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In the Gulf of Mexico, the bulk of published studies for sea turtles have focused on
northern (United States) waters where economic resources are centered, with fewer
studies in the southern portion of the basin, resulting in significant knowledge gaps in
these underrepresented areas. Similarly, publications on adult sea turtles are dominated
by research on females that come ashore to nest and can be readily studied (e.g.,
through the collection of biological samples and the application of satellite-telemetry
devices), whereas information on adult male sea turtles is scarce. The goal of this paper
is to begin filling these knowledge gaps by synthesizing available data on adult male
sea turtles in the southern Gulf of Mexico. We used satellite-telemetry, boat- and drone-
based surveys, and stranding records combined with ocean circulation modeling to
better understand the spatial distribution of male loggerhead (Caretta caretta), green
(Chelonia mydas), hawksbill (Eretmochelys imbricata), and Kemp’s ridley (Lepidochelys
kempii) sea turtles in the southern Gulf of Mexico. These spatially explicit analyses
will provide context for opportunistically collected data on male sea turtles and better
contribute to the management and restoration of sea turtle populations that use the Gulf
of Mexico. Moreover, this synthesis can serve as a launching point for directed studies
on male sea turtles in this region.
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INTRODUCTION

Though sea turtles have been intensively studied for decades,
major knowledge gaps persist that limit the ability to prioritize
conservation plans (Bjorndal et al., 2011). These gaps primarily
arise from differences in the ease in which scientists can study
certain parts of the sea turtle life-cycle (Hamann et al., 2010;
Hays et al., 2016). Sea turtles nest on sandy beaches at tropical,
subtropical, and temperate latitudes. After nesting, adult females
return to the sea and their offspring incubate in egg chambers
before hatching and then immediately migrate offshore (Bolten,
2003). A large portion of the juveniles returns to coastal habitats
as they grow and, upon reaching maturity, return to the vicinity
of their natal site to reproduce (Bowen et al., 1996). Research has
focused mostly on nesting beaches (where scientists can easily
access turtles on land) and is weighted toward regions where
economic resources are centered (locations of relative wealth
where scientific endeavors are prioritized and infrastructure
exists to support research). Thus, knowledge gaps tend to exist
for the demographic segments of sea turtle populations that are
exclusive to marine habitats (Godley et al., 2008) and in areas
where there is less economic development.

Within the Gulf of Mexico (GoM), information on sea turtles
is predominantly on adult females, eggs, and hatchlings, and
centered in the northern portion of the basin (Valverde and
Holzwart, 2017). Thus, information on in-water life-stages of
sea turtles in the southern GoM is particularly scarce. Focusing
on areas associated with the reproduction of a species is
important and continued work on nesting beaches is needed.
However, potentially problematic knowledge gaps associated
with reproduction in sea turtles involve adult males (Hamann
et al., 2010). In contrast to the relative ease to access reproductive
females, adult males occupy mostly offshore neritic and oceanic
habitats, which are more complicated to access (Hatase et al.,
2002; Plotkin, 2003; Schofield et al., 2017). Due to the complexity
and cost of in-water research, and the low-profile behavior
of adult males, less is known about their reproductive cycles
and dynamics. Published studies have reported some behavioral
features such as that males and females frequently occur at
the same foraging areas, males display mating site fidelity, they
likely spend less time away from their residency areas, undertake
shorter migrations than females, and likely breed annually
(Fitzsimmons et al., 1995; van Dam et al., 2008; Hays et al., 2010;
Varo-Cruz et al., 2013). However, much more research on male
demographic parameters, habitat use, and movements are needed
to complete the integrative population analyses necessary for
restoring sea turtle populations, particularly in underrepresented
regions such as the southern GoM.

In this context, a better understanding of the spatial ecology
of males would provide a foundation for designing conservation
plans that explicitly account for males within a region harboring
some of the largest nesting populations in the West Atlantic for at
least three species (Spotila, 2004; Mortimer and Donnelly, 2008;
Ceriani et al., 2019). Therefore, the objective of this study was
to construct a regional panorama of this demographic segment
of sea turtle populations by integrating multiple data sources
including satellite telemetry, stranding records coupled with

ocean/wind models, as well as boat censuses and unmanned aerial
vehicle (UAV) records obtained in the southern GoM and north
Mexican Caribbean.

