atti-
tudes towards descending devices for improving release sur-
vival in fish exhibiting barotrauma. Moreover, 70% of
survey respondents indicated a preference of descending
over venting by the study's end after the opportunity to test
these devices. Despite requiring more time and effort to
deploy a descending device, recreational anglers perceived
their benefit to outweigh the time saved by venting. Head-
boat operators were less likely to employ the devices due to
the extra time requirement to operate them; however, most
believed the devices would be successful in reducing discard
mortality. These data provide managers with essential
information regarding the opinions of fishery stakeholders
towards improving discard mortality using rapid recom-
pression techniques. Rapid recompression gives anglers per-
ceived confidence that their discards will survive to be
captured again in the future, and they are receptive to
employing descending devices in the recreational reef fish
fishery to increase survival of discarded fish.

ACKNOWLEDGMENTS
We thank FishSmart for organizing survey distribution,

compiling response data, and overall management of
SeaQualizer recipient and respondent information. We also
want to thank the Shimano Corporation for their contribu-
tion of offshore fishing gear used to collect and release
Red Snapper during this study and for donating survey
incentives in the form of two offshore rod and reel combina-
tions. The American Sportfishing Association–FishAmerica
Foundation, Recreational Boating and Fishing Founda-
tion, and SeaQualize provided technical support during the
distribution and testing phase. Many individuals from the
Harte Research Institute, including David Norris, Ashley
Ferguson, Quentin Hall, Matt Streich, Jason Williams, and
Tara Topping, provided field support and Megan Robillard
and Jennifer Wetz assisted with administrative matters. Spe-
cial thanks to Daryl Gatewood and Peter Young for their
contributions during SeaQualizer distribution. Gil Radon-
ski provided invaluable support for planning and outreach
through the FishSmart program. This study was made pos-
sible by funds from the American Sportfishing Association,
FishAmerica Foundation, Brunswick Public Foundation,
Grizzly Smokeless Tobacco, Guy Harvey Ocean Founda-
tion, National Oceanic and Atmospheric Administration
Fisheries Award NA14NMF4720224, and National Fish
and Wildlife Foundation Award #0303.15.048009. Out-
reach to anglers was conducted through partnerships with
the International Game Fish Association, Alabama Marine
Resources Division, Texas Parks and Wildlife, Coastal
Conservation Association, Florida Fish and Wildlife Con-
servation Commission, Georgia Department of Natural
Resources, South Carolina Department of Natural

Resources, Florida Sea Grant, and National Association of
Charterboat Operators. There is no conflict of interest
declared in this article.

REFERENCES
Arlinghaus, R., S. J. Cooke, J. Lyman, D. Policansky, A. Schwab,

C. Suski, S. G. Sutton, and E. B. Thorstad. 2007. Understanding
the complexity of catch-and-release in recreational fishing: an
integrative synthesis of global knowledge from historical, ethical,
social, and biological perspectives. Reviews in Fisheries Science
15:75–167.

Aswani, S., and R. J. Hamilton. 2004. Integrating indigenous ecological
knowledge and customary sea tenure with marine and social science
for conservation of Bumphead Parrotfish (Bolbometopon muricatum)
in the Roviana Lagoon, Solomon Islands. Environmental Conserva-
tion 31:69–83.

Bartholomew, A., and J. A. Bohnsack. 2005. A review of catch-and-
release angling mortality with implications for no-take reserves.
Reviews in Fish Biology and Fisheries 15:129–154.

Boudreau, S. A., and B. Worm. 2010. Top-down control of lobster in the
Gulf of Maine: insights from local ecological knowledge and research
surveys. Marine Ecology Press Series 403:181–191.

Brown, I., W. Sumpton, M. McLennan, D. Mayer, M. Campbell, J.
Kirkwood, A. Butcher, I. Halliday, A. Mapleston, D. Welch, G. A.
Begg, and B. Sawynok. 2010. An improved technique for estimating
short-term survival of released line-caught fish, and an application
comparing barotrauma-relief methods in Red Emperor (Lutjanus
sebae Cuvier 1816). Journal of Experimental Marine Biology and
Ecology 385:1–7.

