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ABSTRACT. – We analyzed the long-term trends in number of hawksbill nests for the 20-year time
series derived from Federal, State, and Municipal Government Agencies, academic institutions, and
NGO programs in the Yucatán Peninsula, Mexico. We found that the steady improvement in
monitoring effort (mainly increased beach coverage) occurring over 1977–92 is the major explana-
tion for the gradual increases in nestings reported for that interval. However, we consider that the
consistent trend for annual increases in hawksbill nestings since 1993 (average annual increase of 270
nests/year for 1992–96) is indicative of real population increments since beach coverage had peaked
(123 km of nesting beaches in Campeche, 106 km in Yucatán, and 39 km in Northern Quintana Roo)
and monitoring effort was sustained over seasons. The pooled total of 4522 protected nests reported
for the 1996 nesting season (equivalent to about 940–2200 nesting females, assuming an average of
from 2.1 to 4.8 nests per female per season), implies that the Yucatán Peninsula hawksbill nesting
population (conservatively estimated at 1900–4300 individuals) is the largest in the Western Atlantic
and one of the largest on a global scale. We suggest that the major causes (in order of importance)
for the recorded annual increases in nesting activity after 1993 are: 1) increased survival rates of
juveniles, subadults, and adults brought about by regional conservation measures, and 2) increased
recruitment into the breeding stock from turtles hatched at protected beaches in the Peninsula
(assuming times to maturity extrapolated from growth recorded in local tagging studies). While the
nesting increments suggest that conservation measures have been successful, long-term recovery of
the population will still require that efforts be sustained. In this light, current trends of downscaling
and under-funding of conservation fieldwork, and modification and degradation of critical habitats
in the region, still pose serious threats both to regional monitoring and conservation programs and
to the future stability of hawksbill populations in the Yucatán Peninsula.
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Concern about the decline of hawksbill turtles
(Eretmochelys imbricata) worldwide (Groombridge and
Luxmoore, 1989; Meylan, 1989; Eckert, 1995) has prompted
increasing attention over the condition of individual popula-
tions of the species throughout its global range (Meylan and
Donnelly, 1999). While the Mexican hawksbill population
is considered to be one of the largest in the world (Meylan,
1989; Groombridge and Luxmoore, 1989; Meylan, 1999a;
Meylan and Donnelly, 1999) some data are already out-
dated. Data sources for recent approximations of total popu-
lation sizes for the Yucatán stock (e.g., Meylan, 1989) came
from estimates of 500–562 nestings reported for 1981–82
surveys in the Gulf of Mexico (including Tamaulipas and
Veracruz) and 88 from the Mexican Caribbean (Márquez,
1984a, 1984b), a pooled annual total of 684–942 nests
(compiled from various sources by Groombridge and
Luxmoore, 1989), and an approximation of 800–1000 annual

nestings between Isla del Carmen (Campeche) and Isla Holbox
(Quintana Roo) made by Byles (cited in Eckert, 1995).

Estimates of both population sizes and fishing pressure
can sometimes be derived from fishery statistics. Hawks-
bills, as well as other sea turtles, were captured and used
since pre-Hispanic times by Yucatán natives (Parsons, 1972).
Traditional utilization by coastal communities, however,
increased from the 1950s onwards after outboard motors and
nylon nets were introduced and the commercial demand for
both food and by-products grew as human presence in-
creased in the area (Fuentes, 1967; Márquez, 1976). Handi-
crafts made from hawksbill shell (tortoiseshell, or carey as
it is referred to in Mexico) were very popular in the south-
eastern part of the country and by the 1970s most of these
products aimed at internal trade came from Yucatán hawks-
bills (Groombridge and Luxmoore, 1989). Open exploita-
tion continued until regulatory measures were implemented
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in the middle and late 1970s (Márquez, 1976, 1984a, 1984b).
All sizes of turtles were utilized: stuffed juveniles or subadults
for souvenirs; scutes to be crafted into luxury items; eggs, oil,
hide, and meat for mostly local, human consumption.

The magnitude of the historical hawksbill harvest in
Mexico is difficult to estimate because official figures are
generally imprecise and often reflect market forces rather
than true population densities. Available official fishery
statistics show high fluctuations. No production figures are
available for some years (1948–52, 1957–63); more than 1
ton of shell was recorded in some years (1954–55, 1968);
and a remarkable peak value of 4.87 tons of shell was
recorded in 1973 that, if we use a conversion of 1.5 kg of
shell per individual, corresponds to approximately 3000
individuals (Montoya, 1967; Márquez, 1976; Groombridge
and Luxmoore, 1989; Garduño, 1998). The total registered
official take in Mexico over this period of time was 12.73
tons of shell, equivalent to approximately 8500 individuals,
which we consider to be an underestimate. No information
is available from 1976 onwards when hawksbill fishing
became illegal (Márquez, 1978).

Information on hawksbill nestings in Yucatán has been
collected over the last two decades, and some of it has been
partially published by regional workshops since 1988
(Abundes, 1989; Aguirre, 1990; Miranda and Vázquez,
1990; Frazier, 1993; Frazier et al., 1993). A large part of the
results, though, have not been published, or remained within
technical reports with small circulation, and have not been
subjected to an integral analysis for the whole Peninsula
providing a comprehensive view of population trends.

MATERIALS AND METHODS

Habitats. — Hawksbills nest in a wide range of coastal
ecosystems of the Yucatán Peninsula, many of which are
long beaches that are shared with the green turtle, Chelonia
mydas. In the State of Yucatán many of the sites are typical
fine to coarse calcareous sand, but devoid of extensive shrub
vegetation. The hawksbills prefer open spaces or those with
scarce vegetation (Garduño-Andrade, 1999). In Campeche,
on the other hand, the nesting habitats are very diverse.
Besides nesting on sandy substrates on exposed oceanfront
beaches, they also nest on sheltered estuarine beaches of
Términos Lagoon and on small islets in the Campeche Bank.
In this area, various substrates are used for nesting, ranging
from typical marine sands, to pebbles or shell debris, or clay
river deposits brought into the small beaches around river
mouths in the interior margins of Términos Lagoon, where
the habitat is of a transitional estuarine type (see Guzmán et
al., 1995; Márquez et al., 1987). In this last zone, nesting
even occurs in sandy patches within the mangrove forest
(Rhizophora mangle; Guzmán et al., 1993).

The major current affecting the area originates in Cen-
tral America and flows south to north, running parallel to the
Quintana Roo coast in a channel with depths > 1000 m. It
collides against the Campeche Bank, only 150 m deep,
creating an upwelling rich in nutrients that generates a year-

round zone of high biological productivity sustaining exten-
sive food chains (Merino, 1992). The prevalent current
conditions (NOAA, 1985) can transport hatchlings born in the
Peninsula into the Gulf of Mexico on loop currents that,
according to the model of Collard and Ogren (1990), could
carry them for several months (maybe years) of pelagic exist-
ence until they become adapted to near-shore benthic life.

There are also important hawksbill foraging areas in
coastal waters near nesting beaches (e.g., Términos Lagoon
in Campeche, seagrass beds throughout the Campeche Bank,
the Yalahau Lagoon, Quintana Roo, and coral reefs off both
Yucatán and Quintana Roo; Guzmán et al., 1995; R. Herrera,
pers. comm.)

Sources of Information. — We obtained data primarily
from annual technical reports and a few published accounts
generated by hawksbill conservation programs operating
over the last two decades in the Yucatán Peninsula.

Campeche: Chacahito, Isla del Carmen, Isla Aguada,
Sabancuy, Chenkan, Punta Xen, Seybaplaya, San Lorenzo,
and Isla Arenas (Barrios, 1990; Barrios and Canul, 1993;
Barrios et al., 1995; Escanero and Gómez, 1988, 1989a,
1989b; Escanero and Vigilante, 1991; Escanero et al., 1993;
Garduño, 1983a, 1983b; Guzmán et al., 1993, 1994, 1995,
1996; Guzmán and Garduño, in prep.; Márquez et al., 1987).

