
ARTICLE

Bottom-up conservation: using translational ecology to inform
conservation priorities for a recreational fishery
Carissa L. Gervasi, Rolando O. Santos, Ryan J. Rezek, W. Ryan James, Ross E. Boucek,
Christopher Bradshaw, Christopher Kavanagh, Jason Osborne, and Jennifer S. Rehage

Abstract: Translational ecology defines a collaborative effort among scientists and stakeholders to rapidly translate envi-
ronmental problems into action. This approach can be applied in a fisheries management context when information
needed to inform regulations is unavailable, yet conservation concerns exist. Our research uses a translational ecology
framework to assess the stock status and develop research priorities for the crevalle jack (Caranx hippos) in the Florida Keys,
USA, a currently unregulated species. Interview data that compiled expert fishing guide knowledge were used to develop
hypotheses tested using existing fisheries-dependent datasets to check for agreement among sources and assess the consis-
tency of observed patterns. Six hypotheses were developed concerning the status and trends of the crevalle jack population
in the Florida Keys, and four of these hypotheses received clear support, with agreement between guide observations and
one or more of the fisheries-dependent datasets. The results of our study outline an effective translational ecology approach
for recreational fisheries management designed to rapidly recognize potential management needs as identified by fishing
guides, which allows for actionable science and proactive management.

Résumé : L’écologie traductionnelle désigne les efforts de collaboration de chercheurs et de parties prenantes visant à traduire rap-
idement des problèmes environnementaux en gestes concrets. Cette approche peut être appliquée dans un contexte de gestion des
pêches quand l’information nécessaire à l’élaboration de règlements n’est pas disponible, mais qu’il existe des situations préoccu-
pantes. Nos travaux font appel à un cadre d’écologie traductionnelle pour évaluer l’état du stock et établir des priorités de recher-
che pour une espèce actuellement visée par aucune réglementation, la carangue crevalle (Caranx hippos), dans les Keys de la Floride
(�Etats-Unis). Des données d’interviews recensant les connaissances de guides de pêche chevronnés sont utilisées pour formuler des
hypothèses testées à l’aide d’ensembles existants de données dépendantes de la pêche pour vérifier la concordance de différentes
sources et évaluer la cohérence des motifs observés. Six hypothèses sont formulées concernant l’état et les tendances de la popula-
tion de carangues crevalles dans les Keys de la Floride, et l’analyse appuie clairement quatre de ces hypothèses, pour lesquelles les
observations des guides et un ou plusieurs des ensembles de données dépendantes de la pêche concordent. Les résultats de l’étude
délimitent une approche efficace d’écologie traductionnelle pour la gestion des pêches sportives, conçue pour faire rapidement
ressortir les besoins potentiels de gestion cernés par les guides de pêche et permettant du coup des applications pratiques de résul-
tats scientifiques et une gestion proactive. [Traduit par la Rédaction]

Introduction
In today’s world of anthropogenic global change and urgent ec-

ological crises, clear pathways for actionable science are more
important than ever (Chapin 2017). Translational ecology (TE) is a
developing field aimed at addressing such urgent ecological
issues that stems from the broader concepts of translational soci-
ology (Callon 1986). TE describes collaborative efforts among sci-
entists and stakeholders with the goal of rapidly translating
environmental problems into action (Schlesinger 2010), and TE
frameworks have successfully been used to address conservation
issues within various complex social–ecological systems (Angeoletto
et al. 2019; Chen and Jin 2019;Ward et al. 2020). For instance, Allison
and Arnold (2018) highlight how TE has been used in the wind
energy industry for decades to assess, avoid, and mitigate risks to
wildlife. Yet, ecology remains predominantly a reactive field, with

conservation practice occurring piecemeal and differing across
ecological systems (Brooks et al. 2006; Sutherland et al. 2011; Cook
et al. 2014; Crotty et al. 2019). Thus, the application of TE remains
limited in key disciplines such as community ecology (Crotty et al.
2019) and environmental law (Adler 2020).
One field that would greatly benefit from the application of TE

is recreational fisheries management. Recreational fishing is one of
the most popular leisure activities worldwide, with five times more
recreational than commercial anglers, generating US$190 billion in
expenditures annually (TheWorld Bank 2012; Arlinghaus et al. 2015,
2019). Today’s recreational anglers can contribute to a large propor-
tion of total fisheries landings in certain areas (Coleman et al. 2004;
Arlinghaus et al. 2019; Felizola Freire et al. 2020). Thus, recreational
fishing can negatively impact fish populations and their habitats
through a myriad of direct and indirect means (Post et al. 2002;
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Cooke and Cowx 2004; Lewin et al. 2006; O’Toole et al. 2009), includ-
ing the interaction of anthropogenic and climatic factors (Townhill
et al. 2019). Further, due to the rapid growth in popularity and effi-
ciency of recreational fishing, the stock assessment process is strug-
gling to keep pacewith evaluating fishery status, necessitatingmore
rapid interim assessments and management actions. Translational
ecology has the potential to help overcome many challenges cur-
rently hindering effective recreational fisheries management, such
as assessment of data-poor fisheries (i.e., fisheries with insufficient
information for estimating relative stock status and appropriate ref-
erence points), where most fishing effort is unreported, landings
data are not available (i.e., for catch and release), and fisheries-
independent monitoring is absent (Lester et al. 2003; Holder et al.
2020).
Our study aimed to apply a rapid, low-cost TE approach for

assessing the stock status and developing research priorities for
an unregulated and data-poor recreational fishery species (Fig. 1).
Recreational fishing guide knowledge was used to generate six
testable hypotheses concerning the stock status of the crevalle
jack (Caranx hippos) in the Florida Keys. This species is highly
valued by many recreational fishing guides and is an important
predator in coastal environments (Kwei 1978; Saloman and Naughton
1984). Hypotheses were subsequently tested using fisheries-
dependent time series (including commercial landings and recrea-
tional surveys). TE methods have been used to develop hypotheses
concerning marine resources in the context of small-scale artisanal
fisheries (Poizat and Baran 1997; Aswani and Hamilton 2004; Silvano
and Valbo-Jørgensen 2008; Cardoso da Silva et al. 2020). However, to
our knowledge, such a collaborative TE approach to hypothesis
generation has yet to be applied to a large-scale recreational fish-
ery. The research outlined herein entails the hypothesis generation
and testing component (Panel A in Fig. 1) of our broader TE frame-
work for crevalle jack conservation, which we are confident will
serve as a model for the use of TE in the co-production of fisheries
sciencewith stakeholders, bridging the science tomanagement gap.

Methods

Study species
The crevalle jack was chosen as a study species for this research

because it is a popular recreational fishery species throughout
Florida but is currently unregulated and data-poor. In recent
years, reports from recreational fishing guides in the Florida
Keys suggest a decline in crevalle jack catches (Lower Keys Guides

Association, personal communication, 2018), indicating manage-
ment action may be warranted to conserve the population. Our
translational ecology approach is ideally suited to studying the
status and trends of such a species.
The crevalle jack is a large marine fish found throughout the

tropical and temperate waters of the North Atlantic, from Nova
Scotia to Uruguay in the west Atlantic and Portugal to Angola in
the east Atlantic (Smith-Vaniz and Carpenter 2007). Crevalle jack
grow rapidly, reaching about 200mm FLwithin one year (Snelson
1992). Length at 50%maturity for crevalle jack in the Caribbean is
636 mm FL (Caiafa et al. 2011), and maximum size throughout the
species range oftenmeets or exceeds 22.7 kg (50 lbs.; 1 lb.� 0.453 kg;
Smith-Vaniz and Carpenter 2007). Crevalle jack spawn in tropical
offshore waters in the spring or summer (Heyman and Kjerfve
2008), and larvae are distributed via ocean currents throughout the
Gulf of Mexico and Atlantic coast (Berry 1959; Ditty et al. 2004).
Juveniles are known to occur in inshore and estuarine habitats
(Berry 1959; McBride and McKown 2000), while mature adults are
found in various habitats, including coastal waters, canals, and off-
shore reefs (Smith-Vaniz and Carpenter 2007). A voracious carni-
vore, the crevalle jack is a major predator of small schooling fishes
in coastal areas (Saloman and Naughton 1984), and it is caught in
both commercial and recreationalfisheries (Kwei 1978).
Though considered poor quality as a food fish, crevalle jack are

valued by recreational anglers for their strength, speed, and
voracity and are considered a “superb light tackle species” by the
International Game Fish Association (IGFA 2006). Throughout Gulf
of Mexico coastal waters, crevalle jack was the 10th most popular
fishery species in 2017, with about 2.4 million lbs. (1089 metric tons)
landed by recreational anglers and 423 000 lbs. (192 metric tons)
landed by the commercial fishery (NMFS 2018). In Everglades
National Park, where recreational fishing is a key economic ac-
tivity (an estimated one in five Florida recreational anglers fish
in the Everglades region; Fedler 2009), crevalle jack is the second
most captured species behind only spotted seatrout (Cynoscion
nebulosus), with 462 288 fish caught according to dockside angler
surveys between 1980 and 2019 (NPS 2015). Recreational fishing
guides often refer to crevalle jack as “trip savers” on guided trips
when other targeted species are unobtainable.
Despite its importance to Florida’s commercial and recrea-

tional fisheries and its role as a predator in coastal environments,
the crevalle jack is currently an unregulated species, meaning there
are no specific regulations regarding size limits, gear restrictions,

