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an open-access article distributed under
the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use,
distribution or reproduction is
permitted which does not comply with
these terms.

TYPE Brief Research Report
PUBLISHED 21 November 2022

DOI 10.3389/fmars.2022.1059678
Marine turtle hotspots in the
Gulf of Mexico and
Mesoamerican Reef:
Strengthening management
and preparedness

Eduardo Cuevas1,2,3, Marı́a de los Angeles Liceaga-Correa1*,
Abigail Uribe-Martı́nez1,4*, Sandra A. Gallegos-Fernández1,5,
Félix Moncada-Gavilán6, Raúl J. González-Dı́az-Mirón7,
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Estudios Avanzados del Instituto Politécnico Nacional, Mérida, Mexico, 4Harte Research Institute,
Texas A&M University & Kalanbio, A.C., Mérida, Mexico, 5Posgrado en Ciencias en Restauración
Ecológica, Universidad Autónoma del Carmen, Cd. del Carmen, Mexico, 6Programa de Tortugas
Marinas, Centro de Investigaciones Pesqueras, La Habana, Cuba, 7Aquarium del Puerto de
Veracruz, Veracruz, Mexico, 8Programa de Conservación de Tortugas Marinas, Pronatura Penı́nsula
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Marine turtles are of the highest ecological concern in terms of conservation

and restoration programs and marine territorial ordering. Marine resource-

extracting industries have severe negative impacts on their populations and

their habitats. Thus, private industries and decision makers require the best and

most robust spatially explicit scientific knowledge for a sustainable and

responsible operation and government administration. Therefore, the

identification of marine turtle hotspots is a strategic milestone for ecosystem

management and an integral ecological knowledge about any region. We

identified and delimited marine turtle hotspots in the Gulf of Mexico and

Mesoamerican Reef. We analyzed satellite-tracked data of 178 individuals

belonging to four marine turtle species. We used Brownian bridge movement

models to estimate space use surfaces and map algebra to weight and merge

layers of multiple species, life stages, and movement phases. The Yucatan

Peninsula and central Veracruz in Mexico, along with the Florida Keys and

Louisiana coast in the US, harbor the primary hotspots where marine turtles

aggregate. We defined four primary hotspots used for migration in the western

Gulf of Mexico, around the Yucatan Peninsula, a northern route following the

Loop Current, and a southern one towards Gorda Bank, Central America. This

study is the largest assessment of marine turtle hotspots in Mexico and Cuba

and supports strategies for reinforcing regional management actions for their
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conservation, as well as a stronger response and preparedness for tackling

anthropic threats to these species. This milestone contributes to extending the

knowledge frontiers about these species to a new level.
KEYWORDS

Migratory corridors, Spatial ecology, Satellite tracking, Conservation management,
Eretmochelys imbricata, Chelonia mydas, caretta caretta, lepidochelys kempii
Introduction

Marine turtles are a relevant ecological group owing to their

vulnerability to several natural and anthropogenic threats. They

occupy different marine and coastal ecosystems in their lifetimes

configuring conditions that bolster their ecological role as a

sentinel, umbrella, and key species for maintaining ecological

integrity in marine ecosystems (Caro and O’Doherty, 1999;

Wabnitz et al., 2010; Gradzens et al., 2014; Hunter et al., 2016;

Kalinkat et al., 2017; Hazen et al., 2019; Liceaga-Correa

et al., 2022).

Marine turtles have strong philopatry for their critical

habitats, which include areas for nesting, mating, migration,

feeding, development, and residency (FitzSimmons et al., 1997;

Shaver et al., 2016; Gaos et al., 2017). Therefore, the

identification and mapping of their habitats is crucial for

conserving and recovering their populations, as national and

multinational policymaking agencies require robust spatially

explicit information for adapting and improving their actions.

Key marine ecological habitats have been identified from

different approaches. Areas that have a high biodiversity value

and are frequently associated with threatened species or

particular ecological processes have been mostly reported to

date (Worm et al., 2003; Bass et al., 2011; Edgar and Brooks,

2011; Hazen et al., 2013; Bax et al., 2015). Several efforts have

been taken to define marine mega fauna hotspots using distinct

approaches, most of which consider the spatial distribution,

density, and conservation status of focal species (Lascelles et al.,

2016). Using mostly satellite-tracking data of marine turtles,

hotspots have been reported for loggerhead populations in the

northwestern Atlantic (Ceriani et al., 2017) and the

Mediterranean (Schofield et al., 2009, Schofield et al., 2013),

green turtles in the Mediterranean (Stokes et al., 2015),

hawksbills in the Arabian region (Pilcher et al., 2014),

leatherbacks in southern Africa (Robinson et al., 2016), and

Kemp’s ridleys in the Gulf of Mexico (GoM) (Gradzens and

Shaver, 2020).

