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Origin and dispersal routes of foreign green and Kemp’s ridley
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Abstract. The presence of the green and Kemp’s ridley turtles is rare at Atlantic and Mediterranean Spanish waters, but the
records have increased during the last decades. We reported a new set of records and reviewed all the historical observations of
these species. The analysis of a mitochondrial DNA fragment of the newest records provided insights about the origin of the
individuals. The Kemp’s ridley turtles arrived from the western Atlantic nesting beaches, although the discovering of a new
haplotype suggested the existence of an unknown or low sampled nesting area of origin. Furthermore, the genetic analysis
was crucial for the species identification in one specimen, hence recommending the use of genetic markers to confirm the
presence of a rare species. All green turtles presented haplotypes exclusive from Atlantic nesting beaches and concentrated
in the African populations. Thus, the closest eastern Mediterranean nesting areas were discarded as source populations and a

new migration route for this species was described.
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Introduction

The study and conservation of marine turtles
is often challenging due to their complex life
cycles that extend across vast spatial and tem-
poral scales (Miller, 1997; Musick and Lim-
pus, 1997). In contrast to this mobility, the
high degree of philopatry showed by almost all
species (Miller, 1997), might cause the isolation
of some populations, and lead to severe con-
servation problems if they decrease without the
incoming of, at least, few migrants from other
populations (Bowen and Karl, 1997). Further-
more the existence of distant shared feeding ar-
eas used by different populations makes difficult
to attribute the impact of any spatially defined
threats to the populations of origin (Bowen and
Karl, 2007). Finally, the migratory behaviour
of marine turtles and the inherent difficulties of
the research at sea complicate the assessment of
the migratory routes and the real range of dis-
tribution of the populations. For all these rea-
sons, the identification of migratory routes, pu-
tative shared feeding grounds and the range of
distribution are basic elements to assess isola-
tion of the most threatened populations and to
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define the Management Units (MUs; Moritz,
1994) and Regional Management Units of the
species (RMUs; Wallace et al., 2010). Even if
only a few individuals are detected, their records
are relevant, as they represent only a small frac-
tion of the animals inhabiting the area. Thus,
the determination of the origin and migratory
routes of the scarce individuals found in areas
far from their known range of distribution can
raise interesting questions, especially on endan-
gered species (e.g. Sheinin et al., 2011).

Marine turtles occur both along the Mediter-
ranean and Atlantic coasts of Spain (Camiiias,
2002; Carreras and Tomads, 2010) but natural
nesting activity is almost absent (Tomds et al.,
2008). The loggerhead turtle (Caretta caretta)
is the most common species, with most of the
sightings and strandings corresponding to ju-
veniles or early adults that migrate both from
Atlantic and eastern Mediterranean nesting ar-
eas (Laurent et al., 1993; Laurent et al., 1998;
Carreras et al., 2006; Monzon-Arguello et al.,
2009; Carreras et al., 2011). Other marine turtle
species occur in the area in much lower num-
bers (Lopez-Jurado and Liria, 2007; Carreras
and Tomads, 2010), including a few records of
green turtles (Chelonia mydas) and Kemp’s Ri-
dley turtles (Lepidochelys kempii) over the past
150 years (table 1). The presence of these last
two species in Spanish waters have been consid-
ered traditionally as anecdotal (Camiiias, 2002),
but such reports raise questions not only about
the origin of the individuals but also on its
true species. While green turtles are easily di-
agnosed by long frontal scales and four coastal
carapace scutes (Pritchard and Mortimer, 1999),
the two turtles of the genus Lepidochelys (L.
kempii and L. olivacea) can be easily confused
by inexpert observers, or even confused with
loggerhead juveniles that present a similar scute
pattern. The nesting grounds of olive ridley (L.
olivacea) in Africa are at similar distances to
Spain as the nesting grounds of Kemp’s rid-
ley (L. kempii) in the northwestern Atlantic,
thus suggesting that the former species may also
reach Spain.
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The green turtle is the second most abundant
nesting marine turtle species in the Mediter-
ranean but its presence as a nester is limited
to the eastern basin (Casale and Margaritoulis,
2010). This species has been considered only
an occasional visitor to Spanish waters despite
continuous reports since the second half of the
19t century (Machado, 1859; Barcelo, 1876;
Boscd, 1877), as records were very dispersed
in time and space. Most of these records did
not include the size of the animals but the few
data available suggest that almost all individu-
als would be juveniles, although some adult ani-
mals could also be present. As this species nests
within the Mediterranean, the RMU compris-
ing the eastern nesting areas have traditionally
been suggested as the most likely origin for the
green turtles found in Spanish waters (Pascual,
1985; Caminas, 2002), but further research with
this species has demonstrated a high disper-
sal capacity during the juvenile, pelagic stage
(Monzon-Arguello et al., 2010) and thus the At-
lantic RMUs (Wallace et al., 2010) cannot be
discarded as putative origin for these records. In
contrast, the presence of the Kemp’s ridley tur-
tle in Spanish waters has not been detected until
recently, with a few records of juveniles (Fer-
nandez de la Cigofia, 1994; Pérea et al., 2001;
Caminas, 2002; Tomas et al., 2003; Tomas and
Raga, 2008).

