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turtles, Dermochelys coriacea foraging in waters off Argentina by analyzing 763 bp sequences of the mtDNA con-
trol region in order to determine the nesting origin of these animals. A total of 40 samples were collected from
adult leatherbacks (mean 143.5; 180-123 cm curved carapace length) captured (10%) in fisheries or encountered
as strandings (90%). Based on analysis of mtDNA sequences we detected 4 haplotypes, the most common (n =
26) being DC1.1, and the other two rarer DC1.3 (n = 4), DC13.1 (n = 2),and DC1.4 (n = 1). The genetic diversity
was evaluated through the haplotype (0, 3712 4 0, 1000) and nucleotide diversities (0, 000521 + 0, 000553).
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Distribution Bayesian Mixed Stock Analysis (MSA) showed that the Buenos Aires foraging leatherbacks come primarily
Endangered species from the West African rookeries (Ghana and Gabon, mean estimate = 69% and 14% respectively). MSA results
Fe?ding grounds are consistent with those from mark-recapture studies, since four leatherbacks captured in Argentinean waters
Migrations were adult females that were originally tagged on the nesting beaches in Gabon, West Africa. Our findings dem-
onstrate the connection between nesting and foraging areas in the South Atlantic and illustrate the importance of

the Malvinas ecoregion to the survival of migratory marine vertebrates, such as leatherbacks.
© 2014 Elsevier B.V. All rights reserved.
1. Introduction spread across different habitats (Wallace et al., 2013). Nesting grounds

The Southwest Atlantic is an important breeding and feeding area
for many groups of marine vertebrates, largely due to the favorable
oceanographic characteristics generated by the convergence of the
Malvinas and Brazil currents (Peterson and Stramma, 1990). It
is among the most productive ecoregions in the world and is home to
populations of over 600 vertebrate species, including seabirds, marine
mammals and sea turtles (Miloslavich et al., 2011). Most of these
species exhibit seasonal migrations such as humpback whales
(Megaptera novaeangliae), Southern right whales (Eubalaena australis)
and Manx shearwater (Puffinus puffinus). The feeding habitats of right
whales occur in higher latitudes where cold, nutrient rich waters gener-
ate large amounts of plankton. Calving, nursing, and breeding habitats
occur in lower latitudes where warm, shallow waters are favorable for
reproduction (Acevedo and Martinez, 2013; Guilford et al., 2009;
Rasmussen et al., 2007; Zerbini et al., 2011). Sea turtles are an example
of endangered and threatened species that have complex life cycles
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are frequently separated by thousands of kilometers from neritic and
oceanic feeding grounds (Bolten, 2003a, 2003b; Musick and Limpus,
1997). Understanding the connectivity among populations using these
different habitats at different life stages is important for conservation,
since threats to animals at distant foraging and developmental areas
will impact specific breeding populations differently (Fossette et al.,
2014; Wallace et al., 2011).

The leatherback turtle is widely distributed from 71° N to 44° S
throughout all oceans of the world (Eckert et al., 2012; Marquez,
1990). Leatherbacks are on the IUCN threatened species list (Wallace
et al.,, 2013) due to dramatic population declines, particularly in Pacific
populations (Mast and Pritchard, 2006; Sarti et al., 1996; Spotila et al.,
1996, 2000). Adults typically undertake periodic long distance
migrations from temperate foraging grounds to tropical nesting beaches
to breed (Bailey et al., 2012; Benson et al., 2011; Fossette et al., 2010a,
2010b; Hughes et al., 1998; James, 2000; James et al., 2006;
Lopez-Mendilaharsu et al., 2009).

Nesting areas for leatherback turtles are distributed from southeast-
ern USA to northern Brazil in the western Atlantic and from Mauritania
to Angola in the eastern Atlantic (Barata et al., 2004; Dutton et al., 1999,
2013; Eckert et al., 2012). The largest Atlantic nesting populations occur
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in French Guiana, Suriname and Gabon (Girondot et al., 2007; Pritchard
and Trebbau, 1984; Witt et al., 2009). Recent studies with satellite te-
lemetry and mark-recapture have provided information about habitat
use and movements for this species (Fossette et al., 2014). Fossette
et al. (2010a, 2010b) and Witt et al. (2011) showed that the adult fe-
male leatherbacks tagged at the nesting beaches in West Africa migrate
to multiple foraging areas, including waters off the coast of South
America. Results of mark-recapture studies at nesting beaches in
Gabon have demonstrated that tagged individuals occur in Argentinean
waters, which are the most important feeding grounds in Southwest
Atlantic (Billes et al., 2006; Fossette et al., 2010a, 2014; Lépez-
Mendilaharsu et al., 2009). These studies are limited to adult females
tagged on nesting beaches, and it is unclear where the males and juve-
niles foraging off Argentina are from. Leatherback turtles feed mainly on
jellyfish in this region, primarily in the estuaries of the Rio de la Plata
(RP) and El Rincdn (ER) at Buenos Aires (BA) province from December
to March (Gonzalez-Carman et al., 2011) (Fig. 1). The seasonal and
regional occurrence of this species in southernmost waters is strongly
associated with high-density of gelatinous organisms (Fossette et al.,
2010a; Loépez-Mendilaharsu et al., 2009; Mianzan and Guerrero,
2000). Activities of economic importance such as maritime transport,
domestic and industrial waste discharge, tourism, and fishing occur in
Argentinean coastal waters, potentially affecting the survival of
this species (Domingo et al., 2006; Gonzélez-Carman et al., 2011;
Lépez-Mendilaharsu et al., 2009; Mianzan et al.,, 2001).

Over the last two decades, studies of intraspecific genetic variation
using molecular markers have been useful in the analysis of the popula-
tion structure and phylogeography of sea turtles (Avise, 2007; Bowen
et al., 2004, 2005; Fitzsimmons et al., 1997; Lara-Ruiz et al., 2006; Lee,

2008). Mitochondrial DNA (mtDNA) in particular has been used to iden-
tify the origin and stock composition of foraging populations and infer
migratory routes (Bass et al., 2006; Bolker et al., 2007; Bowen et al.,
1994, 2007; Jensen et al., 2013; Luke et al., 2004; Naro-Maciel et al.,
2007).

Previous studies using short mtDNA sequences (496 bp) have char-
acterized nesting colonies from the Atlantic, Pacific and Indian Oceans
and one feeding area in the Atlantic (Brazil) and demonstrated low var-
iation (Dutton et al., 1999, 2007; Vargas et al., 2008). Recent studies
using longer (763 bp) sequences have revealed additional variation in
the mtDNA control region that has improved the ability to detect
population structure in leatherback (Dutton et al., 2013).