Brownscombe, J. W., A. J. Danylchuk, J. M. Chapman, L. F. G.
Gutowsky, and S. J. Cooke. 2017. Best practices for catch-and-release
recreational fisheries—angling tools and tactics. Fisheries Research
186:693–705.

Campbell, M. D., W. B. Driggers, B. Sauls, and J. F. Walter. 2014.
Release mortality in the Red Snapper (Lutjanus campechanus) fishery:
a meta-analysis of 3 decades of research. U.S. National Marine Fish-
eries Service Fishery Bulletin 112:283–296.

Cooke, S. J., and H. L. Schramm. 2007. Catch-and-release science and
its application to conservation and management of recreational fish-
eries. Fisheries Management and Ecology 14:73–79.

Cooke, S. J., and C. D. Suski. 2005. Do we need species-specific
guidelines for catch-and-release recreational angling to effectively
conserve diverse fishery resources? Biodiversity and Conservation
14:1195–1209.

Cowx, I. 2002. Fisheries. Pages 367–390 in J. B. Hart and J. D. Rey-
nolds, editors. Handbook of fish biology and fisheries, volume 2.
Blackwell Science, Oxford, UK.

Crandall, C. A., T. M. Garlock, and K. Lorenzen. 2018. Understanding
resource-conserving behaviors among fishers: barotrauma mitigation
and the power of subjective norms in Florida's reef fisheries. North
American Journal of Fisheries Management 38:271–280.

Curtis, J. M., M. W. Johnson, S. L. Diamond, and G. W. Stunz. 2015.
Quantifying delayed mortality in discarded Red Snapper using acous-
tic telemetry. Marine and Coastal Fisheries: Dynamics, Management,
and Ecosystem Science [online serial] 7:434–449.

Dick, K. 2017. The use of descending devices in fisheries management to
reduce discard mortality: regional experiences and considerations.
Master's thesis. Duke University, Durham, North Carolina.

Eberts, R. L., and C. M. Somers. 2017. Venting and descending provide
equivocal benefits for catch-and-release survival: study design influ-
ences effectiveness more than barotrauma relief method. North Amer-
ican Journal of Fisheries Management 37:612–623.

514 CURTIS ETAL.



GMFMC (Gulf of Mexico Fishery Management Council). 2007. Final
amendment 27 to the Reef Fish Fishery Management Plan and
amendment 14 to the Shrimp Fishery Management Plan. GMFMC,
Tampa, Florida.

GMFMC (Gulf of Mexico Fishery Management Council). 2018. Policy
document on encouraging the use of descending devices and venting
needles on recreationally caught reef fish. GMFMC, Tampa, Florida.

Granek, E. F., E. M. P. Madin, M. A. Brown, W. F. Figueria, and D.
S. Cameron. 2008. Engaging recreational fishers in management and
conservation: global case studies. Conservation Biology 22:1125–1134.

Hazell, J., L. Krimsky, B. Fluech, B. Staugler, C. Adams, J. Stevely, and
R. Botta. 2016. Awareness, knowledge and perceptions of barotrauma
and barotrauma mitigation: a survey of Florida anglers. Florida Sea
Grant College Program, Gainesville.

Jarvis, E. T., and C. G. Lowe. 2008. The effects of barotrauma on the
catch-and-release survival of southern California nearshore and shelf
rockfish (Scorpaenidae, Sebastes spp.). Canadian Journal of Fisheries
and Aquatic Sciences 65:1286–1296.

NMFS (National Marine Fisheries Service). 2012. Recreational fisheries
year in review. NMFS, Silver Spring, Maryland.

NMFS (National Marine Fisheries Service). 2015. Fisheries economics of
the United States. Available: https://www.st.nmfs.noaa.gov/economics/
publications/feus/fisheries_economics_2015/index. (July 2017).

NMFS (National Marine Fisheries Service). 2017. 2017 and 2018 Gulf of
Mexico recreational landings and annual catch limits (ACLs) and
annual catch targets (ACTs). Available: http://sero.nmfs.noaa.gov/sus
tainable_fisheries/acl_monitoring/recreational_gulf/index.html. (Jan-
uary 2018).

