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Abstract

This study summarises nearly 20 years (1997-2015) of tracking strandings of sea turtles along the Andalusian coast. During

this period 2495 specimens were recorded, most of them Loggerhead turtles Caretta caretta (92.6%) and some Leatherback turtles
Demochelys coriacea (7.1%). Two other species were almost insignificant, the Green turtle Chelonia mydas (0.2%) and Kemp’s
ridley turtle Lepidochelys kempi (0.1%). A significant number of turtles were recorded from the Atlantic coast, although in this area
the incidence of living specimens was low. Spring and summer were the seasons with more specimens stranded, probably related
to warmer and more productive waters. The size of the Loggerhead turtles observed highlights a significant presence of immature
specimens in Andalusian waters, although mature individuals were not rare. In the case of Leatherback turtles, the adult stage was
the only recorded. These results, combined with the fact that the Atlantic coast has a large continental shelf and an area of high
primary productivity near the coast, suggest that the gulf of Cadiz may represent a neritic habitat used by the sea turtles. If this is
the case, new and more effective conservation measures are needed in order to protect sea turtles in this area.

Keywords: Gulf of Cadiz; leatherback turtles; loggerhead turtles; Sea turtles; south Iberian Peninsula; Strait of Gibraltar;

strandings.

Introduction

Migratory marine species use a large area to com-
plete their ecological cycles, which include foraging
and breeding areas in both marine and terrestrial envi-
ronments. Hence, understanding the importance of ocean
areas for these species is a relevant issue in order to fa-
cilitate management tasks (Wang et al, 2016). In this
context, the Strait of Gibraltar and its contiguous waters
has been considered an important passage area or bridge
connecting the western Mediterranean Sea with the At-
lantic Ocean (Caminas & De la Serna, 1995; Bellido et
al., 2010a) especially for Loggerhead sea turtles (Caretta
caretta Linnaeus, 1758). In fact, five of the seven ma-
rine reptiles occurring worldwide have been cited in this
area: Loggerheads, Leatherbacks Dermochelys coriacea
(Vandelli, 1761), Green turtles Chelonia mydas (Linnae-
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us, 1758), Kemp’s ridley Lepidochelys kempii (Garman,
1880) and Hawksbill turtles Eretmochelys imbricata (Lin-
naeus, 1766) (Brongersma, 1972; Nicolau et al., 2016a);
all of them are listed in the IUCN red list of threatened
species (IUCN, 2017).

In the case of loggerheads, although there are import-
ant nesting areas within the Mediterranean Sea (Margari-
toulis et al., 2003), the Strait of Gibraltar plays a key role
connecting specimens from nesting areas located in the
Atlantic Ocean with foraging areas around South Balearic
Islands (Camifias & De la Serna, 1995). Thus, many juve-
niles born in the Atlantic (mainly the American coast) and
eastern Mediterranean Sea remain in the western Medi-
terranean Sea around foraging areas (Clusa et al., 2014;
Baez et al., 2017). Furthermore, according to Revelles et
al. (2007), juvenile Loggerheads from Atlantic areas re-
main in the Mediterranean until they reach the minimum
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size (straight carapace length, SCL, of 36.0 cm) to over-
come the superficial flow of Atlantic waters entering in
the Mediterranean through the Strait of Gibraltar. Recent
evidence stress the importance of the Strait of Gibraltar
for the ecology of the Loggerhead in particular and may-
be for migrating turtles to the Mediterranean Sea in gen-
eral (Baez et al., 2011). In addition, Ocafia et al. (2005)
and Benhardouze et al. (2008; 2012) suggested that the
Loggerhead could use the southern part of the Alboran
Sea as a specific foraging area due to the abundance of
Polybius henslowii Leach, 1820 (Decapoda, Brachyura),
a potential prey. This has been corroborated in a study
on the relative abundance of invertebrates and significant
numbers of stranded Loggerhead from south Portugal by
Nicolau et al. (2016b). Accordingly, studies developed
by Bellido et al. (2010a, 2010b) on strandings of Log-
gerheads in the Andalusian coast highlight the possibil-
ity that sea turtles spend more time in these waters than
would be expected if they were only migrating through
the Strait of Gibraltar. Baez et al. (2011) suggested that
there could be Loggerhead seasonal abundance peaks
around the Strait of Gibraltar. On the other hand, recent
proliferation of new nests on the east coast of Spain (re-
vised in Béez et al., 2017), and the evidence of hybrid-
ization between both populations (eastern Mediterranean
Sea and Atlantic Ocean populations) in the context of
climate change (Carreras et al., 2015) forces towards a
more comprehensive understanding of the importance of
the waters surrounding the Strait of Gibraltar for the ecol-
ogy of sea turtles.

There are few studies about the biology or migration
patterns of Leatherbacks in the Andalusian coast due to
its scarce presence in this area. According to Camifias
(1998, 2002) and Camifias & Gonzalez de Vega (1997),
numerous specimens of large size (alive and dead) have
been reported from a long time ago in the southern Atlan-
tic coast of Spain. In addition, Camifias & Valeiras (2001)
highlighted the Strait of Gibraltar region, an important
fishing and large vessel traffic area, as a critical area for
both Loggerheads and Leatherbacks.

Every year, many injured turtles or their carcasses ar-
rive to the coasts of Andalusian (Caminas, 2002; Bellido
et al., 2010a). The study of these beached turtle parts pro-
vides valuable information about body size, diet, threats,
abundance, geographical distribution or reproductive
status (Chaloupka ez al., 2008). Although stranding data
may be biased due to monitoring effort, temporal and
spatial variation in recording, or inter-annual variation in
surveying (Tomas et al., 2008), it has becoming increas-
ingly evident that stranding records, properly analysed,
represent an important source of information on mortal-
ity factors, and spatial and temporal distribution of sea
turtles (Casale et al., 2010; Béez et al., 2011; Nicolau et
al., 2016a).

In this paper we analysed the spatial and temporal dis-
tribution of strandings in the Andalusian coast (situated
in both Atlantic Ocean and Mediterranean Sea) to infer
patterns of distribution for sea turtles in waters around the
Strait of Gibraltar. The ultimate goal of this study was to
understand the role of the Strait of Gibraltar and its con-
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tiguous waters, the human activities in the area as well as
the climatic variability influences in the ecological cycle
of sea turtles populations.