Marine turtles are known to undertake some
of the longest known migration routes of liv-
ing animals (Lohmann et al., 1997) and hence
the putative population where they come from
could be at thousands of kilometres distant
from the location they are found. Furthermore,
Spanish waters are known feeding grounds for
very distant populations of the common logger-
head turtle (Laurent et al., 1993; Laurent et al.,
1998; Carreras et al., 2006; Monzon-Arguello
et al., 2009; Carreras et al., 2011) and if these
species with scarce reports follow the same
routes than the loggerheads, the origin of those
animals could be also very variable, and include
both sides of the Atlantic or the Mediterranean
depending on the species. Despite its threat-
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Table 1. Historical records of green and Kemp’s ridley turtles in Spanish waters without genetic data.

Species Location Date Reference
C. mydas Cabrera Island (M) 06/1850 Barcelo, 1876; Pascual, 1985
(n = 26) Mallorca Island (M) 1865 Barcelo, 1876

Mallorca Island (M) 1865 Barcelo, 1876
Ria de Vigo (A) * Boscd, 1877; Lopez Seoane, 1877; Pascual, 1985
Ria de Arosa (A) * Bosca, 1877; Lépez Seoane, 1877; Pascual, 1985
Ria de Pontevedra (A) * Boscd, 1877; Lopez Seoane, 1877; Pascual, 1985
Mediterranean (ns) (M) <1985 Pascual, 1985
Cadiz (A) <1859 Machado, 1859; Bosca, 1877; Pascual, 1985
Columbretes Islands (M) 07/1859** Boscd, 1916; Pascual, 1985
Ria de Arosa (A) 07-08/1959 Brongersma, 1967; Brongersma, 1972; Pascual, 1985
Tenerife Island (A) * Loveridge and Williams, 1957; Pascual, 1985
Canary Islands (ns) (A) <1960 Pasteur and Bons, 1960; Pascual, 1985
Tenerife Island (A) <2002 Camifias, 2002
Gran Canaria Island (A) <2002 Camiias, 2002
Lanzarote Island (A) <2002 Camifias, 2002
Ebro Delta (M) 29/12/98 Bertolero, 2003
Ebro Delta (M) 20/03/99 Bertolero, 2003
Ebro Delta (M) 28/07/00 Bertolero, 2003
Ebro Delta (M) 18/6/93 Bertolero, 2003
Chafarinas Islands (M) <2002 Camiiias, 2002
Huelva (A) 09/1995 present study
Sanlicar de Barrameda (A) 02/2002 present study
Dofiana National Park (A) 07/2003 present study
Cadiz (A) 09/2005 present study
Ebro Delta (M) 12/2007 present study
Huelva (A) 08/2009 present study

L. kempii Galicia (A) <1994 Ferndndez de la Cigofia, 1994; Camifias, 2002

(n =10) Galicia (A) <1994 Fernindez de la Cigoiia, 1994; Camiiias, 2002

Asturias (A) <2001 Pérea et al., 2001; Camiiias, 2002
Vizcaya Gulf (A) <2002 Camiiias, 2002
Andalusia (ns) (M, A) <2002 Camifias, 2002
Andalusia (ns) (M, A) <2002 Camifias, 2002
Ceuta (M) <2002 Camiiias, 2002
Valencia (M) 07/2006 Tomads and Raga, 2008
Huelva (A) 10/2005 present study
Rota (A) 08/2008 present study