This study represents the state of the art on male sea turtle
spatial ecology in the southern GoM, provides new information
for the management and restoration of sea turtle populations
and serves as a launching point for other studies on male sea
turtles in this region.

MATERIALS AND METHODS

Study Area
The geographic scope of this study was the southern GoM
and the northern Mexican Caribbean (extreme points at
29.19◦N/−96.84◦W – 15.09◦N/−82.82◦W) (Figure 1A). These
areas have unique biological and oceanographic conditions that
influence the spatial ecology of marine megafauna (Woolley
et al., 2020). Our area of study is within the Northwest
Atlantic Regional Management Unit for sea turtles (Wallace
et al., 2010); and in oceanic regions delimited by the Yucatan
shelf and the Yucatan Current (Wilkinson et al., 2009;
Uribe-Martínez et al., 2019).

Satellite Telemetry
By 2008 (Godley et al., 2008), there was only one paper on satellite
tracking of male hawksbill turtles (Eretmochelys imbricata, N = 8),
another on male leatherback turtles (Dermochelys coriacea,
N = 11) in the Wider Caribbean (James et al., 2005; van Dam
et al., 2008); and one of Kemp’s ridley turtles (Lepidochelys kempii,
N = 11) in the GoM (Shaver et al., 2005). In more recent years,
in northwest Atlantic and Caribbean region Arendt et al. (2012)
tracked male loggerheads (N = 16, b N = 29), Becking et al.
(2016) tracked male hawksbills in the Lesser Antilles (N = 2),
and Hughes and Landry (2016) tracked one male Kemp’s ridley
in northwest GoM. Notably, most of these tracking studies have
a small sample size, a reflection of the challenge to obtain
information on this demographic segment of marine turtles and
that research on this topic is at the “innovation and discovery”
initial phase of tracking studies (Sequeira et al., 2019).

Over 8 years (2010–2017), six adult male sea turtles [five
hawksbills -Eretmochelys imbricata (Ei)-, and one green turtle
-Chelonia mydas (Cm)-] were tracked from different locations
in the southern GoM (Supplementary Table S1). All hawksbills
were tagged after stranding on the beach, three of them were kept
in captivity for rehabilitation in specialized hospitals for more
than 1 year, and the other two received a medical evaluation and
were released the same day or 1 day later. The sixth male, a green
turtle, was captured by hand in a sea turtle aggregation at the
northwest corner of the Yucatan Peninsula, Mexico (Figure 1).

Though there is uncertainty regarding whether the
movements of turtles that have been exposed to human
interventions are representative of counterparts that remain in
the wild, there are indications that even prolonged periods of
captivity may not greatly alter sea turtle behavior (Cardona et al.,
2012; Lyn et al., 2012; Mestre et al., 2014; Baker et al., 2015; Kuo
et al., 2017; Robinson et al., 2017; Innis et al., 2019). Obtaining
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FIGURE 1 | Pathways of six satellite-tracked male sea turtles (five hawksbills and one green) after stranding, subsequent rehabilitation, and release from capture
locations on shore (blue stars) (A). Their home ranges (75%, red polygons) are presented together with space use distribution kernels for all individuals (Ei1, Ei2, Ei3,
and Cm1) (B), Ei4 and Ei 5 (C), and the open ocean home range Ei 5 (D).

individuals for this study required opportunistic sampling, using
incidentally caught, recovered, and rehabilitated individuals.

Satellite transmitters were deployed on turtles following the
protocol recommended by Gallegos-Fernández et al. (2018).
Given the tag availability, five of these individuals were tagged
with TAM4510 Telonics ARGOS transmitters and one was tagged
with a Wildlife Computers Mk10-AF ARGOS transmitter. The
telemetry data were filtered for quality control (adehabitat filters
by Freitas et al., 2008), and in cases where the male displayed a
discernable migratory phase (based on speed, turning angle and
increasing rate of distance to release site), the data were split
into separate stages (Cuevas et al., 2008, 2019). The home range
isoline polygon (75%) of the aggregation data for each individual
was obtained from functions of space use distribution kernels
(Worton, 1989; Schofield et al., 2013). The latter analysis was
done in a lattice of 1 km2 (an area in which most of the maximum
location error by ARGOS system are embedded) (Bradshaw et al.,
2007; Lowther et al., 2015), and a smoothing factor (h) calculated
by ad hoc methods (Calenge, 2006).

