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RESUMEN 

En el primer capítulo de la tesis se analiza el impacto provocado por la 

introducción intencionada de especies exóticas sobre la biodiversidad en América 

Latina, con especial énfasis en las vías de introducción y la finalidad con la cual estas 

especies fueron introducidas. El mayor impacto ambiental ocasionado por las especies 

exóticas se debe a las interacciones negativas que generan con la fauna local (185 

impactos de especies) seguido del impacto económico (97 impactos de especies) 

debido a los daños generados a la agricultura/silvicultura. En tercer lugar, se tienen los 

impactos en la salud (53 impactos de especies), que se dan principalmente por la 

transmisión de enfermedades. La introducción intencional de especies en América 

Latina está sesgada a mamíferos (52,7%), fundamentalmente los ungulados, 

empleados principalmente para la caza deportiva y la alimentación; y algunos grupos de 

aves como los Psittaciformes (47,3%), introducidos principalmente para el comercio de 

mascotas.  

Las tortugas marinas son especies de crecimiento lento, con un complejo ciclo 

de vida que abarca varios hábitats durante su desarrollo y migraciones, y cuyas 

poblaciones a nivel mundial ha disminuido drásticamente. Debido a ello se encuentran 

incluidas en el Apéndice I de la Convención sobre el Comercio Internacional de Especies 

Amenazadas de Fauna y Flora Silvestres (CITES), y en la Lista Roja elaborada por la 

Unión Internacional de Conservación de la Naturaleza (UICN). Estas especies cumplen 

funciones ecológicas importantes como: traslado de nutrientes, remoción de arena de 

las playas de anidación, y forrajeo de los pastos marinos, promoviendo así su 

revitalización y sirven como importantes indicadores de la salud de los ambientes 

costeros y marinos, tanto a escala local como global. 

América Latina es sin duda una de las regiones más megadiversas a escala 

mundial, pero también una de la más sensible para las tortugas marinas por las 

actividades antropogénicas y fenómenos naturales. En las aguas jurisdiccionales de 

Ecuador se encuentran cinco de las siete especies de tortugas marinas que existen a 

nivel mundial; sin embargo, la información sobre las amenazas para estas especies es 

limitada. Actualmente, las tortugas marinas se enfrentan a diversos problemas como la 

introducción de especies exóticas, el desarrollo costero, el turismo masivo, la 

contaminación, la depredación de nidos, la pesca incidental y otros derivados del cambio 

climático, como el aumento de la temperatura del agua, cambios en la frecuencia e 

intensidad de las mareas o el aumento del nivel del mar.  
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En este contexto, la mayor parte de las investigaciones están relacionadas con 

los recursos pesqueros, sin embargo, los estudios sobre las poblaciones de tortugas 

marinas en Ecuador son escasos. Ante esta situación, la presente tesis doctoral 

pretende analizar los factores antropogénicos y naturales que inciden en la mortalidad 

y nidificación de las tortugas marinas. 

El segundo capítulo aborda el impacto de los aguajes y la formación de dunas 

sobre el éxito de las anidaciones de las tortugas marinas durante los últimos 10 años. 

Los resultados mostraron que la presencia de escalones de arena impactó 

negativamente en la posibilidad de anidar (mayores tasas de abandono en presencia de 

dunas), mientras que la intensidad y frecuencia de los aguajes afectó el éxito de eclosión 

de las anidaciones, en mayor proporción a la tortuga verde (Chelonia mydas) . Por otro 

lado, en el tercer capítulo se evalúan los eventos de frecuencia e intensidad de aguajes 

futuros sobre el éxito de las nidificaciones mediante modelos estadísticos predictivos. 

Los resultados indican que el éxito de eclosión de las anidaciones de la tortuga carey 

(Eretmochelys imbricata) se verán más afectadas por los múltiples impactos del cambio 

climático. El cuarto capítulo se centra en determinar qué factores influyen en la captura 

incidental de las tortugas marinas por la actividad pesquera de la flota ecuatoriana. En 

este estudio se han comparado varios tipos de cebos, pesca objetivo, tipos de anzuelos 

y épocas de pesca; lo que permitió cuantificar el impacto de cada variable sobre la 

captura incidental de las tortugas marinas. Además, para obtener una visión integral de 

la amenaza, se realizó un análisis de percepción de los pescadores sobre las capturas 

incidentales, destacando este resultado como una novedad en esta área del 

conocimiento. De acuerdo con los datos obtenidos sobre la captura incidental, ésta se 

da con el uso de los anzuelos tipo J, en la época de invierno, cuando las especies 

pelágicas (especialmente el dorado) son el objetivo principal; en este caso la tasa de 

mortalidad se da en mayor porcentaje en la tortuga verde.  
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ABSTRACT 

The first chapter of the thesis analyzes the impact caused by the intentional 

introduction of exotic species on biodiversity in Latin America, with special emphasis on 

the routes of introduction and the purpose with which these species were introduced. 

The greatest environmental impact caused by exotic species is due to the negative 

interactions they generate with local fauna (185 species impacts) followed by the 

economic impact (97 species impacts) due to the damage generated to 

agriculture/forestry. In third place are the impacts on health (53 species impacts), which 

occur mainly due to the transmission of diseases. The intentional introduction of species 

in Latin America is biased towards mammals (52.7%), mainly ungulates, used mainly for 

sport hunting and food; and some groups of birds such as the Psittaciformes (47.3%), 

introduced mainly for the pet trade. 

Sea turtles are slow-growing species, with a complex life cycle that encompasses 

various habitats during their development and migrations, and whose populations 

worldwide have drastically declined. As a result, they are included in Appendix I of the 

Convention on International Trade in Endangered Species of Wild Fauna and Flora 

(CITES), and on the Red List prepared by the International Union for Conservation of 

Nature (IUCN). These species fulfill important ecological functions such as: transfer of 

nutrients, removal of sand from nesting beaches, and foraging of seagrasses, thus 

promoting their revitalization and serving as important indicators of the health of coastal 

and marine environments, both at scale local as global. 

Latin America is undoubtedly one of the most megadiverse regions on a global 

scale, but also one of the most sensitive for sea turtles due to anthropogenic activities 

and natural phenomena. Five of the seven species of sea turtles that exist worldwide are 

found in the jurisdictional waters of Ecuador; however, information on threats to these 

species is limited. Currently, sea turtles face various problems such as the introduction 

of exotic species, coastal development, mass tourism, pollution, nest depredation, 

incidental fishing and other derivatives of climate change, such as the increase in sea 

temperature. water, changes in the frequency and intensity of the tides or the rise of the 

sea level. 

In this context, most of the research is related to fishing resources, however, 

studies on sea turtle populations in Ecuador are scarce. Faced with this situation, this 

doctoral thesis aims to analyze the anthropogenic and natural factors that affect the 

mortality and nesting of sea turtles. 
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The second chapter approaches the impact of floodwaters and dune formation 

on the nesting success of sea turtles over the past 10 years. The results showed that the 

presence of sand steps had a negative impact on the possibility of nesting (higher 

abandonment rates in the presence of dunes), while the intensity and frequency of 

downpours affected the hatching success of the nests, in greater proportion to the green 

turtles (Chelonia mydas). On the other hand, in the third chapter the events of frequency 

and intensity of future flooding on the success of nesting are evaluated through predictive 

statistical models. The results indicate that the hatching success of hawksbill turtle 

(Eretmochelys imbricata) nests will be more affected by the multiple impacts of climate 

change. The fourth chapter focuses on determining what factors influence the incidental 

capture of sea turtles by the fishing activity of the Ecuadorian fleet. In this study, various 

types of baits, target fishing, types of hooks and fishing seasons have been compared; 

which allowed quantifying the impact of each variable on the incidental capture of sea 

turtles. In addition, to obtain a comprehensive view of the threat, an analysis of the 

perception of fishermen on incidental catches was carried out, highlighting this result as 

a novelty in this area of knowledge. According to the data obtained on incidental capture, 

this occurs with the use of J-type hooks, in the winter season, when pelagic species 

(especially mahi-mahi) are the main objective; in this case the mortality rate occurs in a 

higher percentage in the green turtle. 
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INTRODUCCIÓN  

 

1. Amenazas para la biodiversidad  

La biodiversidad o variedad de todos los seres vivos que forman la base de 

la vida en el planeta, está disminuyendo a un ritmo alarmante en los últimos años 

según la Organización de las Naciones Unidas (ONU). Este es principalmente 

debido a actividades humanas, como los cambios en el uso del suelo (deforestación, 

monocultivos), la explotación de los recursos, la caza, la sobrepesca, la 

contaminación, la introducción de especies exóticas invasoras o el cambio climático 

(World Wide Fund for Nature [WWF], 2018). (Figura 1). 

Figura 1. Causas de pérdida de biodiversidad para cada grupo de 

vertebrados en función de la amenaza. 

 

Fuente: Adaptado del Informe Planeta Vivo (WWF, 2018). 

En Ecuador, la Plataforma Intergubernamental Científico-normativa sobre 

diversidad Biológica y Servicio de los Ecosistemas (IPBES) estima que el 77% de la 

tierra y el 87% de los océanos han sido alterados por acción humana, lo que ha 

llevado a una pérdida del 83% de la biomasa de mamíferos silvestres. En el mismo 

informe indica que, más de un millón de especies animales están en peligro de 

extinción, lo que supondría el inicio de la sexta extinción. La Unión Internacional para 
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la Conservación de la Naturaleza (UICN) ha publicado la lista roja de especies 

amenazadas (Figura 2). 

Figura 2. Porcentaje de especies amenazadas de acuerdo a la lista roja de 

UICN. En color rojo el grupo taxonómico abordado en la presente tesis doctoral.  

 

Fuente: Figura adaptada de UICN (2021). 

Especies exóticas 

La aparición de especies exóticas es la segunda amenaza, junto a la destrucción 

del hábitat, para la biodiversidad en nuestro planeta. Algunos estudios indican que las 

zonas con una mayor biodiversidad nativa tienden a albergar una mayor riqueza de 

especies exóticas a gran escala espacial (Stohlgren et al., 2003, 2006; Fridley et al., 

2007; Dyer et al., 2017a), ya que aquellas áreas con una alta diversidad nativa tienen 

un mayor número de micronichos (o más heterogeneidad espacial), por lo tanto, 

permitiría albergar un mayor número de especies exóticas (Davies et al., 2005). Esto es 

lo que se conoce como la hipótesis “riqueza llama a riqueza”. En este sentido, América 

Latina posiblemente es una de las regiones con mayor amenaza de extinción a lo que 

Myers denominó “hotspots de biodiversidad” debido a su gran variedad de nichos y 

biodiversidad (Speziale y Lambertucci, 2010). Los actuales 35 hotspots ocupan sólo el 

2,3% de la superficie de la Tierra y albergan más de la mitad de las especies de plantas 

del mundo, y cerca del 43% de las especies de aves, mamíferos, reptiles y anfibios 

endémicos (Myers et al., 2011). 

Las invasiones biológicas son uno de los principales impulsores del cambio 

ambiental global y la pérdida de biodiversidad nativa (Bellard et al., 2016; Blackburn et 
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al., 2019). Además, los movimientos transcontinentales antropogénicos implican un 

tráfico global en continuo aumento y la posterior transferencia intencional y no 

intencional de organismos (Carpio et al., 2020b). El impacto ecológico de la introducción 

de especies es la segunda causa de pérdida de diversidad biológica a escala mundial 

(Álvarez-Romero et al., 2008), en un 40% de las extinciones (Caughley y Gunn, 1995). 

Según Buitrago (2003), la pérdida de huevos y recién nacidos se da por depredadores 

introducidos como Canis familiaris (perro), Felis catus (gato), Sus scrofa (cerdo), Rattus 

rattus (rata), que se encuentran entre las 100 especies exóticas invasoras más dañinas 

del mundo (Lowe et al., 2004). Otros estudios demuestran que el 19% de la pérdida de 

nidos de quelonios en Costa Rica se da por la depredación de perros domésticos 

(Malmierca, 2018), lo cual coincide con estudios realizados en la provincia de 

Esmeraldas (Ecuador) donde se registra una alta incidencia de depredación de nidos 

por perros (Sosa, 2019). En Ecuador también se ha reportado que el cerdo salvaje 

depredó el 7,4% de nidos en la región insular (Zarate et al., 2013), lo cual coincide con 

otros estudios que destacan el papel dañino de los cerdos salvajes sobre las 

anidaciones de tortugas (Engeman et al., 2019).  

Por tanto, es clave evaluar las vías por las que se introducen las especies 

exóticas para poder identificar los riesgos potenciales y evaluar las decisiones de 

gestión (Pyšek et al., 2020). Este tema se aborda en el primer capítulo de la tesis como 

una primera aproximación para conocer el impacto y magnitud de la introducción 

intencional de especies exóticas en América Latina (Carpio et al., 2020b). Además, las 

políticas sudamericanas parecen reflejar el bajo nivel de interés por las especies no 

autóctonas que muestran sus ciudadanos (Speziale et al., 2012). En esta región, las 

políticas nacionales están poco desarrolladas y se ocupan principalmente de las 

especies exóticas que amenazan los sistemas productivos. Además, tanto el número de 

especies introducidas como sus impactos están subestimados dado el bajo esfuerzo de 

investigación dedicado a las especies no nativas en los países de América del Sur 

(Quiroz et al., 2009). 

2. Las tortugas marinas 

El segundo bloque que compone esta tesis doctoral se centra de forma particular 

en las tortugas marinas. Se trata de reptiles que habitan los mares tropicales y 

subtropicales del mundo, desde hace más de 100 millones de años. La forma de su 

cuerpo y sus aletas hacen que estas especies estén adaptadas a la vida en el mar, 

manteniendo un vínculo muy cercano con la tierra. Las hembras deben ir a las playas a 
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depositar sus huevos en la arena, donde nacerán las tortugas y retornarán al mar (Carr, 

2015). Con ello cumplen una etapa del complejo ciclo de vida, que abarca varios hábitats 

durante su desarrollo y migraciones, lo que las expone a numerosas amenazas 

naturales y antropogénicas (Núñez, 2015). 

A nivel mundial existen siete especies de tortugas marinas, Chelonia mydas 

(tortuga verde), Eretmochelys imbricata (tortuga carey), Lepidochelys olivacea (tortuga 

golfina), Dermochelys coriacea (tortuga laúd), Caretta caretta (tortuga caguama), 

Lepidochelys Kempii (tortuga lora), Natator depressus (tortuga plana). De acuerdo a la 

Lista Roja de la Unión Internacional para la Conservación de la Naturaleza, estas 

especies se encuentran en alguna de las categorías de peligro de extinción; la tortuga 

carey y lora están categorizadas como en peligro crítico, la tortuga verde en peligro, las 

tortugas laúd, golfina, y caguama como vulnerable, y la tortuga plana datos insuficientes.  

En este contexto, Ecuador es uno de los países pioneros en la conservación de 

las tortugas marinas en América Latina, iniciando los esfuerzos de conservación en los 

ochenta, prohibiendo la captura de las tortugas marinas y la exportación de los 

productos y subproductos de estas especies (Hurtado, 1983). En la última década 

(2010-2020) se ha fortalecido tanto el marco normativo, como las capacidades 

institucionales, y se diseñó una importante herramienta al promulgarse el Plan Nacional 

de Conservación de las Tortugas Marinas (PNCTM 2014-2019), actualizado en el 2020.  

A continuación, se describen las especies de tortugas marinas encontradas en Ecuador: 

Lepidochelys olivacea (tortuga golfina) 

De acuerdo al informe anual de la CIT en el 2013, las playas del Refugio de Vida 

Silvestre y Marino Costera Pacoche reportan que el 88,7% de las tortugas marinas 

anidadoras monitoreadas pertenecen a esta especie. Al año 2020, la anidación de la 

golfina se ha reportado a lo largo de toda la costa del Ecuador en 41 playas (SGMC, 

2019; Miranda, 2019), con valores de hasta 700 nidos por año (SGMC, 2019).  

La anidación de esta especie ocurre durante todo el año. Sin embargo, su pico 

reproductivo se presenta entre los meses de septiembre a noviembre (MAE, 2014), 

según reportes en las playas de la Reserva de Producción de Fauna Marino Costera 

Puntilla de Santa Elena, Refugio de Vida Silvestre Pacoche, Reserva Marina Manglares 

del Río Muisne y Playa Las Palmas en la Provincia de Esmeraldas. 
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Chelonia mydas (tortuga verde) 

El Ministerio de Ambiente, Agua y Transición Ecológica, durante los años 

comprendidos entre el 2014 y 2019 ha reportado que anidan: en la playa de San Lorenzo 

y la Botada (provincia de Manabí); Tres Cruces y Punta Brava (provincia de Santa 

Elena), y en Esmeraldas. En resumen, se han identificado 15 playas de anidación, 

siendo Bahía Drake en la Isla de La Plata, Parque Nacional Machalilla, uno de los más 

importantes, con un promedio de 48 nidos por año (Miranda, 2019). Respecto al área 

marina, los alrededores de la Isla de La Plata se han identificado como el sitio más 

importante de agregación de esta especie en el continente. 

Dermochelys coriacea (tortuga laúd) 

Esta especie cuenta con muy pocos registros en Ecuador. En 1983 se confirma 

la primera anidación con eclosión efectiva en la playa de Cabuyal, Manabí. En los 

últimos años se han reportado intentos de anidación en las provincias de Manabí y 

Esmeraldas, estas han sido las primeras monitoreadas desde el desove, incubación 

hasta eclosión, aunque fueron infructuosas (Espinoza et al., 2018). Sin embargo y de 

acuerdo al Boletín informativo 085 del Ministerio de Ambiente, Agua y Transición 

Ecológica (MAATE) en enero del 2021 el país marcó un hito histórico con el surgimiento 

de 60 tortugas de esta especie en las costas, de las cuales nueve eclosionaron en la 

playa Punta Bikini en el cantón Sucre, bajo supervisión del personal de dicha institución 

y especialistas de la CIT (MAATE, 2021). 

Eretmochelys imbricata (tortuga carey) 

La tortuga carey está presente en la costa continental ecuatoriana y las Islas 

Galápagos. Desde el 2008, la Fundación Equilibrio Azul inició un programa de monitoreo 

en las playas del Parque Nacional Machalilla, (Baquero et al., 2008). Al momento se han 

identificado 13 playas de anidación, pero destacan 2 playas, Playita en el Parque 

Nacional Machalilla; y Playa Rosada en la Reserva Marina El Pelado (SGMC, 2019; 

Miranda, 2019). 

Los esfuerzos de monitoreo de esta fundación han logrado colocar un total de 

11 transmisores satelitales para conocer su migración entre anidaciones y después de 

la temporada de anidación. Los datos dan un promedio de 25 nidos al año y se han 

marcado un total de 40 hembras anidadoras (Miranda et al., 2018).  
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Caretta caretta (tortuga caguama) 

La información de su distribución es limitada, pero en base al programa de 

observadores pesqueros de la pesca de palangre de la Subsecretaria de Recursos 

Pesqueros (SRP), en el período 2008-2017 se registraron 2206 tortugas capturadas, de 

las cuales el 1,5% de las tortugas reportadas pertenecen a esta especie (Esparza-

Ramírez et al., 2018).  

A pesar de que algunas especies como L. olivacea fue un importante recurso 

pesquero comercial (Hurtado, 1987), en la actualidad, debido al interés internacional por 

la protección de estos carismáticos animales, Ecuador es uno de los países pioneros en 

la conservación de las tortugas marinas de América Latina (MAE, 2014). En sus aguas 

jurisdiccionales se encuentran cinco de las siete especies (tortuga verde, tortuga carey, 

tortuga golfina, tortuga laúd, y tortuga caguama) de ellas con excepción de la caguama 

el resto anidan en la costa continental del país según el Plan Nacional Para La 

Conservación de las Tortugas Marinas del Ministerio de Ambiente Ecuador (MAAE, 

2020). En concreto, la provincia de Manabí es una zona muy importante de anidaciones 

de varias especies de tortugas, principalmente en el Parque Nacional Machalilla, la 

Reserva Marina de Cantagallo y el Refugio de Vida Silvestre Marino Costero de 

Pacoche; sitios donde se han desarrollado acciones para su conservación (MAAE, 

2020). Sin embargo, todavía existe poca información sobre el éxito reproductivo, causas 

de pérdida de nidos o principales causas de mortalidad para estas especies en la costa 

continental de Ecuador (MAAE, 2020; Alfaro-Shigueto et al., 2018). Por ello la presente 

tesis aborda las variables (ambientales, antrópicas y bióticas) que determinan el éxito 

de nidificación y mortalidad de las tortugas marinas en la costa continental de Ecuador. 

Las tortugas marinas cumplen funciones ecológicas importantes, trasladan 

nutrientes, remueven la arena de las playas de anidación, y forrajean pastos marinos 

promoviendo su revitalización (MAAE, 2021). La especie E. imbricata se alimenta de 

esponjas y contribuye a mantener la dinámica de arrecifes de coral (alivia el epizoismo 

en corales); la D. coriácea se alimenta de medusas, con lo que mantiene el control de 

sus poblaciones. De igual modo, debido a que realizan migraciones de miles de 

kilómetros y tardan décadas para madurar sexualmente, sirven como importantes 

indicadores de la salud de los ambientes costeros y marinos, tanto a escala local como 

global (UICN, 2001). Estas especies presentan una distribución cosmopolita, 

preferentemente en las regiones tropicales y subtropicales, aunque también ocupan 

regiones de aguas templadas (Figura 3).  
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Figura 3. Distribución mundial de la tortuga verde (izquierda) y carey 

(derecha), objeto de estudio en esta tesis. 

 

Fuente: Fauna especializada, distribución de la tortuga verde y carey 2018. 

A nivel mundial, las poblaciones de tortugas han disminuido drásticamente, 

principalmente por la cacería para la obtención de cuero y carne, el expolio o 

depredación de huevos, la pesca incidental o el cambio climático entre otros (Mazaris et 

al., 2017; MAE, 2014). Estas disminuciones han motivado los esfuerzos de conservación 

en todo el mundo desde la década de 1950 (Hamann et al., 2007; Wallace et al., 2011). 

Los esfuerzos incluyeron varias medidas de protección de playas, regulaciones estrictas 

de captura incidental en pesquerías (Lewinson et al., 2003) y el establecimiento de áreas 

marinas protegidas (Hamann et al., 2007). Esta preocupación ha llevado a que las 

tortugas marinas se incluyan en el Apéndice I de la Convención sobre el Comercio 

Internacional de Especies Amenazadas de Fauna y Flora Silvestres (CITES, por sus 

siglas en inglés), y en la Lista Roja de la Unión Internacional para la Conservación de la 

Naturaleza (UICN). Aproximadamente el 62,8% de las poblaciones de tortugas marinas 

sufren un cierto grado de amenaza, de los cuales el 19,4% están clasificados como 

amenazados críticamente, 17,4% como amenazado y 30% como vulnerable (Gibbons 

et al., 2000). La explotación directa de la carne se ha reducido (Ceriani et al., 2019), 

pero otras amenazas antropogénicas siguen causando preocupación como el turismo, 

la pérdida de hábitat, la urbanización, la contaminación lumínica costera o la recolección 

de huevos (Wallace et al., 2013; Brei et al., 2016; Sella y Fuentes, 2019; 2020) sumado 

a ello la pesca incidental mediante diferentes artes de pesca de quienes se dedican a 

esta actividad. 