* Presence mentioned without specifying concrete sighting or stranding date; **Presented five lateral scutes instead of four;
(M) Mediterranean; (A) Atlantic; (ns) exact location not specified.

ened status, a high number of marine turtles
are incidentally caught every year in the west-
ern Mediterranean (Alvarez de Quevedo et al.,
2010; Carreras and Tomads, 2010) and in the
Atlantic Spanish waters (Calabuig and Liria-
Loza, 2007; Calabuig et al., 2007). This threat
is known also to affect these scarce species,
since most records have shown interactions with
fisheries (references on table 1, present study).
However, we do not know which populations
will be impacted by this interaction. This is es-
pecially relevant for the green turtle, as there

are many putative RMUs of origin within the
Mediterranean and at both sides of the Atlantic
Ocean (Wallace et al., 2010), with very differ-
ent conservation status among them, with the
Mediterranean RMU being considered to de-
serve the highest priority for conservation for
this species (Wallace et al., 2011).

In the present study we compiled all known
records of both the Kemp’s ridley and the green
turtles along the Spanish coasts and in the west-
ern Mediterranean in addition to new records
obtained during the last decade. We used ge-
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netic tools to a) confirm the species designation,
b) ascertain the origin of the individuals, and
c) discuss the conservation implications of our
results considering the interaction of turtles re-
ported with local threats and the population of
origin.

Materials and methods

All the marine turtles considered in the present study were
found as strandings at beaches or were captured inciden-
tally by fisheries in Spanish coastal waters. Injured or dead
marine turtles arrived all year round to the different rescue
centres scattered along the coastline. The personnel of the
centres identified the species of all individuals using mor-
phological keys described in the literature (Pritchard and
Mortimer, 1999) before rehabilitation or necropsy. Tissue or
blood samples (Owens and Ruiz, 1980; Dutton, 1995) were
collected from turtles not identified as the common logger-
head sea turtle for genetic analysis and stored in ethanol or
at —20°C.

DNA was extracted from samples using the QIAamp
extraction kit (QIAGEN®) following the manufacturer’s
instructions. We amplified a ~740 bp fragment of the
mitochondrial DNA (mtDNA) control region using the
primers LCM 15382 (5'-GCTTAACCCTAAAGCATTGG-
3’y and H950 (5’ GTCTCGGATTTAGGGGTTT-3') (Abreu-
Grobois et al., 2006) which included the region previously
surveyed for several turtle species (Norman et al., 1994).
Our 25 pl polymerase chain reaction (PCR) included the
following: genomic DNA, 1x PCR Buffer, 2 mM MgCl,,
0.12 mM dNTP, 0.2 uM of each primer and 0.04 U/ul
of Taq polymerase. After an initial 5 min denaturing step
(94°C), our PCR protocol consisted of 35 cycles of the fol-
lowing temperature regime: 1 min at 94°C (denaturing),
1 min at 52°C (annealing) and 90 s at 72°C (extension).
In addition, we included a final extension step of 10 min
at 72°C. Following PCR, we removed single-stranded DNA
by digesting 5 ul of PCR product with 2 ¢l of a combined
Exonuclease I and Shrimp Alkaline Phosphatase solution
(ExoSAP—IT®)‘ The reaction was incubated for 15 min at
37°C, followed by 15 min at 80°C to inactivate the two en-
zymes. We sequenced both forward and reverse strands us-
ing the BigDye™ Primer Cycle Sequencing Kit (Applied
Biosystems) run on an automated DNA sequencer (ABI
PRISM 3100). For each sequencing reaction, we used 2 ul
of our PCR product in a 10 pl reaction mix under the fol-
lowing conditions: 1 min denaturing step at 96°C followed
by 25 cycles consisting of an initial denaturing of 10 s at
96°C, 5 s at 50°C (annealing) and 4 min at 60°C (extension).
Products were purified by ethanol precipitation before enter-
ing the sequencer. Sequences were aligned manually using
the program BioEdit version 5.0.9 (Hall, 1999) and com-
pared with the haplotypes described for the putative marine
turtle species and compiled by the Archie Carr Center for
Sea Turtle Research of the University of Florida (ACCSTR;
http://accstr.ufl.edu) or in the literature (Bowen et al., 1998;
Lara-Ruiz et al., 2006).

