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SUMMARY
 Sea turtles spend most of their life cycle in water, in foraging grounds occupying 
oceanic and/or coastal areas, depending on the species or populations. These habi-
tats support high genetic diversity, converging turtles from multiple breeding populations, 
conforming a mixed genetic stock of juvenile turtles.

 The South Western Atlantic (SWA) region extends the coastal and territorial waters 
of Brazil, Uruguay and Argentina. This region is a melting point of more than six sea turtle 
populations, sharing foraging and developmental grounds and migratory corridors of five 
species of turtles (the leatherback turtle, Dermochelys coriacea; the loggerhead turtle, 
Caretta caretta; the green turtle, Chelonia mydas; the hawksbill turtle, Eretmochelys im-
bricata; and the olive ridley turtle, Lepidochelys olivacea). Also the SWA region shares 
most of the threats affecting sea turtle populations. The main threats are the bycatch by 
artisanal and industrial fisheries, pollution, habitat lost, fibropapiloma (FPHTV) and ports 
dredging, among others.

 Foraging habitats are of especial importance for sea turtle conservation because 
(1) as we said before, turtles spent most of their life cycle in them and (2) these habitats 
host high genetic diversity, with turtles originating from different nesting populations.

 In the last decade, our understanding on sea turtle foraging behaviour, habitat 
use and movements in foraging areas have been widened by the use of technology, 
particularly by telemetry devices, and stable isotopes analysis. The stable isotope analy-
sis of tissues with a low turnover rate integrates dietary information during long periods. 
Furthermore, stable isotope analyses give information about assimilated prey and not 
only on those consumed. In the last decades, the satellite telemetry has improved our 
understanding of connectivity between nesting and feeding areas, seasonal movements 
and spatio-temporal habitat use of sea turtles. The development of new technologies also 
allows the researchers to satellite tracking early juveniles, which biology and behaviour 
are still poorly known.

 The aim of the present PhD Thesis is to increase the knowledge on ecology, biol-
ogy and threats of sea turtles in feeding and developmental waters of the Southwestern 
Atlantic Ocean (SWAO), focusing on the following objectives: 
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1- To characterize the sea turtle aggregations in Uruguayan waters, identifying the spe-
cies, life stages, habitat use and associated threats in the area.

2- To describe the diet and the ontogenetic dietary shift of green turtles (Chelonia mydas). 

3- To assess the migratory route from originating nesting beaches and seasonal move-
ments of juvenile green turtles in the Southwestern Atlantic Ocean.

4- To study the impact of two of the threats affecting green turtle aggregation in Uruguay-
an coastal waters: the marine debris ingestion and the strandings of hypothermic turtles 
caused by abrupt decreases in sea temperature.

 All these objectives have been addressed based on 8 years of work by the author 
with the Uruguayan NGO Karumbé, as well as previous data obtained by this organiza-
tion, and the collaboration of different research institutions of Uruguay, South America 
and Spain. A total of 19 years of data are compiled here, filling important gaps on the nec-
essary knowledge for the conservation and management of these species in the region.

The present study led to the following findings and conclusions: 

 A total of 1,107 stranded sea turtles along the Uruguayan coast through 1999-
2010 (annual mean ± SD = 82 ± 49.4, range 20–160). Five species were recorded: green 
turtles (N = 643; 58.1 %), loggerhead turtles (N = 329; 29.7 %), leatherback turtles (N = 
131; 11.8 %), hawksbill turtles (N = 3; 0.3 %) and olive ridley (N = 1; 0.1 %). The coast-
al waters of Uruguay are used by juvenile green turtles  [mean ± SD curved carapace 
length (CCL) = 41.5 ± 7.5 cm; range 25.7–94.5, N = 538], large juveniles or adult sizes 
loggerhead turtles (CCL = 72.6 ± 15.3 cm; range 10.3–114.6; N = 203), large juveniles 
and adult sizes leatherback turtles (CCL = 139.4 ± 11.1 cm; range 110.5–160.0; N = 
53), with also sporadic records of the hawksbill turtle and olive ridley turtle. Most of the 
strandings recorded occurred in the oceanic influence area (N = 593) and outer estuary 
area (N = 261); and during the warmer months (austral summer and austral fall). The main 
threats for the loggerhead and leatherback turtles were the industrial (coastal bottom 
trawlers and pelagic longlines) and artisanal fisheries (set nets). The decomposition stage 
of the carcasses of these two species indicates the threats affecting them occur far from 
the coast. The green turtles were recorded in higher numbers, particularly around rocky 
promontories of the coast; being the carcasses found mainly fresh (alive or in low decom-
position state). This is indicative of coastal threats. The main threats detected have been 
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artisanal and sport fishing, ingestion and entanglement with marine debris, and stranding 
of hypothermic turtles caused by abrupt decrease of sea surface temperature. This spe-
cies was recorded stranding all year round, although showing a clear seasonal pattern 
with records increasing in the austral summer (late December–March). 

 Based on digestive tract contents and stable isotopes signatures of skin, we ob-
served that green turtles presented an omnivorous diet. In the stomach contents we 
found high occurrence of both macroalgae (FO = 69.2 %) and gelatinous macrozoo-
plankton (FO =  51.9%). Macroalgae species occurred in all the samples collected from 
the esophagus lavages and represented the bulk of the dietary items in these samples. 
According to stable isotopes analysis, green turtles exhibit a rapid, but not abrupt, dietary 
shift after recruiting to neritic habitats from oceanic areas. Green turtles seem to acquire 
a predominant herbivorous diet when reach 45 cm CCL, showing a gradual increase in 
the occurrence of macroalgae with size. This indicates that green turtles in the region start 
consuming macroalgae soon after recruiting to neritic habitats, but continue consuming 
relevant amounts of gelatinous macrozooplankton and squids, even as late juveniles. 
We identified twenty different species of macroalgae, with five taxa occurring with higher 
frequencies (FO > 35%): Ulva spp., Grateloupia sp., Chondracanthus sp., Codium decor-
ticatum and Pterocladiella capillacea. 

 We also identified 6 cephalopods species in the digestive tract of juvenile green 
turtles, probably ingested during their oceanic stages before recruiting to neritic habitats. 
These squid species are common in oceanic Atlantic waters and the consumption by 
green turtles could be more common in the SWAO waters than previously thought. Four 
of the squids species identified (Chirioteuthis veranyi, Histioteuthis atlantica, H. bonnelli 
corpuscular, H. arcturi) were commonly found in oceanic waters of the Subtropical Con-
vergence, but our results suggest an extension of the Atlantic distribution of at least two 
of these species [Mastigoteuthis psychrophila and Moroteuthis sp. B (Imber)] well north 
of the Antarctic Convergence to the region of the Subtropical Front. 

 Different types of marine debris were found in the digestive content of the green 
turtle analysed. The interaction with marine debris is a matter of concern for the green 
turtle in the recent decades, as well as for other sea turtle species and marine fauna 
worldwide. Our results provide strong evidence that anthropogenic debris is, by far, one 
of the most important threats affecting green turtles in Uruguayan coastal waters in the 
last decade. We characterized the marine debris ingestion by green turtles in Uruguay-
an coastal waters during an 8-year period (2006 to 2013). Marine debris were collected 
from 96 freshly dead stranded turtles. We found debris in 70 % of the turtles analysed, 
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presented in all sections of the digestive tract, but mainly in the stomach and intestine. 
This result is consistent with other studies in the SWA region. The best model explaining 
the variability of the quantity of debris ingested by turtles included curve carapace length, 
Julian day and distance from the stranding location to the estuary. There was a smooth 
relationship between total weight of debris and size, positive for turtles CCL < 40 cm and 
negative for turtles CCL > 40 cm (turtles probably completing the ontogenetic dietary 
shift). The mean volume of debris was 33.2 ± 35.9 ml (range 0.1–170.0 ml) and the mean 
weight was 8.8 ± 12.0 g (range 0.01–56.3 g). The most frequent debris category was soft 
plastics (plastic bags and wrappers). The present study contributes with new evidence 
about the green turtle vulnerability to marine pollution through their lifecycle, particularly 
during their first juveniles stage in oceanic and coastal areas of development.

 Detailed knowledge on connection between distant breeding areas and feed-
ing grounds is a key prerequisite for the successful management of marine vertebrates. 
To assess the connection of the main breeding area of green turtle to developmental 
and foraging areas in the SWAO, we combined stable isotopes analyses of carapace 
scutes and satellite tracking of juvenile green turtles to understand the pre and post set-
tlement movements in Uruguayan coastal waters. Scute biopsies were collected from 
20 turtles foraging on coastal rocky outcrops in Uruguay and sliced in successive 30-
μm layers using a cryostat. The δ15N and δ13C values of the innermost scute layer in-
creased significantly with turtle size and they also increased from the outermost to the 
innermost layer of most individuals. According to the regional isoscape, such pattern 
was consistent with a shift from tropical, oceanic habitats to neritic habitats in north-
ern Brazil and the subsequent southward movement along the coast; being only the 
group of turtles considered as residents, the individuals which had δ15N and δ13C val-
ues consistent with those of local potential preys in Uruguayan waters. Based on these 
results, we propose an average curved carapace length of 45 cm for green turtles at 
settlement in Uruguay.  According to satellite tracking, resident turtles would perform 
short seasonal North-South migrations to spend the colder months in warmer Bra-
zilian waters. Our results provide empirical evidence supporting the hypothesis that 
most juvenile green turtles are following a coastal migratory route along 
the Brazilian coast and confirm the existence of seasonal movements 
between Uruguayan and South-Brazilian waters, and also a high fidelity for 
feeding grounds in the SWA region.

 We detected a potential threat for green turtles in Uruguay during austral winter 
when an abrupt decrease in seawater temperature drives green turtles to suffer hypother-
mia, and subsequent stranding. In temperate areas, like Uruguayan waters, some green 
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turtles may stay during the winter instead of performing seasonal migrations to warmer 
waters. Juvenile green turtles behave actively when sea surface temperature (SST) is of 
18-20°C or higher, but below a certain threshold temperature they become inactive and 
may exhibit overwintering torpor or “winter dormancy” (reducing their activity, movements 
and metabolism) to avoid the negative physiological effects of cold waters. In July 2012 
we described a large unusual hypothermic stunning caused by atypical oceanographic 
and meteorological conditions. A total of 90 green turtles were recorded in Punta del Este 
(Maldonado Department) in just 12 days. In July 2012 a record-breaking cold weather 
occurred throughout Uruguay, with records of near-shore water temperatures below 10 
°C SST. Temperature descended over a three week period reaching an unusual low at 8 
°C, attaining lower SST records compared to previous years. Extreme weather conditions 
were also detected those days (e.g. positive anomalies of sea surface temperature and 
winds). Of the total green turtles stranded in this event, 35 were transported to Karumbé 
Centre (mean± SD curved carapace length [CCL] = 39.9 ± 3.96 cm; range = 31.5-48.5 
cm, n = 35). No other sea turtle species stranded during those days. These extreme 
conditions caused hypothermia and led to the stranding and dead of many green turtles 
in that period. Under a climate change scenario, it is extremely necessary to monitor at-
mospheric and oceanographic variables, particularly in the extremes of the distribution 
range of marine turtles, to rapidly predict and respond to future mass stranding events in 
the region.

 The present study contributes to increasing the knowledge on sea turtles in South-
western Atlantic waters, and asses the exceptionally importance of Uruguayan coastal 
waters as foraging area for the green turtles and other four sea turtle species in the SWAO; 
as well as showing the turtles’ vulnerability in these waters. This information is needed for 
conservation and management in an area with important anthropogenic threats for these 
sea turtle species.

 In the next page we resume the objetives of the present Thesis with an ideogram.
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Introducción
 Actualmente existen siete especies de tortugas marinas. Estas son la tortuga laúd 
o siete quillas (Dermochelys coriacea) como única especie representante de la familia 
Dermochelyidae, y las seis especies vivientes de la familia Cheloniidae: la tortuga carey 
(Eretmochelys imbricata), la tortuga lora (Lepidochelys kempii), la tortuga olivácea (Lepi-
dochelys olivacea), la tortuga boba o cabezona (Caretta caretta), la tortuga verde (Chelo-
nia mydas) y la tortuga aplanada (Natator depressus) (Meylan & Meylan 1999).

 Las tortugas marinas tienen una distribución circunglobal, encontrándose en to-
dos los océanos del mundo, ocupando nicho ecológicos únicos y exhibiendo variaciones 
intraespecíficas en relación a la reproducción y a su morfología (Wallace et al. 2011). Su 
ciclo de vida es largo y complejo, conectando áreas que frecuentemente se encuentran 
separadas por miles de kilómetros. Pueden encontrarse asociadas a hábitats costeros 
tropicales y subtropicales, así como en diversos ecosistemas costero-marinos entre los 
que se incluyen arrecifes de coral, praderas de fanerógamas marinas, fondos rocosos, 
estuarios y aguas oceánicas (Bolten 2003; Musick & Limpus 1997). Todas las especies 
de tortugas marinas existentes en la actualidad presentan un ciclo de vida similar, aun-
que la duración de sus diferentes fases varía entre especies y poblaciones (Hawkes et al. 
2006; Miller 1997). El tiempo para alcanzar la 
madurez sexual varía entre especies, y dependiendo de su dieta y uso de hábitat durante 
su desarrollo, el rango es entre los 10 y los 30 años (referencias en Revuelta 2014). Cuan-
do son sexualmente maduras migran a las zonas de reproducción donde se aparean. 
Tanto hembras como machos presentan filopatría, por lo que retornan a las aguas 
próximas a las playas donde nacieron para aparearse (FitzSimmons et al. 1997; Vélez-
Zuazo et al. 2008) y son solo las hembras las que salen del agua para poner sus hue-
vos en la playa. Esta filopatría puede presentar algunas variantes entre especies o en-
tre poblaciones (Revuelta 2014 y referencias incluidas). Además, las hembras anidantes 
pueden presentar fidelidad por las zonas de alimentación en los periodos inter-puestas 
(Revuelta et al. 2015)

 Tras el periodo de incubación y eclosión, los neonatos dejan las playas comenzan-
do una fase oceánica que puede durar varios años. Durante esta etapa, los pequeños 
juveniles presentan una alimentación epipelágica, encontrándose en los primeros metros 
de la columna de agua (Meylan & Meylan 1999). Una una vez que las tortugas llegan a 
cierta talla, pueden migrar a ambientes costeros para seguir desarrollándose y alimentán-
dose. En estos ambientes pueden realizar migraciones estacionales entre zonas de vera-
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neo e invernada, las cuales pueden estar separadas por cientos de kilómetros (Mansfield 
et al. 2009; Meylan et al. 2011). En estas zonas de alimentación y desarrollo pueden 
converger individuos juveniles de distintas poblaciones conformando un stock genético 
mixto (Encalada et al. 1996; Lahanas et al. 1998; Musick & Limpus 1997; Plotkin 2003; 
Prosdocimi et al. 2012).

 A nivel global, los esfuerzos para la conservación de las tortugas marinas se ini-
ciaron con protección de hembras nidificantes y nidos; siendo las principales áreas pro-
tegidas para las tortugas marinas las playas de anidación y las áreas costeras próximas 
a ellas (Broderick et al. 2007). Teniendo en cuenta la pequeña proporción del ciclo de 
vida en áreas de reproducción (unos pocos meses cada 2-7 años tras un largo período 
de maduración), puede inferirse que la protección de estas áreas ofrece un beneficio 
limitado para la conservación de las poblaciones de tortugas marinas (Broderick et al. 
2007). De esto surge que en las últimas décadas la conservación de los hábitats de ali-
mentación se considere una prioridad para el manejo y conservación de las poblaciones 
de tortugas marinas (Bjorndal 1999; Hawkes et al. 2006). Además, la supervivencia de 
los individuos juveniles en distintos estadios de desarrollo tiene un efecto muy importante 
en el mantenimiento de las poblaciones que la supervivencia de los neonatos (Crouse et 
al. 1987). 

 Mas recientemente, nuevas tecnologías han permitido generar un conocimiento 
mas detallado, espacialmente explicito, de los usos de hábitats de estadios pobremente 
estudiados del ciclo de vida de las diferentes especies de tortugas marinas (Ej.: Godley 
et al. 2008; Mansfield et al. 2014). Esto ha impactado positivamente a la hora de definir o 
priorizar áreas oceánicas y costeras críticas para la conservación de las tortugas marinas 
a nivel global. Esto se evidencia, por ejemplo, del considerable aumento en el número de 
trabajos de investigación en estas áreas geográficas en las últimas décadas (Ej.: James 
et al. 2005; Hatase et al. 2006; Makowski et al. 2006; González Carman et al. 2011). Sin 
embargo, aún quedan agregaciones de tortugas marinas amenazadas en áreas marinas 
y costeras, y el conocimiento de su biología, así como las medidas necesarias para su 
conservación, siguen siendo deficientes (Broderick et al. 2007). 

 Tradicionalmente, las principales causas del declive de las poblaciones de tortu-
gas marinas han sido la pérdida de las playas de anidación y otras amenazas relaciona-
das con etapa reproductiva (Lutcavage et al. 1997). Actualmente la captura accidental 
en las diferentes artes de pesca (Lewison et al. 2004a, b; Carranza et al. 2006; Gallo et 
al. 2006; Lewison & Crowder 2007; Peckham et al. 2008; Wallace et al. 2008, 2010; 
Casale 2011), el cambio climático (Hawkes et al. 2009; Poloczanska et al. 2009; Fuentes 
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et al. 2010; 2011; Fuentes & Porter 2013), la contaminación marina por residuos sólidos 
y metales pesados (Bugoni et al. 2001; Tomás et al. 2002; Storelli & Marcotrigiano 2003; 
Tourinho et al. 2010; Santos et al. 2015a; Novillo et al. 2017), además de la perdida de 
hábitat tanto en zonas de anidación como en zonas marinas (Lutz & Musick 1997; Bolten 
& Witherington 2003), son los principales factores considerados responsables del declive 
de las poblaciones de estos reptiles. 

 La región del Atlántico Sudoccidental (ASO) se encuentra conformada por 12.000 
Km de costa de Brasil, Uruguay y Argentina. Las aguas costeras y el mar territorial de 
estos países constituye importantes áreas de alimentación y desarrollo para cinco espe-
cies de tortugas marinas (tortuga laúd o siete quillas, tortuga boba o cabezona, tortuga 
verde, tortuga olivácea y tortuga carey). Las aguas de estos tres países presentan carac-
terísticas comunes en relación al uso de hábitats por parte de las tortugas marinas, así 
como a los impactos y amenazas a las que se enfrentan: contaminación, interacción con 
pesquerías, ingestión de residuos sólidos, degradación y pérdida de hábitats, entre otros 
(Bugoni et al. 2001; Herbst 1999; Gallo et al. 2006; Carranza et al. 2006; Domingo et al. 
2006a). En las últimas décadas se ha incrementado el número de estudios en las zonas 
de alimentación de la región del ASO, aumentando significativamente el conocimiento de 
las mismas. Pero aun queda mucho por conocer sobretodo la relación de las tortugas 
juveniles con los ambientes de alimentación y desarrollo, así como el impacto de nuevas 
amenazas a las que se enfrentan las tortugas en esta región. La presente Tesis doctoral 
intenta satisfacer la necesidad de estos conocimientos sobre tortugas marinas en una 
zona clave del ASO.
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Justificación y Objetivos
En esta Tesis Doctoral se profundiza en varias líneas de estudio sobre las tortugas ma-
rinas en áreas de alimentación y desarrollo en la región del Atlántico Sudoccidental, zo-
nas de crucial importancia para al menos 6 subpoblaciones de tortugas marinas en el 
Océano Atlántico. La primera línea es la caracterización de las agregaciones tortugas 
marinas presentes en aguas costeras de Uruguay y sus amenazas asociadas. Poste-
riormente nos centramos en la tortuga verde, la más abundante en aguas costeras de 
este país, para hacer un análisis de su ecología, cambio ontogenético de dieta y hábitat 
y amenazas asociadas en esta región templada del Atlántico suroccidental 

Los objetivos específicos que se plantean son los siguientes: 

1 Evaluación de las agregaciones de tortugas marinas en aguas costeras uruguayas: 
estudiar su distribución espacio-temporal e identificar las amenazas que les afectan. 
Capítulo IV.

2 Estudio de la dieta de la tortuga verde y análisis del cambio ontogenético de la mis-
ma tras el reclutamiento a las áreas de alimentación en Uruguay. Evaluar la importancia 
de calamares en la dieta de la tortuga verde en las etapas iniciales de su ciclo de vida. 
Capítulos V y VI.

3 Estudio de las rutas migratorias de la tortuga verde desde sus áreas de anidación a 
Uruguay y caracterización de sus movimientos estacionales en la región del Atlántico 
Suroccidental. Capítulo VIII.

4 Describir e Inferir el impacto de dos de las amenazas que afectan a la tortuga verde 
(Chelonia mydas) en Uruguay: ingestión de residuos sólidos y la hipotermia. Capítulo VII 
y IX.
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Material y Métodos generales
 A continuación se detallan los materiales y métodos generales relacionados con la 
descripción del área de estudio y la toma de muestras, entre otros, para la realización de 
la presente Tesis doctoral. Los métodos específicos de cada estudio realizado se incluy-
en en cada uno de los capítulos correspondientes. A lo largo de los 15 años de trabajo 
de la organización Karumbé en Uruguay se han venido realizando distintos estudios y la 
toma de muestras ha variado a lo largo de los años. En cada sección se indicarán los 
años en los que se tomaron cada tipo de muestras.

Área de estudio

 El área de estudio del presente trabajo abarca toda la costa de Uruguay con un 
total de 710 km, desde Nueva Palmira (33°53´S, 58°25´W) hasta el arroyo Chuy (33°44´S, 
53°22´W), en la localidad de la Barra del Chuy frontera natural con Brasil en la costa atlán-
tica. Forma parte de un sistema hidrológico complejo (Ortega & Martínez 2007). Abarca 
la zona frontal del estuario del Río de la Plata (RP) y el océano Atlántico presentando 
un fuerte gradiente horizontal de salinidad y temperatura (Campos et al. 2008; Horta & 
Defeo 2012), que se encuentra influenciado con las descargas episódicas y estacionales 
del estuario (Ortega & Martínez 2007; Campos et al. 2008; Horta & Defeo 2012). La plu-
ma del estuario fluye desde el oeste y se mezcla con las aguas oceánicas de la zona de 
convergencia subtropical frente las costas de Uruguay y Argentina. La corriente fría de 
Malvinas tiene mayor influencia en la zona durante el invierno austral y la corriente cálida 
de Brasil tiene mayor influencia durante el verano austral. Esto resulta en una gran vari-
abilidad de temperaturas superando un rango de 15°C (rango de 11–27 °C) a lo largo del 
año (Acha et al. 2004).

 La costa Uruguaya puede dividirse en tres zonas en relación a sus características 
oceanográficas. Las dos primeras están dentro de la zona de influencia del RP (costa 
platense, 480 km en total): [Zona 1] zona estuarina interna (ZEI, 350 Km), desde Nueva 
Palmira hasta Montevideo (34°52´S, 56°00´O), caracterizada por un régimen de salinidad 
fluvial-marino (salinidad < 12 ppm) influenciado principalmente por la descarga del RP; y 
[Zona 2] zona estuarina externa (ZEE, 130 km), desde Montevideo hasta Punta del Este 
(34°58´S, 56°56´O), que presenta una transición entre características estuarinas y oceáni-
cas, con un rango de salinidad intermedio entre las otras dos zonas (salinidad entre 15 
y 25 ppm). Esta zona presenta de manera alterna puntas rocosas y arcos arenosos. La 
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[Zona 3] zona oceánica (ZO, 230 km) de influencia atlántica (salinidad > 26 ppm), desde 
Punta del Este hasta Barra del Chuy, presenta un régimen marcadamente oceánico, con 
algunos sistemas estuarinos (desembocadura de la Laguna de Rocha, Arroyo Valizas, 
entre otros) y sistemas de islas costeras como las Islas el Cabo Polonio y las Islas de La 
Coronilla. Presenta los mayores arcos arenosos de la costa uruguaya y cinco grandes 
lagunas costeras, las cuales se encuentran directa o indirectamente conectadas con el 
océano (Defeo et al. 2009). 

Acceso a las tortugas, biometrías y marcaje

MUESTREO DE VARAMIENTOS

 Para muestrear los varamientos de tortugas marinas usamos dos fuentes de da-
tos: [1] los registros de la Red de Rescate y Varamientos de Tortugas Marinas de Uruguay 
(RRVTMU) (incluimos los datos registrados entre 1999 y 2010) y [2] registros de los cen-
sos de playa (incluimos los datos registrados entre 2006 y 2010):

  [1] los datos fueron recogidos desde el año 1999 a través de la RRVTMU coordi-
nada por la ONG Karumbé. Lugareños, turistas, pescadores, guardavidas (socorristas), 
guardaparques, prefecturas locales y organizaciones civiles reportan tortugas varadas en 
la costa al coordinador de la red. La red registra tortugas muertas o heridas varadas en 
todas las playas del país. Se coordina con una línea de teléfono operativa las 24 horas, 
por coreo electrónico o a través de las redes sociales. La base de datos es actualizada 
constantemente por miembros de la ONG.
 [2] Los muestreos de playa son realizados por técnicos de Karumbé en playas del 
Departamento de Rocha, Este de Uruguay. El esfuerzo de muestreo se intensificó a partir 
de 2006, realizándose un censo semanal entre las localidades de Barra del Chuy a Punta 
del Diablo (c.a. 40 km) entre enero y abril.

 En este trabajo se consideró como varamiento cualquier tortuga que llegó a la 
costa viva o muerta, o restos de tortugas que fueron registrados. Para cada varamiento 
se tomaron una serie de datos, entre ellos: fecha, localización exacta (si es posible la 
posición GPS), especie, probabilidad de causa de muerte o varamiento y varias medidas 
del individuo (largo y ancho de caparazón, cabeza, largo y ancho de plastrón, distan-
cia del plastrón a la cloaca y de la cloaca a la cola). Además los ejemplares varados se 
clasificaron con valores de 0 a 6, de viva a restos de huesos, respectivamente según 
su estado de descomposición. La especie se identificó por observación directa de un 
técnico especializado, por fotos o por restos de tortugas enviados a las instalaciones de 
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Karumbé. Siempre que fue posible se realizó la necropsia de las tortugas muertas en la 
playa o se llevó a alguno de los centros de Karumbé para realizarla allí. Las necropsias 
se realizaron según procedimientos estándar recogidos en los manuales (Ej.: Wyneken 
2001). La posible causa de muerte se analizó mediante exploración externa e interna. 
Los animales encontrados con vida se llevaron a alguno de los centros de rehabilitación 
de la organización donde se realizó el correspondiente tratamiento veterinario. 

CAPTURA CIENTÍFICA DE TORTUGAS DE TORTUGAS VERDES JUVENILES

Enmarcadas en el monitoreo a largo plazo de la agregación de tortugas verdes en la zona 
costera de Uruguay, técnicos de la ONG Karumbé vienen realizando capturas científicas 
en el Departamento de Rocha desde 2001. Éstas se realizan para poder acceder a los 
ejemplares juveniles de tortugas y tomas las muestras necesarias para los distintos es-
tudios llevados a cabo. Para esta tarea, las tortugas verdes juveniles son capturadas en 
aguas poco profundas sobre fondos rocosos y arenosos. Se utilizan redes de enmalle 
(monofilamento 0,7 mm de grosor, paño de 50 metros de largo por 3 m de alto, la dis-
tancia entrenudos es de 30 cm; en la línea superior hay boyas cada metro y en la inferior 
plomos en el interior del cabo) orientadas de forma perpendicular a la dirección de las 
olas y atadas por una cuerda a rocas de la costa. La red es revisada continuamente por 
varios técnicos para evitar el ahogamiento de los animales capturados. 

 De las tortugas capturadas se tomaron, además de las biometrías (mencionadas 
en el apartado anterior sobre Muestreo de varamientos), fotos de los laterales de la cabe-
za para estudios de foto-identificación. Se tomaron biopsias de tejidos de piel y caparaz-
ón para estudios de dieta (como será detallado en los siguientes Capítulos). Se tomaron 
otras muestras para otros estudios en curso de la ONG, como son sangre, epibiontes,  
piel para genética, etc. La autora ha participado en estos muestreos desde 2009, siendo 
la coordinadora de los mismos desde 2012 hasta la fecha actual. Las tortugas de es-
tos muestreos así como las tortugas capturadas en pesca o varadas, rehabilitadas por 
Karumbé y listas para ser reintroducidas, son marcadas con placas metálicas de identi-
ficación en las aletas delanteras (Style # 681 Inconel, National Band and Tag, Kentucky, 
EEUU).
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Toma de muestras para los estudios de la presente Tesis Doctoral

ECOLOGÍA TRÓFICA Y ANÁLISIS DE MOVIMIENTOS DE LAS TORTUGAS EN EL MAR 
Para los estudios de dieta colectamos tres tipos de muestras: contenido esofágico de 
tortugas vivas, biopsias de tejidos de tortugas vivas y muertas y contenido digestivo de 
tortugas muertas.

 Análisis del contenido digestivo
 El análisis del tracto digestivo nos aporta una ventana temporal reducida de la di-
eta del individuo (desde unos pocos días hasta unas semanas tras la ingesta), que puede 
resultar en una descripción incompleta de la dieta del animal (Hyslop 1980; Burkholder et 
al. 2011; Gonzalez Carman et al. 2013). Además, algunas presas pueden ser difíciles de 
encontrar, ya que tienen un alta digestibilidad y su tránsito por el tracto digestivo suele ser 
rápido (Ej.: invertebrados gelatinosos). Por el contrario, puede haber resto de animales o 
residuos sólidos que permanezcan en el tracto digestivo durante varios meses (picos de 
cefalópodos o trozos de plástico). Para tener una idea de la dieta del animal en las horas 
previas a su captura se realizaron lavados esofágicos (Forbes & Limpus 1993). Para este 
estudio se analizaron 74 contenidos esofágicos de tortugas verdes capturadas mientras 
se alimentaban entre 2003 y 2005. La metodología que se siguió fue la propuesta por 
Makowski et al. (2006). Para el estudio de los contenidos digestivos se analizaron 52 
tractos digestivos completos de tortugas verdes muertas, varadas o capturadas acci-
dental en pesquerías entre 2009 y 2013 a las que se les realizó la necropsia. El proceso 
de análisis del tracto digestivo fue el siguiente: se recogió el tracto digestivo en su total-
idad, se lavó y se separó por secciones en contenido esofágico, contenido estomacal y 
contenido intestinal. Tanto la muestras del tracto digestivo completo como la de los lava-
dos esofágicos se filtraron sobre un cedazo de 0,2 mm y se preservaron en una solución 
de formaldehido al 4% y agua de mar, hasta su posterior análisis en el laboratorio.

 Análisis de isótopos estables
 La composición isotópica de los tejidos de un animal deriva de la composición 
isotópica de su dieta y del ambiente en el que habita, por lo que nos puede brindar 
información sobre el nivel trófico de un animal, su dieta y el ambiente en el que vive (Pe-
terson & Fry 1987). El estudio de isótopos estables de diferentes tejidos nos proporciona 
información sobre al dieta de las tortugas en una ventana temporal mucho más amplia 
que los contenidos digestivos (Hobson 1999; Dalerum & Angerbjörn 2005). Además, nos 
da información sobre las presas que efectivamente contribuyen a la nutrición y también 
permiten detectar aquellos organismos pequeños o que se digieren rápidamente (Post 
2002). La inferencia de la dieta mediante el estudio de isótopos estables de los tejidos 
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animales es posible porque la composición isotópica de los tejidos deriva en última in-
stancia de la dieta completa del animal a lo largo del tiempo más el factor de discrimi-
nación del depredador a la presa (DeNiro & Epstein 1981; Arthur et al. 2008). Los tejidos 
poseen tasas metabólicas distintas, por lo que es posible identificar cambios en la dieta 
que ocurrieron a distintas escalas espacio-temporales (Peterson & Fry 1987; Hobson et 
al. 1996; Dalerum & Angerbjörn 2005). Por ejemplo, los tejidos inertes como la epidermis 
o las placas de caparazón reflejan las condiciones de las tramas tróficas al momento 
del crecimiento de ese tejido (varios meses y años atrás) y permanecen inalterados en 
el tiempo aún si los organismos cambian de hábitat o de dieta. Otros tejidos, como la 
sangre, músculo o hígado, tejidos metabólicamente activos, cambian sus elementos en 
cuestión de días, semanas o meses, dependiendo del tejido en cuestión (Hobson 1999; 
Rubenstein & Hobson 2004).

 De las tortugas capturadas vivas se analizaron biopsias de piel colectadas durante 
2012 y 2013 en el Área Costero Marina Protegida (ACMP) de Cerro Verde e Islas de La 
Coronilla y ACMP de Cabo Polonio. La piel, en concreto epidermis, nos proporciona in-
formación de lo que la tortuga consumió y asimiló hace aproximadamente 80 días (Reich 
et al. 2008). De las tortugas muertas sólo se tomaron muestras de individuos que 
hubieran muerto recientemente a causa de captura incidental y con ausencia de algún 
tipo de patología que pudiera variar el comportamiento normal del individuo. Para re-
construir la dieta de un animal a través de isótopos estables es necesario determinar la 
composición isotópica de los organismos que potencialmente forman parte de la misma 
(Gannes et al. 1998). Por lo que se colectaron ítems alimenticios potenciales en Uruguay 
y en el sur de Brasil basados en los análisis de contenido estomacales (presente estudio) 
y por estudios de abundancia de estas presas , así como de la literatura (Drago et al. 
2015; Lazzari 2012).

 Para el estudio de los movimientos de tortuga verde en aguas costeras uruguayas 
se analizaron 20 biopsias de caparazón de tortugas vivas procedentes de las capturas 
científicas. Se capturaron en las ACMP de Cerro Verde e Islas de La Coronilla y Cabo 
Polonio entre enero y abril de 2012 y 2013. Las muestras se conservaron en NaOH hasta 
su procesamiento y análisis.

 Telemetría satelital 
 Para el estudio de los movimientos de tortugas verdes en aguas costeras uru-
guayas se estudiaron los movimientos de tres tortugas equipadas con un trasmisor satel-
ital (Platform Terminal Transmitters (PTT)) modelo Kiwisat 101 (Sirtrack), según protocolo 
de Marcovaldi et al. (2010). Estas tortugas se liberaron en 2007 en el ACMP de Cerro 
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Verde e Islas de La Coronilla, en el mismo punto de captura. Las posiciones de cada 
tortuga se determinaron a través del sistema ARGOS. Este sistema de localización y 
recolección de datos por satélite asigna un valor de precisión a las posiciones estimadas 
(location class LC), para este estudio se usaron las LCs 1, 2, 3, 0, A y B. Los datos se 
descargaron y filtraron siguiendo la metodología propuesta por Coyne & Godley (2005). 
Para determinar la importancia del hábitat usado para cada una de las tortugas calcula-
mos el área de campeo con un kernel fijo con al herramienta Hawth´s análisis de ArcGis 
(Beyer 2004). Las distribuciones de densidad fueron representadas en los mapas utilizan-
do los contornos de distribución del 50%.

Procedimientos en el laboratorio

ANÁLISIS DE LOS TRACTOS DIGESTIVOS 
 En las muestras de lavados esofágicos y de contenidos digestivos se separaron 
los ítems alimenticios de los residuos sólidos (tanto de origen humano como de origen 
animal). Los ítems alimenticios se identificaron hasta el menor nivel taxonómico posible 
ayudándonos de bibliografía disponible, según los organismos encontrados (algas, gela-
tinosos, picos de cefalópodos, ente otros). Los ítems alimenticios se cuantificaron como 
frecuencia de aparición (FO) y volumen relativo (V) (Hyslop 1980). 

 Para el estudio del impacto de los residuos sólidos, éstos se clasificaron según 
el protocolo propuesto por van Franeker et al. (2011). Para cada sección del tracto di-
gestivo se contabilizó el número total de residuos y el volumen total de desechos por 
individuo. Para calcular el tamaño de cada fragmento de plástico, se tomaron fotos y pro-
cesadas con el programa ImageJ 1.48v (Ferrerira & Rasband 2012). Tras esto se calculó 
el número (N), el peso (P), el volumen total y la frecuencia de aparición porcentual (%FO) 
para evaluar la importancia relativa de los distintos tipos de residuos. 

ANÁLISIS DE ISÓTOPOS ESTABLES

 Las biopsias de piel y caparazón se lavaron con agua destilada. Las muestras 
de piel se secaron directamente en estufa a 60 °C durante tres días. Tras este paso se 
molieron en un mortero de cerámica hasta obtener un polvo y se extrajeron los lípidos 
con una solución de cloroformo/etanol (2:1) (Bligh & Dyer 1959). Para las muestras de 
caparazón, previo al secado y a la extracción de lípidos, se realizaron cortes longitudina-
les de 30 μ con un criotomo (Leica Cryostat CM 3050S). Las muestras de macroalgas 
fueron tratadas previamente con ácido clorhídrico (HCl al 0,5 M) debido a la alta carga 
de epibiontes que pueden afectar a los valores del isótopo ligero de Carbono. Por lo que 
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de cada muestra de algas obtuvimos dos submuestras, una tratada con HCl y otra no, 
ya que el ácido puede afectar al contenido de los isótopos de Nitrógeno (Cardona et al. 
2012). Después de estos procedimientos las muestras se pesaron en capsulas de estaño 
en una microbalanza (0,3 mg para piel, caparazón e ítems alimenticios animales y 0,5 mg 
para las muestras de algas) y se analizaron en un espectrofotómetro de masas de flujo 
continuo (Flash 1112 IRMS Delta C Series EA; Thermo Finnigan) en el Centro Científico y 
Tecnológico de la Universidad de Barcelona (España).

Análisis estadísticos

 Para analizar la distribución espacio-temporal de los varamientos de tortugas ma-
rinas sólo se tuvieron en cuenta los datos obtenidos por la RRVTM, ya que los muestreos 
de playa no se realizaron de forma estandarizada todos los años. En este trabajo se usó 
un SIG para analizar los datos de varamientos. Se calculó la densidad en cada una de 
esas secciones de 10 km a partir del número de varamientos por especie y época del 
año. Estas densidades se representan en mapas de puntos graduados según la den-
sidad de tortugas varadas por sección de costa. La información geopolítica digitalizada 
proviene del programa FREPLATA. Los mapas y análisis se realizaron con el programa 
ArcMap 10 (ESRI 2011). Se realizaron histogramas de frecuencia de aparición mensual 
por especie y por zona. También se analizó la distribución de las tallas medias por año 
y mes. Estos análisis se realizaron con el programa PASW Statistics 17, Versión 17.0.0 
(SPSS 2009). 

 Para el estudio de dieta y residuos sólidos se usaron modelos aditivos generaliza-
dos (GAM) con el paquete mgcv (version 1.7–5, Wood 2011) en R 2.11 (R Development 
Core Team 2010) para identificar la relación entre los valores de δ13C y δ15N, el tamaño de 
la tortuga (LCC), la fecha de captura o varamientos (en día juliano), la distancia al interior 
del estuario del Rio de la Plata (en kilómetros) y el tipo de registro (captura o varamien-
to). Este método se basa en el uso de funciones suavizadores no paramétricas que nos 
permiten una descripción flexible de cómo las especies responden ante el ambiente en 
el que se encuentran (Leathwick et al. 2006).

 Para analizar la composición de la dieta y estimar la contribución relativa de los 
distintos ítems alimenticios de Brasil y Uruguay (macroalgas, cnidarios, fanerógamas ma-
rinas y calamares) a la dieta de los individuos se utilizó el modelo mixto bayesiano de 
isotopos estables usando el paquete SIAR en R. Este paquete asume que la variabilidad 
asociada con al fuente de alimento y el enriquecimiento trófico está distribuido de forma 
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normal (Parnell et al. 2010). Para restringir nuestro modelo usamos las concentraciones 
elementales, %C y %N. Además incluimos el factor de discriminación isotópica del ítem 
alimenticio al tejido, para la piel usamos los valores de +0.17 ± 0.03 para δ13C y +2.80 ± 
0.11 para δ15N (Seminoff et al. 2006). En el caso del caparazón como no está disponible 
el valor de discriminación experimental usamos los valores empíricos propuestos por 
Shimada et al. (2014), -1.4‰ para δ13C y 2.5‰ para δ15N. Los criterios para incluir las 
posibles presas en el modelo fueron (1) que hayan sido observadas en el tracto digestivo 
previamente tanto en Brasil (Reisser et al. 2013) como en Uruguay (este estudio) y (2) 
que sean especies comunes en la costa uruguayas (Coll & Oliveira 1999; Borthagaray & 
Carranza 2007). 
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Resultados y Discusión
 En el presente estudio se ha realizado por primera vez un análisis espacio-temporal 
de una serie temporal larga de datos (12 años) de varamientos de tortugas marinas 
en Uruguay. A lo largo de los 12 años de estudio (1999-2010) se registraron 1.107 
varamientos de tortugas marinas (media anual ± DT= 82 ± 49,43; rango: 20-160). Se 
registraron varamientos en casi toda la extensión de las Zonas 2 y 3 (zonas de influencia 
estuarina y zona de influencia oceánica), mientras que en la Zona 1 (zona estuarina interna) 
sólo se registraron unos pocos varamientos dispersos. Los datos incluyen varamientos 
de cinco especies (por orden de frecuencia de varamientos), tortuga verde (N = 643; 58,1 
%), tortuga cabezona o boba (N = 329; 29,7 %), tortuga siete quillas o laúd,( N = 131; 
11,8 %), tortuga carey (N = 3; 0,3 %) y tortuga olivácea (N = 1; 0,1 %). Los registros de 
tortuga carey en su momento fueron las primeras citas para Uruguay, siendo además los 
varamientos más australes en el océano Atlántico. Para las tres especies principales se 
observa variabilidad interanual en el número de varamientos. En relación a los grupos de 
edad, para la tortuga verde encontramos solo individuos juveniles con un Largo Curvo 
de Caparazón (LCC) medio de 41,5± 7,5 cm (rango: 25,7-94,5 cm, n = 538). Con la 
excepción de un macho adulto varado en 2006 de LCC = 94,5 cm. Para la tortuga 
cabezona encontramos tanto individuos juveniles como adultos LCC medio fue 72,6 ± 
15,4 cm (rango: 10,3-114,6 cm; n= 203). La mayoría de los registros fueron de tortugas 
entre los 55 y los 75 cm. Para la tortuga siete quillas encontramos juveniles tardías y 
adultos, con LCC medio de 139,4 ± 11,1 (rango: 110,5-160,0 cm, n = 53). La mayoría 
de los registros fueron de tortugas entre 135 y 150 cm.

