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Origin of Green Turtles, Chelonia mydas, at “‘Sleeping Rocks” off the
Northeast Coast of Nicaragua

ANNA L. Bass, CYNTHIA J. LAGUEUX, AND BRIAN W. BOWEN

The largest foraging population of the Atlan-
tic green turtle, Chelonia mydas, occurs in off-
shore waters of Caribbean Nicaragua (Carr et
al., 1978). Green turtles are primarily herbivo-
rous, and the extensive sea grass beds in Nica-
raguan waters are utilized both by adults and
juveniles (Nietschmann, 1972; Mortimer, 1981;
C. Campbell, unpubl. data). Based on tags re-
covered from adult females, at least two nesting
populations contribute individuals to this feed-
ing aggregate: Tortuguero, Costa Rica; and Aves
Island, Venezuela (Carr et al., 1978; Sole, 1994).

The largest nesting population of Atlantic
green turtles is at Tortuguero, which supports
an estimated annual nesting of approximately
14,000 females. The second largest nesting col-
onies in the Caribbean are the Surinam and
Aves Island nesting colonies, which total ap-
proximately 2400 females annually (Ogren,
1989). The Tortuguero rookery has been the
focus of long-term mark-recapture studies.
From 1955 to mid-1977, 86.2% of international
recoveries of tags placed on nesting females at
Tortuguero came from the coastal waters of Nic-
aragua, prompting Carr et al. (1978) to suggest
that this area is the principal foraging ground
for the Costa Rican nesting colony. However,
use of tag recoveries to identify stock composi-
tion of a foraging population can be biased by
demographic factors, tag loss, and most es-
pecially uneven tagging and recapture efforts.
Tagging studies are labor intensive and may
yield only 1-8% tag recovery rates away from
the nesting beach (Meylan, 1982; Limpus et al.,
1992). Finally, most nesting areas are not sub-
ject to long-term tagging studies. For these rea-
sons, relative contributions of individual nesting
colonies to Caribbean feeding grounds are un-
known.

An alternative approach, unbiased by factors
related to tagging, uses mitochondrial DNA
(mtDNA) markers to determine composition of
the foraging population (Broderick et al.,
1994). This approach, known as mixed stock
analysis (Pella and Milner, 1987), depends on
strong mtDNA haplotype frequency differences
between nesting colonies to resolve relative con-
tributions to a feeding aggregate. Mixed stock
analysis has been applied to several species of
marine turtle (Bowen et al., 1996; Bolten et al.,

1998; Lahanas et al., 1998) but not to adult
green turtles.

Historically, turtlers from the Cayman Islands
and Nicaragua have utilized offshore waters of
Nicaragua as a reliable source of green turtle
meat (Parsons, 1962; Nietschmann, 1972). Tur-
tlers believe that green turtles return at night
to reefs or coral outcroppings (referred to as
“sleeping rocks”) after foraging on grass beds
throughout the day, and the turtlers set their
nets over these reefs or outcrops. The turtles
are entangled during the night when they sur-
face to breathe. Recent research has document-
ed a harvest of at least 10,000 large juvenile and
adult green turtles annually for personal con-
sumption and sale in domestic markets (CJL,
unpubl. data).

One goal of this study is to determine the
origin for adult turtles off the northeastern
coast of Nicaragua by utilizing mtDNA markers
observed at eight Atlantic nesting colonies and
one Mediterranean nesting colony (Encalada et
al., 1996; Lahanas et al., 1998). Stock informa-
tion has immediate applications; wildlife man-
agers need to know which nesting populations
occur in Nicaragua’s offshore waters to assess
impact of the harvest. A second goal is to com-
pare haplotype frequencies between male and
female feeding cohorts. Because only females
come ashore to nest (hence only one sex is
tagged at the nesting colonies), male migratory
behaviors are not well known (but see Limpus
et al, 1992; Ross and Lagueux, 1993; Fitz-
Simmons et al., 1997). Genetic markers provide
an opportunity to examine movements of both
sexes and to test for possible differences in mi-
gratory behaviors.

