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Abstract The hawksbill sea turtle Eretmochelys imbricata is
categorized as Critically Endangered on the IUCN Red List
and its population has declined by over 80% in the last cen-
tury. The Eastern Pacific population is one of the most
threatened hawksbill populations globally. Western Mex-
ico is the northern distribution limit for hawksbill sea
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turtles in the Eastern Pacific and recent research indicates
that the Mexican Pacific portion of the population is a sepa-
rate management unit because of the restricted movements
of these turtles. Here we use the most complete database of
sighting records in the north-west Pacific of Mexico to
identify sites where hawksbill turtles are present. We also
develop a conservation index to determine the conservation
status of hawksbill turtle sites. Our results demonstrate the
importance of this region for juveniles and the relevance of
rocky reefs and mangrove estuaries as habitats for hawksbill
turtles. We identified 52 sites with records of hawksbill tur-
tles. Most of these sites (71%) are not protected; however,
sites with high conservation value included islands and
coastal sites along the Baja California peninsula that are es-
tablished as marine protected areas. Reefs and mangrove es-
tuaries relevant for hawksbill turtles are probably also
significant fish nursery areas that are important for local
fishing communities, creating opportunities for conserva-
tion strategies that combine science, local engagement and
policy to benefit both local fishing communities and hawks-
bill sea turtle conservation.

Keywords Critically Endangered species, Eastern Pacific,
Eretmochelys imbricata, foraging grounds, Gulf of
California, hawksbill sea turtle, Mexican Pacific, turtle
foraging grounds
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Introduction

Overexploitation and habitat destruction have resulted
in the decline and extirpation of numerous wildlife po-
pulations around the globe (McCauley et al., 2015; Ceballos
et al., 2020). Long-lived species with delayed sexual matu-
rity and long generation times, including many marine
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mammals, seabirds and sea turtles, are particularly sensitive
to anthropogenic impacts, and their populations can be
slow to recover even when impacts are mitigated (Lotze
et al., 2011).

Sea turtles typically disperse widely from their natal bea-
ches and transition through various geographical locations
and foraging habitats as they age (Musick & Limpus, 1997).
For at least a portion of their lives, they depend on coastal
habitats, where they are often exposed to concentrated hu-
man activities and threats, including fisheries, pollution, habi-
tat modification and harvesting of eggs and individuals
(Peckham et al., 2007; Nelms et al., 2016). Hawksbill sea turtles
Eretmochelys imbricata are of particular conservation con-
cern because of the harvesting of millions of individuals for
the international tortoiseshell trade (Miller et al., 2019).
Hawksbill turtles are categorized globally as Critically
Endangered on the IUCN Red List (Meylan & Donnelly,
1999; Mortimer & Donnelly, 2008), and the Eastern Pacific
population is believed to be amongst the most threatened,
with estimates of fewer than 700 nesting females remaining
(Wallace et al., 2011; Gaos et al., 2017).

Along the Eastern Pacific Rim, Mexico is one of several
countries that host a relatively large number of foraging
hawksbill turtles, particularly juveniles (Gaos et al., 2010;
Chacén-Chaverri et al., 2015; Liles et al., 2017; Llamas et
al., 2017; Martinez-Estévez et al., 2021). The Mexican Pacific
represents the northern limit of the hawksbill turtles’ distri-
bution, and their abundance has been reported as scarce
compared to green Chelonia mydas and olive ridley
Lepidochelys olivacea sea turtles (Marquez et al., 1982).
During the first half of the 20th century, several hundred
hawksbill turtles nested annually along the Pacific coast
of Mexico (Nayarit, Islas Marfas and Isla Clarién
(Revillagigedo Archipelago); Marquez, 1976), which is an
order of magnitude greater than current nesting numbers
in the region (Gaos et al.,, 2017). From the late 1950s to the
1980s, the hawksbill population declined because of inten-
sive harvesting for the shell trade, for meat trade in local
markets and for stuffed souvenirs (Cliffton et al., 1982;
Seminoff et al., 2003; Supplementary Plate 1). The nation-
al production of turtle shell scutes in 1973 was close to 5t
(c. 5,000 individuals; Marquez, 1976, 1996; Mortimer &
Donnelly, 2008).

Several studies have reported high site fidelity and re-
stricted foraging ranges of hawksbill turtles in the
Eastern Pacific (Gaos et al., 2012; Carrién-Cortez et al.,
2013; Martinez-Estévez et al., 2021). Genetic studies have
also demonstrated that the Eastern Pacific population is
not only differentiated from other populations but that
individuals in El Salvador, Nicaragua, Costa Rica, Ecua-
dor and Mexico constitute distinct genetic subpopulations
(Gaos et al., 2016, 2018). Eastern Pacific hawksbill turtles
often inhabit coastal reef ecosystems (Carrién-Cortez
et al,, 2013; Llamas et al., 2017). However, this population
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also often utilizes mangrove estuarine habitats for both
nesting and foraging (Liles et al., 2011; Gaos et al., 2012;
Chacén et al., 2015; Martinez-Estévez et al., 2022). The
Mexican Pacific represents the northern limit of the man-
grove distribution in the Eastern Pacific, and the states of
Baja California, Baja California Sur, Sonora, Sinaloa and
Nayarit have the highest cover of mangrove estuaries in
the region (181,036 ha in 2020; Veldzquez-Salazar et al.,
2021). Similarly, rocky reefs are the most expansive marine
habitat in north-west Mexico, covering an area of 1,025,420
ha in the Gulf of California alone (Johnson et al., 2016).
Both habitat types are important nurseries for commercial-
ly important fish species and therefore support numerous
small-scale fisheries, which creates additional challenges
for hawksbill turtle conservation (Aburto-Oropeza et al.,
2008; Liles et al., 2017).

Examining the spatial distribution of hawksbill turtles
provides an opportunity to determine whether these turtles
could benefit from spatial conservation strategies such as mar-
ine reserves because of their preference for restricted coastal
habitats (Gaos et al., 2016; Martinez-Estévez et al., 2021). Here
we use a comprehensive dataset of hawksbill turtle captures
and sightings to describe the distribution of the species in
north-west Mexico. We also develop a conservation index to
determine the conservation value of sites with hawksbill turtle
records and highlight areas that will be important for protecting
this Critically Endangered species and its habitats.