The approximated age of the turtles was estimated using
the biometric information recorded in the rescue centres and
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applying growth models developed using skeletochronology
for the Kemp’s Ridley turtle (Zug et al., 1997; Goshe et
al., 2010) and the green turtle (Goshe et al., 2010) using
animals found in the Atlantic and the Mexico Gulf coasts of
USA. As different populations and individuals in different
feeding grounds may have different growth (e.g. Piovano
et al., 2011), the esteemed age was considered a rough
approximation.

Results

We obtained samples from a total of 9 Cheloni-
idae marine turtles other than the loggerhead
sea turtle that arrived to the rescue centres from
Mediterranean and Atlantic Spanish coasts be-
tween 2001 and 2012 (fig. 1, table 2). Based on
morphological traits, of these 9 turtles, 7 were
identified as green turtles and 1 as a Kemp’s ri-
dley turtle. The remaining turtle presented the
plastron pores that are typical of the genus Lep-
idochelys and matched a Kemp’s ridley except
of that it has a total of 6 costal scutes in each
side and 7 vertebrate scutes (fig. 2, table 3),
a pattern that can be found in the olive rid-
ley turtle (L. olivacea) (Pritchard and Mortimer,
1999). The Kemp’s ridley from the Ebro Delta
(East Spain) exhibited the haplotype D, as found
in western Atlantic nesting beaches (Bowen et
al., 1998) and in the other specimen found in
the Spanish Mediterranean analyzed in a pre-
vious study (Tomds et al., 2003). The individ-
ual with unusual number of central and costal
scutes exhibited a new haplotype that matched
the 353 bp partial sequence of Kemp’s ridley ob-
tained from two hybrids born in Rancho Nuevo,
Mexico, and released in Galveston Island, Texas
(Barber et al., 2003). As we obtained here the
full 460 bp sequence previously used to de-
fine haplotypes in these species (Bowen et al.,
1998), we named this haplotype as X follow-
ing the previous nomenclature and we submit-
ted it to the NCBI GeneBank (accession num-
ber KC609750). This haplotype is very similar
to other Kemp’s ridley mtDNA haplotypes (ta-
ble 4) while differs in more than 20 positions
from all known Olive ridley haplotypes (data
not shown). Hence it was assumed that this in-
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Figure 1. Location of all records of the green turtle (white) and the Kemp’s ridley turtle (black) in Spanish coasts as detailed
in tables 1 and 2. Circles indicate individuals without genetic data (table 1) and stars indicate individuals with genetic data
(table 2). The four individuals with exact location not specified (ns) have not been mapped. Inner square shows the Canary
Islands, Spanish territory in the eastern Atlantic. Map created using MAPTOOL (SEATURTLE.ORG Maptool, 2002).

Table 2. Basic parameters of green and Kemp’s ridley marine turtles sampled in Spanish Mediterranean and Atlantic coasts
in the present study. Individuals reported in the literature with mitochondrial DNA (mtDNA) data are also included. SCL:
straight carapace length; CCL: curved carapace length.

Species Location SCL Date Age mtDNA Reference
(cm) (years) haplotype
C. mydas Canary Islands (A) 47.0 03/02/2001 13-14 CM-A8 Present study
n=17 Canary Islands (A) 74.0 10/06/2005 21-22 CM-A5 Present study
Canary Islands (A) 48.0 23/052005 13-14 CM-AS Present study
Cadiz Bay (A) 31.0 04/06/2007 8-9 CM-A8 Present study
Ebro Delta (M) 41.0 21/12/2009 10-11 CM-A8 Present study
Valencia (M) 39.1* 28/08/2010 10-11 CM-A8 Present study
Mallorca Island (M) 32.5 09/06/2012 8-9 CM-A8 Present study
L. kempii Santa Pola (M) 29.5 15/10/2001 3-4 D Tomas et al., 2003
n=3) Ebro Delta (M) 31.5 26/09/2002 3-4 D Present study
Cadiz Bay (A) 23.0 05/09/2005 1-2 X Present study

* Originally measured as CCL and converted to SCL using the equation SCL = 0.9426 CCL — 0.0515 (Goshe et al., 2010);
(M) Mediterranean; (A) Atlantic.
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Figure 2. Dorsal view of the Lepidochelys kempii individual found in the Cadiz Bay (05/09/2005) showing an abnormal
number of seven dorsal and six costal scutes. This figure is published in colour in the online version.