Fig. 1. Conceptual diagram of the translational ecology framework applied in this study to a recreational fishery: crevalle jack in the
Florida Keys. Panel A outlines a rapid approach to developing hypotheses concerning fishery resources via fishing guide local ecological
knowledge and using existing data to test the hypotheses. Hypotheses without clear support from existing data serve as priorities for additional
research (panel B), which can provide missing support for existing hypotheses or lead to additional hypotheses. Finally, information from
panels A and B are used to produce management recommendations supported by both fishery scientists and stakeholders (panel C). Results
from panel A are presented in this paper, while panels B and C outline future directions. [Colour online.]
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bag limits, or closed seasons (FWC 2021b). In Florida, a default bag
limit for recreational species of two fish or 100 lbs. per person per
day (whichever is greater) applies to all unregulated species. Due to
its unregulated status, little research has been done to assess cre-
valle jack life history, track abundance patterns, or determinemor-
tality rates (McBride and Mckown 2000). Reports from Florida Keys
fishing guides of a decline in crevalle jack catch ratesmay indicate a
decline in abundance. If so, management efforts may need to be
enacted to restore and ensure sustainable catch for the population
in Florida (and potentially elsewhere in the US, where it remains
unregulated in all 18 coastal states where the species occurs).
Thus, our study has the potential to informmanagement through-
out a large portion of the species range. However, though crevalle
jack occur in the fishery throughout Florida and in other states,
this study focused solely on the Florida Keys where our fishing
guide collaborators observed a decline.

Hypothesis generation
Translational ecology comprises a diverse spectrumof approaches

for tackling various research questions (Lawson et al. 2017). One such
approach is local ecological knowledge (LEK), defined as the often
place-based knowledge, beliefs, and practices concerning the natu-
ral environment that individuals or groups of people gain via obser-
vations, practical experience, or community dialogue (Anadón et al.
2009). To assess guide perceptions of crevalle jack population dy-
namics, key informant interviews with knowledgeable Florida Keys
fishing guides were conducted between January and March 2019
(Fig. 2a). Key informant interviews have become a cornerstone tech-
nique for extracting local ecological knowledge and involve in-

depth interviews with a nonrandom group of people who dem-
onstrate expert knowledge about a particular topic gained via
experience, participation, and (or) position (e.g., Heinen and
Shrestha-Acharya 2011; Dongol and Heinen 2012). Key informant
interviews have been used successfully to study bonefish (Albula
vulpes) populations in South Florida for example, and the authors
were able to identify periods of population decline, spatial pat-
terns in decline, and the most likely factors contributing to the
decline (Kroloff et al. 2019; Santos et al. 2019).
Saltwater recreational fishing guides in South Florida are typi-

cally individual, small business owners who have either a charter
captain or charter boat license issued to them by the Florida Fish
and Wildlife Conservation Commission (FWC). This license allows
them to carry paying customers for the purpose of taking or possess-
ing saltwater fish or organisms. In the Florida Keys, charter opera-
tions are a large component of the tourism industry. In 2012,
Florida Keys fishing guides had a total economic impact of over
US$111 million (Fedler 2013). Only guides who reported spending a
minimum of 100 days·year–1 on Florida water and regularly guiding
for at least 5 years were interviewed for this study. Interviewees
were selected using the “snowball” method (i.e., word-of-mouth
referrals by other guides and (or) guide associations; Atkinson and
Flint 2001). By using a snowball sampling approach, we identified
as many key informants as possible, focusing on charter captains
with a lot of experience fishing in the Florida Keys.We interviewed
everyonewhowas recommended to us as having expert knowledge
of inshore fisheries, including crevalle jack, and was willing to be
interviewed, for a total sample size of 18 guides. In key informant
studies, saturation is typically used to determine appropriate

Fig. 2. Map of the study area. The state of Florida, USA, highlighting the South Florida region (inset map), approximate fishing range of
the anglers interviewed, split into the Lower and Upper keys (a), extent of the MRIP survey subset to Monroe County, split into inshore
and offshore (b), extent of the ENP creel survey (c), and extent of the commercial landings data subset to Monroe County, split into the
Lower and Upper keys (d). Boundary lines are approximate and for illustrative purposes only. Commercial fishing was prohibited within
ENP boundaries after 1985 (Osborne et al. 2006). Maps created using the Esri light gray canvas basemap (Esri 2011) with ArcGIS desktop
(Esri 2020). [Colour online.]
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sample size. Hennink et al. (2017) examined 25 in-depth interviews
and determined that code saturation was reached after nine inter-
views, where the range of thematic issues was identified. Similarly,
Guest et al. (2006) examined 60 interviews and found that saturation
occurred within 12 interviews. Muellmann et al. (2021) observed no
change in results with an increase from 4–6 key informants to 12–15.
Based on this literature we deemed 18 key informants a suitable
sample size for our study.
From our interviews, we determined that guides typically oper-

ate within two broad regions of the Florida Keys, either fromMar-
athon south to the Marquesas or the Florida Keys region north of
Marathon and including Florida Bay and Biscayne Bay. So, we
split interviewees into “Lower Keys” guides (Marathon and points
south) and “Upper Keys” guides (north of Marathon). A semi-
structured interview format was used with all key informants,
and the interviews were recorded on an audio recording device
with the guide’s permission. Guides were asked four open-ended
questions to direct conversations: (1) What is your general back-
ground and experience fishing and guiding? (2) What do you
know about crevalle jack? (3) Have you noticed any changes in
crevalle jack fishing over time? (4) Is fishing for crevalle jack im-
portant to you? More specific follow-up questions were asked if
guides did not provide specific answers during the interview or if
clarification was warranted (see online Supplementary material,
Fig. S11). This semi-structured interview format allowed us to gain
as much information from guides as possible while ensuring spe-
cific questions were addressed (e.g., when did you start noticing a
change in your crevalle jack catches?). Audio data were later tran-
scribed, and common topics were compiled and developed into
testable hypotheses about where crevalle jack are in decline,
when the decline began, and what factors might be responsible
for the decline. Topics were developed into hypotheses if more
than 50% of guides interviewed agreed about a particular obser-
vation. This 50% cutoff was used because we aimed to develop
one hypothesis per topic rather than employing a multiple hy-
pothesis framework. All protocols for human subject research
were approved by Florida International University’s Institutional
Review Board and all participants gave consent before being
interviewed.

Fisheries-dependent datasets
Since the crevalle jack is an unregulated species and the spe-

cies lacks a formal stock assessment process, abundance trends
in South Florida are unknown. Furthermore, there are no exist-
ing fisheries-independent surveys in the region that frequently
encounter crevalle jack, so our hypotheses were tested using
existing fisheries-dependent datasets (Table 1). The three datasets
used for hypothesis testing were (1) the NOAA Marine Recrea-
tional Information Program (MRIP) survey (NOAA 2021), (2) the
Everglades National Park (ENP) creel survey (NPS 2015), and (3) the
state of Florida commercial landings data (FWC 2021a). Each
dataset provided independent information that was appropriate
for addressing one or more of the LEK-derived hypotheses. For
the MRIP and ENP surveys, crevalle jack catch-per-unit effort