 Aunque los varamientos de las tres especies principales ocurren a lo largo de 
todo el año, los registros presentan un claro patrón estacional. Para el conjunto de los 
varamientos de todas las especies se encontraron diferencias significativas entre los 
meses fríos (julio a octubre) con el resto de los meses. Para la tortuga verde se registraron 
varamientos a lo largo de todo el año. Sin embargo, estos registros muestran un claro 
patrón estacional, siendo los meses cálidos (diciembre-marzo) los que presentan mayor 
número de varamientos. Para la tortuga cabezona se registraron varamientos a lo largo de 
todo el año (pero en menor número que la tortuga verde en los meses fríos); y también se 
ha encontrado un mayor número de varamientos en los meses cálidos (diciembre-abril); 
siendo esporádicos los varamientos durante el invierno austral en toda la costa. Para 
la tortuga siete quillas se registraron varamientos a lo largo de todo el año, excepto en 
agosto y septiembre. Estos registros se concentraron principalmente en la zona estuarina 
externa. 
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 Los varamientos nos aportaron evidencias directas e indirectas sobre las amenazas 
a las que se enfrentan las tortugas marinas que usan aguas territoriales uruguayas, como 
por ejemplo las pesquerías y la ingesta de residuos sólidos. 

 La tortuga verde es la especie de tortuga marina con mayor presencia en las agua 
costeras de Uruguay. Por esto nos centramos en estudiar en profundidad esta especie 
en aguas de Uruguay. 

 En relación a la migración ontogenética de la tortuga verde desde sus playas de 
origen, encontramos un enriquecimiento constante y remarcable en δ15N y δ13C de las 
placas de caparazón (de la capa más vieja a la más nueva) y a los isoespacios regionales. 
La mayoría de las tortugas verdes reflejaron un cambio isotópico y por tanto un cambio 
de hábitat oceánico (desde las zonas tropicales, ej. Isla Ascensión) a nerítico, seguido de 
otro cambio asociado a un movimiento latitudinal a lo largo de la costa de América del 
Sur hasta Uruguay. Además, los valores de δ13C de las tortugas más pequeñas recién 
llegadas corresponden con valores de dieta pelágica. Tras el asentamiento en zonas 
costeras las tortugas presentaron un enriquecimiento y cierta fluctuación en estos valores 
que pueden ser explicados por la alta variabilidad de δ13C que presentan las macroalgas.

 Una vez descrita la migración ontogenética de esta especie, observamos por los 
lavados esofágicos y el análisis de contenidos estomacales que la tortuga verde comienza 
a alimentarse de macroalgas bentónicas después de su llegada a hábitats neríticos de 
Uruguay. Todas las tortugas que se estudiaron para el análisis de los lavados esofágicos 
fueron consideradas juveniles (rango: 32,6-58,4 cm LCC (medio ± DT) = 41,6 ± 5,8 cm, N 
= 74). Identificamos un total de 18 tipos de ítems alimenticios: 10 especies de algas rojas, 
4 especies de algas verdes, 2 especies de moluscos y 2 especies de cnidarios (Ver Tabla 
5.2, en Capítulo V). Las macroaglas aparecieron en todas las muestras y constituyeron la 
mayoría de los contenidos de los lavados esofágicos. Las tortugas que se muestrearon 
para obtener los contenidos estomacales fueron consideradas juveniles (rango: 29,8–62,0 
cm LCC, medio ± DT = 40,0 ± 7,0 cm, N = 52), presentaron una dieta omnívora con gran 
presencia tanto de macroalgas (FO = 69.2 %) como de macrozooplancton gelatinoso 
(FO = 48.1 %). Los datos del volumen relativo mostraron un comportamiento similar 
en relación a las presas anteriores. Sin embargo, el índice de importancia relativa (IRI, 
Índice Relativo de Importancia) mostró que la relevancia de los gelatinosos descienden 
con el aumento de las algas cuando las tortugas van creciendo. En este contexto las 
macroalgas fueron el único ítem alimenticio significativo para tortugas mayores de 45 
cm de LCC (%IRI > 96.3). Encontramos un total de 20 especies de macroalgas, cinco 
de ellas aparecen en más del 35% de las muestras: especies del complejo Ulva (FO = 
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82.5 %), Grateloupia spp. (FO = 62.5 %), Chondracanthus spp. (FO = 47.5 %), Codium 
decorticatum (FO = 40.0 %) y Pterocladiella capillacea (FO = 40.0 %). 

 Para el estudio de dieta basado en el análisis de isótopos estables se analizaron 
muestras de epidermis de tortugas juveniles (media ± DT LCC = 39,4 ± 6,4 cm N = 
126, rango: 27,8–66,8 cm). Los valores de isótopos de epidermis tuvieron un rango de 
-18,2 a -13,6 ‰ para el δ13C y de 6,7 a 15,6 ‰ para el δ15N. Los resultados obtenidos 
indicaron que el modelo que mejor explica la variación de δ13C incluye el LCC, la época 
del año y la distancia al estuario. Hay una relación no linear entre los valores de δ13C 
de la epidermis con el LCC de las tortugas: siendo positivo para las tortugas de LCC 
< 35 cm y negativa con las tortugas de más de 40 cm (GAM F = 6,259;  p < 0,0001). 
En relación al δ15N el modelo que mejor explica su variación incluye las misma variables 
presentando un crecimiento linear con el LCC (GAM F = 4,306;  p < 0,0001) y presenta 
valores mayores durante el invierno y la primavera (GAM F= 6,259;  p < 0,0001). En cuanto 
a la reconstrucción de la dieta, las tortugas menores de 45-50 cm capturadas en verano, 
otoño y principios de invierno presentaron una dieta omnívora, con mayor contribución de 
presas de Brasil; las tortugas de tallas mayores presentaron una dieta omnívora con una 
contribución similar de presas de Brasil y Uruguay. En cambio, las tortugas capturadas 
a finales de invierno y primavera australes, tortugas que posiblemente pasaron todo al 
año en Uruguay, presentaron una dieta básicamente de macroalgas más balanceada con 
contribución de presas de Uruguay y Brasil (Figura 5.5 y 5.6; capítulo V).

 El asentamiento en las aguas costeras de Uruguay se produce alrededor de los 
45 cm de LCC, a partir de esta talla las tortugas son predominantemente herbívoras, 
presentando un incremento gradual en el consumo de macroalgas. Sin embargo, 
en individuos menores a 45 cm el macrozooplancton gelatinoso sigue siendo un 
componente importante de su dieta. La mayoría de estas tortugas pasan cortos periodos 
de tiempo en Uruguay, siendo sus principales áreas de alimentación las aguas costeras 
brasileñas. Esta conclusión se basó en una fuerte señal de macrófitas de Brasil y en las 
grandes diferencias en los valores de δ15N de las presas potenciales de la tortuga verde 
obtenidas en Brasil y en Uruguay. Por el contrario, las tortugas mayores a 45 cm de LCC, 
consideradas como residentes, hacen un mayor uso de las zonas de alimentación en 
Uruguay. La evidencia general indica que las tortugas verdes que habitan en Uruguay 
exhiben, después de su llegada a hábitats costeros, un cambio de dieta gradual, aunque 
en un periodo corto de tiempo, y podrían ser descritas mejor como omnívoras que 
como estrictamente herbívoras, con un rol importante del macrozoplancton gelatinoso 
en su dieta. Este patrón le podemos encontrar en otros estudios de la especie en la 
región del ASO (Sur de Brasil, Nagaoka et al. 2012; Reisser et al. 2013; Morais et al. 
2014; Santos et al. 2015b; and Argentina Gonzalez Carman et al. 2012, 2013). Sólo en 



Resumen   47 

regiones estuarinas encontramos un mayor consumo de presas animales por la escasez 
de macrófitas sumergidas (Gonzalez Carman et al. 2013; Santos et al. 2015b).

 En los contenidos digestivos se encontraron un total de 52 picos de cefalópodos 
en estómago e intestino de 17 de las 54 tortugas verdes analizadas entre 2009 y 
2013 (FO = 31,5%). Las tortugas que presentaron picos en el tracto digestivo fueron 
significativamente más pequeñas que aquellas que no presentaron picos. Los picos 
encontrados se asignaron a al menos seis especies de calamares oegopsidos de cuatro 
géneros, Chiroteuthis, Histioteuthis, Onykia (= Moroteuthis) y Mastigoteuthis. Aunque la 
presencia de calamares en la dieta de la tortuga verde ha sido registrado previamente 
(Boyle & Limpus 2008; Parker et al. 2011; Morais et al. 2012) ha sido considerada como 
esporádica y una categoría de alimento de poca importancia. Nuestros hallazgos sugieren 
que la ingesta de los cefalópodos durante la etapa oceánica de los juveniles de tortuga 
verde puede ser más común de lo que se creía. Considerando que las tortugas verdes 
no se encuentran más al sur que los 42º los resultados encontrados en el presente 
trabajo extenderían la distribución de al menos dos de las seis especies de cefalópodos 
identificados; ampliando su área de distribución desde la zona circumpolar antártica 
hasta zonas próximas a la convergencia subtropical. Es posible que las tortugas verdes 
juveniles exploten este recurso aprovechando su abundancia en zonas concretas.

 Además de la dieta, con los contenidos digestivos pudimos evaluar una amenaza 
que afecta a as tortugas verdes juveniles en la región del Atlántico Sudoccidental: la 
ingesta de residuos sólidos. Para este trabajo se estudiaron dos periodos de estudio 
distintos: uno de 2005 a 2007 y otro de 2009 a 2013, analizando un total de 93 tortugas 
verdes juveniles. El 70% de las tortugas analizadas presentaron residuos sólidos en el 
tracto digestivo (n = 65). Las tortugas que presentaron residuos fueron significativamente 
más pequeñas: con residuos 37,90 ± 6,5 cm (n = 65 rango 29,80-62,0 cm) y sin residuos 
42,87 ± 6,5 cm (n = 28 rango 34,0-61,5 cm). El volumen medio de residuos fue de 
33,2 ± 35,9 ml (rango 0-170 ml) y la media en peso de 8,8 ± 12,0 g (rango: 0-56,3 g). 
La mayoría de los residuos ingeridos corresponden a la categoría de plásticos, siendo 
el grupo más abundante. La FO de residuos fue mucho mayor en el intestino que en 
esófago y estómago. La ingesta de residuos sólidos fue mayor en el segundo periodo de 
estudio, indicando un posible aumento de las basuras en el medio en los últimos años.

 A través de la dieta también se pudieron describir los movimientos y migraciones 
estacionales de esta especie en la región. En general, observamos que las tortugas verdes 
juveniles que usan las aguas costeras de Uruguay realizan migraciones estacionales a 
zonas más cálidas durante el invierno austral, aunque también detectamos una residencia 
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de algunos individuos en Uruguay durante los meses fríos. De acuerdo con los datos de 
telemetría satelital, las tortugas de mayor tamaño (LCC > 50cm) realizaron migraciones 
cortas estacionales hacia aguas costeras de Brasil. Este comportamiento también se 
ve reflejado en pequeñas variaciones en los valores de δ15N que nos indica cambios 
latitudinales, ya que estos animales grandes ya realizaron el cambio ontogenético de la 
dieta y son principalmente herbívoros. Estos individuos presentaron una alta fidelidad a 
las áreas de alimentación retornando al mismo lugar donde fueron capturadas en años 
sucesivos. 

 Otra de las amenazas detectadas que afecta a las tortugas verdes juveniles 
en aguas costeras de Uruguay es el varamiento causado por la hipotermia; cuando la 
tortugas se exponen a bruscas bajadas de la temperatura superficial del mar o a una 
exposición prolongada a bajas temperaturas. Como dijimos anteriormente, hay una 
parte de la agregación de tortugas verdes que puede permanecer en aguas costeras 
de Uruguay durante todo el año, aun cuando la temperatura del agua pueda descender 
por debajo de los 14-15ºC (esta es la temperatura límite propuesta en otras poblaciones 
de tortugas verdes para que las tortugas entren en letargia o inactividad). Pero las 
tortugas en aguas templadas exhiben cambios comportamentales para adaptarse a las 
fluctuaciones del del océano estas zonas. Para evitar los efectos negativos de las bajas 
temperaturas las tortugas marinas pueden desarrollar un comportamiento de torpor o 
letargia, en el que disminuyen su actividad (Schwartz 1978; Witherington & Ehrhart 1989; 
Still et al. 2005; Roberts et al. 2014). Sin embargo, como dijimos anteriormente una 
exposición prolongada a agua muy frías (SST < 10ºC) puede llevar a que las tortugas 
entren en hipotermia y provocar un evento de varamiento masivo por dicha causa. En 
julio de 2012, durante un periodo de 12 días se registraron en la costa de Punta del 
Este, Departamento de Maldonado, un total de 90 tortugas verdes juveniles varadas 
para las que se determinó hipotermia como causa principal de varamiento. En julio de 
2012 se registró un record de bajas temperaturas, con una anomalía de -2.5ºC en la 
temperatura del aire y una bajada hasta los 8ºC de la temperatura superficial del mar en 
la zona estuarina, además de viento fuertes del sur (mayores a 50 km/h) que hicieron 
que la columna de agua de enfriara muy rápido en las aguas costeras. El hecho de 
que los años previos a 2012 fueran años con anomalías positivas altas en relación a la 
temperatura superficial del mar hizo que un mayor número de tortugas permaneciera 
durante el invierno en zonas costeras de Uruguay. La bajada de la temperatura durante 
2012 probablemente causó una trampa ecológica para estos individuos. Este evento nos 
sirve como precedente para controlar las condiciones climáticas y oceanográficas para 
poder prevenir un evento similar en el futuro.
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Conclusiones
 La presente tesis confirma la importancia de las aguas costeras de Uruguay como 
una zona de alimentación y desarrollo de al menos tres especies de tortugas marinas (la 
tortuga verde, la tortuga cabezona y la tortuga laúd), teniendo gran importancia para la 
conservación de las tortugas marinas principalmente provenientes de las poblaciones del 
Atlántico sur. En concreto las tortugas verdes después de la fase pelágica de su ciclo de 
vida, se reclutan al ambiente nerítico en el noreste de Brasil. Los individuos juveniles se 
distribuyen en la costa de América del sur migrando por una ruta costera desde Brasil 
hasta Uruguay. Tras esta migración se asentarán y finalizarán su cambio ontogenético 
de la dieta a una talla en torno a 45 cm de LCC. En este momento pasan gran parte 
del año en esta región, durante el invierno la mayoría de los individuos migran a aguas 
cálidas de Brasil pero una pequeña parte de la población permanece en Uruguay todo el 
año. En relación a las amenazas que afectan a la tortuga verde destacamos la ingesta de 
residuos sólidos (principalmente plástico), con un gran incremento en los últimos años, y 
la captura accidental en pesquerías, siendo ambas las amenazas más importantes para 
esta especie en toda la región.

 En concreto las conclusiones específicas obtenidas de los diferentes estudios 
realizados en la presente tesis son las siguientes:

1. El presente estudio confirma que al menos tres especies de tortugas marinas usan 
aguas costeras de Uruguay prácticamente todo el año, la tortuga verde (Chelonia mydas), 
la tortuga boba o cabezona (Caretta caretta) y la tortuga laúd o siete quillas (Dermochelys 
coriacea). Hay presencia esporádica de otras dos especies, la tortuga carey (Eretmochelys 
imbricata) y la tortuga olivácea (Lepidochelys olivacea). Los registros de tortuga carey 
son los primeros de esta especie para Uruguay. Los varamientos de estas dos especies 
esporádicas son los más australes registrados en el océano Atlántico. 

2. Los resultados del estudio de los varamientos a largo plazo sugieren que la tortuga 
verde es la más abundante en aguas costeras de Uruguay, seguida por la tortuga 
cabezona y la tortuga laúd.

3. Según las tallas de las tortugas varadas, las aguas costeras de Uruguay albergarían 
una zona de alimentación y desarrollo para la un rango restringido (LCC IC 95%: 35-
45 cm) de juveniles de tortuga verde, indicando que es un área importante para una 
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fase concreta del ciclo de vida de esta especie en la región del ASO. Para la tortuga 
cabezona y la tortuga laúd, nuestros datos sugieren que principalmente son individuos 
juveniles tardíos y adultos las que usan las aguas costeras y aguas territoriales dentro de 
la plataforma continental de Uruguay.

4. En la Zona 2 (zona de influencia estuarina externa) y Zona 3 (zona de influencia 
oceánica) del área de estudio (costa de Uruguay), las áreas con alto número de 
varamientos de tortuga verde coinciden con las principales áreas de alimentación y 
desarrollo de la especie en Uruguay. Por tanto, la distribución de los varamientos parece 
estar directamente relacionada con la distribución de la especie en aguas costeras, muy 
asociada a las puntas rocosas de estas zonas. Este hecho también está sustentado 
porque la mayoría de las tortugas varadas de esta especie aparecieron vivas o recién 
muertas.

5. De acuerdo con los varamientos registrados, la tortuga cabezona parece estar 
distribuida en aguas más distantes de la costa, en comparación con la tortuga verde, 
ya que la mayoría de los individuos varados aparecieron en avanzado estado de 
descomposición. El efecto de las corrientes y vientos predominantes puede haber influido 
en una distribución más uniforme de los varamientos a lo largo de la costa. Estos hechos 
indicarían que las amenazas que afectan a esta especie ocurren más lejos de costa. La 
distribución de los varamientos de la tortuga laúd indicaría un escenario intermedio al 
descrito para las dos especies ya mencionadas, con una distribución de varamientos 
menos homogénea que la tortuga cabezona, indicando que ocuparía tanto aguas 
costeras como de plataforma de Uruguay.

6. Los varamientos de tortugas marinas registrados en la costa uruguaya muestran una 
marcada estacionalidad, con un mayor número de registros durante los meses cálidos. 
Durante el invierno austral (julio y agosto) los varamientos son muy escasos, probablemente 
indicando migraciones estacionales de la mayoría de las tortugas asociadas a la bajada 
de la temperatura superficial del mar.

7. Encontramos una fuerte evidencia de que la captura accidental en pesquerías 
artesanales e industriales, así como la interacción con residuos de origen humano son 
las amenazas que más afectan a las tortugas marinas en aguas uruguayas.
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8. Los análisis de los contenidos digestivos de individuos de tortuga verde revelaron 
una dieta omnívora, con especial relevancia de macroalgas, en las áreas de alimentación 
de Uruguay. Las especies dominantes en la dieta son especies del complejo Ulva, 
Chondracanthus spp., Grateloupia spp. y Polysiphonia spp. Estas especies son 
dominantes en la comunidad de macroalgas de la zona costera de influencia oceánica 
(Zona 3, Este de Uruguay) del área de estudio. Esto sugiere cierto oportunismo en la 
dieta por parte de la tortuga verde, alimentándose principalmente de las especies más 
abundantes.

9. De acuerdo con nuestros resultados, la tortuga verde presenta un cambio ontogenético 
de su dieta rápido, pero no abrupto, tras su llegada a hábitats neríticos de la región ASO; 
sugiriendo que el consumo de macrófitas comenzaría en un tiempo breve tras llegar a 
zonas costeras de la región. Los individuos de tallas inferiores a 45 cm de largo curvo de 
caparazón presentan una dieta omnívora, basada en material vegetal y macrozooplancton 
gelatinoso. Las tortugas de tallas superiores son principalmente herbívoras, aunque 
siguen consumiendo algunas presas animales.

10. En relación a la dieta de la tortuga verde, nuestros hallazgos sugieren que existe un 
consumo de calamares más común de lo descrito hasta la fecha durante la fase oceánica 
para esta especie en el ASO. Identificamos seis especies de calamares oegopsidos, y 
al menos para dos de ellos sugerimos una ampliación de su rango de distribución en el 
océano Atlántico. 

11. Comprobamos que la ingesta de residuos sólidos de origen humano es una de las 
mayores amenazas que afectan a las tortugas marinas en aguas uruguayas en las últimas 
décadas. Encontramos un incremento en la presencia y abundancia de los plásticos 
ingeridos a lo largo de los años de estudio. La cantidad de residuos ingeridos desciende 
en relación a la talla de los individuos de tortuga verde, probablemente asociado a la 
adquisición de una dieta básicamente herbívora bentónica, más especializada tras el 
cambio ontogenético de dieta y uso de hábitat.
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12. La mayoría de los juveniles de tortuga verde llegarían a las zonas de alimentación 
en Uruguay a lo largo de una ruta costera desde Brasil y no directamente desde zonas 
de alimentación oceánicas que usan en sus primeros años de vida. Los individuos 
presentarían una alta variabilidad en la talla de asentamiento en zonas costeras y hábitats 
neríticos; aunque de acuerdo con nuestros resultados las tortugas se asentarían en 
dichos hábitats al alcanzar tallas en torno a 45 cm de largo curvo de caparazón.

13. Como hemos comentado, en zonas templadas como Uruguay, las tortugas marinas 
suelen realizar migraciones estacionales a zonas cálidas durante el invierno. Sin embargo, 
algunas tortugas pueden permanecer durante todo el año en la zona desarrollando una 
estrategia de reducción del metábilismo y de susmovimientos. Sin embargo, los efectos 
de una bajada brusca y sostenida de la temperatura superficial del mar puede llevar a las 
tortugas a sufrir hipotermia y varar de forma masiva, como detectamos en Punta del Este 
(Sudeste de Uruguay) en julio de 2012, cuando vararon 90 individuos de tortuga verde 
en 12 días. 

14. El presente estudio contribuye a incrementar el conocimiento sobre las poblaciones 
de las tortugas marinas de la región del ASO, particularmente en varios aspectos de 
la biología, ecología y amenazas asociadas a la tortuga verde. Este conocimiento es 
necesario para la conservación y el manejo de las poblaciones de tortugas marinas en 
una región con una fuerte presión de amenazas de origen humano para estas especies.
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1.1 Sea turtles biology
 
 Seven species of sea turtles representing two families, Cheloniidae and Dermo-
chelyidae, are the only living members of what has been a large and diverse marine 
radiation of cryptodiran turtles, inhabiting the Earth for over 110 million years, since the 
Cretaceous. These seven species include the leatherback turtle (Dermochelys coriacea; 
Vandelli 1761, Dermochelyidae), and the members of Cheloniidae: the loggerhead turtle 
(Caretta caretta; Linnaeus 1758), the green turtle (Chelonia mydas; Linnaeus 1758), the 
hawksbill turtle (Eretmochelys imbricata; Linnaeus 1766), the Kemp’s ridley turtle (Lepido-
chelys kempii; Garman 1880), the olive ridley turtle (Lepidochelys olivacea; Eschscholtz 
1829, and the flatback turtle (Natator depressus; Garman 1880) (Meylan & Meylan 1999).

 Sea turtles inhabit every ocean basin occupying unique ecological niches, and 
exhibiting intraspecific variations in population sizes and trends, as well as in reproduction 
and morphology (Wallace et al. 2011). Some species are found from the Arctic Circle to 
Tasmania, while others remain throughout tropical and temperate waters. With the excep-
tion of Kemp’s ridley and flatback turtles, sea turtles are distributed worldwide. Kemp’s 
ridley turtle is restricted principally to the Gulf of Mexico and the eastern seaboard of the 
United States, with some individuals occasionally found along the shores of Western Eu-
rope and the Mediterranean (Tomás & Raga 2008 and references therein). The flatback 
turtle is endemic to the northern Australian continental shelf (Meylan & Meylan 1999).

 The life cycles of sea turtles are long and complex (Fig. 1.1) and include the use of 
terrestrial and marine habitats such us beaches, coral reefs, seagrass meadows, rocky 
bottom areas and open waters, which are frequently separated by thousands of kilome-
tres (Bolten 2003; Musick & Limpus 1997). The seven species have a similar life cycle 
with variations in the duration of each phase and differences among populations (Miller 
1997; Hawkes et al. 2006). The taken to reach sexual maturity varies among species, but 
ranges from approximately 10 to 30 years of age (Revuelta 2014 and references therein). 
When sexually mature, and provided they have acquired sufficient resources, sea turtles 
migrate to breeding areas to mate. Both males and females can be philopatric returning 
to their natal regions to breed in areas adjacent to nesting beaches (FitzSimmons et al. 
1997; Velez-Zuazo et al. 2008), with some variations among species and populations 
(Revuelta 2014).

 Female sea turtles typically nest more than once per reproductive season, and 
most do not nest in consecutive years. After leaving the nesting beach as hatchlings, tur-
tles begin an oceanic phase that is believed to last at least several years (Meylan & Meylan 
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Figure 1.1. Sea turtle basic life cycle adapted from Meylan et al. 2011. This model may vary depend-
ing on the species or the geographical range implied.

1999), hatchlings seem to select sea surface habitats that are likely to provide a thermal 
benefit or refuge to young sea turtles, supporting growth, foraging and survival (Mansfield 
et al. 2014). After a growing period of several years, when they reach a certain size, they 
may migrate to neritic foraging habitats, with the possibility of seasonal migrations be-
tween summer and wintering areas (Mansfield et al. 2009; Meylan et al. 2011). In these 
feeding habitats is where they spend most of their lives. Mixed genetic stocks of juvenile 
turtles originating from multiple breeding populations (Fig. 1.2) can be found in these for-
aging habitats (Encalada et al. 1996; Lahanas et al. 1998; Musick & Limpus 1997; Plotkin 
2003; Prosdocimi et al. 2012).

 Local aggregations of mixed genetic stocks could present different developmental 
histories and their somatic growth rates and survival can vary substantially, possibly influ-
encing directly in the number of effective adults present at breeding areas (Heppell et al. 
2003; Martinez Souza 2014). This could also affect in the age of maturity; in green turtles,  
for instance, age of maturity varies from 14 to over 30 years (see Patricio et al. 2014 and 
references therein). Accordingly, studying local aggregations of turtles in feeding areas is 
important for understanding the general life cycle of sea turtles (Bjorndal et al. 2000).
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Small juveniles feeding habitats

Nesting colonies

Large juveniles feeding habitats

Figure 1.2. Mixed genetic stock at different stages of the sea turtles life cycle. Adapted from Bowen 
et al. (2005). Denoted different colours for different sea turtle populations.

 Sea turtles have a complex life cycle in which they use different and distant hab-
itats during their ontogeny. They perform dramatic shifts in body size, feeding strategies 
and roles in the ecosystem dynamics (e.g., Musick & Limpus 1997; Plotkin 2003). For 
these reasons the threats affecting them change depending on the species, population, 
geographical range or stage of their life cycle.
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1.2 Threats and conservation problems
 All the sea turtle species are threatened and included in the different categories 
of the International Union for Conservation of Nature (IUCN). In recent years, there has 
been a rising awareness of the global threats affecting sea turtles which include incidental 
captures by different fishing gears (Lewison et al. 2004 a, b; Lewison & Crowder 2007; 
Peckham et al. 2008; Tomás et al. 2008; Wallace et al. 2008, 2010; Casale 2011), climate 
change (Hawkes et al. 2009; Poloczanska et al. 2009; Fuentes et al. 2011), marine pollu-
tion (Schuyler et al. 2014 and references therein; Gonzalez Carman et al. 2014; Santos et 
al. 2015a; Wedemeyer et al. 2015; Novillo et al. 2017 and references therein) and habitat 
loss at nesting and in marine feeding areas (Musick & Limpus 1997; Bolten 2003; Fish et 
al. 2008). However, it is difficult to understand the relative importance of different threats, 
particularly the ones occurring at sea because the knowledge on population demography 
is still scarce in many areas (Casale et al. 2010). It is essential to understand the impact 
of each threat on every population. Until the ´90s, the sea turtle conservation focused 
mainly on the nesting beaches. However, recent research has revealed that threats can 
vary regionally, with different effects depending on the life stage of the same species.  
Conservation efforts have contributed to the recovery of several regional stocks world-
wide (Broderick et al. 2006; Chaloupka & Balazs 2007; Chaloupka et al. 2008). In this 
way, Wallace et al. (2010) developed multi-scale regional management units (RMUs) to 
provide a dynamic framework for evaluating threats, identifying high diversity areas, high-
lighting data gaps and assessing conservation status for sea turtles in these units. For this 
reason, specialists are finding it unrealistic to list the species as endangered at a global 
level, and suggest a more regional approach with appropriate criteria (Broderick et al. 
2006; Godfrey & Godley 2008; Patricio et al. 2014). Based on these studies, the Marine 
Turtles Specialist Group has started to evaluate the different subpopulations of each sea 
turtle species; for example, the loggerhead turtle comprises 10 subpopulations (Casale & 
Tucker 2015)

 In addition, in order to evaluate the risk of extinction and conservation problems 
of each sea turtle subpopulation, Hamann et al. (2010) created a list of metaquestions 
about research priorities for conservation of sea turtles in the new century. Despite being 
well studied in comparison to many other marine vertebrates, sea turtles assessment 
and management is still frequently hindered by lack of key data on biology, human-turtle 
interactions, population status and environmental threats (e.g. Bjorndal 1999; Amorocho 
2002). In a revision of Hamann et al. (2010), Rees et al. (2016) detected the need of con-
nection between the research questions and the conservation actions, and also for efforts 
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to make visible the resulting priority questions visible.

1.3 The importance of coastal foraging 
areas in sea turtle conservation
 Before humans reduced the sea turtle populations, these animals inhabited the 
seas in higher numbers (King 1982; Ross 1982; Jackson 2001). Sea turtles have sub-
stantial effects on the marine systems they inhabited as consumers, preys and compet-
itors, nutrient transporters and modifiers of the landscape (Bjorndal & Jackson 2003; 
Witherington & Witherington 2015). Foraging habitats (Fig. 1.3) are of especial impor-
tance for sea turtle conservation because (1) as said before, turtles spend most of their 
life cycle in them, and (2) these habitats host high genetic diversity (Hart et al. 2012; Hardy 
et al. 2014; Joseph et al. 2014; Rees et al. 2016). However, more research is needed 
about this stage of their life cycle if we compared to what we know about the biology of 
females and hatchlings at the nesting beaches. Nevertheless, with the improvement of 
new research techniques and technologies the number of studies in feeding grounds is 
increasing rapidly, principally in coastal areas.

 The most studied role of sea turtles in foraging grounds is the case of the green 
turtle in seagrass meadows (Rees et al. 2016 and references there in). Seagrass mead-
ows (Fig. 1.3c) are one of the most productive ecosystems in the biosphere (Hemminga 
& Duarte 2000). Indeed the green turtle in the Caribbean grazes over Thalassia pastures 
maintain grazing plots in by continually recropping grazed areas (Bjorndal 1980; Ogden et 
al. 1983). This pattern of grazing provides a higher quality diet for green turtles, creating a 
cycle of food resource stimulation in both quantity and quality followed by decline of the 
resource (Bjorndal et al. 1980, 2000).

 Moreover, it has been described the potential role of sea turtles has been de-
scribed for important ecological processes on coral reefs (Fig. 1.3a). Goatley et al. (2012) 
observed that sea turtles might function as both grazing and browsing herbivores on 
coral reefs. Green and hawksbill turtles displayed responses to sediment reductions re-
moving algal turfs and leathery macroalgae that compete with corals, in a similar way as 
herbivorous fish do in these habitats.
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Figure 1.3. Different coastal habitats used by sea turtles: a) Hawksbill turtle on a coral reef of the 
Dominican Republic (Photo Grupo Jaragua); b) two green turtle on a rocky bottom with macroalgae 
community in La Viuda, Rocha (Uruguay); c) Green turtle eating on a seagrass meadows in the Do-
minican Republic (Photo José Alejandro Álvarez).
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Leatherback turtles are obligate predators of gelatinous zooplankton, and they are as-
sociated with coastal aggregations of different jellyfish species (Houghton et al. 2006). 
Estuarine systems have been detected as being highly used by this species (James et al. 
2005; Houghton et al. 2006; López-Mendilaharsu et al. 2009). For example, in the South-
western Atlantic Ocean (SWAO hereafter) leatherback turtles exhibit a longer residence 
at the Rio de la Plata estuary where the high biological productivity of the systems con-
centrates large amounts of their preferred prey species (López-Mendilaharsu et al. 2009).

 For loggerhead turtles, the main important areas are coastal habitats, but this 
species has shown polymorphic feeding habits, changing from neritic to oceanic habitats 
after recruitment in several regions (Hatase et al. 2010; Hawkes et al. 2006). The SWAO 
coastal areas, rich in benthic vertebrates, are used by large juveniles and adults, while 
juveniles (carapace length under 70 cm) use oceanic habitats to feed on pelagic inverte-
brates (Martinez Souza 2009; Barceló et al. 2013).

 In the last decade, our understanding of sea turtle foraging behaviour, habitat 
use and movements in foraging areas has been widened by the use of telemetry devic-
es and stable isotopes analysis (González-Solís et al. 2007; Godley et al. 2008; Costa 
et al. 2012; Graham et al. 2010; López-Castro et al. 2013). The stable isotope analysis 
of tissues with a low turnover rate integrates dietary information during longer periods 
(Hobson 1999; Dalerum & Angerbjörn 2005). Furthermore, stable isotope analyses gives 
information about assimilated prey and not only on that consumed (Post 2002). In the 
last decades the satellite telemetry has improved our understanding of the connectivity 
between nesting and feeding areas, seasonal movements and spatio-temporal habitat 
use of sea turtles (Godley et al. 2008; Costa et al. 2012). The development of new tech-
nologies also allows the researchers to satellite track early juveniles (Gonzalez Carman et 
al. 2012; Putman & Mansfield 2015; Williard et al. 2017)

 For the long-term conservation of sea turtles, it is important to acknowledge that 
they are not just charismatic, anachronistic animals, but vital species for healthy marine 
ecosystems (Bjorndal & Jackson 2003; Rees et al. 2016). It is crucial to increase the 
knowledge on the importance of sea turtles for the productivity of marine ecosystems 
and, in turn, their importance to the ecological services and economic benefits that ma-
rine ecosystems provide to humans (Costanza et al. 1997; Rees et al. 2016). 
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1.4 Sea turtle research and conservation 
in the Southwestern Atlantic and in Uru-
guay
 The SWAO is a true melting pot of mixed stocks from six or more RMUs of sea 
turtle populations: (a) green turtles from the Southwest, Central and East Atlantic popu-
lations (b) loggerheads and hawksbills from Southwest Atlantic population c) olive ridleys 
from the West Atlantic population; and (d) leatherbacks from Southwest and the South-
east Atlantic populations (Wallace et al. 2010).

 The SWA region spans the coastal and territorial waters of Brazil, Uruguay and 
Argentina. This region shares different sea turtle populations of five species (in different 
stages of their life cycle), foraging grounds, developmental grounds and migratory corri-
dors. The region also shares most of the threats affecting sea turtle populations.

 As commented before, the conservation and research efforts in the last three 
decades of the 20th Century have been directed almost exclusively to protecting adult 
turtles, hatchlings and nesting beaches. Additionally, in the SWA region, the pioneering 
conservationist group TAMAR started  working in the 80s protecting nesting females and 
their habitats along the Brazilian coast (Marcovaldi & Marcovaldi 1999). Latter, other or-
ganisations followed the steps of TAMAR, extending conservation work to sea turtles at 
sea.

 In this context, the “ASO” Network (“Red ASO”–Research and Conservation of 
Sea Turtles in the Southwestern Atlantic Network) was created in 2003 with the aim of 
performing collaborative work to allow Institutions and researchers to exchange informa-
tion and share their experiences (Domingo et al. 2006a). The network is formed by NGOs, 
independent researchers, government representatives and fishermen. Every two years, 
ASO hosts a large gathering to share scientific news, conduct environmental education, 
and develop conservation strategies. As a result of their collective efforts in recent years, 
ASO and its partners have significantly advanced policies to protect sea turtles from fish-
eries interactions, which is one of the most severe threats in the region (Domingo et al. 
2006a; Giffoni et al. 2008; Sales et al. 2008; Pons et al. 2010; Laporta et al. 2012). 

 Uruguayan waters are known to provide important foraging and developing 
habitats for the five species of sea turtles present in the SWAO (Domingo et al. 2006a; 
López-Mendilaharsu et al. 2006). Three of these species are common in Uruguayan wa-
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ters (leatherback turtle, loggerhead turtle and green turtle); the presence of the other 
two is sporadic (olive ridley turtle [Achaval & Olmos 1997; Estrades & Achaval 2002] and 
hawksbill turtle [present study]) (Fig. 1.4). In table 1.1 we present the IUCN red list cate-
gories for each species worldwide, for SWA subpopulations and for Uruguay. 

Table 1.1. IUCN Red list categories for the five species present in Uruguayan waters. Columns 
represent: the International list, the Southwestern Atlantic regional list, and the Uruguayan list. Inter-
national Red list: Chelonia mydas (Seminoff 2004), Caretta caretta (Casale & Tucker 2015), Eretmo-
chelys imbricata (Mortimer & Donnelly 2008), Lepidochelys olivacea (Abreu-Grobois & Plotkin 2008), 
Dermochelys coriacea (Wallace et al. 2013); SWA population Red list: Caretta caretta (Casale & Mar-
covaldi 2015), Dermochelys coriacea (Tiwari et al. 2013); Uruguayan red list: all five species (Carreira  
& Maneyro 2015).

Green turtle (Chelonia mydas)

 The green turtle (Fig. 1.4a) is a circumglobal species occurring throughout trop-
ical and subtropical waters. The typical adult has a carapace length reaching 100-120 
cm and can weigh as much as 230 kg in the Atlantic, making this species the largest of 
the hard-shelled sea turtles (Pritchard & Mortimer 1999). The carapace is broadly oval 
and the margin is sometimes scalloped but not serrated. Dorsal carapace colour varies 
among populations, from black to grey-brown spotted patterns. Ventral colour is lighter. 
The green turtle is the only herbivorous sea turtle. Early juveniles share a similar carnivo-
rous diet to the other sea turtle species, feeding on pelagic invertebrates. Large juveniles 
and adult individuals forage primarily on seagrass in most of its geographical range (Hirth 
1997) and macroalgae in areas without seagrass pastures. Recent research, however, 
has revealed regional differences in feeding habits, with high levels of omnivore habit after
recruitment at neritic habitats (e.g., Cardona et al. 2009; Burkholder et al. 2011; Lemons 
 et al. 2011; Russell et al. 2011; Gonzalez Carman et al. 2013) and the persistence of a 

International Red List SWA Population Red list Uruguayan Red List 

Cheloniidae

Chelonia mydas Endangered In preparation Vulnerable

Caretta caretta Vulnerable Least Concern Vulnerable

Eretmochelys imbricata Critically endangered - Not Evaluated

Lepidochelys olivacea Vulnerable - Not Evaluated

Dermochelyidae

Dermochelys coriacea Vulnerable Critically endangered Critically endangered
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Figure 1.4. The five sea turtle species present in Southwestern Atlantic Ocean waters: a) green 
turtle, Chelonia mydas; b) leatherback turtle, Dermochelys coriacea; c) loggerhead turtle, Caretta 
caretta; d) hawksbill turtle, Eretmochelys coriacea; e) olive ridley turtle, Lepidochelys olivacea.

carnivorous diet in adults that forage in the open ocean throughout their life (Hatase et al. 
2006; Kelez 2011; Parker et al. 2011). Such intraspecific variability can be expected for 
a species inhabiting a wide diversity of habitats in tropical and warm-temperate waters 
around the globe (Wallace et al. 2010), as trophic plasticity will ensure survival on a wide 
range of local conditions (Santos et al. 2015a). Green turtles in the SWAO belong to dif-
ferent nesting sites (Caraccio 2008; Prosdocimi et al. 2012; Proietti et al. 2012; Jordão et 
al. 2015; Patricio et al. 2017) and nest primarily on tropical islands: Ascension (UK), Isla 
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de Aves (Venezuela), Poilão (Guinea Bissau), Trindade, Atol das Rocas and Fernando de 
Noronha (Brazil) (Almeida et al. 2011; Bellini et al. 2013; Weber et al. 2014 and references 
therein).

 Uruguayan coastal waters constitute a feeding and development area for juvenile 
green turtles, according to the mark-recapture long-term monitoring in East Uruguay. 
Here we find juvenile turtles ranging from 28.8 to 64.3 cm CCL, mean ± SD = 40.8 ± 5.5 
cm; n = 514 (López-Mendilaharsu et al. 2016). It is known that juveniles of this species 
can also use oceanic waters in the SWAO (Gonzalez Carman et al. 2012).

 Main threats to this species in Uruguay (Fig. 1.5) are the interaction with marine 
debris (ingestion and entanglement) (present Thesis), artisanal and industrial fisheries by-
catch (Lezama 2009; Viera 2012; Rivas 2012; Laporta et al. 2012) (Fig. 1.5c), interaction 
with the invasive snail Rapana venosa (Lezama et al. 2013) (Fig. 1.5d), hypothermia stun-
ning events, fibropapiloma (FPHTV) (Pastorino et al. 2007; Ferrando et al. 2015) and port 
dredgings (Martinez Souza 2014) (Fig. 1.5f).

Leatherback turtle (Dermochelys coriacea)

The leatherback turtle (Fig. 1.4b) is a cosmopolitan species that spends most of its life in 
the open ocean, occurring throughout tropical, temperate and polar oceans of the world 
(Pritchard 1973; James et al. 2006). It is the biggest queloniid and one of the biggest 
reptiles in the world, being more than 500 kg in weight and two meters long (Márquez 
1990). It presents a lyre-shape carapace with seven prominent longitudinal ridges (keels) 
and scutes are always absent. Carapace colour is predominantly black, with variable de-
grees of white or paler spotting; light pigment is predominant on the plastron (Pritchar & 
Mortimer 1999).

Figure 1.5. Threats affecting sea turtles in Uruguayan waters: a) Leatherback turtle bycatch by a 
artisanal set net in Playa Pascual (Department of San Jose); b) green turtle with plastic discharge in 
the Canal Andreoni at La Coronilla; d) green turtle with massive colonization by epibionts stranded 
in the CMPA of La Coronilla e Islas de La Coronilla; e) massive fouling of the invasive snail Rapana 
venosa in Punta del Este (Department of Maldonado); F) green turtle killed by a dredge in La Paloma 
port (Department of Rocha). (Photos © Karumbé) (Right page).
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 In the SWAO the species presents a broad distribution range, with reports of its 
presence since 1900 (Frazier 1984). The southern distribution limit corresponds to the 
south of the Buenos Aires province (38º 55´S) (González Carman et al. 2011). The main 
nesting areas in the Atlantic are located in North-eastern South America (e.g., French 
Guiana and Suriname) and Trinidad (Eckert 2006; Fossette et al. 2008) and in Western 
Central Africa (e.g., Gabon, Congo and Equatorial Guinea) (Tiwari et al. 2013). 