Yucatán: Celestún (Durán, 1990; Durán et al., 1991;
Rodríguez et al., 1993; Acosta et al., 1995), Sisal (Miranda et
al., 1993), Dzilam de Bravo (R. Miranda, pers. comm.), Río
Lagartos-Coloradas (Carrasco, 1988; Carrasco et al., 1993;
Castañeda, 1987, 1990; García, 1990; Iglesias and Lope, 1990;
Garduño and Lope, 1991, 1992, 1994, 1995, 1996; Garduño
and Márquez, 1994; Garduño et al., 1993; Garduño, 1998;
Garduño-Andrade, 1999), El Cuyo (Aguirre and García, 1987,
1988; Licona, 1994; Rodríguez and Zambrano, 1991, 1992,
1993; Vázquez, 1993; Campos et al., 1995).

Quintana Roo: Isla Holbox (Durán, 1989, 1992; Gil et
al., 1993; García, 1990; Miranda et al., 1995), Isla Contoy
(Durán, 1985; Duran et al., 1984; Juárez et al., 1997), Isla
Cancún (Gil, 1988), Mahahual (González, 1995; González
et al., 1994, 1995).

The major hawksbill nesting activity in the Yucatán
occurs from April to September and conservation camps that
are associated with the most important nesting beaches are
set up during this period of the year. Four of the hawksbill
monitoring programs were characterized by extended obser-
vation periods. We used these against which to compare
pooled state results for trend analysis. Thus, data from Isla
Aguada (1977–96) was used to analyze Campeche results,
data from Las Coloradas and El Cuyo (1979–96) for Yucatán,
and Isla Holbox (1988–96) for Quintana Roo.

Extent of nesting activity has been typically monitored
by surveys performed during the hawksbill nesting season
by nightly patrols on all terrain motorcycles (ATC). Prior to
1990, patrolling was carried out on foot, by boat, or on
terrestrial vehicles. At some sites, monitoring was per-
formed during the daytime (but not every day). In all
programs the major goal has been nest protection, com-
monly achieved by translocating eggs to beach hatcheries.
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Some registered nests, however, were left undisturbed in
their original location for in situ incubation. From 1992
onwards, most nests at Celestún, Las Coloradas, El Cuyo,
and Holbox were left in situ and the few that were moved to
beach hatcheries were those with high risk of being lost due
to poaching, predation, or flooding. Statistics from these
four beaches incorporated data for protected nests as well as
nests lost to any of these factors.

Estimates of Nesting Densities and Breeding Stock. —
In general, we considered that estimates of beach coverage
could be taken as indicators of variations in monitoring
capacity as fieldwork in the area progressed. Nonetheless, to
offset the effect that variations in beach coverage would
have on numbers of nests reported, some of our analyses on
nesting effort were carried out using density values (nests/
km) instead of nest numbers. As is common in conservation
programs involving a wide variety of institutions, temporal
variations in the monitoring effort (from year to year and
from study site to study site) have occurred, particularly in
the pre-1992 period. Yet, since most sites monitored the
beaches during the height of the nesting season (May–
September), the effect of differing monitoring periods be-
tween sites was not considered to have a significant impact
on the nesting density results that we analyzed and was
therefore not corrected for.

As in other studies (e.g., Meylan, 1989), we used the
number of hawksbill nests recorded each season as an index
of annual breeding population size. In order to estimate the
number of nesters from the available data, information on
nesting behavior from intensive tag-recapture studies was
also used. Thus, the number of females nesting in any

particular year was derived by dividing the nest counts by the
average number of nests laid by individual hawksbills each
season, as reported by various Caribbean studies: 2.1
(Garduño, 1998), 3.1 (Guzmán et al, 1996), 3.0–4.8 (Hoyle
and Richardson, 1993).

RESULTS

The full extent of hawksbill nesting beaches in the
Yucatán Peninsula (Fig. 1) is approximately 500 km. Of the
214 km that occur in Campeche, 186 km have been sur-
veyed, but the main nesting sites cover a total of 123 km,
which have been monitored since 1993. In Yucatán, major
nesting beaches extend a total of 121 km, with major
attention directed to the State and Federally protected areas
near the two extremes of the coastline (a total of 106 km).
Along the central zone of this state (about 150 km) there are
extensive town developments and vacation homes where,
nonetheless, locals regularly report hawksbill nesting events.
In Quintana Roo, we obtained information from a maximum
of 164 km of nesting beaches, although most data came from
Holbox, Isla Contoy, and Cancún (39 km) in the northern
part of the state. Since only occasional hawksbill nesting is
reported further to the south (Zurita et al., 1993) and on the
beaches of Sian Ka’an and the area around Mahahual (a total
of 125 km; González et al., 1995), we did not include data
from these beaches in the analysis.

As reported previously (Márquez, 1984a, 1984b;
Meylan, 1989), the largest reports of nests came from
Campeche beaches (57% of the pooled results from the
Peninsula; see Fig. 1). Density values (nests/km) varied

Figure 1. Surveyed hawksbill nesting beaches in the Yucatán Peninsula and their relative nesting abundance. Size of circles represent range
of nest numbers recorded in 1996 beach surveys. Lengths of beaches covered in conservation work indicated in parentheses: Campeche:
1. Chacahito (8 km), 2. Isla del Carmen (35 km), 3. Isla Aguada (28 km), 4. Sabancuy (26 km), 5. Chenkan (25 km), 6. Punta Xen (30 km),
7. Seybaplaya (25 km), 8. San Lorenzo (1 km), 9. Isla Arenas (8 km); nesting also occurs on about 28 km of beaches in Laguna de Términos
and the Campeche keys (Cayo Arcas, Cayo Isla Arenas, Isla Triángulos, not shown). Yucatán: 10. Celestún (20 km), 11. Sisal (35 km),
12. Dzilam de Bravo (ca. 10–15 km), 13. Río Lagartos–Coloradas (22 km), 14. El Cuyo (31 km). Quintana Roo: 15. Isla Holbox (24 km),
16. Isla Contoy (5 km), 17. Isla Cancún (10 km), 18. Mahahual (125 km).
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between beaches. Average nesting densities for individual
beaches (Table 1) ranged from 0.8–64 nests/km (mean =
16.7) for the last season reported (1996). San Lorenzo,
Campeche (1 km long, the shortest beach in the survey) had
unusually high densities: 110 nests/km in 1995 and 64 nests/
km in 1996. Also, there were specific sections of monitored
nesting beaches where the density was considerably higher
than average. For example, for the 1995 season at El Cuyo,
Campos et al. (1995) reported the highest densities (40–45
nests/km) at sites 3–7 km from the village.

Trends in Hawksbill Nesting Reports 1977–96

We discerned four phases in the development of sea
turtle conservation work in the Yucatán Peninsula.

1) During 1977–86, initial conservation programs were
established and overall efficiency and experience was gained
gradually. The earliest sea turtle conservation projects were
initiated in Quintana Roo around 1964, although the primary
focus was on green (C. mydas) and loggerhead (Caretta
caretta) turtles (Fuentes, 1967). Efforts were later extended
to Campeche and Yucatán in 1977, where the main hawks-
bill nesting beaches were found to occur. As far as the
hawksbill nesting sites are concerned, the coverage was
extended from 25 to 100 km (4 beaches) during this period.

2) From 1986 to 1990 conservation monitoring was
intensified and the number of government and NGO centers
increased. By 1990 a total of 8 beaches were protected (174
km), new conservation centers were introduced by the
Ministry of Ecology, more field biologists were incorpo-
rated and, as motorized transport (ATC) was introduced into
some of the beach monitoring programs, greater coverage
efficiency was attained. Other factors that also converged
during this period included a total ban on all sea turtle
exploitation in Mexico (in 1990) and greater national and
international public interest in sea turtle conservation, which
focused both attention and important resources into conser-

vation work. Environmental law enforcement also became
more effective during this time, in no small measure through
the long-term stay of conservationists on nesting beaches
which deterred nest poaching and take of nesting females.