MATERIALS AND METHODS

A 1-mL sample of whole blood, collected
from each of 60 green turtles landed at Puerto
Cabezas, Nicaragua, was mixed with 9 mL of ly-
sis buffer (100 mM Tris-HCIl, 100 mM EDTA, 10
mM NaCl, 1% SDS; pH 8.0) and stored at room
temperature. Blood samples were collected in
1994, from March to May (n = 56) and in Oc-
tober (n = 4). Sampling periods were intended
to occur outside the nesting season at Tortu-
guero (Carr et al., 1978). All turtles included in
the analysis were harvested off the northeast
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coast of Nicaragua. Animals were measured and
sex confirmed when they were butchered for
sale in local markets. To restrict the analysis to
adult turtles, samples were collected only from
animals in larger size classes: 30 females ranging
in size from 88.3-105.7 cm straightline cara-
pace length (STCL) and 30 males (89.4-98.6
cm STCL). We assume that carapace length re-
flects maturity of an individual although this as-
sumption may not hold in all cases, because a
minority of turtles delay maturation until larger
sizes (Carr and Goodman, 1970).

DNA isolations were conducted using stan-
dard phenol/chloroform methodology (Hillis
et al.,, 1996). MtDNA control region fragments
(510 bps in length) were amplified with a poly-
merase chain reaction (PCR) by using biotiny-
lated versions of primers LTCM1 and HDCM1
(Allard et al.,, 1994). An 18-base ‘“‘universal”
M13 sequence was added to the 5’ end of prim-
ers to facilitate automated sequencing. Cycling
thermal parameters used were as follows: one
cycle at 94 C (3 min) followed by 35 cycles at
94 C (1 min), 50 C (1 min), and 72 C (1 min).
Standard precautions, including negative con-
trols (template-free PCR reactions), were used
to test for contamination and to assure fidelity
of PCR reactions (Innis et al., 1990).

Streptavidin-coated magnetic beads (Dyna-
beads M280 streptavidin, Dynal, Sweden) were
used to purify PCR products (Mitchell and Mer-
rill, 1989). Single-stranded templates were gen-
erated by denaturing magnetically captured
double-stranded DNA with fresh 0.2 N NaOH
and using the released (nonbiotinylated) strand
for sequencing reactions. Single-stranded se-
quencing reactions were conducted with fluo-
rescent-labeled M13 primers in a robotic work
station (Applied Biosystems model 800). Se-
quencing products were analyzed with an auto-
mated DNA sequencer (Applied Biosystems
model 373A) in the DNA Sequencing Core at
the University of Florida.

Sequences were aligned using the overlap op-
tion in SeqEd (vers. 1.0.3). Misalignments were
corrected by visual inspection and removal of
unnecessary gaps. Polymorphic sites were iden-
tified within the sample of 60 individuals and
then compared with polymorphic sites identi-
fied at nesting locations (n = 194) by Encalada
et al. (1996) and Lahanas et al. (1998). Se-
quences that matched known haplotypes were
collated for analysis. Unique haplotypes were re-
sequenced to assure accuracy of haplotype des-
ignations.

Homogeneity of haplotype frequencies be-
tween rookeries and the foraging ground and
between male and female cohorts was assessed
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using the program CHIRXC; probabilities were
generated using Monte Carlo randomization
(Roff and Bentzen, 1989; Zaykin and Pudovkin,
1993). The sequential Bonferroni technique
was used to correct for simultaneous tests (Rice,
1989).

Relative contributions of surveyed Atlantic-
Mediterranean green turtle rookeries [United
States, Mexico, Costa Rica, Surinam, Brazil, Cy-
prus, Aves Island (Venezuela), Ascension Island
(United Kingdom), and Guinea Bissau; see En-
calada et al. (1996) for location information]
were estimated using unconditional maximum-
likelihood (ML) as implemented in the pro-
gram UCON (M. Masuda, S. Nelson, ]J. Pella,
User manual for GIRLSEM, GIRLSYM, and
CONSQRT, US-Canada Salmon Program, 1991,
unpubl.). This program uses an iterative algo-
rithm to estimate most likely contributors to a
mixed population based on haplotype frequen-
cies in source populations (nesting colonies)
and a mixed population (foraging ground).
Standard deviations were generated using the
infinitesimal jackknife procedure in UCON.
Chapman (1996) suggests two potential null hy-
potheses for mixed stock analysis studies: (1)
contributions to the mixed population are pro-
portional to the size of the source population;
and (2) contributions are equivalent from all
source populations. The second null hypothesis
was used as a starting point for iterations in
maximum-likelihood analysis. Hypotheses con-
cerning the proportion of contributions to the
foraging area were tested using adjusted x?
goodness-of-fit tests (Sokal and Rohlf, 1981).