In the present work we analyzed mtDNA sequences (long se-
quences, 763 bp) and morphometric data obtained from leatherback
foraging aggregations in Argentine waters in order to improve our
knowledge about the migratory patterns of this species. Our specific ob-
jectives were to i) determine the life history stage, ii) analyze the genet-
ic diversity, and iii) to estimate the nesting stock composition of
leatherback turtles in foraging areas of Argentina. Understanding
which nesting colonies use these southernmost feeding areas will help
determine which nesting populations are potentially impacted by
threats, such as fishing and pollution, great distances away.

2. Materials and methods
2.1. Sample collection

A total of 40 leatherback turtles were sampled by Regional Program
for Sea Turtle Research and Conservation of Argentina (PRICTMA)
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Fig. 1. Map showing locations of the main nesting populations throughout the Atlantic (east and west) and the feeding grounds in our study in the western Atlantic. Rio de la Plata (RP) and
El Rincén (ER) estuaries (see inset) are located in Buenos Aires (BA) province, Argentina (symbolized by stars). Nesting colonies, considered possible sources of turtle feeding at BA
(indicated by triangles) are as follows: ERG (Elevagdo do Rio Grande), ES (Espirito Santo), TR (Trinidad), GUI (French Guiana and Suriname), FL (Florida in the United States), STX
(St. Croix in the U.S. Virgin Islands), GHA (Ghana), GAB (Gabon) and SAF (South Africa) in South West Indian Ocean. Elevagao do Rio Grande (ERG) feeding grounds are indicated by circles

(Dutton et al., 2013; Vargas et al., 1999).
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between 2004 and 2010 along the coasts of Buenos Aires province
(Argentina) (33°01'S, 58°31'W to 39°26'S, 62°28'W) (Fig. 1). Samples
came from turtles encountered as bycatch in trawl fisheries (10%), or
as strandings (90%). The blood samples were collected in EDTA and
stored at — 15 °C. Muscle and skin samples were collected in alcohol
90% and stored at —4 °C (Dutton, 1996). Curved carapace length
(CCL) was measured for all individuals as described by Bolten (1999),
and used to infer the life stage according to Stewart et al. (2007).
Where possible, sex was determined by external examination of the
genitalia and examination of gonads from dead necrospied turtles.

2.2. Molecular techniques

Standard phenol/chloroform methods were used for DNA extractions
as described by Sambrook et al. (1989). A 763 bp fragment of the mtDNA
control and tRNA pro gene was sequenced using primers LCM 15382 and
H950 (Abreu-Grobois et al., 2006).

Polymerase chain reaction (PCR) (1.5 mM MgCL,, 1x PCR buffer,
0.2 mM each dNTPS, 0.5 pM each primer, 5 U Taq (Invitrogen Life
Technologies), 1 ul template DNA and H-O to a total volume of 50 pl)
was carried out under the following conditions: 5 min at 94 °C, 35 cycles
of 30 sat 51 °C, 1 min at 72 °C and followed by 9 min at 72 °C (Vargas
et al., 2008), using a MGW Biotech Primus PCR System. The samples
were purified and sequenced by Macrogen Inc., Korea.

2.3. Data analysis

Sequences were edited and aligned using BioEdit v 7.0 (Hall, 1999)
and Clustal programs (Higgins and Sharp, 1988) against a reference
dataset from Dutton et al. (2013). Polymorphic sites were identified
using GenAlex 6 (Peakall and Smouse, 2006). Haplotypes were classi-
fied according to those based on reported 763 bp sequences (Dutton
et al, 2013).

The haplotype diversity (h) and nucleotide diversity () were
estimated according to Nei (1987) using the Arlequin program v
3.11 (Excoffier et al., 2005).

The sequence data obtained in the present study were compared
with those obtained for the feeding ground of Elevacdo do Rio Grande
(ERG, Brazil), the only Atlantic leatherback feeding area characterized
to date using 763 bp fragment of the mtDNA (Vargas et al., 2008). Ge-
netic differentiation between feeding sites was studied through analysis
of molecular variance (AMOVA) (Excoffier et al., 2005) based on Fsy (by
means of haplotype frequencies) and ds; (by means of genetic

Table 1
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distances with Kimura algorithm) using the program Arlequin v 3.11
(Excoffier et al., 2005).

We performed MSA using the program BAYES (Pella and Masuda,
2001) to estimate the stock composition of leatherback turtles in
Argentina using published mtDNA haplotype frequencies for the nine
potential source rookeries in the Atlantic and Indian Oceans (Dutton
et al, 2013; Vargas et al.,, 2008). These included French Guiana/Surinam
(GUI), Trinidad (TRI), St. Croix (STX) in the U.S. Virgin Islands, Espiritu
Santo (BRA) in Brazil, Florida (FLA) in the United States, Costa Rica
(ACR), South Africa (SAF), Gabon (GAB) and Ghana (GHA) (Fig. 1).
Because pairwise comparisons of genetic differentiation between GUI
and TRI and between FLA and ACR nesting beaches did not exhibit
significant haplotype heterogeneity (Dutton et al., 2013), they were
combined for further analysis into SWC (South West Caribbean) and
NWC (North West Caribbean) respectively. A total of 15,000 Markov
Chain Monte Carlo (MCMC) steps were run for 7 chains. A burn-in of
10,000 runs was used to calculate the posterior distribution. We
performed MSA using two different models. One model used equal
prior probabilities (flat priors) for all parameters (source rookeries),
and in the second model the potential contributions of different source
rookeries were weighted relative to the size of the nesting population
(population size priors, Bass et al., 2004). The latter model assumes
that larger source populations contribute more individuals to the
mixture than smaller ones, and it may be beneficial to incorporate
priors when there are shared haplotypes among the source populations
(Bolten, 1999). Although reliable abundance data is not available for all
the South Atlantic leatherback nesting populations, sufficient knowl-
edge exists on general relative population sizes. For instance, the
Brazilian nesting population is very small, less than hundred nesting
females, while Gabon is believed to be one of the largest in the world,
with thousands of nesting females (Witt et al., 2009). We compiled
nesting population data from published and unpublished sources for
the purposes of choosing priors for our MSA (Table 1) and compared re-
sults of the analysis with and without priors. The Gelman and Rubin
shrink factor diagnostic was computed to ensure that all chains had
converged, as was indicated by a shrink factor of less than 1.2 for each
chain (Pella and Masuda, 2001). Individuals with haplotypes that had
not been previously observed in any of the potential source rookeries
(‘orphan’ haplotypes) were removed from the analysis by the program
as these are non-informative.

Relationships among western Atlantic feeding grounds and nesting
beaches were also examined by multidimensional scaling (MDS) analy-
sis based on dsr values. We used the nonparametric correlation test of

Haplotype frequencies at leatherback rookeries and feeding grounds, based on mtDNA 763 bp sequences in there Atlantic and SW Indian Oceans. References and abbreviations correspond

with Fig. 1.