3) By 1990–92 (Fig. 2a) increases in the annual number
of protected nests were reported. However, since the in-
creases were highly correlated to increases in beach cover-
age (r = 0.96) it is probably the latter that had an over-riding
influence on the number of nests registered. This is reflected
by the lack of change in the nest densities over this same
period (Fig. 2b; density = 0.175*year - 343.35; r2 = 0.58; t-
value for regression coefficient = 1.19, p > .05) The preci-
sion of the annual nest counts for the years prior to 1991
should be viewed with caution since the surveillance capac-
ity, efficiency, and periods of monitoring were very variable
among conservation programs (e.g., the time and periodicity
of patrols, the quality of personnel involved, their experi-
ence, transport availability). In many cases the deficiencies
will have lead to underestimates of number of nests, and we
consider this to be the case for data at least through 1991.
Nonetheless, improvements in conservation capacity and
expertise led to greater constancy in effort, particularly after
1991 when most centers received motorized vehicles and their
surveillance encompassed a large part of the nesting season
and the beach sections with the highest nesting densities.

4) By the final interval, 1992–96, the region’s conserva-
tion programs were covering the most important hawksbill
nesting sites (227–267 km overall). The annual number of
nests and nesting densities reported increased considerably
(Fig. 2) with greater annual increments than in previous

Table 1. Hawksbill nesting densities recorded for the 1996 season at
beaches of the Yucatán peninsula (see Fig. 1 for extent of protection
work on each beach). Data sources: 1 Miranda (1997), 2 Juárez  (1997),
3 Juárez et al. (1997), 4 Jurado (1997). Information from all other
beaches were provided by the authors.

State Beach Number of Nesting
protected density

nests (nests/km)

Campeche Chacahito 62 7.8
Chenkan 505 20.2
Isla Aguada 557 20.0
Isla Arenas 6 0.8
Isla del Carmen 181 5.2
Punta Xen 955 31.8
Sabancuy 480 18.8
San Lorenzo 64 64.0

Yucatán Celestún 337 16.9
El Cuyo 659 21.3
Río Lagartos 247 11.5
Sisal1 126 4.2

Quintana Roo Isla Cancún2 13 1.3
Isla Contoy3 49 9.8
Isla Holbox 403 16.8
Mahahual4 6 < 0.01

Figure 2. Number of hawksbill nests protected (a) and their
densities (b) reported for the three states in the Yucatán Peninsula
1977–96. Total surveyed area is also indicated.
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periods (density = 3.00*year - 5978; r2 = 0.96; t-value for
regression coefficient = 9.32, p < .01) and independently of
changes in beach coverage (Fig. 3). We suggest that the
conservation actions have yielded real increases in the size
of the breeding populations over the time period under study.
A peak in the number of protected nests was reached in 1996
with 2590 reported for Campeche, 1467 for Yucatán and 465
for Quintana Roo, giving a pooled total of 4522 nests for the
Peninsula. This is equivalent to a 56-fold increment relative
to the number of nests protected in 1977 while the survey
area increased only 7-fold (Fig. 2).

A case that illustrates the effects of increasing monitor-
ing efficiency is El Cuyo, Yucatán, where 67 nests were
reported in 1990 (Vázquez, 1993), clearly an underestimate
caused by the lack of equipment and facilities. On the other
hand, we assume that the increases in nesting density re-
ported from 1991–93 when 200–300 nest were recorded
(Rodríguez and Zambrano, 1991, 1992, 1993) to 1994–95
when over 500 nests were reported (Campos et al., 1995) are
real, since surveillance effort was similar over that time
span.

We analyzed the general trends in the nesting densities
from pooled data for each state (Fig. 2b) and from four
individual beaches where efficiency and coverage were
constant and intense, at least from 1991 onwards (Isla
Aguada, Campeche; Las Coloradas and El Cuyo, Yucatán;
and Holbox, Quintana Roo; Fig. 4). Regression lines for
individual beaches (Fig. 4) were positive and significant,
reflecting real increases in reproductive output. We derived
an average annual increase of 270 nests/year for 1992–96.
Nest densities of more than 10–15 nests/km per season have
been observed since 1995.

Number of Breeding Females

We derived estimates of number of nesting females per
season at monitored beaches from nest counts (see Materials
and Methods) using three different estimates of fecundity.
This produced estimates for the Peninsula that ranged from
172–393 for 1990, to 942–2153 for 1996 (Table 2).

Calculation of between-season increases in number of
breeders has to take into account that tagging studies have
shown that hawksbills remigrate with a common periodicity
of two to three years (Corliss et al., 1990; Hillis, 1994a,
1994b). In Las Coloradas, Yucatán, available data indicated
1% of studied nesters return at 1-year intervals, 65% every
2 years, 19% every 3 years, and 15% at > 3 years (Garduño,
1998); in Campeche the results are almost identical (Guzmán
et al., 1995). This implies that interpretations derived from
changes in inter-annual nesting activity would have to bear
in mind the presence of different “cohorts” (these are appar-
ent in the fluctuations in the nesting records from Isla
Aguada; see Fig. 4). For the sake of simplicity, we adopted
the most common 2-year remigration interval to derive an
average annual increase of about 370–850 females per
season between alternating years (1993–95 and 1994–96).
Clearly, this figure is an approximation since it does not take
into account that some females return to nest after three or
more years.

Furthermore, since multi-annual remigration behavior
entails that only a portion of the female breeding stock nests
in any given year, we derived a conservative approximation
of the full size of the female breeding stock by multiplying
the estimated number of females nesting in the last season

Figure 3. Changes in hawksbill nesting densities associated with
the increase in surveyed area in protected beaches 1977–96.

Figure 4. Hawksbill nesting densities at Isla Aguada, Campeche;
Las Coloradas and El Cuyo, Yucatan; and Holbox, Quintana Roo;
for the period 1991–96. Data from Las Coloradas and El Cuyo were
combined since they are contiguous beaches. Data for Holbox for
the 1993 and 1994 seasons were not included since there was
irregular coverage. All regression slopes are positive (p < .05) and
none differ significantly from each other (p < .05).

Table 2. Number of reproductive females estimated from total
regional annual nest counts and different estimates of fecundity —
nests/female/season (1 Garduño, in prep.; 2 Guzmán, pers. comm.;
3 Hoyle and Richardson, 1987).

Total Equiv. number of nesting females
Year protected extrapolated from

nests   2.11                          3.12,3                     4.83

nests/female/yr

1990 826 393 266 172
1991 1053 501 340 219
1992 1282 610 414 267
1993 1891 900 610 394
1994 2777 1322 896 579
1995 3697 1760 1193 770
1996 4522 2153 1459 942
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reported (1996) by the most common remigration period
(two years) to obtain 1900–4300 individuals for the Yucatán
Peninsula.

DISCUSSION

In all, the beach coverage and resources that have been
directed towards sea turtle conservation in the Yucatán are
some of the highest for the Caribbean. Nonetheless, the
increases in the numbers of hawksbill nests in the Yucatán
had several causes, of which we consider the following to be
the most significant:

(1) Increased survival of juveniles, pre-adult, and adult
phases brought about by conservation measures applied
both in Mexico and in the region.

