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AssTRACT. — International movements of 19 adult and 9 immature hawksbills in the Caribbean region
are summarized. Adult hawksbills traveled minimum distances of 110-1936 km, immatures traveled
46-900 km. These data and results of molecular genetic studies in the Caribbean refute the
hypothesis that hawksbills are non-migratory. Compared with other marine turtle species, relatively
few hawksbills have been tagged — an approximate cumulative total of 2500 individuals at the major
nesting sites in the Caribbean during the last 40 years. International recapture rates of adult female
hawksbills tagged on the nesting beach are on the order of 0-3.5%, which is comparable to those of
other species of marine turtles that are considered to be highly migratory. High rates of local
recapture of immatures on feeding grounds suggest long-term residency in developmental habitats.
Knowledge of the schedules and routes of migrations is crucial to the effective management of
hawksbills on both regional and multinational levels.

Key Worps. — Reptilia; Testudines; Cheloniidae;Eretmochelys imbricatasea turtle; migration;
conservation; management; Caribbean

The proximity of suitable nesting beaches to coral reefia, to show that loggerhead€4retta carettd foraging
feeding habitats in some parts of the tropics led early sean Heron Reef within sight of the nesting beach on Heron
turtle researchers to speculate that hawksbill turtlessland migrated elsewhere to nest, whereas loggerheads
(Eretmochelys imbricaja unlike the other species of sea from foraging grounds hundreds of kilometers away
turtles, did not need to undertake reproductive migrationmigrated to Heron Island to nest. Similar patterns have
(Carr, 1952; Bustard, 1979). This speculation was supportdeeen reported in tagging studies conducted in other
by the relatively small number of tagged females docuplaces and for other species, including the hawksbill
mented to be recaptured away from the nesting beach. Un{iNietschmann, 1981).
recently, tag-and-recapture studies were nearly the onlyway Bowen etal. (1996) used molecular data to show that the
in which researchers could study the migratory behavior diawksbill population occupying the feeding grounds sur-
seaturtles. In the case of the hawksbill —whose populatiormeunding Mona Island, Puerto Rico — a regionally impor-
are depleted worldwide — tag-return data have proven to dant nesting site — was not composed primarily of turtles
a poor indicator of migratory behavior because few tagginghat nest on Mona’s beaches, but instead was largely com-
projects target this species and relatively few hawksbillposed of turtles from several distant rookeries. In the litera-
have ever been tagged. For two decades, with limited eviure, there are relatively few examples of sea turtles nesting
dence to the contrary, the hawksbill has been labeled as ndn-the vicinity of their feeding grounds, although this cer-
migratory, or even sedentary (Witzell, 1983). tainly does occur (Nietschmann, 1981; Limpus, 1992; C.

With the accumulation of much additional researchDiez,pers. comn). Limpus et al. (1992) reviewed exten-
scientists have gained a greater respect for the complexve tag return data for green turtl€hg¢lonia mydas
nature of sea turtle life histories and behavior. Taggin@nd loggerheads in Australia and concluded that, de-
databases for some populations of sea turtles have groypending on the location of nesting beaches and feeding
quite large, and sophisticated technologies such as radio agtbunds used by individual turtles, the distances in-
satellite telemetry and molecular genetics have been incovolved in migrations by these species in Australia might
porated into investigations of sea turtle ecology. In combibe long or short, representing a continuum. They consid-
nation, these tools have led to many new insights into thered there to be no “non-migratory” members of the
long-distance movements of sea turtles, including a bettgropulations, only some individuals that migrated very
understanding of migration. short distances.