Haplotype frequency  Nesting areas

Feeding areas

BRA ACR FLA STX TRI Gul GHA GAB SAF ERG BA

DC1.1 9 119 209 98 65 98 47 178 34 34 26

DC13 11 12 6 4

DC14 1 7 1 1

DC2.1 21

DC3.1 14 10 10 4 11 20 5 2

DC32 2 11 20

DC4.1 1 2 1

DCI.1 2

DC13.1 1 35 6 2

DC17.1 3

DC19.1 1

N 23 132 222 123 87 138 61 232 41 52 33

(h) 0.4980 0.1830 0.1120 03380 04150 04570 03790 0.3870 0.2980 03690 03712
(0.0530) (0.0440) (0.0280)  (0.0470)  (0.0580)  (0.0440)  (0.0068)  (0.0370)  (0.0780)  (0.0809) (0.1000)

(m) 0.0032 0.0011 0.0006 0.0008 0.0027 0.0030 0.0006 0.0008 0.0004 00014  0.0005
(0.0020) (0.0009) (0.0006)  (0.0007)  (0.0017)  (0.0018)  (0.0006)  (0.0007)  (0.0004)  (0.0012) (0.0005)

Distance to BA (km) 2300 10,225 10,470 9550 8064 7050 7500 7750 7543 1680

Nesting females 50 2500 750 250 5000 3000 100 6000 50

h = Haplotype diversity, m = nucleotide diversity. N = Sample size. Standard deviations are indicated in brackets.
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Spearman STATISTICA program (STATISTICA Stat Soft Inc., 1996) to
determine whether stock contributions are affected by the distance be-
tween each of the nesting and feeding areas. The geographic distances
between nesting areas and Argentina were estimated with the Google
Earth 5.0 considering continental contours (Table 1).

3. Results
3.1. Morphometric data

The 40 leatherback turtles (13 females; 11 males and 16 undeter-
mined by a high degree of decomposition) ranged from 180 to 123 cm
CCL length with a mean of 143.5 cm (4= 14.24 standard deviation), and
thus were all determined to be adults.

3.2. Genetic diversity in foraging grounds

A 763 bp fragment of the mtDNA control region was successfully
amplified from 33 out of 40 turtles sampled in Buenos Aires (BA) prov-
ince. A total of four haplotypes were identified at the BA feeding
grounds. The most frequent haplotype at the BA feeding grounds was
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DC1.1 (n = 26). This haplotype was also widely distributed in nesting
colonies of the Atlantic and SW Indian Oceans (Table 1). The other hap-
lotypes, detected in a low proportion, DC1.3 (n = 4), DC13.1 (n = 2)
and DC1.4 (n = 1) at the BA feeding grounds, were only identified in
West Africa nesting areas.

Genetic diversity based on the 763 bp mtDNA sequence was also an-
alyzed in Elevacdo do Rio Grande (ERG, Brazil), the only southwestern
Atlantic feeding grounds characterized to date (Vargas et al., 2008).
Seven haplotypes were identified in ERG and were submitted to
GenBank under the name of Dc A1, Dc A2, Dc A3, Dc A4, Dc C, Dc D
and Dc I (Accession numbers EF513272-EF513278). These haplotypes
correspond to haplotypes DC1.1, DC13.1, DC1.3, DC1.4, DC3.1, DC4.1
and DC9.1 described by Dutton et al. (2013) for Atlantic nesting beaches
(Table 1). For the ERG feeding ground the most common haplotype
(DC1.1) was shared by 65.4% of the samples, with second common
haplotypes (DC1.3 and DC13.1) shared by 11.5% (Vargas et al., 2008).

The haplotype diversity in BA (0.3712 4 0.1000) was similar to that
detected ERG whereas the nucleotide diversity estimated in BA feeding
area (0.000521 + 0.000553).

Analyses of molecular variance (AMOVA) based on haplotype fre-
quencies and on genetic haplotype divergence did not reveal significant
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Fig. 2. Estimated mixed stock analysis (MSA) stock contributions from Atlantic leatherback rookeries at A) Argentine (BA) and B) Brazil combined (BA + ERG) foraging aggregations using
weighted rookery size and flat priors. Confidence intervals (95%) are indicated. Abbreviations correspond with Fig. 1 and Table 1.
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differences between the BA and the ERG feeding areas (Fsy = 0.00056,
P = 0.36; dst = 0.01, P = 0.25 respectively).

3.3. Mixed stock analysis

The MSA indicated that the Argentine leatherback foraging aggrega-
tion was primary composed of animals of West African (WA) stock ori-
gin, with Ghana (estimated mean 69%) and Gabon (estimated mean
14%), together comprising 83% (Fig. 2). The confidence intervals around
these estimates were large and overlapping (Fig. 2). Results were simi-
lar for MSA using flat and informed priors, although the point estimates
were marginally higher for Ghana than Gabon with flat priors, the con-
fidence intervals remained large (Fig. 2). Only minor potential contribu-
tions were estimated from nesting areas in the Caribbean and South
Africa (Fig. 2). Since haplotype frequencies at BA and ERG foraging
sites were not statistically different, we combined them and conducted
another set of MSA. The MSA based on this larger combined foraging
ground dataset still resulted in a combined mean estimate of approxi-
mately 84-86% for West Africa, but more evenly split between Gabon
(~45%) and Ghana (~41%), although confidence intervals remained
large (Table 1 and Fig. 2). No significant relationships were detected
between MSA results and the geographic distance from nesting colonies
(r=034; P = 045).

Accordingly the MDS based on ®dsr values (stress value = 0.05)
indicated that ERG and BA foragers grouped together along with
Ghana and Gabon nesting beaches (Fig. 3). An interesting result is that
the MSD ordination demonstrated low affinity of Brazil nesting beaches
with respect to feeding grounds in the southwestern Atlantic.

4. Discussion

Our results represent the first MSA for leatherbacks with informative
longer mtDNA sequences and taken together with the results of the
MDS analysis indicate that the leatherback foraging grounds off Brazil
and Argentina are linked to the breeding populations off West Africa.
These results are consistent with those obtained from mark-recapture
studies in Argentina and preliminary genetic findings from ERG feeding
grounds (Billes et al., 2006; Dutton et al., 2013; Vargas et al., 2008).