 The main nesting areas in the SWA region are restricted to the north of Espiritu 
Santo State in Brazil (Thomé et al. 2007) and sporadic nesting in the Brazilian states of 
Bahia, Rio de Janeiro, Santa Catarina and Rio Grande do Sul (Soto et al. 1997; Barata 
& Fabiano 2001). The main nesting population donors to the SWAO, however, are the 
Ghana and Gabon populations (Fretey 2001; Fossette et al. 2008; Prosdocimi et al. 2014; 
Karumbé unpublished data). They feed primarily on gelatinous macrozooplankton such 
as jellyfish and pelagic tunicates (Davenport 1998; James & Herman 2001; Estrades et al. 
2007; Witt et al. 2007; Heaslip et al. 2012). Uruguayan waters constitute a feeding and 
development area and also a migratory corridor for this species (López-Mendilaharsu et 
al. 2009; Fossette et al. 2014). The Rio de la Plata estuary is considered a key foraging 
area for the species in the SWAO (López-Mendilaharsu et al. 2009). The most highly used 
areas concentrate in the Rio de la Plata estuary and are associated to the high productiv-
ity of the area (López-Mendilaharsu et al. 2009). According to bycatch data in Uruguayan 
coastal waters, we can find large juvenile and adult turtles (ranging from 127.0 to 171.0 
cm CCL, mean ± SD = 145.4 ± 9.7 cm; n = 21). Large juveniles and adults are also found 
in oceanic waters (ranging from 115.0 to 194.0 cm CCL, mean ± SD = 151.2 ± 16.6, 
López-Mendilaharsu et al. 2007).

 The main threat to this species in Uruguay is being caught as bycatch by industrial 
fisheries, specifically by the trawling fleet in coastal waters (Laporta et al. 2012) and the 
pelagic longline fleet in oceanic waters (Domingo et al. 2006b; López-Mendilaharsu et al. 
2007). This species also interact with the artisanal fisheries in Rio de la Plata estuary (Fig. 
1.5a) and gets trapped in set nets in the oceanic coast (Rivas 2012).

Loggerhead turtle (Caretta caretta)

 The loggerhead turtle (Fig. 1.4c) is a medium-sized turtle, reaching 100-120 cm 
of straight carapace length and a mean weight near 115 kg (Spotila 2004). They have 
a characteristic large head with a very strong neck and powerful jaws. The carapace is 
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slightly heart-shaped and reddish-brown in adults and sub-adults, while the plastron is 
generally a pale yellowish colour (Marquez 1990). The species presents a circumglob-
al distribution occupying tropical, subtropical and temperate areas (Dood 1988). In the 
SWAO it has been recorded from Northern Brazil to San Matías Gulf in Rio Negro Prov-
ince, Argentina (González Carman et al. 2011). In oceanic waters the most austral record 
is at 45º40´S, 50º58´W, the same latitude as Peninsula Valdés in Chubut Province (Barceló 
et al. 2013). 

 In the SWA region the nesting area is restricted to Brazil, being the main nesting 
beaches in the states of Sergipe, Northern Bahia, Northern Espirito Santo and Northern 
Rio de Janeiro; with sporadic austral records in Santa Catarina and Rio Grande do sul 
(Soto et al. 1997; Nakashima et al. 2004). The loggerhead turtle presents an omnivorous 
diet. Small juveniles in the oceanic phase of their cycle feed on pelagic invertebrates, 
while large juveniles and adults in coastal habitats feed predominately on molluscs, crabs 
and fishes (Tomás et al. 2001; Bolten 2003; Martinez Souza 2009). Recent studies re-
mark a high flexibility in feeding habits of this species a long their life cycle  (Hatase et 
al. 2002; Casale et al. 2008; Mansfield et al. 2009; Hatase et al. 2010; Schoefield et al. 
2010; Hawkes et al. 2011).  In Uruguayan coastal waters large juvenile and adult individ-
uals (ranging from 53.5 to 107.9 cm CCL, mean ± SD = 73.6 ± 12.5 cm; N = 91) can be 
found (Laporta et al. 2012). In oceanic waters can be found mainly juvenile turtles ranging 
from 38.0 to 98.0 cm CCL, mean ± SD = 57.1 ± 6.4; N = 1166 (López-Mendilaharsu et 
al. 2007) can be found. The main threats to this species in Uruguay are being caught as 
bycatch by industrial fisheries, the trawler fleet in coastal waters (Laporta et al. 2012) and 
the pelagic longline fleet in oceanic waters (López-Mendilaharsu et al. 2007).

 
 
The other two species present in Uruguay have a sporadic presence with few records in 
the last decades:

Hawksbill turtle (Eretmochelys imbricata)

 The hawksbill turtle (Fig. 1.4d) is of medium size, with a straight carapace length 
between 60 and 90 cm in the adult stage (Marquez 1990). The shell is elongated and 
has overlapping scutes and a serrated edge. This is the most tropical of all sea turtles, 
with nesting beaches and feeding grounds distributed in tropical and subtropical areas of 
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the Atlantic, Pacific and Indian Oceans, between 30oN and 30oS (Baillie & Groombridge 
1996). In the SWAO the distribution is restricted to Brazil from Ceará to Sao Paulo states 
(Marcovaldi & Laurent 1996) and exceptionally in southern areas such as Rio Grande do 
Sul (Soto & Beheregaray 1997), Uruguay (present Thesis) and Argentina (Prosdocimi et 
al. 2014). Hawksbill turtles forage in a variety of coral and sponge reefs, reef walls, and 
other hard-bottom habitats throughout the tropics (Meylan 1984, 1988; Bjorndal 1997). 
In the SWAO the main nesting areas occurrs in Brasil on the coast of the North of Bahia 
and Sergipe and in the south of Rio Grande do Norte states (Marcovaldi et al. 2007).

Olive Ridley turtle (Lepidochelys olivacea)

 The Olive Ridley (Fig. 1.4e) is a small turtle, it has a short and wide carapace, 
but narrower and higher than in Kemps Ridley (L. kempii); the carapace is smooth but 
elevated and somewhat tectiform (tent-shaped) in adults. Straight carapace length can 
reach 72 cm in adults. This species present a wide distribution in tropical and subtropical 
oceans worldwide (Reichart 1993; Plotkin 2007; Abreu-Grobois & Plotkin 2008). It has 
a carnivorous diet based on crustaceans, other invertebrates and fishes (Reichart 1993;  
Bjorndal 1997). In the SWAO little is known about the distribution of this species, the 
presence in Brazil in the states of Sergipe and Bahia is known (Marcovaldi et al. 2000). 
The Uruguayan coast is the southern limit of the species in the region (Frazier 1986) with 
few records (Estrades & Achaval 2002; López-Mendilaharsu et al. 2006). The nesting 
area for this turtle in the SWAO is restricted to the Brazilian states of Alagoas, Bahia, and 
Sergipe (Marcovaldi 2001; Castilhos & Tiwari 2006; Silva et al. 2007). 
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1.5 The green turtle (Chelonia mydas): the 
role of the only megaherbivore in the 
coastal ecosystem of Uruguay
 The main donor colony of green turtles in the SWAO is the Ascension Island rook-
ery (7º57′S 14º22′W, Caraccio 2008) (Fig. 1.6). Since humans arrived to that Island in 
the 16th Century the nesting females were harvested for meat, capturing 200 to 1500 fe-
males annually (Broderick et al. 2006). This activity was conducted from 1822 until 1944 
and ceased when it became commercially unviable (Huxley 1999; Broderick et al. 2006; 
Weber et al. 2014). After the protection of the colony in the 1970s, Weber et al. (2014) 
estimated an increase from 3,700 to 23,700 clutches. 

 The presence of the species in Uruguay was recorded as sporadic until the last 
decades of the 20th century (Achaval 1965, 1968; Frazier 1984) (Fig. 1.7). The numbers of 
green turtles on thr Uruguayan coast has increased significantly over the years probably 
due to the effort of the conservation program at the nesting beaches (López-Mendilahar-
su et al. 2006, 2016). 

 The intraspecific variability of the green turtle can ensure survival on a wide range 
of local conditions (Santos et al. 2015b), such as the different habitats of the coasts 
of South Brazil, Uruguay and Argentina (rocky bottoms, reefs, unconsolidated ground 
bottoms, sandy bottoms, among others). The presence of the species in those different 
habitats reflects the importance of this megaherbivore for the macroalgae community in 
Uruguayan coastal waters. However, more research is needed to understand the exact 
role of green turtles to the macroalgae community. Some questions should be addressed: 
What is the direct effect of the green turtles on the macroalgae community? What effect 
would a higher numbers of grazing turtles have?
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Figure 1.6. Map showing the nesting populations (black triangles) throughout the Atlantic (East and 
West) and the feeding grounds (yellow circles) in the Western Atlantic. Uruguayan feeding grounds 
(UR) are symbolized by black star. The main donor nesting colonies to Uruguayan feeding grounds 
(Caraccio 2008; Patricio et al. 2017) are: Ascension Island , AI (UK, 7°56´S, 14°22´W) with 3,752/4,158 
females/year (Formia et al. 2007; Weber et al. 2014); Surinam, SU (5°57’N, 54°51’W) with 1,000-
3,000 females/year (Hirth 1997, Seminoff 2004); Ilha da Trindade, TI (Brazil, 20°30’S, 29°20’W) 
with 600 females/year (Almeida et al. 2011); Isla de Aves, AV (Venezuela, 15°40’N, 63°36’W) with 
200-300 females/year (Bowen et al. 1992; Seminoff 2004); Atol das Rocas, AR, and Fernando de 
Noronha, FN (Brazil, 3°51’S, 32°25’W) with 50-100 females/year (Bowen et al. 1992); Poilaõ Is-
land,  GB (Guinea Bissau, 10°52’N, 15°43’W) with 29,000 adult females (Patricio et al. 2017). Other 
nesting areas:  Quintana Roo, MX (Mexico, Encalada et al. 1996); Lara Bay, CY (Cyprus, Encalada 
et al. 1996; Kaska 2000); Tortuguero, CR (Costa Rica, Bjorndal et al. 2005; Encalada et al. 1996) 
and Bioko Island, BI (Equatorial Guinea, Formia et al. 2006). Other foraging grounds are: Bahamas, 
BH (Lahanas et al. 1998); Nicaragua, NI (Bass et al. 1998); Florida, FL (Encalada et al. 1996; Bass 
& Witzell 2000); Barbados, BB (Luke et al. 2004); North Carolina, NC (Bass et al. 2006); Ubatuba, 
UB and Almofala, AL (Brazil, Naro-Maciel et al. 2007); Fernando de Noronha, FN and Atol das Ro-
cas, AR (Brazil, Bjorndal et al. 2006; Encalada et al. 1996). Arrows represent oceanic currents: Gulf 
Stream (GSC), Antilles (AC), Florida (FC), North Equatorial Current (NEC), South Equatorial Current 
(SEC), South Equatorial Counter Current (SECC), Guiana Current (GC), Brazil Current (BrC), Malvinas 
Current (MC), South Atlantic Current (SAC) and Benguela Current (BeC). Adapted from Prosdocimi 
et al. (2012).
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Figure 1.7. First map of green turtle (Chelonia mydas) distribution in Uruguay and the Rio de la Plata. 
Adapted from Frazier 1984.

1.6 Present study and the NGO karumbé 
project
 The first records of sea turtles in Uruguay are from the 19th and the beginning of the 
20th Century: the first dead green turtle was registered in Rio de La Plata estuarine zone 
in 1898 (Achaval 1965), the first loggerhead turtle was recorded in 1915, and the first 
record of leatherback turtle dates from 1928 (Frazier 1984). Until the beginning of 1999, 
there were no research and conservation sea turtle programs in Uruguay. The knowledge 
about sea turtles in Uruguayan waters was restricted to anecdotal observations at sea, 
few stranding reports (i.e. Fig. 1.9), a study of the digestive contents of a single stomach, 
some species identification sheets in a national guide of reptiles and amphibians, and 
one report of interactions with longline fishery (Achaval 1968; Frazier 1984; Achaval et al. 
1988, 2000; Laporta & Miller 2005). 
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Figure 1.8. Old record of a leatherback turtle captured at sea, 25 nautical miles away from Monte-
video city. “Rojo y Blanco” magazine, December 1900.

 Despite the lack of monitoring, a high number of sea turtles was dying every year 
victims of fishing operations (artisanal and commercial) along the Río de la Plata and 
Atlantic Ocean influence area. This context was being reflected on many of the number 
of sea turtles stranded dead on beaches along the coast (Laporta & Miller 2005). The 
first systematic surveys were performed by a group of Uruguayan conservationists in 
the 1990s. These surveys identified that fisheries in Uruguay affect sea turtle species 
in different ways. Commercial fisheries affected juveniles and adults of leatherback and 
loggerhead turtles. These surveys also evidenced that juvenile green turtles could get 
tangled and drowned in gill nets of Uruguayan artisanal fisheries and could also be af-
fected by ghost gears from sport fishing. Other threats detected were collisions with 
boats, illegal trade of carapaces and meat, cold stunning events and marine pollution 
(Estrades & Achaval 2002). Based on the information collected these conservationists 
created the NGO Karumbé in 1999: a group focused on research and conservation of sea 
turtles in Uruguay. The organization became a group of biologists, veterinarians, teachers, 
students, researchers, and fishermen, all working together for the cause of sea turtles. 
After the firsts years of work the group developed eight prioritary lines of research and 
conservation (López-Mendilaharsu et al. 2003; Laporta et al. 2006) including biology, 
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ecology, genetics, stranding monitoring, fisheries interactions, rehabilitation, illegal trade, 
environmental education and conservation of sea turtles and their habitats. The present  
Thesis incorporates data compiled by the NGO Karumbé since 1999 and new research 
conducted by the author during the “Long-term study of ecology and biology of sea tur-
tles in Uruguay” since 2009.





Aim and Objetives

 Chapter II
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 The aim of the present Thesis is to increase the knowledge on biol-
ogy and conservation of sea turtles in feeding and developmental areas in 
the Southwestern Atlantic Ocean. Firstly, we describe the sea turtles ag-
gregations in Uruguayan coastal waters and their associated threats. Sub-
sequently we focus on the green turtle to perform analyses on its ecology, 
ontogenetic change in diet and habitat use, and associated threats in this 
temperate region of the Southwest Atlantic Ocean.

The specific objectives of this study are the following: 

1. To evaluate the marine turtle aggregations in Uruguayan coastal waters by assessing 
the spatio-temporal distribution, making inferences on the stock composition of the dif-
ferent species and identifying the main threats affecting them. Chapter IV

2. To Study of the green turtle (Chelonia mydas) diet and describe the ontogenetic di-
etary shift after the recruitment to Uruguayan coastal waters. This also includes the eval-
uation of the importance of cephalopods in the diet of green turtles in the first phases of 
their life cycle. Chapters V and VI

3. To Study of the migratory routes of juvenile green turtles from their nesting grounds 
to Uruguay and describe the seasonal movements of the species in the Southwestern 
Atlantic region. Chapter VIII

4. To Describe and infer the impact of two of the main threats that affect the green turtle 
in Uruguayan coastal waters: marine debris ingestion and hypothermia. Chapters VII and 
IX





Chapter III

General Materials and 
Methods
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 In this section we provide a brief description of the different materials and methods 
used in this study. During the last 15 years the NGO Karumbé have been conducted dif-
ferent researches in Uruguayan coastal waters in which different samples were collected 
in different periods. For each section of this Thesis we indicate in which years the samples 
were collected. Detailed methodology will be explained in the corresponding chapters: 

3.1 Study area 

 The Uruguayan coast is a total of 710 km, from Nueva Palmira (33°53´S, 58°25´W), 
well inside the Uruguay River, to Barra del Chuy (33°44´S, 53°22´W), natural border with 
Brazil in the Atlantic coast. It is part of a complex hydrological system (Ortega & Martinez 
2007) that comprises the frontal zone of the Río de la Plata (RP) estuary and the Atlantic 
Ocean, with a strong horizontal salinity and temperature gradient (Campos et al. 2008; 
Horta & Defeo 2012). This system is affected by seasonal and episodic variations in the 
outflow of the estuary (Ortega & Martinez 2007; Campos et al. 2008; Horta & Defeo 
2012). The estuarine plume flows from the west and mixes with the oceanic waters of the 
Subtropical Convergence zone. The cold Falkland/Malvinas current influences this zone 
in the austral winter and the warm Brazilian current during the austral summer (Fig. 3.1). 
This results in SST variations greater than 15 °C (range 11–27 °C) throughout the year 
(Acha et al. 2004). 

Figure 3.1. Main currents of par of the Southnwestern Atlantic region. In red the Brazilian current, 
and in blue the Malvinas/Falkland current. Also noted the coastal currents.
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 The coastal waters can be divided into three zones based on the differences in 
hydrological characteristics (Fig. 3.2B): [Zone 1] inner estuarine zone (IEZ, 350 km), from 
Nueva Palmira to Montevideo (34°52´S, 56°00´W), characterized by a fluvial-marine salin-
ity regime (salinity/12 ppm) influenced mainly by the RP discharge; [Zone 2] outer estua-
rine zone (OEZ, 130 km) from Montevideo to Punta del Este (34°58´S, 56°56´W) presents 
a transition between oceanic and estuarine characteristics with an intermediate salinity 
range (15–25 ppm); and [Zone 3] oceanic zone (OZ, 230 km) from Punta del Este to Barra 
del Chuy, which presents a remarkably oceanic regime (salinity [26 ppm). 

Figure 3.2. A, map of part of the Southwestern Atlantic (SWA) and inset of South America; B, map 
of the Uruguayan coast. The dotted lines divided the Uruguayan coast in: IEZ (inner estuarine zone), 
OEZ (outer estuarine zone) and OZ (Oceanic zone). 

A

B
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 The Uruguayan coast presents a succession of sandy beaches of variable ex-
tension (2–20 km long) separated by rocky outcrops (Fig. 3.3), scarcer in the estuarine 
zones than in the oceanic zone. As in waters of the Southeastern coast of Brazil, Uru-
guayan coastal waters host few brown algae and not allow the development of seagrass 
meadows probably due to a high turbidity (Oliveira 1984; Coll & Oliveira 1999). The most 
common macroalgae species in shallow rocky bottoms are the chlorophytes Ulva spp., 
Codium cf. decorticatum, Chaetomorpha spp., Cladophora cf vagabunda and the rhodo-
phytes Grateloupia spp., Chondracanthus teedei, Pterocladiella capillacea, Criptopleura 
ramosa, Corallina officinalis, Polysiphonia spp., and Hypnea musciformis (Coll & Oliveira 
1999; Gonzalez et al. 2016). Mussels (Mytilus edulis) are the most conspicuous inverte-
brates in the community (Borthagaray & Carranza 2007). 

3.2 Access to turtles, biometrics and 
tagging
 All the turtles sampled in this Thesis were obtained during the fieldwork of the 
NGO Karumbé throughout the Uruguayan coast. We accessed to the turtle in two ways 
by monitoring the stranded turtles (live or dead turtles) and by scientific intentional cap-
tures of juveniles green turtles in water.

3.2.1 Stranding monitoring

 To monitor the marine turtle strandings we used two different sources of data: 
[1] records from the Marine Turtle Stranding Network (1999-2010) and [2] records from 
beach surveys (2006-2010). [1] Marine turtle stranding data have been collected between 
1999 and 2010 in Uruguay by stranding network (“Red de Rescate y Varamientos de 
Tortugas Marinas”) ran by the NGO Karumbé (Fig. 3.4). Local people, tourists, fishermen, 
lifeguards, rangers, Coast Guard and civil organizations reported stranding data to the 
coordinator of the network. This network records dead or injured marine turtles stranded 
on beaches. It is coordinated via 24-h telephone hotline or email and the database is 
hosted and up dated by Karumbé members. [2] Beach surveys conducted by Karumbé 
technicians along the northern coast of Rocha Department, including the area around the 
Coastal-Marine Protected Area of Cerro Verde (OZ). Survey effort in this area was intensi-
fied from 2006, carrying out surveys once a week by foot, from Barra del Chuy to Punta 
del Diablo (c.a. 40 km) from January to April to record stranding data and to identify and 
assess the impact of threats affecting marine turtles in these coastal waters. 
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Figure 3.3. Images from the CMPA of La Coronilla e Islas de La Coronilla: A, aerial photo of Cerro 
Verde and Isla Verde; B, rocky shore of Isla Verde Island and a juvenile green turtle breathing; C, 
rocky promontory and sandy beach of Cerro Verde. 

Figure 3.4. Examples of strandings information sheet developed by the NGO Karumbé: sea turtle 
strandings guide.

 We consider as ‘‘stranding’’ any marine turtle, or remains, washed ashore dead 
or alive reported. When a stranding occurred, data recorded were date, location and/or 
GPS position, species, major cause of stranding and biometrics. We also categorized the 
state of decomposition of the carcasses. Species were identified by direct observation, 
by photos sent by observers or by samples of the carcasses sent to Karumbé. When 
possible, stranded marine turtles were necropsied in situ or transported to Karumbe’s 

a b
c
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rehabilitation centres (Fig. 3.5). The likely cause of stranding was determined based on a 
complete external and internal examination. Animals found alive were moved to Karum-
be’s rehabilitation centres in Montevideo city or in La Coronilla (Rocha) for their recovery.
 
 Biometrics taken: Curved Carapace Length notch to tip (CCL) for hard-shell turtles 
and curved carapace length from the nuchal notch to the back tip of the caudal peduncle 
for leatherbacks (detailed protocol in Bolten 1999), carapace width, plastron length and 
width, head width, plastron-cloaca, cloaca-tail, and for leatherbacks peduncle length.

Figure 3.5. Stranded turtles found during the beach surveys conducted by Karumbé technicians in 
beaches of Uruguay.

3.2.2 Scientific capture

 Karumbé has been conducting a long-term study on abundance and habitat use 
of marine turtle species in eastern Uruguay (Rocha Department) mainly in the Coast-
al-Marine Protected Area of Cerro Verde e Islas de La Coronilla. From 2001 to 2014 a 
total of 1,795 juvenile green turtles were captured and released in this area. Green turtles 
occupy swallow waters close to the rocky promontories in this area. Juvenile green turtles 
were captured alive while foraging over rocky bottoms in very shallow waters. Set nets 
(0.7 mm nylon monofilament, 50 m length × 3 m depth, 30 cm stretched mesh size; with 
small buys on the top line and weights inside the bottom line) (Fig. 3.6) were deployed 
perpendicular to wave direction and were monitored constantly to avoid drowning of tur-
tles caught (Fig. 3.7). When is possible capture by hand with had been also preformed 
when turtles were resting on the bottom (Fig. 3.7).
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Figure 3.7. Techniques of scientific capture developmental by Karumbé in Uruguayan coastal wa-
ters. Pictures on tthe left: capture using a set net; and pictures on the rigth capture by hand.
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 For captured turtles (only hard-shell turtles), CCL was also measured for each tur-
tle using a flexible tape (± 0.1 cm) and the rest of the measures mentioned before were 
taken. General and head-sides photos were taken for photo-id analysis. All turtles cap-
tured or recovered after rehabilitation process was tagged with inconel flipper tags (Style 
# 681, National Band and Tag, Kentucky, USA) before release in the same site of capture 
(Fig. 3.8). 

 Figure 3.6. Detail of the set net used for scientific captures of juvenile green turtles

Figure 3.8. a. Measurements taken of length and width of a green turtle (Chelonia mydas); b, head-
sides photos for photo-id; and c, tagging with inconel tags before release

a

b c
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3.3 SAMPLE COLLECTION

 For the study of diet we accessed to three different sources of samples: esoph-
agus lavages (2003-2005) and skin biopsies of turtles captured alive (2012-2013) and 
from dead turtles digestive contents (2006-2013). For the analysis of movements of the 
juvenile green turtles we access to two different sources from alive capture turtles: satel-
lite telemetry (2006-2007) and carapace scute biopsies (2012-2013).

3.3.1 Gut content analysis

 Esophagus lavage and digestive content analyses provide direct information about 
diet composition; although these analyses are often highly biased and represent only a 
short time window (days to weeks), which usually results in an incomplete description of 
the animal’s diet (Hyslop 1980; Burkholder et al. 2011; Gonzalez Carman et al. 2013).
 
 Digestive tracts were collected from 52 green turtles stranded from 2009 to 2013 
(Fig. 3.9) and preserved separately in esophagus, stomach and intestine sections, after 
were rinsed and preserved in a 4% formalin solution in seawater. 

 

Figure 3.9. Necropsy of a dead green turtle. Digestive tract (left to right note the esophagus, stom-
ach and intestines sections) and stomach content of a green turtle.
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 Esophagus lavages of 74 green turtles were conducted between 2003 and 2005 
in the CMPA of Cerro Verde and Islas de La Coronilla (Fig. 3.10). Data obtained from these 
samples were used to characterize the trophic resources that the turtles had ingested 
in the previous hours before being captured (Forbes & Limpus 1993). Methodology for 
esophagus lavage followed Makowski et al. (2006) protocol. This protocol is described in 
detail in chapter V of the present Thesis. 

Figure 3.10. Karumbé technicians performing esophagus lavage of a juvenile green turtle (Chelonia 
mydas) in the CMPA of Cerro Verde e Islas de La Coronilla.

3.3.2 Stable isotopes analysis

 Stable Isotope Analysis (SIA) is used to reconstruct diets (Minson et al. 1975; 
Tieszen et al. 1983; Samelius et al. 2007), to assign species to trophic positions in food 
webs (Minagawa & Wada 1984; Fry 1991; Post 2002), to elucidate patterns of resource 
acquisition (O’Brien et al. 2000; Cherel et al. 2005; Waas et al. 2010), and to characterize 
niche properties (Genner et al. 1999; Bearhop et al. 2004; Newsome et al. 2007). The 
central conjecture of SIA in trophic ecology is perhaps best represented by the observa-
tion, “You are what you eat (plus a few per mil)” (DeNiro & Epstein 1976). This method is 
based on the fact that the isotopic composition of an animal depends on its food sources 
(DeNiro & Epstein 1978, 1981), though a small difference usually exists between the iso-
topic values of prey and predator (Cardona et al. 2009). 
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 For green turtle diet studies based on SIA, we used epidermis samples from bi-
opsies of live turtles from CMPASs and from freshly dead turtles (both stranded and by-
caught) (Fig. 3.11). We collected live turtle biopsies in CMPAs of Cerro Verde e Islas de La 
Coronilla and Cabo Polonio from turtles captured in 2012 and 2013.  

Figure 3.11. Green turtle biopsies for stable isotopes analyses. Yellow circle: epidermis sample and 
green circle: scute sample. Modified from Pritchard & Mortimer 1999.

 We also collected samples of the potential preys, 17 macroalgae species from 
East Uruguay) and 5 macroalgae species from southern Brazil (Santa Catarina State). 
Sampling was designed to collect most of the species more frequently found in the gut 
contents of green turtles off Uruguay (present study) and southern Brazil (Reisser et al. 
2013). Furthermore, two species of gelatinous macrozooplankton were collected: Chrysa-
ora lactea from Uruguay and Velella velella from Brazil. All the samples were rinsed with 
water and frozen until analysis or stored dry as herbarium samples. The description of 
the variability of the stable isotope values of the turtles and their prey within the δ13C–δ15N 
space, hereafter called the isospace, was complemented with data from the literature 
about the squid Loligo sanpaulensis from Brazil and Uruguay (Drago et al. 2015) and the 
seagrass Halodule wrightii from Brazil (Lazzari 2012). 

 Carapace scute biopsies were collected from 20 juvenile green turtles. Samples 
were taken from the posterior medial region of the third left lateral scute of each individual, 
close to the posterior margin using a 6-mm Miltex biopsy punch (following Reich et al. 
2007) (Fig. 3.11 and 3.12). Samples were stored dry until processing.

6 mm Diameter
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Figure 3.12. Karumbé technician takes a carapacae biopsy of a green turtle.

3.3.3 Satellite telemetry tracking

 For the habitat use and movement, three green turtles were satellite-tagged with 
a Platform Terminal Transmitters (PTT) Kiwisat 101 model (Sirtrack) in 2007 (Fig. 3.13). 
Tagging was performed following (Marcovaldi et al. 2010). The process is explained in 
detail in chapter VIII. Once tagging was complete the turtles were released to back to the 
sea. For all transmitters, data were downloaded from the ARGOS satellite system, filtered, 
and subsequently analysed with the satellite tracking and analysis tool (STAT, Coyne & 
Godley 2005) to archive and filter location data. Routes were reconstructed using LC 1-3 
positions and filtered Argos positions (LC 0, A and B) based on maximum rate of travel of 
5 km/h. Geographic information systems software (ArcGis 9.3, ESRI) was used to map 
turtle movements and calculate high-use areas. 
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Figure 3.13. Juvenile green turtle with the satellite transmitter device attached prior to release in the 
CMPA of Cerro Verde e Islas de La Coronilla.

3.4 Laboratory procedures
3.4.1 Digestive tract analysis

 Dietary items retrieved by esophagus lavage and stomach content analyses were 
identified to the lowest possible taxonomic level (Fig. 3.14). Dietary item groups were 
quantified by frequency of occurrence (FO) and relative volume (RV) (Hyslop 1980). For 
relative volume measure, the entire sample volume and the relative sample volume of 
each diet group were calculated by means of water displacement in a graduated cylinder. 
Any item with a relative volume > 5 % in at least one sample was considered a major diet 
component (Garnett et al. 1985; López-Mendilaharsu et al. 2005). 

 To determine the variation in diet between individual animals, %RV of each major 
prey group was calculated for each individual turtle as follows: 
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Figure 3.14. Green turtle esophagus lavage and stomach content of a dead green turtle

3.4.2 Marine debris analysis

 The turtles used for this study were sampled in two periods, period 1 from 2005 to 
2007 and period 2 from 2009 to 2013, with differences in some of the methodologies car-
ried out (see chapter VII for details). For turtles of study period 2, marine debris ingestion 
was assigned as the most probable cause of death when the stomach content had more 
than 50% of debris or when there was fecaloma in the intestine. All the contents were 
rinsed and air-dried carefully, and then each section of the digestive tract was analysed 
under a binocular microscope. Each marine debris item was assigned to different cate-
gories using the protocol proposed by van Franeker et al. (2011) and the Marine Strategy 
Framework Directive, Technical Subgroup on Marine Litter (2013).

 After being separated into categories, debris items were quantified by frequency 
of occurrence (%FO). Furthermore, debris items were weighted (total and per category) 
with an analytical weight (precision 0.001g) and the relative volume was measured for the 
entire sample and for each debris category, only in Period 1, by means of water displaced 
in a graduated cylinder. For sample of period 2 an additional experiment was conducted 
to determine the buoyancy of debris categories measuring the rise velocity of each debris 
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category (n = 10 per category in a graduated cylinder tube with marine water (follow Re-
isser et al. 2013).

3.4.3 Stable isotopes analyses

 All samples for SIA were dried at 60 °C for three days, grounded to a fine powder, 
and lipids extracted with a chloroform/methanol (2:1) solution (Bligh & Dyer 1959). Lipids 
are depleted in 13C in comparison with other molecules, which could bias δ13C values; it 
is thus desirable to remove lipids prior to stable isotope analysis (DeNiro & Epstein 1978). 
Carapace scute samples prior to dry were sliced with a cryotome. Macroalgae are often 
covered with epibionts containing carbonates, which may also bias δ13C values. Accord-
ingly, macroalgae samples were split into two subsamples. One of them was treated with 
o.5 N hydrochloric acid (HCl), to remove carbonates and with a chloroform:methanol 
(2:1) solution to remove lipids. However, acidification may modify the δ15N values, so the 
second bulk subsample was used to determine δ15N (Cardona et al. 2012). Samples 
were weighed into tin cups with a microbalance (0.3 mg for skin and animal prey samples 
and 0.5 mg for algae samples), combusted at 1000 °C, and analysed in continuous flow 
isotope ratio mass spectrometer (Flash 1112 IRMS Delta C Series EA; Thermo Finnigan) 
at the Centres Científics i Tecnològics of  Universitat de Barcelona (Spain). For the scutes 
biopsies, before the weight and combustion, we performed 30-μm cuts and analysed 
separately the resulting layers.

3.5 Statistical analysis
 In chapter V and VII, we analysed data using Generalized Additive Models (GAM) 
with package mgcv (package version 1.7–5, Wood 2011) in R 2.11 (R Development Core 
Team 2010. In Chapter V and VII, to estimate the relative contributions of the different 
dietary items we used the Bayesian stable isotope mixing model in the Stable Isotope 
Analysis in R (SIAR) package (Parnell et al. 2010; Coelho Claudino et al. 2013). Data of 
chapters IV and VII were mapped in ArcGis 9.3 and 10.0 (ESRI 2011). Specific analyses 
developed for each study will be indicated in each Chapter. Statistical significance was at 
p < 0.05, unless otherwise stated.
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Abstract
 We present the first study conducted in a wide spatio-temporal scale on marine 
turtles strandings (N = 1,107) over a 12-year period (1999–2010) in Uruguay. Five species 
were recorded Chelonia mydas (N = 643; 58.1 %), Caretta caretta (N = 329; 29.7 %), 
Dermochelys coriacea (N = 131; 11.8 %), Eretmochelys imbricata (N = 3; 0.3 %), and 
Lepidochelys olivacea (N = 1; 0.1 %). The first three species stranded throughout the 
Uruguayan coast, but differences in distribution patterns were detected among species. 
Although occurring year round, stranding records show a clear seasonal pattern with 
variation in monthly distribution among species, but with a peak of records in austral 
summer. Strandings provide indirect evidence of threats to marine turtles in Uruguayan 
and surrounding waters, particularly fisheries and marine debris. Our results demonstrate 
that Uruguayan coastal waters likely serve as a foraging or development area for at least 
three endangered marine turtle species in temperate waters. 
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Introduction
 Marine turtles are long-distance migrants with considerable behavioural plasticity 
in terms of migratory patterns, habitat use and foraging sites within and among popu-
lations (Hawkes et al. 2006; Seminoff et al. 2008; Fossette et al. 2010). Molecular and 
tracking studies demonstrated that a high percentage of marine turtles show fidelity to 
the beaches or areas where they born (Bowen & Karl 2007 and references there in; Lee 
2008) and, similarly, they also exhibit fidelity to feeding areas (Avens et al. 2003; Broderick 
et al. 2007; Marcovaldi et al. 2010; Watanabe et al. 2011; Hawkes et al. 2012). In most 
marine turtle species, hatchlings initially move to oceanic habitats, with a dispersal pat-
tern mostly guided by sea currents (Blumenthal et al. 2009 and references therein). After 
a growing period of several years, when they reach a certain size, they can migrate to 
neritic foraging habitats, with the possibility of seasonal migrations between summer and 
wintering areas (Mansfield et al. 2009; Meylan et al. 2011). The conservation of foraging 
habitats is considered a priority for population management and survival in marine tur-
tles (Bjorndal 1999; Hawkes et al. 2006; Hamann et al. 2010). Foraging zones are areas 
where large juveniles congregate and survival of this age class has been shown to have 
an important effect on population growth (Crouse et al. 1987; Heppell 1998; Lewison & 
Crowder 2007). The number of studies on marine turtle biology and conservation in for- 
aging areas distant from original nesting beaches, particularly in temperate waters, has 
increased significantly in recent decades (James et al. 2005a, b, c; Hatase et al. 2006; 
Witt et al. 2007; Gonzalez Carman et al. 2011). 

 However, there are still marine turtle stocks in some foraging areas whose conser-
vation state and conservation measures remain data deficient (Broderick et al. 2007). To 
fill those gaps, Wallace et al. (2010) recently developed multi-scale regional management 
units (RMUs) to provide a dynamic framework for evaluating threats, identifying high di-
versity areas, highlighting data gaps and assessing conservation status for marine turtles. 
In the Southwestern Atlantic (SWA) region, the most prevalent category of marine turtles 
RMUs are Low Risk–High Threats (12); they generally exhibited large, stable or increasing 
abundance with high diversity while under a relatively high degree of threats. However, 
leatherback and hawksbill turtle RMUs in the SWA are considered in the High Risk–High 
Threats category and they can be considered as the most urgent conservation interven-
tions in this region (Wallace et al. 2011). 

 In recent years, there has been a rising awareness of the global threats affecting 
marine turtles as incidental captures by different fishing gears (Lewison et al. 2004a, b; 
Lewison & Crowder 2007; Peckham et al. 2008; Tomás et al. 2008; Wallace et al. 2008, 
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2010; Casale 2011), climate change (Hawkes et al. 2009; Poloczanska et al. 2009; Fuen-
tes et al. 2011), marine pollution (Bugoni et al. 2001; Tomás et al. 2002; Storelli & Mar-
cotrigiano 2003; Tourinho et al. 2010; Ivar do Sul et al. 2011) and habitat loss in nesting 
and in marine feeding areas (Musick & Limpus 1997; Bolten 2003; Fish et al. 2008). How-
ever, it is difficult to understand the relative importance of the different threats, particularly 
the ones occurring at sea, because the knowledge on population demography is still 
scarce in many areas, and it is essential to understand the impact of each threat on every 
population (Casale et al. 2010). In the SWA region, according to occurrence reported in 
the literature, the principal threats identified are the following: fisheries interactions (Leza-
ma et al. 2004; Carranza et al. 2006; Domingo et al. 2006a; Gallo et al. 2006; Sales et 
al. 2008; Pons et al. 2010), marine debris (Bugoni et al. 2001; Tourinho et al. 2010), and 
hypothermia (Laporta et al. 2006a) or viral infections (Herbst 1999; Pastorino et al. 2007).

 One approach to the study of marine turtle stocks in foraging areas at sea is to 
utilise stranding data. Stranded marine animals are believed to represent a minimum 
measure of at-sea mortality (Epperly et al. 1996). Moreover, stranding distribution may be 
influenced by marine currents and other oceanographic events (Hart et al. 2006). Hence, 
stranding data are often considered as non-representative of populations at sea (Epperly 
et al. 1996; Siebert et al. 2006; Peltier et al. 2012). However, strandings yield reasonable 
data on the frequency of occurrence and distribution of marine vertebrate species in the 
adjacent marine area (Maldini et al. 2005; Pyenson 2010; Peltier et al. 2012). Although 
inferences from these data are subject to a number of caveats, i.e.: seasonal and spatial 
variation in recording, inter annual variation in surveying, influence of coastal currents in 
stranding distribution, etc. (Lewison et al. 2003), when integrated over wide spatio-tem-
poral extents, stranding data can provide information about geographic ranges, seasonal 
distribution and life history of marine turtles, particularly for life stages underrepresented 
in the literature (Witt et al. 2007; Tomás et al. 2008). 

 Uruguayan coastal waters are known to provide important foraging habitats for 
three of the five species of marine turtles breeding in the SWA region (Domingo et al. 
2006a), although it may also receive marine turtles from other distant populations (see 
Caraccio 2008; Caraccio et al. 2008). Five species of endangered marine turtles have 
been recorded within Uruguayan waters: the green turtle (Chelonia mydas), the logger-
head turtle (Caretta caretta), the leatherback turtle (Dermochelys coriacea), the olive Rid-
ley turtle (Lepidochelys olivacea) (Achaval 2001; López-Mendilaharsu et al. 2006) and the 
hawksbill turtle (Eretmochelys imbricata) (present study). These species are catalogued as 
endangered (green and loggerhead turtle), critically endangered (leatherback and hawks-
bill turtle) and vulnerable (olive Ridley turtle) in the International Union for the Conservation 
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of Nature Red List of Threatened Species (IUCN 2012). 

 Marine turtle studies in Uruguay have increased over the last decade, although 
most of them focused in a particular species, area or threat. Here, we present the first 
long-term study on marine turtle strandings over the whole Uruguayan coast. Using avail-
able stranding data, our objectives were to (1) assess the spatio-temporal distribution 
of marine turtles in coastal waters, (2) make inferences on the stock composition of the 
different species and (3) infer the impact of the main threats that affect them. Long-term 
studies like the present one constitute an essential baseline for further studies at the re-
gional level and to increase global knowledge on marine turtles stocks and associated 
threats in temperate waters. At a local level, such studies are also very important in raising 
awareness, particularly on fishermen, authorities and other stakeholders, engaging com-
munities, and generally working with public interest in marine turtle conservation. 

Materials and Methods
Study area

The Uruguayan coast is part of a complex hydrological system (Ortega & Martínez 2007) 
that comprises the frontal zone of the Río de la Plata (RP) estuary and the Atlantic Ocean 
with a strong horizontal salinity and temperature gradient (Campos et al. 2008; Horta 
& Defeo 2012). The study area includes the entire Uruguayan coast, a total of 710 km, 
from Nueva Palmira (33°53´S, 58°25´W), well inside the Uruguay River, to Barra del Chuy 
(33°44´S, 53°22´W), natural border with Brazil in the Atlantic coast (Fig. 4.1). We divided 
the study area into three zones based on the differences in hydrological characteristics: 
[Zone 1] inner estuarine zone (350 km), from Nueva Palmira to Montevideo (34°52´S, 
56°00´W), characterized by a fluvial-marine salinity regime (salinity < 12 ppm) influenced 
mainly by the RP discharge; [Zone 2] outer estuarine zone (130 km) from Montevideo to 
Punta del Este (34°58´S, 56°56´W) presents a transition between oceanic and estuarine 
characteristics with an intermediate salinity range (15–25 ppm); and [Zone 3] Oceanic 
zone (230 km) from Punta del Este to Barra del Chuy, which presents a remarkably oce-
anic regime (salinity > 26 ppm). 
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Table 4.1. Number of strandings (N) from 1999 to 2010 along 710 km of Uruguayan coastline.

Figure 4.1. Study area and spatial distribution of marine turtles stranding density (number of ma-
rine turtles stranded per 10 Km sector) in Uruguay for the period 1999-2010 (n= 859, only network 
records; see text). The dashed line represents the Uruguayan part of the Rio de la Plata estuary. In 
this study we divided the coastline in three zones: 1 (Zone 1: inner estuary zone), 2 (Zone 2: outer 
estuary zone) and 3 (Zone 3: Oceanic zone). Marine and coastal protected areas are indicated by 
black arrows (north to south): Coastal-Marine Protected Area of Cerro Verde, National Park of Cabo 
Polonio and Protected Landscape of a Laguna de Rocha. Figure includes the main fishermen settle-
ments and ports lettered in white.