Material and Methods
Study area

Andalusia is an autonomous region within Spain. The
Andalusian coast involves five administrative political
provinces (Huelva, Cadiz, Malaga, Granada, and Alme-
ria), totalling, according to measures estimated using
software QGIS 2.18, 925.2 km of coastline that extends
from 37° 10°N, 7° 23'W to 37°22'N, 1°37'W (Fig. 1).

The Strait of Gibraltar connects the two Andalusian
coast watersheds, the Atlantic and the Mediterranean. In
order to develop comparative analyses, the Andalusian
coast has been subdivided in four areas according to dif-
ferent criteria: geographical orientation, Atlantic Ocean
influence, and extension of the continental shelf. The four
areas (Fig. 1) are the Atlantic Coast (AC) from Ayamonte
(in the border with Portugal) to Tarifa (349.9 km) bathed
by Atlantic Ocean with a wide continental shelf; the west
Alboran coast (WA) from Algeciras to Rincén de la Vic-
toria (193.6 km) characterised for a strong influence of
surface Atlantic waters and a narrow continental shelf;
the east Alboran coast (EA) from Rincon de la Victoria
to Almeria (253.6 km) also with a narrow continental
shelf and influence of Mediterranean/Atlantic waters, al-
ternately, and the west Mediterranean coast (WM) from
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Fig. 1: Study area showing the 4 areas established for this study.
Key: AC: Atlantic coast; WA: West Alboran; East Alboran; and
WM: West Mediterranean. Map provided by SEATURTLE.
ORG Maptool.2017.
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Nijar to Cuevas del Almazora (128.1 km) with the perma-
nent and strong Almeria-Oran front (Tintoré et al., 1988)
and its waters considered as truly Mediterranean. This di-
vision has been previously supported by studies by Bel-
lido et al., 2012 on stranded Stripped dolphins (Stenella
coeruleoalba Meyen, 1833).

Data collection

Loggerhead stranding data were collected along the
four areas for 19 years (1997 to 2015) by the Regional
Government (Consejeria de Medio Ambiente y Orde-
nacion del Territorio de la Junta de Andalucia) with the
help of a volunteer stranding network and institutions that
collaborated in the detection and attention to the strand-
ed turtles. The high coastal occupation, development,
and population density makes it unlikely that a strand-
ing event would go unnoticed. Records include dead
or injured turtles stranded on beaches and turtles found
floating dead or in a weakened condition. All the mea-
surements have been standardised using the functions
provided by Baez et al. (2010), and stored in a database
including the observer identification, name of the spe-
cies, date, geographic coordinates, sex (if known), age,
condition (alive, dead), curve carapace length (CCL) and,
when it was possible, cause of stranding.

Data analysis

Stranding density (strandings per kilometre and year)
was determined for these four areas. The different areas
have different coast lengths; therefore, in order to allow
for equal comparisons, we estimated the relative densities
of strandings as the number of stranded turtles per 10 km
per year.

We tested the frequency of Loggerhead stranding per
area using a Chi-squared test ().

Expected values in the Chi-squared tests were calcu-
lated according to the length of coast for each area, and
total Loggerhead strandings sea turtle observed. Thus, we
tested the observed turtle stranding distribution per area
versus weighted random distribution per area.

Chi-squared test (), allows us to know if there are
significant differences between areas or not. Therefore,
in order to determine the differences in the distribution of
Loggerhead strandings along the coast, a Bonferroni nor-
mal statistics test was developed testing by municipality
(Byers et al., 1984; Cameron & Spencer, 2008). This test
allows us to know the municipality in which strandings
were significantly higher or lower than expected accord-
ing to availability and was made by obtaining confidence
intervals for the prevalence in each area using the formula:
P=Zyix AL-p Al-p

SPEPpFtZy

where p is the proportion of strandings by area, o =

0.05, k is the number of areas tested, Z , is the upper
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standard normal table value corresponding to a probabil-
ity tail area of a/2k, and n is the total number of strand-
ings. The availability of each municipality was calculated
according to its coast length. The observed prevalence
was the proportion of strandings computed for each
municipality. If the confidence interval of the observed
prevalence in a municipality overlapped the expected
prevalence according to availability, then there was no
significant difference between prevalence and availabili-
ty. If the confidence interval was more than the availabil-
ity of a municipality, strandings in that municipality were
more than expected, whereas if the confidence interval
was below availability, strandings in that municipality
were less than expected (Byers ef al.,, 1984; Cameron &
Spencer, 2008; Bellido et al., 2010a).

The time series was analysed for each sea turtle spe-
cies. To identify periodicity, we searched for common
interannual trends and cyclicity in the time series using
spectral analysis. Spectral analysis was performed with
the software PAST (available from https://folk.uio.no/
ohammer/past/) (Hammer et al., 2001; Hammer & Harp-
er, 2000).

The Curve Carapace Length (CCL) data recorded
were tested for normality using the Kolmogorov-Smirn-
ov test. When data were not normal, significant differenc-
es between sizes of stranded Loggerheads were analysed
using the Kruskal-Wallis test (Sokal & Rohlf, 1981).

In order to determine the causes of the strandings,
specimens found alive were moved to the recovery cen-
tre for veterinary examination and rehabilitation. In those
cases, the cause of injury was determined by external in-
spection, radiography and, if the animal died, by necropsy.
Turtle injuries were classified into five causal categories:
Debilitated Turtle Syndrome (DTS), disease (i.e., cold-
stunned, emaciation, buoyancy), trauma, interaction with
fisheries (i.e., presence of remnants of nets, hooks, and/or
fishing lines), and other causes not determined (Bellido et
al., 2010b; Nicolau et al., 2016a). In the area of study, a
longline fishery operates mainly in oceanic waters but net
fisheries are more frequent in neritic waters.

In a previous study Baez ef al. (2011) observed a rela-
tionship between the frequency of Loggerhead stranding
versus the North Atlantic Oscillation (NAO). The NAO
is the largest source of climate variability in the northern
hemisphere. The NAO index is based on the difference
between the high-pressure centre located over the Azores
archipelago and the low-pressure centre in the Atlantic
Ocean near Iceland. The NAO acts as the main source of
climate variability in the North Atlantic by modifying the
intensity of the westerlies (Hurrell, 1995).