dividual was a Kemp’s ridley turtle with super-
numerary scutes, a rare abnormality in Kemp’s
ridley turtles (Mast and Carr, 1989), and car-
rying a new haplotype. Green turtles sampled
in all locations exhibited the CM-AS8 haplotype
(table 2), that is exclusive from the Atlantic and
the south western Indian oceans (fig. 3), being
the most frequent haplotype in African nest-
ing populations (Formia et al., 2006). Further-
more, two samples from the Canary Islands ex-
hibited the CM-AS5 which is the most frequent
haplotype in Aves Island (Venezuela) and Suri-
nam, but also found at low frequency in Mex-
ico (Atlantic coast) and Sao Tome (Encalada et
al., 1996; Formia et al., 2006). All but one in-
dividuals were classified as juveniles (table 2):
juvenile green turtles aged 8-14 and Kemp’s rid-
ley 1-5. The remaining green turtle was an adult
aged 21-22 years. The ages of the Kemp’s ri-
dley turtles were similar to the estimated for

other records in the Mediterranean (Brongersma
and Carr, 1983; Tomas et al., 2003; Oliver and
Pigno, 2005; Tomds and Raga, 2008; Insacco
and Spadola, 2010).

Discussion

Including our new records, we compiled data
from 33 green turtles (C. mydas) and 13 Kemp’s
ridley turtles (L. kempii) in the Spanish coastal
waters. The genetic results of one of the anal-
ysed Kemp’s ridley turtles (Ebro Delta) matched
previous findings (Tomds et al., 2003) that
demonstrated the entrance of this species in
the Mediterranean through the Gibraltar Straits.
Furthermore, the use of genetic tools was essen-
tial for the species determination in the other
case (Cadiz Bay). Traditional classification of
marine turtles is usually based on morpholo-
gical characters as colour, shape, size or pat-
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Table 3. Comparative table between the two Lepidochelys sp. individuals sampled in the present study and the standard values
of L. kempii and L. olivacea. SCL: straight carapace length; SCW: straight carapace width; CCL: curved carapace length;

CCW: curved carapace width.

Cadiz Bay Ebro Delta L. kempii* L. olivacea*

SCL (cm) 23.0 31.5 max. 72 max. 74***

SCW (cm) 23.0 29.5

CCL (cm) 24.5 30.0 max. 78***

CCW (cm) 26.0 31.0

Weight (kg) 2.3 4.4 35-50 (adult) 35-50 (adult)

Estimated age 1-2 3-4

Captured 05/09/2005 26/09/2002

Costal scutes 6 5 5 5-9

Vertebral scutes 7 5 5 5-9

Claws 2 2 2 but may lose 1 2 but may lose 1

Dorsal coloration grey grey grey (juveniles) light olive grey (juveniles) dark olive
green (adults) green (adults)

Ventral coloration white white white (juveniles) yellow white (juveniles) cream
(adults) yellow (adults)

Plastron pores yes yes yes yes

Haplotype X D A-D** E-W**

Nesting areas Mexico Gulf western USA Pacific Ocean Indic

Ocean

South Atlantic

* Biometric data from (Pritchard and Mortimer, 1999).

** Haplotypes described in (Bowen et al., 1998; Lopez-Castro and Rocha-Olivares, 2005).

*** From (Tomds et al., 2001).

Table 4. Polymorphic sites (and their position) found in a 460 bp fragment of the mitochondrial Control Region of 2 stranded
L. kempii individuals, compared to the known haplotypes for this species. n = total number of samples with this haplotypes;

GAB: GenBank Accession number.

Haplotype 1 1 1 3 3 n GAB Reference
2 5 7 4 8
1 4 0 4 6
A T C A C G 2 AF051777.1 Bowen et al., 1998
B T A A C A 1 Derived from A Bowen et al., 1998
C C C G T A 1 Derived from A Bowen et al., 1998
D C C A C A 7 Derived from A Bowen et al., 1998; Tomds et al., 2003; present study
X T C A C A 1 KC609750 Present study

tern of scutes of carapace and head. This set
of characters generates very valuable keys for
those researchers that are unfamiliar with the
species (Pritchard and Mortimer, 1999). How-
ever, sometimes those characters lead to mis-
classification due to alterations in the embry-
onic development or by trauma at the earliest
stages of the life cycle that may produce the
presence of more or less scutes than usual (Mast
and Carr, 1989). In this case there was no con-
sensus of the species identification of the animal
using morphological traits (table 3, fig. 2) but