Species
Network Beach surveys Total

N % N % N %
Green 520 58.7 123 55.7 643 58.1
Loggerhead 244 27.5 85 38.5 329 29.7
Leatherback 118 13.3 13 5.9 131 11.8
Hawksbill 3 0.3 0 0.0 3 0.3
Olive Ridley 1 0.1 0 0.0 1 0.1
Total 886 221 1107
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Data collection and analysis

 For the present study, we used two sources of data: [1] records from the Marine 
Turtle Stranding Network and [2] records from beach surveys. [1] Marine turtle stranding 
data have been collected between 1999 and 2010 in Uruguay by a stranding network 
(‘‘Red de Rescate y Varamientos de Tortugas Marinas’’) ran by the NGO Karumbé. Lo-
cal people, tourists, fishermen, lifeguards, rangers, Coast Guard and civil organisations 
reported stranding data to the coordinator of the network. This network records dead or 
injured marine turtles stranded on beaches. It is coordinated via 24-h telephone hotline 
or email and the database is hosted and up dated by Karumbe ́members. [2] A second 
source of data used here consisted in strandings recorded in beach surveys conducted 
by Karumbé technicians along the northern coast of the Rocha department, including 
the area around the Coastal-Marine Protected Area of Cerro Verde (Zone 3, Fig. 4.1). 
These beach surveys emerged from an initial campaign made between 1999 and 2001 
by Karumbé throughout the Uruguayan coast. In this campaign, Karumbé recorded large 
numbers of marine turtles in the coasts of Rocha Department. For this reason, in 2001, 
Karumbé started to carry out beach surveys and long-term monitoring of marine turtle 
populations throughout the coasts of Rocha, resulting in the identification of an important 
foraging ground for green turtles in this region (López-Mendilaharsu et al. 2006). Survey 
effort in this area was intensified from 2006, carrying out surveys once a week by foot, 
from Barra del Chuy to Punta del Diablo (Fig. 4.1) from January to April to record strand-
ing data and to identify and assess the impact of threats affecting marine turtles in these 
coastal waters. 

 All data were used for the analysis, except for the study of spatio-temporal distri-
bution of strandings. To consider changes over space and time, we used only data from 
source 1, with homogeneous effort, since beach surveys (source 2) were not performed 
every year during the study period and over the whole coast.

 In the present study, we consider as ‘‘stranding’’ any marine turtle, or remains, 
washed ashore dead or alive reported. When a stranding occurred (from each of the 
two sources of data), data recorded were date, location and/or GPS position, species, 
major cause of stranding and bio- metrics [curved carapace length notch to tip (CCL) for 
hard-shell turtles and curved carapace length from the nuchal notch to the back tip of the 
caudal peduncle for leatherbacks (detailed protocol in Bolten 1999)]. We also categorised 
the state of decomposition of the carcasses [from 0 (alive) to 6 (only bones)]. 
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 Species were identified by direct observation, by photos sent by observers or by 
samples of the carcasses sent to Karumbé (e.g. bones, carapace scales, etc.). When 
possible, stranded marine turtles were necropsied in situ or transported to Karumbe’s 
rehabilitation centres. The likely cause of stranding was determined based on a complete 
external and internal examination. Presence of net fragments entangled and net marks 
around neck and flippers, presence of hooks in mouth or gut, and evidences of drowning 
and presence of ropes used by fishermen around the carcasses helped to assign the dif-
ferent fisheries interacting as stranding cause. In cases when there was evidence of mul-
tiple lesions, the most severe and recent was assigned as the primary cause of stranding. 
We were not able to identify the cause of stranding in all the cases due to several factors, 
including high state of decomposition, lack of resources to carry out histopathology stud-
ies or in the cases when it was not possible to have access to the stranded carcasses. 
Animals found alive were moved to Karumbe’s rehabilitation centres in Montevideo city 
or in La Coronilla (Rocha) for their recovery. When GPS position was not provided, we 
used the location of the reported beach and the stranding events were georeferenced 
using Google Earth (Google Inc. 2009) as precisely as possible. In order to represent the 
spatio-temporal distribution of strandings, the coastline was divided in 10-km sectors. 
The digitalised geopolitical information was obtained from FREPLATA (2004). Maps and 
analysis were performed using Arc Map 10 (ESRI 2011). 

 Adults and large juveniles are critical life stages for the conservation of marine tur-
tle populations (Crouse et al. 1987). Hence, we catergorised marine turtles in size groups 
to characterise local stocks and to analyse impact of threats. Since marine turtles from 
multiple populations are found in foraging grounds (Lahanas et al. 1998; Naro-Maciel 
et al. 2007; Caraccio et al. 2008; Monzón-Argüello et al. 2010; Prodoscimi et al. 2012) 
and since marine turtles from different populations may reach sexual maturity at differ-
ent sizes, we considered the minimum size of nesting females from the closest nesting 
colonies to identify what individuals are immature. Minimum sizes considered were the 
following: CCL 90 cm for green turtles (Almeida et al. 2011a), 83 cm for loggerhead turtles 
(Baptistotte et al. 2003), 139 cm for leatherback turtles (Thomé et al. 2007), 86 cm for 
hawksbill turtles (Marcovaldi & Marcovaldi 1999) and 63 cm for olive Ridley (Marcovaldi et 
al. 2000). Individuals with a much smaller size than these values were considered as (a) 
small juveniles, and individuals with size around these values from nesting beaches were 
considered as (b) large juveniles and adults. 

 Mean marine turtle size variation (monthly and annually) was compared with 
non-parametric test because the assumptions of normality and homoscedasticity were 
not fulfilled. 
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 To account for seasonal differences in behavioural and distribution, we analysed 
seasonality of strandings per zones for each of the three most frequent species sepa-
rately. Before comparing zones, we tested whether the seasonal stranding pattern was 
consistent over the years for each species in each zone using Kendall’s Concordance 
tests. To compare zones, we scored each individual by the month it was stranded (i.e. 
1 September, 2 October and so on). Then, for each species, we calculated the average 
score per year and zone and compared averaged scores between zones with Wilcoxon 
tests. 

Figure 4.2. Annual variation in number of marine turtle strandings in Uruguayan coast: a source of 
data: grey bars represent the network records (N = 886), white bars represent the beach surveys re-
cords (N = 221). b Species: black bars represent the green turtles, white bars the loggerhead turtles 
and grey bars the leatherback turtles



Sea turtle Strandings in Uruguay    109 

Figure 4.3. Curved carapace length (CCL) of all mesured turtles: a green (N = 538); b loggerhead 
(N = 203); and c leatherback turtles (N = 53). Dotted lines: minimum carapace length for nesting 
females of South Western Atlantic stocks; 90 cm for green (Almeida et al. 2011b), 83 cm for logger-
head (Baptistotte et al. 2003) and 139 cm for leatherbacks (Thomé et al. 2007). Note the different 
y-axis and x-axis scales.
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Results
Number of strandings, species and group sizes

 For the period 1999–2010, we collected data from a total of 1,107 stranded ma-
rine turtles (annual mean ± SD = 82 ± 49.4, range: 20–160) from the network and the 
beach surveys. The stranding network at Uruguayan coast recorded 886 marine turtles 
in this period (Annual mean ± SD = 66 ± 39, range: 12–141; Fig. 4.1; Table 4.1). Despite 
certain interannual variability, there was an apparent general increase in strandings re-
corded by the network with time (Spearman’s rank correlation, rs = 0.862, N = 12, p < 
0.01; Fig. 2a). Beach surveys conducted by Karumbé at the Department of Rocha yielded 
other 221 records of marine turtle stranded.

 Five species were recorded (Table 4.1): green turtles (N = 643; 58.1 %), logger-
head turtles (N = 329; 29.7 %), leatherback turtles (N = 131; 11.8 %), hawksbill turtles (N 
= 3; 0.3 %) and olive ridley (N = 1; 0.1 %). The green turtle was the most frequent almost 
every year, with the exception of 2002 and 2006, when more loggerheads were recorded. 
In 2008, number of the leatherback strandings increased dramatically (Fig. 4.2b). 

 Very few records were obtained in Zone 1 (see next section); thus, for size analy-
ses, we compared data just from Zones 2 and 3. We could obtain data on size (CCL) from 
a total of 797 records. 

 For green turtles, almost all the individuals were small juveniles [mean ± SD curved 
carapace length, notch to tip (CCL) = 41.5 ± 7.5 cm; range: 25.7–94.5, N = 538; Fig. 
4.3a], with the exception of one individual with adult size (CCL = 94.5 cm). We found 
significant differences in mean size among different years (Kruskal–Wallis test, H11 = 25.9, 
p < 0.05, post hoc Tamhane: 2003 > 2008, 2003 > 2010); however, there was no signif-
icant variation in green turtle size distribution neither among months (Kruskal–Wallis test, 
H11 = 12.6, p = 0.318) nor between Zones 2 and 3 (Mann–Whitney Utest, U = 20489, N1 
= 132, N2 = 311, p = 0.976).   
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FIgure  4.4.  Stranding density (number of marine turtles stranded per 10 km sector) maps showing 
the Network records between 1999 and 2010. Each map shows the stranding density of the three 
most frequent species: a green (Cm, filled circle); b loggerhead (Cc, filled triangle); and c leatherback 
turtles (Dc, filled rectangle). In C, the white crosses indicate the stranding of the three hawksbill tur-
tles and the black diamond indicates the one olive ridley turtle. The stars indicate the main fishermen 
settlements and ports (from west to east): Kiyú, Playa Pascual, Pajas Blancas, Montevideo, Buceo, 
Lagomar, Atla ́ntida, San Luis, Piriápolis, Sol ́ıs, Punta Frría, La Barra, José́ Ignacio, La Paloma, 
Cabo Polonio, Barra de Valizas and Punta del Diablo. Note the different ranges in density for the 
leatherback.
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 For loggerhead turtles, most were of large juveniles or adult sizes (CCL = 72.6 ± 
15.3 cm; range: 10.3–114.6; N = 203; Fig. 4.3b). Given that the minimum size of nesting 
females in the Brazilian coast is 83 cm (Baptistotte et al. 2003), the majority of individuals 
recorded were immature (74 %). There was no significant difference in mean size among 
years (Kruskal–Wallis test H11 = 10.7, p = 0.379), months (Kruskal–Wallis test, H10 = 17.1, 
p = 0.072) or zones 2 and 3 (Mann–Whitney U test, U = 2662.5, N1 = 46, N2 = 153, p = 
0.012). For this analysis with loggerheads, we excluded the finding of a post-hatchling 
loggerhead stranded in 2010. 

 Table 4.2. Stranding density (N: number of marine turtles stranded per 10 km sector) per spe-
cies and per zone: (1) Inner estuary zone, (2) Outer estuary zone and (3) Oceanic zone. Total: number 
record of stranded marine turtles per species and per zone, SD standard deviation.

Figure 4.5. Monthly variation in turtle records for the three most frequent species, green turtles 
(black bars), loggerhead turtles (white bars) and leatherback turtles (striped bars) in Zones 2 and 3.

Green Loggerhead Leatherback 
Density (10km) Density (10km) Density (10km)

Zone N Mean±SD Range N Mean±SD Range N Mean±SD Range
(1) 14 0.4±1.5 0-9 2 0.1±0.2 0-1 2 0.1±0.2 0-1

(2) 132 9.4±7.6 0-33 63 4.5±3.2 0-12 55 3.9±2.2 0-8

(3) 362 15.7±30.9 0-146 175 7.6±11.3 0-54 54 2.3±2.3 0-9

Total 508 7.1±19.2 0-146 240 3.4±7.4 0-54 111 1.6±2.2 0-9
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 For leatherback turtles, large juveniles and adult sizes were recorded (CCL = 139.4 
± 11.1 cm; range 110.5–160.0; N = 53; Fig. 4.3c). Most records (75.5 %) were individu-
als between 130 and 155 cm. No significant differences in size were found among years 
(Kruskal–Wallis test, H9 = 7.6, p = 0.571), months (Kruskal–Wallis test, H9 = 5.5, p = 
0.786), between Zones 2 and 3 (Mann– Whitney U test, U = 29, N1 = 24, N2 = 329, p = 
0.1). For hawksbills, sizes recorded were CCL = 34, 36 and 57 cm. For the olive Ridley 
found, we could not obtain the exact CCL directly, although it was estimated in 70 cm. 

Spatial distribution

 Most of the strandings recorded by the network occurred in Zone 2 (N = 261) and 
Zone 3 (N = 593), with only 32 marine turtles recorded in Zone 1 (Fig. 4.1). We found 
significant differences between marine turtle species in Zone 2 (Kruskal–Wallis test, H2 = 
8.7, p < 0.05) and 3 (Kruskal– Wallis test, H2 = 9.7, p < 0.05). Due to differences in feed
ing ecology and behaviour of different species, we analysed the spatial distribution for 
each of the three most frequent ones. We found differences between hard-shell species 
and leatherback turtles (Table 4.2). 

 The green turtle held the highest density of strandings for all study area (mean 
density ± SD = 7.15 ± 19.18 turtles/10 km; N = 508) and for both, Zone 2 (9.43 ± 7.62 
turtles/10 km; N = 132) and Zone 3 (15.74 ± 30.88 turtles/10 km; N = 362), but we found 
no significant differences in density between Zones 2 and 3 (Mann–Whitney U test, U = 
136.5, N1 =14, N2 =23, p = 0.448). Although strandings of this species were recorded 
almost in the entire Uruguayan coast, the distribution seems not to be uniform, showing 
areas of high concentration of strandings (Fig. 4.4a). These areas are located around 
rocky promontories and fishing settlements. 

 The loggerhead turtle was the second most common species in number and den-
sity of strandings in the whole coast (3.43 ± 7.45 turtles/10 km; N = 240), in Zone 2 (4.50 
± 3.20 turtles/10 km; N = 63) and in Zone 3 (7.61 ± 11.31 turtles/10 km; N = 175), but 
we found no significant differences between Zones 2 and 3 (Mann–Whitney U test, U = 
160,  N1 = 14, N2 = 23, p = 0.988). The distribution of loggerhead was more uniform than 
the green turtle along Zone 2 and Zone 3, with no special areas of concentration of log-
gerhead strandings (Fig. 4.4b). 
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 For the leatherback turtle, we found significant differences in density between 
Zone 2 and 3 (Mann–Whitney U test, U = 93.5, N1 = 14, N2 = 23, p < 0.05), with higher 
density of stranding in Zone 2 (3.93 ± 2.22 turtles/ 10km; N = 55; Fig. 4.4c) than in Zone 
3 (2.35 ± 2.26 turtles/10 km; N = 54). 

Seasonality

 Although occurring all year round, marine turtles stranded in higher numbers in 
warm months (December–May, with sea water temperatures between 22 and 26°C). 
Seasonality of strandings was consistent year by year for the three most frequent species 
in Zones 2 and 3 (Kendall concordance test, W raging from 0.14 to 0.40, p < 0.05 in all 
cases). 

 Green turtles were recorded stranding all year round, although showing a clear 
seasonal pattern with records increasing in the austral summer (late December–March). 
When we look into a more detailed spatio-temporal analysis, we found significant differ-
ences in monthly patterns between Zone 2 and Zone 3 (Wilcoxon signed-rank test, T = 
46.8, N = 12, p < 0.05). In Zone 2, mean ranked month was 7.3 ± 1.9 (i.e.: March–April), 
although a peak of strandings is observed in May–June (Fig. 4.5a). In Zone 3, mean 
ranked month was 5.2 ± 1.3 (i.e.: January–February; Fig. 4.5b). Loggerhead turtles were 
recorded during the warm months (December–May), but strandings were quite scarce 
during the cold months (July–October). Significant differences in loggerhead turtle strand-
ing frequencies were found between months in Zone 2 and 3 (Wilcoxon signed-rank test, 
T = 23.5, N = 12, p < 0.05). In Zone 2, mean ranked month was 6.8 ± 1.9 (i.e.: around 
March), although most of the strandings occurred mainly from February to May (Fig. 
4.5c). In Zone 2, mean ranked month was 5.1 ± 2.5 (i.e.: January), and the peak of the 
distribution occurred in January–February (Fig. 4.5d). 

 Leatherback turtle stranding records exhibited high variability among years. In 
Zone 2, mean ranked month was 6.2 ± 2.8 (i.e.: February), although the stranding peak 
appeared in April and May (Fig. 4.5e). In Zone 3, mean ranked month was 5.7 ± 2.2 (i.e.: 
January–February), and a peak was observed in January (Fig. 4.5f). For this species, 
we did not find significant statistical differences in seasonal distribution between zones 
(Wilcoxon signed-rank test, T = 131.8, N = 12, p = 0.657). The main difference between 
the leatherback and the hard-shell turtles is that seasonal distribution of strandings is nar-
rower for the leatherbacks (i.e.: strandings concentrate around few months), with months 
without stranding records of this species. 
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Causes of stranding

 The cause of stranding was identified in 191 (17.2 %) of all marine turtles record-
ed and we assigned anthropogenic interaction as the primary cause of stranding to 146 
individuals (76.4 % of the records with an identified cause of stranding).

 For green turtles, more than half of the records (53 %) were found in decomposi-
tion stages 0 and 1 (alive or recently dead respectively) at the time of stranding. Thanks 
to this fact, we were able to associate the cause of stranding to 149 (23.3 %) of the 
green turtles recorded. The main causes found were the following: [1] Fishery interaction 
(artisanal fisheries): N = 55, mean CCL ± SD = 44.6 ± 6.4 cm, range: 33.7–57.1 cm, [2] 
Obstruction of the digestive tract by ingestion of marine debris: N = 56, 35.7 ± 3.8 cm, 
range: 27.7–44.2 cm, [3] Diseases: N = 15, 40.4 ± 4.42 cm, range: 38.8–48.6 cm, and 
[4] Cold stunning: N = 23, 39.7 ± 5.74 cm, range: 30–53.7 cm. We could not identify the 
cause of stranding of 494 (76.7 %) of the stranded green turtles recorded, but we could 
obtain size measurements of 388 of these individuals (mean CCL ± SD = 42.0 ± 7.7 cm, 
range: 25.7–94.5 cm). We found significant differences in mean size among the causes of 
stranding. The green turtles with debris ingestion are significantly smaller than those that 
interacted with fisheries or those without associated cause of stranding (Kruskal–Wallis 
test, H4 = 67.6, p< 0.0001, post hoc Tamhane: unidentified > [2], [1] > [2]). 

 For the loggerhead turtles, most of the stranded individuals were found mainly in 
advanced state of decomposition (stages 4 and 5). We were able to associate the cause 
of stranding only for 25 (7.6 % of the total loggerhead records), being the main cause 
the fisheries interaction (N = 18), including: artisanal gillnet (N = 2, CCL = 57.7 and 70.5 
cm respectively), pelagic longline (N = 4, mean CCL ± SD = 67.7 ± 11.1 cm, range: 
59.7–83.3 cm) and bottom trawl fishery (N = 12, 73.1 ± 16.8 cm, range: 52.2–108.5 cm). 
Although we could not determine the cause of stranding of 179 loggerheads, we were 
able to measure them (mean CCL± SD = 73.4 ± 14.7 cm, range: 49.9–114.6 cm). No sig-
nificant differences were found in size distribution among the different causes of stranding 
for this species (Kruskal–Wallis test, H3 = 2.2, p = 0.527). 

 As in the case of loggerheads, most of the leatherback turtles were found in an 
advanced decomposition state (stages 4 and 5). We could associate the cause of strand-
ing of only 16 individuals (12.2 % of the total), being the fisheries interaction (including 
coastal bottom trawl and artisanal nets) the main cause registered (N = 12, 145.6 ± 7.9 
cm, range: 136.0–160.0 cm). 
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Discussion
 In order to provide accurate information, stranding networks must use replicable 
protocols and the beach survey efforts have to be constant over areas of interest. Al-
though in the early years the number of records was lower than those recorded at the end 
of the study period, probably influenced by the network improvement and the increase 
in survey effort over time, our data set provides valuable insight on marine turtle biology, 
population dynamics and threats at sea in Uruguayan coastal waters. 

Stock composition

 The great amount of data collected in the present study suggest that marine tur-
tles of at least three species (green, loggerhead and leatherback turtles) can be detected 
all year round in the coastal waters of Uruguay. Hawksbill and olive Ridley turtle strandings 
were recorded sporadically. The hawksbill strandings were the first reported for the spe-
cies in Uruguay, being the southernmost stranding record in the Atlantic Ocean. Previous 
evidence of these last two species is limited to fishery reports (Frazier 1986; Miller et al. 
2006); however, more information on these species in the region is required.

 Stranding records suggest that the green turtle is the most abundant marine turtle 
species in Uruguayan coastal waters, followed by the loggerhead and leatherback turtles. 
Overall, this general composition of species is consistent with previous studies in the area 
(Frazier 1984; Gonzalez Carman et al. 2011). However, according to bycatch studies 
(Domingo et al. 2006a, b; López-Mendilaharsu et al. 2007; Pons et al. 2010), loggerhead 
turtles and leatherbacks are more frequent in Uruguayan offshore waters. The differences 
in composition between in-water surveys and strandings may be explained in part by the 
likelihood of carcasses of these species stranding on the beach. 

 The narrow green turtle size distribution suggests that coastal waters of Uruguay 
host a foraging and developmental ground for a particular size range of juveniles, with 
individuals recruiting just after the oceanic phase of their life cycle to neritic habitats, as 
reported in other areas (Meylan et al. 2011 and references therein). Other studies from 
coastal waters in the region find similar size distribution (Ubatuba, Brazil, Gallo et al. 2006; 
northern Argentina, Gonzalez Carman et al. 2011); hence, Uruguayan coastal waters 
may be part of a large foraging and developmental area in the SWA, ranging from south 
Brazil to north Argentina. This foraging ground seems to support juvenile green turtles. 
We could hypothesise that after reaching a certain size, juveniles would migrate to other 
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foraging grounds probably closer to the nesting areas. This would explain the lack of large 
green turtles in the area. 

 For loggerhead and leatherback turtles, our data suggest that large juveniles and 
adults occupy the waters of the Uruguayan continental shelf. This is consistent with 
Caraccio et al. (2008) who proposed the existence of a migratory corridor for large juve-
niles and adult loggerheads over coastal waters between southern foraging grounds and 
nesting habitats in Brazil. The size distributions of green, loggerhead and leatherback tur-
tles are consistent with studies on strandings conducted in adjacent areas (south Brazil: 
Silva et al. 2011; Argentina: Gonzalez Carman et al. 2011; Table 4.3). 

Table 4.3. Descriptive statistics of curved carapace length (CCL) for green, loggerhead and leath-
erback turtles in Uruguay (present study) and in the surrounding areas: south Brazil (Silva et al. 
2011) and Argentina (González Carman et al. 2011). Minimum carapace length (min CCL) of nesting 
females from closest nesting rookeries; green (Almeida et al. 2011b), loggerhead (Baptistotte et al. 
2003) and leatherback turtles (Thomé et al. 2007).

Spatio-temporal distribution

 The concentration of strandings in Zones 2 and 3 suggests more turtles are in 
the waters off Zone 2 and 3 than in Zone 1. However, Zone 1 waters can also be used 
by marine turtles (Frazier 1984; López-Mendilaharsu et al. 2009). The fact that very few 
strandings are recorded at Zone 1 may be consequence of the discharge of RP waters 
that would push injured and dead individuals towards Zones 2 or offshore. Moreover, 
Zone 1 is less inhabited by humans than Zones 2 or 3; thus, detection probability of 
strandings would be lower and the real number of strandings may be higher than record-

CCL (cm)
Green Loggerhead Leatherback

N Mean SD Range N Mean SD Range N Mean SD Range

Uruguay 538 41.5 7.5 25.7-
94.0 203 72.6 15.4 10.3-

114.6 53 139.4 11.1 110.5-
160.0

Argentina 22 39.1 5.4 32.0-
58.6 41 75.5 14.3 48.8-

107.0 26 141.1 17.7 110.0-
180.0

South
Brazil 964 39.8 6.1 26.0-

78.0 1097 72.8 12.4 33.0-
115.0 126 135.5 13.4 65.0-

168.0

min CCL 90.0 83.0 139.0
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ed. Nonetheless, previous studies in the area (López-Mendilaharsu et al. 2006; Gonzalez 
Carman et al. 2012) and our data suggest that Zone 1 is less used by marine turtles than 
the other zones. 

 In Zones 2 and 3, some of the spots with high concentration of green turtle strand-
ings coincides with the main feeding and development areas in Uruguay proposed by 
López -Mendilaharsu et al. (2006); for example, rocky promontories of Piriapolis in Zone 2 
and the protected areas of Cerro Verde and Cabo Polonio in Zone 3 (Fig. 4.1). The green 
turtle diet is primarily herbivorous, feeding on algae and sea grass (Bjorndal 1997). Bot-
toms near these rocky promontories are rich in algae that are used by these species as 
food resource (López-Mendilaharsu et al. 2006). Hence, stranding distribution seems to 
be a clear reflection of the actual distribution of green turtles, which concentrates around 
rocky promontories at short distance from shore. This is supported by the fact that most 
stranded green turtles were found alive or recently dead. 

 Unlike the green turtle, the loggerhead turtle seems to be distributed in waters dis-
tant to the coast, since most of the carcasses were in advanced stage of decomposition. 
This would indicate that threats affecting this species occur offshore, so that the effect of 
prevailing winds and currents probably generates the more uniform spatial distribution of 
loggerhead turtle strandings. 

 Although leatherbacks are commonly considered as oceanic species (Eckert et al. 
2012), many large leatherbacks have been detected foraging in coastal waters in different 
areas (James et al. 2005a, 2006, 2007), including estuarine systems (James et al. 2005b; 
Houghton et al. 2006; López-Mendilaharsu et al. 2009). RP estuary, particularly the Zone 
2, may represents a seasonal foraging ground for leatherbacks in the SWA, in which the 
species would take advantage of the high biological productivity of this system that con-
centrates its preferred preys (López-Mendilaharsu et al. 2009). 

 Marine turtles can move to feeding areas in higher latitudes in during the summer 
and return to lower latitudes when the temperature decreases in winter (Shoop & Kenney 
1992; Epperly et al. 1996; James et al. 2005b, c; Eckert et al. 2006; Gallo et al. 2006; 
López-Mendilaharsu et al. 2009; Hawkes et al. 2011). This seasonal migration is ob-
served in the green turtle strandings along the South American Atlantic coast, because in 
Ubatuba (SE Brazil), the peak of strandings and captures occurs in austral winter (Gallo 
et al. 2006), while in southern Brazil, the peak occurs during spring (Silva et al. 2011) and 
in Uruguay (present study) and Argentina (Gonzalez Carman et al. 2011), the peak occurs 
in the austral summer. During the austral winter (July–August), marine turtle strandings 
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at the Uruguayan coast were very scarce, suggesting a reduction in marine turtle stocks 
probably related to the decrease in sea surface temperature (SST) (from 25 to 18°C, 
in austral summer, to 10–15°C, in winter; Defeo et al. 2009) caused by prevailing cold 
currents in the area. Fisheries bycatch studies also provide evidence of fewer of marine 
turtles in the area in austral winter (Miller et al. 2006; Lezama 2009), supporting the hy-
pothesis that sea turtles depart at the end of austral autumn. This seasonal movement 
has been also supported by other studies conducted in the area (López -Mendilaharsu 
et al. 2006; Gonzalez Carman et al. 2012; Martinez-Souza et al. 2012). However, despite 
this migration pattern, some green turtles likely remain in Uruguayan waters during the 
coldest months as reflected by stranding events (present study), radio telemetry studies 
(López-Mendilaharsu et al. 2006), in-water surveys (Martinez-Souza et al. 2012) and sat-
ellite telemetry (Gonzalez Carman et al. 2012). Then, we propose the existence of some 
plasticity in the behaviour of juvenile green turtles in Uruguayan waters: with ones staying 
over the year and others exhibiting a seasonal migration pattern. 

 For leatherbacks, only sporadic stranding events were recorded during winter, 
suggesting low densities in the area when sea temperature drops. The irregular interan-
nual patterns of leatherback strandings limited the ability to detect significant season-
al distribution for the species. However, the periods and zones with higher number of 
strandings recorded in the present study are consistent with the distribution and habitat 
use proposed by López-Mendilaharsu et al. (2009) and Almeida et al. (2011b). McMahon 
& Hays (2006) suggested that in the North Atlantic, temperatures below 15°C might rep-
resent a thermal constraint on the movements of this species. SST in Uruguayan waters 
may fall below 15°C in July–September, what would explain the scarcity of strandings 
in this period. Such marked seasonal pattern contrasts with the overwintering of some 
juvenile green turtles. These individuals may venture to waters with temperature too cold 
but with abundant food resources, shifting among different diets, perhaps other than her-
bivorous, in the Uruguayan coasts. The benefits of such foraging behaviour, even under 
cold temperatures, may outweigh the costs of migrating (Gonzalez Carman et al. 2012). 

Threats

 Our results provide strong evidence that fisheries interaction and anthropogenic 
debris are by far the most important threats affecting marine turtles in Uruguayan waters. 
Due to different problems such as the difficulty of access to many carcasses, the degree 
of decomposition, or the lack of resources, the real impact of these threats is probably 
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underestimated in the present study. Fishery interaction is not easy to assess; only some 
fishing gears leave any evidence on the carcasses (e.g. hooks, lines, nets and the corre-
sponding injuries). Moreover, some injuries are not always easy to assign to the gear inter-
action with certainty (Casale et al. 2010). Ingestion of solid debris is also difficult to assign 
as the main cause of stranding unless there is a clear physical evidence of obstruction or 
perforation of the digestive tract. These and other threats (e.g. diseases, collisions, etc.) 
affect marine turtles in the area differently depending on the species, geographic zones 
and the season of the year. 

 Concerning fisheries interaction, fishing effort and seasonality of some gears in 
Uruguay could help to explain spatio-temporal distribution of strandings. For instance, 
the increase in stranding in Zone 2 during the austral autumn may be related to the in-
crease in the artisanal and industrial fishing activity in the estuarine area (Lezama 2009). 
In San Luis (Zone 2; Fig. 4.1), the number of artisanal boats operating increases between 
February and August (Horta & Defeo 2012), and this coincides with the period with more 
stranding records in this Zone (Fig. 4.5). 

 Green turtles mainly interact with coastal artisanal fisheries (gillnets) and recre-
ational fishing activity. Lezama et al. (2004) found that all the green turtles interacting 
with artisanal fisheries in the RP outer estuarine zone were by-caught within 2 km from 
the shore. This coastal interaction is consistent with what we proposed for green turtles 
distribution based on the stage of decomposition of the stranded individuals (mostly live 
or recently dead). Gillnets have been reported having strong impact on green turtles 
elsewhere (Byrd et al. 2011; Mancini et al. 2012). On the other hand, loggerhead turtles 
interact mainly with industrial fisheries. There exist evidence of an important interaction 
between this species and the pelagic longline fishery off Uruguayan and Brazilian waters 
(Domingo et al. 2006b; López-Mendilaharsu et al. 2007; Giffoni et al. 2008; Pons et al. 
2010). However, the stranding records show more interaction with trawl fisheries, since 
(1) very few carcasses were found with longline hooks or lines, and (2) size distribution 
was similar to sizes of marine turtles bycaught by coastal bottom trawlers (CCL = 73.5, 
n = 94; range: 54.5–107.9 cm; Miller et al. 2006) and different to individuals bycaught 
by the pelagic longline fleet in the area (CCL = 57.1, n = 1,166; López-Mendilaharsu et 
al. 2007). This is consistent with the idea that incidental captures of marine turtles by 
offshore fisheries may not be reflected by stranding events (Epperly et al. 1996; Hart et 
al. 2006; Peckham et al. 2008). Moreover, the size distribution of carcasses with no clear 
evidences of stranding cause also coincided with the size of marine turtles by-caught by 
trawlers; hence, it is possible that this fishery has higher impact on loggerhead turtles in 
the region, although more studies are required to prove it. Marine turtle strandings have 
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been used as indicator of the effect of trawl fishery elsewhere (Lewison et al. 2003). For 
the leatherback turtles, stranding data reflect threats similar to those suffered by logger-
heads, but it seems to interact also with artisanal fisheries in the RP estuary and adjacent 
waters (Domingo et al. 2006b; Laporta et al. 2006b; Miller et al. 2006; López-Mendilahar-
su et al. 2007). This would explain the presence of large size leatherbacks at both coastal 
and offshore Uruguayan waters. 

 Marine debris is also a worldwide problem for all marine turtle species (e.g.: Tomás 
et al. 2002; Mrosovsky et al. 2009; Lazar & Gracan 2011). Many stranded marine turtles 
have been necropsied by Karumbé staff during the last decade using standardised tech-
niques. In this period, a growing number of marine turtles are being observed containing 
plastics and other marine debris in the gut, particularly in recent years. As a result of 
those necropsies, marine debris ingestion has been detected as a more important threat 
for juvenile green turtles in Uruguayan coastal waters relative to the other species. This 
threat has been reported previously for the green turtle in the SWA region (Bugoni et al. 
2001; Tourinho et al. 2010). It is not surprising that debris ingestion was reported more in 
stranded green turtles than in loggerhead turtles. High frequency of occurrence of marine 
debris intake, particularly plastics, has been documented in the loggerhead turtle else-
where, probably due to its pelagic feeding even in other ocean regions (Tomás et al. 2002; 
Casale et al. 2008; Revelles et al. 2008). However, the size distribution of green turtles 
stranded in Uruguay is similar to the size at what this species shifts from oceanic realm to 
neritic habitats (Meylan et al. 2011 and references therein), and the stranded individuals 
recorded with gut obstruction by debris were significantly smaller than individuals strand-
ed by other causes. In Uruguayan waters, this species feeds in coastal water in the ben-
thos but also in the water column, where floating and benthic marine debris can also be 
ingested (Tourinho et al. Tourinho et al. 2010; Vélez-Rubio personal observation). Hence, 
the big amounts of debris found in green turtles could have been the result of accumula-
tion of plastics both during their pelagic feeding in the earlier stages of development, while 
feeding in neritic habitats in Uruguay. 
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Conclusions 
 Analyses of stranding data can contribute to a better implementation of conser-
vation measures and management on endangered marine turtles in Uruguayan coastal 
waters through the identification of the areas probably used by these species and the an-
thropogenic mortality sources in this region. For future studies of strandings in the region, 
two methodological improvements must be applied: (1) to increase the public aware-
ness campaigns of the stranding network to get more records, (2) to improve mortality 
assessment through stranding surveys, improvement of veterinary analyses, tracks of 
passive drifter buoys and studies on fishing effort and bycatch. Stranding surveys should 
be boosted in specific areas with high numbers of strandings and in areas with ongoing 
in-water studies. The establishment and continuity of the stranding network over time is 
one of the most important achievements, with a twofold benefit: (1) the development of 
long-term temporal series of data which, integrated with ongoing and further in-water 
studies on distribution, sexual maturity, habitat use and environmental preferences, will 
help to assess threats affecting endangered marine turtles in the area over time; and (2) 
the raising of awareness among different social levels, increasing public interest in marine 
turtle conservation in Uruguay. 
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Abstract
 The present study combines esophagus lavage (n = 74), stomach content (n = 52) 
and stable isotope analysis (n = 126) to understand the ontogenetic dietary shift of green 
turtles (Chelonia mydas) inhabiting the temperate waters off Uruguay. Based on esopha-
gus and stomach analysis, green turtles in the region start consuming macroalgae soon 
after recruiting to neritic habitats; however, gelatinous macrozooplankton is still a major 
component of the diet of neritic juvenile green turtles measuring of less than 45 cm in 
curved carapace length (CCL). Conversely, turtles larger than 45 cm CCL were predom-
inantly herbivorous, with a gradual increase in the occurrence of macroalgae with size. 
Stable isotope analysis confirmed the dietary pattern revealed by esophagus lavage and 
stomach contents analysis, and also revealed that most of the green turtles smaller than 
50 cm CCL found in Uruguayan waters had moved from Brazil only a few months ago. 
This conclusion is based on the large differences in the δ15N values of potential prey from 
southern Brazil and Uruguay and on a strong signal from Brazilian macrophytes in the 
skin of most green turtles from Uruguay. Turtles larger than 50 cm CCL, conversely, made 
a more prolonged use of Uruguayan foraging grounds. Furthermore, according to the 
stable isotope ratios in their skin, some turtles remained year round in Uruguayan coastal 
waters. The overall evidence indicates that green turtles inhabiting the coastal waters off 
Uruguay exhibit a rapid, but not abrupt, dietary shift after recruiting to neritic habitats and 
are best described as omnivores than as pure herbivores, with a relevant role of gelati-
nous macrozooplankton in their diets. Furthermore, most of the turtles spend only short 
periods in the area and their primary foraging grounds are in Brazil.
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 Introduction
 Ontogenetic dietary shifts are frequent in aquatic vertebrates because of age-relat-
ed changes in habitat, body size and characteristics of the feeding organs (e.g., Bethea et 
al. 2007; Costalago et al. 2012; Vales et al. 2015). As a consequence, species fill different 
trophic niches during their life cycles, which results into food webs more complex than 
expected on species richness only (McCann 2012). 

 Green turtles (Chelonia mydas) exhibit an oceanic–neritic developmental pattern 
(Bolten 2003). Early research suggested that green turtles shift from an omnivorous diet 
during their juvenile, oceanic stage of their early life to a primarily herbivorous diet when 
they are 3–6 years old and recruit to neritic habitats (Bjorndal 1985, 1997; Seminoff et 
al. 2002). Such an ontogenetic dietary shift to herbivory was described as abrupt and 
irreversible in some tropical regions (Bjorndal 1997; Reich et al. 2007; Arthur et al. 2008). 
However, recent research has revealed regional differences in the timing of this process 
(Cardona et al. 2010), with high levels of omnivory after recruitment (e.g., Cardona et al. 
2009; Burkholder et al. 2011; Lemons et al. 2011; Russell et al. 2011; Gonzalez Carman 
et al. 2013) and the persistence of a carnivorous diet in adults that forage in the open 
ocean throughout their life (Hatase et al. 2006; Kelez 2011; Parker et al. 2011). Such in-
traspecific variability can be expected for a species inhabiting a wide diversity of habitats 
in tropical and warm-temperate waters around the globe (Wallace et al. 2010), as trophic 
plasticity will ensure survival on a wide range of local conditions (Santos et al. 2015). 

 Green turtles in the southwestern Atlantic nest primarily on tropical islands (Almeida 
et al. 2011; Bellini et al. 2013; Weber et al. 2014 and references therein) and forage along 
the coast of mainland South America. According to stomach content analysis and direct 
observations, juvenile green turtles from southern Brazil often have omnivorous diets, but 
the relative abundance of vegetal material increases quickly with turtle size (Nagaoka et 
al. 2012; Reisser et al. 2013; Morais et al. 2014). Conversely, stomach content and stable 
isotope analysis indicate that juvenile green turtles captured during the warm season off 
Argentina feed primarily on gelatinous plankton (Gonzalez Carman et al. 2013). Juvenile 
green turtles occur in Uruguayan waters year round, but their abundance peaks are in late 
austral summer and early austral fall (López-Mendilaharsu et al. 2006; Gonzalez Carman 
et al. 2012; Vélez-Rubio et al. 2013; Martinez Souza 2014), probably because of a sea-
sonal latitudinal migration (Gonzalez Carman et al. 2012). The main foraging grounds of 
green turtles off Uruguay are found in the rocky outcrops scattered along the east coast 
(López-Mendilaharsu et al. 2006; Vélez-Rubio et al. 2013), but little is known about their 
diet. Previous research suggested that green turtles inhabiting warm-temperate regions 
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with wide fluctuations in sea surface temperature (SST) exhibit a delayed ontogenetic 
dietary shift and high levels of omnivory (Cardona et al. 2009, 2010), a pattern recently 
confirmed also for the species in Brazil (Santos et al. 2015). A similar situation may occur 
off Uruguay, where SST ranges annually 9–27 °C (Acha et al. 2004). 

 Esophagus lavage and stomach contents analysis provide with direct information 
about diet composition, although they are often highly biased and represent only a short 
time window (days to weeks), which usually results in an incomplete description of an 
animal’s diet (Hyslop 1980; Burkholder et al. 2011; Gonzalez Carman et al. 2013). On the 
other hand, stable isotope analysis of tissues with a low turnover rate integrates dietary 
information during longer periods (Hobson 1999; Dalerum & Angerbjörn 2005). Further-
more, stable isotope analysis gives information about assimilated prey and not only on 
those consumed (Post 2002). Dietary inference from stable isotope analysis of animal tis-
sue is possible because animal tissue isotopic composition is ultimately derived from that 
of its complete diet over time, plus the effect of trophic discrimination from predator to 
prey (DeNiro & Epstein 1981; Arthur et al. 2008). Stable isotope ratios in sea turtle skin in-
tegrate diet during two or three months, and the prey-to-consumer trophic discrimination 
factor for the epidermis of green turtles has been determined experimentally (Seminoff et 
al. 2006). This offers an opportunity not only to study the ontogenetic dietary change in 
green turtles occurring off Uruguay, but also to test hypothesis about the movements of 
green turtles between southern Brazil and Uruguay, namely that (1) most turtles migrate 
from southern Brazil to coastal waters off Uruguay to forage during the warm season 
and (2) some turtles stay year round in Uruguayan waters, possibly overwintering along 
coastal habitats. In this paper, we used esophagus lavage, stomach contents analysis 
and stable isotope analysis to test these hypotheses. 
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Figure 5.1. A, Map of the southwestern Atlantic and the study area indicated (solid line); B, map 
of the Uruguayan coast. Dark circles indicate the stranding locations of turtles included in the study 
([Zone 1] inner estuarine zone, [Zone 2] outer estuarine zone and [Zone 3] oceanic zone). The arrows 
indicate the locations where green turtles were captured for the study (a, Coastal-Marine Protected 
Area of Cerro Verde e Islas de La Coronilla and b, Coastal-Marine Protected Area of Cabo Polonio)
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Materials and Methods

Study area

 The Uruguayan coast (710 km length) is part of a complex hydrological system 
that comprises the frontal zone of the Rio de la Plata estuary and the Atlantic Ocean (Fig. 
5.1). This system is characterized by a strong salinity gradient, affected by seasonal and 
episodic variations in the outflow of the estuary (Ortega & Martínez 2007; Campos et al. 
2008; Horta and Defeo 2012). 

 The estuarine plume flows from the west and mixes with the oceanic waters of the 
subtropical convergence zone. The cold Falkland/ Malvinas current influences this zone in 
the austral winter and the warm Brazilian current during the austral summer. This results in 
SST variations greater than 15°C (range 9–27 °C) throughout the year (Acha et al. 2004). 
Three zones can be distinguished in Uruguayan coastal waters (Fig. 5.1b) based on the 
differences in hydrological characteristics (e.g., Defeo et al. 2009): the inner estua- rine 
zone (Zone 1) and the outer estuarine zone (Zone 2) are influenced directly by the Rio 
de la Plata discharge, whereas the oceanic zone (Zone 3) has a remarkable but variable 
oceanic regime. The Uruguayan coast is a succession of sandy beaches of variable ex-
tension (2–20 km long) separated by rocky outcrops, scarcer in the estuarine zones than 
in the oceanic zone. As in waters of the southeastern coast of Brazil, Uruguayan coast-
al waters host few brown algae and not allow the development of seagrass meadows 
probably due to a high turbidity (Oliveira 1984; Coll & Oliveira 1999). The most common 
macroalgae species in shallow rocky bottoms are the chlorophytes Ulva spp., Codium 
cf. decorticatum, Chaetomorpha sp., Cladophora cf vagabunda and the rhodophytes 
Grateloupia cf filicina, Grateloupia cuneifolia, Chondracanthus teedei, Pterocladiella cap-
illacea, Criptopleura ramosa, Corallina officinalis, Polysiphonia sp., Hypnea musciformis 
and Rhodymenia sp. (Coll & Oliveira 1999). Mussels (Mytilus edulis) are the most conspic-
uous invertebrates in the community (Borthagaray & Carranza 2007). 