In a similar way to Baez et al. (2011), we compared
sea turtles stranded per area versus NAO for adults and
immature individuals using Spearman’s rank correla-
tions. However, due to infrequent sampling measure-
ments available, the analysis was limited to immature
Loggerheads. Thus, the number of immature Logger-
heads (< 66 cm) per year and area, weighted with the
total number of sea turtle measurements for that year in
all areas pooled together, was correlated with NAO. The
monthly values for the NAO for the period were provided
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by the National Oceanic and Atmospheric Administration
(NOAA) (available at: http://www.noaa.gov). The NAO
index do not only undergo interannual variability but also
intraannual variability, which mainly occurs during win-
ter (Hurrell, 1995). Thus, NAO shows the most variabil-
ity during the winter and we therefore used the average
of months between November (previous year) to March
(current year).

Results
Number of stranding records and temporal variation

Between 1997 and 2015, 2495 sea turtles were report-
ed stranded along the Andalusian coastline. The recorded
strandings included Loggerheads, Caretta caretta (N =
2311; 92.6%) and Leatherbacks, Dermochelys coriacea
(N = 175; 7.1%). Other species were registered but they
were excluded from this study because their numbers
were not statistically relevant: Green turtle, Chelonia
mydas (N = 6; 0.2%) and Kemp’s ridley turtle, Lepido-
chelys kempi (N = 3; 0.1%).

In the case of Loggerheads, we observed a strong in-
terannual variability. Thus, the periods 1997-2000 and
2006-2009 could be considered as a low strandings term.
However, the periods 2001-2005 and 2010-2013 show an
elevated number of stranding higher than the mean (Fig.
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2). We did not observe any interannual temporal trends.
Leatherback strandings show little variability during of
studied period (Fig. 3).

Spatial and seasonal occurrence

The Atlantic Coast (AC) comprises less than 40% of
the total Andalusian coast in terms of length; however,
it receives 60.3% of the total strandings of Loggerhead
and 81.7% of Leatherbacks. Meanwhile, the Alboran ar-
eas (WA and EA), 48.4% of the coast length, accounts
for 34.8% of Loggerheads and 17.2% of Leatherbacks.
Finally, the Mediterranean Coast (WM) area (13.8% of
the coast) only adds the remaining 4.9% of Loggerheads
and 1.1% of Leatherbackss (Table 1).

In the Andalusian coast live Loggerheads accounted
for 24.3% of all stranded specimens. In the WA and EA
areas, live stranded Loggerheads comprised, approxi-
mately, 50% of the records. Meanwhile, in the adjacent
areas, this proportion is lower (9.6% for AC and 23.0%
for WM) (Fig. 4).

In the case of Leatherbacks, only 1% of strandings
were of living specimens, all of them in the AC.

According to the y? developed on the spatial distribu-
tion of Loggerhead strandings, there are significant dif-
ferences in the incidence of specimens among areas (y>=
561.62; df =3; P=2.1*10"2"),
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Fig. 2: Interannual variability of Loggerhead strandings in the study period 1997-2015. A) Loggerhead stranding frequency ob-
served per year. B) Accumulated error of the mean Loggerhead strandings per year (mean = 122).
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Fig. 3: Interannual variability of Leatherback strandings in the study period 1997-2015. A) Leatherback stranding frequency ob-
served per year. B) Accumulated error of the mean Leatherback strandings per year (mean = 9).
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Table 1. Number of strandings distributed per area in the Andalusian coast, for Loggerhead (Caretta caretta) and Leatherback
(Dermochelys coriacea) turtles. Percentages for coast extensions and numbers of strandings are indicated.

Andalusian Coast

Caretta caretta

Dermochelys coriacea

Area % coast N % N %
Atlantic Coast
. 1 . 14 1.
(AC) 37.8 393 60.3 3 81.7
West Alboran
coast (WA) 20.9 421 18.2 19 10.9
East Alboran
27. 4 16. 11 .
coast (EA) 7.5 38 6.6 6.3
West Mediterra-
nean Coast (WM) 13.8 113 04.9 2 1.1
' ! Zﬁ A
. San Juan de . San Juan de
los Terrero: los Terrero:
Rinz?m de Rin(?‘)n de
la o la Victoria

Legend Legend
o 0-0.333 00.028-0.111
© 0.334- 0.667 0 0.112-0.222
© 0.668 - 1.000 ©0.223-0.333
o] 1.0311 . 313.[:233 8 0 3340»4(2‘.244
o : ’ 160

Fig. 4: Relative stranding densities of marine turtles (number of strandings per 10 km) on the Andalusian coast between 1997 and
2015: A Loggerheads (N = 2311) and B Leatherbacks (N = 175). Key: large pies refer to the proportion of total dead and alive
stranded turtles, and small white circles refer to the proportion of dead and alive stranded turtles at the AC, WA, EA, and WM

sectors: black dead turtles; white living turtles.

The Bonferroni test highlights that while the Atlan-
tic coast can be considered a zone with more strandings
than expected for Loggerheads, the rest of the Andalusian
coast (Mediterranean) receives fewer strandings than ex-
pected according to its coast length (Table 2). Only four
municipalities in the Andalusian coast received more
strandings than expected according to spatial availabil-
ity, all of them in the Gulf of Cadiz in the Atlantic Area
(Fig. 5). On the other hand, in the Mediterranecan Sea
(WA, EA, and WM), municipalities with fewer strand-
ings than expected are more frequent.

y? for Leatherback turtles yielded similar results, with
significant differences among areas (y*= 191.74; df = 3;
P=2.56*%10"").

Seasonal occurrence

Significant differences were found in the incidence of
Loggerhead strandings among seasons (= 99.42; df = 3;
P =2.071*10?"). Loggerhead strandings were more fre-
quent during spring and summer in the Andalusian coast.
Significant differences among seasons were found for
Leatherbacks. The maximum incidence of strandings was
recorded during the summer months in the Atlantic coast
(x*=16.01; df=3; P=0.0011).

666

Fig. 5: Map of municipalities with strandings of Loggerhead
(Caretta caretta) in the Andalusian coast (N = 2329, total coast-
line length considered = 925.2 km) according to Bonferroni nor-
mal statistics. Bonferroni intervals provide confidence intervals
Z = 0.0004. Municipalities with more strandings than expected
are shown in black; municipalities with less strandings than ex-
pected are shown in grey. Key: AC: Atlantic coast; WA: West
Alboran; EA: East Alboran; WM: West Mediterranean Coast.