Entre las principales amenazas para la conservación de tortugas marinas se 

encuentran los factores antropogénicos, como la contaminación de los mares y la 

destrucción de los sitios de anidación, turismo, pesca, urbanización, entre otros; así 

como por los efecto del cambio climático (Esteban et al., 2018). La pérdida de playas 

como consecuencia de la erosión y las variaciones en el nivel del mar por el 

calentamiento global puede producir eventos catastróficos (Bolongrado et al., 2015; 
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Palomino-González et al., 2020). El aumento del nivel del mar y un incremento de la 

frecuencia de eventos de nivel de oleaje excepcionalmente alto han sido relacionados 

con la pérdida de nidadas, particularmente en aquellas playas donde las tortugas se 

encuentran con una pérdida de disponibilidad de zonas óptimas donde variables como 

la humedad, salinidad o pendiente de la playa resulten adecuadas (Wood y Bjorndal, 

2000; Palomino-González et al., 2020; Hawkes et al., 2018). De otro lado, el cambio 

climático genera dos problemas en la reproducción de las tortugas, un aumento del nivel 

del mar y la consiguiente pérdida de zonas adecuadas (Fish et al., 2005), además del 

aumento de la temperatura que afecta la determinación del sexo de las crías (Yntema y 

Mrosovsky, 1980) (Figura 4). 

Otras amenazas que afectan a las poblaciones de tortugas están relacionadas 

con los impactos de la pesca incidental, el uso de diferentes artes de pesca 

(especialmente palangres y redes de enmalle) una de las amenazas más graves para 

las poblaciones de tortugas marinas (Lewison et al., 2004; López-Barrera et al., 2012; 

Wallace et al., 2013; Gilman y Huang, 2017; Fiedler et al., 2020; Marco et al., 2020) 

Figura 4. Factores relacionados con la reducción de las poblaciones de tortugas 

marinas. 

 

Pérdida de hábitat de las tortugas marinas 

El hábitat de las tortugas marinas puede verse afectado por causas 

antropogénicas (turismo, pesca, urbanización, entre otros), los contaminantes de las 

actividades humanas llegan al mar, provocando lesiones, enfermedades e incluso la 

muerte, las fuentes de contaminación van desde las aguas residuales de los 

asentamientos humanos hasta las redes de pesca (Wallace et al., 2015). Un informe de 

National Geographic en el 2021 menciona que cada año llegan más de ocho millones 

de toneladas de residuos al océano y el 90% de éstos son plásticos. Algunos estudios 
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en las Islas Baleares encontraron residuos sólidos como plástico en los tractos 

digestivos de 13 tortugas que vararon muertas (Alonso, 2018). 

La pérdida de hábitat por causas naturales (erosión, aumento del nivel del mar, 

intensidad de las mareas, huracanes), también pueden suponer una importante causa 

de pérdida de huevos y muerte de embriones en el nido (Buitrago et al., 2003). Dado 

que el criterio de selección del sitio no es el mismo para todas las especies, hay 

diferencias entre estas, en la misma playa (Esteban et al., 2018). Esta selección de los 

sitios para anidar depende de características como pendiente, topográfica, amplitud y 

tipo de sedimento (Zurita et al., 1993), así como de la presencia o no de obstáculos 

(escalones de arena, vegetación, etc.) (Carpio et al., 2020a). Uno de los problemas que 

se han identificado como causante de la disminución de estas poblaciones es el bajo 

éxito reproductor (Buitrago et al., 2003). Esto puede deberse a la falta de lugares 

adecuados para la nidificación, a la pérdida de nidos por depredación, a la inundación 

de los nidos, entre otros factores (Mazaris et al., 2013). En algunas playas sujetas a 

erosión se forman cantiles y terrazas verticales que constituyen serias barreras físicas 

y las tortugas a menudo están obligadas a recorrer grandes distancias paralela a la costa 

para finalmente regresar al mar y anidar en otros tramos más alejados (Márquez, 1996; 

Rivas et al., 2016). A las barreras naturales se suman otras creadas por el hombre como 

son los muelles, escolleras, desarrollos turísticos y urbanos (Salazar, 1998).  

A este problema se añade otro fenómeno conocido como estrechamiento 

costero, debido a la expansión continua de construcciones en la playa que va 

reduciendo las zonas de nidificación para estas especies (Mazaris et al., 2009). Además, 

otros factores como la extracción de arena (Baquero, 2008), la depredación tanto de 

huevos y neonatos por parte de animales domésticos como cerdos, gatos y perros 

(Heithaus, 2013), la presencia de vehículos motorizados en las playas (Baquero, 2008), 

y la eliminación de la vegetación natural, la cual promueve significativamente la erosión 

afectan negativamente a la reproducción y supervivencia de las poblaciones de tortugas 

marinas. 

En este sentido, el segundo capítulo intenta abordar esta problemática, 

evaluando el impacto de los aguajes y los escalones de arena en el éxito de nidificación 

(anidan o no) y eclosión (porciento de éxito) de las tortugas marinas. Trabajos previos 

como los de Rivas et al. (2016) y Siqueira et al. (2021), ya destacan la necesidad de 

conocer el efecto que la mayor frecuencia de tormentas y el aumento del nivel del mar 

debido al cambio climático podrían causar sobre la pérdida de playas. Resaltando que 
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faltan estudios que recopilen conocimientos sobre la influencia de la vulnerabilidad 

costera a la erosión y el asentamiento para evaluar la anidación de tortugas marinas. 

2.3 Cambio Climático 

De acuerdo con el informe de la Organización Meteorológica Mundial (OMM), 

cuatro indicadores claves que miden el cambio climático alcanzaron niveles récord en 

el 2021 como lo son las concentraciones de gases de efecto invernadero, subida del 

nivel del mar, contenido calorífico de los océanos y acidificación de éstos. Los datos son 

un reflejo de que las actividades humanas están provocando cambios a escala global, 

lo que representa uno de los mayores problemas ecológicos, sociales y económicos del 

planeta (IPCC, 2021). Estos cambios se manifiestan en los sistemas biológicos como 

cambios en la distribución y abundancia de especies, alteración de la fenología, cambios 

de distribución a los polos en muchas especies marinas que van desde plancton a los 

peces (Beaugrand et al., 2002; Perry et al., 2005). 

El sexto informe del IPCC 2022 estima que el aumento del nivel del mar (SLR) 

entre 1901 y 2018 fue de 0.2 m., y de acuerdo con las proyecciones continuarán 

aumentando a un ritmo acelerado para el 2030. Lo que conlleva a un aumento de 

inundaciones de zonas costeras (Lin et al., 2012) y alteración de las mareas (Hagen et 

al., 2013). Todas estas proyecciones de aumento del nivel del mar muestran escenarios 

desfavorables para las anidaciones (Patricio et al., 2019; Rivas et al., 2022). La subida 

del nivel del mar conduce al fracaso de los nidos de tortugas cuando el desarrollo 

embrionario se detiene debido a la reducción de oxígeno (Martin, 1996). Se estima que 

el 38% de las playas pueden sufrir una pérdida del hábitat para anidación debido a las 

inundaciones (Fuentes et al., 2010). Los impactos esperados incluyen la pérdida de 

hábitat y disminución del éxito reproductivo, la feminización de las poblaciones, cambios 

en la periodicidad reproductiva, cambios en los rangos latitudinales y cambios en el éxito 

de alimentación en la fase de la historia de la vida marina (Patricio et al., 2021).  

Un efecto directo, derivado del cambio climático es el aumento del nivel del mar 

(tabla 1). Estudios previos como Baker et al. (2006), Fuentes et al. (2010), Lyons et al. 

(2020), Varela et al. (2019) y Rivas et al. (2022) reportan pérdidas de nidos de hasta el 

67% bajo el escenario de IPCC de 1,2 m y concluyen que hasta el 40% de las playas de 

anidación de tortugas podrían ser inundadas. Otros estudios realizados en Barbados 

demostraron pérdidas del 50% del hábitat de anidación de tortugas carey (Fisher et al., 

2005). 
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Esto puede tener un impacto letal sobre las tortugas, ya que trabajos previos 

muestran como la inundación de 1 a 3 horas reduce la viabilidad de los huevos en un 

10%, mientras que si esta inundación dura 6 horas la reducción de la viabilidad aumenta 

en un 30% (Pike et al., 2015). Por tanto, el impacto negativo que tiene el aumento del 

nivel del mar e intensidad de mareas en las playas tienen implicaciones no solo para los 

nidos, sino también para los juveniles y adultos (Von et al., 2019), y esta amenaza está 

dada por el incremento de marejadas por efecto de fuertes vientos en las costas por 

ejemplo en Ecuador donde desovan tortugas golfinas (MAE, 2017).  

Otro efecto derivado del cambio climático es el aumento de la temperatura (tabla 

1), el cual es un factor condicionante en especies con determinación del sexo 

dependiente de la temperatura (TSD), donde el sexo del individuo está determinado por 

la temperatura de incubación en etapa embrionaria (Janzen, 1994). El cambio climático 

afecta todas las etapas de vida de las tortugas marinas, una de las principales 

preocupaciones con respecto a los efectos es el impacto en la proporción de sexos, ya 

que las temperaturas más altas pueden provocar que la arena se caliente, solo con el 

aumento de 2°C aumentaría la proporción de crías hembra (Wibbels, 2003; 

Poloczanska, 2009). Se prevé que la temperatura media anual aumente 2,6°C para el 

2100 (IPPC, 2014), por lo que se espera una clara tendencia a la feminización de las 

poblaciones. Por ejemplo, estudios recientes muestran resultados de tres especies que 

han tenido una producción de crías sesgada hacia las hembras durante las últimas 

décadas con menos del 15,5%, 36,0% y 23,7% de machos producidos cada año para 

tortugas verdes, carey y laúd, respectivamente, desde finales del siglo XIX (Laloë et al., 

2016). 

Otro estudio realizado en la Gran Barrera de Coral (GBC) mostró un sesgo 

sexual femenino en el 99,1% de los juveniles, 99,8% de los subadultos y 86% de adultos 

en colonias de tortugas verdes durante más de dos décadas (Jensen et al., 2018). 
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Tabla1. Impactos del cambio climático en el hábitat de tortugas marinas, adaptado de Poloczanska et al. (2010). 

Etapa de 

vida de las 

tortugas 

Hábitat y  

distribución 

Calentamiento 

del aire y 

temperatura del 

océano 

Alteración de 

lluvias, 

tormentas y 

ciclones 

Aumento 

de nivel 

del mar 

Alteración de 

vientos y 

corrientes 

oceánicas 

Alteración 

de los 

patrones 

oceánicos a 

gran escala 

Acidificación 

de los 

océanos 

Incubación y 

eclosión 

Playas de arena en los 

trópicos y subtrópicos 
Aire X X  X  

Cría y 

anidación 

Aguas costeras y playas 

de arenas en los trópicos 

y subtrópicos 

Océano X X  X  

Oceánicos 

Juveniles y 

adultos 

Océano abierto, trópicos 

a latitudes de 

temperatura fría 

Océano   X X X 

Neríticos 

Juveniles y 

adultos 

Aguas costeras y de 

plataforma, trópicos a 

latitudes de temperatura 

Océano X X  X X 

Migración 

Mares de plataforma y 

océano abierto cientos 

de kilómetros a través de 

cuencas oceánicas 

Océano   X X  
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En este sentido el tercer capítulo de la tesis pretende evaluar el papel del 

cambio climático sobre la nidificación de las tortugas marinas a través de los cambios 

en los episodios (frecuencia e intensidad) de los aguajes. Siqueira et al. (2021), 

mencionan que la mayoría de los estudios sobre la actividad de anidación de tortugas 

marinas en la actualidad se centran en los impactos del cambio climático (especialmente 

incremento del nivel del mar y efecto de la temperatura en los sex-ratio), sin embargo, 

muy pocos trabajos evalúan el efecto potencial de los eventos extremos de aguajes en 

el futuro sobre el éxito de eclosión (Thompson y Curran, 2015; Palomino-González et 

al., 2020).  

2.4 Pesca incidental 

Le pesca incidental definida como la captura de organismos o especies no 

objetivo, es un tema de preocupación crítica para la conservación de los océanos y la 

gestión de recursos (Davies et al., 2009). La captura incidental emplea diferentes artes 

de pesca como palangres y redes de enmalle, que se convierten en una de las 

amenazas más graves para las tortugas marinas (Fiedler et al., 2007; Marco et al., 

2020). Este problema se vuelve crítico cuando las especies no objetivo son animales de 

larga vida o se encuentran en peligro de extinción como es el caso de las tortugas 

marinas (Dayton et al., 1995; Lewison et al., 2004). 

Alfaro-Shigueto et al. (2018) muestran datos preocupantes, solo al hablar de la 

pesca incidental, con una tasa de captura anual de 40.480 tortugas en Ecuador y una 

tasa de mortalidad del 32,5% (lo que equivale a 13.225 tortugas al año). De la 

información existente se sabe que, en Ecuador, L. olivacea es la especie más capturada 

en palangres artesanales, seguida de C. mydas. No hay reportes sobre captura de D. 

coriácea, pero probablemente debe haber interacción, ya que existen registros de 

captura en palangres y redes de enmalle en Perú (Alfaro-Shigueto et al., 2007). El 

impacto de la actividad pesquera hacia las poblaciones de tortugas marinas incluye 

golpes, ingesta de anzuelos y ahogamiento por enredo de redes de pesca (MAAE, 

2020).  

La interacción con los anzuelos tradicionales (anzuelo J) puede causar 

mortalidad en las tortugas cuando los tragan y se producen lesiones en el tracto 

digestivo, o cuando producen lesiones severas en otra parte del cuerpo, que inhabilitan 

al animal. Adicionalmente, ha sido común que los pescadores golpeen al animal para 
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liberarlo. Vera (2009) reportó que de 156 tortugas varadas en la playa de Mar Bravo 

(provincia Santa Elena), 44 (28,2%) tenían anzuelos, principalmente en la boca (65,9%). 

En el Centro de Rehabilitación de Fauna Marina localizado en el Parque Nacional 

Machalilla de Ecuador, hasta el 2018 se recibieron 306 tortugas de las especies C. 

mydas, L. olivacea, y E. imbricata. Entre las principales causas de varamiento se 

identificó que el 80.5% fue por golpes producidos por pescadores (fracturas de cráneo, 

fracturas de caparazón, desgarre de esófago), el 39% fue causado por anzuelos en 

intestino, estómago y el 19,5% por ahogamiento producido por enredo de redes de 

pesca (Alemán et al., 2018) 

Debido a la alta incidencia de esta pesca incidental, el cuarto capítulo de esta 

tesis pretende evaluar los factores que determinan la pesca incidental de tortugas 

marinas en Ecuador. Como se ha mencionado anteriormente factores como el tipo de 

anzuelo (Wallace, 2013), tipo de cebo (Zárate, 2009), pesca objetivo (Parga et al., 2015), 

época del año (Barragán, 2003), resultan claves en las tasas de capturas de las tortugas 

marinas. Por tanto, resulta prioritario identificar estos factores para diseñar medidas de 

mitigación que permitan una pesca más integrada y sostenible. 
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OBJETIVOS Y ESTRUCTURA DE LA TESIS 

La estructura de la tesis se corresponde al formato de tesis por compendio de 

artículos científicos.  

De acuerdo a este formato, cada uno de los capítulos se redactaron siguiendo 

los apartados convencionales de un artículo científico, teniendo por tanto su propia 

introducción, materiales y métodos, resultados y discusión. Asimismo, cada artículo 

dispone de la bibliografía citada en el mismo. No obstante, para facilitar la localización 

de las citas incluidas en la introducción general y en la discusión final, se incluyen estas 

referencias bibliográficas al final de esta tesis, con independencia de que hayan sido 

igualmente citadas en los distintos capítulos.  

La relación de artículos, cuyo contexto se ha explicado anteriormente en la 

introducción de cada capítulo que constituyen esta tesis, es la siguiente: 

Como parte de la investigación se desarrollaron dos objetivos generales, el 

primero fue analizar la introducción de especies exóticas en Latinoamérica y el segundo 

objetivo, analizado en tres capítulos independientes, está relacionado con la evaluación 

de los factores que afectan el proceso de anidación y mortalidad de las tortugas marinas 

en las playas de Manabí, Ecuador.  

 Objetivos específicos 

Muchos estudios indican que las zonas con mayor biodiversidad tienden a 

albergar una mayor riqueza de especies exóticas. América Latina, es sin duda uno de 

los continentes con mayor presencia de especies. De manera concreta un primer 

objetivo específico (capítulo uno), es analizar las vías de introducción de las especies 

exóticas en América Latina.  

En el capítulo dos se hace referencia a las zonas de nidificación de las tortugas 

marinas, las cuales pueden verse afectadas por múltiples factores como el cambio 

climático; para lo cual se analizó la frecuencia e intensidad de las mareas entre el 2009 

y 2019, como parte del segundo objetivo específico se planteó determinar las 

variables que causan la pérdida de nidos de las tortugas en los sitios estudiados. 

Debido a la falta de información, sobre los escenarios futuros de cambio climático 

sobre esta especie en las costas de Ecuador, el capítulo tres responde al tercer 

objetivo específico para proyectar el éxito de anidación de las tortugas marinas a lo 
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largo de la próxima década, basado en los cambios de los eventos de mareas extremas 

a lo largo de la costa continental de Ecuador. 

Otra de las causas de mortalidad de las tortugas marinas se debe a la captura 

incidental, en la que se emplean diferentes artes de pesca, siendo una de las amenazas 

más graves para las poblaciones de estos quelonios. Como parte del cuarto objetivo 

específico (capítulo cuatro), es comparar la percepción de los pescadores artesanales 

frente a la de los observadores oficiales que acompañan a las embarcaciones nodrizas.  

Finalmente se realiza una discusión general y se presentan las conclusiones 

de la investigación. 
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ABSTRACT 

Assessing the pathways by which alien species are introduced is essential if we are to 

identify potential risks and evaluate management decisions. Intentional introductions are 

responsible for the introductions of millions of animals throughout Latin America. We explore: 

(1) the relative role of several intentional introduction pathways (hunting, feeding, fur, biological 

control, the pet trade and others) in the general context of introductions of alien species; (2) 

the relative importance of the intentional pathways across the different taxa; (3) similar patterns 

as regards the composition of alien species across countries, (4) the underlying factors that 

drive the richness of alien species in Latin America, and (5) the potential impacts of alien 

species on the region. According to our results, 69 species of mammals and 62 species of 

birds were introduced into Latin America by means of intentional pathways, of which the most 

important taxa were Artiodactyls, Primates, Passeriformes and Psittaciformes. The main 

introductions pathways were the pet/ornamental trades (70.9%) for birds, and hunting (39.1%) 

and pet trade/ornamental purposes (37.7%) for mammals. The composition of species differed 

among countries, with a higher richness of species in those countries with a high percentage 

of urban populations, with a higher native species biodiversity, with a high % of GDP owing to 

imports (birds) and in those with a high number of trafficked species (mammals). This review 

stresses that the pet trade and hunting are important pathways for the introduction of alien 

species, some of which have had severe impacts on many countries. 

Keywords: Delivering alien species Geographical pattern Global database Intentional species 

introduction Invasion pathways 

INTRODUCTION 

Biological invasion is one of the main drivers of global environmental change and the 

loss of native biodiversity (Bellard et al., 2016; Blackburn et al., 2019). In addition, 

anthropogenic transcontinental movements involve a continually increasing global traffic and 

the subsequent intentional and unintentional transfer of organisms, and a diverse array of 

human-mediated pathways have appeared to transport numerous species between different 

eco-regions (Kuhlenkamp and Kind, 2018). Global databases (e.g. GSID, GAVIA, or GRIIS) 

provide an overview of global geographic patterns of species invasions and/or introductions, 

origins and introduction pathways (Turbelin et al., 2017). 

Mammals and birds were the first organisms to be intentionally introduced around the 

world for sport hunting, commercialization and domestication as livestock (e.g. feeding, fur, 

transport or work animals), pets or for pest control (Long, 2003; Lever, 2005; Clout and Russell, 
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2008; Blackburn et al., 2009). Some other species have been accidentally introduced (e.g. 

hitchhiker species, such as rats in ships). However, most established mammals originate from 

intentional releases into natural environments (Blackburn et al., 2011). The establishment of 

alien species has, therefore, primarily occurred near human populations, after which they have 

spread into natural and semi-natural areas (Da Rosa et al., 2017; Carpio et al., 2017a). 

The impact and risk of biological invasions is particularly high in Latin America owing 

to its invaluable world biodiversity hotspots (Myers et al., 2000). However, the introduction of 

alien species has been poorly studied in this region (Speziale et al., 2012) compared to 

scientific production in the United States, Europe, or Australia. According to the Global Invasive 

Species Database (GISD), 283 of the 613 invasive species (46%) that are listed in the GISD 

are present in some Latin America and Caribbean countries (Pauchard et al., 2011), and 20% 

of the known world-wide mammal introduction events have occurred in Latin America (Novillo 

& Ojeda, 2008). In addition, at least 41 of the 100 of the world’s worst invasive alien species 

are already established in Latin America (IUCN-ISSG, 2000). However, the role of intentional 

pathways as a source of alien species in Latin America has received relatively little attention 

(Speziale et al., 2012; Essl et al., 2015; but see; Buenavista & Palomares, 2018) and the 

information available is biased towards some specific regions, such as Chile (Jaksic, 1998; 

Jaksic et al., 2002; Iriarte et al., 2005), the Galapagos Islands (Toral-Granada et al., 2017), 

Argentina (Lizarralde et al., 2004; Bonino and Soriguer, 2009) or Brazil (Da Rosa et al., 2017). 

Information about alien species is, on the contrary, often scarce, inaccurate or reported only in 

grey literature (Pereira-Garbero et al., 2013).  

Goods transported as a result of the intensive international trade have been identified 

as an important factor affecting the occurrence of invasive species (Hulme, 2009). The 

magnitude of merchandise imports, specially commodities is a significant determinant of the 

number of species (Westphal et al., 2008) as well as the rate of new species introductions of 

a wide range of alien taxa. Moreover, a further increase in the number of alien species can be 

expected when associated with the increase in gross domestic product (GDP) and trade 

(Pyšek et al., 2008; Hulme, 2009; Seebens et al., 2017), since GDP reflects levels of 

infrastructure (roads, canals, railways etc.) that can also facilitate invasions (Hulme, 2009). 

Cardador et al. (2019) demonstrated the magnitude of a trade ban as regards preventing 

biological invasions. Another important factor is the proportion of urban population (McKinney, 

2009), since areas with dense human populations are relevant sources of alien species owing 

to: (1) the release and escape of alien species kept as pets (Spear et al., 2013), (2) the intensity 

of tourism, which is directly associated with both intentional and unintentional introduction 

pathways (Anderson et al., 2015) and (3) the intensity of anthropogenic disturbance, which 

https://besjournals.onlinelibrary.wiley.com/doi/10.1111/j.1365-2664.2008.01600.x#b65
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can be considered as a proxy for the risk of invasion (Hulme, 2009; Spear et al., 2013; Carpio 

et al, 2017a).. Moreover, some studies indicate that areas with a higher biodiversity tend to 

host a higher richness of alien species on large spatial scales (e.g. Stohlgren et al., 2003, 

2006; Fridley et al., 2007; Dyer et al., 2017a), since those areas with a high native diversity 

have a greater number of microniches (or more spatial heterogeneity), which would, therefore, 

allow a greater number of alien species to be accommodated (Davies et al., 2005). We 

accordingly predict that Latin America will possibly achieve the highest richness globally of 

alien species because of its great variety of niches and biodiversity, along with an increase in 

trade, GDP and other correlated activities (Speziale and Lambertucci, 2010). 