Field data collection and process of samples

 From 2003 to 2005, 74 green turtles were captured for esophagus lavage in two 
Coastal-Marine Protected Areas (CMPA) of Uruguay (Cerro Verde e Islas de La Coronilla 
and Cabo Polonio, Fig. 4.1b, Table 4.1), as part of the long-term study on abundance and 
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habitat use of the species in eastern Uruguay conducted by the nongovernment orga-
nization (NGO) Karumbé. Turtles were captured alive over rocky bottoms in very shallow 
waters. Set nets (nylon monofilament, 50 m length × 3 m depth, 30 cm stretched mesh 
size) were deployed perpendicular to wave direction and were monitored constantly to 
avoid drowning of turtles caught. Curved carapace length (CCL, notch to tip) was mea-
sured for each turtle using a flexible tape (± 0.1 cm). All turtles were tagged with inconel 
flipper tags (Style # 681, National Band and Tag, Kentucky, USA) before release in the 
same site of capture. Since marine turtles from different populations may reach sexual 
maturity at different sizes, we used the minimum size of nesting females from the closest 
nesting colonies (CCL = 90 cm in Trindade island Brazil; Almeida et al. 2011) to classify 
the turtles captured as putative juveniles or putative adults. The turtles included in the 
present study are really small compared to those putative adults, as clarified latter in the 
results section. 

 Esophagus lavage was used to provide a sample of food resources that the tur-
tles had ingested in the previous hours before being captured (Forbes & Limpus 1993). 
Methodology for esophagus lavage followed Makowski et al. (2006) protocol. Turtles were 
placed on their carapace, with the head positioned downward, keeping the mouth open 
with a pry bar. The water injection tube had 4 mm ID (internal diameter) with a wall thick-
ness of 1.5 mm and 3 m in length. The tube was lubricated with vegetable oil and passed 
down the esophagus until resistance was met and clean seawater was gently pumped 
into the esophagus. The lavage was sieved (0.2 mm) to retrieve food items regurgitated 
by the turtle. All food material obtained was preserved in a 4 % formalin solution with 
seawater. 

 Samples for stable isotope analysis were collected from 126 green turtles cap-
tured in the same locations in 2012 and 2013 (Fig. 5.1b, Table 5.1). Skin biopsies were 
taken from he dorsal side of the inguinal region of the left hind flipper. The skin area was 
cleaned for disinfection and to remove ectoparasites. A thin layer of epidermal tissue (~1 
cm2) was collected with a scalpel and preserved in a NaCl solution until analysis. 

 Stomach content samples and skin samples were also collected from the car-
casses of dead turtles stranded along the entire Uruguayan coast during the period 
2009–2013 (Fig. 5.1b, Table 5.1). These stranded turtles were recorded during beach 
surveys conducted by technicians of the marine turtle stranding network (see Vélez-Ru-
bio et al. 2013). Fifty-two digestive track contents were analyzed and preserved sepa-
rately in esophagus, stomach and intestine sections. Stomach contents were rinsed and 
preserved in a 4 % formalin solution in seawater. For skin samples, we used the same 



Ontogenetic dietary changes of green turles    145 

Analysis Period Season Zone N Type of record CCL range

Esophagus 
lavage 2003-05 Summer/

Fall
CMPA Cerro Verde/ 

Cabo Polonio 74 Captured 32.6-58.4 cm

Stomach 
contents 2009-13 All year All Uruguayan coast 52 Stranded 29.8-62.0 cm

Stable 
isotopes 2012-13 All year All Uruguayan coast 126 Captured/Stranded 27.8-66.8 cm

protocol as with the captured green turtles (see above). All the turtles were freshly dead 
as a result of bycatch, and controlled experiments have demonstrated that δ13C and δ15N 
values in the skin of sea turtles do not change during the first weeks after death (Payo-
Payo et al. 2013). 

 Table 5.1. Resume of the three methodologies for green turtle diet analysis in the present study

 Samples of macroalgae were collected in Uruguay (17 species; in CMPA of Cerro 
Verde and CMPA of Cabo Polonio) and southern Brazil (5 species; in Santa Catarina). 
Sampling was designed to collect most of the species more frequently in the gut contents 
of green turtles off Uruguay (present study) and southern Brazil (Reisser et al. 2013). Fur-
thermore, two species of gelatinous macrozooplankton were collected: Chrysaora lactea 
from Uruguay and Velella velella from Brazil. All the samples were rinsed with water and 
frozen until analysis or stored dry as herbarium samples. The description of the variabil-
ity of the stable isotope values of the turtles and their prey within the δ13C–δ15N space, 
hereafter called the isospace, was complemented with data from the literature about the 
squid Loligo sanpaulensis from Brazil and Uruguay (Drago et al. 2015) and the seagrass 
Halodule wrightii from Brazil (Lazzari 2012). 

Gut contents analysis

 Dietary items retrieved by esophagus lavage and stomach content analysis were 
identified to the lowest possible taxonomic level. Dietary item groups were quantified by 
frequency of occurrence (FO) and relative volume (RV) (Hyslop 1980). For relative volume 
measure, the entire sample volume and the relative sample volume of each diet group 
were calculated by means of water displacement in a graduated cylinder. Any item with 
a relative volume > 5 % in at least one sample was considered a major diet component 
(Garnett et al. 1985; López-Mendilaharsu et al. 2005). 
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 To determine the variation in diet between individual animals, RV of each major 
prey group was calculated for each individual turtle as follows: 

 FO of each dietary species and RV of each major dietary item group (macroalgae, 
gelatinous macrozooplankton and marine debris) were determined as follows: 

 
 We estimated the importance of the main dietary groups through the Index of Rel-
ative Importance (%IRI, Pinkas et al. 1971) as follows: 

 
 We studied the ontogenetic dietary shift of green turtles through stomach contents 
analysis (collected during 2009–2013, N = 52) and for esophagus analysis (collected 
during 2003–2005, N = 74) of specimens classified in three size classes A: CCL < 35cm; 
B: 35 ≥ CCL< 45 cm; and C: CCL ≥ 45 cm (Table 5.1).  

Stable isotope analysis

 A total of 126 epidermis green turtle samples were available for stable isotope 
analysis. Samples were dried at 60°C for three days, grounded to a fine powder, and 
lipids extracted with a chloroform/methanol (2:1) solution (Bligh & Dyer 1959). Lipids are 
depleted in 13C in comparison with other molecules, which could bias δ13C values; it is 
thus desirable to remove lipids prior to stable isotope analysis (DeNiro & Epstein 1978). 
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After the chloroform/methanol treatment, the C:N ratio of turtle epidermis was always 
lower than 4, thus confirming that lipids had been removed efficiently or were naturally 
scarce. Macroalgae are often covered with epibionts containing carbonates, which may 
also bias δ13C values. Accordingly, macroalgae samples were split into two subsamples. 
One of them was treated with O.5 N hydrochloric acid (HCl), to remove carbonates and 
with a chloroform:methanol (2:1) solution to remove lipids. However, acidification may 
modify the δ15N value, so the second bulk subsample was used to determine the δ15N 
value (Cardona et al. 2012). Samples were weighed into tin cups with a microbalance (0.3 
mg for skin and animal prey samples and 0.5 mg for algae samples, because they differ in 
their N contents), combusted at 1,000 °C, and analyzed in continuous flow isotope ratio 
mass spectrometer (Flash 1112 IRMS Delta C Series EA; Thermo Finnigan) at the Centres 
Científics i Tecnològics of the Universitat de Barcelona (Spain).

 Stable isotope abundances were expressed in δ notation according to the follow-
ing expression: 

where X is 13C or 15N, Rsample is the heavy to light isotope ratio of the sample (13C/12C 
or 15N/14N), respectively, and Rstandard is the heavy to light isotope ratio of the reference 
standards, which were VPDB (Vienna Pee Dee Belemnite) calcium carbonate for 13C and 
atmospheric nitrogen (air) for 15N. International isotope secondary standards of known 
13C/12C ratios, as given by the IAEA (International Atomic Energy Agency IAEA), namely 
polyethylene (IAEA CH7, δ13C = –31.8 ‰), graphite (IAEA USGS24, δ13C = –16.1 ‰) and 
sucrose (IAEA CH6, δ13C = –10.4 ‰), were used for calibration at a precision of 0.2 ‰. 
For nitrogen, international isotope secondary standards of known 15N/14N ratios, namely 
(NH4)2SO4 (IAEA N1, δ15N = +0.4 ‰ and IAEA N2, δ15N = +20.3 ‰) and KNO3 (IAEA NO3, 
δ15N = +4.7 ‰), were used to a precision of 0.3 ‰. 

Statistical analysis

 Results are reported as mean ± standard deviation, unless otherwise stated. The 
relationship between δ13C and δ15N values and turtle size (curved carapace length, CCL), 
date of capture or stranding (Julian day), distance to the inner part of Rio de la Plata Es-
tuary, and type of record (captured or stranded) were modeled using generalized additive 
models (GAM) with package mgcv (package version 1.7–5, Wood 2011) in R 2.11 (R De-
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velopment Core Team 2010). This method is based on the use of nonparametric smooth-
ing functions that allow flexible description of complex species responses to environment 
(Leathwick et al. 2006). The GAM approach is an extension of the generalized linear 
model (GLM). This technique enables robust analysis of regression models with nonlinear 
covariate functional form and a range of nonnormal error terms (Hastie & Tibshirani 1990). 
The degree of smoothness of model terms was estimated as part of fitting using penal-
ized cubic regression splines. A Gaussian error model was used in the GAM analysis, with 
a link identity function. Model selecion was guided by Akaike information criterion (AIC). 
For GAMs plots, the y-axis is a relative scale, with a positive value on the plots, indicating 
a positive effect of that explanatory variable on the dependent variable and a negative 
y-value indicating a negative effect of that variable. The range of the smoothed function 
indicates the relative importance of each predictor.

 One-way ANOVA and Tukey’s post hoc test were used to compare the stable iso-
tope ratios of macroalgae species simultaneously collected from Brazil and Uruguay and 
to test for differences in the isotope baseline of both regions.

 We used the Bayesian stable isotope mixing model in the Stable Isotope Analysis in 
R (SIAR) package (Parnell et al. 2010) to estimate the relative contributions of the different 
dietary items (macroalgae, cnidarians, seagrasses and squids) from Uruguay and Brazil 
to turtle diet. SIAR assumes that the variability associated with food sources and trophic 
enrichment is normally distributed (Parnell et al. 2010). To better restrict our model, we 
used elemental concentrations (%C and %N) measured for each organic basal source in 
this study (Coelho Claudino et al. 2013). Although SIAR incorporates uncertainty about 
diet–tissue isotopic discrimination factors in the form of standard deviation, we conduct-
ed a sensitivity analysis running SIAR for green turtle epidermis with diet–tissue isotopic 
discrimination factors of 0.17 ± 0.03 for δ13C and 2.80 ± 0.11 δ15N (Seminoff et al. 2006). 
The criteria to include putative dietary items into the model were that they (1) had been 
observed in the gut contents in Brazil (Reisser et al. 2013) or Uruguay (this study) and (2) 
are common species in the Uruguayan coast (Coll & Oliveira 1999; Borthagaray & Car-
ranza 2007). Accordingly, the model included the macroalgae Ulva sp. and Grateloupia 
sp., the cnidarian Chrysaora lactea and the squid Loligo sanpaulensis from Uruguay and 
the macroalgae Ulva sp. and Codium decorticatum, the seagrass Halodule wrightii, the 
cnidarian Velella velella and the squid Loligo sanpualensis from southern Brazil.
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Results 
Gut content analysis

 Seventy-four esophagus lavage samples were collected from healthy green turtles 
that were captured while feeding off east Uruguay. All turtles were considered juvenile, 
ranging from 32.6 to 58.4 cm CCL (mean ± SD = 41.6 ± 5.8 cm, N = 74). We identified 18 
types of dietary items: 10 species of rhodophytes, 4 species of chlorophytes, 2 mollusc 
species and 2 cnidarian species (Table 5.2). Macroalgae occurred in all the samples and 
represented the bulk of the dietary items collected from the esophagus lavages.

 All the stranded turtles sampled for stomach contents analysis were considered 
juvenile, as they ranged 29.8–62.0 cm CCL (mean ± SD curved carapace length = 40.0 
± 7.0 cm, N = 52). These turtles presented an omnivorous diet, with a high occurrence of 
both macroalgae (FO = 69.2 %) and gelatinous macrozooplankton 51.9 % of the stom-
ach contents analyzed (Table 2). Relative volume data revealed a similar picture, with 
macroalgae prevailing on the average diet (RV = 46.6 ± 44.6 %), followed by gelatinous 
macrozooplankton (23.0 ± 30.8 %) and marine debris (13.3 ± 19.5 %). However, the 
broad standard deviations associated with these means revealed a large variability of 
individual diet. 

 The IRI values revealed that the relevance of gelatinous zooplankton decreased 
and the relevance of macroalgae increased with turtle size (Fig. 5.2). Actually, macroalgae 
were the only significant food item (%IRI > 96.3) for turtles larger than 45 cm CCL. Al-
though we identified twenty different species of macroalgae (Table 5.2), five taxa occurred 
in more than 35 % of the samples: Ulva sp. (FO = 82.5 %), Grateloupia sp. (FO = 62.5 %), 
Chondracanthus sp. (FO = 47.5 %), Codium decorticatum (FO = 40.0 %) and Pterocla-
diella capillacea (FO = 40.0 %). 

Stable isotope values

 The macroalgae species collected in Brazil and Uruguay (Codium decorticatum, 
Pterocladiella capillacea and Ulva sp.) differed significantly in their δ15N values (ANOVA, F 
= 69.31, df = 2, p < 0.001), with those from Uruguay enriched in 15N as compared with 
those from Brazil. Conversely, the δ13C values of macroalgae from Brazil and Uruguay 
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Figure 5.2. Ontogenetic dietary change in green turtles. Frequency of occurrence, FO, (white bars), 
relative volume, RV, (black bars), and Index of Relative Importance, IRI, (gray bars), of the main di-
etary categories of items (macroalgae, gelatinous macrozooplankton and marine debris) in the stom- 
ach contents of stranded green turtles from Uruguayan according to size classes (curved carapace 
length (CCL): < 35 cm (n = 10); ≥ 35 < 45 (n = 29); and ≥ 45 (n = 8)) 
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Table 5.2. Comparison of the main dietary groups found in the digestive track analysis of esopha-
geal lavage (N = 74) and stomach contents (N = 52). Turtles sampled were divided into three groups 
according to size, FO, frequency of occurrence of the dietary items. Note that esophagus lavages 
were carried out in the east of Uruguay (in warmer months), while stomach contents analyzed were 
collected from strandings along the entire Uruguayan coast (during all the year)

Esophagus lavage groups (CCL) Stomach contents groups (CCL)

Dietary species 
< 35 cm 

(n= 4)
≥ 35 < 45cm 

(n= 51)
≥ 45 cm
(n=  20)

< 35 cm 
(n= 10)

≥ 35 < 45cm 
 (n= 29)

≥ 45 cm
(n= 8)

FO (%) FO (%) FO (%) FO (%) FO (%) FO (%)
Macroalgae 100 100 100 70.0 69.0 75.0
CHLOROPHYTA

Chaetomorpha sp. 0 0 0 20.0 10.3 13.0
Cladophora sp. 33.3 21.6 15.8 30.0 17.2 25.0
Codium sp. 0 3.9 5.26 30.0 31.0 25.0
Ulva sp. 100 96.1 89.5 60.0 58.6 50.0

RHODOPHYTA

Amphiroa beauvoisii 0 0 0 22.2 10.5 5.2
Ceramium sp. 83.3 41.2 36.8 0 17.2 25.0
Chondracanthus sp. 100 76.5 94.7 20.0 34.5 50.0
Corallina officinalis 0 7.8 5.26 30.0 10.3 0
Criptopleura ramosa 16.7 27.4 36.8 10.0 13.8 38.0
Grateloupia sp. 50.0 49.0 31.6 30.0 44.8 38.0
Hypnea musciformis 0 0 0 0 13.8 13.0
Jania rubens 50.0 29.4 26.3 18.9 12.4 8.3
Polysiphonia sp. 33.3 51.0 84.2 10.0 31.0 31.0
P. capillaceae 16.7 23.5 10.5 20.0 31.0 25.0
Rhodymenia sp. 0 0 0 10.0 10.3 25.0

PHAEOPHYTA

Sarggassum sp. 0 0 0 10.0 6.9 0
Gelatinous 
macrozooplankton 0 2.9 5.3 24.1 16.9 28.6

Hydrozoa 0 0 0 10.0 0 0
Cephalopoda (beaks) 0 0 0 10.0 0 33.3
Gasteropoda 0 0 0 3.3 0 0
Crustacea 0 0 0 0 25.0 0
Fanerogams 0 0 0 23.3 25.0 0
Marine debris 0 0 0 25.4 12.6 9.3
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were not statistically different (ANOVA, F = 0.95 df = 2, p = 0.400). Hence, differences in 
the δ15N baseline existed for both areas. CCL of green turtles for stable isotope analysis 
ranged 27.8–66.8 cm (mean ± SD CCL = 39.4 ± 6.4 cm, N = 126). The stable isotope 
ratios in the epidermis of turtles ranged from −18.2 to −13.6 ‰ for δ13C and from 6.7 to 
15.6 ‰ for δ15N (Table 5.3). Figure 3 shows the distribution of green turtle isotope values 
within the isospace defined by the potential prey from Uruguay and Brazil, after account-
ing for the trophic discrimination factor. 

 Based on the AIC values of competing models, the GAM that best explained the 
variability of δ13C values in turtle epidermis with the lowest AIC value also included CCL, 
Julian day and distance from the estuary as the best explanatory variables (Table 5.4, 
Fig. 5.4a). The explanatory power of this model was 45.1 %, and the adjusted R-square 
was 0.36. There was a nonlinear relationship between epidermis δ13C and CCL: positive 
for turtles smaller than 35 cm CCL, negative for turtles between 35 and 40 cm CCL and 
almost linear for turtles larger than 40 cm CCL. Epidermis δ13C values were not affected 
by Julian day from January to July (summer, fall and early winter) and negatively from 
August to December (late winter to spring). Finally, the relationship between the distance 
from the estuary and epidermis δ13C values was nonlinear, with peaks of the δ13C values 
at approximately 375 and 575 km from the estuary and a decreasing trend in between 
them. 

 The GAM that best explained the variability of δ15N values in turtle epidermis in-
cluded CCL, Julian day and distance from the estuary as the best explanatory variables 
(Table 5.5, Fig. 5.4b). The explanatory power of this model was 45.0 %, and the adjusted 
R-square was 0.41. Epidermis δ15N values increased linearly with CCL and nonlinearly 
with distance to the estuary and were higher in late winter and spring than the rest of the 
year (Fig. 5.4b). 
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Table 5.3: Stable isotope values (δ13C and δ15N) in the epidermis of green turtles from Uruguay and 
their potential prey from Uruguay and Brazil. Values are reported as mean ± standard deviation. 
Sample size is reported in brackets

Group/Species (n) δ13C (mean±SD) δ 15N (mean±SD)
Green turtles
SUMMER TO FALL

CCL< 35 cm (20) -15.5 ± 0.6 7.5 ± 1.3
35 <  CCL < 40 cm (46) -15.6 ± 0.6 10.4 ± 1.6
40 < CCL < 50 cm (42) -15.7 ± 0.7 9.7 ± 2.3
≥ 50 cm (6) -14.8 ± 0.5 11.3 ± 1.2
SPRING

35 <  CCL < 40 cm (5) -17.1 ± 1.3 13.4 ± 1.2
40 < CCL < 50 cm (6) -16.3 ± 0.5 13.3 ± 1.0
≥ 50 cm (1) -14.9 11.9
Macroalgae
BRAZIL

Codium sp. (5) -14.9 ± 1.9 6.9 ± 0.4
Pterocladiella capillaceae (5) -14.3 ± 1.0 8.4 ±0.4
Sargassum sp. (5) -17.4 ± 2.9 6.6 ± 1.6
Ulva sp. (5) -17.1 ± 0.2 7.7  ± 0.2
URUGUAY

Anphiroa anastomasans (1) -18.7 9.6
Ceramium sp. (1) -16.9 11.6
Chondracanthus sp. (3) -13.1 ± 0.6 10.6 ± 0.8
Cladophora sp. (2) -15.7 ± 0.5 10.9 ± 0.7
Codium sp. (3) -13.8 ± 4.6 10.6 ± 1.6
Corallina officinalis (1) -11.1 9.0
Criptopleura ramosa (2) -14.7 ± 2.0 11.7 ± 2.0
Grateloupia sp. (5) -14.8 ± 1.1 11.2 ± 0.5
Haplogonia andersonii (1) -16.4 10.8
Hypnea musciformis (2) -14.3 ± 2.2 10.7 ± 1.8
Polysiphonia sp. (4) -18.9 ± 1.5 9.9 ± 1.3
Pterocladiella capillaceae (1) -16.4 12.2
Rhodymenia sp. (3) -14.9 ± 3.1 10.5 ± 0.7
Ulva sp. (4) -13.0 ± 2.3 10.5 ± 1.1
Cnidaria
BRASIL 
Velella velella (4) -14.8 ± 1.2 10.3 ± 1.9
URUGUAY

Chrysaora lactea (1) -16.1 14.2
Cephalopods
BRAZIL  (Drago et al. 2014)
Loligo sanpaulensis (2) -18.1 ± 0.2 10.0 ± 0.5
URUGUAY (Drago et al. 2014)
Loligo sanpaulensis (5) -16.3 ± 0.3 16.4 ± 0.0

Seagrass
BRAZIL (Lazzari 2012)
Halodule wrightii (3) -14.2 <  0.4 3.2 ± 1.7
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Table 5.4. Parameter estimates from the best GAM to describe the variation in values of δ13C of 
green turtles epidermic tissue as a function of covariate (CCL, day and distance from the estuary). 
Edf array of estimated degrees of freedom for the model terms; Ref.df estimated residual degrees of 
freedom; Chi.sq array of test statistics for assessing the significance of model smooth terms.

Table 5.5. Parameter estimates from the best GAM to describe the variation in values of δ15N of 
green turtles epidermic tissue as a function of covariate (CCL, day and distance to the estuary). Edf 
array of estimated degrees of freedom for the model terms; Ref.df estimated residual degrees of 
freedom; Chi.sq array of test statistics for assessing the significance of model smooth terms.

MODEL – δ13C ~ s(CCL, bs = “cs”) +  s(julian, bs=”cc”) + s(dist, bs=”cr”)

Parametric coefficients
Name Estimate Std. Error t value P(>t)

Intercept -15.6336 0.05625 -277.9 <0.001

Approximate significance of 
smooth

Name Edf Ref.df F p-value

s(CCL) 5.521 6.385 6.259 <0.001

s(julian) 4.376 8.000 1.177 0.0488

s(dist) 7.178 8.009 2.864 0.0062

MODEL – δ15N ~ CCL + s(julian, bs=”cc”) + (dist, , bs= “cs”)

Parametric coefficients

Name Estimate Std. Error t value P(>t)

Intercept 5.8797 0.8832 6.657 <0.001

CCL 0.1261 0.0220 5.730 <0.001

Approximate significance of 
smooth

Name Edf Ref.df F p-value

s(julian) 5.244 8.0 4.306 <0.001

s(dist) 1.676 2.1 3.800 0.0236
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Figure 5.4. Model terms for the generalized additive model (GAM) of the variation in values of δ13C 
[A] and δ15N [B] of green turtles epidermic tissue. Estimated smooth functions (solid lines) with 95 % 
confidence interval (dashed lines) are shown for each explanatory variable: A.1/B.1, curved carapace 
length (CCL); A.2/B.2: day (in Julian); A.3/B.3, distance from the inner part of the Rio de La Plata 
Estuary (in Km). Y-axis = fitted function with estimated degrees of freedom in parenthesis; x-axis = 
variable range with rug plots indicating sampled values. Note the difference in y-axes scale.
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Diet reconstruction with SIAR

 According to the GAMs, turtles were divided for diet reconstruction into two sea-
sons (late winter/spring vs. rest of the year) and four size classes (< 35 cm CCL, 35–40 
cm CCL, 40–50 cm, and more than 50 cm). No turtle less than 35 cm CCL was collected 
in spring. 

Figure 5.5. Feasible contribution of potential prey (macroalgae, gelatinous macrozooplankton, 
squids and seagrass) from Brazil and Uruguay to the diet of juvenile green turtles sampled in all 
season (except spring) according to SIAR (95, 75 and 50 % confidence intervals). Macroalgae: Gr: 
Grateloupia sp., Ul: Ulva sp, Pt: Pterocladiella capillacea, Co: Codium decorticatum. Gelatinous 
macrozooplankton: Ve: Velella velella, Cn: Chrysaora lactea. Squids: Loligo sanpaulensis. Seagrass-
es: Halodule wrightii.
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Figure 5.6. Feasible contribution of dietary species (macroalgae, gelatinous macrozooplankton, 
squids and seagrass) from Brazil and Uruguay to the diet of juvenile green turtles sampled in spring 
according to SIAR (95, 75 and 50 % confidence intervals). Turtles were divided into four size groups 
according to the GAM: ≥ 35 CCL < 40, ≥ 40 CCL < 50, > 50 CCL (no turtles of < 35 CCL were 
captured in this season). Macroalgae: Gr: Grateloupia sp., Ul: Ulva sp, Pt: Pterocladiella capillacea, 
Co: Codium decorticatum. Gelatinous macrozooplankton: Ve: Velella velella, Cn: Chrysaora lactea. 
Squids: Loligo sanpaulensis. Seagrasses: Halodule wrightii.
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 According to SIAR, turtles less than 50 cm CCL captured/stranded in summer, 
fall and early winter had omnivorous diets based primarily on Pterocladiella capillacea 
and Codium decorticatum from Brazil and with a contribution of animal prey up to 30 % 
of the assimilated nutrients (Fig. 5.5). Turtles larger than 50 cm CCL also had a macroal-
gae-based omnivorous diet, but prey from Brazil and Uruguay made similar contributions. 
The turtles captured or stranded in late winter and spring also had a macroalgae-based 
omnivorous diet, independently of their carapace length, but with a more balanced con-
tribution of prey from Brazil and Uruguay (Fig. 5.6). 

Discussion
 The results of the gut contents analysis reported here revealed a macroalgae-based 
omnivorous diet for the juvenile green turtles occurring year round at the foraging grounds 
off Uruguay. Green turtles present a rapid, but not abrupt, dietary shift after recruiting to 
neritic habitats. This shows that green turtles in the region start consuming macroalgae 
soon after recruiting to neritic habitats, but continue consuming relevant amounts of ge-
latinous plankton and some squids, even as late juveniles. It should be noted, howev-
er, the sharp differences found between the results revealed by esophagus lavage and 
stomach contents analysis, as hardly any animal prey was obtained from the esophageal 
lavages. 
 
 A possible explanation is that turtles were captured while grazing on rocky out-
crops, and hence esophageal lavages revealed only the prey consumed immediately 
before the capture. Conversely, stomach contents probably integrate diet over previous 
days and hence informed also about the diet consumed while foraging in other habi-
tats. On the other hand, samples from esophageal lavages and stomach contents were 
dominated by Ulva sp., Chondracanthus spp., Grateloupia spp. and Polysiphonia spp., 
precisely the four taxa that dominate the macroalgae community along the Uruguayan 
coastline (Vélez-Rubio et al. In prep.). This suggests little selectivity on macroalgae by 
green turtles, but further research based on controlled experiments is needed before 
concluding that green turtles graze in a nonselective way. 

 Cephalopod beaks occurred in 31.5 % of the stomach contents (Vélez-Rubio et 
al. 2015) analyzed in this study, but they did not necessarily reveal the recent consump-
tion of cephalopods by neritic green turtles. Cephalopod beaks, composed of hardly 
digestible chitin, are known to accumulate into the gut of marine vertebrates for years 
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(Hernández-García 1995; Tomás et al. 2001; Xavier et al. 2005), which probably explain 
why most of the beaks recovered from the stomach and intestine of neritic green turtles 
corresponded to oceanic species (Vélez-Rubio et al. 2015). This conclusion is further 
supported by the modest contribution of squids to the diet of green turtles according to 
SIAR and the absence of fresh squids into the stomachs of turtles.

Table 5.6. Comparisons of juvenile and adult green turtle diet studies from different populations 
worldwide. Methodology: EL, Esophagus lavage; DT, Digestive track analysis; SI, Stable Isotopes 
analysis. Type of record: IC, Intentionally captured; St, Stranded; Bc, Bycatch. For a previous review 
of green turtle feeding ecology in the southwestern Atlantic region see Santos et al. (2015).

 
Reference Study area Method Record N CCL±SD(cm) Range 

(CCL, cm) Diet

Bjorndal 1980 Bahamas, 
Caribbean Feces IC 12 − − Herbivorous 

(Seagrasses)

Seminoff et al. 
2002

North East 
Pacific, USA SI IC 50 36.9±3.7 31.0–50.0 Omnivorous

Amorocho & 
Reina 2007

Gorgona 
Island Pacific, 

Colombia
EL IC 84 58.4 ± 7.8 

(SCL)
37.0-72.9 

(SCL) Omnivorous

López-
Mendilaharsu 
et al. 2008

East Pacific, 
Mexico EL IC 15 59.9±1.9 (SCL) 48.0–75.6  

(SCL)
Herbivorous 
(Macroalgae)

Arthur et al. 
2008 East Australia SI IC 64 49.5 ± 9.6.4 6.6-115

Herbivorous 
(after recruit to 

neritic area)

Rusell & 
Balazs 2009

Hawaii Pacific, 
USA DT St - − −

Herbivorous 
(Seagrasses & 
Macroalgae)

Carrion-Cortez 
et al 2010

Galapagos 
Islands Pacific, 

Ecuador
EL IC 65 ≠ size groups 46.0-95.0 Herbivorous 

(Macroalgae)

Burkholder et 
al. 2011

Northwestern 
Australia EL/SI IC 65 ≠ size groups − Omnivorous

Lemons et al. 
2011

San Diego North 
East Pacific, 

USA
SI IC 86 89.9±21.2 49-115 Omnivorous

Parker et al. 
2011

North central 
Pacific, USA DT Bc 10 ≠ size groups 30-70 Carnivorous

Vander-
Zanden et al. 
2013

Caribbean SI IC 376 ≠ size groups 31.7-122 Herbivorous 
(Seagrasses)

Williams et al. 
2013

Florida, Gulf of 
Mexico DT/SI St 43 ≠ size groups 22.5-72.7 Omnivorous

Present study
Uruguay, 

Southwestern 
Atlantic

EL/DT/SI IC/St 246 39.9 ± 6.2 27.8-66.8 Omnivorous
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 Nevertheless, dietary reconstructions based on stable isotope faced serious lim-
itations due to the complex variations in the isotope baseline within the region. Previous 
research has demonstrated the existence of a strong latitudinal gradient in the δ15N base-
line across Río de la Plata estuary, with species from southern Brazil typically depleted in 
15N as compared to those in Uruguay and northern Argentina (Vales et al. 2014; Drago 
et al. 2015). Southern Brazil remains away from the Río de la Plata plume because the 
confluence of the southward Brazil current and the northward Falkland/Malvinas current 
causes an offshore flux and hence drifts away the plume (Longhurst 1998). Nevertheless, 
such δ15N gradient is stronger than any regional onshore/offshore gradient and may be 
related to the sewage input from Buenos Aires and Montevideo (Acha et al. 2004). Such 
latitudinal gradient had a strong influence on the δ15N values of the potential prey ana-
lyzed here, and we also detected a weak, but significant, effect of sampling location along 
the estuarine plume of the δ15N values of green turtles epidermis. Such variability in the 
δ15N baseline certainly compromised the performance of SIAR, because the specificity 
with which mixing models can decipher diet trends is only as powerful as the specificity 
in the stable isotope values across the various potential diet items. A common solution 
in this situation is to cluster species with statistically similar stable isotope values, as far 
as the resulting groups are ecologically meaningful (e.g., Cardona et al. 2012; Zenteno 
et al. 2015). However, this is hard to undertake in the present situation, because the two 
species with the largest overall, both in their δ13C and δ15N values, were a jellyfish from 
Brazil (Velella velella) and a macroalgae from Uruguay (Grateulopia sp.). 

 As every technique available for dietary studies is somewhat biased, diet descrip-
tion is highly dependent on the method used, with SIA usually revealing a larger contri-
bution of animal prey to the diet of green turtles than gut contents analysis (Table 5.6). 
Nevertheless, when the results from this study are combined with previous research con-
ducted in southern Brazil (Nagaoka et al. 2012; Reisser et al. 2013; Morais et al. 2014; 
Santos et al. 2015) and Argentina (Gonzalez Carman et al. 2012, 2013), a clear regional 
pattern on the ontogenetic dietary shift of green turtles emerges. Green turtles smaller 
than 45 cm CCL inhabiting the Atlantic south to latitude 27oS have an omnivorous diet, 
based on plant material and with gelatinous macrozooplankton as the main animal prey. 
On the other hand, green turtles larger than 45 cm CCL are primarily herbivores, but they 
still consume some animal prey. Only in areas with a scarcity of submerged macrophytes, 
as in the turbid plume of the Río de La Plata estuary, neritic juvenile green turtles may 
resume a mainly carnivorous diet (Gonzalez Carman et al. 2013). Omnivorous diet and 
increasing consumption of plant material with carapace length have been reported for 
green turtles inhabiting other warm-temperate regions (Cardona et al. 2009, 2010; Lem-
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ons et al. 2011) and even from some tropical regions (Amorocho & Reina 2007; Russell 
et al. 2011). As a consequence, the fast shift to herbivory following recruitment, once 
thought to be typical of green turtles, apparently happens in only some tropical regions 
characterized by extensive seagrass meadows (Bjorndal 1997; Reich et al. 2007; Arthur 
et al. 2008). 

 Furthermore, the latitudinal variation in the isotope baseline offers a good oppor-
tunity to trace the movements of turtles. Stomach contents analysis revealed a decrease 
in the consumption of animal prey as the turtles grow, thus ruling out the hypothesis that 
increasing δ15N values in the epidermis of larger turtles is because of a higher trophic 
level. Instead, the positive relationship between δ15N values and turtle size is better ex-
plained by a longer residence of larger turtles in Uruguay, where macroalgae, gelatinous 
macrozooplankton and squids are enriched in 15N as compared with those from Brazil 
(Vales et al. 2014; Drago et al. 2015; this study). The only possible confounding factor 
here would be that the amount of gelatinous zooplankton in the stomach contents of the 
largest turtles may had been underestimated because of its faster digestion, especially in 
large-size dead stranded individuals. 

 It has to be kept in mind that stable isotope ratios in turtle skin integrate dietary 
information during several months, although the exact turnover rate has been assessed 
experimentally for only smaller juveniles (Reich et al. 2008) and hence the time window 
integrated by the skin of larger juveniles is unknown. In this scenario, a strong isotopic 
signal of Brazilian macrophytes in the epidermis of the turtles captured off Uruguay from 
summer to winter indicates that most of these turtles had spent only a short time (weeks 
to months) there prior to capture. This interpretation is consistent with previous satel-
lite telemetry and mark-recapture studies conducted in Uruguay and reflecting seasonal 
movements along the coastal waters of Brazil, Uruguay and Argentina (López-Mendila-
harsu et al. 2006; Gonzalez Carman et al. 2012; Martinez Souza 2014). Nevertheless, 
the stable isotope ratios in the skin of green turtles occurring off Uruguay in spring clear-
ly show they have been shifting frequently foraging grounds off Uruguay and southern 
Brazil and hence are not recent immigrants. Compared with the rest of the turtle groups 
considered here, turtles sampled in spring exploited other macroalgae species, as Polysi-
phonia sp. and some Corallinaceae species, probably because of the dominance of this 
species in the macroalgae community during winter along the Uruguayan coast (G V–R 
scuba diving observation). Due to the low SST values recorded during the coldest months 
of the year, a great proportion of the green turtle aggregation seems to migrate north in 
austral fall, although some turtles remain in the area overwintering in bays, estuaries (e.g., 
Valizas river, Andreoni channel) or harbors (e.g., Port of La Paloma), where the SST does 
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not drop below 12–15 °C (Vélez-Rubio et al. 2013; Martinez Souza 2014). These turtles 
probably exhibit periods of brumation or winter dormancy (Witherington & Ehrhart 1989), 
as a strategy to survive with these cold temperatures (López-Mendilaharsu et al. 2006; 
Martinez Souza 2014). 

 Therefore, according to the present study and other studies conducted in the 
area (Gonzalez Carman et al. 2012; Martinez Souza 2014), we propose that most of the 
green turtles occurring off Uruguay from summer to winter had dispersed recently from 
southern Brazil and spend only a few weeks or months off Uruguay and that only a few 
turtles overwinter in Uruguayan waters along coastal habitats. Finally, some green turtles 
may over-winter offshore, as noted by some satellite tracked green turtles from Argentina 
(Gonzalez Carman et al. 2012). The reason why most juvenile green turtles spend only 
some weeks foraging off Uruguay might be related to the latitudinal pattern of SST. The 
activity of the microbial flora digesting the plant material ingested by young green turtles is 
temperature dependent (Bjorndal 1980); hence, remaining for longer periods in Uruguay-
an waters offers no advantage for them than if they can forage into the warmer waters of 
southern Brazil. Only those turtles resuming a carnivorous diet may gain any benefits from 
spending longer periods at high latitude (Gonzalez Carman et al. 2013). 

 In summary, juvenile green turtles occurring off Uruguay are short-term migrants 
with a macroalgae-based omnivorous diet, with a decreasing contribution of animal prey 
to the diet when turtles reach 45 cm CCL. Diet variation reflects regional seasonal migra-
tions in the southwestern Atlantic; hence, cooperation between neighboring countries is 
mandatory for conservation of this endangered species. 
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Abstract
 A total of 52 cephalopod beaks were found in the stomachs and intestines of 17 
out of 54 green turtles, Chelonia mydas, stranded on the Uruguayan coast between 2009 
and 2013 (frequency of occurrence = 31.5 %). Upper and lower beaks were assigned to 
at least six Oegopsid species of four different genera, Chiroteuthis, Histioteuthis, Onykia 
(= Moroteuthis) and Mastigoteuthis. Although the presence of cephalopods in the diet 
of green turtles has been reported previously, it has been quoted as a sporadic or less 
important diet category. Our findings suggest that this intake of cephalopods by juvenile 
green turtles during their oceanic stages may be more common in the Southwestern 
Atlantic Ocean waters than previously thought. According to our records, two of the six 
Oegopsid squid species found would have a more extended distribution than previously 
reported, ranging from circumpolar sub-Antarctic areas to the Brazil-Malvinas confluence 
zone. We highlight the potential of diet analysis of pelagic predators as a tool to enhance 
our knowledge of the diversity and distribution of poorly known cephalopod species. 
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Introduction
 Oegopsid squids are widely distributed in all oceans and seas of the world, in-
habiting virtually all depths and areas of the oceans, from surface to deep waters of 
ca. 4,000 m (Collins & Rodhouse 2006; Hoving et al. 2014). Many Oegopsid species 
undergo significant diel vertical migrations, occurring in deep waters during the day and 
then ascending towards surface waters (0–200 m) at night. In the past few years there 
has been increasing interest in South Atlantic cephalopods, given the role they play in 
the food webs in the area (Rodhouse et al. 1992; 1994; Rodhouse & Nigmatullin 1996; 
Okutani 1994). This order includes the ommastrephid squid Illex argentinus and the lolig-
inid squid Loligo gahi, which are targeted by a multi-national fishing fleet in the Malvinas 
Islands region, where these species are particularly abundant (e.g. Csirke 1987; Hatfield 
& Rodhouse 1991). Despite this, the Southern Ocean Oegopsid fauna is poorly known 
(Xavier et al. 1999; Collins & Rodhouse 2006; Rodhouse et al. 2014). Most of the species 
are poorly represented in global databases, and it is still critical to determine most of their 
distributions (Rodhouse & White 1995; Cherel et al. 2004; Xavier et al. 2011).

 There is, however, substantial potential for deriving data on the ecology and 
distribution of cephalopod species using diet analysis of their predators; especially for 
those species that are not subject to commercial fishing or are difficult to sample (Cher-
el &Weimerskirch 1995, 1999; Croxall & Prince 1996; Rodhouse & Nigmatullin 1996; 
Xavier et al. 2002, 2006; Field et al. 2007). Such potential is enhanced by the increasing 
knowledge on the morphology of cephalopod beaks (chitinous hard structures that resist 
predator digestion) allowing identification to the species level of most of the accumulated 
items found in predators’ stomachs (Clarke 1986; Imber 1992; Cherel et al. 2004; Xavier 
et al. 2005; Morais et al. 2012).

 The green turtle, Chelonia mydas, an endangered species (International Union 
for Conservation of Nature and Natural Resources 2013), seems to be included among 
the squid’s predators in various different areas (Parker et al. 2011; Seminoff et al. 2002; 
Morais et al. 2012). This species is distributed worldwide, inhabiting continental shelves, 
bays, lagoons, and estuaries in the temperate, subtropical and tropical waters of the 
Atlantic, Pacific, and Indian Oceans (Hirth 1997). In the Southwestern Atlantic (SWA) wa-
ters, juvenile green turtles occur in neritic waters along the continent and around oceanic 
islands (Marcovaldi & Marcovaldi 1999; Domingo et al. 2006). In the Uruguayan coast, 
juveniles of this species occur year round (López-Mendilaharsu et al. 2006; Vélez-Rubio 
et al. 2013) along the saline gradient defined by the confluence of the freshwater dis-
charged by the second largest South Atlantic estuary, the Río de la Plata estuary, and 
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oceanic water masses. Important foraging and development areas for immature green 
turtles are located along the coast, with the Marine Protected Area of Cerro Verde e Islas 
de La Coronilla, Punta del Diablo, the Marine protected Area of Cabo Polonio (Rocha 
Department) and Bajos del Solís (Canelones and Maldonado Department) being the most 
relevant areas for the species in the region (López-Mendilaharsu et al. 2006; Vélez-Rubio 
et al. 2013). Immature green turtles occurring in these areas recruit mainly from the nest-
ing populations from Ascension Island (UK overseas territory) but also from Trinidad Island 
(Brazil), Aves Island (Venezuela), Surinam and Guinea Bissau (Africa) (Caraccio 2008).