Study area

The north-west Mexican Pacific comprises the Baja
California peninsula (including both the Pacific and Gulf
of California coasts) and the mainland coast (limited by
the states of Sonora, Sinaloa, Nayarit and Jalisco; Fig. 1).
The north-west Mexican Pacific is the most productive fish-
ing region in Mexico and is the source of > 70% of the an-
nual fish landings in the country (Jiménez Esquivel et al.,
2018). The region also includes a wide variety of marine ha-
bitats such as rock and coral reefs, seagrass meadows,
Sargassum beds, terraces and mangrove estuaries, and
hosts many endemic species (Lluch-Cota et al., 2007).

Methods

Hawksbill turtle captures and growth

Hawksbill turtle capture records were provided by a re-
gional network of scientists, local communities and con-
servationists that have worked collaboratively for over
20 years as members of the NGO Grupo Tortuguero
de las Californias A.C. (Supplementary Table 1) to document
the presence and distribution of sea turtles in north-
west Mexico. Records were collected using three methods:
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Fic. 1 Hawksbill sea turtle Eretmochelys imbricata records and
marine habitat types in north-west Mexico. (Readers of the
printed journal are referred to the online article for a colour
version of this figure.)

(1) entanglement nets designed for capturing sea turtles
(100-200 m long, 5-10 m deep and 25 cm mesh size)
checked at regular intervals (c. every 6o min) for a recorded
period of time, (2) strike netting where a net (the same as
used in entanglement captures) was deployed from a small
skiff to surround and capture an individual, and (3) hand
capture by free diving. In addition, we also considered re-
cords of nesting females and incidental captures or strand-
ings reported by fishers during regular fishing activities, if
taking turtle body measurements was feasible.

All captured turtles were measured for straight carapace
length (notch to tip), curved carapace length (CCL; notch to
tip), straight carapace width (at the widest point), curved
carapace width (at the widest point), body depth, plastron
length, total tail length and body mass (Bolten, 1999).
Individuals were categorized by life stage (i.e. juvenile or
adult) based on their recorded size and on the mean nesting
size of individuals from the nearest hawksbill turtle rooker-
ies in Mexico, at Punta Mita (Nayarit) and Costa Careyes
(Jalisco). The mean CCL of nesting turtles in these rookeries
was 78.52SD 4.2 cm, n=6 (Grupo Tortuguero de las
Californias A.C. database; data not publicly available). All
individuals smaller than the mean nesting size were consid-
ered juveniles, whereas those equal to or larger than this
threshold were classified as putative adults. To determine
the sex of putative adult turtles, individuals that possessed
a long tail extending =5 cm beyond the carapace were
classified as males, whereas all other adults were classified
as females. Confirmed nesting females and males (> 50 cm
CCL) with long tails were categorized as putative adults

regardless of body size (Wibbels, 1999). Whenever feasible,
Inconel tags (Style 681, National Band and Tag Company,
Newport, USA) were applied to the trailing edges of each
rear flipper. Mean growth rate (cm/year) was calculated as
the difference in CCL recorded at first capture and last recap-
ture of each recaptured individual, divided by the residency
time in years:

Mean annual growth rate

_ CCL of first capture — CCL of last recapture

residency in years

We used only recapture intervals = 1 year and we also in-
cluded negative growth values in the analysis.

Hawksbill turtle distribution and conservation index We
determined the marine habitat types associated with the
geographical location of hawksbill turtle records by overlap-
ping hawksbill turtle locations and the geographical infor-
mation system (GIS) layer of marine habitats compiled by
The Nature Conservancy (Supplementary Table 2). We
also calculated a conservation index as a proxy of the current
state of hawksbill turtle sites (Halmy & Salem, 2015) using
four factors: (1) isolation, (2) designated spatial protection
status, (3) presence of local engagement and (4) fishing pres-
sure. We calculated the conservation index of each site as the
sum of the scores assigned to these factors (Supplementary
Table 3) and then scaled the values to range from o to 1 for
comparison. We applied a colour scale to visualize sites with
high conservation index (dark) and those with low conser-
vation index (light).

Isolation Proximity to continental land influences the suc-
cess of conservation initiatives as there is an increased prob-
ability of successful protection with increased distance from
the mainland and decreased human presence (Edgar et al.,
2014). For hawksbill turtles, it has been demonstrated that
islands harbour important foraging sites (Llamas et al,
2017; Martinez-Estévez et al., 2021). Here we assigned scores
of 1-3 to the sites depending on their location: mainland
coast, peninsula coast or islands, respectively.

Spatial protection status Well-enforced no-take marine
protected areas have proved to be effective for the recovery
of habitats and species, including sea turtles (Scott et al.,
2012; Edgar et al.,, 2014). Here we categorized sites based
on their protection status: (1) national marine protected
areas established by the National Commission of
Protected Areas of Mexico, (2) no-take marine protected
areas established by the National Commission of Fisheries
(CONAPESCA) in collaboration with fishing communities
and local non-profits (Niparaja, 2015; Diario Oficial de la
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Federacion, 2017), or (3) no spatial protection. We assigned a
score of 1 to those sites within marine protected areas and a
score of o to those without protection.

Local engagement  Stakeholder engagement is a key factor
influencing the success of marine protected areas
(Giakoumi et al., 2018). For hawksbill turtles, local surveil-
lance and engagement of fishing communities, environ-
mental organizations, scientists and conservationists can
serve to mitigate threats such as bycatch and high-impact
tourism. We categorized sites based on active local engage-
ment or a lack thereof. Local engagement was defined as one
of the following activities: (1) ongoing sea turtle monitoring
using the capture methods detailed above, (2) ongoing en-
vironmental education activities and training of local
communities in sea turtle monitoring activities, and (3) pres-
ence of a sea turtle research or conservation organization that
acts to recover entangled or injured hawksbill turtles reported
by local communities. We also recorded which local group
was conducting the local engagement (i.e. fishing communi-
ties or research groups/local environmental organizations).
We considered the presence of any of these factors as active
local engagement and assigned a score of 1 to sites with local
engagement and a score of o to those without.