(CPUE) time series were standardized using generalized linear
models (GLMs) to generate estimated annual indices of abun-
dance that could be used to test hypotheses about changes in
abundance over time. Commercial landings data and records of
recreational landings were used to assess the extent of fishing
harvest (i.e., a potential cause of decline) in the Florida Keys
region, while sizes of landed fish from the MRIP dataset were
used to assess changes in fish size. All datasets were subset to the
Florida Keys region such that the data would be reflective of
where the interviewed guides regularly fish and could be used to
test the LEK-derived hypotheses (Fig. 2).
A Florida saltwater fishing license is required to land any salt-

water species in Florida, in state or federal waters. Recreational
licenses (including charter captain or charter boat licenses) do
not allow the commercialization of catch. Harvest of more than
100 lbs. or two fish (whichever is greater) is considered commer-
cial quantity and requires a commercial license (FWC 2021b). Rec-
reational fisheries throughout the state of Florida are surveyed
by the Marine Recreational Information Program (MRIP) con-
ducted by NOAA Fisheries (formerly the Marine Recreational
Fisheries Statistics Survey, MRFSS). This survey has monitored
shore-based, private, and charter fishing modes since 1981, and
recently underwent a substantial modification and peer review
in 2018 following a three-year transition period (Papacostas and
Foster 2018). MRIP data have been used to assess the status and
trends and develop standardized indices of abundance to inform
stock assessments for several fish species throughout the West-
ern Atlantic and Gulf of Mexico, including sailfish (Istiophorus
platypterus), vermilion snapper (Rhomboplites aurorubens), red grouper
(Epinephelus morio), shortfinmako (Isurus oxyrinchus), and many others
(Ortiz and Brown 2002; Babcock 2013; Rios 2015; Sagarese 2019).
Everglades National Park (ENP) was established in 1947 and

voluntary dockside interviews have been conducted within park
boundaries since 1958 (Davis and Thue 1979; Schmidt et al. 2002).
Commercial fishing has been prohibited within the park since
1985 (Osborne et al. 2006), but recreational fishing is allowed and
bag and size limits follow freshwater and saltwater recreational
fishing regulations established by FWC. A sample of recreational
anglers are interviewed by ENP personnel upon arrival post-fishing
at either of two popular public ramps in the park. Recorded data
include trip origin, area fished, number of anglers, hours fished,
numbers of fish caught and released by species, etc. Creel survey
data have been used to examine the impacts of coastal protected
areas on recreational world records (Bohnsack 2011), to monitor
the recovery of an endangered species (smalltooth sawfish (Pristis
pectinata); Carlson et al. 2007), and to track trends in abundance for
other data-poor species such as bonefish (Santos et al. 2017) and
Atlantic goliath grouper (Epinephelus itajara; Cass-Calay and Schmidt
2009).
Commercial landings data for the state of Florida are collected

by FWC. These fisheries include all species that are harvested for
profit, including those sold for human consumption, aquariums,
and medical use. Florida began a mandatory trip ticket program
in 1984, and the first official year of landings is 1986. Commercial

Table 1. Fisheries-dependent datasets used to test angler-derived hypotheses.

Dataset Source Years Area

Marine Recreational Information Program
(MRIP) survey

National Oceanic and Atmospheric
Administration (NOAA)

1991–2019 Monroe County— inshore and offshore

Everglades National Park (ENP) creel survey ENP 1980–2019 Inshore Monroe County within ENP
Commercial landings data Florida Fish &Wildlife Conservation

Commission (FWC)
1986–2019 Monroe County— Upper and Lower keys

Note: Source denotes the agency responsible for data collection and dissemination, Years are the years of data analyzed in this study, and Area is the region each
dataset covers.

1Supplementary data are available with the article at https://doi.org/10.1139/cjfas-2021-0024.
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landings data have been used for several applications. These
applications include the development of regulations to prevent
overexploitation of shark species in Florida (Brown 1999), inform-
ing stock assessment of important species such as the Caribbean
spiny lobster (Panulirus argus; SEDAR Stock Assessment Panel 2010)
and red grouper (Wrege and Orhun 2019), and evaluating the sus-
tainability of coral reef fisheries in the Florida Keys (McClenachan
andKittinger 2013).

Development of abundance indices
CPUE is often assumed to be proportional to stock abundance

and is therefore commonly used as a relative abundance index
when fisheries-independent data are unavailable (Maunder and
Punt 2004). However, many factors can influence fisheries catch
rates (e.g., spatial, temporal, or environmental variability). It is,
therefore, necessary to standardize CPUE data to remove the
influence of factors other than stock abundance before CPUE
data can be used as an index of abundance (Maunder et al. 2006).
Generalized linear models (GLMs; Nelder and Wedderburn 1972)
are commonly used to standardize CPUE data (Maunder and Punt
2004; Venables and Dichmont 2004). The delta-lognormal GLM
approach (Lo et al. 1992) has specifically been used to standardize
CPUE for several species using the MRIP and ENP datasets (e.g.,
Carlson et al. 2007; Cass-Calay and Schmidt 2009; Cass-Calay 2012;
Rios 2015; Sagarese 2019), and was thus used in this study. The delta-
lognormal method combines separate GLM analyses on the positive
trips (trips that captured the species of interest) and the proportion
of positive trips (trips that captured the species of interest/total trips)
to create a single index. Prior to model fitting, data exploration and
filtering following the methods of Zuur et al. (2010) were conducted
on all three datasets (MRIP, ENP, and commercial landings), includ-
ing assessing the data for outliers, collinearity, zero-inflation, and
balanced categorical covariates, and filtering the data as appropri-
ate (see data filtering specifics below). The commercial landings
dataset was deemed unsuitable for developing a standardized
index of abundance because very few crevalle jack were captured
on commercial trips in the Florida Keys (only 1% of trips captured
crevalle jack). The commercial data were instead used to assess
other hypotheses concerning fishing harvest (see hypothesis testing
section below).

Data filtering
The MRIP data were subset to include only trips from Monroe

County, which encompasses the Florida Keys (Fig. 2b), and several
categorical variables were constructed from the data prior to
analysis. These included Year (1991–2019), Month (1–12), Season
(spring — March, April, May; summer — June, July, August;
fall — September, October, November; and winter — December,
January, February), Area fished (inshore — less than 10 miles
(1 mile = 1.609 km) from shore, or offshore — greater than 10
miles from shore), and Fishing mode (shore, charter, or private).
Gear type was also recorded in the data, but since 97% of Monroe
County trips used hook and line gear, the data were subset to only
include hook and line trips. Party code was defined as a single trip
and catches for every individualwithin the partywere summed, such
that in our analyses we were examining the trip catch for every trip
in the dataset. Since the party code was not recorded until 1991, the
data were truncated so that only data from 1991 to 2019 were ana-
lyzed. Fishing effort for the MRIP data was defined as the number
of people in the party who were interviewed multiplied by the
reported hours fishing. Size information was available for a sub-
set of landed crevalle jack, and fork lengths differed signifi-
cantly between inshore (M = 378 mm, SD = 151 mm) and
offshore (M = 590 mm, SD = 184mm) trips. AWelch 2-sample t test
between inshore and offshore fish showed a significant difference
in fish size between the two groups (p < 0.0001), suggesting that
these areas capture different size classes of the population,

matching the presumed life history in South Florida consisting
of inshore recruitment and juvenile habitat use and offshore
habitat use and reproduction by larger adults (Smith-Vaniz and
Carpenter 2007). Therefore, trips that occurred offshore were
modeled separately from trips that occurred inshore, with offshore
trips used to assess abundance trends of large adult and subadult
crevalle jack. In contrast, inshore trips were used to assess abun-
dance trends of smaller juvenile crevalle jack. Length at 50% matu-
rity for crevalle jack in the Caribbean is 636 mm FL (Caiafa et al.
2011), suggesting that the majority of inshore and even some of the
offshore crevalle jackwere likely immature.
The ENP angler data were analyzed for the period 1980 to 2019

because in 1980 the survey was expanded to include routine sur-
veys at both Flamingo and Everglades City boat ramps, where
anglers continue to be interviewed presently (Schmidt et al. 2002;
Osborne et al. 2006; Carlson and Osborne 2013). Categorical variables
were also constructed from the ENP dataset and included Year
(1980–2019), Month (1–12), Season (spring — March, April, May;
summer— June, July, August; fall— September, October, November;
and winter — December, January, February), and Area fished
(6 fishing areas defined by Schmidt et al. 2002). The entire ENP
region was analyzed since Upper Keys anglers typically fish
throughout ENP coastal waters (Fig. 2c), so we did not subset the
data further.