Life stages

CCL average for Loggerhead was 48.6 cm (sd = 15.6;
range = 15-97 cm; N = 1254). Most of the strandings
corresponded to inmature Loggerheads, according to
the minimum size established for nesting females in the
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Table 2. Municipalities where strandings of Loggerhead (Caretta caretta) occurred; total strandings on the Andalusian coast (N =
2329). Total and relative coastline length per municipality are included (total coastline length considered = 925.2 km). Key: E =
expected proportion of usage. p = proportion of strandings observed in each zone (observed). Bonferroni intervals provide confi-
dence intervals for Z = 0.0004. a: Municipalities with fewer strandings than expected according to availability; b: Municipalities

with more strandings than expected according to availability.

Municipalities n Len(glzl:llsone Ii:::gtil‘;e p Bonferroni interval
Ayamonte 8 7.5 0.008 0.008 0.003 0.007 <p< -0.001®
Isla Cristina 14 12.3 0.013 0.013  0.006 0.011 <p< 0.001®
Lepe 25 15.9 0.017 0.017 0.011 0.018 <p< 0.004
Cartaya 9 6.2 0.007 0.007 0.004  0.008 <p< 0.000
Punta Umbria 43 13.8 0.015 0.015 0.018 0.028 <p< 0.009
Huelva 38 7.1 0.008 0.008 0.016  0.025 <p< 0.008
Palos de la Frontera 20 9.5 0.010 0.010  0.009 0.015 <p< 0.002
Moguer 24 6.3 0.007 0.007 0.010  0.017 <p< 0.003
Almonte 500 49.7 0.054 0.054 0.215 0.243 <p< 0.186°
San Lucar de Barrameda 17 7.3 0.008 0.008 0.007  0.013 <p< 0.001
Chipiona 59 12.6 0.014 0.014 0.025 0.036 <p< 0.014°
Rota 101 21.2 0.023 0.023  0.043 0.057 <p< 0.029°
Puerto de Santa Maria 50 20.4 0.022 0.022  0.021 0.032 <p< 0.011
Puerto Real 2 14.8 0.016 0.016  0.001 0.003 <p< -0.001*
Cadiz 116 29.8 0.032 0.032  0.050  0.065 <p< 0.035°
San Fernando 40 15.1 0.016 0.016 0.017 0.026 <p< 0.008
Chiclana de la Frontera 41 12.2 0.013 0.013 0.018 0.027 <p< 0.008
Conil 16 13.1 0.014 0.014  0.007 0.013 <p< 0.001+®
Vejer de la Frontera 24 7.4 0.008 0.008 0.010 0.017 <p< 0.003
Barbate 91 24.8 0.027 0.027  0.039 0.053 <p< 0.026
Tarifa 142 42.9 0.046 0.046  0.061 0.078 <p< 0.044
Algeciras 96 31.6 0.034 0.034 0.041 0.055 <p< 0.027
Los Barrios 2 2.5 0.003 0.003  0.001 0.003 <p< -0.001
La Linea 35 16.4 0.018 0.018 0.015 0.023 <p< 0.007
San Roque 17 18.6 0.020 0.020  0.007 0.013 <p< 0.001*
Manilva 17 9.2 0.010 0.010 0.007 0.013 <p< 0.001
Casares 3 3.1 0.003 0.003  0.001 0.004 <p< -0.001
Estepona 36 22.7 0.025 0.025 0.015 0.024 <p< 0.007®
Marbella 57 29.1 0.031 0.031 0.024  0.035 <p< 0.014
Mijas 11 12 0.013 0.013  0.005 0.009 <p< 0.000*
Fuengirola 27 8.2 0.009 0.009 0.012 0.019 <p< 0.004
Benalmadena 44 9.5 0.010 0.010 0.019 0.028 <p< 0.009
Torremolinos 17 6.5 0.007 0.007  0.007 0.013 <p< 0.001
Malaga 78 242 0.026 0.026 0.033 0.046 <p< 0.021
Rincén de la Victoria 13 8.5 0.009 0.009 0.006 0.011 <p< 0.000
Vélez-Malaga 34 25.4 0.027 0.027 0.015 0.023 <p< 0.006*
Algarrobo 3 2.2 0.002 0.002 0.001 0.004 <p< -0.001
Torrox 14 9.1 0.010 0.010  0.006 0.011 <p< 0.001
Nerja 17 13.5 0.015 0.015  0.007 0.013 <p< 0.001*
Almuiecar 26 21.1 0.023 0.023  0.011 0.018 <p< 0.004+*
Salobrea 1 8.4 0.009 0.009 0.000  0.002 <p< -0.001*

(continued)
Medit. Mar: Sci., 19/3, 2018, 662-672 667



Table 2 (Continued)

Length/zone

Relative

Municipalities n (Km) length E p Bonferroni interval
Motril 41 17.8 0.019 0.019 0.018 0.027 <p< 0.008
Gualchos 7 11.2 0.012 0.012  0.003 0.007 <p< -0.001*
Lujar 0 1.9 0.002 0.002  0.000 0.000 <p< 0.000*
Rubite 0 33 0.004 0.004  0.000 0.000 <p< 0.000®
Polopos 0 32 0.003 0.003  0.000 0.000 <p< 0.000*
Sorvilan 0 3.8 0.004 0.004  0.000 0.000 <p< 0.000®
Albufiol 2 10.7 0.012 0.012  0.001 0.003 <p< -0.001+®
Adra 42 20.5 0.022 0.022 0.018 0.027 <p< 0.009
Berja 8 32 0.003 0.003  0.003 0.007 <p< -0.001
El Ejido 37 28.9 0.031 0.031 0.016 0.025 <p< 0.007®
Roquetas de Mar 29 19.2 0.021 0.021 0.012 0.020 <p< 0.005®
Enix 0 32 0.003 0.003  0.000 0.000 <p< 0.000*
Almeria 122 38.5 0.042 0.042 0.052 0.068 <p< 0.037
Nijar 32 58.2 0.063 0.063 0.014 0.022 <p< 0.006*
Carboneras 23 18.1 0.020 0.020 0.010 0.017 <p< 0.003*
Mojacar 17 15.8 0.017 0.017 0.007 0.013 <p< 0.001°®
Garrucha 9 2.1 0.002 0.002  0.004 0.008 <p< 0.000
Vera 18 6.3 0.007 0.007  0.008 0.014 <p< 0.002
Cuevas de la Almanzora 9 18.2 0.020 0.020  0.004 0.008 <p< 0.000*
Pulpi 9.4 0.010 0.010 0.002 0.005 <p< -0.001*®