Fishing pressure North-west Mexico supports numerous
small-scale fisheries dependent fully or partially on reef
and mangrove systems where hawksbill turtles are also
known to occur (Aburto-Oropeza et al., 2008). With in-
creasing fishing activity (as defined by number of fishing
boats per area and time) in hawksbill turtle coastal habitats,
there is a greater probability of targeted catch, bycatch or
collisions with boats (Wright et al., 2020). Using the best in-
formation available on the predicted small-scale fishing ef-
fort in the Gulf of California subregion, we used the number
of boats/soo km®/day as a proxy of fishing effort within
areas where hawksbill turtles are present (Johnson et al.,
2017). We classified sites based on four categories: 5-10,
11-20, 21-40, and 41-60 boats/500 km*/day. For subregions
for which reliable information on the level of fishing pres-
sure was not available (i.e. the Pacific coast of the Baja
California peninsula and the coast of Jalisco), we assigned
conservative values of 11-20 and 21-40 boats/s00 km*/day,
respectively, based on the best available information
(Bravo-Olivas et al., 2014; Narchi et al., 2018).

Results

Hawksbill turtle captures and growth

The hawksbill turtle database included 718 records during
1996-2019. The records corresponded to 448 individual
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Fic. 2 Size distribution of hawksbill turtles (n = 448) in the
north-west Pacific of Mexico (Fig. 1) during 1996-2019.

turtles captured, with 92 individuals recaptured a total of
124 times. The remaining 146 records corresponded to recap-
tures that occurred over periods of less than 1 year
(Supplementary Table 4). The size range of the turtles was
31.5-96.0 cm CCL (mean=50.6%SD 12.6 cm) and their
weight range was 2.2-91.0 kg (mean=172%SD 12.9 kg).
Most individuals (94%, n=420) were juveniles based on
CCL. The most common size classes were 35.0-39.9 cm CCL
(n=70), 40.0-44.9 cm CCL (n=98) and 45.0-49.9 cm CCL
(n =71), which together constituted 53% of the records (Fig. 2).
We determined the sex of the putative adults (6%, n = 28) as 19
females (six of them confirmed nesting, CCL range = 78.6-96.0
cm, mean tail length =1524+SD 1.6 cm) and nine males
(CCL range =53.7-79.6 ¢cm, mean tail length =20.2+SD
9.2 cm).

Of the 92 turtles that were recaptured, 61 individuals
were recaptured once, 30 twice and one turtle three
times. The range of the recapture interval was 1-3 years
(Supplementary Table 5). All but 11 individuals were re-
captured at the site of first capture. Three recaptured in-
dividuals moved 53 km between the mangrove estuary of
Isla San José to the rocky reefs of Archipiélago de Espiritu
Santo off the Baja California peninsula, one individual
travelled 252 km across the Gulf of California from the
mangrove estuary of Isla San José to the mangrove lagoon
of Santa Maria La Reforma in Sinaloa, and one individual
moved 41 km between the rocky reef habitats of Bahia de
Jaltemba and Punta Mita in Nayarit. Using data from re-
captured individuals, we found an overall mean growth
rate in CCL of 3.6+SD 2.9 cm/year (Supplementary
Fig. 1).
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figure.)

Hawksbill turtle distribution and conservation index

Hawksbill turtles were only found in two main habitat types:
mangrove-dominated and reef-dominated habitats. In total,
168 hawksbill turtles were captured in mangrove-dominated
habitats and 280 along open-coast areas, mainly in rocky/
coral reef habitats. Although seagrass and Sargassum beds
were present in some of the hawksbill turtle locations,
hawksbill turtles were not captured in them (Fig. 1).

We recorded hawksbill turtles at 52 sites in the region, in-
cluding 18 on the Baja California peninsula and 34 on the
mainland coast (Fig. 3, Supplementary Table 6). Most
hawksbill turtle records were from Baja California Sur
(284 individuals), followed by Jalisco (94 individuals),
Sinaloa (28 individuals), Nayarit (25 individuals), Sonora
(11 individuals) and Baja California (six stranded or by-
caught individuals). Overall, 29 sites (56%) were located on
the mainland coast, 12 sites (23%) on islands (seven of them
off the Baja California Peninsula and five off the mainland

coast) and 11 sites (21%) on the Baja California peninsula
coast. In particular, 212 (73%) of 290 individuals recorded off
the Baja California peninsula were from Isla San José and
the Archipiélago de Espiritu Santo, and 31% (49 of 158) of
the individuals on the mainland coast were from Torrecillas,
Bahia de Tlalpichichi and Piedra Partida in Jalisco.

Twelve sites (23%) fell within Mexican national marine
protected areas (the biosphere reserves of El Vizcaino, Isla
San Pedro Martir and Islas Marias and the national parks
of Cabo Pulmo, Archipiélago de Espiritu Santo and Bahia
de Loreto), three sites (6%) within no-take marine protected
areas off the Baja California peninsula (Isla San José-Isla El
Pardito, Isla San Marcial and Agua Verde), and 37 sites
(71%) were not protected (Supplementary Table 6). Nearly
two-thirds of the sites (65%, 34 of 52) had local engagement,
mainly in the form of sea turtle monitoring and education/
research activities. Seven of these sites were within protected
areas and the remaining 27 without protection. Local en-
gagement programmes led by local fishing communities
and by research groups and local environmental organiza-
tions were spread evenly amongst the sites. The sites with
the greatest fishing pressure (41-60 boats/s00 km?*/day;
five sites, 10%) were in the Mexican states of Sinaloa (n = 4)
and Nayarit (n =1). There were 12 sites (23%) with a fishing
pressure of 21-40 boats/500 km?/day, 26 sites (50%) with a
fishing pressure of 11-20 boats/500 km*/day and nine sites
(17%) with a fishing pressure of 5-10 boats/s00 km?*/day
(Supplementary Table 6). The sites with the lowest fishing
pressure corresponded to islands, sites on the coast of the
Baja California Peninsula and one site on the mainland
coast (Estero El Sargento) that belongs to the Comcdac
Indigenous people who control access to it. Of the 15 pro-
tected sites, 12 fell within the fishing pressure categories of
5-20 boats/500 km?*/day and only three had a fishing pres-
sure of 21-40 boats/s00 km?/day. By contrast, of the 37 un-
protected sites, 31 fell within the fishing pressure categories
of 10-40 boats/s00 km®/day, five had fishing pressure of
41-60 boats/500 km*/day and only one had a fishing pressure
of 5-10 boats/500 km?/day.