A common finding of recent studies is that seaturtlesdo  For the hawksbill — a species considered “Critically
not always do what might be expected on the basis of logiEndangered” worldwide (Baillie and Groombridge, 1996;
and efficiency. Turtles have been shown to migrate thouMeylan and Donnelly, 1999) and still highly sought-after for
sands of kilometers to nest even when other suitable nestiitg valuable shell (tortoiseshell) — knowledge of its life-
beaches are closer. Limpus et al. (1992), for example, uséistory stages and movements is extremely important for
data from tagging studies on the Great Barrier Reef, Austrananagement purposes. A localized management strategy
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may only partially help to restore a population that is subjectfforts (Meylan, 1982). Since the late 1950s, when tagging
to mortality (including harvest) on a region-wide or interna-of sea turtles became a routine practice, there have been few
tional scale. Meylan (1982) reviewed published records gplaces in the Caribbean where tagging hawksbills has been
long-distance movements of hawksbills as documented byroductive enough to warrant the effort and funding. In
tag returns and concluded that there were insufficient data tecent years, the exception has been the Yucatan Peninsula
base a conclusion about the migratory behavior of hawkssf Mexico, where there have been significant tagging ef-
bills. With the accumulation of an additional 17 years of datdorts.
by various projects, a re-examination of the evidence is At many hawksbill nesting beaches, efforts are directed
clearly warranted. The purpose of this paper is to review dai@ counting or protecting nests, not at tagging nesting fe-
from the Caribbean region, defined here in its broadest senggales. During most years, this is the case for many of the
and referring to the area that encompasses the Caribbeaasting beaches in Mexico, in Belize, and at Mona Island,
Sea, Gulf of Mexico, and other tropical waters of the westerPuerto Rico. Even where tagging is a priority, relatively few
Atlantic Ocean. nesting females have been tagged: 328 at Tortuguero, Costa
Despite great interest on the part of researchers, rel&ica, during the 44-year period from 1955 to 1998 (Carib-
tively few hawksbills in the Caribbean have been taggedbean Conservation Corporation, unpub. data); 123 at Jumby
Widely dispersed nesting beaches, low nesting densitieBay, Antigua, from 1987 to 1996 (J. Richardspers.
and a long nesting season have thwarted concerted taggiogmm); 105 at Buck Island Reef National Monument, St.
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Table 1.International movements of wild hawksbill turtldsrétmochelys imbricajain the Caribbean region, with dates tagged and
recaptured. Km = minimum distance traveled in km, * = recaptured sometime before the recorded date.

Location Tagged Sex Tagged Location Recaptured Recaptured Km References

Adults

Tortuguero, Costa Rica female  8/18/56 Miskito coast, near Awastara, 10/18/56* 385 Carr et al., 1966

24 km N Puerto Cabezas, Nicaragua

Tortuguero, Costa Rica female  7/27/59 Miskito Cays, Nicaragua 7/25/60 463 Carretal., 1966

Tortuguero, Costa Rica female 8/3/72  Miskito Cays, Nicaragua 11/73 385 Carr and Stancyk, 1975

Tortuguero, Costa Rica female  8/26/72 Miskito Cays, Nicaragua 1/10/74 385 Carr and Stancyk, 1975

Tortuguero, Costa Rica female  8/14/74 Miskito Cays, Nicaragua 12/8/77 385 Bjorndal et al., 1985
K. Bjorndal,pers. comm

Tortuguero, Costa Rica female 8/3/69  Miskito Cays, Nicaragua 5/70 385 Bjorndal et al., 1985
K. Bjorndal,pers. comm

Tortuguero, Costa Rica female 8/31/76 Rio Grande Bar, Nicaragua 5/24/83 385 Bjorndal et al., 1985
K. Bjorndal,pers. comm

Tortuguero, Costa Rica female  9/15/88 Tasbapune, Nicaragua 5/1/91* 200 Bjorndal et al., 1993
K. Bjorndal,pers. comm

Tortuguero, Costa Rica female  8/29/67 Colén, Panama 12/6/67 380 Bjorndal et al., 1985
K. Bjorndal,pers. comm

Tortuguero, Costa Rica female  7/23/77 Cay Gorda Bank, Honduras 5/15/79 541 Bjorndal et al., 1993
K. Bjorndal,pers. comm

Tortuguero, Costa Rica female  7/22/83 Isla Guanaja, Honduras 11/9/87* 850 Bjorndal et al., 1993
K. Bjorndal,pers. comm

Sukra, Miskito Cays, Nicaragua female  6/22/72 Pedro Cays, Jamaica 11/14/72 628 Nietschmann, 1981