NMFS (National Marine Fisheries Service). 2018. South Atlantic recre-
ational landings and annual catch limits (ACLs) for 2017–2018.
Available: http://sero.nmfs.noaa.gov/sustainable_fisheries/acl_moni
toring/recreational_sa/index.html. (January 2018).

R Core Team. 2017. R: a language and environment for statistical com-
puting. R Foundation for Statistical Computing, Vienna.

Rudershausen, P. J., J. A. Buckel, and J. E. Hightower. 2014. Estimating
reef fish discard mortality using surface and bottom tagging: effects of
hook injury and barotrauma. Canadian Journal of Fisheries and
Aquatic Sciences 71:514–520.

Rummer, J. L. 2007.Factors affecting catch and release (CAR) mortality
in fish: insight into CAR mortality in Red Snapper and the influence
of catastrophic decompression. Pages 123–144 in W. F. Patterson III,
J. H. Cowan Jr., G. R. Fitzhugh, and D. L. Nieland, editors. Red
Snapper ecology and fisheries in the U.S. Gulf of Mexico. American
Fisheries Society, Symposium 60, Bethesda, Maryland.

Rummer, J. L., and W. A. Bennett. 2005. Physiological effects of swim
bladder overexpansion and catastrophic decompression on Red Snap-
per. Transactions of the American Fisheries Society 134:1457–1470.

Runde, B. J., and J. A. Buckel. 2018. Descending devices are promising tools
for increasing survival in deepwater groupers. Marine and Coastal Fish-
eries: Dynamics, Management, and Ecosystem Science [online serial]
10:100–117.

Scyphers, S. B., F. J. Fodrie, F. J. Hernandez, S. P. Powers, and R. L.
Shipp. 2013. Venting and reef fish survival: perceptions and participa-
tion rates among recreational anglers in the northern Gulf of Mexico.
North American Journal of Fisheries Management 33:1071–1078.

SEDAR (Southeast Data Assessment and Review). 2015. Stock assess-
ment of Red Snapper in the Gulf of Mexico 1872–2013 – with provi-
sional 2014 landings. SEDAR, North Charleston, South Carolina.

Southwick Associates. 2012. Sportfishing in America: an economic force
for conservation. Produced for the American Sportfishing Association
under a U.S. Fish and Wildlife Service Sport Fish Restoration Grant
F12AP00137, VA M-26-R awarded by the Association of Fish and
Wildlife Agencies, Washington, D.C.

Sumpton, W. D., I. W. Brown, D. G. Mayer, M. F. Mclennan, A.
Mapleston, A. R. Butcher, D. J. Welch, J. M. Kirkwood, B. Sawy-
nok, and G. A. Begg. 2010. Assessing the effects of line capture and
barotrauma relief procedures on post-release survival of key tropical
reef fish species in Australia using recreational tagging clubs. Fisheries
Management and Ecology 17:77–88.

SurveyMonkey. 2017. San Mateo, California. Available: www.surveymon
key.com. (December 2019).

USFWS (U.S. Fish and Wildlife Service). 2006. 2006 National survey of
fishing, hunting, and wildlife-associated recreation. USFWS,
Washington, D.C. and U.S. Census Bureau, Suitland, Maryland.

Wilde, G. R. 2009. Does venting promote survival of released fish? Fish-
eries 34:20–28.

RECREATIONAL ANGLER PERCEPTIONS OF DESCENDING DEVICES 515

https://www.st.nmfs.noaa.gov/economics/publications/feus/fisheries_economics_2015/index
https://www.st.nmfs.noaa.gov/economics/publications/feus/fisheries_economics_2015/index
http://sero.nmfs.noaa.gov/sustainable_fisheries/acl_monitoring/recreational_gulf/index.html
http://sero.nmfs.noaa.gov/sustainable_fisheries/acl_monitoring/recreational_gulf/index.html
http://sero.nmfs.noaa.gov/sustainable_fisheries/acl_monitoring/recreational_sa/index.html
http://sero.nmfs.noaa.gov/sustainable_fisheries/acl_monitoring/recreational_sa/index.html
http://www.surveymonkey.com
http://www.surveymonkey.com


Appendix: Survey Questionnaire

516 CURTIS ETAL.



RECREATIONAL ANGLER PERCEPTIONS OF DESCENDING DEVICES 517



518 CURTIS ETAL.