Several studies have reported aggregation and migratory

corridors of marine turtles in the Gulf of Mexico (Shaver

et al., 2013; Shaver et al., 2016; Gradzens and Shaver, 2020;

Iverson et al., 2020; Hart et al., 2020; Uribe-Martínez et al.,
02
2021). However, doing a multispecies and multi-life stage study

is challenging because of the geographic scope of their life-stages

and the difficult access to their spatial distribution data to

delineate their populations’ hotspots. Lamont et al. (2015)

combined satellite records and distribution models for

different loggerhead life-stages in the Gulf of Mexico and

delimited their overlapping. But considerable knowledge gaps

remain, and the present study aims to address some of them.

Marine turtles contribute to essential ecosystem functions in

the ocean linked to environmental services that benefit human

societies, such as the modulation influence on blue carbon

storage by seagrasses when marine turtles forage on them, and

the community balance at healthy coral reefs, that support

tourism and fishing industries when they feed on algae and

sponges (Bjorndal and Jackson, 2003; Goatley et al., 2012;

Hammerschlag et al., 2019; Johnson et al., 2020). These species

interact with distinct anthropic activities that may disrupt their

long-term viability and jeopardize their biological processes

(Cuevas et al., 2018; Hart et al., 2018a; Cuevas et al., 2019).

Therefore, spatially explicit information about their hotspots is a

much-needed milestone for environmental risk assessments and

policies that support effective management, conservation,

mitigation, and restoration strategies using the sentinel and

umbrella roles of these charismatic species.

This socioenvironmental context demands humanistic,

technological, and scientific information of our oceans to

implement public policies that prevent, reduce, and control the

negative impacts of anthropogenic activities on marine ecosystems.

The aim is to achieve a balance between responsible exploitation of

natural goods and services, and conservation of the ecosystems that

provide them. Thus, the identification of marine turtle distribution

and biodiversity hotspots in the Gulf of Mexico is a milestone that

can expand the frontier of knowledge on this intensively

exploited ecosystem.

The objective of the present study was to identify multispecies

and multi-life stage distribution and diversity hotspots of marine

turtles in the Gulf of Mexico and Mesoamerican Reef. The results

are expected to expand the ecological knowledge on endangered

species in this region and strengthen and improve policy-making

processes, which in turn can ameliorate the compliance of

national preparedness and response capabilities with
frontiersin.org
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multinational agreements and commitments for the conservation

of endangered marine species and ecosystems.
Materials and methods

Study Area

Our study area was delineated by the movement behavior of

satellite-tracked marine turtles from 54 nesting beaches located

in Tamaulipas, Veracruz, Campeche, Yucatan, and Quintana

Roo, Mexico, the southern Gulf of Mexico and northwestern

Caribbean Sea, and the southeastern Cuban littoral (Table S1).

These nesting beaches were selected based on their relevance in

terms of the number of nests for each species and taking into

account the number of previously satellite-tracked individuals

from each of the nesting beaches (Moncada-Gavilán, 2005;

Moncada-Gavilán et al, 2012; Uribe-Martıńez et al., 2021;

Liceaga-Correa et al., 2022).
Satellite telemetry

A total of 178 individuals from four species—Caretta caretta

(loggerheads), Chelonia mydas (greens), Eretmochelys imbricata

(hawksbills), and Lepidochelys kempii (Kemp’s ridleys)—were

satellite tracked from 1996 to 2019. These individuals included

5 adult male hawksbills, 167 breeding females (14 loggerheads, 64

greens, 65 hawksbills, and 24 Kemp’s ridleys), and 6 immature

individuals (3 loggerheads and 2 greens). The males were captured

in-water, and a few were tagged after rehabilitation (Cuevas et al.,

2020). The females were mostly randomly selected and captured

from their nesting beaches after laying eggs (Uribe-Martıńez et al.,

2021); only 2 were captured in-water (using a free-weight net).