In the original survey of green turtle nesting
locations by Encalada et al. (1996), haplotype
frequencies of nesting populations at Aves Is-
land (Venezuela) and Matapica (Surinam) did
not differ significantly from each other as de-
termined by a Gtest of independence. Addi-
tional samples from Aves Island support the ini-
tial findings of Encalada et al. (1996); therefore,
these populations were pooled into a regional
population unit for mixed stock analysis (La-
hanas et al., 1998).

RESULTS

Two common Caribbean haplotypes, CM III
and CM V, were identified in the 60 samples
from the Nicaraguan foraging ground (appen-
dix). Haplotype CM III was present in 54 indi-
viduals; the remaining six had haplotype CM V.
Following Bonferroni corrections, the foraging
ground population differed significantly (P <
0.05) from all nesting locations. An estimated
90% of individuals sampled off the northeast-
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TaBLE 1. MAXIMUM-LIKELIHOOD ESTIMATES OF CON-
TRIBUTION (* SD) OF Chelonia mydas NESTING LocCA-
TIONS TO THE NORTHEASTERN COAST OF NICARAGUA.

Tortuguero, Aves Island/
Costa Rica Surinam
Females
(n=30) 0964 (+0.035) 0.036 (* 0.035)
Males
(n = 30) 0.821 (*+ 0.073)  0.179 (= 0.073)
Overall
(n=60) 0911 (+ 0.038)  0.089 (+ 0.038)

ern coast of Nicaragua originated at Tortugu-
ero, Costa Rica; the remainder were attributed
to the combined nesting populations at Aves Is-
land (Venezuela) and Surinam (Table 1). No
other nesting locations surveyed in the Atlantic
contributed at detectable levels. The hypothesis
that nesting beaches contribute equally to the
foraging ground was rejected (x.q° = 40.01; P
< 0.001), but the hypothesis of contributions
being proportional to the size of the nesting lo-
cation could not be rejected (x.q* = 1.601; P>
0.05).

Within the female sample, 29 were haplotype
CM III and one was haplotype CM V. Within the
male sample, 25 were haplotype CM III and five
were haplotype CM V. These haplotype frequen-
cies did not differ significantly (x2 = 2.962; P =
0.08). Maximum-likelihood (ML) analysis of fe-
males attributed 96% (* 3%) of the total con-
tribution to the Tortuguero nesting location,
with the remaining 4% (*+ 3%) allocated to the
Aves Island/Surinam nesting group; ML analy-
sis of males attributed 82% (* 7%) to the Costa
Rican nesting population and 18% (* 7%) to
the Aves Island/Surinam nesting group (Table
1).

DiscussiON

Tortuguero hosts the largest green turtle nest-
ing aggregate in the Caribbean (Carr, 1967),
with perhaps 90% of nesting in this region. Carr
et al. (1978) hypothesized that the majority of
Tortuguero nesting females forage off the Nic-
araguan coast. The Tortuguero nesting popu-
lation, however, is intensively studied, invoking
concern that the estimated high contribution to
the foraging ground is a result (in part) of a
higher tagging effort on this beach. Further-
more, the conclusions of Carr et al. (1978),
based on tags applied to nesting females, can-
not be extended to males. MtDNA data provide
an independent assessment of the composition
of the Nicaraguan foraging stock (including
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both sexes). It appears that nesting locations do
not contribute equally to foraging ground lo-
cations. Population size has been hypothesized
to play a larger role in determining the contri-
butions at foraging sites (Lahanas et al., 1998),
and our results are consistent with expectations
based upon the relative size of the nesting col-
onies at Tortuguero and Aves Island/Surinam.
However, other factors that are not testable with
these data may play a role in determining the
composition of regional foraging grounds.