Beach Stranding Data and Probable
Death Sites
Although data on sea turtle strandings may potentially present
a biased view of distribution (e.g., they are more likely to occur
when and where ocean/wind conditions are favorable to washing
ashore), when they are derived from systematic long-term

monitoring projects, their relevance for spatial inferences are
robust (Koch et al., 2013; Nero et al., 2013; Putman et al.,
2020). Given that recordings of sea turtle adult males are
otherwise scarce, stranding data are particularly useful for
building a regional panorama of the spatial ecology of this
population segment.

We compiled stranding records of male individuals from the
Mexican coasts along the western and southern GoM from 1994
through 2018. These data were obtained as part of 13 long-term
sea turtle nesting beach monitoring programs, in which 525 km of
the coastline are systematically monitored during nesting season,
and from response units for stranding events throughout the
year. The individuals were identified to species level, standard
carapace morphometrics, date, time and geographic coordinates
of each event were recorded. Stranding data were mapped,
and their geographic locations and dates served as input for a
numerical model that estimated probable death sites.

To determine where stranded turtles might have been before
washing ashore, we simulated their transport using an ocean
circulation model paired with satellite-based wind-fields, and a
virtual particle tracking tool. This approach followed established
methods where ocean current and wind models were applied
to estimate the death sites of individual marine turtles (Nero
et al., 2013; Santos et al., 2018a,b). We used surface currents from
the GoM Hybrid Coordinate Ocean Model (GOM-HYCOM)
experiment 50.1 (1994–2012), experiment 31.0 (2013–2014), and
experiment 32.5 (2014–2018). These products provided surface
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current velocities at 0.04◦ × 0.04◦ grid resolution (∼4 km)
at three (1994–2012) and one (2013–2018) hour time steps.
GOM-HYCOM uses data assimilation of satellite and in situ
measurements to produce hindcast estimates of the oceanic
conditions that existed in the past (Chassignet et al., 2009).

While GOM-HYCOM represents the main features of ocean
circulation relevant for the movement of marine organisms
(Putman and Mansfield, 2015), objects at the ocean surface
will experience additional forces that are not depicted in the
model (Putman et al., 2016), such as windage (direct momentum
transferred from the wind to an object at the ocean surface) and
Stokes drift (residual transport due to waves) (Putman et al.,
2018; Olascoaga et al., 2020). The influence of these processes
can be accounted for, in part, using a “leeway model,” whereby
a fraction of the wind velocity is added to the surface current
velocity (Nero et al., 2013). To account for these effects, we used
NOAA Blended Sea Winds to provide estimates of wind velocity
at 0.25◦ × 0.25◦ resolution (∼25 km) at 6 hourly time steps
(1994 – 2018) (Zhang et al., 2006). We spatially and temporally
interpolated wind velocity data to the GOM-HYCOM grid and
time steps and added 3% of the 10 m wind velocities to those
surface velocities of GOM-HYCOM (Putman et al., 2018). The
3% windage value that we applied falls within the range of values
obtained by studies that examined the drift of sea turtle carcasses
[e.g., 3.5% (Nero et al., 2013), 1–4% (Santos et al., 2018a)]. The
decomposition state of carcasses can be useful to infer time spent
adrift (Santos et al., 2018a,b), however, this information was not
available for all stranding records and was not considered in the
analysis. Rather, we assessed in which oceanic locations the turtle
most likely occurred during the 5 days prior to the stranding date
(Nero et al., 2013).

The combined GOM-HYCOM and NOAA Blended Sea
Winds velocity fields served as inputs for virtual particle tracking
simulations that were run using ICHTHYOP v.3.3 (Lett et al.,
2008). We created a ∼200 km buffer from the Mexican coastline
across the southern GoM (18◦/−98◦ – 24◦/−86◦), within which
we selected 20,600 random locations to release virtual particles.
We released virtual particles from these sites 5 days prior to
the recorded stranding date and tracked their movement using
a Runge–Kutta 4th-order time-stepping method to compute
trajectories at 15-min intervals. Daily latitude and longitude were
recorded for subsequent analysis. For each day of the 5-day
tracking period, the distance between each virtual particle and
the stranding site was measured using a custom Python script
based on the pyproj module geod1. We determined the 100 virtual
particles that were closest to the stranding site and each particle
was weighted proportionally to the inverse of its distance to the
stranding site (i.e., particles closer to the stranding site were
weighted more heavily than those farther from the site). The
weighting factor was applied to the initial release sites of those 100
particles to map the most likely locations of the stranded turtle
each day of the previous 5-day period and to integrate with the
other distribution data available for male sea turtles.