Although the use of the longer mtDNA sequences in leatherbacks
improves the ability to conduct meaningful MSA for Atlantic (Dutton
et al,, 2013), our results should be interpreted with caution. For in-
stance, the large confidence intervals surrounding estimates for the
Gabon and Ghana contribution are likely due to the shared common
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Fig. 3. Results of multidimensional scaling (MDS) analysis showing relationships among the
2 feeding grounds (BA and ERG) and the 7 Atlantic nesting sites. The analysis, which inte-
grates genetic and geographic proximity, was done with two dimensions. Abbreviations
correspond with Fig. 1 and Table 1.

haplotypes found at these regional rookeries, and may not accurately
reflect fine scale differences (see Jensen et al., 2013). Relative popula-
tion sizes are also important to consider. Although comprehensive pop-
ulation census data are not available, the Brazilian nesting population is
generally thought to be orders of magnitude smaller than the large pop-
ulations in West Africa (Witt et al., 2009), so the relatively minor pres-
ence of Brazilian leatherbacks detected in our study in Argentine
foraging grounds likely reflects the relative population sizes of the
source stocks. Threats to survival of the relatively fewer Brazilian turtles
at the South American foraging areas (BA and ERG) would still have a
large impact on the already depleted Brazilian nesting population. In-
corporating relative population sizes into a weighted MSA did not sub-
stantially change the estimated relative contribution of Ghana versus
Gabon rookeries, both analyses yielded mean estimates with large con-
fidence intervals. The larger combined ERG and BA dataset resulted in a
more even split of the West Africa contribution between Ghana and
Gabon, suggesting that larger sample sizes of the mixed stock may
change the outcomes of MSA, but the large confidence intervals caution
over-interpretation of these fine-scale differences. There are also addi-
tional nesting sites along the West African coast that have not been
characterized. The use of multiple nuclear markers allows more precise
detection of weakly differentiated stocks (Dutton et al., 2013), and accu-
rate stock assignment of individual animals, as demonstrated by Stew-
art and Dutton (2013) for leatherbacks encountered at foraging
grounds in the North Atlantic and offers a feasible approach for further
analysis in the future. Finally, more comprehensive studies that incor-
porate data from multiple foraging populations throughout the geo-
graphic range are needed to allow more sophisticated MSA using
“many-to-many” approaches that avoid potential biases described by
Bolker et al. (2007) in order to obtain more accurate point estimates
of stock composition. Nevertheless, for the purposes of our present
study, the predominant presence of leatherbacks from the West
African rookeries at the South American feeding grounds can be conclu-
sively established.

Recent studies using satellite tracking data have identified coastal
marine habitat in our study area in Argentina, as well as Uruguay and
Brazil as High Use Areas (HUAs) for leatherbacks whose presence is as-
sociated with the seasonal distribution and abundance of prey as well as
the oceanographic conditions, linking both the BA and ERG feeding
areas in the western South Atlantic (Fossette et al., 2010a, 2014;
Lopez-Mendilaharsu et al., 2009). This supports our findings of genetic
homogeneity in terms of stock composition between the ERG and BA
foraging aggregations of leatherbacks, and further suggests that animals
move between these different sites along the temperate zones off the
Atlantic coast of South America. Leatherback turtles feed on soft-
bodied animals such as jellyfish and ctenophores (Den Hartog and
Van Nierop, 1984; James and Herman, 2001). Cabreira et al. (2006)
highlighted the role of the Rio de la Plata convergence front, in generat-
ing a large accumulation of organic matter and plankton off the coast
near Buenos Aires and hence providing an important area for the
development of gelatinous organisms such as Lychnorhiza lucerna and
Chrysaora lactea (Scyphozoa), which are favored leatherback prey
items (Estrades et al.,, 2007; Lopez-Mendilaharsu et al., 2009).

Ocean currents are another important factor influencing migratory
patterns of leatherback turtles in the South Atlantic that help explain
the connectivity patterns indicated by our genetic results. Satellite track-
ing studies have shown that the movement of leatherback turtles
from nesting areas of Africa to feeding and development grounds off
America is associated with ocean currents (Almeida et al., 2011; Eckert,
2006; Eckert et al., 1986; Ferraroli et al., 2004; Fossette et al., 2010a,
2010b; Hays et al., 2004; Luschi et al., 2006; Sales et al., 2006; Witt
et al, 2009, 2011). The distribution of this species is likewise influenced
by trophic conditions as suggested by telemetry studies indicating that
adult movements are associated with patterns of food abundance
(Fossette et al., 2010a; Grant et al., 1996; Lopez-Mendilaharsu et al.,
2009; Witt et al., 2007).
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The results of the present study together with the findings of satellite
tracking research and knowledge of gelatinous organism distribution
could be incorporated into threat assessment models and provide the
basis for national and regional conservation programs for this species
that implement mitigation measures and temporal and spatial manage-
ment of fishing practices in the region. The frequent reports of turtles
incidentally captured in artisanal and industrial fisheries and mass-
stranding events off the coast of Argentina, Uruguay and Brazil
(Domingo et al., 2006; Gonzalez-Carman et al., 2011; Laporta et al.,
2006; Sales et al., 2008) indicate that this region is a foraging “hotspot”
that overlaps with fishing (Fossette et al.,, 2014). In addition to fishing,
the Argentine and Brazilian coastal waters are increasingly impacted by
economic activities, such as maritime cargo transport, tourism, and the
discharge of domestic and industrial waste that further threaten survival
of this species (Fossette et al., 2014; Lopez-Mendilaharsu et al., 2009).
Our results help further define the boundaries of the Regional RMU
proposed by Wallace et al. (2010), contributing to the critical data
needs and show that threats on Argentine foraging grounds will impact
the southwestern leatherback RMU. These findings further illustrate
the importance of the Malvinas ecoregion to the survival of migratory
marine vertebrates in the South Atlantic and highlight the need to
coordinate international conservation efforts on an ocean-wide scale.

Acknowledgments

Access to study animals was kindly facilitated by the Regional Program
for Sea Turtle Research and Conservation of Argentina (Acuario de Buenos
Aires, Aquamarina-CECIM, Fundacién Mundo Marino and Reserva Natural
de Usos Midiltiples Bahia Blanca, Bahia Falsa y Bahia Verde). The wildlife
agencies of Buenos Aires province and the National Wildlife Agency of
Argentina issued permits and supported our research. We are also grate-
ful to the fishermen from San Clemente del Tuy(, Ingeniero White, Puerto
Rosales, and Villa del Mar who provided information and collaborated
with the program. We would like to thank Ignacio Bruno and Lic. Sergio
Rodriguez-Heredia and Lic. Karina Alvarez for their assistance during
fieldwork activities and special thanks to Javier H. Otero for his helpful as-
sistance in figure preparation. Funding was provided by the Buenos Aires
Zoo to DA and Universidad de Buenos Aires (X-00412). This study ad-
hered to the legal requirements of the countries in which the work was
carried out and to all institutional guidelines. [SS]

References

Abreu-Grobois, F.A., Horrocks, J.A,, Formia, A., Dutton, P.H., LeRoux, RA,, Velez-Zuazo, X.,
Soares, L., Meylan, A.B., 2006. New mtDNA D-loop primers which work for a variety
of marine turtle species may increase the resolution of mixed stock analysis. In:
Frick, M., Panagopoulous, A., Rees, A.F., Williams, K. (Eds.), Proceedings of the 26th
Annual Symposium on Sea Turtle Biology. NOAA, Myrtle Beach, p. 179.

Acevedo, ], Martinez, F., 2013. Residence of Hydrurga leptonyx in Magallanes: a potential
sub-Antarctic population that inhabit in Chile? Polar Biol. 36 (3), 453-456.