Accounting for catchability
The use of CPUE as an index of abundance assumes that catch-

ability for the species of interest is constant; however, withmulti-
species fisheries, different fishing tactics employed to target
focal fish species can influence catchability. Anglers do report
the primary and secondary species targeted on each trip in the
MRIP data, but crevalle jack were rarely reported as themain spe-
cies targeted (less than 1% of trips). This matched the guide per-
spectives captured from interviews, which described crevalle
jack were more a species of opportunity and not as targeted as
other species. Since crevalle jack are often captured opportunisti-
cally, wewanted to ensure that we only included trips in our anal-
ysis that occurred in areas where crevalle jack were likely to be.
Accounting for catchability in abundance models is regularly
employed for species with low catch rates (Carlson et al. 2007).
The MRIP data do not include specific fishing location informa-
tion (e.g., habitat type), so we performed a hierarchical clustering
analysis following the methods of Shertzer and Williams (2008)
that clusters species based on how often they are captured to-
gether. We then assumed that any trip where a species in the cre-
valle jack cluster was captured was a trip that was also likely to
capture crevalle jack (whether crevalle jack were captured or
not). This allowed us to use the species composition of the catch
as a proxy for habitat. To perform the clustering analysis, the
data were formatted into a CPUE matrix with rows representing
species and columns a combination of month, area, and mode of
fishing, which are factors that may represent different fishing
tactics and therefore influence catchability. Species were removed
if they appeared in fewer than 1% of trips since rare species can dis-
tort inferred patterns (Koch 1987; Mueter and Norcross 2000). The
data were transformed using a 4th root transformation, and a
matrix of dissimilarities between species was computed with the
Bray–Curtis measure of distance (Bray and Curtis 1957). Hierarchi-
cal cluster analysis was then used to partition species into groups.
Trips were removed if they did not catch at least one of the species
in the cluster with crevalle jack, and trips where no fish were
caught were also excluded. Clustering and subsequent data filter-
ing and model fitting were performed separately for offshore and
inshore MRIP trips because smaller, inshore crevalle jack associ-
ated with different species than larger, offshore crevalle jack, and
trends in abundance over time may differ between the groups.
Since crevalle jack were the second most captured species in the
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ENP dataset and the park encompasses a relatively small inshore
only area, there was no need to employ a clustering analysis to
account for catchability with the ENP data.

Statistical analyses
For both the MRIP and ENP data, a logit link function with a bi-

nomial error distribution was fitted to the proportion of positive
trips (i.e., presence or absence of crevalle jack in a trip) following
the delta-lognormal model approach. For the positive trips (i),
total catch was defined as the sum of landed and released crevalle
jack and the natural log of CPUE (lnCPUEi) was used as the
response variable, where

ð1Þ lnCPUEi ¼ ln½ðtotal catchiÞ=ðnumber of anglersi
�hours fishediÞ�

and a log link function with a lognormal error distribution was
fitted to the data. A backward stepwise regression procedure was
used to determine the set of fixed factors included in the final
models among Year, Season, and Fishing mode for the MRIP data
(offshore and inshore) and Year, Season, and Area fished for the
ENP data. Deviance tables were constructed for each GLM to
determine the percentage of total reduction in deviance (%rdt)
due to the addition of each factor:

ð2Þ %rdt ¼ ½ðrdf Þ=ðrdnm � rdfmÞ� � 100

where rdf is residual deviance attributed to the addition of a
given factor, rdnm is the residual deviance of the null model, and
rdfm is the residual deviance of the full model (Cass-Calay and
Schmidt 2009). Factors were selected for inclusion in finalmodels
if the addition of the factor explained more than 5% of the devi-
ance and the x2 test was significant (p ≤ 0.05). However, factors
Year and Season were kept in final models even if they explained
less than 5% of the deviance because our goals were to assess both
annual and seasonal differences in crevalle jack abundance.
For each model, CUSUM plots were used to assess breakpoints

in the time series. CUSUM control methods were developed by
Page (1954) for industrial quality control applications and are
designed to detect persistent changes in observed processes.
Recently, the method has been used in ecological applications to
assess underlying features of time series data and for environ-
mental modeling (Mac Nally and Hart 1997; Manly andMackenzie
2000; Keatley and Hudson 2012; Regier et al. 2019). The method
entails a cumulative sum of the deviation of observations from a
global mean, and the slope and direction of the line in a CUSUM
plot enables identification of periods that are above average (pos-
itive slope), below average (negative slope), or are not changing
(no slope) (Hawkins and Olwell 1998; Scandol 2003). A change
from a positive slope to a negative slope (dome shape) would

indicate a decline in the index over time. All statistical analyses
were performed in R version 3.6 (R Core Team 2019).

Hypothesis testing
Each LEK-derived hypothesis (Table 2) was tested using one or

more of the fisheries-dependent datasets (commercial, MRIP, and
ENP). Comparisons between the LEK data and fisheries-
dependent data were possible because expert interviewee duration
of experience was on the same time scale as the examined catch
data (both covering approximately the 1980–2019 period). Stand-
ardized indices of abundance derived from the MRIP and ENP
datasets were used to assess whether crevalle jack populations in
the Florida Keys have declined (Hypotheses 1, 2). Plots of cumula-
tive sums of z-scored indices (CUSUM) were used to visually assess
any breakpoints in the time series and determine when the
decline began (Hypothesis 3). To assess whether fishing harvest
(commercial and (or) recreational harvest) might have contrib-
uted to the crevalle jack decline (Hypothesis 4), total commercial
landings over time for all gear types combined were assessed for
both the Lower Florida Keys and the Upper Florida Keys for the
period of record from 1986 to 2019 as a proxy of fishing mortality
due to commercial harvest. As a proxy of fishing mortality due
to recreational harvest, the proportion of crevalle jack landed
(kept) by recreational anglers in ENP and MRIP data were calcu-
lated annually for 1980–2019 (ENP) and 1991–2019 (MRIP). We
assessed whether the decline was specific to a certain size or age
class of crevalle jack (Hypothesis 5) by creating separate indices of
abundance for MRIP offshore and MRIP inshore trips, and the
addition of Season as a fixed factor in our GLMmodels allowed us
to assess seasonality of crevalle jack abundance in the Florida
Keys (Hypothesis 6). Hypotheses that received support frommulti-
ple data sources were considered highly likely, while hypotheses
with no support from long-term datasets were considered as pri-
orities for additional research.

Results

Guide local ecological knowledge
Recreational fishing guide interviewees (n = 17, all male partici-

pants) had been full-time guides in the Florida Keys between 5
and 49 years, with an average of 26 years of experience guiding.
One additional angler interviewed was not a guide but had been
fishing in the Florida Keys for 14 years and was considered an
expert angler. Of these anglers (hereafter referred to as guides),
12 operated in the Lower Florida Keys (from Marathon south),
and 6 operated in the Upper Florida Keys (north of Marathon
including Florida Bay and Biscayne Bay; Fig. 2a). All the guides
interviewed at least occasionally fished for crevalle jack, and
eight guides reported regularly targeting crevalle jack on guided
trips. Five of these guides operated in the Lower Keys while three
operated in the Upper Keys, so about half of the guides in each

Table 2. List of hypotheses derived from LEK interviews, number (percent) of guides interviewed who agreed with each hypothesis, and proposed
method for testing each hypothesis including the datasets used.

Hypothesis Guide support Analysis to test hypothesis

(1) Crevalle jack populations in the Florida Keys have
declined

14 (78%) Trends in standardized abundance over time (MRIP and ENP data)

(2) Populations have declined more in LK than UK LK� 11 (92%) vs.
UK� 3 (50%)

Analysis of regional trends in abundance indices (MRIP and ENP data)

(3) The decline started sometime after 2005 9 (64%) Breakpoints in abundance indices (MRIP and ENP data)
(4) Fishing harvest in the Florida Keys is a contributor
to the decline

12 (86%) Commercial landings over time (commercial data) and recreational
proportion harvested vs. released (MRIP and ENP data)

(5) Larger fish have declined more than smaller fish 10 (71%) Comparison of abundance indices for offshore (larger fish) and
inshore (smaller fish) trips (MRIP data)

(6) Crevalle jack are migratory andmost abundant in
the Florida Keys in winter

13 (72%) Seasonal differences in abundance indices (MRIP and ENP data)

Note: LK, Lower Keys; UK, Upper Keys.
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population regularly targeted crevalle jack. Of the 12 Lower Keys
guides, 11 described a decline in crevalle jack catch over time
while only three of the six Upper Keys guides noticed a decline.
The remaining four guides (one from the Lower Keys and three
from the Upper Keys) did not report any change in the crevalle jack
population. Of the guides who did report a decline in catch, the av-
erage estimate for when the decline began was 2005, with a range
from 1985 to 2014 (Fig. 3a). There was a relationship between years
angling and estimated year the interviewees perceived the decline
began, with more seasoned guides typically noting an earlier
decline than newer guides (linear regression, p< 0.05; Fig. 3b).
Guides who reported a decline described between a 30%–100%

decline in crevalle jack populations where they fish, with certain
areas and size classes declining more so than others. For exam-
ple, one guide estimated that catches had declined over 50% in
offshore areas, but less than 50% in inshore areas. Another guide
observed a 90%–100% decline in catches on the shallowwater flats
and about a 50%decline elsewhere. 10 of the 14 guideswho reported a
decline in crevalle jack catches also noticed a size decline, with fewer
fish over 10 lbs. being observed. Most guides (13) agreed that crevalle

jack in the Florida Keys are most abundant in the winter months
and likely migrate out of the Keys region in spring or summer fol-
lowing changes in temperature and (or)migrating bait.
Guides who observed a decline in crevalle jack catches were

asked to speculate on the reasons for the decline (Fig. 4). The
most common explanation was a loss of prey, mentioned by
12 guides. Recreational and commercial harvest were the next
most common explanations (7 and 6 guides, respectively), fol-
lowed by poor water quality (5 guides) and increased predator
abundance (4 guides). All the guides interviewed reported releas-
ing at least 90% of the crevalle jack they captured while guiding
or fishing recreationally. However, some reporting keeping a few
a year to use as shark bait. When asked if they knew of anyone
keeping crevalle jack for consumption or other purposes, most
guides agreed that they rarely see the species brought into the
docks. However, several guides mentioned that there might be
populations of Florida residents who regularly capture crevalle
jack for consumption.
All the guides expressed being pro-regulation of crevalle jack,

and they all placed high quantitative and qualitative value on the

Fig. 3. Timeframe in 5-year blocks when anglers first reported noticing a decline in crevalle jack catches in the Florida Keys (a) and reported
year decline began compared to the year anglers began guiding or fishing full time (b). Black line in panel (b) denotes fitted linear regression.