western North Atlantic (87.2 cm; TEWG 2009) and for the
Mediterranean (66.5-84.7 cm, Margaritoulis et al., 2003).
A proportion of the turtles stranded may correspond to
potential adults, especially if these turtles have a Mediter-
ranean origin (Fig. 6), since the CCL for nesting females
in the Mediterranean Sea are shorter than the CCL value
for those in the North Atlantic Ocean. CCL data for Log-
gerheads were not normal. Significant differences were
found between sizes of stranded Loggerheads in the dif-
ferent areas (Kruskal-Wallis test: H=66.59; P=2.29*10
14) (Table 3, Fig. 6).

The median Leatherback CCL was 129.11 cm
(sd =27.48, range = 55-210 cm; N = 54). Not significant
differences were found between sizes of stranded Leath-
erbacks in the different areas (Kruskal-Wallis test: H = 2.
328 P=0.312).

Causes of stranding

The cause of stranding was assessed in 586 Logger-

heads and 15 Leatherbacks. Due to the advanced decom-
position state of many specimens, the cause of stranding
for 76% of Loggerhead strandings and 93% of Leather-
backs could not be determined (Fig. 7).

Taking into account only the strandings for which it
was possible to determine the cause of death, up to 43%
of the stranding of Loggerhead could be directly attribut-
ed to anthropogenic causes, trauma (6.1%) and interac-
tion with fisheries (36.9%). On the other hand, natural
causes account for the remaining 57% of the strandings,
Debilitated Turtle Syndrome —DTS- (37.1%) and disease
(19.9%). Regarding interaction with fisheries, strandings
involving baits from several gears using hooks accounted
for 47.1% of the total and nets accounted for the remain-
ing 52.9% (Fig. 7). In the Atlantic coast bycatch by nets
was more frequent than in the Mediterranean area (58.1%
and 41.9% respectively). However, accidents with hooks
and baits were more common in the Mediterranean coast
(79.0%) than in the Atlantic coast (21.0%).

In Leatherbacks, the causes of stranding has been
very difficult to assess (Fig. 7). In most cases, specimens

Table 3. Mean of Loggerhead Curve Carapace Length (CCL) by areas.

Area Mean (cm) N Standard deviation Range

Atlantic Coast (AC) 51.23 728 14.416 15-90

West Alboran coast (WA) 44.81 242 17.333 18-97
East Alboran coast (EA) 43.94 235 15.321 15-80
West Mediterranean Coast (WM) 50.55 49 16.772 16-94
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Fig. 6: Frequency of the Curved Carapace Length (CCL) of
measured Loggerheads (N = 1254). Measurements in centime-
tres (cm).

stranded were found dead in an advanced state of decom-
position. In many of the cases, interaction with fisheries
has been established by observation of nets marks in the
flippers. We observed a significant non-parametric cor-
relation between NAO winter and the immature sea turtle
stranding per area AC (Rho =-0.579; P =0.024), and EA
(Rho =0.604; P=0.017).

Discussion

Andalusian waters have not been considered a per-
manent habitat for sea turtles until now; therefore, all
the stranded turtles were presumed to be specimens mi-
grating between the Atlantic Ocean and Mediterranean
Sea feeding and breeding grounds (e.g., Camifias & De
la Serna, 1995; Camifias & Gonzalez de Vega, 1997;
Caminas, 2002; Tomas et al., 2008). Nevertheless, the
high frequency of strandings and its steady rate through
the years suggest both important mortality/injury caus-
es to turtles in the area and a significant presence of sea
turtles in the marine waters situated on the Andalusian
coast, especially of two species, Loggerhead and Leath-
erback. Taking into account that the Atlantic area only
accounts for approximately 40% of the total Andalusian
coast, it is a significant fact that it has received nearly
61% of all Loggerheads and 84% of Leatherbacks turtles
stranded in Andalusia in the study period. In the beaches
located to the south of Portugal, following the coastal line

Debilitated Turtle

Syndrome (DTS) .
9% /, Disease

5%
__Interaction with
fisheries

__Traumatism
/- 1% Interaction with nets

Not determined Interaction with baits

76%

Loggerheads

from Spain, a similar rate of strandings has been report-
ed by Nicolau et al. (2016a). In addition, the analyses
carried out by the authors indicate that the Atlantic coast
of Andalusia present more strandings of sea turtles that
was expected according to its availability. Hence, the
Gulf of Cadiz, a region with a large continental shelf is,
presumably, an area with a high density of sea turtles.
According to Casale et al. (2008), Atlantic Loggerhead
sea turtles frequent shallow waters in areas of the Medi-
terranean where the continental shelf is also large.

During the first period of study, 1997-2000, the rate
of strandings was the lowest of all the periods. This was
probably due to the initial stage of the organisation and
implementation of the stranding network. After its con-
solidation, the rate of strandings increased, covering
nearly the totality of the cases produced.

The abundance of strandings in the Andalusian coast
is higher in spring and summer for both Loggerheads and
Leatherbacks. It is remarkable that the same pattern of
seasonal stranding in the Atlantic area has been reported
in the south of Portugal (Nicolau et al., 2016a), with a
peak in spring for Loggerheads and a peak in summer for
Leatherbacks. Therefore, it could be possible to consider
the Iberian sector of the Ibero-Moroccan Gulf (south of
Portugal and Gulf of Cadiz) as a singular temporal habitat
for sea turtles.

The mean CCL of Loggerheads found stranded dead
in the Andalusian coast was 48.6 cm and 129.1 cm for
Leatherbacks. In the case of Loggerheads, this size indi-
cates the predominance of immature specimens (Margari-
toulis et al., 2003; TEWG, 2009) in these waters. This is
consistent with previous studies that point out the migra-
tory character of the species moving through the Strait of
Gibraltar (Camifias and de la Serna, 1995; Bellido ef al.,
2010a, b). The structure of the Leatherback population
in the Mediterranean basin is not clear, with no evidence
of nesting beaches (Marquez, 1990). Thus, they may be
adults searching for feeding grounds (Marquez, 1990).