In this paper, we aim to identify cases of alien species of birds and mammals that were 

introduced into Latin American countries through intentional pathways. Our specific objectives 

are: (1) to review the relative role of intentional introduction pathways (hunting, feeding, fur, 

biological control, the pet trade and others) in the context of alien species introductions; (2) to 

assess the relative importance of the intentional pathways across the different taxa; (3) to 

identify similar patterns in the composition of alien species across countries, (4) to assess the 

underlying factors that drive the richness of alien species in Latin America, and (5) to quantify 

the potential impacts of these species on this region. 

MATERIAL AND METHODS 

Data collection 

We reviewed several lists of species introduced into South America, Mesoamerica and 

Caribbean Islands, which were obtained from scientific papers, books and technical reports 

(Kairo et al., 2003; Long, 2003; Lever, 2005; Flueck, 2010; Pimentel, 2014; Da Rosa et al., 

2017; Dyer et al., 2017b; Buenavista and Palomares, 2018). We used the following search 

terms: “non-native species” OR “invasive species” OR “non-indigenous species” OR “alien 

species” OR “exotic species” OR “introduced species” AND “intentional purposes” OR 

“intentional introduction pathways” OR “hunting” OR “pet ” OR “feeding” [or “feed” or “food”] 

OR “biological control” OR “fur” [or “fur trapping”] OR “acclimatization society” [or “rewilding” 

or “ecological replacement”] AND “mammal” OR “bird” AND “Latin America’ OR “Central 

America” OR “South America” OR “Mesoamerica” OR “Caribbean Islands”. We also used 

databases, such as the Global Invasive Species Database (‘‘GISD’’ 

http://www.iucngisd.org/gisd/), and those of the International Union for Conservation of Nature 

(‘‘IUCN’’ https://www.iucnredlist.org/), The Convention on International Trade in Endangered 

Species of Wild Fauna and Flora (‘‘CITES’’ https://www.cites.org/) the Invasive Species 

http://www.iucngisd.org/gisd/
https://www.iucnredlist.org/
https://www.cites.org/


Capítulo 1  
Intentional introduction pathways of alien birds and mammals in Latin America 

 

 
27 

 

Compendium (https://www.cabi.org/isc/), Inter-American Biodiversity Information Network 

(http://bd.institutohorus.org.br/www/), Global Avian Invasions Atlas (GAVIA 

http://dx.doi.org/10.6084/m9.figshare.4234850) and the Global Register of Introduced and 

Invasive Species (GRIIS http://www.griis.org/). The sources of information used for this study 

are shown in List S1a. Scientific papers addressing the introduction of species for intentional 

purposes were searched using three main web engines: Google ScholarTM, ISI Web of 

Science® and Scopus®. All of this information was then combined to draw up a list of the 

species intentionally introduced into each country (Figure S3). Finally, only those species with 

a documented introduction pathway in any Latin-American country were included in Table S3. 

The species that are native to one part of Latin America but alien to another were included. 

Those species for which references concerned another introduction purpose (natural dispersal, 

accidental, stowaway, etc.) or when no reliable confirming references were found (databases 

without a reference to confirm it), were, however, rejected. Notwithstanding, several species 

required more detailed investigation to be considered as intentionally introduced species. 

Rodents (such as Rattus rattus, Rattus novergicus, Peromyscus fraterculus and Mus 

musculus) have been introduced into many areas around the world as a result of their having 

following humans (Atkinson, 1985; Pimentel, 2014) and were therefore not considered as 

intentional introduction. However, some species, such as Rattus exulans, Cavia porcellus and 

Dasyprocta punctata, have been introduced as a source of food (Fiedler, 1990) and therefore 

considered in this study. Another case is that of Bubulcus ibis, whose introduction may have 

occurred as the result of natural range extensions without human assistance (Kairo et al., 

2003) and was not included in the study, or Didelphius marsupialis, which was introduced into 

the Lesser Antilles in Trinidad, although the species could be native (Long, 2003), or into Saint 

Lucia, where it is classified as native by some authors and alien by others (therefore we have 

considered it as alien), who believe that it was introduced by Amerindians (Caribbean 

Conservation Association, 1991). Therefore, species that were accidentally introduced have 

not been included in this analysis (e.g. Mus musculus, Bubulcus ibis or some species of the 

Rattus genus). 

The biogeographic region from which each species was derived (native range 

according to IUCN and GISD) was also identified (Palaearctic, Nearctic, Afrotropics, 

Indomalaya, Neotropics, Australasia and Oceania). Those widespread species that occupy 

several regions were classified as either Holarctic, New World or multiregional (Abellán et al., 

2016; see Fig. S1). Finally, we evaluated in which country or countries each species occurs in 

Latin America, according to GISD, GAVIA, GRISS and CABI (Fig. S3). 

https://www.cabi.org/isc/
http://bd.institutohorus.org.br/www/
http://dx.doi.org/10.6084/m9.figshare.4234850
http://www.griis.org/
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Intentional introduction pathways of alien species in Latin America 

The term ‘introduction pathways’ describes the processes that result in the introduction 

of alien species from one geographical location to another (Richarson et al., 2011). A species 

may have different introduction pathways in different countries. The analysis was carried out 

for a species only when the main reason for its introduction was “intentional” mainly release 

and escape (Hulme et al., 2008): (hunting, feeding, pet/aesthetic, biological control, fur and 

others; Kraus, 2003) in at least one Latin America country. The ‘others’ group includes aspects 

such as scientific research, working animals or military activities (CBD, 2014). The introduction 

pathway relevant to each intentionally introduced species is documented in Table S3. 

Relative importance of different taxa in the global introductions 

In order to show the distribution of the different taxonomic groups (order or clade in the 

case of ungulates), the species were grouped as birds and mammals separately, along with 

their taxonomic group (Ungulates, Rodentia, Primates…). The number of aliens species 

intentionally introduced were classified according to the introduction pathways, although some 

species have multiple pathways of introduction and therefore were classified in more than one 

pathway (Table S3). In addition, we assessed taxonomic biases in the introduction of alien 

species at order or clade level by comparing the number of species per taxonomic group 

introduced intentionally with a random expectation generated using the hypergeometric 

distribution (Van Wilgen et al., 2010) in R v. 3.4.0 (R Core Team, 2017). The hypergeometric 

distribution is similar to a binomial distribution and describes the probability of a given number 

of successes given a specified number of draws, without replacement. In this instance, a set 

number of species are sampled from a pool of orders and clades of known size (species 

available per clade worldwide). Taxonomic groups outside the 95% confidence intervals were 

deemed to be either over- or under-represented in the introduction process, compared to 

expectations based on the size of the order or clade and the total number of species that were 

introduced intentionally (Van Wilgen et al., 2018). 

Composition of alien species introduced intentionally throughout the countries 

Similarities in the composition of alien species introduced intentionally throughout the 

countries studied were explored by using clustering analyses. A visualisation of the five closest 

Euclidean distances to each country is shown by means of a network plot. The elements were 

clustered by employing hierarchical clustering, using the Ward method and Euclidean 

distances (Fig. S3). The Euclidean distance between two countries is based on a 

multidimensional imaginary space in which each coordinate is the presence/absence of an 
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alien species (Fig. S4). The distance between two elements (two countries in our case) is 

calculated using function 1, where n is equal to the number of variables (in our case, alien 

species), and p and q take two values according to the presence/absence of each species 

(1,0) on each one of each couple of countries (p and q) (Carpio et al., 2019; Oteros et al., 

2019). 

 

The analyses were computed by using R statistical software (R Core Team, 2017). The 

most relevant packages where from the family tidyverse (Wickham, 2016; 2017), circlice (Gu 

et al., 2014) and cluster (Maechler et al., 2018). 

Factors that drive intentionally introduced species richness in Latin America 

The underlying factors driving the richness of alien species introduced intentionally per 

country were determined by performing two Generalised Linear Models (GzLM) using the total 

number of alien bird species introduced into each country (Model 1) and the total number of 

mammal species introduced into each country (Model 2) as response variables. Country size, 

percentage of rural population (refers to the population in areas that have a lower population 

density than urban areas and are spread over a larger area out than urban centres), No. of 

pieces confiscated / million inhabitants (quantity of specimens reported as imports by the 

importing country), No. of trafficked species / million inhabitants, % of GDP imports (% of GDP 

due to imports) and the gross domestic product (GPD) per capita were included as explanatory 

variables in the models (the data sources are shown in List S2). In addition, a third GzLM was 

performed with the number of species established in each country (Model 3) as response 

variable. In this model, number of species of native birds, species of native mammals and total 

number of intentional introduced alien species were included as explanatory variables. All 

models were fitted with a gamma distribution and with a log link. The most plausible models 

were selected by comparing Akaike’s information criterion (AIC) in the models (Burnham and 

Anderson, 2002), following a backward procedure (Zuur et al., 2009). In particular, we 

compared the Akaike information criteria for small sample sizes (AICc value) in each candidate 

model and the best model (that with the lowest AICc). Statistical analyses were performed 

using InfoStat software (Balzarini et al., 2008). 
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Impacts of the alien species introduced intentionally 

Many introduced species commonly have a high reproductive rate, which is one of the 

reasons why they are commercially exploited for sport hunting, feeding, or fur resources 

(Stokes et al., 2006). The impacts of each species were obtained by using the scientific species 

name and impacts as a search term in databases such as Google Scholar, ISI Web of 

Knowledge and databases above mentioned, manually filtering through the sources identified 

by reading titles and (if applicable) abstracts (List S1c). The impacts were grouped into three 

categories: environmental, economic, or health impacts (according to Vilà et al., 2009; Keller 

et al., 2011; Kumschick et al., 2015). Environmental impacts include hybridization, a reduction 

in native biodiversity, the modification of hydrology/water regulations, purification and 

quality/soil moisture, the modification of nutrient pools and fluxes, habitat degradation and the 

modification of successional patterns. Health impacts include disease transmission and 

parasitism, while economic impacts include damage to agriculture/forestry, a reduction 

in/damage to livestock and products, human nuisance, damage to 

aquaculture/mariculture/fish, damage to infrastructures, alteration of recreational use and 

tourism, and other economic impacts (Mack et al., 2000). Therefore, the number of species 

that has each type of impact were determined, although some species may have more than 

one impact (Table S4). In addition, we used the Socio‐Economic Impact Classification of Alien 

Taxa (SEICAT) and Environmental Impact Classification of Alien Taxa (EICAT) to determine 

the magnitude of socio-economic and environmental impacts respectively (Table S3), and to 

classified the species in six categories (massive: MV, major: MR, moderate: MO, minor: MN, 

minimal concern: MC and data deficient: DD) according to Bacher et al. (2018) and Blackburn 

et al. (2014). 
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RESULTS 

General distribution patterns of intentionally introduced species 

According to our results, 69 species of mammals and 62 species of birds were 

intentionally introduced into some Latin American countries. Of the 131 aliens species, 11 (ten 

mammals and one bird) are included in the list of the 100 of the world's worst invasive alien 

species (Luque et al., 2013). However, the introduction of these species has not been spatially 

uniform, and countries such as Argentina, Brazil, Cuba, Mexico or Chile stand out in this 

respect (30 or more intentionally introduced species). On the contrary, other countries such as 

Nicaragua, El Salvador, Honduras, Paraguay or French Guiana have a lower incidence of 

species introductions (Fig. 1). Although this may also be due to the lower scientific production 

in these countries. 

Figure 1. Number of aliens´ species of mammals and birds per country (A), and 

number of native species of mammals and birds per country (B). The data are shown on a 

logarithmic scale. 

 

Furthermore, this pattern is not the same for birds and mammals. For example, in the 

case of birds, countries such as Peru, Mexico, Brazil, Argentina, and islands such as Puerto 

Rico, Jamaica, the Bahamas or Barbados, stand out in terms of the number of aliens’ birds 

(Fig. 1A). In contrast, in the case of mammals, countries such as Argentina, Brazil, Chile, Cuba, 

Peru, Mexico, Grenada or St. Lucia harbour a large variety of intentionally introduced species 

(Fig. 1A). However, normalized intentionally introduced alien species values (nº alien species 
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intentionally introduced/ land area of the country in km2; Turbelin et al., 2017) show that tropical 

islands such as Bermuda, Aruba, Grenada or Antigua & Barbuda have highest ratio of alien 

species per land area of the country (between 0.1 and 0.025 species/km2 for these four 

islands). In contrast, the countries with the lowest ratio of alien species per land are of the 

country were Brazil, Paraguay, Nicaragua, Guatemala or Venezuela (<0.00001 species/km2). 

The origin of these species is also highly heterogeneous. The Neotropics biogeographic region 

stands out as the source of the majority of introduced species (34%). It is followed by 

Indomalaya (18.3%), the Palearctic region (14.5%) and the Afrotropic region (9.9%) (see Fig. 

S1). 

Role of intentional introductions pathways in the context of alien species introductions 

Of the 131 introduced species, 42.6% were introduced as pets or for aesthetic purposes 

(especially cage birds, 22%), while 23.7% are currently exploited as hunting species (Figure 

2B). We specifically noticed that of the 69 mammals and 62 birds introduced into Latin America 

(Fig. 2B), 27 mammal species (39%) and 13 bird species (22%) were introduced primarily for 

hunting purposes, 11.2% were released for feeding purposes, 5.3% for biological control, 4.2% 

for fur industry and 13% for others intentional purposes (research, military, working animals…) 

(Fig. 2B). Overall, our results further show that aesthetics and the pet trade were the most 

important pathways in the case of birds (at least 75% of the introduced species), while hunting 

was the main reason in the case of the introductions of mammals (39% of introduced species). 

(Fig. 2B). 

Relative importance of different taxa 

According to our results, 69 species of mammals (52.7%) and 62 species of birds 

(47.3%) were introduced by means of multiple intentional pathways (Fig. 2A). Most of the 

introduced mammal species were ungulates (n= 27) (Fig. 2B). In this respect, ungulates 

represent 39.1% of all the mammal species introduced into Latin America, where at least 18 

species have been introduced as hunting species (Fig. 3A). Another well-represented group 

of mammals was that of primates, and at least 14 species were introduced for intentional 

purposes (pet/research/experimental), representing 20.3% of the introduced mammals (Fig. 

2B). Rodents are also noteworthy, with 12 species (with different purposes: feeding, hunting, 

fur), which represented 17.4% of the mammals introduced (Fig. 2B). 

  



Capítulo 1  
Intentional introduction pathways of alien birds and mammals in Latin America 

 

 
33 

 

Figure 2. A) Proportion of species from different taxonomic groups of birds and 

mammals that were, according to our review, intentionally introduced into Latin America. 

Vertical bars indicate the proportion of alien species in a group/total number of species in that 

group * 100 (in logarithmic scale). B) Number of species introduced based on the introduction 

pathway: O/P=Ornamental/Pet; H=Hunting; F= Feeding; BC=Biological control; FI=Fur 

industry and Oth = Other pathways, for birds and mammals separately. 

 

Our results further show that the majority of intentionally introduced bird species belong 

to two orders: Passeriformes and Psittaciformes, accounting for 38.7% and 25.8% of the total 

number of introduced bird species, respectively (Fig. 2A). The main introduction pathway for 

these two taxa was the pet trade/aesthetic purposes (90% of species) (Fig. 3B). Galliformes is 

also a very important taxon, with a total of 9 introduced species (14.5% of the introduced birds). 

However, Ungulates and Psittaciformes are the most introduced groups, the number of species 

from these groups present in Latin America countries actually over-represents these groups 

(Ungulates and Psittaciformes). When comparing the number of introduced species in relation 

to total available species within such taxa in the world, both groups are overrepresented in the 

Latin America (10% and 4%) of species from these respective groups occur in at least one of 

the countries included in this review (Figure S3). Instead, Rodentia and Passeriformes are the 

largest mammals and birds’ groups and as such, the number of species from these groups 
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were under-represented (only 0.6% and 0.4% of species from these groups were intentionally 

introduced in at least one country). 

Figure 3. The number of exotic species intentionally introduced by introduction 

pathways to a taxonomic group using chord diagrams: A) mammals, B) birds. The sources of 

information used for this analysis are shown in List S1a. 

 

Composition of intentionally introduced species throughout the continent 

The clustering analyses carried out grouped different countries according to the 

similarity of the intentionally introduced species in their territories (Fig. 4A). Countries were 

grouped in 4 clusters (Fig. S2A, S2B), and some countries had intermediate features: i.e. 

Puerto Rico and Barbados belong to cluster 1, although the distance between them and the 

rest of the cluster is greater than that of the other countries (Fig S2B). The network plot displays 

those countries between cluster 1 and cluster 4. Costa Rica and Guadeloupe in cluster 3 are, 

similarly, transitional cases between clusters 3 and 1. C1 is formed of large countries into which 

the greatest number of species was introduced (Fig. S3). In Figure 4A, each cluster is 

represented by a different colour. All the countries are clustered in four groups. The closer the 

countries in the figure, the more similar they are in terms of alien species. The farther the 

countries in the figure, the more different they are. For example, Guatemala and El Salvador 

are located both countries very close in Cluster 4, meaning that both have similar amount and 

kind of alien species introduced. Argentina and Chile are also together in Cluster 2. Keeping 

the same example, the couple of countries Guatemala-El Salvador are very far from the couple 

Argentina-Chile, meaning that the features of the species invasion are very distant. The main 

introduction pathway in all the clusters was the pet/ornamental trade, followed by hunting. 
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Feeding and biological control were also an important pathway, especially in C3 and C4. 

However, other pathways stand out in C2 (Fig. 4B). 

Figure 4. A) Network plot showing countries distributed according to the composition 

of intentionally introduced species. The five closest Euclidean distances to each element are 

represented. The size of the nodes is related to the amount of species (Max: 55 Argentina, 

Min: 3 Nicaragua), while the longitude of the edges is related to the Euclidean distance 

between the two connected nodes. The Euclidean position of the elements is used for 

clustering: Cluster 1 (green), cluster 2 (yellow), cluster 3 (light blue) and cluster 4 (dark blue). 

B) Percentage of intentionally introduced species by means of different introduction pathways 

in each cluster. Map representing the clusters of grouped countries. (For interpretation of the 

references to colour in this figure legend, the reader is referred to the Web version of this 

article.) 
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Factors that drive intentionally introduced species richness in Latin America 

The factors retained in the best models (Models 1 and 2) employed to assess the effect 

of countries’ characteristics on the total number of alien bird and mammal species intentionally 

introduced into each country are shown in Table 1. The results show that the % of GDP imports 

was statistically and positively associated with the total number of introduced bird species per 

country, while the % of rural population and number of pieces confiscated / million inhabitants 

were negatively related to this variable (Model 1). Furthermore, the number of mammals’ 

species introduced per country was positively affected by the number of trafficked species / 

million inhabitants, whereas it was negatively associated with the % of rural population and 

number of pieces confiscated / million inhabitants (Model 2). Regarding the number of 

established species (Model 3), the results show that the three variables (number of native bird 

and mammal species and total number of introduced species) positively affected this variable 

(Table 1). However, the variable with the greatest effect was the number of species introduced 

(F = 108.9; p <0.001) 

Table 1. Best models explaining the number of intentionally introduced alien bird 

(Model 1), alien mammal (Model 2) and number of established species (Model 3) in each 

country. 

Variable Estimate ± S.E. F-value p-value 

Number of intentionally introduced species of birds (Model 1) 

Intercept 2.8 ± 0.24 11.64 <0.001 

% GDP imports 0.002 ± 0.01 19.5 <0.001 

No. of pieces confiscated / million inhabitants -0.005 ± 0.006 6.65 <0.01 

% Rural population -0.02 ± 0.01 4.91 <0.05 

Number of intentionally introduced species of mammals (Model 2) 

Intercept 3.88 ± 0.33 11.73 <0.001 

% Rural population -0.07 ± 0.01 28.2 <0.001 

No. of trafficked species / million inhabitants 0.06 ± 0.02 10.92 <0.01 

No. of pieces confiscated / million inhabitants -0.018 ± 0.005 10.36 <0.01 

Number of established species (Model 3) 

Intercept 1.20 ± 0.14 70.31 <0.001 

No. of introduced species 0.07 ± 0.01 108.87 <0.001 

No. of species of native mammals 0.004 ± 0.001 9.57 <0.01 

No. of species of native birds 0.001 ± 0.0004 6.17 <0.05 
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Potential impacts of species intentionally introduced into Latin America 

Finally, in this study, the impacts of these species are quantified according to the 

sources of information consulted (List S1c). Of the 131 species introduced intentionally, the 

results show 335 potential species-impacts (expressing that each species causes impacts in 

more than one category; Fig. 5). The greatest number of species-impacts (measured as the 

number of species in each category) are on the ecosystem (185 species-impacts), followed by 

economic impacts (97 species-impacts) and health impacts (53 species-impacts). Of the 

environmental impacts, the reduction in native biodiversity stands out (with 101 species-

impacts), while with regard to the impacts on health, impact disease transmission stands out 

(48 species-impacts) and damage to agriculture/forestry was the main economic impact (44 

species-impacts). 

Figure 5. Number of species intentionally introduced according to the impact 

generated. 

 

In addition, suitable data for socio‐economic and environmental impacts was found in 

literature and database involving 95 species (72.5%) with EIACT and 69 species (52.7%) with 

SEICAT (List S1c). Most alien mammals and birds had low impacts, categorized as either 

minimal concern (MC) or minor (MN) (51.04% for EIACT) and (53.62% for SEICAT). However, 

28 and 21 species had (MO) impacts (EIACT and SEICAT, respectively), 9 with major (MR) 

and 9 with massive (MV) and 10 with major (MR) and 1 with massive (MV) environmental and 

socioeconomic impacts, respectively (Table S3). 

 

https://besjournals.onlinelibrary.wiley.com/doi/full/10.1111/2041-210X.12844#support-information-section
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DISCUSSION 

General distribution patterns of intentionally introduced species  

The Convention on Biological Diversity (Aichi target 9) states that ‘by 2020, invasive 

alien species and pathways must be identified and prioritised (UNEP, 2011-2020). The 

identification of the introduction pathway can inform management strategies that in turn can 

reduce the number of alien species (i.e. colonisation pressure) and individuals (i.e. propagule 

pressure) introduced (Hulme et al., 2008; Pergl et al., 2017). This work provides the first 

assessment of the introduction pathways for exotic mammals and birds in Latin America, 

which, together with earlier national contributions (Jaksic, 1998; Jaksic et al., 2002; Kairo et 

al., 2003; Novillo and Ojeda, 2008; Ballari et al., 2016; Da Rosa et al., 2017; Toral-Granda et 

al., 2017), broadens our understanding of the biological invasion pathways in the region. 