For analysis and spatial representation purposes, the probable
at-sea locations for each of the 99 stranded males were averaged

1https://pyproj4.github.io/pyproj/stable/_modules/pyproj/geod.html

into a lattice of 10 km diameter hexagons, and the values were
scaled 0 to 1 to have a standard variation range, so that both
individual species distributions and cumulative values for all
species together could be evaluated.

Point Location Data
In the northeastern corner of the Yucatan Peninsula, systematic
surveys were conducted to record the number of in-water sea
turtle individuals using small boats (27–30 ft.) in focal areas
(hundreds of square kilometers). Between June and November
2016, and May through July 2017, an array of systematic line-
transects adding 100 km in length was conducted (Buckland et al.,
2012) in one of three different areas of interest (two at 51 and
one at 31 km off the coast). This area was close to one of the
largest sea turtle aggregations in the region and near the nesting
beach of Isla Holbox (1,200 km were surveyed). Also, in 2019 in
this same region, individual males and mating aggregations were
recorded using drones at southeast Isla Mujeres. Given a priori
knowledge of the presence of mating couples in this region, an
area <10 km2 was surveyed twice in April, when mating season
started, as prospective surveys using a Phantom (Dji) drone flying
at 30 m and covering a 300 m transect. Sea turtle species were
identified using aerial photographs based on size, carapace color
and general silhouette shape.

Because of the spatial scope of these efforts, and the variability
in survey consistency of the drone surveillance, the data were not
included to estimate the cumulative probability of occurrence.
However, in the context of multi-source data for building the
regional distribution of male turtles, they were displayed as
points and polygons over the probability of occurrence map,
complementing the regional panorama of the distribution of
males in the southern GoM.

Cumulative Probability of Occurrence of
Male Sea Turtles
As an integrative and wrapping procedure of our outputs, we
used the same hexagonal lattice (10 km diameter) to transfer
all calculated probabilities of space use distribution kernels and
scaled the values at the hexagons in the range 0–1. This allowed
us to put the drift modeling and satellite telemetry kernels in the
same numerical and spatial context, and conduct an arithmetic
sum of both datasets (Tougaard et al., 2008; Downs et al., 2014;
Domingues et al., 2016) to obtain a final cumulative probability
of occurrence of males in the southern GoM.

RESULTS

The compilation of data sets from different sources allowed us to
integrate the first synthesis of the regional probability panorama
of the presence of adult male sea turtles in the southern GoM. The
outputs include spatially explicit information at different scales.

Satellite Telemetry
Track durations ranged from 5 to 185 days (Median = 55 days)
(Supplementary Table S1). Five of the six tracked turtles moved
close to the shoreline and stayed at nearshore residency areas
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traveling <120 km from the site of release. The shortest distance
traveled by individuals of both species was displayed by Ei3,
moving a net distance of 10.8 km from the coast of Campeche in
55 days. Even when some tracks were very short, that minimum
time was enough to show individuals moving far from their
release point, like Ei4. Cm1 traveled no more than 62 km from
its capture/release site and remained in the region for 78 days,
which we therefore assumed was its residency area (Figure 1).

Individual Ei5 traveled the longest distance, moving 775 km
from Quintana Roo to an oceanic residency area in 185 days
(Figure 1), with a home range of nearly 20,000 km2 (Figure 1C).
Unlike the other individuals that stayed in neritic waters, Ei5
moved in neritic waters from June to July, and then moved
to oceanic habitats. During 4 months (August–December), Ei5
moved inside an anti-cyclonic eddy linked to the Loop Current.
Instead of leaving the Gulf of Mexico with the main flow of the
Loop Current, the turtle remained within the eddy. The eddy
detached from the Loop Current in November and the turtle
traveled with it. By December Ei5 appeared to have departed
from the eddy and moved northwards toward the United States
continental shelf when transmissions were lost (Figure 2).