Pagination not final (cite DOI) / Pagination provisoire (citer le DOI)

Gervasi et al. 7

Published by Canadian Science Publishing

C
an

. J
. F

is
h.

 A
qu

at
. S

ci
. D

ow
nl

oa
de

d 
fr

om
 c

dn
sc

ie
nc

ep
ub

.c
om

 b
y 

FL
O

R
ID

A
 IN

TL
 U

N
IV

 G
L 

81
0 

on
 1

1/
03

/2
1

Fo
r p

er
so

na
l u

se
 o

nl
y.

 



species. Several guides referred to crevalle jack as “trip savers”,
because when more commonly targeted species like Bonefish or
Permit were nowhere to be found, guides could typically count
on fishing a school of crevalle jack to keep their customers happy.
One guide specifically stated: “I probably make more money put-
ting smiles on people’s faces because the fight is 2–3 times better
than any species of fish we have inshore”. Another guide referred
to crevalle jack in South Florida as the “bread and butter of the flats
fishing industry”.

Hypothesis generation
Collected key informant data were used to develop six hypoth-

eses (Table 2). Hypothesis 1 was that crevalle jack populations in
the Florida Keys have declined, which received the support of
14 of the 18 guides interviewed. Hypothesis 2 was that crevalle
jack populations have declinedmore so in the Lower Florida Keys
than in the Upper Florida Keys. This hypothesis was generated
based on the observation that while 11 guides operating in the
Lower Keys observed a decline in crevalle jack catch, only three
guides operating in the Upper Keys noticed any sort of decline.
Hypothesis 3 concerned the timing of the decline. Nine guides
estimated that the decline began sometime after 2005, but there
was no clear consensus among guides, with two guides estimat-
ing the decline began as early as the late 1980s to early 1990s and
three guides pinpointing the late 1990s to early 2000s (Fig. 3a).
Hypothesis 4 was that fishing harvest (commercial and (or) rec-
reational) at least in part contributed to the crevalle jack decline.
Either commercial harvest, recreational harvest, or both were
mentioned by 12 guides (Fig. 4). Hypothesis 5 suggests that the
decline was size-selective, with larger fish having declined more
than smaller fish. This hypothesis received support from 10 guides.
The final hypothesis (Hypothesis 6) derived from fishing guide LEK
was that crevalle jack are migratory with the highest abundances
in the Florida Keys being observed in the winter months, an obser-
vation shared by 13 guides.

Hypothesis testing
One or more of the three fisheries-dependent datasets were

used to test each of our six hypotheses. Filtered and cleanedMRIP
data included 5687 inshore trips and 2330 offshore trips from 1991–
2019 (29 years). Of these, crevalle jack were caught on 1122 inshore
trips (20%) and 496 offshore trips (21%). Based onmodel selection via
backward stepwise regression and deviance tables, the final inshore

model for both the proportion positive and positive trip GLMs
included Year, Fishing mode, and Season as fixed factors (Supple-
mentary Tables S1, S21), whereas the final offshore model for both
the proportion positive and positive trip GLMs included Year and
Season as fixed factors (Supplementary Tables S3, S41). The filtered
and cleaned ENP database consisted of 192 728 trips occurring from
1980–2019 (40 years), with 85 849 of those trips capturing crevalle
jack (45%). After stepwise regression and deviance table selection,
the final model was the same for both the proportion positive and
positive trip GLMs and included Year, Area, and Season as fixed fac-
tors (Supplementary Tables S5, S61). The cleaned commercial land-
ings data consisted of over one million total trips in Monroe County
from 1986–2019. Crevalle jack were landed on only 10 755 (�1%) of
those trips. Of the trips where crevalle jack were landed, 6487 (60%)
occurred in the Lower Keys (Tortugas, Key West, and Marathon
regions), and 4268 (40%) occurred in the Upper Keys (Everglades
National Park and Miami regions; Levesque 2009). The most com-
mon gear type used on commercial trips where crevalle jack were
landed was hook and line gear (48% of trips), followed by gillnets
(10%), rod and reel (10%), and cast nets (6%). Most remaining trips
were of unknown or other gear types (14%) with minor gear types
comprising the remaining 12% of trips (including combinations of
traps, nets, spears, etc.).

Hypothesis 1: crevalle jack populations in the Florida Keys have
declined
Our first hypothesis was that crevalle jack populations in the

Florida Keys have declined, which had the support of 78% of the
guides interviewed. This hypothesis was tested using the MRIP
and ENP standardized indices of abundance. Some evidence of a
decline in CPUE over time was observed in the fisheries-dependent
data, but only in certain regions. In the MRIP data, standardized
CPUE for inshore trips (less than 10miles from shore) remained rel-
atively constant from 1991 to 2019, but standardized CPUE for off-
shore trips (greater than 10 miles from shore) declined steadily
over the same period (Figs. 5a, 5c). A decline in the standardized
abundance index was also apparent in ENP, though less pronounced
than the MRIP offshore decline (Fig. 6a). For the MRIP offshore data,
the maximum standardized abundance of the time series (in fish
per unit effort) was 0.47 in 1991, while the minimum was 0.01 in
2017, which represents a 98% decline. For the ENP data, the maxi-
mum standardized abundance was 0.39 in 1991 and the minimum
was 0.11 in 2018, a 72% decline. CUSUM plots for the z-scored MRIP
offshore index and ENP index both show dome shapes indicative
of declines in the time series starting around the early 1990s. Addi-
tionally, the negative slopes in the CUSUM plots reveal that abun-
dance has been below the average of the time series almost every
year since the early 2000s (Figs. 5b, 5d, 6b). The agreement among
LEK,MRIP offshore, and ENP data lends support to this hypothesis.

Hypothesis 2: populations have declined more in the Lower Keys
than the Upper Keys
Our second hypothesis was that populations have declined

more so in the Lower Keys than the Upper Keys because most
Lower Keys guides interviewed observed a decline (92%) while
only 50% of Upper Keys guides observed a decline. We would
expect that in regions where the population declined substan-
tially, a higher proportion of guides would have noticed the
decline, while in regions where the population decline was mini-
mal, it would have been noticed by fewer guides. The MRIP data-
set does not provide low enough resolution to assess differences
in the Lower Keys vs. the Upper Keys, and we have no other infor-
mation on crevalle jack abundance in the Lower Keys only. How-
ever, the ENP dataset mostly covers the Upper Keys region and is
entirely inshore. A decline over time was apparent in the ENP
data, though not as dramatic as the decline in the offshore MRIP
data. Also, there is much more interannual variability in the ENP

Fig. 4. Reasons for the decline in crevalle jack abundance as
speculated by interviewed anglers. X axis denotes the number of
anglers who mentioned each reason.
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Fig. 5. Nominal and standardized (modeled) crevalle jack CPUE (scaled to mean of 1) for MRIP inshore (a) and offshore (c) data, and
CUSUM plots for z-scored MRIP inshore (b) and offshore (d) indices. Nominal CPUE is the average annual CPUE before standardization.
Positive slopes on CUSUM plots denote periods where standardized CPUE was above the average of the time series while negative slopes
denote periods where standardized CPUE was below average. Red dotted lines denote model 95% confidence intervals. Horizontal black
dashed lines lie at the averages of each time series (scaled to 1). [Colour online.]
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Fig. 6. Nominal and standardized (modeled) crevalle jack CPUE (scaled to mean of 1) for the ENP data (a) and CUSUM plot for the z-scored ENP
index (b). Nominal CPUE is the average annual CPUE before standardization. Positive slopes on the CUSUM plot denote periods where
standardized CPUE was above the average of the time series while negative slopes denote periods where standardized CPUE was below average.
Red dotted lines denote model 95% confidence intervals. The horizontal black dashed line lies at the average of the time series (scaled to 1).
[Colour online.]
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index, which could explain why some Upper Keys guides did not
notice a decline. There was also no apparent decline in the MRIP
inshore data. Generally, the Upper Keys guides reported mostly
fishing inshore, while the Lower Keys guides reported fishing
both inshore and offshore. Therefore, the discrepancy between
the two guide groups may be more attributable to the habitats
where they fish than the spatial domain where they fish. While
fisheries-dependent data suggest declines in crevalle jack abun-
dance in both regions, we do not have the spatial resolution in
the data to assess differences in abundance between the Lower
and Upper keys, so our support for this hypothesis is limited.