Isla Mujeres, Yucatan, Mexico female  7/6/67  Bani, Dominican Republic 4/25/71 1622 NMFS and USFWS, 1993
Marquez, 1990, 1996

Buck Island, St. Croix, USVI female  7/9/90  Witties Cay, Miskito Cays, Nicaragua 1991 1936 Hillis, 1994
Z. Hillis, pers. comm

Buck Island, St. Croix, USVI female  7/28/97 Cayo Guajaba, Nuevitas, Cuba 2/9/98 1400 Aéttillisomm

Jumby Bay, Long Island, Antigua female 6/18/91 Dominica 11/91 135 Fuller et al., 1992

Jumby Bay, Long Island, Antigua female 8/6/87  Pelican Point, St. Kitts — 110 J.Richpasisargmm

Drill Hall, Barbados female  7/8/96 Carriacou, Grenada 12/7/97 155 J. Hompeckscomm

Little Sandy Bay, Nicaragua male 10/20/72 Almirante Bay, Panama 5/10/74 443 Nietschmann, 1981

Immatures

Great Inagua, Bahamas — 9/10/82  Providenciales, Turks and Caicos 9/26/83* 150 Bjorndal et al., 1985

Great Inagua, Bahamas — 10/1/92 Banes, Cuba 8/97 200 Bjorndal and Bolten, 1998

St. Thomas, USVI — 4/30/82  St. Lucia 8/1/83 650 Boulon, 1989

St. Thomas, USVI — 1/28/82  Ginger Island, British Virgin Islands  6/15/85 46 Boulon, 1989

St. Thomas, USVI — 10/29/81 East coast, Puerto Rico 5/87 95 Boulon, 1989

St. Thomas, USVI — 6/21/83  St. Martin 6/87 185 Boulon, 1989

St. Thomas, USVI — 12/7/84  Los Cayos de Monte Cristi, 2/90 720 R. Bagéos),comm

Dominican Republic
Las Coloradas, Yucatan, Mexico — 7/91 Mariel, Cuba 7/94 560 M. Gargefiocomm
Las Coloradas, Yucatan, Mexico — 9/90 Miskito Cays, Nicaragua 3/96 900 M. Gapdegiomm

C. Lagueuxpers. comm

Croix, U.S. Virgin Islands, from 1988 to 1997 (Z. Hillis, International movements of wild hawksbills tagged in
pers. comn); 978 in the state of Campeche, Mexico, fromthe Caribbean region are depicted in Fig. 1 and listed in
1990 to 1998 (V. Guzmarpers. comn); 673 at Las Table 1. The datain Table 1 are organized by maturity status
Coloradas, Yucatan, Mexico, from 1985 to 1996 (Gardufi@and sex. Minimum distance traveled is calculated as the
and Marquez, 1994; M. Gardufigers. comn); 175 at  straight-line distance between tagging and capture sites via
Isla Holbox, Yucatan, Mexico, from 1988 to 1996 (J.an at-sea route. Actual travel routes are likely not to be
Frazier,pers. comnj; and 121 at Mona Island, Puerto straight, and thus would involve greater distances.

Rico, during 1974 and from 1984 to 1996 (Richardson,

1990; C. Diezpers. comn). These localities, at which a Tag Returns of Adult Hawksbills