genetic tools helped to identify the individual as
a Kemp’s ridley turtle. Despite the fact that the
haplotype found was not previously discovered,
apart from the partial sequence of the two ani-
mals from Rancho Nuevo (Mexico) released in
Galveston Island (Texas), its close proximity to
the other Kemp’s ridley haplotypes (one single
substitution to the closest haplotype) relative to
the olive ridley haplotypes (more than 20 substi-
tutions to the closest haplotype) allowed to iden-

tify the haplotype as being from the Kemp’s rid-
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Figure 3. Frequency of the green turtle CM-A8 and CM-AS haplotypes in Mediterranean, Atlantic and Indic nesting
populations. Each pie graph indicates the relative frequency of the haplotypes in a green turtle nesting populations (n =
sample size). The five sampling sites of all seven green turtles with mtDNA data from this study (table 2) are represented
by the black stars. Nesting population size are coded as superscripts for each population as 1: <25 females/year; 2: 25-100
females/year; 3: 100-500 females/year; 4: 500-1000 females/year; 5: >1000 females/year and n: not quantified (data from
DiMatteo et al., 2009). FLO: Florida; MXC: Mexico; CR: Costa Rica; AVE: Aves; SUR: Surinam; BRZ: Brazil (Encalada
et al., 1996); ASC: Ascension Island; GB: Guinea Bissau; PRI: Principe; BIO: Bioko; COR: Corisco; ST: Sdo Tome; COM:
Comoros (Formia et al., 2006); EUR: Europa; JDN: Juan de Nova; TRO: Tromelin; MOH: Mohéli; MAY: Mayotte; FAR:
Farquhar; COS: Cosmoledo; ALD: Aldabra; GLO: Glorieuses; NI: Nosy Iranja (Bourjea et al., 2007); AKY: Akyatan; ALA:
Alata; KAZ: Kazanli; SAM: Samandag; YUM; Yumurtalik (Bagda et al., 2012); CYP: Cyprus (Encalada et al., 1996; Bagda
etal., 2012). The Indic populations of COM, COS, ALD, GLO and NI and the Turkish populations of AKY, ALA, KAZ, SAM
and YUM are represented each one by a single pie graph due to the geographical proximity between them and considering
that CM-A8 and CM-AS were absent from these populations. Map created using MAPTOOL (SEATURTLE.ORG Maptool,

2002).

ley. Future studies are needed to reveal whether
this orphan haplotype corresponds to a non-
sampled nesting area, like Florida (Johnson et
al., 1999), or if has not been found in one of
the sampled nesting beaches by chance due to
a low frequency of occurrence, like in Texas
or Mexico, where these individuals were born
and released respectively. However, an alterna-
tive explanation of the scute variation found in
this individual is that could be the result of a
hybridisation between a Kemp’s ridley female
and a male from other species. The hybridisa-
tion of Kemp’s ridley with the loggerhead sea
turtle is not unprecedented (Barber et al., 2003)
but both species have the same number of scutes

and thus the differences of the hybrids rely in
coloration and shape, that is not the case in
our individual. Only an hybridisation with an
olive Ridley could explain the extra number of
scutes, an unlikely possibility considering the
very different distribution of both species and
the inexistence of common feeding areas (ta-
ble 3). Thus, the analysis of nuclear markers is
needed to completely discard this remote pos-
sibility (Bowen and Karl, 2007; Vilaca et al.,
2012). It is worth to mention that this putative
hybridisation would have no consequences for
the maternally inherited mtDNA, and thus the
question of the orphan haplotype remains unan-
swered. Considering our result, we strongly rec-
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ommend the use of genetic markers for the iden-
tification of a rare species in an area different
from its known range of distribution, not only
when morphological traits are insufficient for
species assignation or when some abnormality
is present.