Almeida, A.P., Scott, A.E., Soraya, C.B., Juarez, T.S., Giffoni, B., Lopez-Mendilaharsu, M.,
Thomé, J.C., 2011. Satellite-tracked movements of female Dermochelys coriacea from
southeastern Brazil. Endanger. Species Res. 15, 77-86.

Avise, ].C., 2007. Conservation genetics of marine turtles — ten years later. In: Hewitt, D.,
Fulbright, T. (Eds.), Frontiers in Wildlife Science: Linking Ecological Theory and Man-
agement Application. CRC Press, Boca Raton, FL.

Bailey, H., Fossette, S., Bograd, SJ., Shillinger, G.L., Swithenbank, A.M., Jean-Yves Georges, J.
Y., Gaspar, P., Stromberg, KH.P., Paladino, F.V.,, Spotila, J.R,, Block, B.A., Hays, G.C.,
2012. Movement patterns for a critically endangered species, the leatherback turtle
(Dermochelys coriacea), linked to foraging success and population status. PLoS ONE
7 (5), e36401. http://dx.doi.org/10.1371/journal.pone.0036401.

Barata, P.CR,, Lima, E.H.S.M., Borges-Martins, M., Scalfoni, ].T., Bellini, C, Siciliano, S., 2004.
Records of the leatherback sea turtle (Dermochelys coriacea) on the Brazilian coast,
1969-2001. J. Mar. Biol. Assoc. UK 84, 1233-1240.

Bass, A.L., Epperly, S.P., Braun-McNeill, J., 2004. Multi-year analysis of stock composition of
a loggerhead turtle (Caretta caretta) foraging habitat using maximum likelihood and
Bayesian methods. Conserv. Genet. 5, 783-796.

Bass, A.L, Epperly, S.P., Braun-McNeill, J., 2006. Green turtle (Chelonia mydas) foraging
and nesting aggregations in the Caribbean and Atlantic, impact of currents and be-
havior on dispersal. J. Hered. 97, 346-354.

Benson, S.R., Eguchi, T., Foley, D.G., Forney, K.A., Bailey, H., Hitipeuw, C., Samber, B.P.,
Tapilatu, R, Rei, V., Ramohia, P., Pita, J., Dutton, P.H., 2011. Large-scale movements

and high-use areas of western Pacific leatherback turtles, Dermochelys coriacea.
Ecosphere 2 (7), art84. http://dx.doi.org/10.1890/ES11-00053.1.

Billes, A., Fretey, ]., Verhage, B., Huijbregts, B., Giffoni, B., Prosdocimi, L., Albareda, D.A.,
Georges, ].Y., Tiwari, M., 2006. First evidence of leatherback movement from Africa
to South America. Mar. Turt. Newsl. 111, 13-14.

Bolker, B.M., Okuyama, T., Bjorndal, K.A., Bolten, A.B.., 2007. Incorporating multiple-
mixed stocks in mixed stock analysis: ‘many-to-many’ analyses. Mol. Ecol. 16,
685-695.

Bolten, A.B.., 1999. Techniques for measuring sea turtles. In: Eckert, K.L., Bjorndal, K.A.,
Abreu-Grobois, F.A., Donnelly, M. (Eds.), Research and Management Techniques for
the Conservation of Sea Turtles. IUCN/SSC Marine Turtle Specialist Group Publication,
pp. 110-114.

Bolten, A.B.., 2003a. Active swimmers-passive drifters: the oceanic juvenile stage of
loggerheads in the Atlantic system. In: Boltem, A.B.., Witherington, B.E. (Eds.), Logger-
head Sea Turtles. Smithsonian Institution Press, Washington, DC, pp. 63-78.

Bolten, A.B.., 2003b. Variation in Sea Turtle Life History Patterns: Neritic vs. Oceanic
Developmental Stages. In: Lutz, P.L.,, Musick, J.A., Wyneken, ]. (Eds.), The Biology of
Sea Turtles. , vol. II. CRC Press, Boca Raton, FL, pp. 243-257.

Bowen, B.W., Kamezaki, N., Limpus, CJ., Hughes, G.R., Meylan, A.B.., Avise, ].C., 1994.
Global phylogeography of the loggerhead turtle (Caretta caretta) as indicated by
mitochondrial DNA haplotypes. Evolution 48, 1820-1828.

Bowen, B.W.,, Bass, A.L,, Chow, S.M., Bostrom, M., Bjorndal, K.A,, Bolten, A.B.., Okuyama, T.,
Bolker, B.M., Epperly, S., Lacasella, E., 2004. Natal homing in juvenile loggerhead
turtles (Caretta caretta). Mol. Ecol. 13, 3797-3808.

Bowen, B.W., Bass, A.L, Soares, L., Toonen, R.J., 2005. Conservation implications of
complex population structure: lessons from the loggerhead turtle (Caretta caretta).
Mol. Ecol. 14, 2389-2402.

Bowen, BW., Grant, W.S,, Hillis-Starr, Z., Shaver, D.J., Bjorndal, K.A,, Bolten, A.B.., Bass, A.L.,
2007. Mixed-stock analysis reveals the migrations of juvenile hawksbill turtles
(Eretmochelys imbricata) in the Caribbean Sea. Mol. Ecol. 16, 49-60.

Cabreira, A., Madirolas, A., Alvarez Colombo, G., Acha, E.M., Mianzan, H., 2006. Acoustic
study of the Rr'o de la Plata estuarine front. ICES J. Mar. Sci. 63, 1718-1725.

Den Hartog, J.C., Van Nierop, M.M., 1984. A study on the gut contents of six leathery tur-
tles, Dermochelys coriacea (Linneaus) (Reptilia: Testudines: Dermochelyidae) from
British waters and from the Netherlands. Zool. Verh. 209, 1-36.

Domingo, A., Bugoni, L., Prosdocimi, L., Miller, P., Laporta, M., Monteiro, D.S., Estrades, A.,
Albareda, D., 2006. El impacto generado por las pesquerias en las tortugas marinas en
el Océano Atlantico sud Occidental. WWF Programa Marino para Latinoamérica y el
Caribe, San José, Costa Rica p. 72.

Dutton, P.H., 1996. Methods for Collection and Preservation of Samples for Sea Turtle
Genetic Studies. In: Bowen, B.W., Witzell, W.N. (Eds.), , 396. NOAA Technical
Memorandum NMFS-SEFSC, Miami (FL), pp. 17-24.

Dutton, P.H., Bowen, B.W., Owens, D.W., Barragan, A., Davis, S.K, 1999. Global
phylogeography of the leatherback turtle (Dermochelys coriacea). J. Zool. (Lond.)
248, 397-409.

Dutton, P.H., Hitipeuw, C., Zein, M., Benson, S.R,, Petro, G., Pita, J., Rei, V., Ambio, L.,
Bakarbessy, J., 2007. Status and genetic structure of nesting populations of leatherback
turtles (Dermochelys coriacea) in the western Pacific. Chelonian Conserv. Biol. 6,
147-153.