In terms of the conservation index, 15 sites (29%) had
the highest conservation status (scores of 0.71-1.00), cor-
responding to nine islands (Isla San José-Isla El Pardito,
San Pedro Martir, San Marcial, Cleofas, Archipiélago de
Espiritu Santo, Montserrat, Coronados, Choyudo and
Isabel) and six sites along the Baja California Peninsula
(Bahia de los Angeles, Puerto Escondido, Cabo Pulmo,
Agua Verde, Laguna de San Ignacio and La Pila; Fig. 3).
Isla San José-Isla El Pardito and Isla San Pedro Martir
were the top two sites overall in terms of the conservation
index, both having official protection status as marine
protected areas and local engagement. Thirty-one sites
(60%) fell within mid-range scores (0.29-0.57) and corre-
sponded to areas with higher fishing pressure and either
not being protected or without local engagement (Fig. 3).
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All but seven of these sites are on the mainland coast.
Finally, the six sites (12%) with the lowest conservation
index (scores of 0-0.14) were mainland sites with high
fishing pressure and no official protection (Fig. 3,
Supplementary Table 6).

Discussion

This study provides the first regional analysis of the distri-
bution of hawksbill turtles in the north-west Pacific of
Mexico. Over a period of 23 years, 448 individual hawksbill
turtles were recorded, constituting more than six times the
previously documented numbers in the Mexican Pacific
Ocean (68 individuals; Gaos et al., 2010). Most individuals
(94%) were juveniles, indicating that this region is particu-
larly important as a foraging area for turtles at earlier life
history stages, corroborating previous studies in the region
(Seminoff et al., 2003; Gaos et al., 2010; Martinez-Estévez
et al,, 2021). This is particularly relevant as juveniles of
some populations are particularly vulnerable and more af-
fected by anthropogenic threats than others (Heppell,
1998; Wallace et al., 2010). Along the Pacific coast of
Mexico, the states of Nayarit and Jalisco represent the nor-
thern nesting limit for Eastern Pacific hawksbill turtles
(Hart, 2016). The three main nesting areas include Costa
Careyes (Jalisco), and Punta Mita and Bahia de Jaltemba
(Nayarit), with 13 nests/year on average (Hart, 2016). Of
the 28 adults identified, only six were nesting females,
with a size range of 73-81 cm CCL. We used mean nesting
size as a threshold to distinguish adults from juveniles, but
it should be noted that this could underestimate the total
number of adults, as nesting females < 78.5 cm CCL have
been identified in the Eastern Pacific in previous studies
(Liles et al., 2011) and in this study. Based on the identified
males, tail length can be used to distinguish the sexes in
individuals as small as 53.7 cm CCL. However, tail length
is not a perfectly reliable indicator, and the sex of some
individuals could be misidentified with this method
(Wibbels et al., 2000). Further investigation using hormone
assessment techniques would improve our knowledge
regarding the sex ratio of immature sea turtles in the region
(Allen et al., 2015).

The size at which sea turtles recruit from pelagic to ner-
itic environments varies amongst sea turtle species and po-
pulations. For instance, the recruitment sizes of hawksbill
turtles in some regions of the Pacific Ocean are larger
than in the Caribbean, where individuals as small as
20 cm straight carapace length enter neritic habitats (Hirth
et al., 1992; Hawkes et al., 2014). Several individuals in this
study (n=16, 4%) were smaller than 35 cm CCL but all
were larger than 30 cm CCL, with the smallest recorded indi-
vidual measuring 31.5 cm CCL. These findings mirror previ-
ous studies in the Baja California Peninsula and the Eastern
Pacific, where recruitment sizes were reported as 34.4 cm
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straight carapace length and 30.0-37.0 cm CCL, respectively
(Seminoff et al, 2003; Llamas et al, 2017; Wedemeyer-
Strombel et al, 2021). The most frequently recorded size in
our study (40.0-44.9 cm CCL, 22% of records) corresponds
with that reported in Coiba National Park in Panama, a
major foraging ground for Eastern Pacific hawksbill turtles
(Llamas et al., 2017). Almost all of the recaptured individuals
were found in the same sites where they were initially caught,
and 50% of them (46 of 92) were recaptured after periods longer
than 2 years. These findings demonstrate high foraging site fidel-
ity of hawksbill turtles in north-west Mexico and corroborate
studies in the Eastern Pacific and other parts of the world
(Gaos et al., 2012; Shimada et al., 2019). A subset of individuals
moved between foraging grounds in the Gulf of California. This
could be because of natal homing, where larger juveniles tend to
shift between foraging grounds, or because of displacement
caused by intraspecific competition or limited availability of re-
sources (Bowen et al, 2004; Fukuoka et al, 2015). Studying
juvenile movements and interactions at foraging grounds will
help us to better understand hawksbill turtle population dy-
namics and provide adequate protection for the species in
this region.

Similar to the preferred habitats in other regions of the
Eastern Pacific (Gaos et al., 2012; Llamas et al., 2017
Wedemeyer-Strombel et al., 2021), rocky/coral reefs and
mangrove estuaries are the primary habitats for hawksbill
turtles in north-west Mexico. In addition, we found that
some anthropogenic factors (fishing pressure and spatial
protection strategies) play important roles in hawksbill tur-
tle presence, probably related to reduced bycatch mortality
(at sites with low fishing pressure) or improved habitat qual-
ity (at protected sites). Our data did not allow us to quantify
the search effort necessary to survey for hawksbill turtle
presence in unexplored areas, so they reflect only areas
known to be used by hawksbill turtles; however, the number
of captured individuals was greater on the Baja California
Peninsula than on the mainland coast, in part because of
limited sampling effort on the mainland coast, but probably
also because of habitats being less degraded along the Baja
California Peninsula. Human development and greater fish-
ing pressure along the Mexican mainland coast have signifi-
cantly degraded mangrove habitats (Escobedo-Urias, 2010;
Manzano-Sarabia et al., 2018). Most of the sites with a low
conservation index had high fishing pressure, whereas the
sites with high conservation index were either national mar-
ine protected areas or local no-take marine protected areas
with strong local engagement. It seems clear that long-term
protection could promote the presence of high-use areas for
the species.