Increases in these stages would have a profound and
rapid positive impact on population dynamics as has been
shown by mathematical modeling (e.g., Crouse et al., 1987).
Various conservation measures have been effective in re-
ducing mortality of these stages. Although the catch (direct
or incidental) of sea turtles has not been totally eradicated in
Mexico, it has been effectively reduced to a minimum
through the various bans focused on the hawksbill since the
mid-1970s and the total ban for all species established in
1990. Stiff penalties on the sale of hawksbills have discour-
aged exploitation by fishermen and tradesmen as well as the
utilization by traditional artisans. Finally, the use of carey in
articles for personal apparel (combs, hair grips, bracelets,
rings) has been significantly reduced and replaced by plas-
tics which are cheaper. Increased public awareness cam-
paigns have also influenced both local and foreign buyers,
diminishing the demand for hawksbill products.

In addition to new law-enforcement agencies brought in
over the last decade, the mere presence of conservation
programs on nesting beaches has made illegal take and
commercialization of sea turtles much more difficult. A
measure of the success for these measures are the number of
hawksbill nesting sites that are now protected, and the
consequent reduction in poached nests and take of turtles of
all sizes. Furthermore, increasing numbers of juveniles in
foraging sites in waters of the Peninsula can also be viewed
as evidence of a resulting increased survival in pre-adult
stages (Guzmán et al., 1993; Barrios et al., 1995; Guzmán,
in prep.).

Mitigation measures implemented in other countries of
the region may also have contributed if the population is
shared. For example, there may have been a significant
impact on the region’s hawksbill populations by the changes
in management of hawksbill harvesting in Cuban waters
over the last 30 years (Carrillo et al., 1999). The take of
around 4700 hawksbills per year of > 65 cm size-classes
occurring in Cuba until 1991 was significantly reduced over
the period 1992–95 to about 500 per year (Republic of Cuba,
1997; Carrillo et al., 1999). Migratory links between Yucatán
and some Cuban habitats have been deduced both from the
presence of Yucatán haplotypes in specific Cuban foraging
areas subjected to historical harvests (Espinosa et al., 1998;

Carrillo et al., 1999) and from the recovery in Cuban waters
of a juvenile tagged previously in Yucatán (Garduño, 1998)
The question remaining is what proportion of turtles breed-
ing in Yucatán could have been affected by the Cuban
harvest? While the limited amount of tagging and genetic
data available do not provide sufficient information to evalu-
ate possible impacts, we suggest they would be minor
compared to the contributions afforded by local conserva-
tion measures in Mexico. Further precision will require
additional tagging of juveniles and adults, as well as a more
extensive genetic characterization of Yucatán populations
and their relationships to regional stocks. Both of these
investigations are currently being pursued.

Impacts from management practices in other interna-
tional connections must also be studied from the same
perspectives because the dispersal of hawksbills occurs in
various directions and distances, even if in small proportions
(Meylan, 1999b). Thus, post-hatchlings emerging from
Yucatán beaches are believed to reach into coastal habitats
of the USA (NMFS/USFWS, 1993), tagged juveniles have
been recovered as far away as Nicaragua (Garduño, 1998),
and some satellite-tagged females have been tracked from
Yucatán nesting sites into international waters of the Carib-
bean (Byles and Swimmer, 1994). Similar behavior is ob-
served in hawksbills in other areas of the Caribbean. For
example, turtles of U.S. Virgin Islands origin have been
recovered in eastern Puerto Rico, the British Virgin Islands,
St. Martin, and St. Lucia (Boulon, 1989).

Another aspect that could be linked to increases in the
survival rates of hawksbills is the reduction in many predator
populations over the last decades. In general, elasmobranchs,
serranids, lutjanids, and other groups that commonly prey on
sea turtles of various sizes (but mostly smaller ones) have
become greatly depleted in Yucatán waters (Bonfil, 1994;
Pauly et al., 1998).

(2) Increased recruitment into the reproductive stock
resulting from hatchlings produced by local conservation
programs.

Times to sexual maturity in sea turtles are subject to
controversy because of large differences in estimates ob-
tained for the same species in different regions. For example,
around 20 years for age-at-maturity are suggested from
studies of Caribbean hawksbills (in the U.S. Virgin Islands
and Puerto Rico; Boulon, 1983, 1994; Diez and van Dam, in
prep.) which stands in contrast to the 30–40 years calculated
for the Australian population in the Southern Great Barrier
Reef (Limpus, 1992).

Preliminary studies of growth rates for juveniles in the
feeding grounds off Las Coloradas, Yucatán, suggest they
are high (on average 7.4 cm/yr for 24-65 cm SCL individu-
als), and extrapolations suggest hawksbills can reach 80 cm
SCL (the smallest nesting size found on a Yucatán beach) in
about 14 years and 90 cms SCL (average size) in about 24
years (Garduño, 1998). If we accept these growth rates, it
would follow that some of the turtles that are recruiting today
could have originated as hatchlings released by the earliest
conservation programs. Yet, the contribution of this source
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of relatively increased hatchling production in areas free of
poaching is impossible to quantify.

The increasing abundance of post-hatchlings and juve-
niles, noticeable over the last few years in monitored shallow
feeding areas near the entrance and interior of Términos
Lagoon (Guzmán et al., 1993; Barrios et al., 1995; Guzmán,
in prep.), supports the concept of escalating recruitment into
the population associated with increasing numbers of
hatchlings released by the conservation camps. This is also
reflected in the broad spectrum of juvenile size classes
observed in Río Lagartos, Las Coloradas (20–65 cm; P.
Castañeda, unpubl. data) that implies the presence of a wide
range of ages in the population structure, and the increases
observed in the proportion of nesters falling within smaller
size-classes on Campeche beaches (Guzmán et al., 1993).

Reduction in egg consumption and availability in local
communities, to a large extent brought about by increased
beach monitoring and stronger law-enforcement plus im-
pacts on habits through educational campaigns, will have
also contributed significantly to increased hatchling sur-
vival over the last 19 years.

Management Implications

The observed increases in the hawskbill breeding popu-
lation of the Yucatán Peninsula could not have been possible
without the long-term management programs that involved
a large group of interested parties (government, academic,
NGOs, local communities) and focused not only on the
nesting beaches but also on law-enforcement and public
awareness campaigns. That these conservation measures,
sustained over extended periods and applied to a large
portion of the breeding population, can lead to encouraging
increases in sea turtle populations is also found for other
turtle species in Mexico: Lepidochelys kempii in Tamaulipas
(Márquez et al., 1996a), L. olivacea in major Pacific beaches
(Márquez et al., 1996b), and C. mydas in the Gulf of Mexico
and Yucatán areas (Zurita et al., 1993; Guzmán et al., 1995).

The concurrent monitoring and data integration from
the conservation projects has also been fundamental because
only with robust information can population trends be iden-
tified and conservation strategies assessed. Our study was
only possible with the level of stability, continuity, and
monitoring coverage available particularly over the last 6–
8 years. It now contributes a new and more complete
baseline for future analyses of hawksbill breeding popula-
tion trends both in the Yucatán and elsewhere in the Carib-
bean region.

Unless this conservation and monitoring capacity is
maintained and supported, the long-term stability of hawks-
bill populations in the Yucatán Peninsula will still be threat-
ened. It is very discouraging to note that some critical
habitats are quickly being degraded or placed at risk. In-
creasingly, the development of tourist resorts of various
dimensions, vacation homes, coastal roads, and other devel-
opments are transforming nesting beaches and increasing
the destruction of reef environments, critical to the survival

of hawksbills. Further, we consider that species-orientated
conservation practices, though successful thus far, must
become integrated into ecosystem or coastal-zone manage-
ment in order that these threats be assessed and addressed
appropriately. The true dimensions of impact that incidental
catch by coastal fishing gear (e.g., gill nets) have on the
hawksbill populations (particularly the juvenile stages) must
also be assessed and addressed. On a regional scale, because
hawksbill populations partake in extensive migratory routes
through more than one country, close and careful collabora-
tion between the scientific and management institutions of
the range states will also be necessary to assume the shared
responsibilities of a common resource. These should lead to
a concrete regional management plan that incorporates re-
covery criteria and goals as well as priority actions in order
that the effective and long-term sustainability of the species
is guaranteed.