Dutton, P.H., Roden, S., Stewart, K.R., La Casella, E., Tiwari, M., Formia, A., Thome, ].,
Livingstone, S.R., Eckert, S., Chacon-Chaverri, D., Rivalan, P., Allman, P., 2013.
Population stock structure of leatherback turtles (Dermochelys coriacea) in the
Atlantic revealed using mtDNA and microsatellite markers. Conserv. Genet. 14
(3), 625-636.

Eckert, S.A., 2006. High-use oceanic areas for Atlantic leatherback sea turtles (Dermochelys
coriacea) as identified using satellite telemetered location and dive information. Mar.
Biol. 149, 1257-1267.

Eckert, S.A., Nellis, D.W., Eckert, K.L., Kooyman, G.L., 1986. Diving patterns of two leather-
back sea turtles (Dermochelys coriacea) during inter-nesting intervals at Sandy Point,
St. Croix, U.S. Virgin Islands. Herpetologica 42, 381-388.

Eckert, K.L., Wallace, B.P., Frazier, ].G., Eckert, S.A., Pritchard, P.C.H., 2012. Synopsis of the
biological data on the leatherback sea turtle (Dermochelys coriacea). U.S. Fish and
Wildlife Service, Biological Technical Publication BTP-R4015-2012, Washington, D.C.

Estrades, A., Lopez-Mendilaharsu, M., Fallabrino, A., 2007. Dermochelys coridcea (leather-
back seaturtle) diet. Herpetol. Rev. 38 (3), 330.

Excoffier, L., Laval, G., Schneider, S., 2005. Arlequin version 3.0, an integrated software
package for population genetics data analysis, Evol. Bioinformatics Online 1, 47-50.

Ferraroli, S., Georges, ].Y., Gaspar, P., Le Maho, Y., 2004. Where leatherbacks meet fisheries.
Nature 429, 521-522.

FitzSimmons, N.N,, Limpus, CJ., Norman, J.A,, Goldizen, AR, Miller, ].D., Moritz, C., 1997.
Philopatry of male marine turtle inferred from mitochondrial DNA markers. Proc.
Natl. Acad. Sci. U. S. A. 94, 8912-8917.

Fossette, S., Girard, C., Lopez-Mendilaharsu, M., Miller, P., Domingo, A., Evans, D., Kelle, L.,
Plot, V., Prosdocimi, L., Verhage, S., Gaspar, P., Georges, ]., 2010a. Atlantic leatherback
migratory paths and temporary residence areas. PLoS ONE 5 (11), e13908. http://dx.
doi.org/10.1371/Journal.pone.0013908.

Fossette, S., Hobson, V., Girard, C., Calmettes, B., Gaspar, P., Georges, ].Y., Hays, G., 2010b.
Spatio-temporal foraging patterns of a giant zooplanktivore, the leatherback turtle. J.
Mar. Syst. 81, 225-234.

Fossette, S., Witt, M.J., Miller, P., Nalovic, M.A., Albareda, D., Almeida, A.P., Broderick, A.C.,
Chacén-Chaverri, D., Coyne, M.S., Domingo, A., Eckert, S., Evans, D., Fallabrino, A.,
Ferraroli, S., Formia, A., Giffoni, B., Hays, G.C,, Hughes, G., Kelle, L., Leslie, A., Lopez-
Mendilaharsu, M., Luschi, P., Prosdocimi, L., Rodriguez-Heredia, S., Turny, A.,
Verhage, S., Godley, BJ., 2014. Pan-Atlantic analysis of the overlap of a highly migra-
tory species, the leatherback turtle, with pelagic longline fisheries. Proc. R. Soc. B 281,
20133065. http://dx.doi.org/10.1098/rspb.2013.3065.


http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0005
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0005
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0005
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0005
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0015
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0015
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0010
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0010
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0020
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0020
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0020
http://dx.doi.org/10.1371/journal.pone.0036401
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0030
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0030
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0040
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0040
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0040
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0035
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0035
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0035
http://dx.doi.org/10.1890/ES11-00053.1
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0050
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0050
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0055
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0055
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0055
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0070
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0070
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0070
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0070
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0060
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0060
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0060
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0065
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0065
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0065
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0090
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0090
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0085
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0085
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0080
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0080
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0080
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0075
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0075
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0095
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0095
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0100
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0100
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0100
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0105
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0105
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0105
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0125
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0125
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0125
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0120
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0120
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0120
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0115
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0115
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0115
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0110
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0110
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0110
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0135
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0135
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0135
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0140
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0140
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0140
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0130
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0130
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0130
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0145
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0145
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf9001
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf9001
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0155
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0155
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0160
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0160
http://dx.doi.org/10.1371/Journal.pone.0013908
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0175
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0175
http://dx.doi.org/10.1098/rspb.2013.3065

L. Prosdocimi et al. / Journal of Experimental Marine Biology and Ecology 458 (2014) 13-19 19

Girondot, M., Godfrey, M.H., Ponge, L., Rivalan, P., 2007. Modeling approaches to quantify
leatherback nesting trends in French Guiana and Suriname. Chelonian Conserv. Biol.
6, 37-47.

Gonzilez-Carman, V., Alvarez, K., Prosdocimi, L., Inchaurraga, M.C., Dellacasa, R., Faiella, A.,
Echenique, C., Gonzdlez, R., Andrejuk, J., Mianzan, H., Campagna, C., Albareda, D.,
2011. Temperate SW Atlantic: a feeding and developmental habitat for endangered
sea turtles. Mar. Biol. Res. 7, 500-508.

Grant, G.S., Malpass, H., Beasley, ]., 1996. Correlation of leatherback turtle and jellyfish
occurrence. Herpetol. Rev. 27, 123-125.

Guilford, T., Meade, J., Willis, J., Phillips, R.A., Boyle, D., Roberts, S., Collett, M., Freeman, M.,
Perrins, C.M., 2009. Migration and stopover in a small pelagic seabird, the Manx
shearwater Puffinus puffinus: insights from machine learning. Proc. R. Soc. Lond. B
276, 1215-1223.

Hall, T.A., 1999. BioEdit: a user-friendly biological sequence alignment editor and analysis
program for Windows 95/98/NT. Nucleic Acids Symp. Ser. 41, 95-98.

Hays, G.C., Broderick, A.C., Godley, B,J., Luschi, P., Nichols, W.J., 2004. Tracking turtles to
their death. Mar. Ecol. Prog. Ser. 283, 299-300.

Higgins, D.G., Sharp, P.M., 1988. CLUSTAL, a package for performing multiple sequence
alignment on a microcomputer. Gene 73, 237-244.

Hughes, G.R., Luschi, P., Mencacci, R., Papi, F., 1998. The 7000-km oceanic journey of a
leatherback turtle tracked by satellite. ]. Exp. Mar. Biol. Ecol. 229, 209-217.