total of 2503 hawksbills have been tagged over approxi-

mately 40 years, represent the majority of sites in the  There were eleven international recaptures recorded of
Caribbean where hawksbills have been regularly taggedeproductive females tagged at the nesting beach at
Nesting females are the most accessible life-history stageortuguero, Costa Rica. Eight of these occurred off the
for tagging, yet the number of hawksbill turtles cumula-eastern coast of Nicaragua, two off Honduras, and one at
tively tagged on Caribbean nesting beaches over sever@blon, Panama. Post-nesting movements of Tortuguero
decades is, at the maximum, a few thousand. In compariawksbills show a pattern similar to that of Tortuguero green
son, several thousand nesting green turtles may be taggedtles (Bjorndal et al., 1985). Nietschmann (1981) tagged a
in a single year at a single beach, e.g., at Tortugueraotal of 60 hawksbills in Nicaragua in 1972, including
Costa Rica (Carr et al., 1978). animals of both sexes and various size-classes up to repro-
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ductive adults. One adult female tagged on a reef in th€aribbean that are international are thithin the range
Miskito Cays was taken on a nesting beach in Jamaica,d those for other sea turtle species that are considered to be
journey of at least 628 km. An adult male hawksbill taggedighly migratory.
along the central part of the Nicaraguan coast was recovered
443 km away in Panama; this may be the only recorded Tag Returns of Immature Hawksbills
migration of an adult male hawksbill. Nietschmann (1981)
reported that both Cayman Brac (Cayman Islands, British  Table 1 and Fig. 1 also show international recaptures of
West Indies) hawksbill fishermen and Miskitu Indian hawks-immature hawksbills tagged on their feeding grounds (de-
bill fishermen in Nicaragua believed that hawksbills arevelopmental habitats). Relatively few studies in the Carib-
migratory because of the turtles’ seasonal disappearanbean involve tagging immature hawksbills, and the total
and reappearance in particular areas. In Bocas del Toroumber tagged is considerably less than that of nesting
Panama, fishermen described the seasonal migration tdmales. The high local recapture rates observed in several
hawksbills to Chiriqui Beach as having once been comstudies inthe Caribbean (Nietschmann, 1981; Boulon, 1994;
parable to that of present day migrations of green turtlegan Dam and Diez, 1998) indicate that immature hawksbills
to Tortuguero, Costa Rica (A. Meylan and P. Meylantend to remain in the same developmental habitats for
unpubl. data). extended periods. Limpus (1992) documented strong site
The longest migrations documented for adult hawksfidelity among hawksbills tagged on their feeding grounds in
bills in the Caribbean were of one adult female that traveledustralia. Because of this tendency towards site fixity, one
1622 km, from the Yucatan Peninsula, Mexico, to thewould not expect to see immature hawksbills move exten-
Dominican Republic, and of a second adult female thasively unless they are relocating to other developmental habi-
traveled 1936 km, from Buck Island Reef National Monu-tats or from developmental habitats to adult feeding grounds.
ment, St. Croix, U.S. Virgin Islands, to the Miskito Cays, Tag-return data from the Caribbean region support this
Nicaragua (Marquez, 1990; NMFS and USFWS, 1993theory. Ofthe 43 immature hawksbills that have been tagged
Hillis, 1994). The Caribbean records are comparable to that Magens Bay, St. Thomas, U.S. Virgin Islands, since 1981,
longest migrations of hawksbills observed in the Pacific —3 (30.2%) have been recaptured locally and 5 (11.6%) in
2425 km for travel between Australia and Vanuatu and 2366ther countries 46 to 720 km away (Boulon, 1989; R.
km for a journey from Australia to the Solomon IslandsBoulon,pers. comn) (Table 1). Of 11 immature hawksbills
(Miller et al., 1998). tagged by Nietschmann (1981) in Nicaragua, 2 (18.2%)
Two adult female hawksbills tagged while nesting atwere recaptured locally, and none internationally. Of 57
Jumby Bay, Antigua, were subsequently recaptured: onenmature hawksbills tagged in the waters of Buck Island
was recaptured 135 km away in Dominica, and the other wdgeef National Monument, St. Croix, since 1994, 18 (32%)
seen alive 110 km away in St. Kitts where its tag was read byere resighted locally, and none internationally (Phillips,
a scuba diver (J. Richardsgrers. comn). 1996). Of 328 hawksbills tagged in the waters of Mona
There is also some evidence that hawksbills migratésland since 1992, 95 (29%) have been resighted locally, and