Alien species have only recently (last 25 years) been considered as a problem for 

biodiversity in Latin America (Rodríguez, 2001; Speziale and Lambertucci, 2010; Ballari et al., 

2016; Buenavista and Palomares, 2018). The International Council for Science (ICSU) has 

recognised that information on invasive species in this region is highly asymmetrical between 

the countries in terms of what information exists, what is readily available in each country, and 

research breadth (ICSU, 2017). In addition, Latin America has historically been a region into 

which many mammals and birds have been introduced since European colonisation (Crosby, 

2003). According to our review, 69 mammal and 62 bird alien species were intentionally 

introduced into Latin America. Of the 869 alien and invasive species that negatively impact 

biodiversity found in GSID (including all taxa), 498 (57%) are registered as invasive in one or 

more countries/territories in Latin America (including all taxa), of which 41 appear in the list of 

100 of the World’s Worst Invaders, and 11 were intentionally introduced (Luque et al., 2013). 

Role of intentional introduction pathways in the context of alien species introductions 

According to our results, pet and ornamental traffic and hunting were the two most 

important introduction vectors for birds (44 and 12 species, respectively) and mammals (27 

and 26 species) (Fig 3A, B). This is of particular concern in Latin America, where pet keeping 

is popular, and is consequently increasing the consumer community for exotic pets, mainly 

birds (Alves et al., 2010; Bush et al., 2014). These results also coincide with Kraus (2003) or 

Carrete and Tella (2008), who showed that hunting and the pet trade were the dominant 

pathways for bird introduction (76% of the birds introduced), while feeding and hunting are the 

main reasons for the introductions of mammals (Goss and Cumming, 2013). Similar results 

were also found by Carpio et al. (2017b) in Europe, where 24% of the mammals and 30% of 
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the birds introduced were released for hunting purposes. With regard to food production, 

Hulme et al (2008) pointed out in a review that feeding and hunting were the primary 

introduction pathways for birds and mammals. In our case, feeding was the third most 

important reason for the introduction of mammals, with 14 species.  

Relative importance of different taxa 

Our review shows that the introduction of these species has been biased towards 

several wildlife orders, mainly Artiodactyls, Primates, Passeriformes and Psittaciformes (Fig. 

2A). Ungulates stand out from the others (39% of the introduced mammal species), probably 

because of their importance in sport hunting (Spear and Chown, 2009; Flueck, 2010) and for 

feeding (Jenkins, 1996). The Primates constituted the mammal order with the second most 

introduced species (n=14), mainly for the pet trade and research experiments. The most 

common species of primates introduced for experiments are Chlorocebus aethiops, Macaca 

mulatta, and M. fascicularis (Carlsson et al., 2004). Bush et al. (2014) showed that the 

mammals most frequently introduced as pets were primates and carnivores. This study also 

showed that Parrots (Psittaciformes), and songbirds (Passeriformes), were the most common 

avian orders in the pet trade, which is in line with our results, in which Psittaciformes and 

Passeriformes represented 41.9% and 25.8% of the total bird species. Similar results are 

shown in Abellán et al. (2016), in which 70% of bird species introduced belonged to just three 

orders (Passeriformes, Psittaciformes and Anseriformes), and were introduced primarily as 

cage birds and ornamental species.  

The overrepresentation of some taxa is shown in Figure 2A. Parrots (pet trade) and 

Ungulates (hunting purposes) were reported more often than randomly expected (Bush et al., 

2014), while other orders such as Passeriformes or Rodentia are underrepresented, principally 

owing to the large number of species in these taxa (Van Wilgen et al., 2018).  

Composition of intentionally introduced species throughout the continent 

We found well defined clusters of countries as regards the composition of intentionally 

introduced species (Fig. 4). Cluster 1 is formed mainly of Caribbean countries and the main 

reason for introducing species into those countries was ornamental/pets (~50% of the cases). 

This cluster is also characterised by a larger proportion of introduced bird species. Cluster 2 is 

formed of the largest countries, i.e. Argentina, México and Brazil. Hunting was a key reason 

for introducing species into these countries (>25% of the cases). Clusters 3 and 4 are quite 

similar as regards the composition of introduced species. Both clusters are formed of 

Caribbean countries, although islands (e.g. Guadeloupe, Belize, Bermuda, Trinidad and 
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Tobago, …) and south American countries (e.g. Guyana, Suriname, Venezuela, ...) are more 

common in cluster 3 and those from central America (e.g. Panama, Guatemala, El Salvador…) 

are more common in cluster 4. The pathways Feeding and Biological control are very high in 

both clusters. 

Factors that drive intentionally introduced species richness in Latin America 

The country size variable was not retained in any model, therefore the spatial 

distribution of intentionally introduced species is independent of the size of the country. Larger 

continental territories often receive similar numbers of introduced species to smaller islands 

(Van Klunen et al., 2015; Dawson et al., 2017; ICSU, 2017) because tropical and temperate 

oceanic islands seem to be especially sensitive to alien species (Loehle and Eschenbach, 

2012). However, Argentina (37 species), Brazil or Chile stand out as regards the introduction 

of mammals (Novillo and Ojeda, 2008; Da Rosa et al., 2017; Jaksic, 1998). According to 

‘‘extinction-based saturation’’, which is consistent with Island Biogeography Theory (IBT) the 

total number of species present in an area could be maintained as a balance between 

extinction and colonization. One possible explanation for the lack of relationship between area 

and number of alien species is that biotic exchange when intentionally promoted by humans 

has little to do with the size of a country (Weber, 1997; ICSU, 2017). 

Interestingly, countries with a higher rural population, such as Guatemala, Belize or 

Guyana, were characterised by a low number of intentionally introduced species, which reflects 

an increasing social demand for pets in largely urban societies (Carrete and Tella, 2008), unlike 

rural societies, which have a wide range of local pets (Paul and Serpell, 1982). Because of the 

intentional nature of these introduction pathways, those areas in which concentrated 

anthropogenic activities take place are, therefore, points of entry or release for alien species 

(Padayachee et al., 2017). This also concurs with the result that the % of GDP owing to imports 

is related to the number of aliens species, which is directly related to the transportation and 

movement of different products. Hulme (2009) showed that the exposure of economies to trade 

is highlighted by the significant role of merchandise imports in biological invasions, particularly 

in the case of island ecosystems. This result also coincides with those of Westphal et al. (2008) 

or Marini et al. (2011), who showed that the value of merchandise imports was a strong 

predictor of the number of exotic species. Our results coincide with those of these authors 

since country area or GDP per capita were not found to be important determinants of a 

country’s degree of biological invasion. With regard to border controls, our results also show 

that the highest number of intentionally introduced species (birds and mammals) appears in 

countries with a lower number of pieces confiscated/million inhabitants, which may be owing 



Capítulo 1  
Intentional introduction pathways of alien birds and mammals in Latin America 

 

 
41 

 

to the lack of border controls. Recently, Cardador et al. (2019) demonstrated the effectiveness 

of a trade ban as regards preventing biological invasions. However, a regional ban can produce 

geographic redirections in trade, with important consequences for a worldwide invasion risk 

(Cardador et al., 2017), i.e. a redirection of trade toward developing countries or less regulated 

countries. Contrary to this, the number of trafficked species/million inhabitants was positively 

associated with the number of alien species of mammals, which is not surprising since the 

greater the number of species, the greater the risk of escape or release (Rosen and Smith, 

2010). On the other hand, a significant predictor of number of established alien species was 

the number of native species (both birds and mammals), which had a positive relationship with 

the number of established alien species. This result coincides with the ‟the rich get richerˮ 

acceptance hypothesis, which predicts a higher number of established alien species in areas 

in which there is a high diversity of native species (Stohlgren et al., 2003, 2006; Fridley et al., 

2007), since those areas with a high native diversity have a greater number of microniches (or 

more spatial heterogeneity), which would, therefore, allow a greater number of alien species 

to be accommodated (Davies et al., 2005). In addition, as expected, the number of introduced 

species was positively related to the number of established species. As the number of releases 

and/or the number of individuals released increases, propagule pressure also increases 

(Lockwood et al., 2005). 

Potential impacts of intentionally introduced species in Latin America 

Several studies have reported the impacts of alien mammals’ species in the region. 

The European rabbit has impacted on a large part of Chile (Iriarte et al., 2005) or Argentina 

(Bonillo and Soriguer, 2009). Barrios-Garcia and Ballari (2012) showed the impacts of wild 

boar on the economy (crop damage), health (transmit diseases) and the environment in the 

form of the predation of some animal communities. Other studies, such as that by Flueck 

(2010), show the impacts of a certain group (Ungulates), or in a certain region (mammals in 

Argentina, Chile and Uruguay: Ballari et al., 2016). Information on birds is much more limited 

in the region, although species such as Passer domesticus or Columbia livia could potentially 

displace native passerines through competition for food or transmit parasites and diseases to 

native avifauna (Valenzuela et al., 2014). 

The most common impacts of animal species are through changes in native biodiversity 

and habitat degradation (Ehrenfeld 2010). Simberloff (2011) suggested that most invasions 

produce impacts on ecosystems, although many of these impacts are idiosyncratic, subtle or 

indirect. This author also proposes that the lag phenomenon in invasions implies that at least 

some existing alien species that are currently having little or no impact will eventually have 
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much greater ones. It is, therefore, possible to predict that many alien species whose impact 

has not yet occurred or has not yet been recognised will eventually have impacts on 

ecosystems, which is very worrying in such a mega-diverse region. 

CONCLUSIONS 

Understanding the introduction pathways of alien species implies carrying out risk 

assessments, management, monitoring, and surveillance (Essl et al., 2015). This is especially 

important in Latin America, since it is one of the most biodiverse places in the world (Myers et 

al., 2000). In this respect, our review shows that countries with a higher rural population are 

characterised by a low number of intentionally introduced species, while there is no relationship 

between area and number of alien species. The results also show a higher number of alien 

species in areas with high native species diversity. 

We recommend improvements to risk assessment and education in order to prevent 

escapes and translocation, and prioritised inspection strategies to reduce intentional 

introductions, since the % of GDP owing to imports was an important predictor of alien species. 

The traffic reports of CITES species should also be improved or increased, since the number 

of animals confiscated was related to a lower introduction of alien species (Cardador et al., 

2019). 
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ABSTRACT 

The nesting environment is known to significantly affect the breeding success of sea 

turtles. Sandy beach habitats, where sea turtles nest, are frequently affected by high tides and 

waves on Ecuadorian beaches during windy events. The objectives of this study were: i) to 

determine the variables that affect nest site selection by two sea turtle species, Eretmochelys 

imbricata and Chelonia mydas in Ecuador, ii) to compare features of the nesting places of 

successful vs. failed clutches and iii) to quantify the changes in the intensity and frequency of 

the tide and its relation to the loss of eggs for the last 10 years. We monitored 15 hawksbill 

and 26 green turtle nests for two years on five beaches on the mainland coast of Ecuador. The 

results show that the presence of a dune scarps negatively affected successful nesting, while 

the proportion of eggs lost was positively associated with road distance, sea distance and nest 

depth. In addition, the results showed that the loss of eggs was greater for the green turtle, the 

presence of dune scarps and tides. Finally, using the data available on hatching success over 

the last 10 years we found a significant relationship between the intensity of the tides and the 

loss of eggs during this period. We conclude that nest site selection and hatching success vary 

with beach microhabitats and therefore local information is needed to protect suitable habitats. 

Keywords: Anthropized beaches, Chelonia mydas, Climatic change, Dune scarps, 

Eretmochelys imbricata, Nesting 

INTRODUCTION 

Sea turtles are a classic example of a widely distributed group that has historically 

suffered from declining populations (Jackson et al. 2001). According to the International Union 

for Conservation of Nature (IUCN, 2019) approximately 62.8% of sea turtle populations suffer 

a certain degree of threat, of which 19.4% are classified as critically threatened, 17.4% as 

threatened and 30% as vulnerable (Gibbons et al. 2000). Despite this, recent studies such as 

Mazaris et al. (2017) or Valdivia et al. (2019) have documented an estimated increasing, rather 

than decreasing, trend in population size in sea turtles across the globe, which they attribute 

to the effective protection of eggs and nesting females, as well as the reduction of by-catch 

(Finkbeiner et al. 2011). On the other hand, although by-catch and direct exploitation for meat 

and eggs has been reduced (Ceriani et al. 2019), several other anthropogenic threats continue 

to cause concern such as: tourism, habitat lost, urbanization, coastal light pollution or the 

collection of adults and eggs (Wallace et al. 2013; Brei et al. 2016; Sella and Fuentes 2019; 

Arlidge et al. 2020).  
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One of the most prominent negative factors affecting sea turtles worldwide is climate 

change (especially climate warming; Esteban et al. 2018). However, the negative effect of 

global warming and subsequent effects may also significantly affect migratory reptiles such as 

sea turtles because of the stressful thermal conditions during nesting (Mitchell et al. 2008; 

Telemeco et al. 2013). Nest-site placement by the female strongly affects the hatching success 

due to the physical locations of the nest (such as altitude, moisture, salinity, or slope; Wood 

and Bjorndal 2000) and local environmental conditions (climate influences; Hawkes et al. 2007; 

Pike 2013; Tomillo et al. 2015; Rivas et al. 2019). 

Extreme weather events (Dewald & Pike 2014), rising water table levels by protracted 

precipitation (Rivas et al. 2018), tides (Palomino-González et al. 2020), rising sea levels (Fish 

et al. 2005), or beach erosion (Mazaris et al. 2009) may also be affecting sea turtle populations. 

Seasonal disturbances are among the most common and destructive (Goldenberg et al. 2001; 

Webster et al. 2005; Pike & Stiner 2007) and can be particularly devastating for populations 

because they often coincide with the reproductive seasons (Spiller et al. 1998; Schoener et al. 

2004; Tomillo et al. 2020). Previous studies have shown that warmer temperatures can 

influence post-hatch growth rates (Marn et al. 2017; Rivas et al. 2018) and hatchling locomotor 

performance (Booth et al., 2013); thus, warmer temperatures result in slower growth for some 

species (Layfield et al. 1991; Rivas et al. 2019). Pike (2014) demonstrated that loggerhead 

sea turtle populations in the tropics produce nearly 30% fewer hatchlings per nest than 

temperate populations. For example, Tanner et al. (2019) estimated that there is currently an 

84% chance of hatchlings being female across the Cape Verde population of Caretta caretta, 

which will reach over 99% female, with >90% of nests incubating at lethally high temperatures. 

Similar results are found in Costa Rica for the Dermochelys coriacea with an 85% bias towards 

females (Tomillo et al. 2018). 

To minimise nesting failure in sea turtles at the time of incubation, conservation plans 

include management of nesting beaches, translocation of nests to protected hatcheries, 

reduction or destruction of natural predators (Marine Turtle Specialist Group 1995), as well as 

maintaining a permanent presence on beaches where poaching pressure is high (Tomillo et 

al. 2017). However, some factors such as the increase and intensity of tides (Caut et al. 2010), 

as well as rising sea levels (Fuentes et al. 2010; Katselidis et al. 2014) or the formation of dune 

scarps ``where the tides create a berm-like impediment to progress up the beach in the sandˊˊ 

(Witherington et al. 2011; Rivas et al. 2016; Kelly et al. 2017), are difficult to predict and 

therefore it is very difficult to avoid nest losses. For example, Caut et al. (2010) found that the 

hatching success was, on average, significantly lower in flooded nests than in non-flooded, 

highlighting the existence of embryonic developmental arrest due to tidal inundation.  
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In sea turtles, nest site selection is influenced by a balance between forces that drive 

nest placement inland (inundation and egg loss due to sand erosion) (Wood and Bjorndal 

2000). Another important factor is the distance to vegetation, since nests are clumped close to 

the border between the open sand and the supra-littoral vegetation that back the beaches 

(Hays et al. 1995), as well as a low slope (Garmestani et al. 2000; Wood and Bjorndal 2000). 

This is an important factor in the conservation of hawksbill sea turtles, since it increases the 

amount of non-hatched eggs, negatively influencing the hatching success of this species 

(Serafini et al. 2009). Patrício et al. (2018) showed that females tended to nest close to the 

vegetation (the contrary to what was found in the hawksbill turtle by (Serafini et al. 2009), 

above the highest spring tide, which enhanced clutch survival. Finally, the proximity of turtle 

nests (and surrounding beach locations) to urban areas and their exposure to artificial light, 

can also affect the selection of nesting sites (Kelly et al. 2017). 

In Ecuador, the green turtle (Chelonia mydas) and the hawksbill turtle (Eretmochelys 

imbricata) nesting activity occurs along the continental Ecuadorian coast (Alava et al. 2005), 

mainly in the Machalilla National Park, a protected coastal zone (Barragan 2003).  

The objectives of the study were: i) to determine the variables that affect nest site 

selection by the two sea turtle species, Eretmochelys imbricata and Chelonia mydas in 

Ecuador, ii) to compare features of the nesting places of successful vs. failed clutches and iii) 

to quantify the changes in the intensity and frequency of the tide and its relation to the loss of 

eggs during the last 10 years. 

MATERIAL AND METHODS 

Study area 

The study area is located on the continental coast of the province of Manabí, the central 

coast of Ecuador (-1.05222222º lat -80.45055556º long) with an extension of 350 km (Fig. 1). 

On the coast of the province of Manabí, 22 sites have been confirmed as nesting sites along 

32 km of the coast, of which 10 km are within protected areas in the Machalilla National Park 

and in the Pacoche Marine and Wildlife Refuge (Alcívar & López 2014). 
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Figure 1. Map of the study areas showing monitored beaches and sampling plots in 

red 

 

Nest monitoring 

The study was conducted on 5 beaches, the largest with a length of 4,750m, with 

confirmed nesting, which were monitored weekly during the nesting months of sea turtles 

between December and April from 2017 to 2019 (Table 1). We conducted morning surveys to 

scan for nesting activities that had occurred during the previous night. We considered a nesting 

attempt successful (‘nest’ from now on) when we found a body pit, an area where sand had 

been disrupted, and sand spray was present. A nesting attempt was considered as aborted 

when a body pit was not found adjoining the turtle tracks, or a body pit did not contain any 

remains of sand spray (Rivas et al. 2016). The nests were georeferenced (Trimble Juno SB) 

in situ and, after hatching, the number of successful and failed eggs were counted to know 

hatching success. Flooding was registered daily (coinciding with the time of high tide 

https://www.inocar.mil.ec/mareas/TM/2020/PUERTO_LOPEZ.pdf) and all the nests affected 

by the increasing water level were identified following Madden et al. (2008), and the nest depth 

was measured to the bottom of the cavity. 

  

https://www.inocar.mil.ec/mareas/TM/2020/PUERTO_LOPEZ.pdf
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Geomorphological and environmental measurements 

A series of topographic and geomorphological measurements were carried out on 

these five beaches, such as the total surface, slope, beach width, texture, morphological unit, 

type of rock, or vegetation. To obtain the width of the beach, the profiles and shorelines of 

each beach were created through photo-interpretation (we use the vegetation as the back-

beach boundary). Each beach was vectorised from orthophotos taking the last wet mark left 

by the tide as a reference. This allowed us to create transects perpendicular to the coastline 

at equidistant distances every 100 m. The width of the beach was measured in each of these 

transects. The slope and altitude were calculated from a digital elevation model (with a 

resolution of 90 meters provided by the Ecuadorian Space Institute), and the slope values were 

verified in percentages in the field by obtaining the altitude levels from the external line and the 

coast profile. 

For the geomorphological and edaphic aspects, the data catalogue of the National 

Information System and Management of Rural Lands and Technological Infrastructure 

(SIGTIERRAS) was used 

(http://metadatos.sigtierras.gob.ec:8080/geonetwork/srv/spa/catalog.search#/home), where 

the geodynamic processes (texture, morphological unit, rock type or vegetation) of each beach 

were identified. The climatic characterization was compiled from the available files of the 

Cantagallo - Granja UNESUM meteorological station (Latitude -1.2889; Longitude -80.7312), 

and it was verified with the shapefile of the generation of Geoinformation for the management 

of the territory at the national level through the Space Institute Ecuadorian (IEE). 

Characteristics of the nests monitored are shown in table 1. Beaches 1, 2 and 3, have 

an annual precipitation of 200-300 mm, and with an atmospheric temperature> 25, whose 

potential evaporation ranges between 1,350-1,400mm. Beaches 4 and 5 have precipitation 

ranges between 100-200 mm, with an atmospheric temperature> 25 and an annual potential 

evaporation that oscillates between 1300-1350 mm. 

  

http://metadatos.sigtierras.gob.ec:8080/geonetwork/srv/spa/catalog.search#/home
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Table 1. Characteristics of the nests monitored at the 5 study beaches (n=41) 

 

For each of the beaches monitored (n = 5), the climatic and anthropic variables were 

determined at nest level. We recorded tidal height, distance from nest to high tide and low tide 

(https://www.inocar.mil.ec/mareas/TM/2020/PUERTO_LOPEZ.pdf), distance to human 

settlements, distance to road and distance to vegetation for every nest located in the sampling 

point using QGIS 2.18 (GRASS Development Team 2017). Also, during the weekly visit to 

every beach sampled, we recorded the presence or absence of dune scarps. Dune scarps 

happen when a high tide and high waves occur and the berm in the sand was registered when 

its height was 40 cm or higher because of the difficulties for the females to nesting (Rivas et 

al. 2016). 

Frequency and intensity of tide  

The tidal data for each day, with the time and maximum height for the last 10 years 

were obtained from Inocar (https://www.inocar.mil.ec/web/index.php). Data for Puerto Lopez 

were selected and extreme tidal events when rising above 3 meters were considered and the 

intertidal amplitude was calculated as the difference between this maximum of 3 or more 

meters and the minimum of that same day. This allowed us to calculate the number of days 

that these events occurred (frequency) and their intensity (difference between max-min tide) 

during the last 10 years. Further, data on nest loss from 2009 to 2019 were obtained from the 

Machalilla National Park Biodiversity Monitoring System on a total of 157 nests (86 of green 

turtles and 71 of hawksbill turtle). 

  

https://www.inocar.mil.ec/mareas/TM/2020/PUERTO_LOPEZ.pdf
https://www.inocar.mil.ec/web/index.php
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Statistical analysis 

In order to determine the underlying anthropic and climatic factors driving the nesting 

failure and egg loss, two Generalised Linear Mixed Models (GLMMs) were performed using 

the variable successful nesting attempts and aborted nesting attempts (model 1) and the 

proportion of eggs lost in relation to the total number of eggs in each nest (model 2) as 

response variables. Model 1 fit a binary distribution with a logit-link and model 2 fit a binomial 

distribution with a logit-link, respectively. The variables, species (2 levels), dune scarp (2 

levels) and tide (2 levels) were added as fixed factors, whereas road, sea, vegetation distance 

and distance to human settlements were included as continuous variables in model 1. Model 

2, also included nest depth and altitude above sea level on the basis of the high tide as 

continuous variables. The beach (five levels) was considered as a random factor. The selection 

of the most plausible models was carried out by comparing Akaike’s information criterion (AIC) 

(Burnham and Anderson 2002) following a backward procedure (Zuur et al. 2009). Fisher’s 

least significant difference test (LSD test) for comparisons of the estimated means within a 

mixed analysis was developed to check the differences among the levels of categorical 

variables. Statistical analyses were performed by employing InfoStats software. 