Although primary contributions appear to be
from nesting aggregations at Tortuguero and
Aves Island/Surinam, small contributions from
other nesting aggregations in the western Carib-
bean (including those in Mexico and the Unit-
ed States) cannot be ruled out based on a sam-
ple of 60 individuals. However, the absence of
“endemic” haplotypes from Mexican and U.S.
nesting aggregates (Encalada et al., 1996) in the
Nicaraguan foraging ground sample diminish
the possibility of large contributions from these
nesting locations. Increased sample sizes from
the green turtle harvest in Nicaragua may pro-
vide better resolution and indicate whether oth-
er nesting colonies contribute individuals to this
foraging area. More extensive sampling, includ-
ing southeastern areas of coastal Nicaragua,
could determine whether different nesting pop-
ulations are partitioned among foraging habi-
tats. Finally, a sampling regime that accounted
for temporal differences is necessary for testing
hypotheses concerning stock composition with-
in and among years.

Although sample sizes of males (n = 30) and
females (n = 30) were moderate, there was an
indication of differences between rookery ori-
gins of male and female cohorts. Although
there was only a marginal difference between
male and female haplotype frequencies (P =
0.08), maximum-likelihood analysis indicated a
greater, but not significantly different (paired T’
= 549, P = 0.11), contribution by the Aves Is-
land/Surinam nesting group to the male for-
aging population (18%, males vs 4%, females;
Table 1). The difference in estimated contri-
butions to male and female cohorts could be an
artifact of sample size. However, if this differ-
ence is supported by additional sampling ef-
forts, then at least two general explanations
could be advanced. First, differences in male
and female recruitment to foraging grounds
could be attributed to gender-specific variation
in migratory behavior. This could explain high-
er male contribution from the more distant of
the two contributing nesting groups. Second,
this finding could be attributed to differences
in sex ratios of breeding aggregates.
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Lahanas et al. (1998) concluded from mt-
DNA data that Tortuguero and Aves Island/Su-
rinam (believed to be the largest nesting colo-
nies in the Caribbean) are the two primary
sources of juvenile green turtles feeding in the
Bahamas. Based on these findings, Lahanas et
al. (1998) hypothesized a life-history model of
random recruitment from regional nesting col-
onies to juvenile foraging grounds. The genetic
composition of the Nicaraguan foraging ground
(represented by the adults surveyed in this
study) did not differ significantly from that of
the juvenile foraging ground in the Bahamas
(results not shown). Hence our results are con-
sistent with the hypothesis that contributions of
nesting colonies are proportional to the size of
the rookeries, at least on a geographic scale
which encompasses the greater Caribbean re-
gion.

These data add to the growing body of infor-
mation indicating that molecular markers are ¢ =+
valuable tool for resolving migratory behavior
of sea turtles. In weighing relative benefits of
molecular and mechanical tags, two points bear
consideration. First, results of a molecular studv
can be obtained in less time than results from
tagging studies. Second, mechanical tags are ir-
replaceable for estimating parameters such as
fecundity, age and growth, survivorship, as well
as overall population trends. In this study, mo-
lecular data corroborated and extended find-
ings based on long-term tagging programs.
However, in the absence of field studies, genetic
data alone may provide information urgently
needed to manage and conserve these long-
lived, migratory animals.

MtDNA data presented here are relevant to
conservation studies and management pro-
grams, because wildlife managers need to know
which nesting locations are impacted by the
Nicaraguan harvest. In this case, nesting colo-
nies in Costa Rica, Venezuela, and Surinam are
linked to the fishery. We suspect that represen-
tatives of smaller nesting colonies are present in
the harvest as well but eluded detection with
current sample sizes and sampling locations.
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APPENDIX. MITOCHONDRIAL DNA SEQUENCES OF THE 5’ END OF THE CONTROL REGION IN THE GREEN TURTLE,
Chelonia mydas. The reference sequence is haplotype CM III (or ATAC, accession number M98394, Allard et al.,
1994). Polymorphic sites which define haplotype CM V are indicated by the base pair below the reference
sequence. The first 71 base pairs in lowercase are the adjacent tRNAPRO with the actual control region sequence
indicated by uppercase letters. Dashes indicate the position of the primers LTCM1 and HDCM1.