between Guatemala and Belize — two hawksbills bearingone internationally (C. Diepers. commn). Of 356 imma-
tags with a Guatemalan return address were captured lyre hawksbills tagged at Las Coloradas, Mexico, in 1990—
fishermenin Belize (Smith, 1991; G. Smiplers. comm)— 95, 16 (4.5%) have been recaptured — 12 (3.4%) locally, 2
but detailed information is lacking. (0.6%) on the Campeche Banks, Mexico, and 2 (0.6%)
For all the sea turtle species, the percentage of indinternationally from 560 to 900 km away, in Cuba and
vidual turtles that are tagged at a nesting beach and latiicaragua (Gardufio and Marquez, 1994; M. Gardpéics,
captured in and reported from other countries is quite loveomm; C. Lagueuxpers. comn).
(Meylan, 1982). The international recapture rate of green Of 604 hawksbills tagged at numerous sites in Cuban
turtles tagged at Tortuguero, Costa Rica (8.9%) was amongaters from 1989 to 1995, 46 (7.6%) were recaptured as of
the highest observed among tagging projects reviewed 4996, all in Cuban waters (Republic of Cuba, 1997). The
Meylan (1982). Solé (1994) reported a 1% internationatlistance traveled by recaptured turtles varied markedly. All
recapture rate for green turtles tagged at Aves Island, in thef the 15 hawksbills tagged in the Doce Leguas area were
eastern Caribbean. The international recapture rate foecaptured locally (< 10 km); however, all of those tagged at
loggerheads tagged at Melbourne Beach, Florida, fromNuevitas and Las Tunas had traveled away from the tagging
1972 to 1978 was 0.3% (Meylan et al., 1983). Thesite, some as far as 744 km. Two immature hawksbills
percentage of hawksbills tagged while nesting on Caribeaptured in Cuban waters were originally tagged in Yucatan,
bean beaches and subsequently recaptured in other coMexico, and Great Inagua, Bahamas (Bjorndal and Bolten,
tries is as follows: 2% for Buck Island Reef National 1998; M. Gardufigpers. comn) (Fig. 1).
Monument, St. Croix; 1.6% for Jumby Bay, Antigua; and Movements of immature hawksbills can be extensive.
3.5% for Tortuguero, Costa Rica. No international, postA 74 cm wild subadult hawksbill tagged on feeding grounds
nesting recaptures have been recorded for populatiorat Atol das Rocas in Brazil was captured six months later at
nesting at Mona Island, Puerto Rico, or Las Coloradad)akar, Senegal, 3680 km away (Marcovaldi and Filippini,
Mexico. The percentages of hawksbill tag returns in thed991). Whether this represents a migration or random dis-
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persal remains unknown. Immature hawksbills initially rearedehaviors similar to those of other species of marine turtles.
in captivity (head-started) at Los Roques, Venezuela, havgistances traveled may be long or short, depending on the
beenrecovered elsewhere in Venezuela, in Bonaire, Colomespective locations of the developmental habitat, feeding
bia (including San Andrés Island off Nicaragua), Jamaicaground, and nesting beach of individual turtles. Recapture
Bahamas, Belize, Honduras, Panama, the Dominican Reéata are too few at this point to discern patterns of move-
public, and Cuba (E. Weipers. comm). Two hawksbills  ments for specific populations, but it is clear that the hypoth-
head-started in Yucatan, Mexico, were recaptured off thesis that the hawksbill is “sedentary” must be discarded. A
southern coast of Cuba (Marquez, 1990; R. Marquexs.  similar view is emerging in the Pacific Ocean where several
comm). Although the migratory behavior of head-startedlong-distance movements by hawksbills have recently been
turtles most certainly can be expected to differ from that oflocumented (Miller et al., 1998). The percentage of hawks-
wild turtles, these data demonstrate the capability of immabills tagged in the Caribbean that have been recaptured

ture hawksbills to travel long distances. internationally is within the range of that for other sea turtles
that are considered to be highly migratory. Hawksbills
Telemetry and Genetics Data migrate during several life-history stages, and these jour-

neys may take them hundreds or thousands of kilometers
Knowledge of hawksbill movements can be expected tacross the sea and through the jurisdictional waters of many
increase greatly with the application of satellite trackingcountries. Knowledge of the schedules and routes of these
technology. However, to date, hawksbill turtles have beemigrations is crucial to the effective management of hawks-
the subject of only a few satellite tracking studies in thebills on both regional and multinational levels.
Caribbean. Early efforts by Groshens and Vaughan (1994) at
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