Of the 52 sites we identified, we consider Archipiélago de
Espiritu Santo and Isla San José as foraging hotspots because
of the number of individuals recorded and their persistent
presence over the years. Archipiélago de Espiritu Santo has
been monitored every month over the last 20 years and on

Oryx, 2023, 57(3), 392-400 © The Author(s), 2022. Published by Cambridge University Press on behalf of Fauna & Flora International  doi:10.1017/50030605322000709

https://doi.org/10.1017/50030605322000709 Published online by Cambridge University Press

397


https://doi.org/10.1017/S0030605322000709

398

L. Martinez-Estévez et al.

Isla San José hawksbill turtle monitoring has been conducted
every year over the last 7 years, in addition to monthly sea tur-
tle monitoring activities. We are confident that the high num-
ber of individuals observed is influenced by these monitoring
efforts and also by the official protection status and local
community engagement at both sites. A regional census of
hawksbill turtles should be established by conducting in-
water monitoring, focused specifically on hawksbill turtles,
in coastal foraging areas. This should also be expanded to un-
sampled or poorly sampled areas such as the mangrove habi-
tats in Sonora, Sinaloa and Nayarit (Complejo Lagunar Bahia
Guasimas-Estero Lobos, Humedales de Yavaros—Moroncarit,
Sistema Lagunar Agiabampo-Bacorehuis-Rio Fuerte Antiguo,
Marismas Nacionales and La Tovara) and to areas with histor-
ical reports and anecdotal observations of hawksbill turtles by
fishermen (e.g. Santa Rosalia, Bahia de los Angeles and Isla San
Diego in Baja California Sur, and Archipiélago de Revillagigedo
and Islas Marias in the Pacific Ocean). Such census data will
help us to determine the relative abundance of individuals in
the region and potentially identify other foraging hotspots
for the species. In addition, it is important to improve our
knowledge of individual movement patterns and the genetic
structure of the population. Continuing the conservation ef-
forts with local communities, and increasing the enforcement
of environmental and fisheries laws to reduce threats in the
identified hawksbill turtle sites, are important steps to protect
this species in north-west Mexico.

Current hawksbill turtle numbers in north-west Mexico
remain relatively low after more than 20 years of protection.
This could reflect a combination of continued human im-
pacts, the relatively recent colonization of this region by
the species (Gaos et al., 2016) or insufficient hawksbill tur-
tle-focused monitoring. Nevertheless, we highlight sites
where spatial protection and other conservation manage-
ment strategies should be prioritized. Because hawksbill
turtle core areas of use in the south-west Gulf of
California are highly restricted, being no larger than 3.8 km*
(Martinez-Estévez et al., 2021), it would be feasible to set
aside areas for hawksbill turtle conservation without signifi-
cantly affecting current human use. The implementation of
spatial conservation strategies that consider local realities
and community participation in their design and en-
forcement has been effective in the recovery of other hawks-
bill turtle populations, such as the Arnavos population
(Hamilton et al., 2015). The last 2 decades of hawksbill turtle
research and conservation in the Eastern Pacific have contrib-
uted to the recovery of this population. This and future studies,
along with increasing political will and local community par-
ticipation, will continue this endeavour over the long term.

Acknowledgements We thank our funders World Wildlife Fund
Mexico (project GK07) and the National Geographic Research and
Exploration Grant; the National Council for Sciences and Technology
(CONACYT) and the University of California Institute for Mexico

and the United States (UC MEXUS) for the UC MEXUS-CONACYT
Doctoral Fellowship; and The Nature Conservancy for the compilation
and digitization of the marine habitat information.

Author contributions Study design: LM-E, BRT, DAC; fieldwork:
LM-E, AAA, MEA, CDB, NCL, FCA, JPCA, TDLVC, ARG, CEH,
AHW, JLL, JL, IL, AM, KO, JAS, ILY, AZ-N, DAC; data analysis:
LM-E, AFR; writing: LM-E, ARG, CEH, AM, JAS, BRT, ILY, AZ-N,
DAC.

Conflicts of interest None.

Ethical standards This research abided by the Oryx guidelines on eth-
ical standards and had the appropriate permissions to conduct the re-
search provided by the Direccién General de Vida Silvestre from the
Secretaria de Medio Ambiente y Recursos Naturales (SEMARNAT) in
Mexico: 280700-213-03 (2000-2001), SGPA/DGVS/002 4661 (2002-
2003), SGPA/DGVS/10358 (2005), SGPA/DGVS/03501/06 (2006-2007),
SGPA/DGVS/03406/07 (2007-2008), SGPA/DGVS/03481/09 (2009-2010),
SGPA/DGVS/08678/09 (2009-2010), SGPA/DGVS/04990/10 y SGPA/
DGVS/06453/10 (2010-2011), SGPA/DGVS/04568/11 y SGPA/DGVS/
05177/11 (2011-2012), SGPA/DGVS/05137/12 y SGPA/DGVS/06062/
12 (2012), SGPA/DGVS/00706/13 y su alcance SGPA/DGVS/06486/13
(2013), SGPA/DGVS/02259/14 y SGPA/DGVS/05954/14 (2014), SGPA/
DGVS/04478/15 y SGPA/GDVS/02745/15 (2015), SGPA/DGVS/07584/
16 y SGPA/DGVS/03304/16 (2016), SGPA/DGVS/08562/17 (2017),
SGPA/DGVS/010518/18 (2018) y SGPA/DGVS/6622/19 (2019), SGPA/
DGVS/00244/20 y SGPA/DGVS/01431/20 (2020), SGPA/DGVS/00600/
21 y SGPA/DGVS/03211/21 (2021).

References

ABURTO-OROPEZA, O., EZCURRA, E., DANEMANN, G., VALDEZ, V.,
MURRAY, J. & SaLA, E. (2008) Mangroves in the Gulf of California
increase fishery yields. Proceedings of the National Academy of
Sciences of the United States of America, 105, 10456-10459.

ALLEN, C.D,, RoBBINS, M.N., EGucHI, T., OWENs, D.W., MEYLAN,
A.B., MEYLAN, P.A. et al. (2015) First assessment of the sex ratio of
an East Pacific green sea turtle foraging aggregation: validation and
application of a testosterone ELISA. PLOS ONE, 10, €0138861.

BoLTEN, A.B. (1999) Techniques for measuring sea turtles. In Research
and Management Techniques for the Conservation of Sea Turtles
(eds K.L. Eckert, K.A. Bjorndal, F.A. Abreu-Grobois &

M. Donnelly), pp. 110-114. IUCN/SSC Marine Turtle Specialist
Group, Washington, D.C., USA.

Bowen, B.W,, Bass, A.L, CHow, S., BosTrROM, M., BjornDAL, K,
BOLTEN, A.B. et al. (2004) Natal homing in juvenile loggerhead
turtles (Caretta caretta). Molecular Ecology, 13, 3797-3808.

Bravo-Orivas, M., CHAVEZ-DAGosTINO, RM., LOPEZ-FLETES,
C.A. & EspINO-BARR, E. (2014) Fishprint of coastal fisheries in
Jalisco, Mexico. Sustainability, 6, 9218-9230.