Hypothesis 3: the decline started sometime after 2005
Our third hypothesis was that the decline began sometime

after 2005, which was when 64% of guides started noticing fewer
encounters with crevalle jack and fewer individuals when they
were encountered (Fig. 3a). One caveat of this hypothesis was
that the interviewees who have been guiding the longest gener-
ally were the ones who reported the decline began the earliest
(Fig. 3b), suggesting that recollection as to when the decline began
depended on fishing experience. Our hypothesis as to when the
decline began may therefore be different had we interviewed
guides with more or less fishing experience. However, the guides
who reported noticing the decline after 2005 had a wide range of
experience, with two of them guiding since the 1980s. This lends

support to our hypothesis and suggests that somethingmight have
happened around 2005 that caused anglers to observe a change in
crevalle jack catches. Both the MRIP offshore and ENP datasets
showed a decline in standardized abundance after a peak in 1991.
Only two guides reported the decline beginning during this period.
However, although no dramatic change in abundance on or after
2005was apparent in the data, bothMRIP offshore and ENP CUSUM
plots showed that crevalle jack abundance has been below average
almost every year since the early 2000s (i.e., negative slopes, Figs. 5b,
5d, 6b), which approximately aligns with when most guides noticed
the decline (Fig. 3a). Both fisheries-dependent datasets revealed that
there has been no sudden change in crevalle jack abundance at a
particular point in time, but that the decline has instead been
gradual. Guides also reported that the observed decline has been
gradual and were unable to point to a particular event that
prompted the decline.

Hypothesis 4: fishing harvest in the Florida Keys is a contributor
to the decline
Our fourth hypothesis was that fishing harvest in the Florida

Keys region above the capacity of fish stock recovery contributed
to the decline, based on 86% of guides suggesting either commer-
cial or recreational fishing pressure as likely contributors. This
hypothesis did not receive support from fisheries-dependent
data (commercial, MRIP, or ENP). Crevalle jack commercial

Fig. 7. Total annual commercial landings of crevalle jack by all gear types for the Upper Keys (a) and Lower Keys (b), proportion of crevalle jack
landed by year in ENP data (c), and proportion of crevalle jack landed by year in MRIP data (d). Vertical dashed lines in panels (a) and (b) denote
when commercial entanglement nets were banned in Florida (1995; Smith et al. 2003), and the dashed line in panel (c) denotes when commercial
fishing was banned within Everglades National Park (1985; Osborne et al. 2006).

Year

To
ta

l c
om

m
er

ci
al

 la
nd

in
gs

 (
10

00
 lb

s.
)

1986 1990 1994 1998 2002 2006 2010 2014 2018

0

10

20

30

40

50 (a)

Year

To
ta

l c
om

m
er

ci
al

 la
nd

in
gs

 (
10

00
 lb

s.
)

1986 1990 1994 1998 2002 2006 2010 2014 2018

0

10

20

30

40

50 (b)

Year

P
ro

po
rt

io
n 

la
nd

ed
 E

N
P

1980 1985 1990 1995 2000 2005 2010 2015 2020

0.00

0.05

0.10

0.15 (c)

Year

P
ro

po
rt

io
n 

la
nd

ed
 M

R
IP

1990 1993 1996 1999 2002 2005 2008 2011 2014 2017 2020

0.00

0.05

0.10

0.15

0.20 (d)

Pagination not final (cite DOI) / Pagination provisoire (citer le DOI)

10 Can. J. Fish. Aquat. Sci. Vol. 00, 0000

Published by Canadian Science Publishing

C
an

. J
. F

is
h.

 A
qu

at
. S

ci
. D

ow
nl

oa
de

d 
fr

om
 c

dn
sc

ie
nc

ep
ub

.c
om

 b
y 

FL
O

R
ID

A
 IN

TL
 U

N
IV

 G
L 

81
0 

on
 1

1/
03

/2
1

Fo
r p

er
so

na
l u

se
 o

nl
y.

 



landings in the Upper Keys were relatively high from the mid-
1990s to mid-2000s, but then dropped considerably and have
been below 10 000 lbs. annually since 2006 (Fig. 7a). In the Lower
Keys, commercial landings were relatively high for a short period
in the late 1980s but have since declined and been below 15 000
lbs. per year since 1990 (Fig. 7b). In 1995, commercial entangle-
ment nets were banned in the state of Florida (Smith et al. 2003),
which could explain some of the relatively high landings early in
the time series. In ENP, the most crevalle jack landed by recrea-
tional anglers in a year was 1497 fish in 1984 (just prior to the ban
on commercial fishing in ENP in 1985; Osborne et al. 2006), which
accounted for 12% of the catch (the remaining 88% of captured
crevalle jack were released). Since 1990, landed crevalle jack have
only accounted for 5% or less of the total catch reported by recrea-
tional anglers (Fig. 7c). Similarly, landed crevalle jack have
accounted for less than 20% of reported catch in the MRIP dataset
since 1991 (Fig. 7d). Additionally, the proportion of landed cre-
valle jack in the MRIP data has declined slightly over time. Data
showing low commercial landings and high release rates for rec-
reationally captured fish do not support the suggestion by guides
that fishing harvest in the Florida Keys has contributed to the
decline in crevalle jack catch over time.

Hypothesis 5: larger fish have declined more than smaller fish
Our fifth hypothesis was that larger fish have declined more so

than smaller fish (observed by 71% of the guides who reported a
decline in crevalle jack catches). Since crevalle jack captured in
the offshore MRIP dataset were significantly larger than crevalle
jack captured inshore, inshore fish could be considered a smaller,
younger population than offshore fish. This observation aligns
with the life history of the species, since juveniles typically inhabit
estuarine nursery habitats before presumably migrating to more
offshore adult habitats (Smith-Vaniz and Carpenter 2007). Since a
decline in CPUE over time was only observed for offshore trips, this
lends evidence to the hypothesis that larger, older crevalle jack
have declined in abundance more so than smaller, younger fish.
However, a decline was also apparent in the ENP dataset, which
consists of mostly inshore trips. Since the ENP data did not include
size information for crevalle jack, it is unknownwhether the decline
observed in ENP was specific to larger fish, so this hypothesis may
warrant additional research. Again, the MRIP offshore data
showed a more dramatic decline over the time series than the ENP
data, which lends some additional support to this hypothesis.

Hypothesis 6: crevalle jack are most abundant in the Keys in
the winter
Our final hypothesis was that crevalle jack are migratory, with

abundance in the Keys region being highest in the winter
months, as observed by 72% of guides. This hypothesis was tested
by including Season as a fixed factor in the MRIP and ENP stan-
dardization models. In the MRIP data, both the probability of
encountering crevalle jack (proportion positive model) and the
abundance of crevalle jack when caught (positive trips model)
were significantly higher in the winter than in the summer
inshore (p < 0.001; Supplementary Tables S1, S21). Offshore, both
the probability of encountering crevalle jack and abundance
when caught were significantly higher in the winter than in
spring or summer (p < 0.01; Supplementary Tables S3, S41). In the
ENP data, the probability of encountering crevalle jack was sig-
nificantly higher in the winter than in the summer (p < 0.0001;
Supplementary Table S51), and the abundance of crevalle jack
when caught was significantly higher in the winter than in the
spring, summer, or fall (p < 0.0001; Supplementary Table S61).
These results support the hypothesis that crevalle jack are most
abundant in the Florida Keys in the winter months and appear to
display seasonal migration patterns.