Finally, a linear regression was carried out to determine the frequency (number of tides 

per year) and intensity (difference between max-min tide) of the tides and their relationship 

with the proportion of nests lost in the last 10 years. In addition, a Spearman correlation test 

was performed between the number of tides per year and the maximum height reached. 

RESULTS 

Descriptive results 

In total, 41 nests (26 green turtle and 15 hawksbill turtle) were located and monitored 

with an average of 107 ± 61 eggs per nest. In addition, 13 aborted nesting attempts were 

recorded. Average hatching failure (percentage of eggs lost per nest) was 35.9% ± 31.31%. 

Highlighting the tide along with the natural barriers or remains left by the tides were the main 

cause of egg loss at 63.4%, followed by predation at 17%. The mean altitude of nest placement 

was 9.3±8.6m, while the average of nest depth was 0.60±0.07m (Table 1). The mean nesting 

distance was 29.4±5.1m and 1.2±0.8m to the sea and the vegetation, respectively. According 

to our observations, the turtles were able to pass over the berms when they are lower than 

40cm in height. 
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In relation to the 157 nests monitored by Machalilla National Park Biodiversity 

Monitoring System from 2009 to 2019, the data showed a total of 6,894 eggs lost with respect 

to the total of 17,510 (represented a percentage of losses of 39.4%, of which 68.6% is due to 

tide washing). 

Underlying factors for nest failure and egg loss 

Candidate models assessing the effect of climatic and anthropic characteristics on the 

total number of aborted nesting attempts (model 1) and the proportion of eggs lost with regard 

to the total number of eggs in each nest (model 2) are shown in Table 2. The factors retained 

in the best models (model 1 and 2) are displayed in Table 3. The results show that the presence 

of a dune scarp was negatively associated with successful nesting (Figure 2). Furthermore, 

the proportion of eggs lost in each nest was positively associated with road distance, sea 

distance and nest depth and negatively only with altitude (model 2). In addition, the results 

showed significant differences between species, dune scarp and tide, the loss of eggs for the 

green turtle was greater in the presence of a dune scarp and high tides (Figure 3). 

Table 2. Candidate models assessing the effect of anthropic and climatic 

characteristics on successful nesting attempts vs. aborted nesting attempt (model 1) and the 

proportion of eggs lost in relation to the total number of eggs in each nest (model 2). 

 k AICc ∆AICc wi 

Candidate models (model 1) 

Sand step + Tide + Road distance 3 46.17 0 0.258 

Sand step + Tide + Road distance + Specie 4 46.49 0.32 0.219 

Sand step 1 47.12 0.95 0.160 

Sand step + Tide 2 47.44 1.27 0.137 

Sand step + Road distance 2 47.69 1.52 0.120 

Sand step + Specie 2 47.95 1.78 0.106 

Candidate models (model 2) 

Tide + Specie + Sand step + Altitude + Nest depth + 
Sea D. + Road D.  

7 156.03 0 0.487 

Tide + Specie + Sand step + Altitude + Nest depth + 
Sea D. + Road D. + House D. 

8 156.79 0.76 0.333 

Tide + Specie + Sand step + Altitude + Nest depth + 
Sea D. + Road D. + Vegetation D 

8 158.03 2 0.179 

The number of model parameters (k), the Akaike information criteria for small sample sizes 

(AICc), the difference between each model and the best model (∆AICc), and the Akaike 

weight (wi) are shown. 
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Table 3. Best models explaining the causes of successful nesting attempts vs. 

aborted nesting attempt (model 1) and the proportion of eggs lost in relation to the total 

number of eggs in each nest (model 2). Estimates for the level of fixed factors were 

calculated using the reference values of ‘No’ in the variable ‘tide’, ‘no’ in the variable ‘dune 

scarp’ and ‘hawksbill sea turtle’ in the variable species. 

Variable Estimate ± SE F-value p-value 

Successful nest vs failed nest (model 1) 

Intercept 4.58 ± 1.57 8.97 <0.01 

Sant step Yes= -3.36±1.09 9.44 <0.01 

Tide Yes= -1.77±1.02 3.04 0.089 

Road distance -0.01 ± 0.004 2.92 0.096 

Proportion of eggs lost (model 2) 

Intercept -12.9 ± 2.35 27.1 <0.001 

Sand step Yes = 2.21 ± 0.74 8.89 <0.01 

Tide Yes = 1.89 ± 0.68 7.79 <0.05 

Specie Green turtle=0.6±0.26 5.21 <0.05 

Road distance 0.01 ± 0.002 11.3 <0.01 

Sea distance 0.17 ± 0.03 24.4 <0.001 

Altitude -0.07 ± 0.02 11.5 <0.01 

Nest dept 0.05 ± 0.02 7.02 <0.05 

Significant p-values are highlighted in bold type. 

Figure 2. Predicted mean values (± S.E.) of probability of successful nesting 

according to the presence or absence of dune scarp. Capital letters indicate significant 

differences (p < 0.05) between the presence vs. the absence of a dune scarp according to 

Fisher LSD tests. 
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Figure 3. Predicted mean values (± S.E.) of proportion of eggs lost when a dune 

scarp occurs (yes vs. no), species (green vs. hawksbill turtle) and extreme high tide (yes vs. 

no). Capital letters indicate significant differences (p < 0.05) between the two levels of the 

factors according to Fisher LSD tests. 

 

Changes in the intensity and frequency of the tide  

The results show an increase in both the frequency and intensity of the tides during the 

last 10 years (Fig 4). The Spearman correlation shows a positive relationship between both 

the variables of frequency and intensity of the tides (r =0.83, p<0.05). In the same way, the 

results show an increase in the percentage of eggs lost during this period. An exponential 

regression shows a positive and significant relationship between the intensity of the tide and 

the loss of nests (r=0.76 p<0.05; Fig. 5B), but not with the frequency of the tides.  
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Figure 4. Frequency of days with an extreme high tide (3m o more) (A) and average 

difference between the MAX and MIN tide (B) during the period 2009-2019. In grey, the 95% 

confidence intervals. 

 

Figure 5. Exponential regression between the percentages of eggs lost and average 

Difference MAX-MIN tide (m) (B) during the period 2009-2019. 

 

DISCUSSION 

Sea turtles play important roles in marine ecosystems, both as prey and predators, as 

competitors, as substrates for epibiont organisms, as nutrient transporters, or as modifiers of 

the marine landscape (Bjorndal and Jackson 2002). However, their populations have suffered 

significant declines due to a combination of factors (Mazaris et al. 2017) such as bycatch in 

pelagic long-line fishing and global climate changes (Chaloupka et al. 2008; Laloë et al. 2017). 

Our results show that the intensity and frequency of extreme wave height events and their 
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associated consequences (formation of dune scarps) have a great impact on the nesting 

success of sea turtles. In addition, the results indicate an increasing trend in the frequency and 

intensity of these events in recent years, with detrimental negative effects on the hatching of 

eggs in the nests as found in the Caribbean Sea for the leatherback sea turtle (Palomino-

González et al. 2020). 

Previous studies have showed that rising sea levels and an increase in storm frequency 

can inundate lower beach areas and destroy nests of turtles prevented from upper-beach 

access (Hawkes et al. 2009; Poloczanska and Limpus 2009; Patrício et al. 2019; Varela et al. 

2019). Recently, Lyons et al. (2020) have suggested that even low levels of beach loss could 

have substantial impacts on future nesting densities and population growth. This is especially 

worrisome in developing areas like the coast of Ecuador, where beaches become narrower 

which is known as “coastal squeeze” (Fish et al. 2005; Mazaris et al. 2009; Noss 2011). Our 

results show an average hatching failure (percentage of eggs lost per nest) of 35.9% while 

tides are the main cause of eggs loss at a rate of 63.4%. Tidal inundation has been previously 

reported as an important factor affecting nest failure. Foley et al. (2006), found than one-third 

(38.9%) of the nest sites experienced tidal inundation which is half the impact found in this 

study. Caut et al. (2010) highlighted the existence of embryonic developmental arrest due to 

tidal inundation, since flooding affects the exchange of gases and changes in sand 

temperature (Booth 1998; Ralph et al. 2005; Chen et al. 2010), decreasing hatching success 

(Cheng et al. 2015). The formation of dune scarps by beach erosion might be determined by 

tides (Rivas et al. 2016), but also is typically associated with storms, typhoons or currents, and 

is influenced by the slope (van Bemmelen et al. 2020). These dune scarps affect both the 

possibility of nesting (that is, due to them the turtle returns to the sea without nesting; model 

1), and the loss of eggs (model 2).  

Beach armoring, light pollution and other shoreline stabilization structures (such as 

groins and jetties) have a great impact on marine turtle nesting grounds (Sella and Fuentes 

2010; Rivas et al. 2015). Along the same lines, our results show that shortened distances to 

roads negatively affected nesting success. In Ecuador, the continental coast has undergone a 

process of urbanization that has negatively affected the nesting of sea turtles by altering the 

beaches and generating light pollution (Gutiérrez et al. 2019) which reduces nesting success 

of sea turtles and could cause greater predation on sea turtle nests (Silva et al. 2017).  

Other natural factors related to nest-site selection and lost sea turtle eggs were altitude, 

nest depth and the distance to the sea. Our findings agree with previous studies, where the 

degree of slope appears to have a strong positive influence on nest-site selection since more 
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slope signifies more nest elevation and therefore less flooding risk (Wood and Bjorndal 2000; 

Spanier 2010) and higher altitudes or buried shallower are less likely to experience such floods. 

While most nests can withstand minimal tidal inundations without drastic impacts on hatching 

success (Whitesell 2018), nests at low elevations are more frequently inundated by tides and 

experience a lower hatching success (Foley et al. 2006; Brig 2014). Regarding the depth of 

the nests, this is the consequence of (a) dry surface sand and (b) large females (Hays et al. 

1993), the nests are deeper when there is more dry sand, larger females or both (Cheng et al. 

2009). In the case of shallower nests, the surrounding substrate (sand) may help to drain the 

water after washovers. In addition, the water table below the nest rises and falls depending on 

the tide, which may cause flooding of eggs deposited deeper (Thompson and Curran 2015). If 

the mean of high tides rises, the distance between the nest and the water table will decrease, 

and the probability of a nest being flooded will increase (Ware and Fuentes 2018). Similarly, 

Rivas et al. (2018) showed how protracted rainfall increased the water table levels and sand 

moisture in some places, which consequently increased egg mortality in deeper nests. 

Finally, when the two species studied were compared, we found a higher proportion of 

egg loss in the green turtle nests. Overall, this species tended to nest close to the vegetation 

(Patrício et al. 2018), while hawksbill turtles showed no preferences for either the sand or 

vegetation zone (Serafini et al. 2009). Patrício et al. (2018) showed a lower rate of success 

when emerging in forest areas than in the forest border and open sand. Our results showed 

that the hawksbill turtle nests are higher and therefore are exposed to a lower risk of flooding 

as found by Kamel and Mrosovsky (2005). 

CONCLUSION 

According to our results, there has been a decreasing percentage of hatching success 

associated with an increasing trend in both the frequency and intensity of floods in recent 

years. Climate change poses a threat to sea turtles because of the limited range of 

environmental and physical conditions that can be tolerated for hatching success (Butler 2019). 

These conditions are likely to evolve towards more unfavourable conditions as climate change 

progresses (Lyons et al. 2020). In addition, the projections of sea level rise show very 

unfavourable scenarios for the nesting of turtles (Patrício et al. 2019; Varela et al. 2019). To 

date, the management and conservation of sea turtles has focused almost entirely on non-

climatic stressors due, at least in part, to practitioners not knowing what strategies to adopt 

and the feasibility and risks of potential strategies. For example, monitoring programmes use 

relocation techniques to avoid egg lost, therefore microhabitat assessments should be done 

to minimize potential skewed of sex ratios and low hatching success (Rivas et al. 2019). 



Capítulo 2 
Nesting failure of sea turtles in Ecuador - causes of the loss of sea turtle nests: the role of the tide 

 

 
58 

 

Forecasting tidal inundation on sandy beaches and how that directly impacts on coastal 

nesting species is necessary for their successful conservation and management. 

Understanding which populations will be exposed to flooding scenarios in the future and which 

areas are at a greater risk is essential to manage these species effectively. 
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ABSTRACT 

Sandy beaches are the preferred nesting habitat for sea turtles. Multiple climate change 

events may, however, impact on this habitat, since the projected increase in the intensity and 

frequency of high tides as a consequence of rises in sea level and storm events may cause a 

higher rate of flooding of nests. Knowledge regarding future scenarios of tidal inundation and 

nest-site selection is required to design action plans with which to protect suitable habitats. 

The objectives of this study were: i) to quantify the impact of high tides on the nesting of two 

endangered species of sea turtles, Eretmochelys imbricata and Chelonia mydas in Ecuador, 

ii) to identify relevant trends regarding tides that might impact on the hatching success of the 

nests and, iii) to project the hatching success of these sea turtles’ nests in next decade using 

changes in high tides events as a basis. We measured microhabitat characteristics along 

seven beaches on which sea turtles nest on the mainland coast of Ecuador. The tidal data and 

the hatching success of 210 nests were monitored from 2013 to 2020. We observed a positive 

trend as regards future high tide occurrences, which are a key factor in explaining nest hatching 

success. This increase in high tide might cause a reduction in the hatching success of these 

endangered species of sea turtles; with the E. imbricata being the species most affected by 

this threat. Considering that Eretmochelys imbricata is categorized as critically endangered 

and Chelonia mydas is listed as endangered, estimations of the potential risk of climate events 

on their reproductive success might contribute to management strategies, and in turn, to the 

conservation of their populations. 

Keywords: global warming; overflooding; green turtle and hawksbill turtle; hatching 

production; nesting sites; rising sea levels and sea turtles 

INTRODUCTION 

Can biologists predict the effects of climatic change on the distributions of species? 

This question has already been raised by Araujo & Rahbek (2006), who pointed out the 

importance of anticipating the impacts of climate change. Climate change is expected to be 

one of the main causes of worldwide biodiversity loss in the future (Sala et al., 2000; Harley, 

2011; Warren et al., 2013). Large numbers of species thus-far largely unaffected by human 

actions are consequently in danger of extinction as a result of climate change (Pimm, 2008). 

However, the effects of climate change will be uneven for different taxa. For example, many 

invasive species share traits that will allow them to capitalize on the various elements of global 

change (Dukes & Mooney, 1999). In terrestrial ecosystems, dispersal has been identified as 

the widespread response of species to recent climate change, usually via range shifts from 
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lower to higher latitudes (Parmesan & Yohe, 2003). Furthermore, intraspecific variations in 

physiological, phenological, behavioral or morphological traits allow species to cope with rapid 

climatic changes within their range (Skelly et al., 2007: Holf et al., 2011; Urban et al., 2014). 

Climate change will, therefore, have a greater impact on taxa such as reptiles or amphibians, 

because as ectotherms their life history traits, behavior, and physiology are strongly influenced 

by environmental temperature (Bickford et al., 2010; Sinervo et al., 2010; Winter et al., 2016; 

Cox et al., 2022). 

Sea turtles deserve a special mention because they differ from most terrestrial reptiles 

as regards their life history, ecology, body size, and conservation (Poloczanska et al., 2009). 

The risk is even higher for these species because an increased nest temperature will 

subsequently lead to an increase in population feminization (Hays et al., 2010; Laloë et al., 

2016; Rivas et al., 2019; Tomillo & Spotila, 2020). In addition, a rise in sea level, coupled with 

human encroachment, will minimize available nesting locations (Fuentes et al., 2010; Patino-

Martinez at al., 2014; Varela et al., 2019; Von Holle et al., 2019). Also, increased tidal activity 

will likely damage sea turtles’ nest hatching as a result of overflooding (Carpio et al., 2020; 

Rivas et al., 2016). The impacts on sea turtles could, therefore, be profound, as they will no 

longer be able to locate their breeding grounds in many localities and many populations may 

consequently be drastically affected (Bickford et al., 2010; Fuentes et al., 2011). 

Although the effect of rising sea levels and disturbances resulting from increased storm 

activity on the diminishing coastal ecosystems that are available for nesting sea turtles has 

been studied (Fish et al., 2005; Hawkes et al., 2009; Fuentes et al., 2010; Butt et al., 2016; 

Rivas et al., 2018; Varela et al., 2019; Veelenturf et al., 2019; Von Holle et al., 2019; Tomillo 

et al., 2020), little is known about the effect of unusual high tides on the hatching success of 

sea turtles (Wilson, 2018; Carpio et al., 2020; Palomino-González et al., 2020). These extreme 

high tide events occur as a consequence of storm surges and wind and are of particular 

concern on vulnerable sites with low lying, narrow or inland beaches (Fish et al., 2005; Baker 

et al., 2006; Mazaris et al., 2009) and may increase nest flooding through rises in water table 

levels (Witt et al., 2010; Rivas et al., 2018). This impact may consequently be critical in areas 

in which the tidal ranges are compounded by the increase in coastal development and its 

associated hard structures (e.g. sea walls, jetties, roads, etc.). This phenomenon, which is 

denominated as ‘coastal squeeze’, results in reductions in the number of sandy beaches that 

are available (Schlacher et al., 2008; Mazaris et al., 2009), or losses in dry upper intertidal 

shore (Dugan et al., 2008). 
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These windy weather events that have the potential to damage and erode shorelines, 

such as hurricanes and typhoons, are also increasing in number, duration, and intensity with 

global warming (Goldenberg et al., 2001; Webster et al., 2005; IPCC, 2013; Wilson, 2018). 

Previous studies carried out with leatherback (Dermochelys coriacea), green (Chelonia mydas) 

and hawksbill turtles (Eretmochelys imbricata) found a reduction in nest hatching success on 

beaches with higher water content owing to inundation events (Patino-Martinez et al., 2014, 

Carpio et al., 2020; Palomino-Gonzalez et al., 2020). Baker et al. (2006) projected terrestrial 

habitat loss under simulated medium and maximum flood scenarios, in which they found 

periodic flooding of the entire land below elevations of 89 cm and 129 cm, respectively. 

Extreme high tide events, which are currently relatively rare, may, therefore, increase in 

frequency and intensity, which could decrease sea turtle nesting success (Wilson, 2018; 

Carpio et al., 2020). 

The objective of this study was to identify the probability of future extreme high tide 

events and their consequences for the reproductive success of two endangered sea turtle 

populations in Ecuador: the green and hawksbill turtles. The main goals were, therefore: i) to 

quantify the impact of high tides on the hatching success of green and hawksbill turtles in 

Ecuador, ii) to identify trends and future projections as regards tides that might impact on the 

hatching success of the nests, and iii) to project the hatching success of the sea turtles’ nests 

in the next decade on the basis of changes in high tide events. 

MATERIALS AND METHODS 

Study site and nesting data 

Machalilla National Park (1°03′08″S 80°27′02″O) is a major sea turtle nesting area on 

the mainland coast of Ecuador (Barragan, 2003) and is composed of several beaches with a 

total length of 350 km. It has been confirmed that there are 22 nesting sites along 32 km of the 

coast of the province of Manabí, of which 10 km are within protected areas in the Machalilla 

National Park and in the Pacoche Marine and Wildlife Refuge (Alcívar & López, 2014). Seven 

beaches hosting the nests of the hawksbill turtle and green turtle were, therefore, selected for 

this study (Fig. 1). 
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Figure 1. Map of the study areas showing monitored beaches and number of 

monitored nests. 

 

Nests were monitored in the nesting seasons (between early October and late April) 

from 2013 to 2020. Each beach was patrolled on foot every week by a team of two people. 

The precise location of the nests was recorded using a handheld GPS (Trimble Juno SB) 

(accuracy of ± 2-5 m). We considered a nesting attempt (from here on, ‘nest’) to be successful 

when we found a body pit, an area in which sand had been disrupted, and the presence of 

sand spray (Carpio et al., 2020). Each nest was georeferenced and, after hatching, the number 

of successful and failed eggs were counted in order to estimate hatching success H = S / (S + 

U), where S = number of eggshells and U = number of unhatched eggs. Eggshell fragments 

+-50 % of the egg surface were considered as one hatched egg (Miller, 1999), and the nest 

depth was measured to the bottom of the cavity. The number of nests overflooded by the water 

level was measured following the suggestions of Madden et al. (2008). 

The slope and altitude were calculated with a resolution of 90 m using a digital elevation 

model provided by the Ecuadorian Space Institute. Slope values were verified in the field by 

obtaining the altitude levels from the external line and the coast profile, which were obtained 
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by means of trigonometry from the data concerning the distance to the water in meters and the 

slope (by employing a clinometer). 

Tide events in the study period 

The tidal data for Puerto López for each day, along with the time and maximum height for 

the study period (2013-2020), were obtained from Inocar 

(https://www.inocar.mil.ec/web/index.php). Extreme tidal events were considered as rising 

tides above 3 m, and the intertidal amplitude was calculated as the difference between 3 or 

more meters and the minimum of that same day (Carpio et al., 2020). This allowed us to 

calculate the number of days on which these events took place (frequency) and the difference 

between max-min tide (intertidal range or intensity) during the study period. 

Selection of the optimal definition for a high tide event 

We also investigated what the most significant features of a tide (height, number of 

overwasher days, moment in the incubation period) were for it to become relevant for sea 

turtles’ hatching success (Caut et al., 2010). We, therefore, calculated the Pearson correlation 

between the hatching success and the maximum height of the tide. We also calculated the 

correlation between the hatching success and the delay in days with respect to the occurrence 

of the tide event. 

Impact of tide events on hatching success 

We aimed to predict hatching success on the basis of the incubation period coinciding 

with extreme tide events occurrences. We did this by developing several predictive statistical 

models using only aspects of tide information as predictor variables. 

This was done using an ensembled approach. The database was spliced into two sets 

for modeling purposes: 1.80% was randomly selected as the training dataset, and 2. The 

remaining 20% was selected as the validation dataset. 

We tested 107 different statistical methods in order to model the relationship between 

hatching success and the selected parameter, which was an extreme tide event, differentiating 

by sea turtle species. All the methods were applied by using R statistical software and the caret 

package (Kuhn et al., 2008). We used the internal mean absolute error (IMAE) from the training 

database to select the best fitting models (IMAE < 4% of error), and subsequently performed 

an ensemble of the predictions of the selected methods in order to calculate the predicted 

https://www.inocar.mil.ec/web/index.php
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values. The ensemble of all the selected methods was calculated by applying a Tukey's 

Biweight robust mean of the predictions (Tukey, 1960; Shewchuk, 1997). This method 

decreases the weight of the extreme values on the mean calculation. 

Of the 57 methods selected, most were from the family of Random Forest based 

methods, Support Vector Machine methods or artificial neural network-based approaches 

(Annex 1). With regard to the Random Forest family, some of the methods employed were: 

Quantile Random Forest (qrf) from the quantregForest R package, Random Forest by 

Randomization (extraTrees) from the extraTrees R package (Simm et al., 2014), Regularized 

Random Forest (RRF) from the randomForest R packages (Liaw and Wiener, 2002) and RRF 

or Random Forest (rf) from the randomForest R package. Random forest is already an 

ensemble method that uses multiple decision tree algorithms to maximize predictive 

performance. The standard random forest methods calculate the mean or average prediction 

of all the decision trees.  