Probable Death Sites for Stranded
Individuals
The stranding dataset included 99 adult male turtles (14
loggerheads 34 greens, 33 hawksbills, and 18 Kemp’s ridley),
of all the stranding records, an average of 8.8% (± 2.9) were
males (Tamaulipas 9.38%, Veracruz 4.9%; Campeche 9.1%; north
Yucatan 11.8%) and there were no significant differences between
states (X2

(d.f = 3, n = 99) = 3.1, p = 0.3765). Most of
them came from Campeche (53.33%), followed by the northern
Yucatan Peninsula (17.14%), Veracruz (17.14%), and Tamaulipas
(12.38%). Green turtles comprised 38.09% of stranding records,
followed by hawksbills (18.86%), Kemp’s ridleys (17.14%), and
loggerheads (13.21%). The average curved carapace length of
the stranded individuals was 92.51 cm ± 11.27 (loggerheads),
91.43 cm ± 17.35 (green turtles), 79.07 cm ± 10.50 (hawksbills),
and 65.67 cm± 3.50 (Kemp’s ridleys). Though size is not entirely
indicative of maturity, these sizes fall into the range of what are
likely reproductive adults (Goshe et al., 2010; Bell and Pike, 2012;
Bjorndal et al., 2014; Avens et al., 2015).

Drift modeling indicated that the most probable locations of
turtles in the 5 days prior to stranding tended to be close to
shore, over the continental shelf, and relatively near the points
of stranding (Figure 3). Along the north and west coasts of the
Yucatan Peninsula, there are high probabilities of the presence of
male sea turtles of these four species. A similar scenario occurs in
central and north Veracruz (Figure 3E). The standard deviation
of these probabilities is mainly dictated by the combination of
both high and low values near shore (Figure 3F).

Cumulative Probability of Occurrence of
Male Sea Turtles
We found high probabilities of space use at the northeast and west
coast of the Yucatan Peninsula, together with south Veracruz
and Tamaulipas (Figure 4). Locations of observed sea turtle

mating occurred close to the areas identified as high cumulative
probability of male sea turtle occurrence.

This integration of data supports and strengthens local
empirical knowledge on the location of mating aggregations close
to shore, and together with a few directed surveys supports the
hypothesis of sea turtles mating near their nesting beaches, as in
other parts of the world (Miller, 1997). An apparent exception,
however, is for hawksbills as no reported evidence exists on
locations of consistent mating aggregations in the southern GoM.

DISCUSSION

Satellite Telemetry
As reported in other studies, tracking rehabilitated sea turtles
is a reliable alternative to the complex and often expensive
enterprise of capturing in-water males (Mestre et al., 2014;
Hughes and Landry, 2016; Robinson et al., 2017, 2020). To
what extent subsequent behavior is influenced by exposure to
humans remains an important question as it has implications
for how conservation efforts for sea turtles are prioritized
(Caillouet et al., 2016). The data we present can be used in
future meta-analyses that address that issue. Nevertheless, our
findings suggest: (1) favorable outcomes can occur for individual
sea turtles rehabilitated in local specialized hospitals (i.e., Xcaret
Park and Acuario de Veracruz), and (2) the tracks of rehabilitated
individuals can contribute to the knowledge of the spatial ecology
of male sea turtles.

Our results show that male sea turtles are prone to stay in
neritic habitats nearshore of mating areas, and conduct very
short migrations when these neritic habitats are located in wide,
productive areas (such as those in the Yucatan Peninsula) (van
Dam et al., 2008; Hughes and Landry, 2016). Another relevant
result is that males occupy some of the same habitats as post-
nesting females in the Yucatan Peninsula (Cuevas et al., 2008,
2019; Méndez et al., 2013), and present broadly similar movement
behaviors as those observed in loggerhead males (Varo-Cruz
et al., 2013; Hughes and Landry, 2016).

Male turtles in the Yucatan Peninsula may also move to
oceanic habitats to feed as reported in other regions (van Dam
et al., 2008; Varo-Cruz et al., 2013; Saito et al., 2015). The
movement of individual Ei5 correspond to an area dominated
by the Loop Current, where intensive biological activity occurs
as a result of upwelling and the accumulation of drifting
material along ocean current fronts, or by eddy-induced Ekman
pumping (McGillicuddy, 2016). Similar broad-scale pelagic
feeding areas are reported for loggerhead females in the Atlantic
(Varo-Cruz et al., 2013).