Discussion
Translational ecology provides an intentional approach to collabo-

rative, actionable science that can inform and improve decision-
making for environmental conservation andmanagement (Enquist
et al. 2017). Although the terminology is recent, the concepts and
ideas behind translational ecology are not new. In Michel Callon’s
seminal article on the “sociology of translation” published in 1986,
he tells the story of scientists and scallop fishermen in France
working together to find solutions to dwindling scallop popula-
tions (Callon 1986). Other examples of collaborative research that
includes scientists, stakeholders, policymakers, and consumers
working in multidisciplinary teams to solve real-world problems
appear across numerous disciplines (e.g., Picou 2009; Wethington
2015; Eisenhauer et al. 2021). In fisheries, stakeholder involvement
and recognition of fisheries as coupled social–ecological systems
are key principles of Ecosystem-Based Management (Long et al.
2015). Many countries are actively working to shift environmental
management to a more ecosystem-based approach, recognizing
that environmental issues are often too complex and dynamic
for conventional management to succeed (Long et al. 2015;
O’Higgins et al. 2020). Translational approaches (including LEK
and traditional ecological knowledge, or TEK) often provide vital
insight when incorporated into Ecosystem-Based Management
(Cinner and Aswani 2007; Ruiz-Mallén and Corbera 2013; Stori
et al. 2019).
The use of TE in fisheries management is particularly well

suited to partnerships with recreational fishing guides. In Florida,
where saltwater recreational fishing is diverse and abundant, a
US$9.2 billion industry, and a vital aspect of the state’s culture (FWC
2018; NMFS 2018), recreational fishing guides can be ideal key
informants and translational ecology partners (Santos et al. 2017;
Kroloff et al. 2019). Due to frequent interactions with fishes and
their environments and a vested interest in fisheries conservation,
fishing guide knowledge can be used as a low-cost monitoring pro-
gram. Developing state or federal fisheries-independent surveys
for every unregulated species is not feasible given budgetary and
personnel constraints, and even regularly analyzing existing
data to ensure stocks are sustainably harvested is beyond the scope
of most fishery management programs (Harford and Carruthers
2017; Sagarese et al. 2019). However, by working with the resource
users–stakeholders to co-produce actionable science, scientists and
managers can rapidly develop research priorities and effective
management plans that can promote the sustainability of impor-
tant fisheries resources.
The results of this study provide evidence of the utility of trans-

lational ecology to recreational fisheries management. Collabo-
rating with experienced recreational fishing guides and accessing
their local ecological knowledge via semi-structured interviews
allowed us to rapidly generate six testable hypotheses concerning
the status and trends of the crevalle jack fishery in the Florida Keys.
By subsequently analyzing existing fisheries-dependent data, we
providedmultiple lines of evidence to support acceptance of four of
these hypotheses, revealing that crevalle jack populations in the
Florida Keys appear to be in decline, and that the decline has been
gradual with below-average abundance since the early tomid-2000s.
Large, adult fish mainly captured offshore appear to have declined
the most, while a less dramatic decline was also observed in the
Everglades National Park region. Crevalle jack also appeared to be
seasonal residents in the Florida Keys, with the highest abundan-
ces observed in the winter months. Unsupported hypotheses
helped identify several priorities for future research. These
include determining the lifetime movement and migration pat-
terns of the crevalle jack and examining possible factors that
contributed to its decline, such as commercial and recreational
fishing harvest in other areas throughout the population range.
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Biases in LEK and fisheries-dependent data
Our study contributes to ongoing investigations into the utility

of LEK and fisheries-dependent data for assessing fish population
dynamics (Zukowski et al. 2011; Hind 2015; Aylesworth et al. 2017;
Santos et al. 2019). Despite increasing acceptance of these types
of data as reliable sources, they nevertheless suffer from several
biases and limitations. Fisheries-dependent data are inherently
affected by fishing dynamics and angler behavior, altering the
relationship between CPUE and abundance (Maunder and Punt
2004). By standardizing the MRIP and ENP data prior to analysis,
we accounted for various temporal and spatial dynamics that
may influence catch. However, the choice of model used to stan-
dardize CPUE data may also influence the resulting abundance
index. During preliminary analysis, we fit a series of additional
models, including several generalized additive models (GAMs;
Hastie and Tibshirani 1990) to theMRIP and ENP datasets. Regard-
less of the model used, the overall trends in abundance over time
remained the same. Since the goal of our study was not to de-
velop standardized indices of abundance for use in stock assess-
ment, but instead to assess overall shifts in abundance over time,
the relatively simpler delta lognormal models were chosen for
easier interpretation, and for consistency with other studies that
have analyzed these datasets (e.g., Cass-Calay and Schmidt 2003;
Rios 2015; Sagarese 2019). Further, because the crevalle jack is a
large, pelagic species with a distribution spanning the Western
Atlantic, Caribbean, and the Gulf of Mexico regions, an index
of abundance using data only compiled from the Florida Keys
region would not be suitable for stock assessment nor manage-
ment outside of the Florida Keys.
In this study, we observed a mismatch between the ENP data

and the guide observations that could be attributed to limita-
tions of the data. Although a decline in crevalle jack abundance
was apparent in the ENP data, 50% of Upper Keys guides did not
observe a decline. A limitation specific to recreational angler-
reported data is that the accuracy of the data is dependent upon
angler recall and willingness to report everything that was released.
Since the majority of crevalle jack caught by recreational anglers in
the Florida Keys are released, it is possible that the MRIP and ENP
datasets are conservative estimates of the crevalle jack catch. It is also
possible that the decline in standardized abundance over time repre-
sents a decline in angler willingness to report catches for this species
or a bias in reporting, rather than representing a true decline in pop-
ulation abundance. Alternatively, the Upper Keys guides may have
failed to perceive the decline because it was gradual and there was
substantial interannual variability in abundance, as previously men-
tioned. Otherwise, our small sample size may have simply given us a
biased viewof the perceptions of Upper Keys guides.
A common criticism of LEK is that resource users are subject to

the shifting baseline syndrome (SBS), a well-known phenomenon
describing how human perception and memory are subject to
how much experience an individual has with historic reference
conditions (Pauly 1995). Numerous studies have shown that
changing perceptions over time can lead to acceptance of
degraded environmental conditions as normal, thus making tar-
get setting for species and habitat recovery difficult (Beaudreau
and Levin 2014). For example, Barbosa-Filho et al. (2020) inter-
viewed lane snapper (Lutjanus synagris) anglers in Brazil and found
that older anglers were significantly more likely to report a
decline in abundance over time than younger anglers. This shift-
ing baseline contributed to disagreement among anglers as to
whether specific management rules for lane snapper were neces-
sary. SBS may explain why some guides we interviewed did not
observe a decline in crevalle jack catches or why most guides did
not notice the start of the decline (circa 1991 according to the
MRIP offshore and ENP data) but noticed when abundance
started dipping below average (early 2000s). This is supported by
our observation that some of the anglers who have been guiding
the longest suggested the decline began the earliest (Fig. 3b).

Also, the three Upper Keys guides who did not observe a decline
have only been guiding full time since the early 2000s. Since
these anglers were not guiding during the period of relatively
high abundance observed in the ENP data (1990–2000; Fig. 6a), it
is possible they have not been fishing for crevalle jack long
enough to notice the decline. Other LEK studies have found simi-
lar patterns, with older or more experienced anglers being more
likely to report changes in abundance over time for a given spe-
cies than younger or less experienced anglers (Beaudreau and
Levin 2014; Frezza and Clem 2015).

Supported hypotheses
When rigorous fisheries-independent data are lacking, consis-

tency in ecological patterns among multiple, independent yet
imperfect datasets (e.g., fisheries-dependent data, LEK or expert
opinion, gear selective data) can provide confidence in observed
patterns and bolster the reliability and credibility of LEK-based
research (Rehage et al. 2019). Several studies have demonstrated
such consistencies between LEK and other data sources in a variety
of applications (e.g., Poizat and Baran 1997; Aswani and Hamilton
2004; Zukowski et al. 2011; Santos et al. 2019; Bourdouxhe et al.
2020) and even shown that LEK data can provide better insights
with less effort and lower costs than traditional data sources (e.g.,
fisheries-independent surveys; Aylesworth et al. 2017). In our
study, four of our six LEK-derived hypotheses received clear sup-
port from fisheries-dependent data and provide critical informa-
tion that can be used to develop management recommendations.
The agreement among guides, MRIP data, and ENP data concerning
the timing (below average abundance since the mid-2000s) and
pattern of decline (gradual decrease mainly affecting large, adult
offshore fish) provides confidence in these observed patterns
and demonstrates the utility of our translational ecology approach.
Although the exact cause of the crevalle jack decline remains
unknown, declines in large, old fish are often indicative of over-
fishing and can have severe consequences for fish populations
and ecosystems (Heino and Godø 2002). Disproportionate removal
of large fish truncates age and size distributions, leaving only
younger spawners that typically produce lower quality eggs and
larvae than older spawners (Green 2008). Large, old female fish in
particular contribute substantially to stock productivity and sus-
tainability by ensuring reproductive success (Hixon et al. 2014). Re-
moval of large fish from an ecosystem can also lead to cascading
effects on other species and the environment, such as increasing
abundance and altering behavior of prey fish (Baum and Worm
2009). Our analysis of fisheries-dependent data supported fishing
guide concerns about the status and trends of crevalle jack in the
Florida Keys, which suggests that implementing regulations to
restore the population may be warranted. Since our results
revealed that larger adults appear to be more at risk and crevalle
jack make seasonal migrations into the Florida Keys, such man-
agement regulations could include a size or slot limit to protect
large fish or a rotational closure. Slot limits have been particu-
larly successful at preventing significant truncation of age or
size structure while maintaining high fishery yields (Gwinn et al.
2015; Kasper et al. 2020). Rotational closures can be beneficial for
preserving spatial heterogeneity in populations, especially when
the closures protect vital spawning areas or seasons (Hsieh et al.
2010; Brownscombe et al. 2019a). If movement data reveals regular
crevalle jack migrations to spawning grounds either in the Florida
Keys or elsewhere, closure of these areas during the spawning sea-
son could aid in population recovery.