Figure 6.1. Overview of neritic-benthic (red) and oceanic-pelagic (blue) putative feeding areas for 
juvenile green turtles (Chelonia mydas) in the Southwestern Atlantic (SWA), based on satellite telem-
etry data from nine individuals provided by González Carman et al. (2013). Black points indicate the 
stranding locations of studied turtles along the Uruguayan Coast in the present study.
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 Although green turtles are the only marine turtles considered to be herbivorous 
throughout most of their life (Bjorndal 1997), they are known to undergo an ontogenetic 
shift in their diet, from opportunistic during the earlier oceanic phase of their lives (Boyle 
& Limpus 2008) to nearly complete herbivorous once they settle in coastal habitats (Cha-
loupka & Limpus 2001; Arthur & Balazs 2008), upon reaching carapace lengths of 25–35 
cm (Bjorndal et al. 1990; Limpus et al. 1994; Reich et al. 2007; Cardona et al. 2009) and 
an age of 3–6 years (Zug & Glor 1999; Zug et al. 2001; Balazs & Chaloupka 2004; Cha-
loupka et al. 2004; Reich et al. 2007; Cardona et al. 2009). However, the sizes at which 
this habitat shift occurs may vary among the different green turtle populations. In the SWA 
(including South Brazil, Uruguay and North Argentina), when they recruit to neritic areas 
after the oceanic stage they perform seasonal latitudinal migrations along these areas 
over the years (North of 40°S; López-Mendilaharsu et al. 2006; Martinez-Souza et al. 
2012; González Carman et al. 2012) (Fig. 6.1).

 Studies based on esophagus lavage and stomach contents of dead animals in 
other regions suggest that the diet of neritic-stage juvenile green turtles is composed 
almost exclusively of seagrasses and macroalgae, with diet composition driven by the 
relative availability and quality of these food types (e.g., Brand et al. 1999a; Read & Lim-
pus 2002; López-Mendilaharsu et al. 2008; Carrión-Cortez et al. 2010; Guebert-Bartholo 
et al. 2011; Reisser et al. 2013). However, a persistent omnivorism of green turtles is 
present in some areas, as in North West African waters (Cardona et al. 2009), the eastern 
Mediterranean (Godley et al. 1998), Japan (Hatase et al. 2006), Western Colombia (Am-
orocho & Reina 2007) and probably in other regions (Seminoff et al. 2002; Ferreira et al. 
2006; Russell et al. 2011; Nagoaka et al. 2012). Furthermore, during their juvenile oceanic 
stage, cephalopods may constitute a complementary food resource to the normal diet 
of cnidarians, gastropods and crustaceans (Boyle & Limpus 2008; Parker et al. 2011). 
Indeed, pelagic squids have been reported in the green turtles diet in other areas (e.g.; 
Seminoff et al. 2002; Morais et al. 2012; Parker et al. 2011). Consequently, green turtles 
could function as “biological samplers” of pelagic cephalopods and other animals living in 
epipelagic waters.
 
 Under such a context, the present paper aim (1) to improve knowledge on the 
ecology and distribution of Oegopsid squids in the SWA, and (2) to evaluate the impor-
tance of cephalopods in the diet of green turtles in Uruguayan waters. 
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Materials and Methods
 The Uruguayan coast is part of a complex hydrological system that is comprised 
of the frontal zone of the Rio de la Plata estuary (RP) and the Atlantic Ocean, presenting a 
strong along-shore salinity gradient (Ortega & Martínez 2007; Campos et al. 2008; Horta & 
Defeo 2012) (Fig. 6.1). The waters of this country have been described as part of a feeding 
ground for three marine turtles species, with records of two other species (Vélez-Rubio et 
al. 2013). One of the former three is the green turtle, considered in the present study. The 
gut contents analyzed here were collected from 2009 to 2013 from green turtles stranded 
along the southern and western Uruguayan coast (Fig. 6.1). Stranded turtles were found 
during beach surveys conducted by technicians of the Marine Turtle Stranding Network 
run by the local NGO Karumbé (Vélez-Rubio et al. 2013). 

 The curved carapace length, notch to tip (CCL) of each green turtle was measured 
using a flexible tape (error ± 0.1 cm). Digestive tract contents were collected separately 
(esophagus, stomach and intestines) and fixed in 4 % formaldehyde. Diet items (both 
animal and vegetable) were identified to the posible lowest taxonomic category, depend-
ing on decomposition state. Cephalopod beaks were found in gut contents. Almost all 
cephalopod beaks (82 % of the total) were identified at least to the genus level, based 
on beak morphology and morphometrics. No other cephalopod remains but the beaks 
were found. Beak identification was made by identification keys available in the scientific 
literature (Clarke 1986; Xavier & Cherel 2009). Broken beaks were excluded from the 
analyses. Lower rostral length (LRL) of lower beaks was measured with a vernier calliper, 
following Clarke (1986). Depending on the color and transparency of the wing beaks and 
the bottom of the lateral wall, we distinguished between fresh (transparent wing), recently 
consumed beaks (within few days) or old beaks (darkened wing), those that had poten-
tially stayed in the turtles for a longer time (weeks/months). The beak color can also be 
used to determine the development status of the squids [i.e., juvenile (mostly transparent 
beaks), sub-adults (partially darkened) or adults (wings already darkened)]. The digesta 
retention time (DRT) of particulate matter or green turtles is almost 6–13 days (Brand et 
al. 1999b). Therefore, it is likely that the beaks probably were attached to and remained 
in the gut of the green turtles for longer than this. 

 Voucher material is deposited at the Museo Nacional de Historia Natural (Montevi-
deo, Uruguay) and Cavanilles Institute of Biodiversity and Evolutionary Biology (Universi-
dad de Valencia, Spain). Statistical analyses were conducted in R 2.11.1 (R Development 
Core Team 2008). The relationships between green turtle sizes and the presence/ab-
sence of cephalopods beaks were tested using simple linear regression models followed 
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by an analyse of variance. Values are presented as mean ± SD, and statistical significance 
on differences was assumed at p < 0.05. In all cases, normality of residuals was assessed 
using the Shapiro–Wilk test. 

Results
 A total of 52 cephalopod beaks were found in the stomachs and intestines of 
17 out of the 54 green turtle individuals analyzed [frequency of occurrence (FO), 31.5 
%]. Cephalopod beaks found were assigned to six different species (see below). Based 
on the CCL of the green turtles studied, all the turtles measured were of juvenile size 
(Vélez-Rubio et al. 2013 and the references therein), (mean CCL ± SD= 40.0 ± 7.0 cm; 
range: 29.8-62). Turtles with cephalopod beaks in their guts (CCL = 36.8 ± 7.8 cm; range: 
29.8–62; N = 17) seem to be smaller (F1-45= 4.567; p < 0.05) than those without beaks 
(CCL = 41.4 ± 6.3 cm; range: 32.9-61.0; N = 37) (Fig. 6.2). Gut contents of the 54 turtles 
analysed included 20 macroalgae species, 7 animal taxa and marine debris. A compre-
hensive study of the diet of these turtles is out of the scope of the present paper, although 
detailed studies are ongoing. The presence of cephalopod beaks in the gut contents was 
associated in all cases with the presence of floating marine debris (soft and hard plastics, 
foam, rope, etc.) and other floating dietary items including Sargassum spp., pelagic mol-
luscs (such as Janthina sp.) and gelatinous zooplankton (such as pyrosomids and salps). 
All the turtles containing cephalopod beaks were found stranded in the oceanic influence 
zone of the Uruguayan coast (Fig. 6.1) during the warmer months (January to May). 

 The majority of beaks found (82 % of the total) were in relatively good condition 
and could be measured. All the beaks present were in stomachs and intestines. No 
beaks were detected in the esophagus. According to their state of conservation, all the 
beaks found were classified as ‘old’, probably having been consumed several months 
before the stranding, and remained attached in the gut of the turtles. The beaks seemed 
to correspond to sub-adult and adult cephalopod specimens (Fig. 6.3). The dominant 
cephalopod species in terms of occurrence were no. 1 with 22 beaks (FO = 52.9 %), 
and no. 2 with 13 beaks (FO = 25 %), whereas species 4, 5 and 6 were represented by 
one specimen each (Table 6.1). A description of morphological features of the beaks that 
lead to specific determination is provided in the next section, following Clarke (1986) and 
Xavier & Cherel (2009). 
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Figure 6.2. Differences in CCL between turtle with cephalopod beaks in their gut compared with 
turtles without beaks

Table 6.1: Lower rostral length( LRL) for squid mea surements and mantle length (ML) and mass 
estimations of cephalopods species identified (Clarke 1986; Xavier & Cherel 2009) in the diet of Che-
lonia mydas in the present study. a, No data for these species

Cephalopod species

SPECIES 1 
 Examined material: 22 complete lower beaks (Fig. 6.3a): size (mean LRL ± SD) = 
3.64 ± 0.47 mm; range: 3.08-4.56 mm. Description: thin in profile, with a triangular form, 
a thick fold running to the middle of the posterior edge of the lateral wall. Crest similar in 
size or slightly smaller than the hood. Shoulder tooth absent. Obtuse jaw angle hidden 
in profile by the wing fold, a weakly marked angle point. Hood lying close to the crest. 

Species
Measured lower 

beaks 
(Total beaks)

LRL (mm) ML (mm) Estimated mass (g)

Mean SD Range Mean SD Range Mean SD Range

Chiroteuthis 
veranyi 12 (22) 3.64 0.5 3.08-

4.56 100.5 11.5 86.7-
122.9 26.7 9.7 16.4-

47.3
Histioteuthis 
bonnellii 11 (13) 4.04 0.7 3.17-

5.59 63.4 11.3 50.1-
87.0 148.5 82.7 71.9-

332.5
H. arcturis 2 4.52 0.4 4.24-

4.81 * *

H. atlantica 1 2.79 61.2 54.8
Mastigoteuthis 
psycrhophyla * 3.43 115.7 45.0

Onykia sp. * 3.75 * *
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Assigned to Chiroteuthis veranyi (Ferussac 1835). 

SPECIES 2
 Examined material: 13 complete lower beaks (Fig. 6.3b): size (mean LRL ± SD)= 
4.04 ± 0.74 mm; range: 3.17-5.59 mm. Description: rather square in profile, a deep notch 
in the back of the hood. Crest equal or slightly larger than the hood. A well-developed 
ridge runs to the free corner of the lateral wall. Low wing fold and a shoulder tooth. As-
signed to Histioteuthis bonnellii corpuscula (Clarke 1980). 

SPECIES 3 
 Examined material: two complete lower beaks: size (mean LRL ± SD)= 4.52 ± 
0.40 mm. Description: rather square in profile, a deep notch in the back of the hood, and 
a ridge running to the free corner of the lateral wall. Tends to be deeper than longer, with 
a very obvious ridge (also called a keel) under the hood. Assigned to Histioteuthis arcturi 
(Robson 1948) [also known as Histioteuthis A5 (Clarke 1986)]. 

SPECIES 4 
 Examined material: one complete lower beak (Fig. 6.3c): size (mean LRL) = 2.79 
mm. Description: rather square in profile, a shallow notch in the back of the hood, a 
weakly developed ridge that becomes a slight fold running to the free corner of the lateral 
wall, and a high wing fold. Assigned to Histioteuthis atlantica (Hoyle 1885). 

SPECIES 5 
 Examined material: one complete lower beak (Fig. 6.3d): size (mean LRL) = 3.43 
mm. Description: a broad notch in the back of the hood, a well defined fold running to be-
low the midpoint of the posterior edge of the lateral wall, and a shoulder tooth. Assigned 
to Mastigoteuthis psychrophila (Nesis 1977). 

SPECIES 6 
 Examined material: one complete lower beak (Fig. 6.3e): size (mean LRL) = 3.75 
mm. Description: a long step below the jaw angle extends past the lower edge of the 
darkened part of the lateral wall. A fold runs to a position about halfway between the 
crest and the free corner of the lateral wall. Assigned to Moroteuthis sp. B (Imber) (Xavier 
&Cherel 2009), now the genus Moroteuthis is considered as Onykia (Tsuchiya & Okutani 
1991; Wakabayashi et al. 2007). 
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Figure 6.3. Upper and lower beaks of cephalopod found in the present study: a species 1 (Chi-
rotheutis  veranyi), b species 2 (Histioteuthis bonnellii corpuscula), c species 4 (Histioteuthis atlanti-
ca), d species 5 (Mastigoteuthis psycrhophyla) and e species 6 (Onykia sp.). Scale 2 cm.
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Discussion
 The present paper includes the first report of cephalopods in the diet of green 
turtles in Uruguayan waters. The studied turtles ingested several different squid species: 
beaks were assigned to six Oegopsid species from four genera: Chiroteuthis, Histioteuth-
is, Onykia (= Moroteuthis), and Mastigoteuthis. This finding suggests that cephalopod 
ingestion by juvenile green turtles during their oceanic stages does not seem to be a rare 
event in this part of the SWA waters. To date, only four Oegopsid species, Onychoteuthis 
banksii, Illex argentinus, Ommastrephes bartramii and Histioteuthis macrohista, have been 
reported in Uruguayan waters (Scarabino 2003; Ayçaguer & Nieddu 2014). None of them 
were detected in the green turtles examined in the present paper. If squid species found 
in the analyzed green turtles were ingested in Uruguayan waters, our findings should add 
at least other six species to the Oegopsid fauna reported in the Brazil-Malvinas Conflu-
ence Zone. However, we cannot ensure that since cephalopod beaks are composed of 
chitin, which is almost indigestible to stomach acids, in contrast to the soft tissues that 
are rapidly digested. Indeed, beaks may accumulate and be attached for months or years 
into the stomachs or intestines of marine vertebrates (Hernández-García 1995; Xavier et 
al. 2005; Morais et al. 2012). The pointed and complex shape of the beaks may help in 
such retention in the intestines. Hence it is possible that some cephalopods detected in 
the present study would have been ingested elsewhere out of Uruguayan waters. 

 Available knowledge on the distribution of juvenile green turtles in the SWA sug-
gests that the distribution limit for this species is most likely located around 40°S (see 
González Carman et al. 2013 and references therein). These authors stressed that, over-
all, green turtles expended ca. 38 % of their time foraging in the Río de la Plata and 
deep-water areas. Based on this evidence, we are confident that cephalopod ingestion 
occurs north of this latitude (Fig. 6.1). The beaks found were determined as ‘old’ (see the 
‘Materials and Methods’ section), hence they probably were ingested and accumulated 
in the turtles’ digestive tracts during their oceanic stage, remaining in the gut after they 
reached the neritic zones. This inference is supported by the fact that beaks were found 
predominantly in smaller turtles (Fig. 6.2), and by the darker color of the beaks found (Fig. 
6.3). 

 The squid species found in the diet of green turtles form Uruguayan waters are 
frequent in the diet of pelagic predators such as albacore (Salman & Karakulak 2009), 
swordfish (Hernández-García 1995), blue and short-fin mako sharks (Vaske-junior & Rin-
con-Filho 1998), petrels (Cherel & Klages 1998), albatrosses (Croxall & Prince 1994), and 
porpoises (Ohizumi et al. 2003). However, it is still unclear how non-expert divers such 
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as small juvenile green turtles, among other predators, may predate over fast-swimming 
squid species close to surface waters (see Xavier et al. 2013). The families Chiroteuthidae 
and Histioteuthidae are comprised of oceanic medium-depth to deep-water gelatinous 
squids (Young & Vecchione 2007). Both have ammonia-mediated fluctuation mecha-
nisms (Voight et al. 1994), apparently undergoing ontogenetic and diel vertical migrations 
in the water column of offshore habitats (Roper & Young 1974), but little is known about 
this vertical distribution of these species. Since the presence of cephalopod beaks was 
always associated with the presence of floating marine debris and other floating dietary 
items, and juvenile green turtles do not dive to more than 30 m depth (Blumenthal et al. 
2010), we suggest that all squid species were ingested in waters close to the surface. 
Since certain squids present high levels of ammonia in their tissues (e.g., Histioteuthidae, 
Voight et al. 1994), these organisms may float after death (Lu and Williams 1994). Thus, 
green turtles analysed could have been scavenging these floating dead squids. In addi-
tion, individuals of Histioteuthis are a relatively common by-catch in deep-water trawling 
operations in the southeast and south Brazil, and could be discarded in open waters 
(Perez et al. 2004; Morais et al. 2012), where small pelagic juvenile green turtles can feed 
on them. 

 Concerning the distribution of the cephalopod species found in the present study, 
C. veranyi is distributed throughout most of the Atlantic and the southern subtropical ar-
eas of the Indian and Pacific Oceans (Nesis 1987). This species is known to be distributed 
also in Antarctic and sub-Antarctic waters (Rodhouse & Lu 1998; Xavier et al. 2002). H. 
atlantica has a circumglobal distribution in southern waters. H. bonnellii corpuscula is a 
small species and is widely but unevenly distributed in the Atlantic. It is absent from north-
ern subtropical and western tropical waters and probably other areas, but can be found 
in a narrow band of subtropical waters that includes areas off Argentina, South Africa and 
the region between Australia and New Zealand (Voss et al. 1998). The distribution of H. 
arcturi extends throughout the tropical and subtropical Atlantic between about 40°N and 
30°S (Voss et al. 1998). These three species present records within the Brazil-Malvinas 
confluence zone. However, M. psychrophila presents a circum-Antarctic distribution oc-
curring both north and south of the Antarctic Convergence (Nesis 1977). This species 
is pelagic, apparently occupying deep water, but no conclusive information is available 
about its vertical distribution. We could not reach species level for the Moroteuthis (= On-
ykia) species, although it is very likely that the species corresponds to the poorly known 
Moroteuthis sp. B (Imber) (Xavier & Cherel 2009). The distribution of this species include 
subtropical and sub-Antarctic waters, but no record of this species seems to exist north 
of ca. 46° S (Bolstad 2010). The present findings suggest changes in the distribution of 
these species. Our results suggest an extension of the Atlantic distribution of at least two 
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of these species [M. psychrophila and Moroteuthis sp. B (Imber)] well north of the Antarc-
tic Convergence to the region of the Subtropical Front. 

 Our results also provide new insight into Oegopsid squid distribution in the SWA 
area. The presence of cephalopod beaks in the digestive tracts of green turtles stranded 
on Uruguayan coasts seems to be increasing in recent years. No beaks were found in 
digestive tracts prior to 2009, although gut contents of stranded turtles are being revised 
since 2000 (Karumbe, unpublished data). Under a climate change scenario, sea surface 
temperature (SST) anomalies at the SWA, showing increasing trends and a progressive 
dominance of temperature positive anomalies for the period 1950–2000, have been ob-
served (Wainer & Venegas 2002). This is associated with variability in the intensity of the 
Malvinas western boundary current and in the position of the Brazil–Malvinas conflu-
ence zone. Anomalous advection of cold waters northward and warm waters southward, 
resulting from changes in Malvinas current intensity, seem to be responsible for these 
temperature anomalies in the subtropical SWA (Wainer & Venegas 2002). This variability 
in the location of the Brazil–Malvinas confluence zone may increase the occurrence of 
Patagonian and/or circumpolar and subtropical cephalopods in waters North of Uruguay, 
thus increasing the likelihood of them being ingested by green turtles foraging there. 
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Abstract

 Anthropogenic debris ingestion has been reported for green turtles in all their life 
stages worldwide. The aim of the present study is to evaluate and categorize the marine 
debris ingested by juvenile green turtles stranded along the Uruguayan coast during an 
8-year study period (2006 to 2013). Digestive tract contents were collected from the car-
casses of 96 dead stranded turtles. Diet items were separated from marine debris and 
analysed separately. Marine debris items were categorized and quantified by frequency 
of occurrence, relative weight, volume and number of items per turtle. All the turtles an-
alysed were juveniles (range: 29.80-62.0 cm of curve carapace length). A total of 65 of 
the turtles (FO = 70.0%) presented marine debris in their digestive tracts. The majority of 
debris found were plastic of all categories, being Fragments category (mainly hard plas-
tics) the most abundant in weight and volume. The best model explaining the variability 
of the amount of debris ingested by turtles included CCL, Julian day and distance to De 
La Plata Estuary. We detected a negative correlation between the presence of debris and 
turtle´s size, being the smaller turtles (Curve Carapace Length < 40 cm) the ones with 
more debris. These turtles are probably new recruits to neritic grounds, starting their on-
togenetic dietary shift, what lead us to indicate that the early juvenile stage of green turtle 
life cycle is the most vulnerable to this threat in the Southwestern Atlantic.
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Introduction

 Accumulation of solid anthropogenic debris in marine environments has been 
identified as an important conservation problem, and its numbers has increased in the 
last decades (Acha et al. 2003; Benton 1995; Corcoran et al. 2009; Derraik 2002; Schuy-
ler et al. 2016).

 Since the incorporation of plastic in all aspects of everyday life, its production and 
use has increased, as exponentially did the amount of plastic waste, especially with the 
popularization of single use products (Barnes et al. 2009). In the last decades the total 
plastic production in the world reached more than 250 million tons per year (Plastics 
Europe 2016). Furthermore, only in 2010 275 million metric tons were produced, and 
between 4.8 and 12.7 million metric tons of those were estimated to enter in the ocean 
(Jambeck et al. 2015). This phenomenon and the lack or poor strategies in waste man-
agement in coastal areas have generated a global problem for marine wildlife and envi-
ronment. 

 Recent studies showed that fragments of hard and soft plastic are the most com-
mon anthropogenic debris in the ocean due to their high persistence in the environment 
because its long disintegration rate (Barnes et al. 2009; Morét-Ferguson et al. 2010; 
Reisser et al. 2014). The most abundant plastic debris are millimetre-size buoyant frag-
ments. This type of marine debris is vertically distributed primary in the upper water col-
umn because of the wind driven vertical mixing (Kukulka et al. 2012; Isobe et al. 2014; 
Reisser et al. 2014). Due to that marine physical phenomenon, plastic fragments accu-
mulate in marine fronts and edge of currents, occupying the first 5 meters of depth from 
the surface, thus affecting primary to marine animals with epipelagic feeding habits (Re-
isser et al. 2014).

 In the last decades marine debris interaction has been reported as one of the most 
important threats for marine fauna (National Research Council 1990; Laist et al. 1990), 
like marine mammals, several seabirds, fishes, invertebrates and marine turtles. But re-
cently the interest of the scientific community has been increased exponentially (Denuncio 
et al. 2011; van Franeker et al. 2011; Wilcox et al. 2015; Di Beneditto & Awabdi 2014; 
Possatto et al. 2011; Choy & Drazen 2013; Graham & Thompson 2009; Schuyler et al. 
2014; Nelms et al. 2015; Vetger et al. 2014). These animals could interact with marine 
debris by entanglement or ingestion. Ingested debris may cause death, by impaction or 
perforation of the digestive tract, or sublethal effects, like dietary dilution or exposure to 
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chemicals (Ryan 1988; Bjorndal et al. 1994; McCauley & Bjorndal 1999; Mader 2006; 
Teuten et al. 2009; van Franeker et al. 2011; Gray et al. 2012; Tanaka et al. 2013; Jerdy 
et al. 2017).

 For all sea turtle species, interaction with marine debris has been reported in all 
life stages and all geographic areas. In some regions, marine debris interaction is the 
most important threat affecting sea turtles, showing a high increase in the last decade 
(Schuyler et al. 2014; Nelms et al. 2015 and references therein). Sea turtles may intake 
a high variety of debris, both at sea bottom and in the water column (Tomás et al. 2002), 
depending in their physical characteristics and density. Sea turtles in their oceanic stages 
are prone to interact with floating objects. Furthermore, floating plastics readily absorb a 
variety of contaminants from the ocean and can release them into the tissues of animals 
after ingestion (Teuten et al. 2009). Sea turtles are susceptible to accumulate contami-
nants due to their long lifespan and they could uptake pollutants from their preys or from 
substances from different areas of the seas (Novillo et al. 2017). These authors detected 
a high diversity of pesticides in loggerhead turtles in the Western Mediterranean. Although 
the number of studies about pollutants increased, more research is necessary to under-
stand the effects of metal or toxin released from debris to marine vertebrates (Ragland et 
al. 2011; Richardson et al. 2015; Schneider et al. 2015; Rees et al. 2016). 

 In the Southwestern Atlantic Ocean (SWAO) the occurrence of marine debris in 
sea turtles is one of the highest worldwide (Schuyler et al. 2014). The amount of studies 
and literature in this area of research has increased in the last years, probably associated 
to the increase of marine debris in the ocean. Furthermore, over the last decade, studies 
on strandings and bycatch in coastal waters in the SWAO have reported that juvenile 
green turtles (Chelonia mydas) show the highest frequency of occurrence (FO) of marine 
debris of the five species present in the region. Approximately among 70% to 90% of the 
turtles had eaten debris, reaching up to 100% of FO (Bugoni et al. 2001; Tourinho et al. 
2010; Gonzalez Carman et al. 2014; Santos et al. 2015; Jerdy et al. 2017). 

 The first reports of marine debris interactions with sea turtles in Uruguay are from 
green turtle feeding studies in 2001 (Calvo et al. 2003) and for loggerhead turtle, Caretta 
Caretta, in 2007 (Martinez Souza 2009). Currently there are also reports of debris inter-
action with other marine vertebrates in Uruguayan coastal waters, such as otariids (Fran-
co-Trecu et al. 2017), sea gulls (Lenzi et al. 2016) and fishes (Lozoya et al. 2015). The 
Uruguayan coast constitutes an important feeding and development ground for early and 
late juvenile green turtles (mean ± SD = 40.8 ± 5.5 cm; n = 514; range: 28.8-64.3 cm, 
López-Mendilaharsu et al. 2016) with a year round occurrence, but with higher frequency 
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of occurrence during the warmer months (López-Mendilaharsu et al. 2006; Martinez Sou-
za 2014; Vélez-Rubio et al. 2013, 2016). Uruguayan green turtles recruit mainly from the 
nesting populations of Ascension Island (Central Atlantic, UK Overseas Territory) and Trin-
idad Island (Brazil) (Caraccio 2008; Putman & Naro-Maciel 2013; Prosdocimi et al. 2012).  
This suggests that the area hosts a foraging and developmental ground for a particular 
size range of juveniles, with individuals recruiting just after the oceanic phase of their life 
cycle to neritic habitats (Vélez-Rubio et al. 2016). During this process, immature green 
turtles develop a rapid but not abrupt dietary shift, changing from carnivorous diet (mainly 
pelagic invertebrates) to primarily herbivorous, feeding on seaweed, when they reach up 
to 45 cm in CCL (Vélez-Rubio et al. 2016).  Marine debris are present and abundant both 
in neritic and estuarine waters of Uruguay (Gonzalez Carman et al. 2014; Lozoya et al. 
2016)

 According to this information, in the present study we test for two opposite hy-
pothesis: (1) the green turtles would increase marine debris intake as they grow or (2), on 
the contrary, whether they decrease marine debris intake when they perform ontogenetic 
dietary shift after recruiting into coastal habitats. We also explore the effect of other fac-
tors such as geographical location and seasonality in the presence of marine debris in 
green turtles along the Uruguayan coast.

Materials and Methods

Study area

 The Uruguayan coast is part of the Uruguay–Buenos Aires platform ecoregion in 
the temperate SWAO (Spalding et al. 2007). This region belongs to a complex hydrological 
system that comprises the frontal zone of the Rio de la Plata estuary (RP) and the Atlantic 
Ocean. This is a transitional zone influenced by waters with contrasting features: warm 
and saline Subtropical waters from a branch of the Brazil current, and Subantartic cold 
and diluted waters derived from the Malvinas current, presenting a strong along-shore 
salinity and temperature gradient (Ortega & Martínez 2007; Campos et al. 2008). Based 
on the hydrological characteristics, three different zones can be distinguished along the 
Uruguayan coast: an Inner Estuarine zone (IEZ) and an Outer Estuarine zone (OEZ), which 
are directly influenced by the Rio de la Plata discharge; and an Oceanic zone (OZ), which 
is characterized by an oceanic regimen (e.g., Defeo et al. 2009).
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Figure 7.1. A: Location of Uruguay in the Southwestern Atlantic region. The box delimits the study 
area. B: Map of Uruguay with the location of the stranded turtles analysed in the present study (grey 
dots). 

Field data collection and process of samples

 During the 8-year study period (2006-2013) a total of 96 freshly dead stranded 
turtles were analysed (12.8 % of the stranded green turtles recorded by the NGO Karum-
bé along the 640 km of Uruguayan coast [Fig. 7.1] during this period) (Vélez-Rubio et al. 
2013; Karumbé unpublished data). Karumbé runs the Marine Turtle Stranding and Rescue 
Network (RRVTM, acronym in Spanish ‘Red de Rescate y Varamientos de Tortugas Mari-
nas”) along the coast of Uruguay since 1999. This network records dead or injured marine 
turtles stranded on beaches. The network is coordinated via 24-h telephone hotline or 
email and the database is hosted and updated by Karumbé ́members (see Vélez-Rubio et 
al. 2013 for more details). When possible, from each stranded turtle the curved carapace 
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length notch to tip (CCL, Bolten 1999) and other biometrics were measured; date, GPS 
position, possible cause of stranding or dead, were also recorded. All this information was 
recorded for the 96 turtles included in the present study. The necropsies were performed 
on the beach and all the digestive tracts were collected and took to the Karumbé facilities. 
Then, the digestive tracts were separated in esophagus, stomach and intestine sections 
and the contents were rinsed and preserved in a 4 % formalin solution in seawater. 

 Marine debris items were separated from diet items and were analysed separately. 
We considered items bigger than 1 mm width (Barnes et al. 2009). Micro plastics under 
this size were not considered here. The turtles considered in the present study included 
individuals sampled in two study periods: Unpublished data from turtles sampled and 
analysed in 2005-2007 (Group 1, N= 44) and turtles sampled in 2009-2013 and analysed 
for the present study (Group 2, N= 52). Quantification of debris was different in the two 
periods. Frequency of occurrence (%FO) and dry weight of different categories of debris 
was measures for both groups, while Volume was measured only in group 1 and number 
of items was measured only in group 2. Total volume of debris per turtles was obtained 
for both groups. For turtles of group 2, marine debris ingestion was assigned as the most 
probable cause of death when the stomach content had more than 50% of debris or 
when there was a faecaloma caused by marine debris in the intestine. 

Results are reported as mean ± standard deviation, unless otherwise stated. 

Gut contents analysis

 Marine debris contents were rinsed and air-dried carefully, and then each section of 
the digestive tract was analysed under a binocular microscope. Each marine debris item 
was assigned into different categories using the protocol proposed by van Franeker et al. 
(2011) and the Marine Strategy Framework Directive, Technical Subgroup on Marine Litter 
(2013) (Table 7.1). This protocol proposes that the debris should be categorized based 
in its morphology due to the uncertainties in determining its origin. After being separated 
into categories, debris items were quantified by % FO. Also, debris items were weight-
ed (in total and per category) with an analytical weight (precision 0,001g). For Group 1, 
the relative volume was measured for the entire sample and for each debris category by 
water displaced in a graduated cylinder. For the Group 2, we counted number of items 
and we also calculated the size of hard plastic pieces ingested. The pieces were set up 
in a contrast background table and photographed to obtain the size (area in cm2) of each 
piece. The pictures were analysed with the software ImageJ 1.48v (Ferreira & Rasband 
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2012).  For Group 2 an additional experiment was conducted to determine the buoyancy 
of debris by categories using the protocol proposed by Reisser et al. (2014). According 
to this protocol we measured the ascent velocity of each debris category, 10 items per 
category, in a graduated cylinder tube with marine water.

Table 7.1. Marine debris categories considered in the present study based on the van Franeker et 
al. (2011) protocol.

Category Type Code Description
Plastics
Industrial 
plastics

Pellets Ind Industrial plastic pellets. Small, cylindrically-shaped granules of ± 4 
mm diameter. 

Domestic 
use plastics

Laminar 
like

Lam Laminar soft items like plastic bags, foils, etc., usually broken up in 
smaller pieces.

Thread 
like

Thr Plastic threads, like pieces of rope, nets, nylon monophilaments,  
packaging straps etc.

Foam like Foa Pieces of foamed polystyrene cups or packaging, foamed polyure-
thane in mattresses, or construction foams.

Fragments Fra Hard plastic, pieces of  bottles, boxes, toys, tools, equipment hous-
ing, toothbrushes, lighters etc.

Others Oth Cigarette filters, rubber, elastics, balloons, etc., i.e. items that are 
‘plastic-like’ or do not fit into a clear category.

Rubbish
Rubbish Paper Pap Normal paper, cardboard, laminated packaging, materials in which 

paper appears to dominate (e.g. tetra-pack), silver paper, aluminum 
foil etc,.

Various Var Manufactured wood, paint chips, pieces of metals etc.

Hooks Hoo Sport fishing hooks or long lining.
Contaminants
Contamin. Coal Coa Coal pieces
Natural Non 
Diet

Nnd Remains of plants, pumice, stones, feathers and other natural items 
that can not be considered as normal food.

Statistical analysis 

 Prior to statistical analysis, data sets were checked for normality (Lilliefors test) 
and homogeneity of variances (Levene test). Non-parametric tests were used if those 
assumptions were not meet. The relationship among the quantity of debris and turtle 
size (CCL), date of stranding (Julian day) and distance to the inner part of Rio de la Plata 
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Estuary (Distance) was modelled using generalized additive models (GAM) with package 
mgcv (package version 1.7–5, Wood 2011) in R 2.11 (R Development Core Team 2010). 
This method is based on the use of nonparametric smoothing functions that allow flexible 
description of complex species responses to environment (Leathwick et al. 2006). The 
GAM approach is an extension of the generalized linear model (GLM). This technique en-
ables robust analysis of regression models with nonlinear covariate functional form and a 
range of non-normal error terms (Hastie & Tibshirani 1990). The degree of smoothness of 
model terms was estimated as part of fitting using penalized cubic regression splines. A 
Gaussian error model was used in the GAM analysis, with a link identity function. Model 
selection was guided by Akaike information criterion (AIC). For GAMs plots, the y-axis is a 
relative scale, with a positive value on the plots, indicating a positive effect of that explana-
tory variable on the dependent variable and a negative y-value indicating a negative effect 
of that variable. The range of the smoothed function indicates the relative importance of 
each predictor. 

 In order to detect potential differences in intake of different types of debris in re-
lation to turtle size we grouped the turtles in three size classes, based on the proposed 
size classes of Vélez-Rubio et al. (2016). In this study an ontogenetic change of the diet 
is detected when the green turtles recruit to neritic habitats in Uruguay. Size classes 
were defined as follows: ‘small turtles’, with CCL < 35 cm, turtles arriving to SWA coastal 
feeding grounds with pelagic diet; ‘medium turtles’ with CCL between 35 cm and 45 cm, 
i.e., transitional size; and ‘large turtles’ with CCL > 45 cm potential resident in the SWA 
coastal feeding grounds with a primary herbivorous diet (Vélez-Rubio et al. 2016).

Results
 All the turtles were considered as juveniles, with mean ± SD curve carapace length 
= 40.15 ± 6.7 cm (N = 93, range: 29.8-62.0 cm). From the analysed turtles, 70.0 % (n 
= 65) had marine debris in their digestive tract. The mean size of turtles with debris was 
37.90 ± 6.5 cm (range: 29.80-62.0 cm) and without debris 42.87 ± 6.5 cm (n = 28 range: 
34.0-61.5 cm). The mean volume of debris was 23.1 ± 33.3 ml (range 0–170.0 ml) and 
the mean weight was 6.3 ± 11.1 g (range 0–56.3 g) (Table 7.2). For Group 2, turtles 
ingested a total of 12,454 debris items, with a mean number of debris items of 220.7 
± 320.8 (range: 0-1364) per individual. Despite the high frequency of occurrence, as in 
other studies, most of the turtles showed little amounts of debris, while few turtles were 
full of debris (Fig. 7.2).
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Figure 7.2. A, Total volume; B, Total weight frequency; C, Number of items (only Group 2, N =  52) 
ingested by juveniles green turtles in Uruguayan coastal waters. Note the different values in y-axis 
in C.

 The majority of debris found was plastics (principally domestic use plastics), being 
predominant in the total amount of items, weight and volume of debris found (Table 7.2). 
However, gut contents presented a wide variety of debris types. Among all categories of 
domestic use plastic, Fragments category (mainly hard plastics) was the most abundant 
in weight and volume, followed by laminar (plastic bag fragments) and thread type. 
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Despite not being the most abundant in weight and volume, laminar and tread plastics 
were the most frequent types, followed by hard plastics.

 Although frequency of occurrence and number of items of plastics kept constant 
over the years, the amounts in weight and volume per turtle were considerately higher in 
Group 2 than in Group 1 (Fig. 7.3, Table 7.2). Also, marine debris presence and quantity 
were higher in the intestine section than in the esophagus and in the stomach.

 Debris ingestion as most probable cause of dead was studied only for green tur-
tles of Group 2, from which 27% (n = 14) probably died because of this cause according 
to these evidences: emaciated individuals, 5 turtles presented faecaloma in their intestine, 
and in other 9 marine debris made more than 50% of their gastrointestinal content.

Table 7.3. Parameter estimates from the best GAM to describe the variation in total weight of debris 
as a function of covariate (CCL, stranding day and distance to the inner part of the estuary). Edf = 
array of estimated degrees of freedom for the model terms; Ref.df = estimated residual degrees of 
freedom; Chi.sq = array of test statistics for assessing the significance of model smooth terms. 

MODEL – Total_W ~ s(CCL, bs=”cr” + s(julian, bs=”cc”+ s(distance, bs=”cc”)
Name Estimate Std.3 Error t value P(>t)

Parametric coefficients Intercept 5.7996 0.8229 7.0248 <0.001

Approximate significance of 
smooth

Name Edf Ref.df F p-value
s(CCL) 5.636 6.5 3.927 <0.001
s(julian) 6.168 7.0 1.336 0.2415
s(distance) 3.851 8.0 1.768 0.0053

 Based on competing models, the GAM that best explained the variability of the 
weight of debris ingested per turtle with the lowest AIC value also included CCL, Julian 
day and distance to the estuary as the best explanatory variables (Table 7.3, Fig. 7.3). The 
explanatory power of this model was 48.1 %, and the adjusted R-square was 0.37. There 
was a negative smooth relationship between total weight of debris and CCL: positive for 
turtles smaller than 40 cm CCL, negative for turtles larger than 40 cm. Total values of 
debris weight were affected by Julian day from 2005 to 2013 with a great increase after 
2010. We found variations in debris weight per turtle among years but with a positive 
trend for the whole study period. In relation with the distance to the estuary, this vari-
able alone is not statistically significant but helps to explain the variability in the model. 
Nonetheless, we can observe positive relation of this variable with debris weight for turtle 
stranded in areas far from the estuary.
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Figure 7.3. Model terms for the general additive model (GAM) of the variation in quantities of marine 
debris ingested by juveniles green turtles. Estimated smooth functions (solid lines) with 95% confi-
dence interval (dashed lines) are shown for each explanatory variable: A, Curved Carapace Length 
(CCL in cm), and  B, Julian day. y-axis = fitted function with estimated degrees of freedom in paren-
thesis; y-axis = variable range with rug plots indicating sampled values. Noted the difference in y-axes 
values.

 Concerning turtle size and debris ingestion, we found higher frequency of occur-
rence of debris in bigger turtles (CCL > 45 cm) than in the other two groups. The same 
pattern was recorded for each debris category among size groups (Fig. 7.4)

 The photographs taken of each hard plastic (Fragments categories) found in tur-
tles of Group 2 revealed an item mean size of 0.61 ± 0.68 cm2 (range: 0.004–7.04 cm2). 
Significant differences were found among turtle size classes, with the bigger turtles in-
gesting bigger debris  (Kruskal Wallis, H (2.3597) = 26.1; p < 0.001). Smaller turtles ingested 
plastic fragments of mean size ± SD = 0.54 ± 0.58 cm2 (range: 0.004–4.67 cm2); medium 
size turtles ingested plastic fragments of 0.67 ± 0.74 cm2 (0.004–7.04 cm2); and biggest 
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turtles ingested items of 1.32 ± 1.91 cm2 (0.009–6.49 cm2) (Fig. 7.5). 

Figure 7.4. Frequency of occurrence (FO%) of debris categories for all the study period (2006-2013). 
The bars correspond to: black bars, small size group CCL<35 cm; grey bars, medium size group 35 
> CCL ≤ 45 cm; and open bars, large size group CCL > 45 cm. Marine debris categories: Industrial 
pellets (Ind), Laminar (Lam), Thread like (Thr), Foam like (Foa), Fragments (Fra), Others (Oth), Paper 
(Pap), Various (Var), Coal pieces (Coa) and organic debris (Org).

Figure 7.5. Picture of hard plastic fragments ingested by juvenile green turtles in Uruguayan coastal 
waters. These pictures were used to calculate the hard plastic fragment size and total area per turtle 
with ImageJ software. 
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 Buoyancy experiments conducted for the Group 2 data set showed that all cate-
gories of debris ingested had positive buoyancy (Fig. 7.6). However, there were significant 
differences along the ascent velocities of different types of debris (Kruskal-Wallis test: 
H(7, N = 76) = 27.08, p < 0.001) being the foams and other categories of plastics (e.g. balloon 
fragments) the debris with highest ascent velocities (0.0645 ± 0.0309 ms-1 and 0.0603 
± 0.0363 ms-1 respectively). In contrast, thread like plastics was the category with the 
slowest raise velocity (0.0175 ± 0.0129 ms-1). 

Figure 7.6. Boxplot of the ascent velocity of each type of plastic. Marine debris categories: Indus-
trial, pellets (Ind), Laminar (Lam), Thread like (Thr), Foam like (Foa), Fragments (Fra), Others (Oth), 
Paper (Pap), Various (Var), Coal pieces (Coa) and organic debris (Org).

Marine debris categories
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Discussion
 The presence of debris is matter of concern for the green turtle in the recent de-
cades (see Table 7.4), as for other sea turtle species (Nelms et al. 2015) and other marine 
vertebrates worldwide. Our results provide strong evidence that anthropogenic marine 
debris is, by far, one of the most important threat affecting green turtles in Uruguayan 
coastal waters in the last decade. In a recent publication, Casale et al. (2016) indicated 
that strandings studies could be useful for comparing the relative importance of different 
anthropogenic causes of death (e.g. Tomás et al. 2008; Casale et al. 2010; Vélez-Rubio 
et al. 2013), including debris ingestion. However, these studies are subject to several 
potential bias since stranded turtles may have been in a poor health state for a while 
before stranding, thus affecting their normal feeding behaviour and, consequently, the 
gut contents found in them (Casale et al. 2016). To reduce the potential caveats, we only 
considered freshly dead turtles for the present study.