The selection of nesting beaches for tagging females aimed to have

all rookeries from the study area represented (Cuevas et al., 2019;

Uribe-Martıńez et al., 2021). To contend with bias effects by

unbalanced sampled individuals per life-stage, we weighted them,

as described in further paragraphs, and independently analyzed

the distribution data of each of them, then rescaled the outputs,

standardize, and mixed them with the others. On the other hand,

the immature individuals were bycatch in artisanal fishery (mostly

by four-inch monofilament gillnets used by artisanal fleets

operating nearshore) and tagged before release.

The transmitter deployment slightly differed among projects, as

different techniques andmaterials were available during the 23 years

of this study. Briefly, the individuals were held in a safe place, and

after securing them for tagging, the scutes in which the transmitter

was to be deployed were cleaned using sandpaper, fresh water, and

alcohol. Most of the tags were attached using fast cure epoxy glue

and clay (e.g., Devco 5 min© and Loctite Magic Steel©), but a few

were attached using fiber glass and polyester epoxy (Moncada-

Gavilán, 2005; Cuevas et al., 2008; Moncada-Gavilán et al, 2012;
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Uribe-Martıńez et al., 2021). Finally, marine antifouling paint was

applied after the glue and clay cured, and the individuals were

released at the same or nearest point where they were captured.

Tracks from this study dataset were acquired by several

multi-institution research efforts in Mexico and Cuba, diverse

satellite transmitters were used for over two decades (Table S1).

However, all satellite transmitters used the ARGOS system,

making them comparable in terms of the acquisition system

and general data characteristics. All ARGOS location classes

(LC) (e.g., 3, 2, 1, 0, A, and B) were used for these analyses, as the

latter LCs (A and B) can also be accurate (Lopez et al., 2013;

Boyd and Brightsmith, 2013; Uribe-Martıńez et al, 2021). The

location records were filtered to remove errors using the

algorithm described by McConnell et al. (1992) implemented

in the vmask function in the R argosfilter package (Freitas et al.,

2012). Finally, we performed supervised data validation to

eliminate records that the filters did not detect, as they were

considered unrealistic given their distance, time, or location

regarding the rest of its track. For further details, see Uribe-

Martıńez et al. (2021).

Finally, to consider the phase that we recorded for each

location of the tracked individuals, all the location records were

classified as migration, internesting, or foraging and residency

(Cuevas et al., 2019; Hart et al., 2020).
Space use surface processing

We used Brownian bridges models (Horne et al., 2007) with

the BBMM package in R (Nielson et al., 2014) to build the space

use surface for each tracked individual. This numerical method

uses the difference between the acquisition times of each pair of

consecutive location records in any track to estimate the

probability of an individual using any portion of the space

between these locations for transit. It has been widely applied

for studying the spatial and movement ecology of marine and

terrestrial animals. The advantage of the Brownian bridge

analysis is that it minimizes individual variations and

movement errors, performs well even under poor data

availability. Thus, it has been used to delimit home ranges,

migration corridors, and animal movements (Papastamatiou

et al., 2013; Liu et al., 2015; Silva et al., 2020). Like Uribe-

Martıńez et al. (2021) we used a fixed error location of 300 m and

a maximum time lag of 5000 min (3.47 days). Finally, we

delineated the individual moving ranges by defining a 70%

isoline of the created space use probability surface, which was

considered the most probable used area by the tracked turtle.
Hotspot identification

As important geographic areas are defined by aggregations of

multiple individuals of the same or multiple species at a given site
frontiersin.org
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(Uribe-Martıńez et al., 2021), we adopted a methodological

approach that considered the number of individuals in the same

geographic area and weighed each movement phase, life-stage, and

species (Bolten et al., 2011; Cuevas et al., 2018; Cuevas et al., 2019).

For each of these categories we merged the individual movement

ranges (70%) to build a layer containing the number of individuals

occurring at any site of a space use surface. This layer was rescaled

to values from 0 to 1 to make all layers comparable, which were

then multiplied by their corresponding weighting values.

Those values of the movement phases were adopted from

(Cuevas et al., 2018; Cuevas et al., 2019). and defined as follows:

internesting (0.2857), migrating (0.1429), and feeding/residency

(0.5714). For life-stage, we adapted the values proposed by

Bolten et al. (2011): hatchlings (0.25), immatures (0.33), and

adults (0.45). Although we did not analyze hatchlings, for

mathematical purposes, we estimated their weight, so that the

sum of the three values was 1.