Some methods based on the Support Vector Machine were also selected. Support 

Vector Machine (SVM) methods were originally developed solely for binary classification 

purposes, but their application has since been extended to multiple classification and 

regression problems. SVMs have proven to be one of the best classifiers for a wide range of 

situations (Cervantes et al., 2020). Support Vector Machine methods are based on the concept 

of the hyperplane, while Artificial Neural Networks (ANN) are methods based on biological 

neural networks. These algorithms, as biological neurons, are a collection of connected nodes. 

Each connection between two nodes modulates the relationship between nodes. 

Projection of hatching success of sea turtles 

In order to be able to project the changes in hatching success owing to future tide 

events, we first estimated the future occurrences of extreme tide events on the basis of a time 

series analisis of daily tide information for Manabi beaches over an 11-year period (2009-

2019). We fixed two ARIMA models (Autoregressive Integrated Moving Average models) 

based on the optimal threshold for each sea turtle species (Max tide >2.8 m and >3.1 m). 

These models take two components in to account: a non-seasonal part of the time series and 

a seasonal component. ARIMA models are summarized by a series of parameters: 

ARIMA(p,d,q)x(P,D,Q), where in AR, the parameter p denotes the order of the autoregressive 

part, and in MA, the parameter q denotes the order of the moving average part. I (d) is the 

number of differentiation steps. P, D and Q refer to the seasonal terms: P=number of seasonal 

autoregressive (SAR) terms; D=number of seasonal differences and Q=number of seasonal 
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moving average (SMA) terms. ARIMA analises were performed using the R package “forecast” 

(Hyndman & Khandakar, 2008). 

Finally, all the models developed in section 2.4 were applied (Annex 1) using the tide 

projections generated by the ARIMA models as predictors. 

RESULTS 

A total of 199 nests (88 green turtles and 111 hawksbill turtles) were located and 

monitored, with an average of 108.1 ± 48 eggs per nest (99 ± 51 for the green turtle and 112 

± 48 for the hawksbill turtle). The number of nests monitored per year was 29.1± 13.6, of which 

10.5±5.24 nest per year were washed. The average number of eggs damaged by floods 

(percentage of eggs lost per nest) was 10.5% ± 7.46% (10.48% ± 7.69% for the green turtle 

and 10.53% ± 7.2% for the hawksbill turtle). More than one-third (40%) of the nest sites 

underwent tidal inundation (41% for the green turtle and 39% for the hawksbill turtle). The 

mean altitude and slope of nest placement was 12.5 ± 10.7m (11.5 ± 11.0m for the green turtle 

and 12.8 ± 10.7m for the hawksbill turtle) and 9.6 ± 5.7% (7.6 ± 5.7% for the green turtle and 

10.4 ± 5.5% for the hawksbill turtle) respectively, while the average nest depth was 0.68 ± 0.15 

m (0.68 ± 0.14m for the green turtle and 0.69 ± 0.15m for the hawksbill turtle). 
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Figure 2. Pearson correlation between the hatching success and the maximum 

height of the tide and delay in the tide event (a, Eretmochelys imbricata, and b, Chelonia 

mydas). Differences in hatching success depending on the presence or otherwise of tides on 

the day of hatching and depending on the number of days with tides in the 15 days prior to 

hatching (c, Eretmochelys imbricata and d, Chelonia mydas). 

 

As can be observed in Figure 2, there was a negative correlation between the 

occurrence of tides with a relevant maximum height and hatching success for both sea turtle 

species. The hatching success of Eretmochelys imbricata was more affected by the 

occurrence of tide events on the same hatching day, while that of Chelonia mydas was more 

sensitive to tide phenomenon occurrences 15 days ahead. In the case of E. imbricata, the 

maximum absolute negative correlation was observed with maximum heights > than 3.1 m (r=-

0.401, p=0.001), while in that of Chelonia mydas, the maximum effect was observed for days 

with a maximum height of the tide >2.8 m (r=0.225, p=0.042). We observed a difference in 

correlation as regards the nest depth in the case of E. imbricata, while no effect was observed 

for C. mydas. 
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Figure 3. External validation of models predicting hatching success based on extreme 

tide event phenomenon. 

 

Figure 3 shows the performance of the models relating tide events to hatching success. 

With the external validation, a mean Absolute Error of about 6.2 % was expected for E. 

imbricata. >60% of models had an external error of 6.24%, and the EMAE was 6.18%. The 

EMAE was 5.5% for C. mydas. >60% of the models had an external error of 4.6%. Almost all 

the predictions made were correctly placed at >70% observed variability, with no false 

predictions in lower ranges.  

  



Capítulo 3 
Potential effects of future high tides on sea turtle nesting 

 

 
70 

 

Figure 4. ARIMA statistics for time series models for monthly tide occurrences of >3.1 

m of max height (a) and >2.8 m of max height (b). 

 

The ARIMA models for the monthly occurrences of tide events showed a performance 

of mean absolute error (MAE) of 0.95 (>3.1m) and 0.86 (>2.8m), both below 1 day of error 

each month. The root mean square error (RMSE) was 1.2 for threshold (>3.1m) and 1.1 for 

threshold (>2.8m). Overall, the projection to the end of the decade showed an increase in the 

prevalence of these events. 
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Figure 5. Projection of hatching success based on an ensemble of tide-based models 

for E. imbricata (a) and C. mydas (b). Linear model of projected daily time series, where α 

shows y-axis cutting starting conditions and β shows the slope. 

 

The tide-based models had a negative slope for the projected hatching success of both 

species. In the case of E. imbricata, there was a negative slope of -0.01, signifying a decrease 

in hatching success of >1% every decade (0.01*120 months). In the case of C. mydas, a 

decrease in hatching success of 0.12% every decade (0.001*120) was projected (Figure 5b). 
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DISCUSSION 

Climate change is expected to affect, and is already affecting, sea turtles in various 

ways, such as altering their sex ratios and decreasing reproductive output as a result of 

increasing sand temperatures (Hill et al., 2015), the flooding of beaches and nests owing to 

rises in sea levels (Fuentes et al., 2010) or the increasingly frequent erosion and loss of nests 

owing to extreme tidal events (Carpio et al., 2020; Palomino-González et al., 2020). This 

scenario predicted by climatic projections might, therefore, represent an additional obstacle to 

the survival of these species. In addition, many sea turtles had a high level of nest-site 

repeatability with a tendency to nest near previous nests, and maintained a preference for 

nesting in particular areas of the beach, even when the beach had changed (Heredero-Saura 

et al., 2022). This nest site fidelity also increases the risk of nest or egg loss as a result of 

flooding or other causes, such as changing beach conditions. 

In order to address this issue, we analyzed the impact of high tides on nesting failure 

and which parameter (e.g height, moment in the incubation period) of the tides might impact 

on the hatching success of the nests. The correlation between hatching success and the 

maximum height of the tide and the delay in the tidal event was negative, particularly as 

regards the day of hatching in the case of hawksbills and the 15 days prior to hatching in the 

case of green turtles. The study carried out by Limpus et al. (2020) showed that freshly laid 

eggs and eggs on the verge of hatching exposed to any flooding suffered complete mortality, 

which coincides with what is shown here for the hawksbill sea turtle. The aforementioned 

authors also found that eggs exposed to prolonged periods of flooding (24 and 48 h) or eggs 

>80% developed underwent significant decreases in hatching success, which explains the 

decrease in the hatching success of green turtles when exposed to flooding in the last 15 days 

of the incubation period. Sea turtle eggs are, therefore, most sensitive to flooding at the 

beginning and end of the incubation period (Caut et al., 2010; Limpus et al., 2020). On the 

other hand, 40% of the nest sites underwent tidal inundation, which is consistent with previous 

studies (38.9% Foley et al., 2006; 30.3% Caut et al., 2010; 42.3% Ware et al., 2021). Even 

sex-ratio can be affected by tidal inundation, since the production of males was severely 

affected by the tidal inundation of nests (Martins et al., 2022). 

Moreover, the hawksbill turtle was more sensitive to extreme events of greater intensity 

(>3.1m), while the green turtle was more sensitive to tidal events above 2.8m. This is because 

green turtles nest significantly closer to the mean high water line than hawksbill turtles 

(29.7±4.6m vs 36.7±7.5m) (t=5.23 p<0.001). The hawksbill turtle nests near or inside 
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vegetation (Ditmer & Stapleton, 2012; Liles et al., 2015), while that the green turtle places its 

nests close to vegetation and open beach (Patricio et al., 2018; Heredero-Saura et al., 2022). 

With regard to the depth of the nest, there were no differences between the two species 

(mean 69 cm) (similar to the 76 cm found by Varela et al. (2019) for the green turtle). However, 

it was observed that in the case of the hawksbill turtle, the deepest nests (>65 cm) have a 

greater risk of flooding and consequently less hatching success. This can be partially explained 

by the fact that the water table below the nest rises and falls depending on the tide, which may 

cause the flooding of eggs that are deposited at a greater depth (Thompson and Curran, 2015). 

However, in the case of the green turtle, since the nests are located at a lower height, it is likely 

that the risk of flooding is the same for all the nests (there are no differences between depths), 

with the number of overwashes being more critical for this species (Figure 2d). In addition to 

tidal events, these deeper nests are also more sensitive to precipitation (Rivas et al., 2018) 

and the inundation caused by rises in sea level (Pike et al., 2015). 

Furthermore, the projections showed that these extreme events will be more and more 

frequent (Figure 4), similar to that shown in other projections (Lyons et al., 2020; Tomillo et al., 

2020). However, these tidal models were projected only until 2030 owing to the great 

uncertainty associated with them. These extreme tides, along with other associated 

phenomena such as rises in sea level, are expected to cause shoreline erosion, saline intrusion 

into the water table and the inundation and flooding of beaches and coastal areas (Fuentes et 

al., 2010). Although there are many predictions regarding rises in sea level (Von Holle et al., 

2019; Lyons et al., 2020; Veelennturf et al., 2020; Martins et al., 2022), there is very little 

information on the possible future effects of extreme tides (see Palomino-González et al., 

2020). In the case of tides, they are caused by a combination of strong winds and astronomical 

high tides. These can produce high-frequency tide levels, which it is difficult to forecast, 

although new tools such as machine learning or neural networks are improving these 

projections (Chen et al., 2020). Despite this, our model showed a decrease of 1.2% (E. 

imbricata) and 0.12% (C. mydas) of hatching success in the next decade solely as a result of 

tides. These percentages, together with other phenomena such as the increase in sea level, 

biases in the sex-ratios, coastal narrowing or the loss of beaches, represent an additional risk 

as regards the survival of these species. 
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CONCLUSIONS 

Many beaches at a global level might become unsuitable for nesting in future climate 

change scenarios, and those that exist or are newly established will consequently be critical 

habitats for the persistence of turtle populations.  

Sandy beach habitats in which sea turtles nest will be affected by multiple climate 

change impacts, such as rises in sea levels and increasing storm frequency, which might 

increase beach erosion and the loss of available nesting areas. Before these impacts occur, 

knowledge of how nest-site selection and hatching success vary depending on local or regional 

conditions is required in order to highlight areas that are potentially at risk. This might allow 

managers to discover how to prioritize the protection of suitable habitats and implement 

mitigation measures in order to combat this threat to beaches around the world. 

The use of strategies based on employing existing knowledge and bioclimatic modeling 

to improve the understanding of the likely effects of future climate on biodiversity is essential 

as regards assessing both current and future distributions of species. Recommendations to 

increase the conservation of sea turtle populations confronted by potential climate change 

effects should include the protection of nesting beaches. Increased research efforts with which 

to fill the critical knowledge gaps related to climate processes that influence population 

numbers should also be prioritized, since this could determine the future of many populations 

worldwide. 

ANNEX 1. Internal and external Root Mean Square Error (IRMSE and ERMSE) and 

internal and external Mean Absolute Error (IMAE and EMAE) of the 57 selected methods. 

Model IRMSE IMAE ERMSE EMAE 

ppr 4.01 3.13 5.54 5.01 

qrf 4.75 3.23 4.24 4.06 

extraTrees 3.97 3.24 4.86 4.40 

gamboost 3.96 3.26 5.03 4.53 

rvmRadial 3.97 3.26 4.86 4.41 

bstSm 3.96 3.26 5.02 4.53 

monmlp 4.15 3.28 5.99 5.43 

rf 4.05 3.41 4.92 4.48 

parRF 4.06 3.41 4.93 4.47 

RRFglobal 4.07 3.43 4.88 4.42 

svmRadialSigma 4.47 3.47 5.59 4.90 

gaussprRadial 4.19 3.54 5.38 4.87 
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svmRadial 4.55 3.58 5.76 5.08 

svmRadialCost 4.55 3.58 5.76 5.08 

svmLinear 4.70 3.71 5.93 5.32 

svmLinear2 4.70 3.71 5.93 5.32 

krlsPoly 4.62 3.74 5.95 5.41 

krlsRadial 4.55 3.74 5.89 5.37 

svmPoly 4.78 3.77 5.97 5.35 

BstLm 4.63 3.77 6.04 5.51 

rpart 4.62 3.77 6.04 5.51 

rpart1SE 4.62 3.77 6.04 5.51 

rpart2 4.62 3.77 6.04 5.51 

ctree 4.62 3.77 6.04 5.51 

glmStepAIC 4.62 3.77 6.04 5.51 

earth 4.62 3.77 6.04 5.51 

gcvEarth 4.62 3.77 6.04 5.51 

null 4.62 3.77 6.04 5.51 

partDSA 4.62 3.77 6.04 5.51 

lmStepAIC 4.62 3.77 6.04 5.51 

M5Rules 4.62 3.77 6.04 5.51 

M5 4.62 3.77 6.04 5.51 

blackboost 4.62 3.77 6.04 5.51 

neuralnet 4.62 3.77 6.04 5.51 

gaussprPoly 4.62 3.78 6.04 5.51 

lars 4.62 3.78 6.04 5.51 

blasso 4.62 3.78 6.06 5.53 

blassoAveraged 4.61 3.78 6.07 5.54 

bridge 4.61 3.78 6.07 5.54 

cubist 4.92 3.79 5.98 5.26 

cforest 4.62 3.80 6.03 5.50 

rlm 4.62 3.81 6.08 5.55 

gaussprLinear 4.63 3.82 6.09 5.57 

glmboost 4.63 3.82 6.09 5.57 

msaenet 4.63 3.82 6.09 5.57 

gamLoess 4.63 3.82 6.09 5.57 

bam 4.63 3.82 6.09 5.57 

gam 4.63 3.82 6.09 5.57 

gamSpline 4.63 3.82 6.09 5.57 

glm 4.63 3.82 6.09 5.57 

spls 4.63 3.82 6.09 5.57 

lars2 4.63 3.82 6.09 5.57 

lm 4.63 3.82 6.09 5.57 
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glm.nb 4.63 3.82 6.09 5.57 

bayesglm 4.63 3.82 6.09 5.57 

bstTree 4.63 3.82 6.03 5.52 

ctree2 4.64 3.83 6.04 5.55 
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ABSTRACT 

Fisheries bycatch is a primary driver of population declines in marine megafauna. 

These captures not only have environmental impacts, they also have economic 

consequences for fishers such as direct losses when repairing fishing gear. Therefore, 

evaluating the fishers’ perception of bycatch and comparing it with data from scientific 

fisheries observers might provide a broader view of the current situation these species 

face. To do this, we obtained data concerning the bycatch of 1,838 sea turtles between 

2008-2018 in the Eastern Pacific Ocean as well as informative surveys from 421 artisanal 

fishers surveyed in 2020. There is a discrepancy between the bycatch observed and the 

fishers’ perceptions of it. The observers’ results identified that high rates of incidental 

capture of sea turtles are associated with the mahi mahi fishery that occurs during winter 

and is a shallow set fishery using fish as bait. The olive ridley turtle was the main species 

affected by bycatch. According to the fishers’ perception, bycatch was higher with the 

use of J-hooks and a longline (compared to circle hooks and to gill nets and trawl nets) 

and when the target species are pelagic fish during the winter season. In addition, the 

fishers’ perception showed that 39.4% considered incidental fishing as an environmental 

problem and 28.5% considered it as a nuisance, while 32.1% do not consider sea turtle 

bycatch as a problem. These findings suggest that 60% of fishers do not consider it a 

need to protect sea turtles. Given the different responses between fisheries observers 

and fishers’ perception, it is clear that more dialogue is necessary to raise awareness 

about the effects of bycatch on worldwide sea turtle populations. Thus, there is an 

enormous potential to recruit/increase fishers’ active participation for turtle protection. In 

this context, the idea of including the fishers’ perception into any management strategy 

or conservation measure should be reinforced in order to effectively reduce the bycatch 

of these iconic species. 

Keywords: fishing gear, fishing nets, longlines, marine turtles, surveys 

INTRODUCTION 

Bycatch resulting from fishing gear (in particular longlines and gillnets) is one of 

the most serious threats to marine megafauna such as seabirds, sea turtles, marine 

mammals, and elasmobranchs (Fiedler et al., 2012; Gilman & Huang, 2017; Lewison et 

al., 2004; López-Barrera et al., 2012; Wallace et al., 2013; Žydelis et al., 2009). This is 

particularly concerning in long-lived animals with low reproductive rates, such as is the 

case of sea turtles (Parga et al., 2015), cetaceans, pinnipeds and sirenians (Reeves et 
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al., 2013) or elasmobranchs (Gallagher et al., 2014). Pelagic longline gear is commonly 

used throughout the world to catch large pelagic fish such as tuna, billfish, and sharks 

(Gilman et al., 2017; 2020; Martínez-Ortiz et al., 2015; Myers & Worm, 2003; Watson & 

Kerstetter, 2006). Although this gear is often considered to be more selective when 

compared with gillnetting and trawling (Berninsone et al., 2020; Lewison et al., 2004), it 

continues to catch large numbers of sea turtles and other non-target species (Carranza 

et al., 2006; Deflorio et al., 2005; Garrison & Stokes, 2017; Ovetz, 2007).  

A conservative estimate of fisheries data suggest that bycatch represents 40.4% 

of global marine catches (Davies et al., 2009). Many studies have focused almost 

exclusively on industrial fishing in industrialised countries (Casale et al., 2017; Tagliolatto 

et al., 2020; Swimmer et al., 2020), given that in most countries there is little data on the 

artisanal fishing effort, catch, or bycatch of sea turtles, seabirds and marine mammals 

(Moore et al., 2010; Shester & Micheli, 2011). However, recent evidence has highlighted 

the potential for artisanal fishing to have significant negative impacts on sea turtles (e.g., 

the Caribbean: Blades et al., 2019; Rojas-Cañizales et al., 2020; Peru: Alfaro-Shigueto 

et al., 2011; Ayala et al., 2019; Kenya: Kakai, 2019 or Ecuador: Darquea et al., 2020), 

cetaceans (e.g., Ecuador: Alava et al., 2019; Peru: Bielli et al., 2020; Mangel et al., 2010), 

sharks or mobulids (Indonesia: Mustika et al., 2021) or seabirds (Western 

Mediterranean: Cortés & González-Solís, 2018). With artisanal fisheries comprising 

>95% of the world’s fishers, this knowledge gap needs to be evaluated (Shester & 

Micheli, 2011). Previous assessments of sea turtle bycatch due to industrial longline 

fishing indicate significantly higher catch rates with narrower J and tuna hooks and with 

squid bait compared to wider and large circle hooks (18/0) equivalent to ≈4.9 cm and fish 

as bait (Gilman & Huang, 2017; Gilman et al., 2020; Swimmer et al., 2017). However, 

the target species for most artisanal fishing are medium and small-sized fish which are 

usually caught in medium-sized hooks (Gilman et al., 2018, Alfaro-Shigueto et al., 2010). 

The largest small-scale artisanal fishing fleets of the Eastern Pacific Ocean 

(EPO) are in Ecuador (Alava et al., 2015), with an estimated annual sea turtle bycatch 

of 40 480 individuals, which represents approximately 5.3 sea turtles per 1000 hooks 

(Maunder et al., 2021); and account for 87% of the total bycatch from Chile to Ecuador 

(Alfaro-Shigueto et al., 2018). These fleets mainly use longlines and gillnets to catch 

several species (tuna, billfish, sharks and mahi-mahi; Coryphaena hippurus) (Martínez-

Ortiz et al., 2015). Even in the Galapagos, where marine megafauna is protected since 

1998, these protected species are still being caught (Cerutti-Pereyra et al., 2020). In 

addition to the ecological impact, this incurs an economic cost for the fishers due to the 
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damage or repair of the fishing gear (repaired by themselves) and loss of hooks (between 

10-20$ per year/own data) due to the interaction with the turtles (Hall et al., 2000).  

To gain insights into the impact of bycatch and the other financial, behavioural 

and environmental challenges faced by small-scale fishers, we initiated a questionnaire 

survey to assess fishers’ perception of the problem (Gaibor, 2016; Panagopoulou et al., 

2017; Mustika et al., 2021). Most previous studies have been based on observers 

obtaining large-scale data on bycatch and then evaluating fishing gears separately and 

not in an integrated way by considering all the fishing gears affecting sea turtle 

populations individually (Marco et al., 2020). In this context, knowledge about the 

difference of perceptions of bycatch is essential to reach a global overview of this current 

threat in order to reduce its impact (Wallace et al., 2011). In addition, both approaches 

(the fishers’ replies to questionnaires and the data from observers) should provide a 

more accurate assessment than the current limited sea turtle bycatch estimates 

(Carreras et al., 2004; Barrios-Garrido et al., 2020).  

There are many socio-cultural constraints related to the culture of fishing, such 

as values of conservation, family relationships and hierarchies, fishing knowledge and 

beliefs (Teh et al., 2015), all of which hamper effective knowledge transfer or 

implementation, thereby necessitating a multidisciplinary conservation approach 

(Komoroske & Lewison, 2015). Alexander et al. (2017) found that sea turtle conservation 

strategies succeed when the cultural and social traditions of local communities are 

integrated with management activities. Therefore, it is essential to evaluate whether 

there is a difference or discrepancy between the fishers’ perception of the phenomenon 

and the observers’ data concerning the incidental catch of turtles, since each stakeholder 

group may have an unique perspective towards these conflicts (Barrios-Garrido et al., 

2019). Understanding how fishers perceive the problem has significant implications for 

management and policies (Mason et al., 2020; Moore et al., 2010; Awabdi et al., 2021). 

Although, perceptions and attitudes are difficult to change (de Carvalho et al., 2016), 

raising awareness robustly should help this conceptual change and, consequently, lead 

to a change in behaviours (Fu et al., 2020). There is a necessity to assess both 

approaches (fishers’ perception and observer data) at global and regional scales 

simultaneously, such as in the EPO fisheries, as it might determine the future of these 

populations (Alfaro-Shigueto et al., 2018; Darquea et al., 2020 and Gaidor, 2016). Using 

the largest small-scale fleets in the EPO as a case study will highlight the differences 

between the fishers’ perception of the problem and the data provided by on-board 

observers.  
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In this paper, we aim to: i) estimate and characterise the bycatch of sea turtles 

in the EPO according to the fisheries observer data; ii) identify the fishers’ perceptions 

concerning bycatch; iii) compare the results obtained from both approaches, and iv) 

propose concrete recommendations for conservation management to reduce this 

worldwide phenomenon and at a local level. 