CARRION-CORTEZ, J., CANALES-CERRO, C., ARAUZ, R. &
R10SMENA-RODRIGUEZ, R. (2013) Habitat use and diet of juvenile
eastern Pacific hawksbill turtles (Eretmochelys imbricata) in the
north Pacific coast of Costa Rica. Chelonian Conservation and
Biology, 12, 235-245.

CEBALLOS, G., EHRLICH, P.R. & RaVEN, P.H. (2020) Vertebrates on
the brink as indicators of biological annihilation and the sixth mass
extinction. Proceedings of the National Academy of Sciences of the
United States of America, 117, 13596-13602.

CHACON-CHAVERRI, D., MARTINEZ-CASCANTE, D.A., Rojas, D. &
Fonseca, L.G. (2015) Golfo Dulce, Costa Rica, un drea importante
de alimentacién para la tortuga carey del Pacifico Oriental
(Eretmochelys imbricata). Revista de Biologia Tropical, 63, 351-362.

Oryx, 2023, 57(3), 392-400 © The Author(s), 2022. Published by Cambridge University Press on behalf of Fauna & Flora International  doi:10.1017/50030605322000709

https://doi.org/10.1017/50030605322000709 Published online by Cambridge University Press


https://doi.org/10.1017/S0030605322000709

CLIFFTON, K., CORNEJO, D.O. & FELGER, R.S. (1982) Sea turtles of the
Pacific coast of Mexico. In Biology and Conservation of Sea Turtles
(ed. K.A. Bjorndal), pp. 199—209. Smithsonian Institute Press,
Washington, D.C., USA.

Diario OFICIAL DE LA FEDERACION (2017) Acuerdo por el que se
Modifica y se Amplia la Vigencia del Similar que Establece una Red
de Zonas de Refugio en Aguas Marinas de Jurisdiccién Federal Frente
a la Costa Oriental del Estado de Baja California Sur, en el Corredor
Marino de San Cosme a Punta Coyote, publicado el 16 de noviembre
de 2012. dof.gob.mx/nota_detalle.php?codigo=5504649&fecha=15/
11/2017 [accessed 28 March 2021].

EpcGar, GJ., STUART-SMITH, R.D., WiLLis, T.J., KININMONTH, S.,
BAKER, S.C., BANKS, S. et al. (2014) Global conservation outcomes
depend on marine protected areas with five key features.

Nature, 506, 216—220.

EscoBepo-URrias, D.C. (2010) Diagnéstico y descripcién del proceso de
eutrofizacion en lagunas costeras del norte de Sinaloa. PhD thesis.
CICIMAR, La Paz, Mexico.

Fukuoka, T., Narazaki, T. & SAT0, K. (2015) Summer-restricted
migration of green turtles Chelonia mydas to a temperate habitat of
the northwest Pacific Ocean. Endangered Species Research, 28, 1-10.

Gaos, AR, ABREU-GROBOIS, F.A., ALFARO-SHIGUETO, J.,
AMmorocHO, D, ArAUZ, R, BAQUERO, A. et al. (2010) Signs of
hope in the eastern Pacific: international collaboration reveals
encouraging status for a severely depleted population of hawksbill
turtles Eretmochelys imbricata. Oryx, 44, 595-60L.

Gaos, AR, LEwisoN, R.L.,, LiLEs, M.]., GADEA, V., ALTAMIRANO, E.,
HENRIQUEZ, A.V. et al. (2016) Hawksbill turtle terra incognita:
conservation genetics of eastern Pacific rookeries. Ecology and
Evolution, 6, 1251-1264.

Gaos, AR, LEwisoN, R.L., JENSEN, M., LiLEs, M., HENRIQUEZ, A.,
CHAVARRIA, S. et al. (2018) Rookery contributions, movements and
conservation needs of hawksbill turtles at foraging grounds in the
eastern Pacific Ocean. Marine Ecology Progress Series, 586, 203-216.

Gaos, AR, LEwisoN, R.L.,, YANEzZ, L.L.,, WALLACE, B.P., LiLES, M.].,
Nicuots, W.J. et al. (2012) Shifting the life-history paradigm:
discovery of novel habitat use by hawksbill turtles.

Biology Letters, 8, 54—56.

Gaos, AR, LiLEs, M.J., GADEA, V., PENA, A., VALLEJO, F., MIRANDA,
C. et al. (2017) Living on the edge: hawksbill turtle nesting and
conservation along the eastern Pacific Rim. Latin American Journal
of Aquatic Research, 45, 572-584.

GiakouMl, S.,, McGowaN, J., MiLLs, M., BEGER, M., BUSTAMANTE,
R.H., CHARLES, A. et al. (2018) Revisiting ‘success’ and ‘failure’ of
marine protected areas: a conservation scientist perspective.
Frontiers in Marine Science, 5, 223.

Harmy, M\W.A. & SaLEM, B.B. (2015) Species conservation
importance index (SCI) for comparing sites’ conservation value at
landscape level. Brazilian Journal of Botany, 38, 823-835.

Hawmivrton, RJ., Birp, T., GERENIU, C,, P1TA, J., RAMOHIA, P.C,,
WALTER, R. et al. (2015) Solomon Islands largest hawksbill turtle
rookery shows signs of recovery after 150 years of excessive
exploitation. PLOS ONE, 10, €0121435.

Harr, C. (2016) Estatus y conservacion de las tortugas marinas en las
costas de Nayarit y del norte de Jalisco. PhD thesis. Universidad de
Guadalajara, Guadalajara, Mexico.

Hawkes, L.A,, McGowaN, A., BRoDERICK, A.C., GORE, S,
WHEATLEY, D., WHITE, J. et al. (2014) High rates of growth
recorded for hawksbill sea turtles in Anegada, British Virgin Islands.
Ecology and Evolution, 4, 1255-1266.

HEPPELL, S.S. (1998) Application of life-history theory and population
model analysis to turtle conservation. Copeia, 2, 367-375.

HirtH, HF, HUBER, M., FROHM, T. & MaLA, T. (1992) A natural
assemblage of immature green (Chelonia mydas) and hawksbill

Hawksbill sea turtles in Mexico

(Eretmochelys imbricata) turtles on the fringing reef of Wuvulu
Island, Papua New Guinea. Micronesica, 25, 145-153.

JIMENEZ ESQUIVEL, V., LOPEZ-SAGASTEGUI, C., CoTa NIETO, J.J. &
MAasCARENAS OsORIO, I. (2018) Comunidades costeras del noroeste
mexicano haciendo ciencia. Relaciones, 39, 129.