The weights for each species were defined using the analytic

hierarchy process (Saaty, 2008) approach. We interviewed 48

marine turtle specialists in Mexico, considering the four criteria

established by the Mexican Extinction Risk Assessment Method

for Wildlife (Sánchez-Salas et al., 2013), which is the official

method to define the species enlisted for protection under the

Mexican law (NOM-059-SEMARNAT-2010). The criteria to

evaluate a species are (1) its distribution amplitude, (2) the

natural condition of its habitat with respect to its life history, (3)

its intrinsic vulnerability, and (4) the impact of anthropogenic

activities on the species. We obtained the following values: C.

mydas (0.1026), C. caretta (0.2564), L. kempii (0.3077), and E.

imbricata (0.333).

The merged layers grouping the individual ranges were then

multiplied by their corresponding values of movement phase,

life-stage, and species, and finally rescaled from 0 to 1, where 1

was the highest intensity of the hotspot value. For smoothing

and visual improvement purposes, the final expression of the

layer values was performed using a hexagonal lattice (10 km

width/hexagon) and statistically categorized, maximizing the

variability among categories and minimizing it in the interior

(North, 2009), as movement/aggregation range, secondary

hotspots, and primary hotspots.
Results

We defined multispecies and multi-life stage hotspots for four

marine turtle species in the GoM and Western Caribbean (WC).

This is the first study in the GoM and WC including the

Mesoamerican Reef region (MR) that integrates an articulated

regional panorama of how marine turtles use their marine space

at different stages of their life. The only zones that were not

occupied were the deep basins (>1,000 m) of these regions,

although some of them were frequently crossed by the turtles

during their migrations (Figure 1).
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The four studied species extensively used the GoM during

different life stages (immature and reproductive) and for distinct

life history movements. Post-nesting loggerheads established

their primary and secondary aggregation hotspots on the

Campeche Bay continental slope and the Yucatan shelf, as well

as on the Florida shelf, Cay Sal in the Lucayan Archipelago

(Bahamas), and the northern Gorda Bank on the border between

Honduras and Nicaragua (Figure 1A). The Mexican Caribbean

was used during internesting movements, and a few individuals

established in the Mexican waters of central MR (Figure S1A).

Loggerheads also used the Mexican Caribbean to migrate north

and southwards from the WC basin to the southern MR and

finally Nicaragua (Figure S2A). Others moved northward,

crossed the Loop Current, and established in southwestern

Florida (Figure 2). A primary aggregation hotspot was

detected for immature loggerheads in central-southern

Veracruz (Figure S3).

With more spatially restricted aggregation habitats, green

breeding females established their primary and secondary

aggregation hotspots in coastal zones, mainly in the

northwestern and northeastern Yucatan Peninsula (YP) in

Mexico and the Florida Keys (Figure 1B). Interestingly, all

tracked individuals breeding at isolated cays in the Campeche

Bank ultimately established at continental residency hotspots

around the YP (Figure 1A). This species had the smallest

internesting and feeding/residency hotspots among the four

species (Figures 1B, S1B). These hotspots received individuals

from all Mexican GoM-MR states, as well as Cuba. These

populations used a migratory corridor in the Campeche Bay in

Mexico to reach their aggregation hotspots (Figure S2). The four

species also used the major primary migratory hotspot in

southern GoM in the northern YP, Mexico (Figure 2). This

corridor is used by turtles to move from western GoM to the

hotspots in Campeche Bank, northern MR, WC (Gorda Bank),

and Florida Keys. A single dispersion route was demonstrated by

an immature individual moving from central Mexican

Caribbean to Cuba (Guanahacabibes Peninsula), but the other

tracked individual stayed locally and established at Laguna de

Terminos, Campeche (Figure S3A).

For the critically endangered hawksbills, the studied

breeding female populations had well-defined neritic

aggregation primary and secondary hotspots (Figure 1C). The

western and northeastern coasts of the YP, along with central-

southern Veracruz and the southern littoral of Cuba, harbored

the main internesting hotspots (Figure S1A). The western and

northeastern coasts of the YP are key feeding and residency

hotspots for this species (Figure S1B), along with the Florida

Keys and northern Gorda Bank, where some individuals

migrated to establish (Figure 1C). Breeding males had

aggregation hotspots adjacent or overlaying those of females

both in Mexico and Cuba. Two individuals showed migratory

movements from northern MR to Belize and Guatemala, and

one male moved from southwestern Cuba towards Jamaica and
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FIGURE 2

Migratory corridor hotspots used by the breeding females of the four marine turtle species satellite tracked from Mexico and Cuba. Continuous
thin gray line depicts the 200 m isobath, and the dashed thin line represents the 500 m isobath (https://www.gebco.net/). Black dots represent
the releasing sites of the satellite-tracked individuals.
FIGURE 1