MATERIAL AND METHODS 

Observer data 

A monitoring programme using fisheries observers was implemented from 

August 2008 to June 2018 regarding small-scale longline fishing (a “mother ship” fleet) 

from the fishing ports of Manta (Ecuador). This programme represents a small 

percentage of the Ecuadorian fishing fleet (10% for 2022; ACUERDO Nro. MPCEIP-

SRP-2021-0208-A https://vlex.ec/vid/mpceip-srp-2021-0208-876693938). The observer 

data were provided by PAT – Ec, which is part of the National Plan for the Fisheries 

Control of Ecuador (PNCP – Ec). Observers were trained in biological and fishing data 

collection by the undersecretary of Fishery Resources (SRP); using the “Programa 

Nacional de Observadores Pesqueros de Ecuador” (PROBECUADOR). The information 

recorded in 160 boats included: target fish, hook type, number and size, type of bait, 

number and species of turtle caught, coordinates and date (Manual para el observador 

a bordo, Ministerio de acuacultura y pesca). These 160 boats each made between 1 and 

29 fishing trips per year (mean ± SE = 5.5 ± 5), and between 1 to 20 sets (the action and 

result of releasing the longline) per trip (mean 4.3 ± 3). Therefore, we analysed 1,363 

sets, representing 17,965 of fishing hours. The soaking time (number of hours of the set 

in the water) (between 5 and 45; mean ± SE= 13.2 ± 7) and the number of hooks per set 

(between 8 and 1,680; mean ± SE= 322 ± 263) were used to estimate the Catch Per Unit 

of Effort (CPUE) = (number of catches / hour / 1,000 hooks). 

Observers recorded the catch composition (target and bycatch species) per set. 

The fish species were categorised for the statistical analysis, such as: tunas (Thunus 

obesus, T. albacaren or T. alalunga), billfish (Xiphias gladius, Makaira nigricans or 

Istiophorus platypterus) and mahi-mahi (Coryphaena hippurus) (this clustering is similar 

to Parga et al., 2015). The hooks were grouped into two categories, circle (C14, C15 and 

C16) and J (J1, 2, 3, 4, 5, 7, 8, 34, 36, 38 and 40) (see Mituhasi & Hall, 2011 for more 

details). The baits were grouped into: fish, squid and small scombrids (Auxis spp.). The 

seasons of the year were grouped into: winter (from December to May) and summer 
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(from June to November) (Table 1). The setting depth depends on the season and varies 

between 12-16 metres in winter (mahi-mahi) and between 20 and 30 metres in summer 

(tuna and billfish). The characterization of the study longline fishing is detailed in table 

S1. 

Table 1. Percentage of catches of the target species according to the type of 

hook, type of bait and season 

Target 
species 

Hook 
Type 

Bait type Season 
Average hook 

per set (nº) 
Average hour 
set in water  

Tuna 

(Thunnus) 

J38 78% 

J36 10% 

C16 9% 

Squid 46% 

Auxis 33% 

Fish 21% 

Summer 59% 

Winter 41% 
248±182 14±7.1 

Billfish 

(Istiophoridae 
and 
Xiphiidae) 

J38 79% 

J36 10% 

C16 9% 

Squid 49% 

Auxis 34% 

Fish 17% 

Summer 75% 

Winter 25% 
295±336 13.7±6.9 

Mahi mahi 

(Coryphaena 
hippurus) 

J4 66% 

J5 13% 

J3 11% 

Squid 45% 

Auxis 43 % 

Fish 12%  

Winter 62%, 
Summer 38% 

480±272 11.2±6.1 

Fishers’ survey 

The total population of artisanal fishers is made up from 63,972 Ecuadorian 

fishers (Alava et al., 2015). Therefore, the minimum number of fishermen required to 

survey for the sample to be representative according to the population was 382 (Singh 

& Masuku, 2014). In total, 421 fishers participated in the survey: 51 answered the online 

version of the questionnaire and 370 the in-person questionnaire (Table S2). Age and 

years of experience were also registered since previous studies have showed that the 

fishers’ perception may change according to these variables (Bender et al., 2014). 

Fishers’ perceptions  

The questionnaire was divided into two parts (i) the fishers’ experience, type of 

fishing gear, bait and boat used, and sociodemographic variables (Annex 1), and (ii) the 

fishers' perceptions about the problem of sea turtle bycatch. In the first part, questions 

were included about: whether they had experienced the bycatch of sea turtles and its 

frequency; their perceptions of trends in sea turtle bycatch in the last ten years; what 

gear, types of baits, season, or hooks they think cause the most bycatch. In the second 

part of the questionnaire, we asked questions such us: Is such bycatch a nuisance? Do 
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they have a major environmental impact? Or, are they not relevant? 

The development of the questionnaire follows three differentiated steps that 

provide it with precision and reliability (Gracia et al., 2021): 

1. Selection and formulation of the items. Firstly, a review of the literature was 

carried out in order to identify the different variables that may influence sea 

turtle bycatch. 

2. Content validation by the panel of scientific experts. Secondly, a panel of 

experts judged the instrument's clarity, pertinence and relevance using a 

Likert-scale (Annex 2). Then, the validation of the items in terms of content 

led to include some adaptations. 

3. Comprehension validation. Thirdly, after modifying the instrument 

considering the experts' suggestions, it was carried out on to 30 fishers (face-

to-face) following the recommendation of Beaton et al. (2000) and Serrano et 

al. (2020) to analyse its comprehension. 

After these validation processes (content and comprehension), the questionnaire 

was composed of 16 sociodemographic questions and 13 closed questions about 

bycatch. The average time taken to fill in the questionnaire was 15 minutes per fisher. 

The results of the content validation are shown in Annex 2.  

Questionnaire implementation 

The sampling technique applied was convenience sampling (Emerson, 2015) as 

fishers were selected based on availability and willingness to take part. Fishers were 

previously informed about the purpose of the present study and research ethical 

principles were applied to protect their anonymity, dignity, rights and welfare throughout 

the whole research project. Collecting the information from the fishers took place from 

June 2020 to November 2020 in ports of the province of Manabí and Esmeraldas. Two 

strategies were used to recruit participants for the study. First, in-person surveys were 

conducted in the ports of P. Lopez, P. Cayo, Machalilla, Jaramijó, Salango, S. Lorenzo, 

Pampanal, Tambillo and Manta (see Annex 3). These ports include the main points of 

artisanal and industrial fishing catches in Manabí and Esmeraldas (Ecuador). The 

questionnaires were completed in the presence of the fishers (n=370), by the interviewer. 

Simultaneously, we conducted an online questionnaire during the same period using the 
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Google Forms tool (n=51). The online questionnaire was also promoted by the fishers' 

cooperatives and guilds of Manabí and Esmeraldas. 

To account for any uncertainty and potential bias in this convenient sampling 

method, we took some precautions and applied controls before the data analyses (Maas 

et al., 2021), for example: (i) distributing the survey online and on paper; (ii) distributing 

the survey at 9 ports to achieve higher levels of diversity and sample size in our survey 

(annex 3); (iii) controlling demographic representativeness by comparing our survey 

sample to census data concerning the fishers, showing a high level of representativeness 

for age and a higher representation of artisanal groups compared to the overall fishing 

populations. In addition, sampling bias was avoided through; (iv) the participants’ self-

identification with the type of fishing that the fishers practice, type of boat, and type of 

fishing gear used, (v) reliability analyses of scale (Cronbach’s Alpha for internal validity). 

Cronbach’s Alpha was above 0.70 for our scale, representing a good level of fit (e.g., 

Cortina, 1993). 

Data analysis 

With respect to observer logbook data, one GLM (observer model) was carried 

out where the Catch Per Unit of Effort (CPUE) was included as response variable. In the 

case of fishers’ perception one GLMM (fishers’ model) was performed where number of 

turtles bycatch by fishers was included as response variable (frequency of the fishers’ 

perception of bycatch). In the observer model, the target species (3 levels), hook type (2 

levels, circle vs J-hook), bait type (3 levels), turtle species (5 levels), and season (2 

levels) were included as factors. The year was included as a random factor (ten levels). 

In the fishers’ model, the target species (2 levels), fishing gear (3 levels), hook type (2 

levels), bait type (3 levels), turtle species (4 levels), and time of year (2 levels) were 

included as factors. The port was included as a random factor (six levels). For the 

observer model, a normal distribution with an identity link function was used, while for 

the fisher’s survey model, Poisson distribution with a log link function was used. Fisher’s 

Least Significant Difference (LSD) post-hoc test was also applied to check for response 

differences among different levels of categorical variables. The most plausible models 

were selected by comparing Akaike’s information criterion (AIC) (Burnham & Anderson, 

2002) following a backward procedure (Zuur et al., 2009). The statistical analyses were 

performed using InfoStats software. 
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RESULTS 

Survey respondents 

There were more men (n = 417) than women (n = 4) among the respondents, as 

well as a predominance of the intermediate age-class (30-45). The participation of older 

people and artisanal fishers was lower for the online questionnaire than the in-person 

questionnaire. The specialised fishing gear most commonly used were the gillnet (51%), 

followed by the longline (44%) and trawl net (5%). Artisanal fishers represented 94% of 

the responders, while professional fishers (working for a company for a salary) 

represented only 6% of the questionnaire’s respondents. 

Sea turtle bycatch data from observers 

According to the observers’ data, 1,838 sea turtles were captured incidentally 

during the study period (figure 1), of which 72.3% were olive ridley (Lepidochelys 

olivacea), 23.7% green (Chelonia mydas), 1.5% leatherback (Dermochelys coriacea), 

1.3% hawksbill (Eretmochelys imbricata), 0.8% loggerhead (Caretta caretta) and 0.4% 

undetermined sea turtles. In contrast, fishers identified that the green turtle was the most 

frequently caught species (46%), whereas they stated the olive ridley and hawksbill 

turtles to be caught at a lower rate, 27% and 24.7% respectively (Table S3). The mean 

number of turtles caught incidentally per set was 1.3 ± 1 (range between 1 and 13), with 

an average of 4.2 sea turtles caught incidentally per 1,000 hooks. 
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Figure 1. Location of sea turtles captured incidentally on longlines 

 

Observers’ model 

Regarding the factors that influence the incidental catch of sea turtles, according 

to the observers’ data (model 1), the results show the effect of the target species, the 

season, the type of bait and the turtle species (Table 2). The results show significantly 

more bycatch in winter (Figure 2a) and when squid is used as bait (Figure 2b). As for the 

target species, results show significant differences between when the intended catch 

was mahi-mahi and when it was other species (tuna or billfish), with a higher bycatch 

percentage of sea turtles when mahi-mahi was the target species (Figure 2c). Finally, 

there are significant differences between the proportions of turtles captured, with a 

particular predominance of the olive ridley turtle (Figure 2d). 
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Figure 2. Violin plots of predicted values of the catch per unit effort according to: 

a) season b) bait type c) target species and d) sea turtle species, according to the 

observers’ data (model 1). The thick grey bar in the centre represents the interquartile 

range and the width of the violin represents the sample size. Red point and horizontal 

black line represent mean and median respectively. 

 

Fishers’ model 

Regarding the factors that, according to the fishers, influence bycatch (model 2), 

the results show the effect of the type of hook, the season, the target species, the turtle 

species and the fishing gear (Figure 3). The highest incidental catch rates occur with the 

J-hook (figure 3a), in winter (figure 3b) and on a longline (figure 3c). The results also 

show that the highest rates of bycatch occur when the target species are pelagic fish 

(Figure 3d). Finally, there are significant differences between the proportions of turtles 

captured, with a particular predominance of the hawksbill turtle (Figure 3e). 
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Figure 3. Violin plots of the predicted values of the number of sea turtle by-catch 

according to: a) hook type b) season c) fishing gear d) target species and e) sea turtle 

species, according to the fishers’ data (model 2). The thick grey bar in the centre 

represents the interquartile range and the width of the violin represents the sample size. 

Red point and horizontal black line represent mean and median respectively. 
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Table 2. F, p-values and coefficients of the variables included in the mixed linear model 

to explain the by-catch of sea turtles according to the observers’ data (Model 1) and fishers’ 

perception (Model 2). The coefficients for the level of fixed factors were calculated according to 

the reference value of ‘tuna’ (in model 1) and ‘groundfish’ (in model 2) for the variable ‘target 

species’, ‘loggerhead’ for the variable ‘sea turtle’, ‘winter for the variable ‘season’, ‘Auxis spp’ 

for the variable ‘bait type’ (model 1) and ‘gillnet’ for the variable ‘fishing gear’ (model 2). 

Model 1: Observed data 

Variables F-value p-value Estimate ± SE 

Target species 11.03 <0.001 Mahi-mahi = 0.29 ± 0.08 

Billfish = -0.16 ± 0.07 

Turtle species 5.17 <0.01 Olive ridley = 0.56 ± 0.29 

Hawksbill = 0.47 ± 0.33 

Green = 0.25 ± 0.17 

Leatherback = 0.12 ± 0.25 

Season 10.44 <0.001 Summer = -0.17 ± 0.09 

Bait type 7.46 <0.01 Squid = 0.09 ± 0.07 

Fish = -0.12 ± 0.07 

Model 2: Fishers’ perception 

Hook type 12.2 <0.001 J-hook = 0.4 ± 0.21 

Season 4.43 <0.01 Summer = -0.21 ± 0.10 

Target species 4.05 <0.01 Pelagic = 0.36 ± 0.07 

Turtle species 3.33 <0.05 Hawksbill = 0.42 ± 0.14 

Green = 0.33 ± 0.24 

Olive ridley = 0.29 ± 0.27 

Fishing gear 2.64 <0.05 Longline = 0.28 ± 0.07 

Trawl net = 0.05 ± 0.02 

Data from observers vs the fishers’ perception 

The fishers' perception of bycatch was heterogeneous throughout the 

participants sampled, highlighting that age and years of experience influence the 

perception of bycatch (Annex 4). According to our results, 39% of the fishers answered 

that bycatch is an important environmental problem, while 32% and 29% answered that 

it is not relevant or is a nuisance, respectively. Their perception of the temporal trends in 

the last ten years of bycatch is that it remains constant, which is similar to data reported 

by the observers. Concerning the question of what fishing gear was associated with more 

accidental catches of turtles, 43% point to the longline; followed by the gillnet 31% and 

the trawl net 26%. With respect to the bait, squid was the bait most indicated by the 
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observers as responsible for bycatch (60%), followed by fish (35%), which coincides with 

what is reported by fishers (Table 3), where squid represented 57% and fish 40%. Both 

the data from the observers and the perception of the fishers show that winter is the 

season with the most bycatch. For the target species, 78% of fishers highlight that 

bycatch occurs when pelagic species (included mahi-mahi, tuna or billfish) are selected, 

while in the case of observers, mahi mahi was involved in 53% of the captures. As for 

the moment at which the bycatch occurs, 60% of the respondents stated that it occurs 

when the fishing gear is already set versus 14% hauling or 26% setting fishing gear 

(Annex 4). In addition, 70% indicated that the bycatch was due to entanglement with 

fishing gear. Finally, 63% said the J-hook was responsible for the bycatch.  

DISCUSSION  

This study found that sea turtle bycatch is associated with factors such as hook 

type, bait type, fishing gear, season, fishing effort and target species. However, we also 

found differences between observer data and fishers’ perceptions. It is noteworthy that 

61% of fishers perceive incidental fishing as a nuisance (economic loss or damage to 

fishing gear) or not relevant and only 39% as an environmental problem, which 

represents that 61% of fishers are not aware of the conservation needs for the protection 

of sea turtles. 

Factors that determine the bycatch of sea turtles  

According to the observers’ reports, the main factors associated with turtle 

bycatch detected in this study were bait type, target species and season. However, the 

hook type was not found to be a significant factor, possibly because most J-hooks used 

in the EPO are slightly smaller than circle hooks, which possibly cause the same 

probability of being swallowed (Parga et al., 2015) but J-hooks cause much more 

damage and deaths (Parga, 2012). Previous studies such as Foster et al. (2012) in North 

Atlantic Ocean, Yokota et al. (2009) in Western North Pacific or Coelho et al. (2015) in 

Tropical Northeast Atlantic Ocean have already shown that squid increases bycatch as 

it is difficult to separate from the hook and it is swallowed whole (Serafy et al., 2012; 

Stokes et al., 2011). In the case of the target species, mahi-mahi is the main species 

linked to the capture of sea turtles, especially for the olive ridley turtle (Whoriskey et al., 

2011, Costa Rica’s Pacific; Bugoni et al., 2008, Southern Brazil). The results also 

showed winter as the maximum catch period, which coincides with the peak of mahi-

mahi catches as well as when fishing occurs (Andraka et al., 2013; Whoriskey et al., 
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2011). However, this may be related to the depth of the set, since the mahi-mahi fishing 

terminal gear is set at between 12-16 m deep in winter, while in summer tuna and billfish 

are deeper, at 20-30 m. Previous studies in Madeiran Waters (Dellinger & Ferreira, 

2005), Mediterranean Sea (Alessandro & Antonello, 2010) or Atlantic and North Pacific 

(Swimmer et al., 2017) have shown that the main interaction depth with longlines is in 

the upper 20 m of the water column, especially when hooks are set between 10 and 15 

m deep, which coincides with the mahi-mahi relatively shallow fishing strategy. 

Data from the observers vs fishers 

Data from fishers were collected in 2020 and from fishery observers from 2008 

to 2018. Data from observers and fishers coincide in that winter is the period of most 

bycatch and that pelagic species are the target catch when the bycatch occurs but differ 

in those fishers highlight the role of longlines as the most harmful fishing gear for turtles 

compared to trawl nets and gill nets (Annex 4). This was also identified at other locations 

such as in the Equatorial Eastern Atlantic (Carranza et al., 2006) or US North Atlantic 

(Watson et al., 2005). With this gear, the turtle ingests the hook with the bait, up to 40% 

deep in the throat with the highest probability of mortality (Parga, 2012; Stokes et al., 

2011; 2012; Swimmer et al., 2014). According to the fishers’ perception, nets rank 

second in the causes of bycatch and the mortality of sea turtles, as in Pacific or Atlantic 

fisheries, especially at the highest levels by gillnets and trawl nets (Awabdi et al., 2021; 

Pingo et al., 2017; Wallace et al., 2010; 2013). Regarding the type of hook, fishers do 

indicate that the J-hook is responsible for a higher bycatch rate compared to circle hook 

(Annex 4), up to 19.3 turtles per 1000 hooks for longlines (eastern Pacific Ocean) 

(Wallace et al., 2010), with the dimensions (length) of between 41 to 60 mm and 20 to 

30 mm having the greatest rates of turtle bycatch (Caracappa et al., 2018). 

The bycatch rates obtained in this study (4.3 turtles per 1,000 hooks) are 

comparable to those extrapolated from the results of Barragan et al. (2009) in Machalilla 

National Parks (Ecuador), which are approximately 4.8 turtles per 1,000 hooks, or those 

reported by Whoriskey et al. (2011) in Costa Rica’s Pacific, where bycatch rates were 

9.05 per 1000 hooks for olive ridley turtle and 0.35 per 1000 hooks for green turtles. On 

the other hand, they are relatively higher than those reported by Wang et al. (2021) in 

the Pacific Ocean, Gilman et al. (2007) in Hawaii longline fleet or Jaiteh et al. (2021) in 

the western Pacific Ocean (Caroline Islands) with sea turtle bycatch rates ranging from 

0 to 0.024/1000 hooks, 0.094/1000 hooks and 0.29/1000 hooks, respectively. 
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In this study, the observer data indicated higher frequency of catch of green and 

olive ridley turtles, while the fishers’ data identified hawksbill turtles to be most frequently 

captured. In this sense, it is important to train fishers in species identification to improve 

accuracy of fisheries data collection (Fulton et al., 2019). Awabdi et al. (2021) in 

southeastern Brazil also found that green turtle was the most-captured species with all 

fishing gear (gillnet, trawl net and longline) according to the fishers’ perception, and 

Huang & Liu (2010) highlighted the capture of the olive ridley turtle by tuna longline fleets 

in the Indian Ocean.  

Quantitative inclusion of the human element can increase our understanding of 

marine conservation issues (Awabdi et al., 2021; Primack et al., 2021). Our results 

highlight the fact that age and years of experience modify the perception of bycatch, as 

Bender et al. (2014) observed. Additionally, other parameters such as educational or 

socioeconomic level also have an effect on perception (Pont et al., 2016). For instance, 

a more negative perception towards South American sea lions was found among less 

educated fishers who had no other source of income besides fishing. Sanguinetti et al. 

(2021) found that older fishers with less formal education have a high focus on 

maximizing fishing yield, while younger fishers have a more sustainable and 

conservationist view of fishing. Similarly, Liu et al. (2019), found that artisanal fishers’ 

perceptions of marine mammals were predicted by fishing experience and education 

level. Therefore, it is relevant to include these parameters in studies of this type. 

This study has showed that only 39% of fishers perceive incidental catch as an 

environmental problem, 60.6% consider it as a nuisance or not relevant. This coincides 

with the results of Aguilar-González et al. (2014) in the Gulf of California, where individual 

fishers do not see themselves as part of the problem. Although data concerning 

perception could be biased, since fishers may consider bycatch to be a larger problem 

than they indicated in the questionnaires because of concerns regarding their livelihoods 

or negative previous experiences such as damaging nets, spoiling catch, removing bait, 

or the endangered status of the species (Godley et al., 1998). However, validating the 

fishers’ answers with data collected directly by observers on the fishing vessels could 

help to minimise this bias (Carreras et al., 2004). Finally, understanding how worldwide 

fishers perceive and use resources has significant management and policy implications 

(Awabdi et al., 2021), which would allow the development of robust management models 

for sustainable fishing, as pointed out by Karnad et al. (2014).  
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National and international interpretation of the results 

At the national level, the results showed the high-level impact that the artisanal 

fleet has on sea turtles, which was similar to previous studies (Alfaro-Shigueto et al., 

2011; 2018); highlighting that the season (winter) and type of hooks used with mahi-mahi 

are associated with bycatch of sea turtles (Andraka et al., 2013). Although Ecuador is 

implementing measures to reduce the bycatch of sea turtles and other megafauna (such 

as adoption of circle hooks, distribution of tools and training to unhook turtles from hooks 

or fisheries observer programs (https://www.iattc.org/GetAttachment/), these policies are 

still insufficient or not implemented by fishers (Alava et al., 2019). For this reason, 

empowering fishers’ governance is crucial to mitigate megafauna bycatch. At an 

international level, the results coincide with other studies in the EPO region, which 

highlight that in order to expand the use of circle hooks in the EPO region, governments 

should guarantee the availability of circle hooks at competitive prices in each country, 

and fishery authorities should implement regulatory measures in the use of tools to 

handle and release turtles (Parga et al., 2015). Therefore, the certification of the 

implementation of sustainable practices should be presented to fishers as a chance to 

access international, environmentally sensitive markets. Likely, measures at the 

international level should invest on scientific data collecting, training, support for the role 

of women, access to new technologies (by-catch reduction technologies) and promote 

more sustainable fishing practices (similar to https://oceans-and-

fisheries.ec.europa.eu/fisheries/rules/small-scale-fisheries_en) 

Limitations  

Despite the large amount of information generated by the “Ecuador National 

Fisheries Observer Program”, it only represents a small percentage of the Ecuadorian 

fishing fleet (10% for 2022; ACUERDO Nro. MPCEIP-SRP-2021-0208-A). Onboard 

observers can only be efficiently placed on one of the two decks, and information is 

provided by the crew to complement it, underestimating bycatch estimates (Luck et al., 

2020), especially when bycatch estimation is of a lower priority (Forget et al., 2021). The 

longline fleet is the only one monitored by fisheries observers, while other fishing gears 

(such as gillnets or trawls) are absent. Another limitation is the possible bias of the fishers 

when answering the questions due to the fact that their perceptions depends on their 

memory and bycatch numbers could not be accurate (Mustika et al., 2021). To avoid 

this, it is relevant to include educational or socioeconomic variables in this type of studies 

(Pont et al., 2016); and to carry out studies with holistic approaches, where research 
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integrates insights from local fisher communities with large-scale, long-term monitoring 

programs (Vásquez-Carrillo & Peláez-Ossa, 2021). Natural sciences are increasingly 

recognizing the value of social science methods for conducting conservation research, 

through interdisciplinary collaboration (Lowe et al., 2009). In this sense, there is also a 

growing foray by ecologists into social science realms (Awabdi et al., 2021; Lowe et al., 

2009; Moore et al., 2010). For this study, we found several obstacles to achieve our 

research objectives, which were solved by collaboration with social scientists.  