ACKNOWLEDGMENTS

We are deeply indebted to all field biologists whose
pioneering work and dedication established the conserva-
tion of sea turtles in the Yucatán Peninsula and made the
present analysis possible, particularly R. Barrios, J.J. Durán,
R. Gil, R. Gómez, G. Escanero, R. Lope, R. Miranda, J.
Rejón, E Rodríguez, J. Silva, and R. Zambrano. The obser-
vations and corrections offered by two anonymous review-
ers and the editors greatly improved this paper.

LITERATURE CITED

ABUNDES, M.E. (Compiler) 1989. Informe del II Taller Regional
sobre Programas de Conservación de las Tortugas Marinas en el
Sureste de la República Mexicana (Campeche, Quintana Roo y
Yucatán) (6 al 10 de marzo 1989). PRONATURA, A.C., Mérida,
Yucatán. Unpublished report, 29 pp.

ACOSTA, E., CAAMAL , E., AND AKE, M. 1995. Estudio y conservación
de tortugas marinas en la Reserva Especial de la Biósfera Ría
Celestún, Temporada 1995. Mérida, Yucatán. Informe. Pronatura
Península de Yucatán, A.C. Unpublished.

AGUIRRE, I. (Compiler). 1990. Informe técnico: III Taller Regional
sobre Programas de Conservación de la Tortuga Marina en la
Península de Yucatán, Noviembre 1990. PRONATURA Península
de Yucatán, A.C., Mérida, Yucatán. Unpublished report, 55 pp.

AGUIRRE, I., AND GARCÍA, J.B. 1987. Protección y conservación de la
tortuga marina en la costa oriente del estado de Yucatán. Informe
Anual 1987. Secretaría de Desarrollo Urbano y Ecología,
Delegación Yucatán. Unpublished report, pp. 28-41.

AGUIRRE I., AND GARCÍA, J.B. 1988. Protección y conservación de la
tortuga marina en la costa oriente del estado de Yucatán. Informe
Anual 1988. Secretaría de Desarrollo Urbano y Ecología,
Delegación Yucatán. Unpublished report, 15 pp.

BARRIOS, R. 1990. Secretaría de Desarrollo Urbano y Ecología,
Delegación Campeche. In: Aguirre, I. (Compiler). Informe técnico:
III Taller Regional sobre Programas de Conservación de la Tortuga
Marina en la Península de Yucatán, Noviembre 1990.
PRONATURA Península de Yucatán, A. C., Mérida, Yucatán.
Unpublished report, pp 15-17.

BARRIOS, R., AND CANUL, J.M. 1993. Manejo de la zona del refugio de
las tortugas marinas en Chenkán, Municipio de Champotón,



293GARDUÑO-ANDRADE ET AL. — Nesting Increases in Mexico

Campeche, 1990. In: Frazier, J.G., Vázquez, R., Galicia, E., Durán,
R., and Capurro, L. (Eds.). Memorias del IV Taller Regional de
Tortugas Marinas, Península de Yucatán, pp. 91-97.

BARRIOS, R., SÁNCHEZ, M., SÁNCHEZ, G., MORENO, J., AND PRIETO, C. 1995.
Campamentos tortugueros en el estado de Campeche. Resultados de la
temporada 95. Campeche, Campeche, México: Secretaría de Medio
Ambiente, Recursos Naturales y Pesca. Unpublished, 57 pp.

BONFIL, R. 1994. Overview of world elasmobranch fisheries. FAO
Fisheries Technical Paper No. 341, 119 pp.

BOULON, R., JR. 1983. Some notes on the population biology of green
Chelonia mydas and hawksbill Eretmochelys imbricata turtles in
the northern U.S. Virgin Islands; 1981-1983. Rept. to NMFS,
Grant No. NA82-GA-A-00044, 18 pp.

BOULON, R., JR. 1989. Virgin Islands turtle tag recoveries outside the
U.S. Virgin Islands. In: Eckert, S.A., Eckert, K.L., and Richardson,
T.H. (Compilers). Proc. 9th Ann. Worksh. Sea Turtle Conserv.
Biol. NOAA Tech. Memo. NMFS-SEFC-232, pp. 207-209.

BOULON, R., JR. 1994. Growth rates of wild juvenile hawksbill turtles,
Eretmochelys imbricata, in St. Thomas, U.S. Virgin Islands.
Copeia 1994:811-814.

BYLES, R.A., AND SWIMMER, Y.B. 1994. Post-nesting migration of
Eretmochelys imbricata in the Yucat‡n Pen’nsula. In: Bjorndal,
K.A., Bolten, A.B., Johnson, D.A., and Eliazar, P.J. (Compilers).
Proc. 14th Ann. Symp. Sea Turtle Biol. Conserv. NOAA Tech.
Memo. NMFS-SEFSC-351, p. 202.

CAMPOS, E., MORALES, E., AND CALLEJAS, J. 1995. Estudio y
conservación de tortugas marinas en las playas de El Cuyo,
Yucatán. Temporada 1995. Mérida, Yuc. Informe. Pronatura
Península de Yucatán, A.C. Unpublished, 37 pp.

CARRASCO, M.A. 1988. Reporte técnico sobre las actividades realizadas
sobre la tortuga de carey (E. imbricata) y blanca (Ch. mydas) en la
temporada de 1988 en las Coloradas, Yuc. Centro Regional de
Investigaciones Pesqueras, Yucalpetén. Unpublished report, 8 pp.

CARRASCO, M.A., CASTAÑEDA, P., GARDUÑO, M., LOPE, R., AND MÁRQUEZ,
R. 1993. Informe final del programa de tortuga marina en la localidad
de Las Coloradas, Yucatán, 1990. In: Frazier, J.G., Vázquez, R.,
Galicia, E., Durán, R., and Capurro, L. (Eds.). Memorias del IV Taller
Regional de Tortugas Marinas, Península de Yucatán, pp. 117-123.

CARRILLO, E., WEBB, G.J.W., AND MANOLIS, S.C. 1999. Hawksbill
turtles (Eretmochelys imbricata) in Cuba: an assessment of the
historical harvest and its impacts. Chelonian Conservation and
Biology 3(2):264-280.

CASTAÑEDA, P. 1987. An-idación de la tortuga carey (Eretmochelys
imbricata Linneo) en las costas de Yucatán. Contribuciones de
Investigación Pesquera, Documento Técnico l; Centro Regional
de Investigación Pesquera, Yucalpetén, pp. 11-20.

CASTAÑEDA, P. 1990. Investigación, evaluación y protección de la
tortuga carey (Eretmochelys imbricata Linneo) y tortuga blanca
(Chelonia mydas) en las costas de Yucatán. Florida Marine Re-
search Institute. Unpublished report, 12 pp.

COLLARD, S.B., AND OGREN, L.H. 1990. Dispersal scenarios for
pelagic post-hatchling sea turtles. Bull. Mar. Sci. 47(1):233-243.

CORLISS, L.A., RICHARDSON, J.I., BASS, A.L., BELL, R., AND RICHARDSON,
T.H. 1990. Remigration and hatch success of the Jumby Bay
hawksbills, Antigua, W.I. In: Richardson, T.H., Richardson, J.I., and
Donnelly, M. (Compilers). Proc. 10th Ann. Worksh. Sea Turtle Biol.
Conserv. NOAA Tech. Memo. NMFS-SEFC-278, pp. 225-226.

CROUSE, D.T., CROWDER, L.B., AND CASWELL, H. 1987. A stage-based
population model for loggerhead sea turtles and implications for
conservation. Ecology 68:1412-1423.

DIEZ, C.E., AND VAN DAM, R.P. In prep. Growth rates of hawksbill turtles
on feeding grounds at Mona and Monito islands, Puerto Rico.