Probable Death Sites for Stranded
Individuals
Strandings represent a complex interaction among
anthropogenic and environmental conditions that influence
mortality, the probability of washing ashore and the probability
of being reported (Putman et al., 2020). Further examination
of the movement of turtle carcasses in response to wind and
current conditions, decomposition rate, variability in survey
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FIGURE 2 | Monthly means of sea surface height (SSH) and ocean current velocity vectors produced by Copernicus Marine Environment Monitoring System
(CMEMS) (Copernicus Marine Environment Monitoring Service [CMEMS], 2020) during the oceanic movement of a male hawksbill (Ei5) from September to
December 2017. Current direction and speed are represented by gray arrows and the sea turtle tracks are plotted as black dots and lines. Largest black dots are the
start of the mapped tracking period and white stars the end.

effort, among other considerations are important for gathering
more information from stranding records and numerical
analyses (Nero et al., 2013; Santos et al., 2018a,b). However,
even considering the present limitations of the stranding data
available for synthesis here, valuable information was obtained.
We showed that the peaks of stranding occurrence differed
among species (April for Kemp’s ridleys, May for loggerheads
and hawksbills, and June for greens), possibly because of
an association with the reproductive season of each species

(Xavier et al., 2006; Castro, 2016; Cuevas, 2016; Delgado, 2016;
Koch et al., 2016).

Based on the latter context and their sizes, we might assume
that at least the larger males were in a reproductive state when
they died, suggesting that the areas with the highest probabilities
of occurrence (Figure 3) may also be mating spots. Directed
in situ research surveys will be needed to verify those areas are
occupied by adult male turtles. We already demonstrated the
feasibility of implementing these strategies using water and aerial
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FIGURE 3 | Average probability of death site occurrence for stranding sea turtle males along the coast, for Caretta caretta (A), Chelonia mydas (B), Eretmochelys
imbricata (C) and Lepidochelys kempii (D); and an average of occurrence probability for all species (E) and its standard deviation values (F).

vehicles (manned and unmanned). The areas adjacent to Isla
Mujeres and Isla Holbox (17 individual sea turtles, and 16 mating
aggregations of up to three turtles were recorded) are example

sites for more precise, local scale, systematic in-water monitoring
(Supplementary Figures S3, S4). Additionally, projects designed
to encourage the participation of local communities to report
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FIGURE 4 | Cumulative space use probabilities for adult male individuals of C. caretta, C. mydas, E. imbricata, and L. kempii. The black points on the shoreline
represent the sites of stranding records, the black stars are point locations where mating couples of green and loggerhead individuals have been recorded, and the
blue triangles are some of the main sea turtle nesting beaches in the region.

bycatch of male turtles such as the one in southern Veracruz,
Mexico should be prioritized.

Cumulative Probability of Occurrence of
Male Sea Turtles
This study contributes to filling information gaps of basic biology
and ecology of these species and expands the knowledge frontier
in this region. We show a spatial overlap in important areas
along the coasts of Quintana Roo, Campeche, and Veracruz,
where more detailed targeted research and monitoring should
be implemented. In this context, the waters adjacent to Isla
Holbox and Isla Mujeres in Mexico are of significant biological
relevance in this region (Cárdenas-Palomo et al., 2015; Reyes-
Mendoza et al., 2016), including aggregations of under studied
male individuals of endangered sea turtles.

We also identified an important in-water information gap in
front of Tabasco State (Figure 4) where there is not sea turtle
nesting; therefore, no systematic surveillance exists. However,
there is evidence of important in-water areas that are sensitive
for sea turtles in this area (Cuevas et al., 2019). Further research
is needed to understand how this region functions in the ecology
of sea turtles in the southern GoM.

Finally, the spatial integration of stranding datasets from long
term survey projects (more than two decades), as well as the
efforts of satellite-tracking individuals in this study area, are
an essential contribution to the ecological knowledge of four
sea turtle species in the GoM. The synthesis of this formerly

dispersed data expands our knowledge on sea turtle ecology,
sets new research goals, and highlights the need for long-term
monitoring efforts. It also demonstrates a critical need to formally
systematize the recent in-water research efforts on male sea
turtles to increase the information about this underrepresented
population segment in a way that can contribute to the recovery
of sea turtle populations.
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