James, M.C., 2000. Distribution of the Leatherback Turtle (Dermochelys Coriacea) in Atlan-
tic Canada: Evidence from an Observer Program, Aerial Surveys, and a Volunteer Net-
work of Fish Harvesters. (M.Sc. Thesis) Biology Department. Acadia University,
Wolfville, Nova Scotia.

James, M.C., Herman, T.B., 2001. Feeding of Dermochelys coriacea on medusae in the
Northwest Atlantic. Chelonian Conserv. Biol. 4, 202-205.

James, M.C,, Sherrill-Mix, S.A., Martin, K.E., Myers, R.A., 2006. Canadian waters provide
critical foraging habitat for leatherback turtles. Biol. Conserv. 133, 347-357.

Jensen, M.P., FitzSimmons, N.N., Dutton, P.H., 2013. Molecular Genetics of Sea Turtles. In:
Wyneken, J., Lohmann, KJ., Musick, J.A. (Eds.), The Biology of Sea Turtles, vol. 3. CRC
Press, Boca Raton FL.

Laporta, M., Miller, P., Rios, M., Lezama, C., Bauzd, A., Aisenberg, A., Pastorino, M.V.,
Fallabrino, A., 2006. Conservacién y manejo de tortugas marinas en la zona costera
uruguaya. In: Menafra, R., Rodriguez-Gallego, L., Scarabino, F., Conde, D. (Eds.),
Bases para la Conservacion y el Manejo de la Costa Uruguaya. Vida Silvestre
Uruguay, Montevideo, pp. 259-269.

Lara-Ruiz, P., Lépez, G.G., Santos, F.R,, Soares, L.S., 2006. Extensive hybridization in hawks-
bill turtles (Eretmochelys imbricata) nesting in Brazil revealed by mtDNA analyses.
Conserv. Genet. 7, 773-781.

Lee, P.L.M., 2008. Molecular ecology of marine turtles: new approaches and future
directions. ]. Exp. Mar. Biol. Ecol. 356, 25-42.

Lépez-Mendilaharsu, M., Rocha, C.E.D., Miller, P., Domingo, A., Prosdocimi, L., 2009. In-
sights on leatherback turtle movements and high use areas in the Southwest Atlantic
Ocean. J. Exp. Mar. Biol. Ecol. 378, 31-39.

Luke, K., Horrocks, J.A., Le Roux, R.A,, Dutton, P.H., 2004. Origins of green turtle (Chelonia
mydas) feeding aggregations around Barbados, West Indies. Mar. Biol. 144, 799-805.

Luschi, P., Lutjeharm, J.R.E., Lambardi, R., Mencacci, R., Hughes, G.R., Hays, G.C., 2006. A re-
view of migratory behaviour of sea turtles off Southeastern Africa. S. Afr. J. Sci. 102,
51-58.

Marquez, R., 1990. Sea Turtles of the World. An Annotated and Illustrated Catalogue of Sea
Turtle Species Known to Date. FAO Fisheries Synopsis No. 125., vol. 11. FAO, Rome.

Mast, R.B., Pritchard, P.C.H., 2006. The Top Ten Burning Issues in Global Sea Turtle Conser-
vation. State of the World’s Sea Turtles. , vol I, pp. 12-13 (Washington, DC, USA.
www.SeaTurtleStatus.org).

Mianzan, HW., Guerrero, R.A., 2000. Environmental patterns and biomass distribution of
gelatinous macrozooplankton. Three study cases in the South-western Atlantic
Ocean. Sci. Mar. 64, 215-224.

Mianzéan, H.W.,, Lasta, C.A., Acha, E.M., Guerrero, R.A., Macchi, GJ., Bremec, C., 2001. The
Rio de la Plata estuary Argentina — Uruguay. In: Seeliger, U., De Lacerda, L.D.,
Kjerfve, B. (Eds.), Ecological Studies: Coastal Marine Ecosystems of Latin America.
Springer-Verlag, Berlin, pp. 186-204.

Miloslavich, P., Klein, E., Diaz, ].M., Herndndez, C.E., Bigatti, G., Campos, L., Artigas, F.,
Castillo, J., Penchaszadeh, P.E., Neill, P.E., Carranza, A., Retana, M.V., Diaz de Astarloa,
J:M,, Lewis, M., Yorio, P., Piriz, M.L., Rodriguez, D., Yoneshigue-Valentin, Y., Gamboa,
L., Martiin, A., 2011. Marine biodiversity in the Atlantic and Pacific coasts of South
America: knowledge and gaps. PLoS ONE 6 (1), e14631. http://dx.doi.org/10.1371/
journal.pone.0014631.

Musick, J.A., Limpus, CJ., 1997. Habitat utilization and migration in juvenile sea turtles. In:
Lutz, P.L,, Musick, J.A. (Eds.), The Biology of Sea Turtles. CRC Press, Boca Raton, FL, pp.
137-163.

Naro-Maciel, E., Becker, J.H., Lima, E.H.S.M., Marcov, M.A.,, Desalle, R., 2007. Testing
dispersal hypotheses in foraging green sea turtles (Chelonia mydas) of Brazil. J.
Hered. 98, 29-39.

Nei, M., 1987. Molecular Evolutionary Genetics. Columbia University Press, New York
(NY).

Peakall, R., Smouse, P.E., 2006. GENALEX 6, genetic analysis in Excel. Population genetic
software for teaching and research. Mol. Ecol. Notes 6, 288-295.

Pella, ]J., Masuda, M., 2001. Bayesian methods for analysis of stock mixtures from genetic
characters. Fish. Bull. 9, 151-167.

Peterson, R.G., Stramma, L., 1990. Upper-level circulation in the South Atlantic Ocean.
Prog. Oceanogr. 26, 1-73.

Pritchard, P.C.H., Trebbau, P., 1984. The Turtles of Venezuela. Contributions to Herpetolo-
gy No. 2. Society for the Study of Amphibians and Reptiles, USA.

Rasmussen, K., Palacios, D.M., Calambokidis, ]., Saborio, M.T., Dalla Rosa, L., Secchi, E.,
Steiger, G.H., Allen, ]., Stone, G., 2007. Southern Hemisphere humpback whales win-
tering off Central America: insights from water temperature into the longest mam-
malian migration. Biol. Lett.. http://dx.doi.org/10.1098/rsbl.2007.0067.

Sales, A., Luschi, P., Mencacci, R, Lambardi, P., Hughes, G.R., Hays, G.C,, Benvenuti, S., Papi,
F., 2006. Long-term monitoring of leatherback turtle diving behaviour during oceanic
movements. J. Exp. Mar. Biol. Ecol. 328, 197-210.

Sales, B., Giffoni, B.B., Barata, P.C.R,, 2008. Incidental catch of sea turtles by the Brazilian
pelagic longline fishery. J. Mar. Biol. Assoc. U. K. 88 (4), 853-864.