DURÁN, J.J. 1985. Informe final del programa de investigación y

protección sobre tortuga marina en la reserva ecológica Isla
Contoy, estado de Quintana Roo. Temporada mayo-septiembre de
1984. Secretaría de Desarrollo Urbano y Ecología, Delegación
Quintana Roo. Unpublished report, 19 pp.

DURÁN, J.J. 1989. Anidación de la tortuga carey, Eretmochelys
imbricata (Linnaeus, 1766) en Isla Holbox, Quintana Roo, México.
In: Benabib, M., and Sarti, L. (Eds.). Memorias del VI Encuentro
Interuniversitario sobre Tortugas Marinas. Universidad Nacional
Autónoma de México 96. México, D.F.

DURÁN, J.J. 1990. Nesting of three species of sea turtle in the northeast
coast of the Yucatán Peninsula, México. In: Richardson, T.H.,
Richardson, J.I., and Donnelly, M. (Compilers). Proc. 10th Ann.
Worksh. Sea Turtle Biol. Conserv. NOAA Tech. Memo. NMFS-
SEFC-278, pp. 29-33.

DURÁN, J.J. 1992. Anidación de la tortuga de carey Eretmochelys
imbricata (Linnaeus, 1766) en Isla Holbox, Quintana Roo, México.
In: Benabib, M., and Sarti, L. (Eds.). Memorías del VI Encuentro
Interuniversitario sobre Tortugas Marinas. Pubs. Sociedad
Herpetológica Mexicana 1:65-73.

DURÁN, J.J., CANO, F.A., AND ROCHA, H. 1984. Informe final del
programa de investigación y protección sobre tortuga rnarina en la
reserva ecológica Isla Contoy, Estado de Quintana Roo.Temporada
mayo-septiembre de 1984. Secretaría de Desarrollo Urbano y
Ecología, Delegación Quintana Roo. Unpublished report, 19 pp.

DURÁN, J.J., RODRÍGUEZ, E., AND RODRÍGUEZ, R. 1991. Observaciones
sobre la anidación de la tortuga de carey (Eretmochelys imbricata)
aplicadas a su protección en el refugio faunístico Ría Celestún.
Memorias del XI Congreso Nacional de Zoología. Mérida, Yuc.

ECKERT, K.L. 1995. Hawksbill sea turtle (Eretmochelys imbricata).
In: Plotkin, P.T. (Ed.). National Marine Fisheries Service and U.S.
Fish and Wildlife Service Status Reviews for Sea Turtles Listed
under the Endangered Species Act of 1973. Silver Spring, MD:
National Marine Fisheries Service, pp. 76-108.

ESCANERO, G.A., AND GÓMEZ, R. 1988. Informe anual del programa de
protección y estudio de las tortugas marinas en Campeche.
Temporada 1987. Centro Regional de Investigación Pesquera,
Carmen; Cd. del Carmen, Campeche. Unpublished report, 28 pp.

ESCANERO, G.A., AND GÓMEZ, R. 1989a. Informe anual del programa
de protección y estudio de las tortugas marinas en Campeche.
Temporada 1988. Centro Regional de Investigación Pesquera,
Carmen; Cd. Carmen, Campeche. Unpublished report, 27 pp.

ESCANERO, G.A., AND GÓMEZ, R. 1989b. Informe anual del programa
de protección y estudio de las tortugas marinas en Campeche.
Temporada 1989. Centro Regional de Investigación Pesquera,
Carmen; Cd. Carmen, Campeche. Unpublished report, 31 pp.

Escanero, G.A. and Vigilante, S. 1991. La anidación de las tortugas
marinas in las playas de Campeche, México. Sinopsis de los
resultados recabados en siete temporadas de labores de protección
1984-1990. Centro Regional de Investigación Pesquera, Carmen.
Unpublished report. pp. 47.

ESCANERO, G.A., VIGILANTE, S., AND GÓMEZ, R. 1993. Informe anual
del programa de protección y estudio de las tortugas marinas en Isla
Aguada-Sabancuy, Campeche, Temporada 1990. In: Frazier, J.G.,
Vázquez, R., Galicia, E., Durán, R., and Capurro, L. (Eds.).
Memorias del IV Taller Regional de Tortugas Marinas, Península
de Yucatán, pp. 77-89.

ESPINOSA, G., ROBAINAS, A., BORDÓN, G., GARCIA, E., RAMOS, M.,
HERNÁNDEZ, G., AND RODRÍGUEZ, M. 1998. Contribution of a nesting
colony of hawksbill turtle, Eretmochelys imbricata, to some feeding
grounds in the Cuban platform. Paper Presented at the 18th Intern.
Symp. Sea Turtle Biol. Conserv, Mazatlán, Mexico, 3-7 March, 1998.

FRAZIER, J.G. 1993. Una evaluación del manejo de nidos de tortugas
marinas en la Península de Yucatán. In: Frazier, J.G., Vázquez, R.,



294 CHELONIAN CONSERVATION AND BIOLOGY, Volume 3, Number 2 – 1999

Galicia, E., Durán, R., and Capurro, L. (Eds.). Memorias del IV
Taller Regional sobre Programas de Conservación de Tortugas
Marinas en la Península de Yucatán 11-13 March 1991. Universidad
Autónoma de Yucatán, Mérida, Yucatán, México, pp. 37-76.

FRAZIER, J.G., VÁZQUEZ, R., GALICIA , E., DURÁN, R., AND CAPURRO, L.
(Eds.). 1993. Memorias del IV Taller Regional sobre Programas de
Conservación de Tortugas Marinas en la Península de Yucatán 11-
13 March 1991. Universidad Autónoma de Yucatán, Mérida,
Yucatán, México, 211 pp.

FUENTES, D. 1967. Perspectivas del cultivo de tortugas marinas en el
Caribe mexicano. Boletín del Programa Nacional de Marcado de
Tortugas Marinas. Instituto Nacional de Investigaciones Biológico
Pesqueras, Sría de Industria y Comercio l(10): 9 pp.

GARCÍA, J. 1990. Programa de protección a las tortugas marinas en el
Refugio Faunístico Río Lagartos. Secretaría de Desarrollo Urbano
y Ecología, Delegación Yucatán. Unpublished report, 11 pp.

GARDUÑO, M. 1983a. Algunos aspectos de la protección de la tortuga
de carey, Eretmochelys imbricata (Linnaeus 1766) en las costas de
Campeche, Mex. Thesis, Licenciatura, Universidad Autónoma de
Baja California, Mexico.

GARDUÑO, M. 1983b. Protección de los quelonios que anidan en las
costas de Campeche, México durante los años 1981 y 1982.
Instituto Nacional de Pesca, México. Unpublished report, 45 pp.

GARDUÑO, M. 1998. Ecología de la tortuga carey (Eretmochelys
imbricata) en la zona de Las Coloradas, Yucatán, México. Ph.D.
Thesis, Universidad de Colima, México.

GARDUÑO, M., AND LOPE, R. 1991. Informe final del programa de tortugas
marinas en Las Coloradas, Yucatán, 1991. Unpublished report, 15 pp.

GARDUÑO, M., AND LOPE, R. 1992. Informe final del programa de tortugas
marinas en Las Coloradas, Yucatán, 1992. Unpublished report, 31 pp.

GARDUÑO, M., AND LOPE, R. 1994. Informe final del programa de tortugas
marinas en Las Coloradas, Yucatán, 1993. Unpublished report.

GARDUÑO, M., AND LOPE, R. 1995. Informe final del programa de tortugas
marinas en Las Coloradas, Yucatán, 1994. Unpublished report.

GARDUÑO, M., AND LOPE, R. 1996. Informe final del programa de tortugas
marinas en Las Coloradas, Yucatán, 1995. Unpublished report.