JounNsoN, A.F., GIRON-NAva, A, MORENO-BAEZ, M., CISNEROS, A.,
SUAREZ, A. & ABURTO-OROPEZA, O. (2016) Marine habitat
distributions in the Gulf of California. DataMares, Interactive
Resource. datamares.org/stories/marine-habitat-distributions-in-
the-gulf-of-california-2 [accessed 9 June 2022].

JounsoN, A.F., MORENO-BAEZ, M., GIRON-NAvaA, A., COROMINAS,
J., ERISMAN, B., EZCURRA, E. & ABURTO-OROPEZA, O. (2017) A
spatial method to calculate small-scale fisheries effort in data poor
scenarios. PLOS ONE, 12, €0174064.

Lites, M.J.,, Gaos, AR, BoLaNnos, A.D,, Lorez, W.A,, ArRAUZ, R,
GADEA, V. et al. (2017) Survival on the rocks: high bycatch in lobster
gillnet fisheries threatens hawksbill turtles on rocky reefs along the
eastern Pacific coast of Central America. Latin American Journal of
Aquatic Research, 5, 521-539.

LiLEs, M.]., JANDRES, M., LOPEZ, W., MARIONA, G., HASBUN, C. &
SEMINOFF, J. (2011) Hawksbill turtles Eretmochelys imbricata in El
Salvador: nesting distribution and mortality at the largest remaining
nesting aggregation in the eastern Pacific Ocean. Endangered Species
Research, 14, 23-30.

Lramas, I, FLorEs, E.E., ABREGO, ML.E., SEMINOFF, J.A., HarT, C.E.,
Donabr, R et al. (2017) Distribution, size range and growth rates of
hawksbill turtles at a major foraging ground in the eastern
Pacific Ocean. Latin American Journal of Aquatic Research,

45, 597-605.

LrucH-CoTAa, S.E., ARAGON-NORIEGA, E.A., ARREGUIN-SANCHEZ,
F., AurioLES-GAMBOA, D., BaAuTisTA-ROMERO, J., BRUSCA, R.C.
et al. (2007) The Gulf of California: review of ecosystem
status and sustainability challenges. Progress in Oceanography,
73, 1-26.

Lorze, HK, CoLL, M., MAGERA, A.M., WARD-PaIGE, C. &
ArroLpI, L. (2011) Recovery of marine animal populations and
ecosystems. Trends in Ecology & Evolution, 6, 595-605.

MANZANO-SARABIA, M., MILLAN, O., FLOREs CARDENAS, F. &
RoDRrIGUEZ, L.E. (2018) Current status of mangrove wetlands in
Sinaloa: a biological corridor along the eastern margin of the Gulf of
California, Mexico. In Threats to Mangrove Forests: Hazards,
Vulnerability, and Management (eds C. Makowski & C.W. Finkl),
pp. 77-87. Springer, Cham, Switzerland.

MARrQUEZ, M.R. (1976) Estado actual de la pesqueria de tortugas
marinas en México, 1974. Instituto Nacional de la Pesca, Mexico
City, Mexico. inapesca.gob.mx/portal/Publicaciones/Series/1970s-
Serie-Informacion-i/SI-i46-Marquez-1976-pesca-tortuga-marina.
pdf?download [accessed November 2022].

MARQUEZ, M.R. (1996) Las tortugas marinas y nuestro tiempo. Fondo
de Cultura Econémica. Mexico City, Mexico.

MARQUEZ, M.R,, PENAFLORES, S.C., VILLANUEVA, O.A. & Rios, I.D.
(1982) Situacion actual y recomendaciones para el manejo de las
tortugas marinas de la costa occidental Mexicana, en especial la
tortuga golfina. Ciencia Pesquera, 3, 83-91.

MARTINEZ-ESTEVEZ, L., AMADOR, J.P.C., AMADOR, F.C.,, ZILLIACUS,
K.M., PAcHECO, A.M., SEMINOFF, J.A. et al. (2021) Spatial ecology of
hawksbill sea turtles (Eretmochelys imbricata) in foraging habitats of
the Gulf of California, Mexico. Global Ecology and Conservation,
27, €01540.

MARTINEZ-ESTEVEZ, L., STELLER, D.L,, Z1LL1ACUS, KIM., AMADOR,
J.P.C., AMADOR, F.C, SzuTa, D. et al. (2022) Foraging ecology of
critically endangered Eastern Pacific hawksbill sea turtles
(Eretmochelys imbricata) in the Gulf of California, Mexico.
Marine Environmental Research, 174, 105532.

Oryx, 2023, 57(3), 392-400 © The Author(s), 2022. Published by Cambridge University Press on behalf of Fauna & Flora International  doi:10.1017/50030605322000709

https://doi.org/10.1017/50030605322000709 Published online by Cambridge University Press

399


Http://www.dof.gob.mx/nota_detalle.php?codigo=5504649&fecha=15/11/2017
Http://www.dof.gob.mx/nota_detalle.php?codigo=5504649&fecha=15/11/2017
https://datamares.org/stories/marine-habitat-distributions-in-the-gulf-of-california-2
https://datamares.org/stories/marine-habitat-distributions-in-the-gulf-of-california-2
https://www.inapesca.gob.mx/portal/Publicaciones/Series/1970s-Serie-Informacion-i/SI-i46-Marquez-1976-pesca-tortuga-marina.pdf?download
https://www.inapesca.gob.mx/portal/Publicaciones/Series/1970s-Serie-Informacion-i/SI-i46-Marquez-1976-pesca-tortuga-marina.pdf?download
https://www.inapesca.gob.mx/portal/Publicaciones/Series/1970s-Serie-Informacion-i/SI-i46-Marquez-1976-pesca-tortuga-marina.pdf?download
https://doi.org/10.1017/S0030605322000709

400

L. Martinez-Estévez et al.

McCauLey, D.J,, PiNnsky, M.L., Parumsi, S.R.,, EsTEs, J.A., JOoYCE,
F.H. & WARNER, R.R. (2015) Marine defaunation: animal loss in the
global ocean. Science, 347, 1255641.

MEYLAN, A.B., DONNELLY, M. (1999) Status justification for listing the
hawksbill turtle (Eretmochelys imbricata) as Critically Endangered
on the 1996 TUCN Red List of threatened animals. Chelonian
Conservation and Biology, 3, 200-224.