tcaaaagaga

actatccttt

GTGCCCAACA

ACCAATAGCA

TGAATTTACA

CATAGGACAT

TTTCCTAAAT

AGTTTCAAGC

TTTTTCAGGC

C

AATGAGTTCT

GTTTTTTTTC

aggacttaaa

gACACAGGAA

GAACAATACC

TATGACCAGT

TAAATATTTT

AAAATTAAAC

AGCTATTCAC

CCATTCAGTC
A

ACATACAAGT

ATACATTAAA

G

TCTCTGTGTT

ccttcatcce

TAAAAGTGTC

CGCAATACCT

AATGTTAACA

A

AACAACATGA

TATTATACTC
C

GAGAAATAAG

TGTGGCGTAC

AACGACGTTC

G A

TTTATAACCT

cggtccccaa aaccggaatc

CACACAAACT AACTACCTAA

ATCTATGTAT TATTGTACAT

c G

GTTGATTTGG CCCTAAACAT

ATATTAAGCA GAGGATTAAA

AACCATGAAT ATCGTCACAG

CAACCCTTGT TAGTAAGATA

ATAATTTGAT CTATTCTGGC

ATTCGTTCCC

CTTTAAAAGG

GGCATACGGT

AGTTTTACTT
(HDCM1)

60
ctataattaa
(LTCMI)