Aggregation hotspots for breeding female marine turtles, integrated with the internesting and feeding/residency movement phases. We present three
hotspot categories for C. caretta (A, n=10), C. mydas (B, n=65), E. imbricata (C, n=79), and L. kempii (D, n=24). Continuous thin gray line depicts the
200 m isobath, and the dashed thin line depicts the 500 m isobath (https://www.gebco.net/). Black dots represent the releasing sites of the satellite-
tracked individuals.
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the Lesser Antilles (Figure S3). These populations primarily

moved through four migratory hotspots, including the main

primary migratory corridor around the YP, which connected the

western and eastern breeding populations with their feeding and

residency hotspots at the Yucatan shelf and the Mexican

Caribbean (Figure S2C). This major corridor was also used by

individuals to move fromMexican beaches towards MR andWC

(Figure 2), some traveling northward and crossing the Loop

Current to reach the Florida Keys and Cuba, and some others

moving from GoM to southern MR (Belize) and WC (Gorda

Bank). Individuals from Cuba connected to the southward route

to reach the MR region (northern Honduras) and Gorda Bank

(Figure S2C), and one of them reaching Colombia, out of our

study area. There was no record of any hawksbill individuals

moving from southern to northern GoM.

Adult Kemp’s ridley breeding females stayed inside the GoM

(Figure 1D), moving from their primary nesting beaches,

Rancho Nuevo and central Veracruz, Mexico, to northern

(Louisiana), northeastern (southern Florida shelf), and

southeastern (Caribbean corner of the Yucatan Peninsula)

GoM, where they foraged and established to reside after their

reproductive season (Figure S1B). They used the western GoM

as a primary migratory corridor to move towards their residency

hotspots in north and south gulf (Figure S2D). Moreover, we did

not obtain evidence of any individual moving out of this basin.

They migrated remarkably close to the shore along the Mexican

and US littorals, also using the main migratory hotspot around
Frontiers in Marine Science 06
the YP to reach their foraging and residency hotspots in the

Yucatan shelf and northern MR (Figure 2).

The final weighted integration of all species and life stages

revealed four multispecies hotspots. From north to south, the

coast of Louisiana is an important marine turtle hotspot, mainly

because of the presence of L. kempii (Figure 3). The waters in

southwestern Florida harbor primary and secondary hotspots

for C. mydas, E. imbricata, and L. kempii. The Veracruz Reef

System marine protected area and its adjacent waters in

southwestern GoM are primary hotspots for C. caretta and E.

imbricata, including resident immature individuals of C. caretta.

The YP coast harbors important feeding primary hotspots and is

also the corridor for the individuals of the four species coming

from western, southern, and eastern GoM and Cuba (Figure 3).

These waters were defined as a primary hotspot for marine

turtles in the GoM and WC, as they harbor major residency and

migratory hotspots, representing the main corridor in the south

GoM for at least four species of endangered marine turtles.
Discussion

While numerous studies have satellite tracked marine turtle

populations in major Mexican and Cuban rookeries, this is the

first integral study that combined dispersed spatial distribution

knowledge of four marine turtle species into advanced outputs

that delimited the hotspots of these species. This study
FIGURE 3

Multispecies and multi-life stage hotspots in the Gulf of Mexico and Mesoamerican Reef. Continuous thin gray line depicts the 200 m isobath,
and the dashed thin line depicts the 500 m isobath (https://www.gebco.net/). Black dots represent the releasing sites of the satellite-tracked
individuals.
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represents the actual frontier of knowledge for the GoM and

WC. Important next steps for this work will be integrating

analyses between northern and southern GoM marine turtle

satellite tracking studies.

For greens and hawksbills given the number of tracked

individuals, these outputs allow us to infer ecological

knowledge at a population level (Schofield et al., 2013;

Sequeira et al., 2019), highlighting the contribution to

scientific knowledge about this imperiled species. Our results

also validated some previously reported migratory corridors

(e.g., for Kemp’s ridleys, Shaver et al., 2016; Gradzens and

Shaver, 2020) and complement aggregation regions for the

four marine turtle species (Hart et al., 2012; Hart et al., 2020;

Iverson et al., 2020; Uribe-Martıńez et al., 2021). The results also

complement known migratory trajectories such as the

loggerheads moving from north to south GoM (Girard et al.,

2009; Hart et al., 2012; Tucker et al., 2014; Hart et al., 2018b).