Loggerheads stranded in the AC presented a mean
of 51.2 em of CCL, very close to the mean obtained by
Nicolau et al. (2016a) for Loggerheadss stranded in the
south of Portugal (50.0 cm); therefore, they could form
part of the same population. Casale et al. (2010) reported
similar sizes of turtles stranded dead and captured by bot-
tom trawlers in the north Adriatic coast (49.1 and 48.0 cm

Litter ingestion

Interaction with 0%

fisheries
7%

Not determined
93%

Leatherbacks

Fig. 7: Causes of strandings of Loggerheads (N =2311) (A) and Leatherbacks (B) (N =175).
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of Straight Carapace Length —SCL- respectively). This
measurement corresponds to 60.6 and 59.4 cm of CCL
respectively, according to a conversion carried out using
the formula developed by Baez et al. (2010). The north
Adriatic Sea, with a large continental shelf, is an import-
ant neritic foraging area for Loggerhead sea turtles in the
Mediterranean Sea (Casale et al., 2010). The north of the
Ibero-Moroccan Gulf also has a large continental shelf
and a high primary productivity near the coast (Luque &
Templado, 2004). Bellido et al. (2010a) found that Log-
gerheads stranded in the Atlantic coast of Andalusia were
larger than Loggerheads stranded in the Alboran and
Mediterranean Sea areas, which suggests that adults and
larger juveniles preparing to migrate to Atlantic breeding
grounds concentrate in the Atlantic waters of Andalusia.
Furthermore, in the Andalusian coast, as in Italy, turtles
stranded alive tend to be smaller than the dead stranded
turtles (Bellido et al., 2010a; Casale et al., 2010).

Dead Loggerheads strandings are more frequent on
beaches in the Atlantic coast than in the Mediterranean
(Bellido et al., 2010a). For Leatherbacks, the incidence
of live specimens is almost imperceptible, with only few
cases recorded in the Atlantic area. This pattern possibly
shows that negative interactions with human activities
are more acute around the Gulf of Cadiz. Fishing-induced
mortality has been shown to be by far the most import-
ant threat for sea turtles in the Mediterranean Sea (Casale
et al., 2010) where they are not only subject to capture
by Mediterranean longliners but also by bottom trawlers
(Carreras et al., 2006). However, there is a differential
distribution of fisheries along the Andalusian coast. The
analyses of causes of stranding show that interactions
with net fisheries are more frequent in the Atlantic than
in the Mediterranean waters. On the other hand, interac-
tions with baits have a major effect in sea turtles in the
Mediterranean basin. These results are consistent with
the existence of a traditional artisanal trammel net fishing
fleet operating in the Gulf of Cadiz and an important
longline fleet fishing from Mediterranean waters (Baez
et al., 2006, 2007).

Our results in the Gulf of Cadiz seem to agree with
those of Cardona et al. (2009), who found that an im-
portant portion of the immature Loggerheads found off
the eastern coast of mainland Spain used the continental
shelf and exhibited fidelity to neritic feeding grounds,
where they suffer incidental by-catch in fishing gear.
Monzén-Argiiello et al. (2009) reported that young tur-
tles, after reaching a suitable feeding area, may stay there
for a long period of time, which is perhaps also the case
in Gulf of Cadiz (Baez et al., 2006). On the other hand,
our results confirmed the previous finding by Baez et al.
(2011). Thus, according to these authors and our work,
when conditions are not adequate for migration due to
causes related to the North Atlantic Oscillation (NAO),
Loggerhead sea turtle abundance could increase along
the Atlantic coast. Drinkwater et al. (2003) argued that
a positive NAO phase, which was prevalent during the
study period, results in stronger-than-average westerly
winds across northern midlatitudes, and lower sea sur-
face temperature between the equator and 30°N, an area
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crossed by tagged adult Loggerheads travelling to nesting
beaches (e.g., see Eckert et al, 2008). Thus, we hypo-
thesised that during a positive NAO, winds favour mi-
gration of immature turtles born on American beaches,
and others attempting to reach the Mediterranean feed-
ing areas, which could explain the stranding pattern of
small Loggerheads with an increase along the Atlantic
coast during springtime which shifted to the Mediterra-
nean areas in summer. Young Loggerheads coming from
Atlantic areas, mainly in spring and summer (Witt et al.,
2007), spend little but measurable time in this neritic
habitat before being affected by the prevalent currents
that drag them into the Mediterranean Sea. These same
westerly winds are difficult to overcome by Loggerhead
sea turtles returning to nesting areas in the Western North
Atlantic. This would lead to Loggerhead accumulation
around the Strait of Gibraltar, which is both the receiving
area for newcomers, mainly in spring, and the starting
point for returning Loggerheads, possibly in late summer
and autumn (Camifias & De la Serna, 1995). Thus we
hypothesise that the probability of a Loggerhead strand-
ing would consequently also increase in relation to the
higher Loggerhead sea turtle abundance.

In conclusion, the north Ibero-Moroccan Gulf may
represent a neritic habitat for the Loggerhead sea turtle
in the Mediterranean threshold. Atlantic Andalusian and
Portuguese waters could be used by Atlantic Loggerhead
sea turtles arriving for first time to the Mediterranean Sea
and by those either feeding or resting before returning to
their nesting beaches in the Atlantic Ocean. It is crucial to
test the previous hypothesis to improve the management
of the sea turtle in the region and adjacent waters.

Acknowledgements

We are grateful to Consejeria de Medio Ambiente y
Ordenacion del Territorio de la Junta de Andalucia, Pro-
grama de Gestion del Medio Marino, for providing data
of strandings. E. Torreblanca was supported by a grant of
Soroptimist International Europe. We also thank to two
anonymous referees for their useful comments. Finally,
we would like to thank Nathalie Yonow for revising the
manuscript.

References

Béez, J.C., Caminas, J.A., Rueda, L., 2006, Incidental capture
of marine turtles fisheries of South Spain. Marine Turtle
Newsletter, 111, 11-12.

Béaez, J.C., Camidas, J.A., Sagarminaga, R., Torreblanca,
D., Real R., 2007. Capturas no dirigidas de tortuga boba
(Caretta caretta, Linnaeus, 1758) en aguas de Andalucia y
Murcia durante 2004. Munibe 25, 196-201.