Unsupported hypotheses
While consistency among LEK and biological datasets provides

confidence in observed ecological patterns, disagreement among
data sources provides focal areas for future research that can elu-
cidate patterns and mechanisms driving the discrepancies origi-
nally observed (Silvano and Valbo-Jørgensen 2008). Out of our six
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hypotheses, two had limited support from fisheries-dependent
data and may serve as priorities for future research. These hypothe-
ses concerned the spatial extent of the decline and the causes of the
decline.The hypothesis that crevalle jack populations have declined
more in the Lower Keys than the Upper Keys (Hypothesis 2) did not
have much support from fisheries-dependent data, but we also
lacked the spatial resolution to accurately assess this hypothesis
(MRIP data encompassed the entire Keys region and ENP data only
partially encompassed the Upper Keys). Furthermore, the extent of
mixing between fish in the Lower and Upper keys is unknown,
whichmakes pinpointing the extent of the decline difficult. Prelim-
inary results of an acoustic telemetry study in South Florida showed
several crevalle jack detected on both Upper Keys and Lower Keys
receivers (C.L. Gervasi and J.S. Rehage, unpublished data), suggest-
ing that there may be at least some mixing between the two
regions. To fully determine the extent of the decline, research into
the spatial distribution of crevalle jack (including seasonal and life-
time movement and migration patterns) will be necessary. Many
marine fishes are known to exhibit complex movement patterns
which have important implications for fisheries management
(Zemeckis et al. 2017). For example, knowledge offishmovements is
necessary for elucidating stock structure, and accurate stock identi-
fication is crucial for developing biologically relevant management
unit boundaries (Pita et al. 2016; Cadrin 2020).
Fish movements can also affect their vulnerability to fishing

pressure (Olsen et al. 2012), which could help explain the dis-
agreement among datasets concerning Hypothesis 4. Most guides
speculated that commercial and (or) recreational fishing harvest
may have contributed to the crevalle jack decline, but fisheries-
dependent data showed that commercial harvest of crevalle jack
in the Florida Keys region is limited, and the majority of fish cap-
tured by recreational anglers are released. Furthermore, most
recreational anglers use hook and line gear to capture crevalle
jack (97% of MRIP trips and 100% of ENP trips that captured cre-
valle jack were hook and line). Although discard mortality rates
have not been estimated for crevalle jack specifically, studies on
other recreationally captured species in the region show that
hook and line discard mortality is generally low (Flaherty-Walia
et al. 2016). So, it seems unlikely that fishing pressure in the Flor-
ida Keys (either commercial or recreational) has contributed to
the decline in crevalle jack abundance. We cannot, however,
exclude the possibility of unreported bycatch discard mortality
in the commercial fishery or higher harvest than reported in the
recreational fishery. Gillnets were the secondmost common gear
type used on commercial trips that landed crevalle jack. Dotson et al.
(2009) examined bycatch of black crappie (Pomoxis nigromaculatus) in
a Florida commercial gillnet fishery and found that bycatch mortal-
ity exceeded 30% in both years of the study. However, commercial
gillnets were banned throughout most of Florida’s coastal waters in
1995 (Smith et al. 2003), so bycatch mortality from this gear type
would have only affected the earlier years of the time series. None-
theless, investigating the extent of commercial bycatch mortality
for crevalle jack may be needed before we can exclude the Monroe
County commercial fishery as a contributor to the decline. As previ-
ously noted, crevalle jack are most abundant in the Keys region
in the winter months, which agreed with guide observations and
suggests that the species migrates elsewhere during the summer
months. Preliminary acoustic telemetry results (C.L. Gervasi and
J.S. Rehage, unpublished data) have revealed that crevalle jack
make regular long-range movements into and out of the Florida
Keys, moving northward along both the east and west coasts of
Florida and occasionally migrating from one coast to another. It is
therefore also possible that crevalle jack are being overfished some-
where else within the population range, like central Florida, where
most of the crevalle jack commercial landings have been from over
the pastfive years (C. Bradshaw, personal observation).
Other factors may also be contributing to the crevalle jack

decline, such as loss of prey, poor water quality, or increased

predator abundance, as several guides suggested. Loss of prey
was the most common suggestion by guides, many of whom
mentioned changes in ballyhoo (Hemiramphus brasiliensis) abun-
dance as a possible factor. Pelagic schooling fishes are common
prey for adult crevalle jack (Kwei 1978; Correia et al. 2017). Changes
in the abundance or distribution of ballyhoo populations may
therefore explain why larger, offshore crevalle jack appear to
have declinedmore so than smaller, inshore crevalle jack. Addi-
tionally, regional climate variability has been linked to changes
in the distribution and productivity of several fish species (Brander
2007), and continued temperature increases and declines in primary
production due to climate change are anticipated to cause global
decreases in marine animal biomass (Lotze et al. 2019). Research on
bonefish in South Florida (another economically important recrea-
tionalfishery species) has revealed that several factors likely contrib-
uted to a population decline that began in the 1950s (Frezza and
Clem 2015; Santos et al. 2017), including habitat loss and modifica-
tion, extreme weather events, and fishing mortality (Brownscombe
et al. 2019b). In Florida Bay specifically, shifts in both recruit and
adult survivorship of bonefish may have been caused by increased
fishing effort, changes in abiotic factors, and (or) habitat changes
(Klarenberg et al. 2019). Therefore, in addition to examining the spa-
tial distribution of crevalle jack, another future research priority is
to examine the varying factors operating at several spatial scales
that affect crevalle jack populations.

Conclusions
In an era of global anthropogenic and climatic changes, new

methods of environmental planning and management are neces-
sary to ensure sustainable use and conservation of natural resour-
ces (Lipsman 2019). Combining multiple data sources and including
stakeholders in science co-production under a translational ecology
framework provides opportunities for rapid, proactive, and adaptive
management (Chapin 2017; Zipkin and Saunders 2018). In our study,
LEK-derived hypotheses supported bymultiple data sources supplied
key information that fisheries managers can use immediately to aid
in the conservation of crevalle jack. These hypotheses suggest that
(1) populations in the Florida Keys have been declining gradually
with below-average abundance since the early 2000s, (2) large, old
fish have declined more than small fish, and (3) crevalle jack are
most abundant in the Keys region in the winter months. Addition-
ally, our unsupported hypotheses led us to two main priorities for
future research: (1) analysis of the seasonal and lifetime movement
and migration patterns of Florida Keys crevalle jack and (2) exami-
nation into the anthropogenic and environmental dynamics and
drivers occurring throughout the population range that may be
responsible for the decline. These two hypotheses weremost likely
unsupported because of limitations in the available fisheries-
dependent data, not because the guides we interviewedwere incor-
rect in their observations. In fact, the general agreement among
guides and the different data sources reveals that recreational fish-
ing guide knowledge is an excellent source of information that has
the potential to substantially improve fisheriesmanagement.
The results of our study outline an effective translational ecol-

ogy approach that can be progressed by including fishing guides
in future research efforts and in developing management recom-
mendations via transdisciplinary research (Pohl 2008; Klenk
2018). Furthermore, our framework (Fig. 1) can be easily applied
to other species and areas, as fishing guides typically encounter a
wide variety of fishes as they tailor their charter trips to diverse
clients. Most saltwater fish species native to Florida currently
have no specific recreational regulations and are listed as unregu-
lated species (FWC 2021c), including several species often tar-
geted by recreational anglers. Formal stock assessments have not
been conducted for most of these species and are not expected
to be conducted in the future. Therefore, trends in abundance
patterns are not being monitored, and the effects of fishing
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pressure on these populations remain unknown. Through collab-
orative efforts, there are a few instances where scientific results
have successfully informed management changes for important
recreational fisheries (e.g., Brownscombe et al. 2019a). However,
knowledge-action gaps are still common (Cook et al. 2013) and
there is ample room for increased collaboration among guides, an-
gler associations, fisheries scientists, conservation groups, andman-
agers. The translational ecology approach outlined herein provides
an additional tool for thefishery scientist’s toolbox that canhelp bet-
ter develop conservation priorities and effectivemanagement.
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