The use of deep oceanic zones in the GoM and WC by adult

leatherbacks (Dermochelys coriacea) and younger life-stages of

the other species during their oceanic dispersal, complements

the intense and extended use of the study area (Putman and

Mansfield, 2015; Aleksa et al., 2018; Putman et al., 2020; Evans

et al., 2021; Sasso et al., 2021).

However, we also detected new multispecies and multi-life

stage hotspots that expand our understanding of the spatial

ecology of marine turtles in the GoM and WC. This new

contribution highlights the need for prioritizing the

identification of information gaps for specific rookeries and

life stages, such as males and immature individuals during

their ‘lost years’ (Cuevas et al., 2020; Mansfield et al., 2021), as

well as the study of local scale movement ecology associated with

the habitats they occupy.

The novel contributions of this study include the first report

of a primary aggregation hotspot for immature loggerheads in

southern Veracruz, where they reside and develop, despite the

fact that major nesting beaches are far away. Further research on

the origin and ontogeny of these individuals is needed.

Moreover, the delineation of migratory hotspots, which may

be considered as soft mesoscale structures, strengthens the

research on biogeographical processes in terms of the genetic

diversity and plasticity of these species (Harrison et al., 2018).

These hotspots facilitate the interchange of rookeries between

inner GoM andWC, with a key role of ocean currents, which has

been suggested to be an evolutionary strategy to sustain

population diversity and provide viability for restoring their

populations regionally (Roberts et al., 2004; Stiebens et al., 2013;

González-Garza et al., 2015; Carreras et al., 2018; Clusa et al.,

2018; Labastida-Estrada et al., 2018; van der Zee et al., 2021).

The extended use of the GoM, MR, and WC by marine

turtles exposes them to several negative interactions with natural

and anthropogenic threats (Hart et al., 2018a; Cuevas et al.,

2019). In particular, the fishing and energy (hydrocarbons and

wind) industries are two of the highest threats of concern
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because of their severity of impacts on marine turtle

populations and their habitats, as well as for its extensive

occurrence in the GoM and WC (Wallace et al., 2010; Wallace

et al., 2017; Scales et al., 2018; Wallace et al., 2020). Outlining

marine turtle hotspots is a milestone for a strong national

preparedness system, including multiple governmental and

private sectors that use such spatially explicit knowledge, as

they are required to provide information for decision support on

extractive and non-extractive anthropic activities that threaten

marine turtle integrity.

In particular, financing assessment processes for the oil

industry operation, and soon for the leasing fields for wind

energy projected for northern1 and southern GoM2,

acknowledge the hotspots of endangered species and their

habitats to evaluate and specify mitigation and compensation

actions that must be accomplished according to international

standards (International Finance Corporation, 2019). Such risk

assessments always demand the most updated scientific

information and expertise knowledge to accomplish robust

and responsible biodiversity management and investment

plans. Thus, our results provide the knowledge for making

these decisions.

In addition, harmful industrial and fishing practices (e.g.,

not using turtle excluder devices, TEDs) affect marine turtle

species and have serious socioeconomic and political

consequences. In 2010 and 2021, the U.S. government

withdrew Mexican shrimp importation certification because

Mexico’s TED program did not meet the standards established

under Section 609 of United States Public Law 101-162 (Platt,

2010; U. S. Department of State, 2021). Although these embargos

were temporary, they prevented an income of approximately 90-

300 million dollars per year and affected approximately 8,600

jobs. The strategic spatially explicit information presented in this

study is key for potential interaction assessments between

marine turtles and fishing, and it contributes sustaining more

robust plans fostering responsible fishing.

This contextual knowledge configures the foundation

scaffold to balance the exploitation and conservation of marine

territories while respecting the essential biological and ecological

attributes that sustain the resilience capabilities of marine

ecosystems. Thus, expeditious and effective management

actions must be implemented to secure ocean health. Our

results support local and regional decision making, as well as

national and international politics, as they extend the frontiers of

knowledge on spatial ecology of marine turtles in the GoM and

WC, keeping at front the premise of fostering interdisciplinary,
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intersectoral, and multinational work to properly cope with the

scale of the biological process that sustains the long-term

viability of these species and their key ecosystem functions.

Finally, this paper supports several research lines on marine

turtles at multiple temporal and spatial scales and emphasizes

the need to continue the path for translating this scientific

knowledge into public politics in the form of decrees, policies,

management regionalization, and conservation plans for the

ecosystems in the large Gulf of Mexico and Mesoamerican

Reef System.
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