 Although direct mortality due to this cause is not high, can cause many sublethal 
effects on the turtles (Bjorndal et al. 1994) and death caused by marine debris ingestion 
derived from a chronicle process (Santos et al. 2015). In fact, in our study, direct mortality 
associated to debris ingestion was higher than in other studies (Gonzalez Carman et al. 
2014) and similar to other study in Brazilian waters (Santos et al. 2015). Moreover, the 
impact of debris ingestion can be underestimated, since a necropsy or detailed anal-
ysis of the individuals is necessary to detect this threat and its real effect on the turtle. 
Faecalomas and intestine blockages are symptoms leading to death associated to debris 
ingestion. However, in our study hard plastics have been particularly abundant, and it is 
known small hard pointed debris items have been reported causing the death of turtles 
by abrasion of the intestines (e.g.: Jerdy et al. 2017). Smaller amount of debris, or even 
a single piece of plastic, could rotate while moving through the intestine generating inju-
ries or perforation leading to the animal death (Bjorndal et al. 1994; Santos et al. 2015; 
da Silva et al. 2015). Besides, this threat may suppose a growing problem, according 
to the positive trend of debris amounts in the turtles detected in recent years: deaths of 
stranded turtles associated to marine debris ingestion increased from 11% for the period 
1999-2010 (Vélez-Rubio et al. 2013) to at least 27% in the last years (present study).

 Our results contributes with new evidence about the green turtle vulnerability to 
marine pollution trough their life cycle, particularly during their first juveniles stage in oce-
anic and coastal areas of development. It was stated that 70% of the turtles presented 
marine debris at least in one section of their digestive tract. This numbers are consistent 
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with others studies in the SWA region (Table 7.4): 90% in the Rio de La Plata estuary-Ar-
gentina (Gonzalez Carman et al. 2014), 100% in Rio Grande do Sul-Brazil (Tourinho et al. 
2010) and 70% in all Brazilian coast (Santos et al. 2015 and references therein). Further-
more, our findings on mean weight and mean number of debris ingested per individual 
were higher than the ones reported in other studies of the region (Gonzalez Carman et 
al. 2014; Tourinho et al. 2010) and worldwide (Schuyler et al. 2014; Santos et al. 2015; 
Wedemeyer-Strombel et al. 2015; da Silva et al. 2015) (see table 7.4).

 We detected a negative correlation between the presence of debris and turtle size, 
being the smaller turtles the ones with more debris ingested. These turtles are probably 
new recruits to neritic grounds, what lead us to think that the oceanic stage of green tur-
tle life cycle is the most vulnerable stage to this threat in the Southwestern Atlantic. This 
could be explained by the opportunistic epipelagic feeding habits of younger individuals 
(Boyle 2006; Schuyler et al. 2012), in comparison with higher selectivity that older turtles 
probably acquired after years of residency in neritic habitats (Bjorndal 1980; Schuyler et 
al. 2012). The recruitment to neritic habitats, after the oceanic phase, is accompanied 
with an ontogenetic dietary shift (Vélez-Rubio et al. 2016). This dietary change could be 
abrupt or not, indeed, turtles could continue presenting an epipelagic feeding together to 
an incipient herbivorous benthonic diet (Cardona et al. 2009, 2010). In Uruguayan coast-
al waters, green turtles start consuming macroalgae after the recruitment but maintain 
a considerable amount of gelatinous macrozooplankton in their diet (Vélez-Rubio et al. 
2016). During this process turtles are susceptible of encounter debris in the water column 
and retained in the bottom of coastal environment. Nonetheless, the shift to feed mainly 
on benthic seaweed could explain the smaller amounts of debris found in larger turtles.
 
 We found no significant relation between the amount of debris ingested and the 
area of the stranding. This may be explained because the discharge of Rio de La Plata es-
tuary influenced in the distribution of the strandings, reducing the number in the inner part 
of the estuary and increasing the number of strandings in the outer estuarine and oceanic 
influence zone (Vélez-Rubio et al. 2013). The accumulation of debris in the estuary of 
Rio de La Plata had been described with detail (Acha et al. 2003). In these waters there 
is a strong overlap between zones with accumulation of debris and zones used by the 
green turtle as feeding grounds in the outer estuarine influence zone (Gonzalez Carman 
et al. 2014). Also in Brazil, Santos et al. (2015) detect the estuarine areas as areas with 
the highest frequency of occurrence of debris in green turtles. The mean size of turtles 
with debris of Brazil, Uruguay and Argentina (Santos et al. 2015; Present study; Gonzalez 
Carman et al. 2014; respectively) is under 39 cm in all cases. This size could correspond 
to turtles performing their ontogenetic shift to herbivorous benthic feeding (Velez-Rubio 
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et al. 2016). As mention before, the fact that turtles have a non-abrupt dietary shift and 
keep having some epipelagic feeding, together with the influence of the estuary debris 
discharge, puts them at risk in these Uruguayan coastal waters.

 We found a wide variety of marine debris in the digestive tract of green turtles, with 
a clear dominancy of domestic plastics (laminar, threads and hard plastics) in weight and 
volume over the rest of the categories. The high frequency of soft plastic, as plastic bags 
(main component of laminar plastics category), could be explained either by its similarity 
to gelatinous macrozooplancton, which represents part of the diet during the ontogenetic 
dietary shift (Bjorndal 1980; Mrosovsky 1981; Schuyler et al. 2012) or by the low prey 
selectivity that juvenile green turtles have during the oceanic phase (Boyle 2006). In ad-
dition, hard plastics (high and low density polyethylene and polypropylene) are the most 
abundant in the ocean (Morét-Ferguson et al. 2010), what would explain the high amount 
and frequency of occurrence of this type of plastic ingested by juvenile green turtles. Al-
though having less debris, larger turtles presented bigger items of hard plastic. This may 
be explained because larger turtles might exploit dietary resources inaccessible to smaller 
turtles due to gape limitation (Tomás et al. 2001). However, Schuyler et al. (2012) sug-
gested that the ingestion of debris is independent of the size of the animal because the 
bigger animals have the capacity of excrete smaller items more efficiently than the smaller 
turtles. Also, a higher body size means a wider digestive tube, reducing the probability of 
retention and blockage.
 
 Other types of debris, such as foams, balloons and industrial pellets (with low FO) 
should not be taken lightly. Pieces of foam were polystyrene fragments commonly used 
in fast food containers and packaging, single-use products that are getting more popular 
every day. Similarly, helium balloons are frequently used in public and private events, and 
liberated to the atmosphere, ending up in the ocean, being available for marine fauna 
interaction (Burchette 1989). Finally, the presence of industrial pellets denotes the in-
creasing production of plastic products. Indicating the increase of marine debris available 
in the ocean (Plastics Europe 2016) and in the coastal zone (Lozoya et al. 2016). It was 
estimated that the plastic production grows 8% each year, which means that more pellets 
are being transported every year. These row materials are needed for the manufacture of 
other plastic products and are carried by sea (Ogata et al. 2009). The low frequency of 
occurrence found in this study is probably associated to the pellets size and shape, more 
easily to excrete for the turtles. 
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 The buoyancy experiment gave us an idea about the characteristic of marine de-
bris ingested by green turtles, presenting the same models of distribution in the water 
column proposed in the literature (Reisser et al. 2014; Kooi et al. 2016). The buoyancy 
analysis showed that all categories of debris ingested by the green turtles analysed have 
positive buoyancy. However, we detected significant differences among debris types, be-
ing threads the less buoyant, but this type of debris could be easily entangled with other 
debris. 

 Marine debris ingestion is one of the most dramatic threats concerning sea turtle 
population in the Southwestern Atlantic and worldwide due to the increasing presence 
of plastic at sea. This problem is bigger in Uruguayan coastal waters, influenced by the 
discharge of the Rio de La Plata estuary and the big concentrations of human populations 
in the coastal areas. Moreover, this threat may suppose a big conservation problem since 
is affecting green turtles in a vulnerable stage, when they are changing and adapting to 
new feeding behaviour and habitat use.  
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Abstract 
 
 Detailed knowledge on migratory routes connecting distant breeding, develop-
mental and foraging areas is a key prerequisite for the successful management of marine 
vertebrates. The present study combines stable isotopes analyses of carapace scutes 
and satellite tracking of juvenile green turtles to understand the pre and post settlement 
movements in the Southwestern Atlantic Ocean. To this end, carapace scute biopsies 
were collected from 20 turtles foraging on coastal rocky outcrops in Uruguay and sliced in 
successive 30-μm layers using a cryostat. The δ15N and δ13C values of the innermost lay-
er increased significantly with turtle size and they also increased from the outermost to the 
innermost layer of most individuals. According to the regional isoscape, such a pattern 
was consisted with the shift from tropical, oceanic habitats to neritic habitats in northern 
Brazil and the subsequent southward movement along the coast.  Using the δ15N values 
of the layers, 7 turtles were considered new-settlers and 13 residents, as only the latter 
had δ15N and δ13C values consistent with those of local potential prey. This resulted in an 
average curved carapace length at settlement in Uruguay of 45 cm.  According to satellite 
tracking, some resident turtles perform short seasonal migrations to northern Brazilian 
waters during the austral summer; and confirm a high fidelity for feeding grounds in te 
SWAO. This behaviour is also recorded in scute layers as a small drop of δ15N values. In 
conclusion, the present study thus provides empirical evidence supporting the hypothe-
sis that most juvenile green turtles drift westward from Ascension Island to Brazil and then 
move southward following a coastal migratory route to reach Uruguay. 
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Introduction
 Many marine vertebrates perform long migrations connecting distant breed-
ing, developmental and adult foraging areas (Webster et al. 2002). Hence, the detailed 
knowledge of these regular movements is required for the successful management of 
those species (e.g. González-Solís et al. 2007; Scott et al. 2012; Graham et al. 2012; 
López-Castro et al. 2014). Recently, advances in biologging have increased greatly our 
knowledge about those processes (Rutz & Hays 2009; Bograd et al. 2010; Payne et al. 
2014), but the migratory routes of some species still remain largely unknown, in part be-
cause of the impossibility of instrumenting too small juvenile individuals and the incapacity 
of retrieving archival tags from juveniles engaged in multi-year dispersal. 

 Stable isotope ratios in inert tissues such as feathers, whiskers, carapace scutes 
and dentine provide an alternative approach to reconstruct ontogenetic changes in diet 
and habitat, although resolution is often coarse (e.g. Hobson & Sease 1998; Hobson 
& Schell, 1998; Reich et al. 2007; Newland et al. 2011; Borrell et al. 2013). The basic 
assumptions of this method are (1) that stable isotope ratios in animal tissues integrate 
those in diet, plus a trophic discrimination factor that is tissue, diet and taxa specific 
(Caut et al. 2008); (2) that metabolically inert tissues represent a consumer’s diet at the 
time of deposition and hence these tissues can be used as a timeline of the consum-
er’s isotopic history; and (3) that variations of stable isotope ratios across habitats (isos-
capes) are known (Bowen 2010; Graham et al. 2010; Somes et al. 2010; Maggozi et al. 
In press).  The applications of stable isotope analysis (SIA) in marine ecosystems have 
increased substantially in recent decades as analytical costs has decreased, the capa-
bilities of laboratories and the statistical methodologies for interpretation of isotopic data 
have improved and become more accessible for non-specialized researchers (Jackson et 
al. 2011; Layman et al. 2011; Navarro et al. 2013). 

 Most cheloniid turtles have complex life cycles encompassing huge areas across 
entire oceans and involving both neritic and oceanic habitats (Bolten 2003; Meylan et al. 
2011). Early juveniles are typically oceanic and usually recruit to neritic habitats after a few 
years, which results into the spatial separation between juveniles and adults, something 
rather unusual in animals with direct development (Congdon et al. 1992; Meylan et al. 
2011). Available evidence indicates that juvenile cheloniid turtles have some control of 
their movements (Lohman et al. 2001; Mansfield et al. 2014; Putman & Mansfield 2015; 
Briscoe et al. 2016), but their tracks largely agree with those of major currents, which in 
turn determine the migratory routes they will latter follow as adults (Scott et al. 2014a). 
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 The green turtle, Chelonia mydas, is a circumglobal species occurring throughout 
tropical and to subtropical waters throughout the world’s oceans (Seminoff et al. 2003). 
The migratory movements of adult females are relatively well known worldwide thanks 
to satellite tracking and passive tagging (Luschi et al. 1998; Cheng 2000; Broderick et 
al. 2007; Troëng et al. 2008; Seminoff et al. 2008; Stokes et al. 2015; Christiansen et al. 
2017). Conversely, most of our knowledge about the early years of life of green turtles has 
been inferred through oceanographic modelling (Monzón-Argüello et al. 2010; Putman & 
Naro-Maciel 2013; Scott et al. 2014a) and changes in the stable isotope ratios of C, N 
and S across the layers of carapace scute (Reich et al. 2007; Cardona et al. 2009, 2010; 
Vander Zanden et al. 2013), although juveniles have also been satellite-tracked (Gonzalez 
Carman et al. 2012; Putman & Mansfield 2015; Williard et al. 2017). The keratinous tissue 
or carapace scutes is inert, grows continuously and scute layers offers a record of several 
extrinsic biomarkers (Alibardi 2005; Reich et al. 2007, 2008; Hobson 2008; López-Castro 
et al. 2013, 2014). Moreover, scutes can be sampled from live turtles more easily than 
other tissues. 

 The relative abundance of light and heavy isotopes of carbon (C), reported as 
δ13C, is widely used as a habitat marker (e.g. Cardona et al. 2009, 2010) and provides 
information on foraging strategies and feeding locations (Newsome et al. 2010; DeNiro & 
Epstein 1978; Drago et al. 2016); for example, to identify oceanic or neritic feeding habits 
(e.g. Reich et al. 2007; Eder et al. 2012). On the other hand, the relative abundance of 
light and heavy isotopes of nitrogen (N), reported as δ15N, is widely used to asses trophic 
level (e.g. Cardona et al. 2009) but can also be used as a habitat marker at a basin scale 
(e.g. Cardona et al. 2014).  

 Ascension Island is the main nesting rookery for the green turtle in the South-
western Atlantic Ocean (SWAO hereafter) (Weber et al. 2014 and references therein) and 
the source of most green turtles in foraging aggregations in the region (Caraccio 2008; 
Monzón-Argüello et al. 2010; Naro-Maciel et al. 2012; Proietti et al. 2012; Prosdocimi et 
al. 2012). Virtual particle drifting experiments and Lagrangian drifters suggest that hatch-
ling from Ascension Island will drift westward directly to the coast of Brazil (close to lati-
tude 10°S) in less than one year and then will move southward, reaching Uruguay (latitude 
33°S) in less than 4 years (Putman & Naro-Maciel 2013; Scott et al. 2014a). The second 
largest rookery in the South Atlantic Ocean is Trindade Island, closer to the Brazilian 
coast, with clearly favorable ocean currents for turtles to arrive to the feeding grounds of 
South Brazil, Uruguay and Argentina (Proietti et al. 2012), although actual tracking data 
are lacking.
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 The values of δ15Nplankton in the SWAO are known to decrease as much as 5 ‰ east-
ward from Ascension Island (UK, 7°56´S 14°22´W) to Paraiba (Brazil, 7°09´S 36°49´W) and 
then increase as much as 4 ‰ southward from Paraiba to Uruguay (33°44´S 53°21´W) 
(Somes et al. 2010; Navarro et al. 2013). Hence, the δ15N values of the carapace scutes 
of green turtles would offer a good method to validate the above-proposed migratory 
route for early juvenile green turtles in the SWAO, as far as they are not confounded by 
changes in δ15N associated to the ontogenetic dietary shift (Vélez-Rubio et al. 2016). The 
same approach, together to satellite telemetry analysis, should allow detecting seasonal 
movements and provide insights into the overwintering strategy of juvenile green turtles.
 
 In this context, the objectives of the present study are 1) to test the hypothesis that 
most juvenile turtles disperse from Ascension Island to Uruguay moving along the coastal 
waters of Brazil, 2) to assess the size when juvenile greens settle in the coastal waters of 
Uruguay and 3) to describe the seasonal migration between Uruguay and Brazil. 

Materials and Methods
Study site

 The Uruguayan coast (710 Km length) is part of a complex hydrological system 
that comprises the frontal zone of the Rio de la Plata estuary and the Atlantic Ocean (Fig. 
8.1) and several water masses differing in temperature and salinity over the continental 
shelf (Ortega & Martinez 2007). The Uruguayan coastal environment is also strongly in-
fluenced by the seasonal and episodic variations in local winds regime and in the outflow 
of the Rio de la Plata estuary. These water flows from the west and mixes with the oce-
anic water of the Subtropical Convergence according to a seasonal cycle that modifies 
the characteristic of the water masses over the shelf, with a prevalence of Subantartic 
Waters from the Malvinas/Falkland current during the austral winter and a prevalence of 
Tropical Waters from the Brazilian current during the austral summer (Garcia 1998, Ortega 
& Martinez 2007). This causes variations of more than 15oC in sea surface temperature 
(range 10-27oC) throughout the year (Acha et al. 2004) and determines an area of high 
energy and productivity in the continental platform (Gordon 1989; Tomczak & Godfrey, 
2003). The coastline is a succession of sandy beaches of variable extension (2-20 km 
long) separated by rocky outcrops rich in mussels and macroalgae (see e.g. Borthagaray 
& Carranza 2007; González et al. 2016). Tides are semidiurnal and with low amplitude 
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(< 0.5 m). Juvenile green turtles are found within the whole area, but the major foraging 
grounds are located in Canelones, Maldonado and Rocha Departments (López-Mendila-
harsu et al. 2006; Vélez-Rubio et al. 2013).

Figure 8.1. Maps of the region and the study area. A: part of the coast of South America and the 
Southwestern Atlantic Ocean (SWAO) with the main currents: Ecuatorial Current (SEC), Brazilian 
Current (BrC), Malvinas Current (MC); stars indicate the main (Ascension Island) and the closet (Trin-
dade Island) nesting areas for green turtles. B: map of the Uruguayan coast with the three sections 
(inner estuarine influence zone, outer estuarine influence zone, oceanic influence zone) and the study 
area; C: two Coastal-Marine Protected areas were we captured the turtles, ‘Cerro Verde e Islas de 
La Coronilla’ and ‘Cabo Polonio’.

A

B

C
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Turtle capture, sample collection and sample processing

 Green turtles were captured as part of a long-term study on the abundance and 
habitat use of green turtles in the east coast of Uruguay, mainly in two coastal-marine 
protected areas (CMPA), Cerro Verde e Islas de La Coronilla and Cabo Polonio (Fig. 8.1) 
by the local NGO Karumbé. Turtles were captured alive while feeding over rocky and sand 
bottoms less than 5 m deep. Set nets (nylon monofilament, 50 m length x 3 m depth, 30 
cm stretched mesh size) were deployed perpendicular to wave direction and were mon-
itored constantly to avoid turtle drowning (see Martinez Souza 2014 for more details of 
the capture methodology). Curved Carapace Length notch to tip (CCL) was measured for 
each turtle using a flexible tape (error = 0.1 cm) and all turtles were tagged with Inconel 
flipper tags before release. All turtles captured were in good condition after sampling and 
tagging were released at the site of capture.

 Carapace samples were collected from 20 juvenile green turtle in CMPAs of Cerro 
Verde and Cabo Polonio and adjacent areas of Rocha Department, from January to April 
in 2012 and 2013. We selected this period because are the months with more number of 
strandings and capture in the study area (Vélez-Rubio et al. 2013; López-Mendilaharsu et 
al. 2016). Biopsies were collected from the posterior medial region of the third left lateral 
scute of each individual, close to the posterior margin using a 6-mm Miltex biopsy punch 
(Reich et al. 2007). Samples were stored and preserved in a NaCl solution until process-
ing.

Stable isotope analysis

 All scute samples were rinsed with deionized water in the laboratory prior to anal-
ysis. Each sample was embedded in O.C.T. (Optimal Cutting Temperature) compound 
manufactured by Tissue-Teck® with the dorsal side (oldest tissue) down and freeze, then 
subsampled in successive 30-μm layers using a cryostat (Leica Cryostat CM 3050S). 
Each layer was rinsed during 24 h with deionized water and kept separately. Previous 
tests confirmed that this procedure removed O.C.T. traces and did not modified the sta-
ble isotope ratios of C or N. Samples were dried at 60°C for three days and lipids extract-
ed with a chloroform/methanol (2:1) solution (Bligh & Dyer 1959). Lipids are depleted in 
13C in comparison with other molecules, which could bias δ13C values (DeNiro & Epstein 
1978). After lipid removal, the C:N ratio of scute layers was always lower than 4, thus 
confirming that lipids have been removed efficiently.
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 The number of layers obtained was proportional to the scute thickness, which 
varies individually. As scute grows outward, the oldest tissue present is on the exterior 
portion of the sample until it is sloughed off and the youngest layer is on the innermost 
section of the scute (Alibardi 2005). According to previous studies (Reich et al. 2007; 
Cardona et al. 2010; Vander Zanden et al. 2013) we estimate that each 30-μm-thick 
layer is thought to integrates 54 days.  Each layer was analyzed independently for the 
stable isotope ratios of carbon and nitrogen. Samples were weighed into tin cups with a 
microbalance (approximately 0.3 mg of sample), combusted at 1,000°C, and analyzed in 
continuous flow isotope ratio mass spectrometer (Flash 1112 IRMS Delta C Series EA; 
Thermo Finnigan) at the Centres Científics i Tecnològics de la Universitat de Barcelona 
(Spain).

 Stable isotope abundances were expressed in δ notation according to the follow-
ing expression: 

where X is 13C or 15N, Rsample is the heavy to light isotope ratio of the sample (13C/12C 
or 15N/14N) respectively, and Rstandard is the heavy to light isotope ratio of the reference 
standards, which were VPDB (Vienna Pee Dee Belemnite) calcium carbonate for 13C and 
atmospheric nitrogen (air) for 15N. International isotope secondary standards of known 
13C/12C ratios, as given by the IAEA (International Atomic Energy Agency IAEA), namely 
polyethylene (IAEA CH7, δ13C = –31.8‰), graphite (IAEA USGS24, δ13C = –16.1‰) and 
sucrose (IAEA CH6, δ13C = –10.4‰), were used for calibration at a precision of 0.2‰. 
For nitrogen, international isotope secondary standards of known 15N/14N ratios, namely 
(NH4)2SO4 (IAEA N1, δ15N = + 0.4 ‰ and IAEA N2, δ15N = + 20.3 ‰) and KNO3 (IAEA NO3, 
δ15N = + 4.7 ‰), were used to a precision of 0.3 ‰.

 According to gut content analysis, species of Ulva complex and Chondracanthus 
teedei are two major dietary items for green turtles off Uruguay and their δ15N values 
are respectively 10.5 ± 1.1 and 10.6 ± 0.8, whereas lower values are observed off Bra-
zil (Vélez-Rubio et al. 2016). The prey-to-consumer trophic discrimination factor for the 
scute of green turtles has not been determined experimentally, so we used the values 
assessed empirically by Shimada et al. (2014), i.e, -1.4‰ for δ13C and 2.5‰ for δ15N. 
Thus, any green turtle with a δ15N value around or higher than 12.4 ‰ in the innermost 
carapace layer could be considered to have foraged for at least several months off Uru-
guay (resident), whereas any green turtle with a δ15N value lower than 12.4 ‰ in the inner-
most scute layer was though to be a recent settler. If the δ15N values of the scute layers 
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decrease with distance to the scute base, the turtle was considered to have migrated 
southward along the coast of Brazil (Somes et al. 2010; Navarro et al. 2013). Assuming 
a carapace growth rate of 30 μm in 54 days we calculate the probable resident time ac-
cordingly to number of scute layers with δ15N values higher of 12.4 ‰.

 We also used the δ15N values of the 5 most recent layers from each individual, 
which integrate approximately the last nine months of its life  (Reich et al. 2007; Cardona 
et al. 2010; Vander Zanden et al. 2013), to asses the size when turtles settle off Uruguay, 
using a general liner model (GLM) with a binomial error distribution and logit link. We 
categorized the turtles with 1 if present a change above of 3‰ ∆15Nscute (designates the 
magnitude of the difference between the δ15N in the outermost and innermost of the 5 
most recent layers of each individual carapace scutes) indicating a representative change 
in the isotope baseline from Brazil to Uruguay and 0 to turtles than present a change be-
low this value (see Vélez-Rubio et al. 2016).

 Prior to statistical analysis, data sets were checked for normality (Lilliefors test) 
and homogeneity of variances (Levene test). Non-parametric tests were used if those 
assumptions were not meet. We used the Bayesian stable isotope mixing model in the 
Stable Isotope Analysis in R (SIAR) package (Parnell et al. 2010) to estimate the relative 
contributions of the different dietary items (macroalgae, cnidarians, and squids) from Uru-
guay to turtle diet (Vélez-Rubio et al. 2016). SIAR assumes that the variability associated 
with food sources and trophic enrichment is normally distributed (Parnell et al. 2010). To 
better restrict our model, we used elemental concentrations (%C and %N) measured for 
each organic basal source in this study (Coelho et al. 2013). Trophic discrimination factors 
were taken from Shimada et al. (2014).

Satellite telemetry

 We analyze unpublished data of three juvenile green turtles tagged in 2007. The 
turtles were captured in the CMPA of Cerro Verde e Islas de La Coronilla in January 2007. 
Tags were Platform Terminal Transmitters (PTT) Kiwisat 101 model (Sirtrack). Before at-
taching the transmitter, each turtle was measured and tagged with small metal Inconel 
tags on each to the front flippers. Each turtle was prepared for satellite tag attachment by 
scrubbing the carapace to remove epibionts, sanding lightly, and cleaning with acetone, 
and the PTT was attached with a 2-part epoxy resin and covered with antifouling blue 
paint (Marcovaldi et al. 2010). For all transmitters, data were downloaded from the AR-
GOS satellite system and subsequently analyzed with the satellite tracking and analysis 
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tool (STAT, Coyne & Godley 2005) to archive and filter location data. Argos locations are 
assigned to different accuracy classes, called location classes [LC]. Location classes 3, 
2, 1, 0 are categorized to lie within 150 m, 150-350 m or 350-1000 m, > 1000 m respec-
tively of the tag’s true position, while locations classes A and B have no location error esti-
mate. Routes were reconstructed using LC 1-3 positions and filtered Argos positions (LC 
0, A and B) based on maximum rate of travel of 5 km/h. Geographic information systems 
software (ArcGis 9.3, ESRI) was used to map turtle movements and calculate high-use 
areas. To define important habitats for each turtle, we calculated fixed kernel home rang-
es using Hawth´s analysis tools for ArcGis (Beyer 2004). Individual core-use areas were 
delineated using 50% kernel density utilization distributions.

Table 8.1. Summary of stable isotope descriptors of the 20 green turtles (Chelonia mydas) sampled. 
Values correlation of the signal with de distance to the base of the scute, * indicates when statistical 
significance is present. #: number of layers.

Tur-
tle Month CCL 

(cm) # Correlation signal with distance to 
the base of the scute

Differences of 
extreme 
values

Days in 
Uruguay

New 
Settler/
Resi-
dent

δ13C (p-value) δ15N (p-value) δ13C δ15N

A2 January 27.8 4 0.54 (0.45) -0.97 (0.03)* 0.3 2.0 < 54 NS

A5 April 30.4 7 -0.89 (0.007)* -0.97 (<0.001)* 2.3 7.2 162-216 R

A8 March 30.1 5 -0.24 (0.69) -0.39 (0.51) 0.8 1.0 > 270 R

A7 March 31.0 6 0.74 (0.09) -0.95 (0.003)* 0.6 3.4 < 54 NS

A6 April 31.1 4 -0.95 (0.04)* -0.95 (0.04)* 0.9 3.1 54-108 NS

B5 April 36.2 7 -0.20 (0.66) 0.68 (0.09) 0.8 0.5 < 54 NS

B2 March 38.6 15 -0.04 (0.87) -0.31 (0.25) 1.1 1.4 < 54 NS

B4 March 39.2 6 0.87 (0.02)* -0.45 (0.37) 0.3 1.0 < 54 NS

B3 March 39.3 8 -0.98 (<0.001)* -0.84 (0.009)* 2.5 2.2 > 432 NS

B6 April 39.4 9 -0.76 (0.02)* -0.75 (0.02)* 0.8 3.0 < 54 NS

C3 April 45.6 16 -0.83 (<0.001)* -0.69 (0.002)* 1.5 6.3 270–324 R

C4 April 45.9 8 -0.70 (0.05)* -0.83 (0.01)* 2.6 3.9 > 432 R

C8 January 45.9 7 -0.82 (0.02)* 0.15 (0.74) 0.9 0.9 > 378 R

C5 January 49.8 5 0.39 (0.52) 0.06 (0.92) 0.7 0.2 > 270 R

C9 January 49.3 9 0.34 (0.37) -0.65 (0.06) 0.5 1.3 > 486 R

D3 February 55.6 10 -0.07 (0.85) 0.30 (0.40) 0.4 0.6 > 540 R

D2 February 58.4 8 -0.50 (0.20) 0.82 (0.01)* 0.7 1.4 > 432 R

D5 January 61.5 7 -0.47 (0.28) 0.51 (0.24) 0.6 0.5 > 378 R

D1 January 62.0 5 -0.07 (0.91) 0.92 (0.02)* 2.2 1.4 > 270 R

D4 March 66.8 5 -0.38 (0.52) 0.39 (0.51) 0.7 0.6 > 270 R
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Results
Stable isotope analysis

 The δ15N and δ13C values of the 30-μm scute layers ranged from 5.8‰ to 15.8‰, 
and from -19.8‰ to -14.8‰ respectively. The δ15N and δ13C values of the innermost 
layer departed from normality (Lilliefors test, δ15N p = 0.019, δ13C p = 0.023) and both in-
creased significantly with CCL (δ15N: Spearman Rho = 0.680, p = 0.001; δ13C, Spearman 
Rho = 0.515, p = 0.020) (Table 1), as expected if turtles had travels southward along the 
coast of Brazil as their carapace layers grew. 

Figure 8.3. General logistic model with a binomial error distribution and logit link between variation 
in δ15N and carapace length for green turtles sampled in Uruguay. The line indicates the size when 
50% of the turtle perform the change in δ15N.

 According to the δ15N threshold value (≥ 12.4‰) expected for resident turtles in 
their innermost layer, 7 turtles (range: 27.8-39.4 cm CCL) were considered recent set-
tlers and 13 turtles (range: 30.1-66.8 cm CCL) were considered residents (Fig. 8.2). This 
hypothesis was supported by the negative correlation between the δ15N values of the 
scutes layers and the distance to the scute base in 11 turtles (Table 8.1). When only the 
5 more recent scute layers were considered, individuals with ∆15Nscute values > 3‰ were 
significantly smaller than those with lower ∆15Nscute values (39.1 ± 9.7 vs 50.4 ± 11.8 cm 
CCL, t = 2,343, df = 18, p = 0.031). Furthermore, the logistic analysis revealed that 45 cm 
CCL was the turtle size where the probability of ∆15Nscute values > 3‰ was 50%, which 
suggests that this is the average turtle size at settlement in Uruguay (Fig. 8.3). 



254    Chapter VIII

Figure 8.4. δ15N-δ13C biplot showing the position of new settlers (open circles) and resident green 
turtles (open triangles) within the regional isospace of Urugay after correcting for trophic discrimi-
nation factors. Potential preys include macroalgae (Ulva spp., Criptopleura ramosa, Grateloupia cu-
neifolia, Pterocladiella capillacea and Polysiphonia spp.; black circles), the jellyfish Chrysaora lactea 
(black triangle) and the squid Loligo sanpaulensis (black square). Note that new settlers lay outside 
the Uruguayan mixing polygon.

 Assuming a carapace growth rate of 30 μm in 54 days, the resident turtles have 
spent at least 162 days in Uruguayan waters before capture, with an estimated longest 
resident time of 594 days (Table 8.1). However, at least five animals showed a drop of 
δ15N larger than 1‰ in intermediate layers, possibly indicating seasonal migrations (see 
Discussion section). 

 The values ranges of newly settled turtles (δ13C < -18‰) are lower than those for 
resident turtles (δ13C range from -14.5‰ to -18.5‰). Also, resident turtles show a de-
crease in δ13C with the distance to the inner parte of the scute (Table 8.1).

 When comparing the values of stable isotopes in the inner layer of turtles with 
those of potential prey from Uruguay, two groups of turtles emerge: the new settlers and 
the residents (Fig. 8.4). New settlers are outside the bounds of the Uruguayan isospace, 
while resident turtles had a macroalgae-based diet, with a higher contribution from Ulva 
spp. and Criptopleura ramosa (Fig 8.5). Those seaweeds species are the most frequent 
macroalgae species in the oceanic coast of Uruguay (González et al. 2016).
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Figure 8.5. Feasible contribution of prey (macroalgae, gelatinous macrozooplankton and squids) 
to the diet of juvenile resident green turtles from Uruguay (n=13) according to SIAR and 95, 75 and 
50 % credibility intervals). Macroalgae: Pterocladiella capillacea, Grateloupia cuneifolia, Polysiphonia 
spp., Ulva spp. and Criptopleura ramosa. Jellyfish: Chrysaora lactea. Squids: Loligo sanpaulensis. 

Seasonal movements

 The three satellite tagged turtles were of juveniles (Table 8.2). After release, two 
of them spend 5 months in CMPA of Cerro Verde (East Uruguay) and then migrated to 
feeding grounds off Santa Catarina (Brazil) during the colder months (June to August) (Fig. 
8.6). With the onset of austral spring, they returned to CMPA of Cerro Verde staying only 
3 months off Uruguayan grounds (Table 8.2, Fig. 8.7). The smallest turtle stayed less time 
in the Cerro Verde feeding ground and swam south to the Rio de La Plata estuary, being 
found dead in Mar del Plata port (Argentina) after 70 days after release. One of the turtles 
had been flipper tagged previously in 2004 in CMPA of Cerro Verde, and also recaptured 
in the same place in 2008, still with the satellite attached although without transmitting. 
Recaptures were several years apart (2004, 2007 and 2008) but less than 50 m of sepa-
ration between them.

 We detected a slight decrease from June to November in the δ15N values of 9 of 
the 14 turtles classified as resident individuals (Fig. 8.2), consistent with a northward mi-
gration during the winter months.
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Figure 8.6. Displacement from released site plot of the three tracked green turtle. The top left panel 
shows the tracks of those turtles performed a round-trip migration between summer and winter 
foraging areas in Uruguay and Brazil respectively. The down left panel shows the track of turtle that 
went south to Rio de la Plata estuary feeding ground but finally dead inside the Mar del Plata port (Ar-
gentina). The three right panels show distance to the release point through time. Phases of migration 
are represented by rapid changes in displacement distance; summer, winter and year-round foraging 
areas can be seen where displacement values plateau. Denote the different colours for each turtle.
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Figure 8.7. Turtle’s positions and core-use areas (50% KDE contours) at of the CMPA of Cerro Verde 
and Islas de La Coronilla, East Uruguay. Denote the different colour of each turtle.

Table 8.2: Satellite telemetry information of the three juvenile green turtles tagged in Cerro Verde, 
Uruguay, in 2007; a: recaptured dead in Argentina, b: Round-trip migration (see figures 8.6 and 8.7). 
n/a: no applicable. Release day January 16 2007.

Turtle ID CCL Weight
Release site
(Permanen-
cy days)

Migra-
tion 
(days)

Destination 
(permanency 
in days)

Stop 
transmit-
ting date

Nº days 
tracked

Dis-
tance 
trav-
eled

“Can-
dombe”a 41.3 8.0 Cerro Verde, 

Uy (13 d) n/a Mar del Plata 
(Arg.) 27/3/07 70 670

“Ska”b* 53.7 18.3 Cerro Verde, 
Uy (156 d) 39/35 Imbituba (Br.)

(32 d) 30/11/07 318 1900

“Caibate”b 56.0 18.0 Cerro Verde, 
Uy (162 d) 40/45 Laguna (Br.)

(25 d) 1/1/08 350 2307

* Turtle flipper tagged in 2004 before at the Cerro Verde area, and recaptured and satellite tagged 
exactly at the same location in 2007.
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Discussion
 The results presented here are consistent with the hypothesis that green turtles 
occurring in Uruguay have dispersed previously along the coast of Brazil and not recruited 
directly from oceanic foraging grounds at latitude 34°C. They also reveal a high level of 
individual variability in turtle size at settlement on benthic habitats in the region and a high 
fidelity to feeding grounds after settlement, although at least some individuals considered 
as resident overwinter in southern Brazil.

Pre-settlement movements

 According to genetics studies, more than 85% of the green turtles in Uruguay came 
from the rookery in Ascension Island (Caraccio 2008), which is also the major source for 
foraging aggregations in Argentina (Prosdocimi et al. 2012) and southern Brazil (Proietti 
et al. 2012). Virtual particle dispersal studies suggest that 70–90 % of the hatchlings from 
Ascension Island are expected to drift westward to the foraging grounds along the Atlan-
tic coast of South America (Putman & Naro-Maciel 2013; Scott et al. 2014b). According 
to the isoscapes of the South Atlantic we would expect an initial decrease in the δ15Nscute 
values, as early juveniles disperse westward, and a latter increase in the δ15Nscute values, 
as juveniles move southward along the coast of Brazil (Somes et al. 2010, Navarro et al. 
2013). This was precisely the pattern observed in the turtle with the thickest carapace 
in the present data set (turtle C3, Table 8.1, Fig. 8.2B), but in many turtles we observed 
only the most recent increase in the δ15Nscute values. This is caused by the slough of the 
outermost, older carapace layers as they grow; however, steady enrichment throughout 
time in 15N of the carapace scutes is sufficient to suggests that they moved southwards 
along the coast of Brazil.

 This enrichment most likely corresponds to the time when turtles were less than 
45 cm CCL and is not paralleled by a simultaneous enrichment in 13C. Indeed, δ13C values 
were low and constant across carapace layers in recent recruiting turtles, thus indicating 
a pelagic diet. For settled turtles, an increase of δ13C values was expected according to 
the change from oceanic to neritic habitat. Only after settlement, analysed green turtles 
presented variability in δ13C values. This could be explained because of the Uruguayan 
macroalgae show high variation in δ13C values (Vélez-Rubio et al. 2016 and references 
therein). 
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 This is consistent with the hypothesis posed by Barata et al. (2011), suggesting 
that juvenile green turtles recruit to neritic foraging grounds in northeast Brazil when they 
are less than 30 cm CCL, but some would move southward to Uruguay and northern 
Argentina, after settling in neritic habitats when they are 40-45 cm CCL. Only three of 
the turtles classified as resident actually settled at a smaller size, but the average length 
at settlement calculated here was consistent with the sizes of other studies based on 
mark-recapture or strandings along the coast of the SWAO (Brazil: Ubatuba, Silva et 
al. 2017; Paraná, Gama et al. 2016; Santa Catarina, Martinez Souza 2014; Rio Grande 
do Sul, Monteiro et al. 2016; Uruguay: Vélez-Rubio et al. 2013, Martinez Souza 2014, 
López-Mendilaharsu et al. 2016; Argentina: Gonzalez Carman et al. 2011). Similar re-
cruitment sizes were recorded for juvenile green turtles in the northwestern Pacific Ocean 
and Australia (straight carapace length (SCL) > 35 cm, Arthur et al. 2008; Ishihara 2012; 
Shimada et al. 2014; Fukuoka 2015). However, smaller settlement sizes were found in 
other populations such as the Caribbean and North Atlantic populations (Bjorndal 1997; 
Meylan et al. 2011 and references therein). 

 In conclusion, juvenile green turtles recruit to Uruguayan feeding ground when 
present sizes of 40-45 cm of CCL, they reach this area of the SWAO using a coastal route 
along the Brazilian coast.

Post-settlement movements

 Satellite tracking has confirmed the migration of the large juvenile turtles (CCL 
> 50 cm) occurring off Uruguay during the austral summer to south Brazil when water 
temperature decreases during the austral winter. For these turtles, the time spent in Bra-
zilian waters was short, returning after three to five months to the same place of release, 
and using Uruguayan coastal waters most of the year. Juvenile green turtles tagged in 
Argentina also perform northwards migration to Brazil in winter and came back to Rio de 
La Plata estuary during the summer, staying there, close to Uruguayan waters (Gonzalez 
Carman et al. 2012). Furthermore, some turtles over-winter in Uruguay (Martinez Souza 
2014; Vélez-Rubio et al. 2013, 2016). Overwintering in southern Brazil was expected to 
cause a drop in δ15N values of carapace layers, because prey from southern Brazil are 
depleted in 15N as compared to those in Uruguay and northern Argentina (Vélez-Rubio et 
al. 2016). Such a drop has been observed in five of the resident turtles and is consistent 
with their movement to Brazil several months prior to sampling. In any case, the two satel-
lite tracked turtles that moved to Brazil in winter, returned to the capture area next spring. 
This suggests a high site fidelity of these turtles to their foraging grounds. Stable isotope 
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data also support the existence of high levels of site fidelity in immature green turtles larg-
er than 55 cm CCL off Uruguay, even if some of them overwinter in Brazil. Alternatively, as 
already proposed (Gonzalez Carman et al. 2012; Southwood et al. 2017) and evidenced 
by one of the tracked turtles (Fig. 8.6) the use of deep oceanic waters (200 m, Fig. 8.6) 
may constitute another overwintering strategy for green turtles in temperate areas. Fidel-
ity to foraging grounds and wintering sites within years had previously been reported for 
adult green turtles in the Mediterranean (Broderick et al. 2007) and for juvenile loggerhead 
turtles in the Pacific (Watanabe et al. 2011), but is less common for juveniles green turtles 
(Godley et al. 2003; Gonzalez Carman et al. 2012) that should exhibited broad dispersal 
behavior (Godley et al. 2003). In our study area this high fidelity was also detected during 
the mark-recapture program conducted in the Cerro Verde area since 2001 by Karumbé, 
when 76% of turtles were recaptured at exactly the same location as the original capture 
(López-Mendilaharsu et al. 2016).

 Similarly, the smallest of the tracked turtles exhibited a more erratic behaviour and 
moved south across Rio de la Plata, resembling the behaviour of the similar-size juveniles 
tracked turtles by Gonzalez Carman et al. (2012).  We can distinguish different behaviours 
based on the size also in the isotopes information. We show a rapidly increase in N and 
C in the group of smallest turtles sampled, comparing with the biggest ones that show 
no great variations in their signals. This remarks the importance of the combination of 
different techniques to increase the knowledge of the movement of small juveniles in the 
South Atlantic. The high degree of fidelity to feeding grounds in Uruguay enforces to keep 
protecting the coastal areas but also contributes to the creation of a protected coastal 
corridor in all the SWAO, encouraging international cooperation for sea turtle conserva-
tion in the region. This corridor will help to protect other species of sea turtles and other 
marine fauna that also use the coastal water.