Baez, J.C., Macias, D., Puerto, M.A, Camiiias, J.A., Ortiz de
Urbina, J.M., 2010. Analisis biométrico de la tortuga boba,
Caretta caretta (Linnaeus 1758), en el Mediterraneo Occi-
dental. Collective Volume of Scientific Papers ICCAT, 65
(6), 2305-2309.

Medit. Mar. Sci., 19/3, 2018, 662-672



Baez, J.C., Bellido, J.J., Ferri-Yafiez, F., Castillo, J.J., Martin,
J.J. et al., 2011. The North Atlantic Oscillation and Sea Sur-
face Temperature affect loggerhead abundance around the
Strait of Gibraltar. Scientia Marina 75 (3), 571-575.

Baez, J.C., Macias, D., Bellido, J.J., Camiiias, J.A., 2017. Dif-
ferential temporal and spatial distribution of adult logger-
head sea turtles from Gulf of Cadiz to western Mediterra-
nean Sea. Vie et milieu 67 (1), 1-5.

Bellido, J.J., Castillo, J.J., Pinto, F., Martin, J.J., Mons, J.L. et
al., 2010a. Differential geographical trends for loggerhead
turtles stranding dead or alive along the Andalusian coast,
South Spain. Journal of the Marine Biological Association
of the United Kingdom 90, 225-231.

Bellido, J.J., Baez, J.C., Castillo, J.J., Pinto, F., Martin, J.J. et
al., 2010b. Loggerheads stranded and captured along the
South Spanish Coast: natural causes affect smaller individ-
uals than human causes do. Chelonian Conservation and
Biology 9 (2), 276-282.

Bellido, J.J., Baez, J.C., Leon, D., Castillo, J.J., Martin, J.J. et
al., 2012. Geographical trends of the common dolphin (Del-
phinus delphis) in Andalusian coastal waters inferred from
stranding data. Vie et milieu (62), 87-95.

Benhardouze, W., Tiwari, M., Aksissou, M., Godfrey, M.H.,
2008. Diet of loggerheads stranded along the Mediterra-
nean coast of Morocco. p 33-42 In: Proceedings of the 3"
Mediterranean conference on marine turtles. Bradai, M.N.,
Casale, P. (Eds.) Barcelona Convention - Bern Convention
- Bonn Convention (CMS), Hammamet, Tunisia.

Benhardouze, W., Aksissou, M., Tiwari, M., 2012. Analysis of
stomach contents of loggerhead turtles stranded along the
northwest coast of Morocco to determine foraging habitats.
In: Proceedings of the 4" Mediterranean conference on ma-
rine turtles. Bentivegna, F., Maffuci, F., Mauriello, V. (Eds).
Naples, Italy.

Brongersma, L., 1972. European atlantic turtles. Zoologsische
Verhandelingen 121, 1-318.

Byers, C.R., Steinhorst, R.K., Krausman, P.R., 1984. Clarifi-
cation of a technique for analysis of utilization-availability
data. The Journal of Wildlife Management 48, 1050-1053.

Cameron, G.N., Spencer, S.R., 2008. Mechanisms of habitat se-
lection by the hispid cotton rat (Sigmodon hispidus). Jour-
nal of Mammalogy 89, 126-131.

Caminas, J.A., De la Serna, J.M., 1995. The loggerhead distri-
bution in the Western Mediterranean Sea as deduced from
the captures by the Spanish Long Line Fishery. Scientia
Herpetologica 1995, 316-323.

Caminas, J.A., 1998. Is the leatherback (Dermochelys coriacea
Vandelli, 1761) a permanent species in the Mediterranean
Sea. Rapport commission internationale mer méditerra-
née, 35 (1998), 388-389.

Camifas, J.A., 2002. Estatus y conservacion de las tortugas
marinas en Espafia. p 345-380. In: Atlas y libro rojo de los
anfibios y reptiles de Esparia. Pleguezuelos, J.M., Marquez,
R., Lizana, M., eds. Direccion General de Conservacion de
la Naturaleza-Asociacion Herpetoldgica Espafiola, Madrid.
587 pp.

Camifias, J.A., Gonzalez de Vega, J.P. 1997. The leatherback tur-
tle (Dermochelys coriacea V.) presence and mortality in the
Gulf of Cadiz (SW of Spain). Proceedings of the 2°. Simposio
sobre el Margen continental Ibérico Atlantico. Cédiz.

Medit. Mar. Sci., 19/3, 2018, 662-672

Caminas, J.A., Valeiras, J. 2001. Critical areas for loggerhead and
leatherback marine turtles in the western Mediterranean Sea
and the Gibraltar Strait region. Proceedings of First Mediter-
ranean Conference on Marine Turtles. Rome. 271 pp.

Cardona, L., Revelles, M., Parga, M., Tomas, J., Aguilar, A.
et al., 2009. Habitat use by loggerhead sea turtles Caret-
ta caretta off the coast of eastern Spain results in a high
vulnerability to neritic fishing gear. Marine Biology 156,
2621-2630.

Carreras, C., Pont, S., Maffucci, F., Pascual, M., Barcelo, A. et
al., 2006. Genetic structuring of immature loggerhead sea
turtles (Caretta caretta) in the Mediterranean Sea reflects
water circulation patterns. Marine Biology 149, 1269-1279.

Carreras, C., Pascual, M., Tomas, J., Marco, A., Hochsheid, S.
et al., 2015. p 130. From accidental nesters to potential col-
onisers, the sequential colonisation of the Mediterranean by
the loggerhead sea turtle (Caretta caretta). In: Book of Ab-
stracts of 35" Annual Symposium on Sea Turtle Biology and
Conservation. Kaska, Y., Sonmez, B., Turkecan, O., Sezgin,
C. (Eds). MACART.

Casale, P., Freggi, D., Gratton, P., Argano, R., Oliverio, M.,
2008. Mitochondrial DNA reveals regional and interregion-
al importance of the central Mediterranean African shelf for
loggerhead sea turtles (Caretta caretta). Scientia Marina 72
(3), 541-548.

Casale, P., Affronte, M., Insacco, G., Freggi, D., Vallini, C. et
al., 2010. Sea turtle strandings reveal high anthropogenic
mortality in Italian waters. Aquatic Conservation: Marine
and Freshwater Ecosystems 20, 611-620.