GARDUÑO, M., AND MÁRQUEZ, R. 1994. Tagging and returns of
hawksbill sea turtles in Las Coloradas, Yucatán, México. In: Proc.
Inter. Worksh. Manag. Marine Turtles, 28-30 March 1994, Tokyo.

GARDUÑO, M., LOPE, R. AND CERVANTES, E. 1993. Informe final del
programa de tortuga marina del CRIP-Yucalpetén. Temporada
1993. Unpublished report, 15 pp.

GARDUÑO-ANDRADE, M. 1999. Nesting of the hawksbill turtle,
Eretmochelys imbricata, at Río Lagartos, Yucatán, México, 1990-
1997. Chelonian Conservation and Biology 3(2):281-285.

GIL, R.A. 1988. Biología y conservación de las tortugas marinas en
el litoral central de Quintana Roo, México. Informe final de 1987;
Proyecto de investigación. Centro de Investigaciones de Quintana
Roo, Cancún. Memorias del IV Taller Regional de Tortugas
Marinas, Península de Yucatán. Unpublished report, 84 pp.

GIL, R.A., MIRANDA, E., AND VÁZQUEZ, R. 1993. Protección e
investigación de la tortuga carey, Eretmochelys imbricata (Linnaeus,
1766), en Isla Holbox, Quintana Roo, Temporada 1990. In:
Frazier, J.G., Vázquez, R., Galicia, E., Durán, R., and Capurro, L.
(Eds.). Memorias del IV Taller Regional de Tortugas Marinas,
Península de Yucatán, pp. 143-157.

GONZÁLEZ, F. 1995. Secretaría de Medio Ambiente, Recursos Natu-
rales y Pesca. Estudio y conservación de tortugas marinas en las
playas del Sur del Estado de Quintana Roo.

GONZÁLEZ, F., CRUZ, B. AND SÁNCHEZ, C. 1994. Programa de protección
a la tortuga marina en la Zona Sur de Quintana Roo, Campamento
Mahahual. Unpublished report. SEDESOL, Chetumal, Q. Roo.

GONZÁLEZ, F., CRUZ, B., AND SÁNCHEZ, C. 1995. Programa de protección

a la tortuga marina en la Zona Sur de Quintana Roo, Campamento
Mahahual. Unpublished report. Delegación Federal, SEMARNAP,
Chetumal, Q. Roo.

GROOMBRIDGE, B., AND LUXMOORE, R. 1989. The Green Turtle and
Hawksbill (Reptilia: Cheloniidae): World Status, Exploitation and
Trade. Lausanne: CITES Secretariat, 601 pp.

GUZMÁN, V. 1997. Dos décadas de conservación de las tortugas
marinas en Campeche. Gaceta de Seguridad Industrial y Protección
Ambiental. IMP-PEMEX PEP.

GUZMÁN, V., AND GARDUÑO, M. 1998. Changes in nesting frequency
of Eretmochelys imbricata in Campeche, Mexico, over two de-
cades. Paper presented at the 18th International Symposium on Sea
Turtle Biology and Conservation. Mazatlan, Sinaloa Mexico, 3-7
March 1998.

GUZMÁN, V., REJÓN, J.C., GÓMEZ, R., AND SILVA , J. 1994. Informe final
del programa de investigación y protección de las tortugas marinas
de Campeche, México. Temporada 1993. Panorama regional.
INP-CRIP Carmen. Unpublished report, 50 pp.

GUZMÁN, V., REJÓN, J.C., GÓMEZ, R., AND SILVA , J. 1995. Informe final
del programa de investigación y protección de las tortugas marinas
de Campeche, México. Temporada 1994. Situación actual. Bol.
Téc. 1 INP-CRIP Carmen. Unpublished report, 32 pp.

GUZMÁN, V., REJÓN, J.C., GÓMEZ, R., AND SILVA , J. 1996. Informe final
del programa de investigación y protección de las tortugas marinas
de Campeche, México. Temporada 1996. Situación actual. Bol.
Téc. 1 INP-CRIP Carmen. Unpublished report, 40 pp.

GUZMÁN, V., SÁNCHEZ, J. M., REJÓN, J.C., GÓMEZ, R., AND SILVA , J.
1993. Informe final del programa tortugas marinas de Isla Aguada,
Carmen, Campeche. Temporada de anidación 1992. Una perspectiva
regional. INP-CRIP Carmen. Unpublished report, 82 pp.

HILLIS, Z. 1994a. The first five years at Buck Island Reef National
Monument – the hawksbill story. In: Schroeder, B.A., and
Witherington, B.E. (Compilers). Proc. 13th Annual Symposium
on Sea Turtle Biology and Conservation. NOAA Tech. Memo.
NMFS-SEFSC-341, pp. 242-245.

HILLIS, Z. 1994b. The hawksbill turtle of Buck Island Reef National
Monument: a shared resource of the Caribbean. In: Bjorndal, K.A.,
Bolten, A., Johnson, D.A., and Eliazar, P. (Compilers). Proc. 14th
Annual Symposium on Sea Turtle Biology and Conservation.
NOAA Tech. Memo. NMFS-SEFSC-351, pp. 59-61.

HOYLE, M., AND RICHARDSON, J. 1993. The Jumby Bay Hawksbill
Project: Survivorship, mortality and reproductive biology and
behaviour of adult female hawksbill sea turtles (Eretmochelys
imbricata) nesting at Pasture Bay, Long Island, Antigua, W.I.
Technical Report prepared by the Georgia Sea Turtle Coopetative,
Athens, Georgia. Unpublished report, 76 pp.

IGLESIAS, A., AND LOPE, R. 1990. Centro Regional de Investigación
Pesquera, Yucalpetén. In: Aguirre, L. (Compiler). Informe técnico:
III Taller Regional sobre Programas de Conservación de la Tortuga
Marina en la Península de Yucatán, Noviembre 1990.
PRONATURA Península de Yucatán, A. C., Mérida, Yucatán.
Unpublished report, pp. 17-18.

JUAREZ, J. 1997. Informe de resultados de la anidación de tortugas
marinas en la Isla de Cancún, temporada 1996. Unpublished
report, PROTORTUGA, A.C.

JUÁREZ, V., GUTIÉRREZ, D., AND LARA, M., 1997. Las tortugas marinas
de la Reserva Especial de la Biósfera Isla Contoy. Unpublished
report, 8 pp.

JURADO, G. 1997. Programa de protección de la tortuga marina en la
Zona Sur de Quintana Roo, Campamento Mahahual. Unpublished
report, INE-SEMARNAP.

LICONA, A.L. 1994. Estudio y conservación de tortugas marinas en las
playas de El Cuyo, Yucatán, temporada 1994. Reporte Final,



295GARDUÑO-ANDRADE ET AL. — Nesting Increases in Mexico

PRONATURA-Península Yucatán, A.C. Unpublished report, 30 pp.
LIMPUS, C.J. 1992. The hawksbill turtle, Eretmochelys imbricata, in

Queensland: population structure within a southern Great Barrier
Reef feeding ground. Wildl. Res. 19:489-506.

MÁRQUEZ, R. 1976. Estado actual de la pesquería de las tortugas
marinas en México, 1974. Instituto Nat. de la Pesca, México. Serie
inf. INP/SI, 22 pp.

MÁRQUEZ, R. 1978. Natural reserves for the conservation of marine
turtles in México. In: Henderson, G. (Ed.). Proceedings of the Sea
Turtle Workshop, 24-25 July 1976, Jensen Beach, Florida. Florida
Marine Research Publications 33:56-60.

MÁRQUEZ, R. 1984a. National report for Mexico, Caribbean region.
In: Bacon, P., et al. (Eds.). Proceedings of the Western Atlantic
Turtle Symposium. Vol. 3. University of Miami Press.

MÁRQUEZ, R. 1984b. National report for Mexico, Gulf of Mexico
region. In: Bacon, P., et al. (Eds.). Proceedings of the Western
Atlantic Turtle Symposium. Vol. 3. University of Miami Press.