Pre and post-settlement green turtle movements  261 

Acknowledgements
 We would like to thank the volunteers and Karumbé members, especially Andrés 
Estrades, Alejandro Fallabrino, Natalia Teryda, Virginia Ferrando, Carlos Romero, Alfredo 
Hargain, Coco Meirana, Luciana Alonso, Vannessa Massimo, Tatiana Curbelo, and Lucía 
Dominguez, for their collaboration in the present study. We also thank the support of the 
Marine Zoology Unit of the Cavanilles Institute of Biodiversity and Evolutionary Biology 
(University of Valencia), especially to Ohiana Revuelta, Natalia Fraija and Francesc Dome-
nech, and also thank to the Department of Animal Biology of the University of Barcelona 
in special to Fabiana Sapotitti, Lisette Zenteno, Irene Álvarez de Quevedo and Marcel Clu-
sa; for all their help with the stable isotopes analysis. Authors are really grateful to all the 
persons and institutions that collaborated with Karumbé in Uruguay marine turtle strand-
ing network: volunteers, local fishermen, government institutions (DINARA and DINAMA), 
specially to Sistema Nacional de Áreas Protegidas (SNAP), Prefectura Nacional Naval, 
lifeguard service, rangers, civil organizations (particularly SOCOBIOMA), citizens, tourist 
and Faculty of Science and Centro Universitario Regional del Este (CURE) of the Univer-
sidad de la República (UdelaR, Uruguay). A special mention for the workers of the CMPA 
of Cerro Verde and Islas de La Coronilla: Jorge Pereira, Paula Laporta, Dante Ruibal, 
Manuel Barreneche e Ivan Muraña. We also acknowledge the financial support from BP 
Conservation Programme, from Rufford Small Grants to Karumbé members (ML-M and 
GV-R) and Agencia Nacional de Investigación e Innovación (ANII) to AC. JT is supported 
by project Prometeo II (2015) of the Generalitat Valenciana. This research was con- duct-
ed under license (No. 200/04, 073/08 and 323/11) from the Fauna Department-Ministry 
of Cattle, Agriculture and Fishing of Uruguay. CITES permits for export and import of the 
samples were obtained. 



262    Chapter VIII

References
Alibardi L (2005) Proliferation in the epidermis of chelonians and growth of the horny 
scutes. Journal of Morphology 265:52

Beyer HL (2004) Hawth’s analysis tools for ArcGIS. Available at: www.spatialecology.
com/htools

Bjorndal KA (1997) Foraging ecology and nutrition of sea turtles. In: Lutz PL, Musick JA 
(eds) The biology of sea turtles. CRC Press, Boca Ratón, p 199–231 

Bolten AB (2003) Variation in sea turtle lilfe history patterns: neritic vs. oceanic develop-
mental stages. In: Lutz PL, Musick JA, Wyneken J (Eds.) The biology of sea turtles. Vol III. 
CRC Press. Boca Ratón, p 243-257

Bograd, SJ, Block, BA, Costa, DP, Godley, BJ (2010) Biologging technologies: new tools 
for conservation. Introduction.  Endangered Species Research 10:1–7

Borrell A, Velásquez Vacca A, Pinela AM, Kinze C, Lockyer CH, et al. (2013) Stable Iso-
topes Provide Insight into Population Structure and Segregation in Eastern North Atlantic 
Sperm Whales. PLOS ONE 8(12):e82398

Borthagaray AI, Carranza A (2007) Mussels as ecosystem engineers: their contribution to 
species richness in a rocky littoral community. Acta Oecologica 31:243-250

Bowen GJ (2010) Isoscapes: Spatial pattern in isotopic biogeochemistry. Annual Review 
of Earth and Planetary Sciences 38:161–187

Briscoe DK, Parker DM, Balazs GH, Kurita M, Saito T, Okamoto H, [...], Crowder LB 
(2016) Active dispersal in loggerhead sea turtles (Caretta caretta) during the ‘lost years’. 
Proceedings of the Royal Society B: Biological Sciences 283(1832):20160690

Broderick AC, Coyne MS, Fuller WJ, Glen F, Godley BJ (2007) Fidelity and over-winter-
ing of sea turtles. Proceedings of the Royal Society of London B: Biological Sciences 
274:1533–8



Pre and post-settlement green turtle movements  263 

Caraccio MN (2008) Análisis de la composición genética de Chelonia mydas (tortuga 
verde) en el área de alimentación y desarrollo de Uruguay. Universidad de la Republica, 
Montevideo, Uruguay

Cardona L, Aguilar A, Pazos L (2009) Delayed ontogenic dietary shift and high levels of 
omnivory in green turtles (Chelonia mydas) from the NW coast of Africa. Marine Biology 
156:1487–1495

Cardona L, Campos P, Levy Y, Demetropoulos A, Margaritoulis D (2010) Asynchrony be-
tween dietary and nutritional shifts during the ontogeny of green turtles (Chelonia mydas) 
in the Mediterranean. Journal of Experimental Marine Biology and Ecology 393:83–89

Caut S, Guirlet E, Angulo E, Das K, Girondot M (2008). Isotope analysis reveals foraging 
area dichotomy for Atlantic leatherback turtles. PLoS One 3(3):e1845

Cheng I J (2000) Post-nesting migrations of green turtles (Chelonia mydas) at Wan-An 
Island, Penghu Archipelago, Taiwan. Marine Biology 137:747-754

Christiansen F, Esteban N, Mortimer JA, Dujon AM, Hays GC (2017) Diel and seasonal 
patterns in activity and home range size of green turtles on their foraging grounds re-
vealed by extended Fastloc®GPS tracking. Marine Biology 164:10

Congdon JD, Gotte SW, McDiarmid RW (1992) Ontogenetic changes in habitat use by 
immature turtles, Chelydra serpentina and Chrysemys picta. Canadian Field-Naturalist 
106:241–248

DeNiro MJ, Epstein S (1978) Influence of diet on the distribution of carbon isotopes in 
animals. . Geochimica et cosmochimica acta  42:495–506

Drago M, Franco-Trecu V, Cardona L, Inchausti P, Tapia W, Páez-Rosas D (2016) Sta-
ble Isotopes Reveal Long-Term Fidelity to Foraging Grounds in the Galapagos Sea Lion 
(Zalophus wollebaeki). PLoS ONE 11(1): e0147857 

Eder E, Ceballos A, Martins S, Pérez-García H, Marín I, Marco A, Cardona, L. (2012) For-
aging dichotomy in loggerhead sea turtles Caretta caretta off northwestern Africa. Marine 
Ecology Progress Series 470:113-122



264    Chapter VIII

Garcia CAE (1998) Oceanografia física. In: Seeliger U, Ode-Brecht C, Castello JP (Eds.) 
Os Ecossistemas Costeiro e Marinho do Extremo Sul do Brasil. Rio Grande, Brasil. Eco-
scientia, p 104–106

Godley BJ, Lima EHSM, Åkesson S, Broderick AC, Glen F, Godfrey MH, [...], Hays GC 
(2003) Movement patterns of green turtles in Brazilian coastal waters described by satel-
lite tracking and flipper tagging. Marine Ecology Progress Series 253:279-288

González Carman V, Álvarez K, Prosdocimi L, Inchaurraga MC, Dellacasa R, Faiella A, 
Echenique C, González R, Andrejuk J, Mianzan H, Campagna C, Albareda D (2011) Ar-
gentinian coastal waters: A temperate habitat for three species of threatened sea turtles. 
Marine Biology Research 7:500-508

Gonzalez Carman V, Falabella V, Maxwell S, Albareda D, Campagna C, Mianzan H (2012) 
Revisiting the ontogenetic shift paradigm: The case of juvenile green turtles in the SW 
Atlantic. Journal of Experimental Marine Biology and Ecology 429:64-72

González-Solís J, Croxall JP, Oro D, Ruiz X (2007) Trans-equatorial migration and mixing 
incthe wintering areas of a pelagic seabird. Frontiers in Ecology and the Environment  
5(6):297-301

Gonzalez L, Kruk C, Scarabino F, Laporta F, VIdal V, Vélez-Rubio GM (2016) Carac-
terización de la comunidad de macroalgas en puntas rocosas de la costa de Rocha, 
Uruguay. Proceedings of the “III Terceras Jornadas Interdisciplinarias en Biodiversidad y 
Ecologia” 28 de Noviembre a 2 de Diciembre 2016 Centro Universitario Regional del Este 
(CURE) Rocha, Uruguay, p 78

Gordon AL (1989) Brazil-Malvinas Confluence–1984. Deep Sea Res Part 1: Oceano-
graphic Research Papers 36(3):359-384

Graham BS, Koch PL, Newsome SD, McMahon KW, Aurioles D (2010) Using isoscapes 
to trace the movements and foraging behavior of top predators in oceanic ecosystems. 
In: West JB, Bowen GJ, Dawson TE, Tu KP (eds) Isoscapes: Understanding movement, 
pattern, and process on Earth through isotope mapping. Springer Netherlands, p 299-
318

Graham RT, Witt MJ, Castellanos DW, Remolina F, Maxwell S, et al. (2012) Satellite Track-
ing of Manta Rays Highlights Challenges to Their Conservation. PLoS ONE 7(5):e36834



Pre and post-settlement green turtle movements  265 

Hobson KA, Sease JL (1998) Stable isotope analyses of tooth annuli reveal temporal di-
etary records: an example using Steller sea lions. Marine Mammal Science 14(1):116-129

Hobson KA, Schell DM (1998). Stable carbon and nitrogen isotope patterns in baleen 
from eastern Arctic bowhead whales (Balaena mysticetus). Canadian Journal of Fisheries 
and Aquatic Sciences 55(12):2601-2607

Hobson KA (2008) Applying isotopic methods to tracking animal movements. Terrestrial 
Ecology 2:45-78

Jackson AL, Inger R, Parnell AC, Bearhop S (2011) Comparing isotopic niche widths 
among and within communities: SIBER–Stable Isotope Bayesian Ellipses in R. Journal of 
Animal Ecology 80(3):595-602

Layman CA, Araujo MS, Boucek R, Hammerschlag‐Peyer CM, Harrison E, Jud ZR, [...], 
Post D M (2012) Applying stable isotopes to examine food‐web structure: an overview of 
analytical tools. Biological Reviews 87(3):545-562

López-Castro MC, Bjorndal KA, Kamenov GD, Zenil-Ferguson R, Bolten AB (2013) 
Sea turtle population structure and connections between oceanic and neritic foraging 
areas in the Atlantic revealed through trace elements. Marine Ecology Progress Series 
490:233−246 

López-Castro M, Bjorndal K, Bolten A (2014) Evaluation of scute thickness to infer life 
history records in the carapace of green and loggerhead turtles. Endangered Species 
Research 24:191–196

López-Mendilaharsu M, Estrades A, Caraccio MN, Calvo V, Hernández M, Quirci V (2006) 
Biología, ecología y etología de las tortugas marinas en la zona costera uruguaya. In: 
Menafra R, Rodriguez-Gallego L, Scarabino F, Conde D (Eds.) Bases para la Conser-
vación y el manejo de la costa uruguaya. Vida Silvestre Uruguay

López-Mendilaharsu M, Vélez-Rubio GM, Lezama C, Aisenberg A, Bauzá A, Berrondo L, 
Calvo V, Caraccio N, Estrades A, Hernández M, Laporta M, et al. (2016) Demographic 
and tumour prevalence data for juvenile green turtles at the Coastal-Marine Protected 
Area of Cerro Verde, Uruguay. Marine Biology Research 12(5):541-50



266    Chapter VIII

Luschi P, Hays GC, Del Seppia C, Marsh R, Papi F (1998). The navigational feats of green 
sea turtles migrating from Ascension Island investigated by satellite telemetry. Proceed-
ings of the Royal Society of London B: Biological Sciences 265:2279-2284

Marcovaldi MÂ, Lopez GG, Soares LS, Lima EH, Thomé JC, Almeida AP (2010) Satel-
lite-tracking of female loggerhead turtles highlights fidelity behavior in northeastern Bra-
zil. Endangered Species Research 12(3):263-272

Martinez Souza G (2014) Caracterização populacional de juvenis de tartaruga-verde 
(Chelonia mydas) em duas áreas do Atlântico Sul Ocidental. PhD Dissertation. Universi-
dade Federal do Rio Grande, Rio grande do Sul, Brazil

Mansfield KL, Wyneken J, Porter WP, Luo J (2014) First satellite tracks of neonate sea tur-
tles redefine the ‘lost years’ oceanic niche.  Proceedings of the Royal Society of London 
B: Biological Sciences  281(1781):20133039

McCutchan JH, Lewis WM, Kendall K, McGrath CC (2003) Variation in trophic shift for 
stable isotope ratios of carbon, nitrogen, and sulfur. Oikos 102:378–390

Meylan PA, Meylan AB, Gray JA (2011) The ecology and migrations of sea turtles. Tests 
of the developmental habitat hypothesis. Bulletin of the American Museum of Natural 
History 357:1–70 

Monzón‐Argüello C, López‐Jurado LF, Rico C, Marco A, López P, Hays GC, Lee PLM 
(2010) Evidence from genetic and Lagrangian drifter data for transatlantic transport of 
small juvenile green turtles. Journal of Biogeography 37(9):1752-1766

Musick JA, Limpus CJ (1997) Habitat utilization and migration in juvenile sea turtles. In: 
Lutz PL, Musick JA (Eds.) The biology of sea turtles. CRC Press, p137–164

Naro-Maciel E, Bondioli ACV, Martin M, Pádua Almeida A De, Baptistotte C, Bellini C, 
Marcovaldi MÂ, Santos AJB, Amato G (2012) The interplay of homing and dispersal in 
green turtles: A focus on the southwestern atlantic. Journal of Heredity 103:792–805

Navarro J, Coll M, Somes CJ,Olson RJ (2013) Trophic niche of squids: Insights from iso-
topic data in marine systems worldwide. Deep Sea Res Part 2: Topical Studies in Ocean-
ography95:93-102



Pre and post-settlement green turtle movements  267 

Newsome SD, Clementz MT, Koch PL (2010) Using stable isotope biogeochemistry to 
study marine mammal ecology. Marine Mammal Science 26:509–72

Newland C, Field IC, Cherel Y, Guinet C, Bradshaw CJA, McMahon CR, Hindell MA 
(2011) Diet of juvenile southern elephant seals reappraised by stable isotopes in whiskers. 
Marine Ecology Progress Series 424:247-258

Ortega L, Martínez A (2007) Multiannual and seasonal variability of water masses and 
fronts over the Uruguayan shelf. Journal of Coastal Research 233:618–629

Payne NL, Taylor MD, Watanabe YY, Semmens JM (2014) From physiology to physics: 
are we recognizing the flexibility of biologging tools? Journal of Experimental Biology 
217:317-322

Putman NF, Naro-Maciel E (2013) Finding the ‘lost years’ in green turtles: insights from 
ocean circulation models and genetic analysis. Proceedings of the Royal Society of Lon-
don B: Biological Sciences 280(1768):20131468

Putman NF, Mansfield KL (2015) Direct evidence of swimming demonstrates active dis-
persal in the sea turtles‘‘Lost Years’’. Current Biology 25:1-7

Prosdocimi L, González Carman V, Albareda DA, Remis MI (2012) Genetic composition of 
green turtle feeding grounds in coastal waters of Argentina based on mitochondrial DNA. 
Journal of Experimental Marine Biology and Ecology 412:37–45

Reich KJ, Bjorndal K a, Bolten AB (2007) The ‘lost years’ of green turtles: using stable 
isotopes to study cryptic lifestages. Biological Letters 3:712–714

Reich KJ, Bjorndal KA, Del Rio CM (2008) Effects of growth and tissue type on the kinetics 
of 13C and 15N incorporation in a rapidly growing ectotherm. Oecologia 155(4):651-663

Rutz C, Hays GC (2009) New frontiers in biologging science. Biological Letters 5:289–292

Scott R, Hodgson DJ, Witt MJ, Coyne MS, Adnyana W, Blumenthal JM, Broderick AC, Ali 
Fuat Canbolat, Catry P, Ciccione S, Delcroix E, Creusa H, Luschi P, Pet-Soede L, Pendo-
ley K, Richardson PB, Rees AF, Godley BJ (2012) Global analysis of satellite tracking data 
shows that adult green turtles are significantly aggregated in Marine Protected Areas. 
Global Ecology and Biogeography 21:1053–1061



268    Chapter VIII

Scott R, Mash R, Hays GC (2014a) Ontogeny of long distance migration. Ecology 
95(10):2840–2850 

Scott R, Biastoch A, Roder C, Stiebens VA, Eizaguirre C (2014b) Nano-tags for neonates 
and ocean-mediated swimming behaviours linked to rapid dispersal of hatchling sea tur-
tles. Proceedings of the Royal Society of London B: Biological Sciences 281:20141209

Seminoff JA, Jones TT, Resendiz A, Nichols WJ, Chaloupka MY (2003) Monitoring green 
turtles (Chelonia mydas) at a coastal foraging area in Baja California, Mexico: multiple 
indices to describe population status. Journal of the Marine Biological Association of the 
UK  83(06):1355-1362

Seminoff JA, Jones TT, Eguchi T, Jones DR, Dutton PH (2006) Stable isotope discrimina-
tion (δ13C and δ15N) between soft tissues of the green sea turtle Chelonia mydas and its 
diet. Marine Ecology Progress Series 308:271–278

Seminoff JA, Zárate P, Coyne M, Foley DG, Parker D, Lyon BN, Dutton PH (2008) 
Post-nesting migrations of Galápagos green turtles Chelonia mydas in relation to ocean-
ographic conditions: integrating satellite telemetry with remotely sensed ocean data. En-
dangered Species Research 4(1-2): 57-72

Shimada T, Aoki S, Kameda K, Hazel J, Reich K, Kamezaki N (2014) Site fidelity, onto-
genetic shift and diet composition of green turtles Chelonia mydas in Japan inferred from 
stable isotope analysis. Endangered Species Research 25:151−164 

Silva BM, Bugoni L, Almeida BA, Giffoni BB, Alvarenga FS, Brondizio LS, Becker JH 
(2017) Long-term trends in abundance of green sea turtles (Chelonia mydas) assessed by 
non-lethal capture rates in a coastal fishery. Ecological Indicators 79:254-264

Somes CJ, Schmittner A, Galbraith ED, Lehmann MF, Altabet MA, Montoya JP, Letelier 
RM, AC Mix, Bourbonnais A, Eby M (2010) Simulating the global distribution of nitrogen 
isotopes in the ocean. Global Biogeochemical Cycles 24:GB4019

Southwood Williard A, Goodman Hall A, Fujisaki I, Braun McNeill J (2017) Oceanic over-
wintering in juvenile green turtles Chelonia mydas from a temperate latitude foraging 
ground. Marine Ecology Progress Series 564:235-240



Pre and post-settlement green turtle movements  269 

Stokes KL, Broderick AC, Canbolat AF, Candan O, Fuller WF, Glen F, Levy Y, Rees AF, 
Rilov G, Snape RT, Stott I, Tchernov D, Godley BJ (2015) Migratory corridors and foraging 
hotspots: critical habitats identified for Mediterranean green turtles. Diversity and Distri-
bution 21:665–674

Tomczak M, Godfrey JS (2003) Regional Oceanography: An Introduction 2nd Ed. Perga-
mon, Oxford.

Troëng S, Daniel R. Evans, Emma Harrison, Cynthia J. Lagueux (2005) Migration of green 
turtles Chelonia mydas from Tortuguero, Costa Rica. Marine Biology 148:435–447

Vander Zanden HB, Bjorndal KA, Bolten AB (2013) Temporal consistency and individ-
ual specialization in resource use by green turtles in successive life stages. Oecologia 
173:767–777

Vélez-Rubio GM, Estrades A, Fallabrino A, Tomás J (2013) Marine turtle threats in Uru-
guayan waters: Insights from 12 years of stranding data. Marine Biology160:2797–2811

Vélez-Rubio GM, Cardona L, López-Mendilaharsu M, Martinez Souza G, Carranza A, 
González-Paredes D, Tomás J (2016) Ontogenetic dietary changes of green turtles (Che-
lonia mydas) in the temperate southwestern Atlantic. Marine Biology 163(3):1-16

Watanabe K, Hatase H, Kinoshita M, Omuta K, Bando T, Kamezaki N, Sato K, Matsu-
zawa Y, Goto K, Nakashima Y, Takeshita H, Aoyama J, Tsukamoto K (2011) Population 
structure of the loggerhead turtle Caretta caretta, a large marine carnivore that exhibits 
alternative foraging behaviors. Marine Ecology Progress Series 424:273-283

Weber SB, Weber N, Ellick J, Avery A, Frauenstein R, Godley BJ, [...], Broderick AC 
(2014) Recovery of the South Atlantic’s largest green turtle nesting population. Biodivers 
ity and Conservation 23(12):3005-3018

Webster M, Marra P, Haig S, Bensch S, Holmes R (2002) Links between worlds: unravel-
ing migratory connectivity. Trends in Ecology & Evolution 17:76–83

Williard AS, Hall AG, Fujisaki I, McNeill JB (2017). Oceanic overwintering in juvenile green 
turtles Chelonia mydas from a temperate latitude foraging ground. Marine Ecology Prog-
ress Series 564:235-240





Chapter IX

HYPOTHERMIC STUNNING IN JUVENILE GREEN TUR-
TLES (Chelonia mydas) IN URUGUAYAN COASTAL 

WATERS: LEARNING FOR FUTURE EVENTS





Hypothermic stunning in ju-
venile green turtles (Chelonia 
mydas) in Uruguayan coast-
al waters: learning for future 

events

Gabriela M. Vélez-Rubio1, 2,* , Romina Trinchín3,4, Andrés Estrades1,3 , Virginia Ferrando1, 
Jesús Tomás2

Accepted for publication in Chelonian Cnservation and biology

1 Karumbe NGO. Av. Rivera 3245, CP 11400, Montevideo, Uruguay.

2 Marine Zoology Unit. Cavanilles Institute of Biodiversity and Evolutive Biology, University 
of Valencia, Aptdo. 22085, 46071 Valencia, Spain.

3 Museo Nacional de Historia Natural 25 de mayo 582, CC 399, CP 11000, Montevideo, 
Uruguay. 

4 Departamento de Ciencias de la Atmósfera, Facultad de Ciencias, Universidad de la 
República, Iguá 4225, CP 11400, Montevideo, Uruguay.

IX





Hypothermic stunning event  275 

Abstract
 Chelonia mydas in temperate areas exhibit behavioral changes for adapting to 
sea temperature fluctuations; however, prolonged exposure to cold temperatures can 
lead to hypothermia and thus hypothermic stunning events. Here we report an unusual 
stranding event of 90 green turtles recorded in a twelve-day period in July 2012 in south-
eastern Uruguay; and we analyzed the event in an oceanographic and meteorological 
context. Monitoring such events provides a unique opportunity to understand the impact 
of hypothermic stunning on juvenile green turtle stocks that spend the entire year in this 
temperate region of the Southwest Atlantic Ocean. 
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Introduction
 Sea turtles are ectothermic animals and like other reptiles have effective physiolog-
ical, anatomical, and behavioral mechanisms by which they regulate their body tempera-
ture (Spotila and Standora 1985; Wallace and Jones 2008). However, the geographic and 
thermal ranges of nearly all species are constrained to tropical and sub-tropical latitudes 
because of an inability to resist prolonged low temperatures (Hawkes et al. 2007; Wallace 
and Jones 2008). 

 The green turtle, Chelonia mydas,  is one of the species that suffers frequent mass 
strandings due to coastal hypothermic stunning events (Shaver 1990). These events have 
also reported for other sea turtle in single or multiple species events including Logger-
head turtles, Caretta caretta, Kemp´s Ridley turtles, Lepidochelys kempii and Hawksbill 
turtle, Eretmochelys imbricata (Wilcox 1896; Shoop 1980; Brongersma 1982; Meylan 
and Sadove 1986; Witherington and Ehrhart 1989; Shaver 1990; Schroeder et al. 1990; 
Morreale et al. 1992; Ogren and McVea 1995; Mitchell et al. 1997; Gerle et al. 2000; Foley 
et al. 2007, 2012; Bellido et al. 2008; Avens et al. 2012; Roberts et al. 2014, Shaver et al. 
2017).

 Juvenile green turtles behave actively when sea surface temperature (SST) is of 
18-20°C or higher, but below a certain temperature threshold become inactive and may 
exhibit overwintering torpor (Felger et al. 1976; Seminoff 2000). This inactivity threshold 
present variations among different green turtles aggregations around the globe, e.g. 18°C 
in Florida (Mendonça 1983), 14°C in southeastern Australia (Read et al. 1996), or 15°C 
in the Northeastern Pacific Ocean (Seminoff 2000). To avoid the negative physiological 
effects of cold waters, green turtles in temperate areas performed different survival strat-
egies, such as avoiding cold coastal waters or reducing activity to cope with metabolic 
changes (Schwartz 1978; Witherington and Ehrhart 1989; Still et al. 2005; Roberts et al. 
2014). In this latter behaviour, named “winter dormancy” or “brumation”, turtles reduce 
their activity, movements and metabolism (Felger et al. 1976; Schwartz 1978; Gregory 
1982; Castro et al. 2007); this is similar to hibernation but the difference is reptiles present 
some specific activities like the need to breath regularly outside of water (Mayhew 1965). 
Only some populations of green turtles are known to practice winter dormancy, such as 
in the Northwestern Atlantic and in the Gulf of Mexico (Felger et al. 1976; Mendoça 1983), 
it has also been detected in Loggerhead turtles in Florida (Carr et al. 1980), Greece and 
southern Italy (Ogren and McVea 1995; Hochscheid et al. 2005; Hochscheid et al. 2007).
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 Green turtles may adapt to compensate changes in SST with different physiolog-
ical and behavioral adaptations, however when they cannot compensate a drop in body 
temperature they may suffer hypothermia. Normally occurs when marine turtles are ex-
posed to temperatures under 10° C for a long period of time (e.g. Still et al. 2002, Shaver 
et al. 2017) in which they are unable to find warmer waters. This situation may occur as 
a consequence of unusually cold weather over a period of several days or the arrival of 
sudden cold fronts to their area of distribution (Schwartz 1978; Witherington and Ehrhart 
1989; Milton and Lutz 2003). When SST falls to 10° C, hypothermic turtles may become 
lethargic and buoyant; and at 9°C, turtles start floating at the surface (Schwartz 1978; 
Milton and Lutz 2003) and could strand if the currents and winds take them to the coast. 
These floating turtles exhibit a comatose condition that, without treatment, can result in 
death (McMichael et al. 2008). Mortality can occur when turtles remain in waters at or be-
low 5–6 °C (Schwartz 1978; Still et al. 2005; Roberts et al. 2014). Hypothermic stunning 
events are typically confined to small distinct areas because a very specific set of atmo-
spheric parameters is necessary to produce a significant decrease in SST (Witherington 
and Ehrhart 1989; Foley et al. 2007).

  In Uruguay, juvenile green turtles have a continuous distribution along the Rio de la 
Plata estuary and the Atlantic coast, where important foraging grounds have been docu-
mented in the shallow coastal waters of Canelones, Maldonado and Rocha Department 
(Fig. 1), (López Mendilaharsu et al. 2006; Vélez-Rubio et al. 2013). During the austral 
winter, a small proportion of this green turtle aggregation remains in coastal habitats, 
overwintering on the sea floor and undergoing winter dormancy to tolerate low tempera-
tures (López-Mendilaharsu et al. 2006; Martinez Souza 2014; Vélez-Rubio et al. 2016), 
or in open slightly warmer open waters (González Carman et al. 2012). Other two marine 
turtle species are common in Uruguayan waters, Loggerhead turtles (Caretta caretta) and 
Leatherback turtles (Dermochelys coriacea), but the presence of these species is scarce 
during the austral winter (Vélez-Rubio et al. 2013). 

 In the present study we report and describe a large unusual hypothermic stunning 
event occurred in July 2012 in Punta del Este, Department of Maldonado, Uruguay. This 
punctual event provided the opportunity of characterizing the green turtle individuals that 
overwinter in Uruguayan coastal waters and will also help in predicting and responding 
to future mass stranding events caused by atypical oceanographic and meteorological 
conditions.  
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Materials and Methods
 The Uruguayan coast is part of a complex hydrological system that comprises the 
frontal zone of the Rio de la Plata estuary (RP) and the Atlantic Ocean. This is a transition-
al zone influenced by waters with contrasting features: warm and saline Tropical Waters 
from a branch of the Brazil Current, and could diluted Sub-Antarctic Waters derived from 
the Malvinas Current. These characteristic influence in the presence of a strong along-
shore salinity and temperature gradient of more than 15°C along the year (Acha et al. 
2004; Ortega and Martínez 2007; Campos et al. 2008). Our study area is a small bay pro-
tected by the Punta del Este Peninsula and Gorriti Island, an area used by overwintering 
green turtles (Lezama et al. 2012; Vélez-Rubio et al. 2013).

Figure 9.1. Map of Uruguayan coast. Divided in two zones: Estuarine influence area (IEZ and OEZ) 
and oceanic influence area (OZ). The green turtle mass stranding (big red point) occurred in Punta 
del Este. Small red points indicate solitary green turtles strandings. Small box present a zoom of the 
main stranding area.

 The stranding monitoring has been coordinated by the NGO Karumbé, running 
the Marine Turtle Stranding and Rescue Network (‘‘Red de Rescate y Varamientos de 
Tortugas Marinas”, RRVTM) along the coast of Uruguay since 1999. This network records 
dead or injured marine turtles stranded on beaches. It is coordinated via 24-h telephone 
hotline or email and the database is updated by Karumbe ́members (see Vélez-Rubio et 
al. 2013 for more details). Most of the Uruguayan coast is unmonitored, and the NGO 
get information of strandings from reports to the RRVTM. The RRVTM records stranding 
events throughout the year, transporting live and comatose turtles to the rehabilitation 
center and releasing them after their recovery. The likely cause of stranding is determined 
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by examining live turtles at the beach or when they are brought to the rehabilitation center. 
A complete external and internal examination is completed on deceased turtles through 
necropsy. This allows the detection of hypothermia symptoms in turtles with good body 
condition, positive buoyancy, little presence of food in the esophagus and stomach, signs 
of pneumonia (black spots or nodules) in the lungs, and present no sign of other possible 
stranding causes (i.e., interaction with marine debris interaction, signs of by-catch, or 
evidences of collision) (Thomson et al. 2009). Curve carapace length notch to tip (CCL) 
of stranded turtles is measured, with turtles measuring less than 90 cm of CCL being 
considered as juveniles (Almeida et al. 2011; Vélez-Rubio et al. 2013).

Figure 9.2. Climatology (A) and anomaly (B) of SST (Celsius degrees, °C) in waters of Uruguay and 
Rio de la Plata estuary and surrounded Southwest Atlantic Ocean. The green turtle mass stranding 
(big grey star) occurred in Punta del Este (Department of Maldonado). Other green turtles strandings 
occur at the closet Departments (Department of Canelones, Maldonado and Rocha) (N = 90 green 
turtles). Colour bars indicate temperature in °C. 
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 To analyze the oceanographic conditions during the stunning event in July 13th to 
25th 2012 we used daily satellite data L3-mapped images of 4 km horizontal resolution 
from MODIS Aqua (http://oceancolor.gsfc.nasa.gov/cms/). We calculated the daily SST 
climatology, as the mean SST in the last 12 years (2003 to 2014), and the anomaly, as the 
difference between the mean value of SST registered between from July 13th through the 
25th 2012 and the mean SST of the last 12 years (Fig. 9.2). In order to obtain a time-data 
series from the satellite images we constructed an index box, giving the spatial mean of 
210 pixels near the coast. To see how different 2012 was in relation to other years we 
compared the minimum and maximum SST reached in an 11 years period with SST val-
ues reached in 2012. We decided to focus only on the colder months (May to September) 
to concentrate on the period when the event occurred. We calculated a weekly mean of 
SST and AT to smooth the daily variability and then we found the maximum and minimum 
of each week except for 2012, finally we compared results graphically together (Fig. 9.3).  
 In order to understand the meteorological conditions during the days of the stun-
ning event we plotted climatology and anomaly maps of the atmospheric variables, which 
included: wind, sea level pressure and air temperature (AT). We used web-based plotting 
and analysis tool from http://www.esrl.noaa.gov/ was used with daily mean composites 
from the NCEP/NCAR Reanalysis data. We also searched for historical satellite images 
of the enhanced infrared channel, and water vapor from GOES-13 (http://satelite.cptec.
inpe.br/).

Figure 9.3. Weekly mean of the sea surface temperature (SST) and the air temperature (AT) (Celsius 
degrees, °C) in the massive stranding area (coast of Maldonado Department) for the period 2003-
2014. Black lines represent the maximum and minimum weekly mean SST between May and Sep-
tember from 2003 to 2014 except 2012. Black line indicates the weekly mean SST and dotted blue 
line the mean AT from May to September of 2012. The black arrows indicated the week of July 2012 
were most of the stunning event occur.     
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Results
 A total of 90 juvenile green turtles stranded along the Uruguayan coast between 
July 13th and 25th of 2012. We found that such unusual stranding numbers were a result 
of atypical oceanographic and meteorological conditions. Most of these turtles (63 turtles, 
70 %) stranded in three days (July 15th-17th). Until this event, Karumbé’s RRVTM had 
only recorded a total of 55 stranded green turtles associated with hypothermia between 
1999-2011 (Vélez-Rubio et al. 2013; Karumbe unpublished data), and no marine turtle 
mass stranding events had been recorded before 2012 in Uruguay. Most of the green 
turtles recorded in July 2012 were stranded in the external estuarine zone (Departments 
of Canelones and Maldonado), particularly in Punta del Este (Fig. 9.1). 

 Of the 90 turtles, only 35 individuals could be transported to Karumbé Rehabil-
itation Center in Montevideo. The rest of the turtles were found by other organizations 
and released or buried but, no additional information is available for these cases. Out of 
the 35 turtles taken to the center, 15 appeared to be in good physical condition, but 20 
presented buoyancy problems, pneumonia, skin infection diseases and septicemia. All 
the individuals transported to Karumbé Center were juvenile size (mean± SD curved car-
apace length notch to tip [CCL]= 39.9 ± 3.96 cm; range= 31.5-48.5 cm, n=35). No other 
marine turtle species stranded during those days. 

 In July 2012, record-breaking cold weather occurred throughout Uruguay with 
records of near-shore water temperatures below 10°C.  SST, which in winter normally 
reaches 11° to 12°C (Defeo et al. 2009), descended over a three week period reaching 
an unusual low at 8°C attaining lower SST records compared to previous years (Fig. 9.3).  
A low-pressure center was registered in the Southwest Atlantic during those days in year 
2012, bringing persistent winds from the south and southwest. These winds reached 50 
km/h, with positive anomalies of 18 km/h.  The passage of a cold front was recorded with 
negative air temperature anomalies of -2.5°C. These winds probably had a strong influ-
ence on the mixing of the water column, which is faster in shallow coastal waters where 
turtles seem to be dormant during the winter (Vélez-Rubio et al. 2016).
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Discussion
 Our results show how the favorable conditions that allow green turtles to remain in 
the area in winter months changed abruptly in July 2012, with a sudden and prolonged 
decrease in AT and SST. The passage of a cold front and the persistent winds from the 
South probably favored the mixing of the water column, transporting cold water from the 
surface to the bottom, and causing a decrease in the temperature of coastal waters. In 
that sense, sustained warm temperatures in previous winters could have increased the 
numbers of green turtles that decided to stay the colder months in Uruguayan coastal 
waters. This could have generated an ecological trap; when SST dropped unusually in 
2012 a high number of green turtles could not escape to warmer waters.

 Massive strandings associated to hypothermic events are normally restricted to 
relatively small, well-defined areas (Witherington and Ehrhart 1989; Shaver 1990; Mor-
reale et al. 1992), but our study area is more open and less confined (despite the pres-
ence of the Punta del Este Peninsula and Gorriti Island), so temperatures probably had an 
effect on hypothermia even though they were not as low as the minimum SST reported in 
other studies (Table 9.1).
 
 The hypotermic stunning event described here occurs during 12 days similar with 
other hypothermic events (e.g., Avens et al. 2012; Foley et al. 2012). Only green turtles 
were recorded, other species such as the loggerhead turtle were probably absent be-
cause aggregations of this species are reduced in Uruguayan coastal waters during the 
austral winter (Vélez-Rubio et al. 2013). The size distribution of green turtles registered in 
the present study is similar to that of individuals reported in other hypothermic events in 
the Northwestern Atlantic (NWA) (Table 9.1), only in areas with presence of larger juve-
niles (CCL >70 cm) do turtles present a larger mean size (Witherington and Ehrhart 1989; 
Morreale et al. 1992).

 It is necessary to describe and understand hypothermic events especially in tem-
perate areas. Only a small part of the aggregation in Uruguayan coastal waters stays all 
year round (Martinez Souza 2014; Velez-Rubio et al. 2013, 2016), but after successive 
years with positive anomalies in SST, green turtles could be influenced to stay in Uruguay 
in higher numbers than usual, and events of hypothermia could affect the survival of the 
aggregation. The SWAO aggregations have been affecting by other important threats, 
such as fisheries bycatch or debris ingestion in the area (Gallo et al. 2006; Sales et al. 
2008; Lezama 2009; González Carman et al. 2011; Laporta et al. 2012; González Car-
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man et al. 2013; Vélez-Rubio et al. 2013; Teryda 2015, López-Mendilaharsu et al. 2016). 

 It is extremely necessary to monitor atmospheric and oceanographic variables 
(low pressure, cold fronts, AT and SST), particularly in the extremes of the distribution 
range of marine turtles, to predict and respond in time to future mass stranding events in 
colder months. NGOs and Government agencies should be ready to respond to another 
hypothermic stunning event during winter when a combination of cold fronts, high wind 
speeds from south can bring cold air and cause water temperatures to decrease below 
10°C.
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Conclusions
 The present Thesis describes the aggregations of the different sea turtle species in 
Uruguay, delving into the ecology of the green turtles in coastal waters of this country and 
surrounding areas in the Southwestern Atlantic Ocean (SWAO). The main conclusions 
resulting from the study are:

1. The present study confirms that marine turtles of at least three species (green, log-
gerhead and leatherback turtles) are detected practically all year round in the coastal 
waters of Uruguay. Other two species, the Hawksbill and the olive Ridley turtle have been 
recorded sporadically as strandings. The hawksbill reported here are the first records for 
the species in Uruguay, being the southernmost stranding records in the Atlantic Ocean.

2. Stranding records suggest that the green turtle is the most abundant marine turtle 
species in Uruguayan coastal waters, followed by the loggerhead and leatherback turtles.

3. For the green turtle, the narrow size distribution suggests that coastal waters of Uru-
guay host a foraging and developmental ground for a particular size range of juveniles 
(95% CI: 35-45 cm). For loggerhead and leatherback turtles, our data suggest that large 
juveniles and adults occupy the waters of the Uruguayan continental shelf

4. In Zones 2 (outer estuarine influence area) and 3 (oceanic influence area) of the Uru-
guayan coast, some of the spots with high concentration of green turtle stranding reports 
coincide with the main feeding and development areas for the species in Uruguay. Hence, 
stranding distribution seems to be linked to the actual distribution of green turtles, which 
concentrates around rocky promontories at short distance from shore. This is supported 
by the fact that most stranded green turtles were found alive or recently dead. 

5. According to the stranding records, the loggerhead turtle seems to be distributed in 
waters distant to the coast, since most of the carcasses were found in advanced stage of 
decomposition. This would indicate that threats affecting this species occur offshore. The 
effect of prevailing winds and currents probably generates a uniform spatial distribution of 
loggerhead turtle strandings. The stranding distribution of leatherbacks would indicate a 
mix scenario, compared to the other two species, using both coastal and offshore Uru-
guayan waters. 
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6. Strandings at the Uruguayan coast show seasonality, with increasing records in 
warmer months. During the austral winter (July–August), marine turtle strandings were 
very scarce, suggesting a reduction in numbers of sea turtles in the area, probably related 
to the decrease in sea surface temperature (SST).

7. Our results provide strong evidence that fisheries bycatch and anthropogenic debris 
interaction are by far the most important threats affecting sea turtles in Uruguayan waters.

8. The results of the green turtle gut contents analyses reported here revealed an omniv-
orous diet, with especial relevance of macroalgae, at the foraging grounds off Uruguay. 
Dietary taxa dominating were species of Ulva complex, Chondracanthus spp., Gratelou-
pia spp. and Polysiphonia spp.; these four taxa dominate the macroalgae community in 
Rocha Department coastline. This suggests little selectivity by green turtles, foraging on 
most abundant species of seaweed. 

9. According to our results, the green turtle presents a rapid, but not abrupt, dietary 
shift after recruiting to neritic habitats in the SWAO. This shows that green turtles in the 
region start consuming macroalgae soon after recruit.   Green turtles smaller than 45 cm 
CCL inhabiting coastal waters presented an omnivorous diet, based on plant material 
and gelatinous macrozooplankton. Green turtles larger than 45 cm CCL were primarily 
herbivores, but they still consume some animal prey.

10. Our findings suggest that the intake of cephalopods by juvenile green turtles during 
their oceanic stage may be more common in the Southwestern Atlantic Ocean waters 
than previously thought. According to our records at least two of the six Oegopsid squid 
species found would have a more extended distribution than previously reported, ranging 
from circumpolar sub-Antarctic areas to the Brazil-Malvinas confluence zone 

11. In the last decade, anthropogenic marine debris ingestion is by far one of the most 
important threat affecting green turtles in Uruguayan coastal waters. The presence and 
abundance of plastics in green turtles increased over the studied years. The amount 
of debris decreased with turtle growth, probably because the ontogenetic dietary shift 
makes larger turtles to specialize in an herbivorous benthic feeding.
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12. Most of the juvenile green turtles recruit to Uruguayan feeding grounds using a 
coastal route along the Brazilian coast, and not directly from oceanic foraging grounds. 
They present a high level of individual variability in turtle size at settlement; although, 
according to our results, we can estimate that size at settlement in Uruguayan coastal 
waters would be around 45 cm of carapace length. Juvenile green turtles, with carapace 
length larger than 50 cm, show high levels of site fidelity to foraging and developmental 
grounds in Uruguay compared to the smaller turtles with a more erratic behaviour.

13. In temperate areas, like Uruguayan waters, some green turtles may stay during 
the winter instead of performing seasonal migrations to warmer waters. To avoid nega-
tive physiological effects of low temperatures the turtles can perform ’winter dormancy’. 
However, effects of sudden and prolonged decrease in sea surface temperature could 
cause hypothermia in turtles and brought about a hypothermic stunning event, like oc-
curred in 2012 in our study area.

14. The present study contributes to increase the knowledge on sea turtles populations 
from the SWAO, particularly on different aspects of green sea turtle biology, necessary for 
their conservation and management in an area with important anthropogenic threats for 
these species.
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