Sambrook, J., Fritsch, E.F., Maniatis, T., 1989. Molecular Cloning, A Laboratory Manual, 2nd
ed. Cold Spring Harbor Laboratory, Cold Spring Harbor, New York.

Sarti, M.L., Eckert, S.A., Garcia, T.N., Barragan, A.R., 1996. Decline of the world's largest
nesting assemblage of leatherback turtles. Mar. Turt. Newsl. 74, 2-5.

Spotila, J.R,, Dunham, AE., Leslie, AJ., Steyermark, A.C., Plotkin, P.T., Paladino, F.V., 1996.
Worldwide population decline of Dermochelys coriacea: are leatherback turtles
going extinct? Chelonian Conserv. Biol. 2, 209-222.

Spotila, J.R, Reina, R.D., Steyermark, A.C., Plotkin, P.T., Paladino, F.V., 2000. Pacific leather-
back turtles face extinction. Nature 405, 529-530.

Statistica Statsoft Inc., 1996. Statistica 5 for Windows (Computer program manual)
(Tulsa OK).

Stewart, K., Johnson, C., Godfrey, M.H., 2007. The minimum size of leatherbacks at repro-
ductive maturity, with a review of sizes for nesting females from the Indian, Atlantic,
and Pacific Ocean basins. Herpetol. J. 17, 123-128.

Vargas, S.M.,, Aratjo, F.CF.,, Monteiro, D.S., Estima, S.C., Almeida, A.P., Soares, L.S., Santos, F.
R., 2008. Genetic diversity and origin of leatherback turtles (Dermochelys coriacea)
from the Brazilian coast. J. Hered. 99, 215-220.

Wallace, B.P., DiMatteo, A.D., Hurley, BJ., Finkbeiner, E.M., Bolten, A.B.., Chaloupka, M.Y.,
Hutchinson, B.J., Abreu-Grobois, F.A., Amorocho, D., Bjorndal, K.A., Bourjea, J.,
Bowen, B.W., Brisefio Duefias, R., Casale, P., Choudhury, B.C,, Costa, A., Dutton, P.H.,
Fallabrino, A., Girard, A., Girondot, M., Godfrey, M.H., Hamann, M., Lépez-
Mendilaharsu, M., Marcovaldi, M.A.,, Mortimer, J.A., Musick, ].A., Nel, R., Pilcher, NJ.,
Seminoff, J.A., Troéng, S., Witherington, B., Mast, R.B., 2010. Regional management
units for marine turtles: a novel framework for prioritizing conservation and research
across multiple scales. PLoS ONE 5 (12), e15465. http://dx.doi.org/10.1371/journal.
pone.0015465.

Wallace, B.P., DiMatteo, A.D., Bolten, A.B.., Chaloupka, M.Y., Hutchinson, BJ., et al., 2011.
Global conservation priorities for marine turtles. PLoS ONE 6 (9), e24510. http://dx.
doi.org/10.1371/journal.pone.0024510.

Wallace, B.P., Tiwari, M., Girondot, M., 2013. Dermochelys coriacea. IUCN 2013. IUCN Red
List of Threatened Species. Version 2013.2 (<www.iucnredlist.org>. Downloaded on
19 December 2013).

Witt, MJ., Broderick, A.C,, Johns, D.J., Martin, C., Penrose, R., Hoogmoed, M.S., Godley, B.,
2007. Prey landscape help identify potential foraging habitats for leatherback turtles
in the NE Atlantic. Mar. Ecol. Prog. Ser. 337, 231-243.

Witt, MJ., Baert, B., Broderick, A.C., Formia, A., Fretey, ]., Gibudi, A., Moussounda, C.,
Mounguengui, G.A., Ngouessono, S., Parnell, RJ., Roumet, D., Sounguet, G.P.,
Verhage, B., Zogo, A., Godley, BJ., 2009. Aerial surveying of the world's largest leath-
erback turtle rookery: a more effective methodology for large-scale monitoring. Biol.
Conserv. 142 (8), 1719-1729.

Witt, M.J., Bonguno, E.A., Broderick, A.C., Coyne, M.S., Michael, S., Coyne, M.S., Formia, A,
Gibudi, A., Mounguengui, G.A., Moussounda, C., NSafou, M., Nougessono, S., Parnell,
RJ.,, Sounguet, G.P., Verhage, S., Godley, BJ., 2011. Tracking leatherback turtles from
the world's largest rookery: assessing threats across the South Atlantic. Proc. R. Soc.
Lond. B Biol. Sci. 278, 2338-2347.

Zerbini, A.N., Andriolo, A., Heide-Jorgensen, M.P., Moreira, S., Pizzorno, J.L., Maia, Y.G.,
Vanblaricom, G., Demaster, D.P., 2011. Migration and summer destinations of
humpback whales (Megaptera novaeangliae) in the western South Atlantic Ocean.
J. Cetacean Res. Manag. 3, 113-118.


http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0185
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0185
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0185
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0190
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0190
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0195
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0195
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0180
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0180
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0180
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0200
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0200
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0205
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0205
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0210
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0210
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0215
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0215
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0230
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0230
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0230
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0230
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0225
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0225
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0220
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0220
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0235
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0235
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0235
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0240
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0240
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0240
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0240
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0245
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0245
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0245
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0250
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0250
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0255
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0255
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0255
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0260
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0260
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0265
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0265
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0265
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0270
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0270
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0275
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0275
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0275
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0285
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0285
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0285
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0280
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0280
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0280
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0280
http://dx.doi.org/10.1371/journal.pone.0014631
http://dx.doi.org/10.1371/journal.pone.0014631
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0295
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0295
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0295
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0300
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0300
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0300
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0305
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0305
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0310
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0310
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0315
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0315
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0320
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0320
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0325
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0325
http://dx.doi.org/10.1098/rsbl.2007.0067
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0340
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0340
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0335
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0335
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0345
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0345
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0350
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0350
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0360
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0360
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0355
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0355
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0365
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0365
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0370
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0370
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0370
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0375
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0375
http://dx.doi.org/10.1371/journal.pone.0015465
http://dx.doi.org/10.1371/journal.pone.0015465
http://dx.doi.org/10.1371/journal.pone.0024510
http://www.iucnredlist.org
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0405
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0405
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0400
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0400
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0400
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0395
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0395
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0395
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0410
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0410
http://refhub.elsevier.com/S0022-0981(14)00118-X/rf0410

	Origin and genetic diversity of leatherbacks (Dermochelys coriacea) at Argentine foraging grounds
	1. Introduction
	2. Materials and methods
	2.1. Sample collection
	2.2. Molecular techniques
	2.3. Data analysis

	3. Results
	3.1. Morphometric data
	3.2. Genetic diversity in foraging grounds
	3.3. Mixed stock analysis

	4. Discussion
	Acknowledgments
	References