MÁRQUEZ, R., BYLES, R.A., BURCHFIELD, P., SÁNCHEZ, M., AND DÍAZ, J.
1996a. Good news! Rising numbers of Kemp´s ridleys nests at Rancho
Nuevo, Tamaulipas, México. Marine Turtle Newsletter. 73:2-5.

MÁRQUEZ, R., PEÑAFLORES, C., AND VASCONCELOS, J. 1996b. Olive
ridley turtles (Lepidochelys olivacea) show signs of recovery at La
Escobilla, Oaxaca. Marine Turtle Newsletter. 73:5-7.

MÁRQUEZ, R., VILLANUEVA , A., BRAVO, R., SÁNCHEZ, E. 1987.
Abundancia y distribución de tortugas marinas durante la temporada
de anidación 1985-86 en Isla Aguada, Campeche. Technical
Report to Consejo Nacional de Ciencia y Tecnología, México.
Clave PCEBNA-021204, 67 pp.

MERINO, M. 1992. Afloramiento en la Península de Yucatán: estructura
y fertilización. Doctoral Thesis, C.C.H.-I.C.M. y L. UNAM. México.

MEYLAN, A.B. 1989. Status report of the hawksbill turtle (Eretmochelys
imbricata). In: Ogren, L., Berry, F., Bjorndal, K., Kumpf, H., Mast,
R., Medina, G., Reichart, H., and Witham, R. (Eds.). Proceedings
of the Second Western Atlantic Turtle Symposium. NOAA Tech.
Memor. NMFS-SEFC-226, pp. 101-115.

MEYLAN, A.B. 1999a. Status of the hawksbill turtle (Eretmochelys
imbricata) in the Caribbean region. Chelonian Conservation and
Biology 3(2):177-184.

MEYLAN, A.B. 1999b. International movements of immature and
adult hawksbill turtles (Eretmochelys imbricata) in the Caribbean
region. Chelonian Conservation and Biology 3(2):189-194.

MEYLAN, A.B., AND DONNELLY, M. 1999. Status justification for listing
the hawksbill turtle (Eretmochelys imbricata) as Critically Endan-
gered on the 1996 IUCN Red List of Threatened Animals. Chelo-
nian Conservation and Biology 3(2):200-224.

MIRANDA, E., AND VÁZQUEZ, D.R. 1990. Centro Regional de
Investigación Pesquera: Puerto Morelos. In: Aguirre, I. (Com-
piler). Informe técnico: III Taller Regional sobre Programas de
Conservación de la Tortuga Marina en la Península de Yucatán,
Noviembre 1990. PRONATURA Península de Yucatán, A.C.,
Mérida, Yucatán. Unpublished report, pp. 19-20.

MIRANDA, E., JIMÉNEZ, A., PÉREZ, M., AND VILLEGAS, A. 1995. Estudio
y conservación de las tortugas marinas en Isla Holbox, Quintana
Roo. Temporada 1995. Mérida, Yucatán, México. Informe.
Pronatura Península de Yucatán, A.C.. Unpublished report, 23 pp.

MIRANDA, R. 1997. Programa de protección y conservación de la
tortuga marina, Sisal, Yucatán. Temporada 1996. Informe técnico
a la Secretaría de Ecología del Gobierno del Estado de Yucatán.
Unpublished report.

MIRANDA, R., AGUILAR, A., AND SERRANO, M. 1993. Programa de
protección y conservación de la tortuga marina, El Palmar,
Temporada 1990. In: Frazier, J.G., Vázquez, R., Galicia, E.,
Durán, R., and Capurro, L. (Eds.). Memorias del IV Taller Re-
gional de Tortugas Marinas, Península de Yucatán, pp. 113-115.

MONTOYA, A. 1967. Recopilación de los datos del valor y la captura
anual de tortugas marinas en el período 1940-65. Boletín del
Programa Nacional de Marcado de Tortugas Marinas. Instituto
Nacional de Investigaciones Biológico Pesqueras, Sría de Indus-
tria y Comercio. 1(8): 38 pp.

NOAA. 1985. Gulf of Mexico. Coastal and Ocean Zones Strategic
Assessment: Data Atlas. U.S. Dept. of Comerce, NOAA, Pre-
publication Edition February, 1985.

NATIONAL MARINE FISHERIES SERVICE, AND U.S. FISH AND WILDLIFE

SERVICE. 1993. Recovery Plan for Hawksbill Turtles in the U.S.
Caribbean Sea, Atlantic Ocean, and Gulf of Mexico. National
Marine Fisheries Service, St. Petersburg, FL, 52 pp.

PARSONS, J.J. 1972. The hawksbill turtle and the tortoise shell trade.
In: Études de géographie tropicale offertes a Pierre Gourou. Paris:
Mouton, pp. 45-60.

PAULY, D., CHRISTENSEN, V., DALSGAARD, J., FROESE, R., TORRES, F., JR.
1998. Fishing down marine food webs. Science 276:860-863.

REPUBLIC OF CUBA. 1997. An annotated transfer of the Cuban popula-
tion of hawksbill turtles (Eretmochelys imbricata) from Appendix
I to Appendix II, submitted in accordance with Resolution Conf.
9.24 and 9.20. Proposal submitted to the Tenth Conference of the
Parties to CITES, 9-20 June 1997, Harare, Zimbabwe.

RODRÍGUEZ, E., AND ZAMBRANO, R. 1991. Caracterización de la
temporada de anidación de tortuga carey (Eretmochelys imbricata) y
tortuga blanca (Chelonia mydas) en las playas de El Cuyo, Yucatán.
Pronatura Península Yucatán. Unpublished report, 29 pp.

RODRÍGUEZ, E., AND ZAMBRANO, R. 1992. Estudio sobre la anidación y
conservación de carey (Eretmochelys imbricata) y blanca (Chelo-
nia mydas) en las playas de El Cuyo, Yucatán. Informe, Pronatura
Península Yucatán. Unpublished report, 29 pp.

RODRÍGUEZ, E., AND ZAMBRANO, R. 1993. Estudio sobre la anidación y
conservación de carey (Eretmochelys imbricata) y blanca (Chelo-
nia mydas) en las playas de El Cuyo, Yucatán. Informe, Pronatura
Península Yucatán. Unpublished report, 33 pp.

RODRÍGUEZ, E., DURÁN, J.J., AND RODRÍGUEZ, R. 1993. Protección e
investigación de tortuga carey (Eretmochelys imbricata) durante
la temporada de anidación 1990, en el Refugio Faunistico de Ría
Celestún, Yucatán. In: Frazier, J.G., Vázquez, R., Galicia, E.,
Durán, R., and Capurro, L. (Eds.). Memorias del IV Taller Re-
gional de Tortugas Marinas, Península de Yucatán, pp. 99-111.

VÁZQUEZ, R. 1993. Protección y vigilancia de las playas de anidación
de la tortuga carey (Eretmochelys imbricata) y la tortuga blanca
(Chelonia mydas) en El Cuyo, Yucatán. In: Frazier, J.G., R. Vázquez,
E. Galicia, R. Durán, and L. Capurro (Eds.). Memorias del IV Taller
Regional de Tortugas Marinas, Península de Yucatán, pp. 131-141.

ZURITA, J.C., HERRERA, R., AND PREZAS, B. 1993. Biología y conservación
de las tortugas marinas en el litoral central del Estado de Quintana Roo,
temporada 1992. In: Frazier, J.G., Vázquez, R., Galicia, E., Durán, R.,
and Capurro, L. (Eds.). Memorias del IV Taller Regional de Tortugas
Marinas, Península de Yucatán, pp. 169-179.

Received: 12 September 1998
Reviewed: 23 January 1999
Revised and Accepted: 20 February 1999