Chaloupka, M., Work, T.M., Balazs, G.H., Murakawa, S.K.K.,
Morris, R., 2008. Cause-specific temporal and spatial trends
in green sea turtle strandings in the Hawaiian Archipelago
(1982-2003). Marine Biology 154, 887-898.

Clusa, M., Carreras, C., Pascual, M., Gaughran, S.J., Piovano,
S. et al., 2014. Fine-scale distribution of juvenile Atlantic
and Mediterranean loggerhead turtles (Caretta caretta) in
the Mediterranean Sea. Marine Biology 161, 509-519.

Drinkwater, K.F., Belgrano, A., Borja, A., Conversi, A., Ed-
wards, M. et al., 2003. The response of marine ecosystems
to climate variability associated with the North Atlantic
Oscillation. p: 211-234. In: The North Atlantic Oscillation
Climatic Significance and Environmental Impact. Geo-
physical monograph 134. Hurrell, J.W., Kushnir, Y., Otters-
en, G., Visbeck, M. (Eds). American Geophysical Union,
Washington D.C.

Eckert, S.A., Moore, J.E., Dunn, D.C., Sagarminaga, R., Eck-
ert, K.L. et al., 2008. Modeling loggerhead turtle movement
in the mediterranean: importance of body size and oceanog-
raphy. Ecological Applications 18 (2), 290-308.

Hammer, @., Harper, D., 2006. Paleontological Data Analysis.
Blackwell Publishing, Oxford. 368 pp.

Hammer, @., Harper, D., Ryan, P. D., 2001. PAST: Paleonto-
logical Statistics Software Package for Education and Data
Analysis. Palaeontologia Electronica 4 (1): 9.

Hurrell, J.W., Kushnir, Y., Ottersen, G., Visbeck, M., 2003. An
overview of the North Atlantic oscillation. In: In: Hurrell,
J.W., Kushnir, Y., Ottersen, G., Visbeck, M. (Eds.), The
North Atlantic Oscillation Climatic Significance and En-
vironmental Impact, vol. 134. Geophysical Monograph,
Washington D.C, pp. 1-35.

671



Hurrell, J.W., 1995. Decadal trends in the North Atlantic Os-
cillation: regional temperatures and precipitation. Science
269, 676-679.

TUCN, 2017. The IUCN red List of threatened species. Version
2017.3 www.iucnredlist.org. Accessed on 25 November 2017

Luque, A., Templado, J., 2004. Praderas y bosques marinos de
Andalucia. Andalucia: Consejeria de Medio Ambiente. Jun-
ta de Andalucia. Andalucia.

Margaritoulis, D., Argano, R., Baran, 1., Bentivegna, F., Bradai,
M.N. et al., 2003. Loggerhead turtles in the Mediterranean
Sea: present knowledge and conservation perspectives. pp.
175-198. In: Biology and Conservation of Loggerhead Sea
Turtles. Bolten, A.B., Witherington, B. (Eds). Smithsonian
Institution Press.

Marquez, M.R., 1990. Species catalogue. Vol. 11: Sea turtle
of the world. An annotated and illustrated catalogue of sea
turtle species known to date. FAO Fisheries Synopsis. No.
125, vol. 11. Rome, FAO. 81 pp.

Monzoén-Argiiello, C., Rico, C., Carreras, C., Calabuig, P., Mar-
co, A. et al., 2009. Variation in spatial distribution of juve-
nile loggerhead turtles in the eastern Atlantic and western
Mediterranean Sea. Journal of Experimental Marine Biolo-
gv and Ecology 373, 79-86.

Nicolau, L., Ferreira, M., Santos, J., Aragjo, H., Sequeira, M.
et.al., 2016a. Sea turtle strandings along the Portuguese
mainland coast: spatio-temporal occurrence and main
threats. Marine Biology 163, 1-13.

Nicolau, L., Margalo, A., Ferreira, M., Sa, S., Vingada, J. et al.,
2016b. Ingestion of marine litter by loggerhead sea turtles,
Caretta caretta, in Portuguese continental waters. Marine
Pollution Bulletin 103 (1-2), 179-185.

Ocana, O., Garcia De Los Rios, P., Los Huertos, A., Brito, A.,

672

2005. The crab Polybius henslowii (Decapoda: Brachyura)
as a main resource in the loggerhead turtle (Caretta caretta)
diet from North Africa. Revista de la Academia Canaria de
Ciencias 17 (4), 103-116.

Revelles, M., Carreras, C., Cardona, L., Marco A., Bentivegna,
F. et al.,, 2007. Evidence for an asymmetric size exchange
of loggerhead sea turtles between the Mediterranean and
the Atlantic trough the Straits of Gibraltar. Journal of Ex-
perimental Marine Biology and Ecology 349, 261-271.

Seaturtle.org Maptool (2017) Available: http://www.seaturtle.
org/maptool/. SEATURTLE.ORG, Inc. (Accessed 2017
Sep 195).

Sokal, R., Rohlf, F.J., 1981. Biometry. New York: W.H. Free-
man and Company.

TEWG, Turtle Expert Working Group, 2009. An assessment
of the Loggerhead turtle population in the Western North
Atlantic Ocean. NOAA Technical Memorandum NMFS-
SEFSC-575.

Tintoré, J., La Violette, P.E., Blade, 1., Cruzado, A., 1988. A
study of an intense density front in the eastern Alboran Sea:
the Almeria—Oran front. Journal of Physical Oceanography
18 (10), 1384-1397.

Tomas, J., Gozalbes, P., Raga, J.A., Godley, B.J., 2008. Bycatch
of loggerhead sea turtles: insights from 14 years of strand-
ing data. Endangered Species Research. 5, 161-169.

Wang, D., Garcia, H., Huang, W., Tran, D.D., Jain, A.D. et al.,
2016, Vast assembly of vocal marine mammals from diverse
species on fish spawning ground. Nature 531, 366-370.

Witt, M.J., Penrose, R., Godley, B.J., 2007. Spatio-temporal pat-
terns of juvenile marine turtle occurrence in waters of the Eu-
ropean continental shelf. Marine Biology 151, 873-885.

Medit. Mar. Sci., 19/3, 2018, 662-672