Three different non exclusive theories may
explain why the Kemp’s ridley turtle has not
been reported in the study area until very re-
cent decades in comparison to the green tur-
tle. The first one is that the research and res-
cue effort in the area has significantly increased
during this period (Carreras and Tomads, 2010).
This would have produced, not only a greater
chance to detect a stranded turtle, but also a bet-
ter species determination skill of the personnel
handling these individuals (Tomds and Raga,
2008; Insacco and Spadola, 2010). It is remark-
able to read the description of the abnormal
green turtle found around Columbretes Islands
in 1899 (Boscd, 1916; Tomds and Raga, 2008)
with the presence of 5 costal scutes instead of 4.
The author concluded, using ‘secondary char-
acters’ that the individual should necessarily
have been a green turtle instead of a logger-
head, but unfortunately he did not explain what
these secondary characters were. The Kemp’s
ridley was described as a new species only a
few years before (Garman, 1880) and described
literally as ‘a cross between the green and log-
gerhead’ since the coloration of the Kemp’s ri-
dley is more similar to a juvenile green turtle
but it has the costal scute pattern of the logger-
head turtle. Hence, the 1899 record could have
been a misidentified Kemp’s ridley instead of
a green turtle. Although this explanation would
explain the lack of records during the first half
of the 20" century, it hardly explains the lack
of records during the second half of the 20"
century, were the rescue centres and research
groups started to study and identify marine tur-
tles in the area (Carreras and Tomads, 2010). As a
second explanation, Kemp’s ridley distribution
of the oceanic stage is highly sensitive to ocean
circulation (Putman et al., 2010) and cohorts un-
der different conditions have very different dis-

tribution patterns (Putman et al., 2013), thus any
variation in the ocean circulation during these
decades probably affected the chance of tur-
tles arriving at Spanish coasts. The third pos-
sible explanation to the increase of Kemp’s ri-
dley reports, specially for the last decades, is
the fact that nesting populations of this species
were reduced up to a 1% of the original popula-
tions during the second half of the 20" century,
due to human interaction, and partially recov-
ered during the first decade of the 21" century
(National Marine Fisheries Service et al., 2011).
This significant recent population growth could
resulted in an increase of the records in the west-
ern Mediterranean during the last decades that
contrast to an absence of records during the sec-
ond half of the 20 century, a pattern that has
also been suggested for records in north west-
ern European coasts (Witt et al., 2007).

Our results also revealed that green turtles
from eastern and western Atlantic nesting popu-
lations arrive at Spanish waters, not only at
the feeding grounds located in the Atlantic
ocean but also at those within the Mediterranean
sea. This demonstrates for the first time the
presence of Atlantic green turtles within the
Mediterranean, and although the exact RMU
of origin within the Atlantic could not be de-
termined, haplotype composition suggests that
these turtles could be originated in the east,
the south west, the south central or even the
south Caribbean Atlantic RMUs (Wallace et al.,
2010). Although no specific studies have been
conducted on the putative routes followed by
the Atlantic green turtles that feed on the Span-
ish coasts, previous studies have described the
migratory routes for loggerheads (Bolten et al.,
1998; Carreras et al., 2006; Monzon-Arguello et
al., 2009; Monzon-Arguello et al., 2012) and a
general pattern was described for green turtles
in the whole Atlantic area (Monzon-Arguello et
al., 2010). Furthermore, several studies focused
on the modelling of particle drifting, sometimes
in addition to genetic studies, have been used
to assess movements and distribution either of
the Kemp’s ridley turtle (Putman et al., 2010;
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Putman et al., 2013) or the green turtle (Putman
and Naro-Maciel, 2013), suggesting a strong in-
fluence of oceanographic surface currents and
indicating the putative routes from each RMU
into the vicinity of the different Spanish feed-
ing grounds. Surprisingly, no green turtle from
our sample set exhibited any of the haplotypes
found in the closest eastern Mediterranean nest-
ing beaches (Encalada et al., 1996; Bagda et al.,
2012).