MILLER, E.A., McCLENACHAN, L., UN1, Y., PHOCAS, G.,, HAGEMANN,
M.E. & VaN HourtaN, K.S. (2019) The historical development of
complex global trafficking networks for marine wildlife. Science
Advances, 5, eaavs5948.

MORTIMER, J.A. & DONNELLY, M. (2008) Eretmochelys imbricata. In
The IUCN Red List of Threatened Species 2008: e.T8005A12881238
dx.doi.org/10.2305/IUCN.UK.2008.RLTS.T8005A12881238.en.

Musick, J.A. & Limpus, C.J. (1997) Habitat utilization and
migration in juvenile sea turtles. In The Biology of Sea Turtles (eds
P.L. Lutz & J. A. Musick), pp. 137-164. CRC Press, Boca Raton,
USA.

NarcHI, N.E,, DoMINGUEZ, W. & RODRIGUEZ ARMENTA, D.J. (2018)
El ocaso de la abundancia: pescadores y pesquerias en Bahia
Magdalena en el siglo XXI. Relaciones Estudios de Historia y
Sociedad, 153, 167-198.

NELwms, S.E., DuncaN, EM., BRoperick, A.C., GALLOwAY, T.S,,
GODFREY, M.H., HAMANN, M,, et al. (2016) Plastic and marine
turtles: a review and call for research. The ICES Journal of Marine
Science, 73, 165-181.

Ni1paraja (2015) Las Primeras Zonas de Refugio en Mexico. Sociedad
de Historia Natural Niparaj4, La Paz, Mexico. niparaja.org/file/2015/
06/Anexo-1_-Folleto-Primeras-ZDR-en-Mexico_Corredor.pdf
[accessed 18 June 2021].

Peckuam, S.H,, Diaz, D.M., WaLLi, A., Ruiz, G., CROWDER, L.B. &
Nicuots, W.J. (2007) Small-scale fisheries bycatch jeopardizes
endangered pacific loggerhead turtles. PLOS ONE, 2, e1041.

Scorrt, R, HopGson, D.J.,, WitrT, M.J., COoYNE, M.S., ADNYANA, W,
BLUMENTHAL, J.M. et al. (2012) Global analysis of satellite tracking
data shows that adult green turtles are significantly aggregated in
marine protected areas: green turtles and MPAs. Global Ecology and
Biogeography, 21, 1053-1061.

SEMINOFF, J.A., NicHoLS, W.J., RESENDIZ, A. & BrROOKS, L. (2003)
Occurrence of hawksbill turtles, Eretmochelys imbricata (Reptilia:
Cheloniidae), near the Baja California Peninsula, Mexico. Pacific
Science, 57, 9-16.

SHimADA, T., Limpus, C.J., HAMANN, M., BELL, L., EsSTEBAN, N.,
GrooM, R. et al. (2019) Fidelity to foraging sites after long
migrations. Journal of Animal Ecology, 89, 1008-1016.

VELAZQUEZ-SALAZAR, S., RODRIGUEZ-ZUNIGA, M.T,,
ALCANTARA-MAYA, J.A., VILLEDA-CHAVEZ, E.,
VALDERRAMA-LANDEROS, L., TROCHE-SoUzA, C. et al. (2021)
Manglares de México. Actualizacién y andlisis de los datos 2020.
Comision Nacional para el Conocimiento y Uso de la Biodiversidad,
Mexico City, Mexico.

WALLACE, B.P.,, DIMATTEO, A.D., BOLTEN, A.B.,, CHALOUPKA, M.Y.,
HuTtcHiNsoN, B.J., ABREU-GRoOBOIS, E.B. et al. (2011) Global
conservation priorities for marine turtles. PLOS ONE, 6, e24510.

WALLACE, B.P., LEwison, R.L.,, McDonALD, S.L.,, McDon~aLD, RK,,
Kor, C.Y.,, KELEZ, S. et al. (2010) Global patterns of marine turtle
bycatch: global patterns of marine turtle bycatch. Conservation
Letters, 3, 131-142.

WEDEMEYER-STROMBEL, K.R., SEMINOFF, J.A., L1LES, M.]., SANCHEZ,
RN., CHAVARRIA, S., VALLE, M. et al. (2021) Fishers’ ecological
knowledge and stable isotope analysis reveal mangrove estuaries as
key developmental habitats for Critically Endangered sea turtles.
Frontiers in Conservation Science, 2, 796868.

WiBBELS, T. (1999) Diagnosing the sex of sea turtles in foraging
habitats. In Research and Management Techniques for the
Conservation of Sea Turtles (eds K.L. Eckert, K.A. Bjorndal,

F.A. Abreu-Grobois & M. Donnelly), pp. 139-143. IUCN/SSC
Marine Turtle Specialist Group, Washington, D.C., USA.

WisBELS, T., OWENs, D.W. & Limpus, C.J. (2000) Sexing juvenile sea
turtles: is there an accurate and practical method? Chelonian
Conservation and Biology, 3, 756-761.

WRIGHT, M.K,, BAuMBACH, D.S., CorLLAaDO, N, SAFI, S.B. &
DUNBAR, S.G. (2020) Influence of boat traffic on distribution and
behavior of juvenile hawksbills foraging in a marine protected
area in Roatdn, Honduras. Ocean & Coastal Management,

198, 105379.

Oryx, 2023, 57(3), 392-400 © The Author(s), 2022. Published by Cambridge University Press on behalf of Fauna & Flora International  doi:10.1017/50030605322000709

https://doi.org/10.1017/50030605322000709 Published online by Cambridge University Press


https://dx.doi.org/10.2305/IUCN.UK.2008.RLTS.T8005A12881238.en
Http://niparaja.org/file/2015/06/Anexo-1_-Folleto-Primeras-ZDR-en-Mexico_Corredor.pdf
Http://niparaja.org/file/2015/06/Anexo-1_-Folleto-Primeras-ZDR-en-Mexico_Corredor.pdf
https://doi.org/10.1017/S0030605322000709

	Exploring the demography and conservation needs of hawksbill sea turtles Eretmochelys imbricata in north-west Mexico
	Abstract
	Introduction
	Study area
	Methods
	Hawksbill turtle captures and growth
	Hawksbill turtle distribution and conservation index
	Isolation
	Spatial protection status
	Local engagement
	Fishing pressure


	Results
	Hawksbill turtle captures and growth
	Hawksbill turtle distribution and conservation index

	Discussion
	Acknowledgements
	References