120
ATTCTCTGCC

180
CTACTTATTT

240
AAAAAATCAT

300
AGTGAAATGA

360
TAATTGGTTA

G

420
CAACATTACC

480
CTCTGGTTAG

540
CCTTTGGTTG

600
GCATATAGTA

620




	Article Contents
	p. [1064]
	p. 1065
	p. 1066
	p. 1067
	p. 1068
	p. 1069

	Issue Table of Contents
	Copeia, Vol. 1998, No. 4, Dec. 30, 1998
	Volume Information [pp.  1129 - 1170]
	Front Matter
	Morphometrics of Trophic Osteology in the Threespine Stickleback, Gasterosteus aculeatus [pp.  827 - 838]
	Geographic Variation, Species Recognition, and Molecular Evolution of Cytochrome Oxidase I in the Tropidurus spinulosus Complex (Iguania: Tropiduridae) [pp.  839 - 851]
	Evolutionary Relationships of Pupfishes in the Cyprinodon eximius Complex (Atherinomorpha: Cyprinodontiformes) [pp.  852 - 865]
	Reproductive Cycles of the Grass Lizard, Takydromus hsuehshanensis, with Comments on Reproductive Patterns of Lizards from the Central High Elevation Area of Taiwan [pp.  866 - 873]
	Ouachita Madtom (Noturus lachneri) Metapopulation Dynamics in Intermittent Ouachita Mountain Streams [pp.  874 - 882]
	Molecular Approaches to Phylogeny of Abronia (Anguidae: Gerrhonotinae), with Emphasis on Relationships in Subgenus Auriculabronia [pp.  883 - 892]
	Daily Migrations of a Coral Reef Fish in the Red Sea (Gulf of Aqaba, Israel): Initiation and Orientation [pp.  893 - 905]
	Evidence of Retinal Light Damage in Rana cascadae: A Declining Amphibian Species [pp.  906 - 914]
	Population and Survival Estimates of Catostomus latipinnis in Northern Grand Canyon, with Distribution and Abundance of Hybrids with Xyrauchen texanus [pp.  915 - 925]
	Density Dependence in a Larval Salamander: The Effects of Interference and Food Limitation [pp.  926 - 935]
	Developmental Changes in Visual Sensitivity of Red Drum, Sciaenops ocellatus [pp.  936 - 943]
	Ecology of the Chinese Stripe-Necked Turtle, Ocadia sinensis (Testudines: Emydidae), in the Keelung River, Northern Taiwan [pp.  944 - 952]
	Feeding Morphology, Diet, and Ecomorphological Relationships among Five Caribbean Labrids (Teleostei, Labridae) [pp.  953 - 966]
	New Salamander of the Genus Plethodon from Mississippi [pp.  967 - 970]
	Vertebral Column Morphology, C-Start Curvature, and the Evolution of Mechanical Defenses in Tetraodontiform Fishes [pp.  971 - 984]
	Second Species of Psyllophryne (Anura: Brachycephalidae) [pp.  985 - 987]
	Habitat Preferences of the Rainbow Darter, Etheostoma caeruleum, with Regard to Microhabitat Velocity Shelters [pp.  988 - 997]
	Rhamdia macuspanensis: A New Species of Troglobitic Pimelodid Catfish (Siluriformes; Pimelodidae) from a Cave in Tabasco, Mexico [pp.  998 - 1004]
	New Species of Pogonophryne (Pisces, Artedidraconidae) from the Ross Sea, Antarctica [pp.  1005 - 1009]
	Shorter Contributions
	Reproductive Ecology and Growth of a Captive Population of Little Colorado Spinedace (Lepidomeda vittata: Cyprinidae) [pp.  1010 - 1015]
	Metabolic Cost of Development in One of the World's Smallest Lizard Eggs: Implications for Physiological Advantages of the Amniote Egg [pp.  1016 - 1020]
	Morphology of the Hatching Glands in Betta splendens (Teleostei: Perciformes) [pp.  1021 - 1026]
	Acquired Recognition of Chemical Stimuli from an Unfamiliar Predator: Associative Learning by Adult Newts, Notophthalmus viridescens [pp.  1027 - 1031]
	Laterophysic Connection: A Unique Link between the Swimbladder and the Lateral Line System in Chaetodon (Perciformes: Chaetodontidae) [pp.  1032 - 1036]
	Mitochondrial DNA Divergence Suggests That Podarcis hispanica atrata (Squamata: Lacertidae) from the Columbretes Islands Merits Specific Distinction [pp.  1037 - 1040]
	Homology of the Anterior Vertebrae, Ribs, and Dorsal Fin Pterygiophores and Rays in Congrogadine Fishes (Perciformes: Pseudochromidae) [pp.  1041 - 1045]
	Systematic Status of the San Marcos Salamander, Eurycea nana (Caudata: Plethodontidae) [pp.  1046 - 1049]
	Pharyngeal Tooth Remains of the Genus Cyprinus, Including an Extinct Species, from the Akanoi Bay Ruins [pp.  1050 - 1053]
	Standard Evaporative Water Loss and Metabolism of Juvenile Varanus mertensi (Squamata: Varanidae) [pp.  1054 - 1059]
	Pressure as a Limit to Bloater (Coregonus hoyi) Vertical Migration [pp.  1060 - 1063]
	Origin of Green Turtles, Chelonia mydas, at "Sleeping Rocks" off the Northeast Coast of Nicaragua [pp.  1064 - 1069]
	Potential Fecundity of Landlocked Sea Lamprey Larvae, Petromyzon marinus, with Typical and Atypical Gonads [pp.  1070 - 1075]
	Female Reciprocal Calling in a Costa Rican Leaf-Litter Frog, Eleutherodactylus podiciferus [pp.  1076 - 1080]
	Lack of Evidence for the Validity of Rhinichthys bowersi (Cyprinidae) [pp.  1081 - 1085]
	High Pivotal Temperature in the Sex Determination of the Olive Ridley Sea Turtle, Lepidochelys olivacea, from Playa Nancite, Costa Rica [pp.  1086 - 1088]
	Head and Body Size Relationships in Polymorphic Tiger Salamander Larvae from Colorado [pp.  1089 - 1093]
	Efficacy of Using Scute Annuli to Determine Growth Histories and Age of Gopherus polyphemus in Southern Alabama [pp.  1094 - 1100]
	Spermatozoon Ultrastructure in the Internally Self-Fertilizing Hermaphroditic Teleost, Rivulus marmoratus (Cyprinodontiformes, Rivulidae) [pp.  1101 - 1106]

	Comments
	Comments on Basal Teleosts and Teleostean Phylogeny, by Gloria Arratia [pp.  1107 - 1109]
	Basal Teleosts and Teleostean Phylogeny: Response to C. Patterson [pp.  1109 - 1113]

	Book Reviews
	untitled [pp.  1114 - 1116]
	untitled [pp.  1116 - 1117]
	untitled [pp.  1117 - 1118]
	untitled [pp.  1118 - 1119]
	untitled [pp.  1120 - 1121]

	Obituaries
	Pere Alberch, 1954-1998 [pp.  1122 - 1124]

	Editorial Notes and News [p.  1125]
	Back Matter [pp.  1126 - 1128]