The green turtle has been catalogued as en-
dangered (IUCN, 2011) with a proposal to list
the Mediterranean populations critically endan-
gered (Groombridge, 1990) due to their decline
as a result of historical harvesting (Sella, 1982),
and the Mediterranean RMU is considered the
most endangered for this species (Wallace et al.,
2011). The conservation status of the Mediter-
ranean green turtle populations has been a mat-
ter of discussion (Mrosovsky, 2006a, 2006b;
Naro-Maciel and Formia, 2006) with a critical
point being the IUCN criteria for an indepen-
dent classification and therefore the question of
whether the Mediterranean nesting populations
are isolated from the Atlantic ones. Previous ge-
netic studies have shown that these populations
are independent units in terms of the mater-
nally inherited mtDNA (Encalada et al., 1996)
and RFLPs (Karl et al., 1992). However, the
recent application of biparentally inherited mi-
crosatellite markers did not succeed in detect-
ing such differentiation either at intra or inter
oceanic level (Roberts et al., 2004). Four non
exclusive hypotheses were suggested to explain
these results including a) a high level of ho-
moplasy caused by a high mutation rate rela-
tive to the length of time separating the two
populations, b) too polymorphic markers that
produce high heterozigosity within population
that overshadow differences between popula-
tions, resulting in an underestimation of subdi-
vision, ¢) low differentiation resolution caused
by an insufficient number of markers used (Ro-
den et al., 2013) and d) male mediated gene
flow. Male mediated gene flow is thought to oc-
cur in marine turtles as a consequence of the ex-
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istence of shared feeding areas (Bowen et al.,
2005). Until the research presented here there
was no evidence of Atlantic individuals com-
ing into the Mediterranean that could link At-
lantic and Mediterranean green turtle popula-
tions. Whether the presence of Atlantic individ-
uals within the Mediterranean could prevent the
isolation of Mediterranean green nesting popu-
lations is an issue that requires further testing
with nuclear markers, but several lines of ev-
idence suggest an isolation scenario. The first
line of evidence is that no eastern Mediterranean
green turtle was detected within our samples
or in any Atlantic foraging grounds (Monzon-
Arguello et al., 2010; Proietti et al., 2012), and
particle modelling studies indicated that parti-
cles originated in the eastern Mediterranean are
not able to drift passively into the western basin
(Putman and Naro-Maciel, 2013). These results
suggest that turtles from the two different ori-
gins may not share foraging areas despite both
being present within the Mediterranean Sea and
Mediterranean green turtles being known to ar-
rive as far as Libya or Tunisia (Godley et al.,
2002; Rees et al., 2008). Furthermore, all turtles
that were measured within the western Mediter-
ranean or Peninsular Atlantic coasts were im-
mature and their abundance was very low. Fi-
nally, despite the loggerhead sea turtle being
much more abundant in the area and individuals
of this species from Atlantic and Mediterranean
rookeries using the same feeding grounds in
the western Mediterranean, gene flow between
these nesting areas does not exist in this species
(Carreras et al., 2011).

Independently of the possibility of male me-
diated gene flow between Atlantic and Mediter-
ranean green sea turtles, other conservation
questions arise from our results for both the
green and the Kemp’s ridley marine turtles. Se-
rious threats to these animals occur in Span-
ish Mediterranean waters (Carreras and Tomas,
2010), specially the incidental capture of in-
dividuals by fisheries, as longline (Camiiias et
al., 2006; Baez et al., 2010), trammel net (Car-
reras et al., 2004) or bottom trawling (Alvarez
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de Quevedo et al., 2010). This interaction is es-
timated to produce an annual mortality of 27%
in the whole western Mediterranean (Casale et
al., 2007). Furthermore, the entrance into the
Mediterranean is asymmetrical as the Gibraltar
straits seems to be a barrier for the smaller tur-
tles leaving the Mediterranean (Revelles et al.,
2007) hence possibly forcing them to stay for
several years within the area under the fisheries-
induced mortality. These fisheries are known to
interact with the green and the Kemp’s ridley
sea turtles in other areas of the world (Hays et
al., 2003; Lewison et al., 2003; National Ma-
rine Fisheries Service et al., 2011), and hence
might be also affected by the same threats than
the loggerheads, since all but one of the nine
individuals arrived to the rescue centres as a
consequence of interaction with human activ-
ities, like in other records (e.g. Tomds et al.,
2003). Whether these animals would be able to
return or not to the Atlantic populations of ori-
gin regardless of human interactions is a ques-
tion that remains unanswered, but the other ma-
rine turtle species that use these foraging ar-
eas, the loggerhead turtle, is able to do this re-
turn migration (e.g. Eckert et al., 2008). Our
results suggest that the western Mediterranean
may act as a dead end for individuals of these
endangered species, that would affect the RMUs
that originated them (present study, Wallace et
al., 2010). For these reasons, we recommend
that both species should be considered in Span-
ish marine turtle conservation and management
plans.
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