Management implications and recommendations to reduce bycatch 

In summary, based on our results and previous studies, we propose a series of 

management measures and recommendations that could contribute to minimising the 

current bycatch rates (see Annex Table S4). Firstly, we recommend (i) evaluating and 

using the knowledge of the fishers as a tool to diagnose the situation in a time efficient 

manner (Vásquez-Carrillo & Peláez-Ossa, 2021), (ii) implementing the most turtle 

friendly type and size of hook and/or type of bait (larger, circular hooks and fish as bait) 

(see Swimmer et al., 2020), (iii) evaluating the fishers’ willingness to adopt bycatch 

reduction technologies (e.g. LEDs; Bielli et al., 2020; Darquea et al., 2020; Allman et al., 

2021), (iv) implementing economic compensation, such as ecological labels or subsidies 

that would provide added value or incentives for fishers carrying out sustainable 

practices (Leduc & Hussey, 2019). Finally, (v) the implementation of education and 

awareness campaigns is also essential, since 32% of fishers do not see this situation as 

a problem. Legislative changes and political measures must include the fishers’ 

perception (hook, bait, fishing bans) and monitoring programmes (both scientific and 

citizen science) in any management plans since any action without their active 

participation and cooperation might fail (Mason et al., 2020). This may be of help to 

researchers and policy makers to achieve a better managed, sustainable fishery 

(Panagopoulou et al., 2017). In this sense, we recommend addressing the gap between 

the fishers’ perceptions and behaviour as part of the development of environmental 

policies at the local, regional and national level which, in turn, should then contribute to 

reducing the significant global impact of bycatch on sea turtles and other species caused 

by artisanal fishing. 
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DISCUSIÓN GENERAL 

Este apartado expone los contenidos más relevantes de la presente Tesis Doctoral, 

poniendo especial atención en resaltar los resultados más destacados, interacciones e 

implicaciones de diversa índole entre los diferentes elementos de las amenazas de las 

poblaciones de las tortugas marinas estudiadas (Figura 5).  

Figura 5. Interrelación entre capítulos de la Tesis doctoral. 

 

Esta sección se centra en los aspectos relativos a la interrelación de los resultados de 

los diferentes capítulos de la tesis, ya que las discusiones individuales han sido ampliamente 

presentadas en cada capítulo. En la tabla 2 se observan las conexiones establecidas entre 

los principales resultados derivados de cada capítulo y las principales estrategias de gestión 

derivadas de esta tesis doctoral. Esta tabla muestra la importancia y complementariedad de 

realizar estudios que incluyan ambas amenazas para las poblaciones de tortugas marinas 

(pérdida de sitios de nidificación y mortalidad adulta). Además, cabe destacar el papel que 

tiene la introducción de especies exóticas, como un elemento sinérgico de estas amenazas. 
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Tabla 2. Interrelación de los principales resultados de los diferentes capítulos de la 

Tesis e implicaciones de gestión para las poblaciones de tortugas marinas. 

La tesis doctoral presentada pretende completar algunos vacíos de conocimiento 

relacionados con el estado de conservación de las poblaciones de tortugas marinas y sus 

amenazas en la costa continental de Ecuador. Estas especies se enfrentan a desafíos 

derivados de las actividades humanas (pesca incidental, pérdida de sitios de nidificación) y 

del cambio climático (aumento del nivel del mar, aumento de la frecuencia e intensidad de 

eventos de mareas extremos y de la temperatura), que ponen en riesgo la viabilidad de sus 

poblaciones a medio y largo plazo (Pike et al., 2013; Maurer et al., 2021; Tomillo et al., 2021). 

Estos trabajos, muestran como las predicciones de la resiliencia de las tortugas marinas al 

cambio climático a menudo se centran en como el sesgo en los sex-ratios hacia la 

feminización de la población o la producción reducida de crías (debido a la alta mortalidad por 

las elevadas temperaturas), pueden afectar sus poblaciones. A esto se suma la subida del 

nivel del mar, Rivas et al. (2023) pronostican que en algunos hábitats de anidación de tortugas 

marinas se inundará el 100%, y en un escenario extremo muchas colonias de tortugas marinas 

podrían desaparecer.  

En este contexto de cambio (tanto en las condiciones naturales como en la presión 

antrópica), esta tesis se enfoca en América Latina ya que es uno de los lugares con mayor 

biodiversidad del mundo (Myers et al., 2000). Sin embargo, la introducción de especies 

exóticas en la región se ha convertido en una preocupación creciente debido a su impacto 

negativo en el medio ambiente según la Plataforma Intergubernamental de Ciencia y Política 
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sobre Biodiversidad y Servicios Ecosistémicos (IPBES). En ese sentido los resultados del 

primer capítulo de la tesis mostraron que la principal razón para la introducción de las 

especies en América Latina es el comercio de especies exóticas, las cuales son en su mayoría 

introducidas intencionalmente (69 especies de mamíferos y 62 de aves exóticas). Esto ha 

provocado un impacto significativo en la biodiversidad de los ecosistemas de la región, con 

muchas especies en peligro de extinción, entre las que se incluyen las tortugas marinas.  

De acuerdo a los informes de la Convención Internacional de Especies Amenazadas 

de Fauna y Flora Silvestre (CITES), la introducción de especies exóticas en Latinoamérica se 

da principalmente por el comercio de mascotas (representa el 70,9% de las introducciones). 

Lo anterior concuerda con los resultados de la investigación, que concluyen que, el tráfico de 

mascotas y la caza fueron los dos elementos de introducción más importantes en las aves (44 

y 12 especies, respectivamente) y los mamíferos (27 y 26 especies). 

Estudios similares mencionan que la introducción de especies es un factor importante 

y creciente para la pérdida de la biodiversidad (Capdevila et al., 2013). Además, el Informe 

del IPCC 2022 menciona que las especies introducidas pueden reemplazar a las especies 

nativas y/o competir con ellas además de alterar el ecosistema. En este sentido, estudios 

realizados por Buitrago et al. (2015) han demostrado que la depredación de huevos y 

neonatos de tortugas marinas se da por especies introducidas como perros, gatos y ratas. En 

las playas de República Dominicana las tortugas marinas han registrado depredación total o 

parcial de nidos por parte del cangrejo fantasma, larvas de insectos, perros y cerdos salvajes 

(Tomás et al., 2006). En una de las zonas de estudio, “Refugio de Vida Silvestre de Pacoche”, 

Pincay et. al (2021) explican que una de las amenazas que generó mayor impacto negativo 

en la nidificación de tortugas marinas, fue la presencia de perros que afectaron a las nidadas 

por la excavación y/o consumo de huevos. Esta depredación ha sido una de las razones que 

históricamente han provocado la reducción en el tamaño de las poblaciones (Amorocho, 

Rodríguez-Zuluaga et al., 2015). Por otra parte, Marcos et al. (2020) en los estudios realizados 

en Argentina, menciona que los impactos negativos de la introducción de jabalí o cerdo 

silvestre están asociados a las alteraciones que provocan en los suelos, la vegetación y la 

fauna, así como la transmisión de enfermedades incluidas las zoonóticas, lo que incrementa 

el riesgo en el proceso de incubación, eclosión y emergencia de los neonatos (Butler et. al, 

2020). 

No solo los factores naturales (tratados en los capítulo 2 y 3) causan el deterioro de 

los sitios de anidación (formación de escalones de arena, inundación de nidos, aumento de la 

temperatura), también los factores antrópicos como estrechamiento costero, las 
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perturbaciones humanas o la propia pesca incidental tratada en el capítulo cuatro tienen un 

impacto negativo. En este contexto, el desarrollo costero y la destrucción del hábitat (zonas 

de nidificación) también son amenazas antropogénicas importantes para las tortugas marinas 

(Mazaris et al., 2017). La destrucción o el daño físico causado por las actividades de desarrollo 

costero pueden afectar la existencia y recuperación de las especies y su hábitat, que son 

importantes para la supervivencia de las tortugas marinas (Frieler et al., 2013). Esto es tratado 

en el capítulo dos de la tesis donde se compró que el aumento en la frecuencia e intensidad 

de eventos de mareas extremas asociados al estrechamiento costero y la pérdida del hábitat 

suponen un riesgo para la nidificación de las tortugas. 

A medida que las zonas costeras se urbanizan las tortugas marinas están perdiendo 

sus zonas de anidación. Las playas que alguna vez fueron utilizadas por las tortugas para 

poner sus huevos ahora están siendo destruidas por el desarrollo costero (Pincay et al., 2021). 

Esto es importante en especies con filopatría como las tortugas, las cuales presentan 

tendencia a volver al mismo sitio en el que nacieron para reproducirse o nidificar (Feldheim et 

al., 2014). Por consiguiente, hay menos lugares para nidificar, mayor concentración de nidos 

y a su vez un incremento de la actividad depredadora por especies exóticas tratado en el 

capítulo uno. 

Muchos estudios demuestran que los huevos de las tortugas marinas requieren de 

varias condiciones de incubación para el desarrollo embrionario, que incluye temperatura, 

humedad e intercambio de gases. En ese sentido los resultados obtenidos revelaron que 

existe un porcentaje decreciente del éxito en la anidación de las tortugas marinas asociado al 

incremento del nivel del mar, al inundarse los nidos e impedir el intercambio de oxígeno para 

los embriones, perdiéndose un 35,9% de los nidos estudiados. Cheng et al. (2015), mencionan 

que el éxito de la eclosión disminuía por la inundación de los nidos. Cabe resaltar que la 

elección del sitio de anidación es otro factor determinante en el éxito de las eclosiones, de 

acuerdo a los resultados obtenidos, el grado de la pendiente tiene un efecto favorable para la 

tortuga carey que anida cerca de la vegetación por lo tanto tiene menor riesgo de inundación, 

mientras que la tortuga verde corre mayor riesgo de pérdida de nidos por anidar más cerca al 

mar, lo que fue analizado por Pike et al. (2015) en Raine Island donde obtuvo una pérdida de 

huevos del 45% en tortugas verdes. Por otra parte, Cuevas et al. (2007), mencionan que el 

éxito de la eclosión está asociado a las condiciones del microhábitat dentro del nido, 

influyendo el riesgo de inundación de nidos, facilidades de acceso de las crías al mar, así 

como el riesgo de depredación de crías y huevos (Mazaris et al., 2006), por lo que la selección 

de hábitat tiene implicaciones en la viabilidad y éxito reproductivo de las tortugas marinas. En 

relación con este tema, estudios previos concluyen que las tortugas carey prefieren playas 
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con pendientes pronunciadas y con poco oleaje (Horrocks et al., 1991), con poca presencia 

de rocas y alta cobertura vegetal (Ficetola, 2007).  

Los resultados obtenidos muestran que la pérdida de hábitat se da principalmente por 

la formación de montículos o escalones de arena por el efecto del incremento e intensidad de 

las mareas, como consecuencia del cambio climático. Este elemento puede ser condicionante 

para las tortugas ya que afectan el desove, al encontrarse con estos montículos regresan al 

mar y buscan otro sitio para depositar sus huevos. Un ejemplo de estas preferencias de los 

lugares de nidificación para cada especie fue descrito por Santos et al. (2016), quienes 

encontraron que las tortugas carey tienen preferencias por la zona de vegetación (Medina-

Cruz et al., 2010) para la elección de sitios de anidación, afirmando que las disminuciones 

están relacionadas a cambios en el paisaje en las playas de anidación. Se ha visto que el 

aguaje es otro elemento condicional, pues incrementa la tasa de humedad de la arena en 

zonas cercanas a la línea máxima de pleamar; esta condición provoca que las nidadas 

cercanas en estas franjas de playa se vean interrumpido el desarrollo embrionario debido a la 

proliferación de hongos (Pincay et al., 2020). 

Otros estudios realizados por investigadores de la ONG OCEANA mencionan que el 

cambio climático y el aumento del nivel del mar representan otra amenaza significativa para 

las tortugas marinas y sus hábitats (abordado en el capítulo tres de la tesis). En este 

escenario, las temperaturas más altas provocadas por el cambio climático podrían hacer que 

la arena se caliente, lo que provocaría una disminución en el número de crías que sobreviven 

(Gutiérrez et al., 2023). Esto es de particular preocupación, ya que el 40% de los sitios de 

anidación investigados sufrieron inundaciones por mareas, lo cual es consistente con estudios 

previos (38,9% según Foley et al. (2006) y 42,3% según Ware et al. (2021). Incluso la 

proporción de sexos puede verse afectada por la inundación de las mareas, ya que la 

producción de machos se vio gravemente afectada por la inundación de los nidos por las 

mareas (Martins et al., 2022). 

Numerosos estudios han advertido sobre la potencial “feminización” de las poblaciones 

bajo el cambio climático (Jensen et al., 2018; Tanner et al., 2019). Por lo tanto, el paradigma 

predominante en la investigación del cambio climático en tortugas marinas es que están 

amenazadas porque la determinación del sexo depende de la temperatura (Santidrián & 

Spotila, 2020), con los resultados obtenidos en la investigación, se espera que las poblaciones 

muestreadas tengan una tendencia hacia la feminización de las crías, con un alto porcentaje 

de hembras. Tomando en cuenta que la temperatura pivotal garantiza la supervivencia de las 

tortugas marinas, existe un límite térmico donde temperaturas de incubación mayores a los 
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36 °C pueden ser letales para los embriones y temperaturas de incubación menores a los 23 

°C impiden su desarrollo embrionario. Una incubación exitosa de los huevos sucede en un 

intervalo de temperatura de aproximadamente 25˚C a 35˚C (Bustard & Greenham, 1968; 

Mrosovsky & Yntema, 1980; Miller & Limpus, 1981; Dimond, 1985; Ugalde, 1986 y Ackerman 

1997). Estos resultados concuerdan con los estudios previos de Torre-Robles et al. (2017) 

quienes en su investigación concluyen que las temperaturas promedio en nidos de tres 

especies de tortugas marinas que anidan en un Área Natural Protegida de Oaxaca, México 

mostraron una tendencia feminizante en el segundo tercio del periodo de incubación, con 

temperaturas promedios entre 30,1°C y 32,1°C y con temperaturas promedios altas (D. 

coriácea = 34,2 °C, L. olivacea = 36,1 °C y C. mydas = 32,5 °C), e incluso en este estudio se 

demuestra que ocurre un mayor porcentaje de mortalidad embrionaria en estas condiciones.  

Por otro lado, otros estudios han considerado adicionalmente que las temperaturas 

altas durante la incubación pueden dar lugar a la producción de crías con anomalías 

morfológicas, fisiológicas y a nivel celular (Zimm et al., 2017). Por ejemplo, Fleming et al. 

(2020) detectó a través de análisis de sangre un cambio en el equilibrio hemodinámico 

(deshidratación) y una posible inflamación y/o estrés en las crías que emergen de nidos que 

se incubaron a temperaturas elevadas. 

Sin embargo, los efectos de la temperatura y otros factores ambientales, en aspectos 

de la fisiología y morfología de las tortugas marinas, muestran escenarios desfavorables 

debido al aumento del nivel del mar (Patricio, 2019) de 20 a 30 cm para el 2050 (Kulp et al., 

2019). Estudios recientes realizados por Rivas et al. (2023) muestran un futuro incierto debido 

al incremento del nivel del mar para el caso de Costa Rica y Ecuador ya que las proyecciones 

afirman que un porcentaje alto de los nidos resultarán inundados para el 2050. En 

concordancia con estos datos, el sexto informe del IPCC 2022 estima una pérdida de hábitats 

marinos del 51% paras las especies estudiadas, las que se atribuyen a eventos extremos del 

cambio climático. Por lo que es necesario realizar una gestión de la biodiversidad de los sitios 

de anidación de las tortugas marinas en las playas de Manabí, puesto que cada microhábitat 

varía entre playa y playa.  

Por otro lado, la pesca incidental es otra de las principales causas de muerte de las 

tortugas marinas (adultos), según los resultados del capítulo cuatro de la tesis. Los datos 

obtenidos por parte de los observadores pesqueros muestran que el 72,3% de las capturas 

se corresponden con la especie golfina, mientras que para los pescadores artesanales 

entrevistados identifican una mayor frecuencia de pesca incidental con la tortuga verde. En 

parte estas diferencias pueden deberse a la zona de faena, ya que los observadores operan 
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en embarcaciones que se alejan más de la costa. La especie objetivo, el tipo de anzuelo, el 

cebo empleado, así como la temporada son variables que inciden en la captura incidental. 

Según el Fondo Mundial para la Naturaleza (WWF por sus siglas en inglés), en su informe del 

2014, indicó que 300 000 tortugas marinas mueren al año, como resultado de la pesca 

incidental. Además, Alfaro-Shigueto et al. (2018) realizó una estimación de 46.478 tortugas 

resultante de la captura incidental anual, solo en Ecuador fue de 40.480, con una mortalidad 

del 32.5%. 

Pincay et. al (2021) en cuyo estudio realizado en el año 2019 hace referencia a 333 

tortugas marinas varadas en la costa continental del Ecuador, de ellas 234 se encontraron 

muertas y 99 se encontraron con vida (Ministerio del Ambiente y Agua, 2020). Sin dudas, 

estas cifras denotan el alto impacto al que se encuentran sometidas sus poblaciones a causa 

de los factores descritos, destacando la interacción con pesquerías. Estos resultados se 

asemejan a los obtenidos en este estudio puesto que la tasa de captura incidental se da por 

el enredo con las redes de pesca, la interacción del anzuelo tipo J, y cuando la especie objetivo 

es el dorado, afectando a la tortuga carey y verde. Alfaro-Shigueto et al. (2018) describen una 

tasa de captura de 5.4 tortugas por cada 1000 anzuelos, comparable a los resultados 

obtenidos de 4.3 tortugas por cada 1000 anzuelos, aún siendo datos bajos son comparables 

con estudio realizados por Savacova et al. (2020). 

Estudios realizados por Rosales (2010), hacen mención del 77,8% de ejemplares de 

tortugas capturadas incidentalmente y que fueron sacrificadas para la comercialización de su 

carne, y en algunas ocasiones de su caparazón, lo que evidenció la falta de concienciación 

de los pescadores. Esto se corrobora con las investigaciones de Richard (2019) en cuyo 

análisis determina que, para los pescadores, un anzuelo o una red vale más que una tortuga, 

por su parte los resultados obtenidos también denotan que para los pescadores el encontrarse 

con tortugas en sus redes es una molestia. Por lo que es necesario tener en cuenta la actitud 

de los pescadores frente a las especies marinas con las que interactúan (Cueva, 2020). Desde 

esta perspectiva, la actitud hacia el medio ambiente puede ser proambiental y responder 

favorablemente a la conservación o pueden ser de indiferencia, lo que se ve influenciado por 

las acciones de los individuos (Gattig y Hendrickx, 2007). Estas actitudes y comportamientos 

son un elemento común en todos los capítulos, ya que es necesario la concienciación y 

educación ambiental hacia estos problemas (introducción de especies exóticas, cambio 

climático, pesca incidental). Esta conexión con la naturaleza es de gran relevancia para la 

sociedad (Cuadrado et al., 2022) y de gran importancia para la sostenibilidad (Sobko, Jia y 

Brown, 2018) de las especies en peligro de extinción. 
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CONCLUSIONES 

1. 69 especies de mamíferos y 62 especies de aves fueron introducidas en América 

Latina intencionalmente. Las principales vías de introducción fueron el comercio 

de mascotas/ ornamentales (70,9%) para aves, y la caza (39,1%) y el comercio 

de mascotas / fines ornamentales (37,7%) para mamíferos. 

2.  Una de las principales causas de la pérdida de nidos en las tortugas marinas 

está relacionada con el cambio climático, debido al aumento en la frecuencia e 

intensidad de las mareas durante los últimos diez años, que generaron un 35,9% 

de pérdida de nidos como consecuencia de la inundación de estos. 

3. La intensidad y la frecuencia de los eventos extremos asociados a la altura de 

las mareas y sus consecuencias (formación de escalones) tienen un gran 

impacto en el éxito de anidación de las tortugas marinas, especialmente en la 

tortuga verde. 

4. El éxito de la anidación de la tortuga carey se ve más afectada por la ocurrencia 

de eventos de marea alta en el mismo día de la eclosión; mientras que la tortuga 

verde es más sensible a la ocurrencia de fenómenos de mareas 15 días antes. 

5. Los modelos predictivos indican una tendencia en el aumento de la frecuencia e 

intensidad de los aguajes, lo que podría causar una reducción en la tasa de éxito 

de eclosión en varias especies de tortugas marinas 

6. La pesca incidental se da en mayor proporción en invierno, coincidiendo con la 

pesca de especies pelágicas como el dorado, atún, y picudo. El calamar fue el 

cebo empleado en un 60% por los pescadores, quienes le atribuyen como 

responsable de la pesca incidental. 

7. El arte de pesca que más capturas incidentales causa es el palangre, en un 43%, 

seguido por las redes de enmalle en un 31% y redes de arrastre en un 26%. El 

anzuelo tipo J es el principal responsable de la captura incidental en un 63%.  

8. Para enfrentar las diversas causas de muertes de las tortugas marinas, es 

necesaria la sensibilización y educación ambiental de tres agentes: 1) los 

pescadores para minimizar el efecto de la pesca incidental, 2) las políticas 

oficiales para la protección de las playas de anidación y 3) la población local que 

tome conciencia de la necesidad de proteger nidos y evitar la presencia de perros 

divagantes.  

 



Agradecimientos 

 
106 

 

AGRADECIMIENTOS 

Paciencia, sabiduría, entrega y dedicación es lo que recibí de mis directores de tesis, 

en especial de Francisco Sánchez. Agradecer es muy poco por todo lo que hemos logrado 

para culminar exitosamente la tesis doctoral y junto a él, a todo el talento humano que de 

forma desinteresada se sumaron en el camino y siempre estuvieron, entre ellos: José 

Oteros y Marga L. Rivas. 

Fui premiada porque conocí al mejor de los mejores: mi gurú científico, mi director 

estrella, mi guía, mi profesor, mi amigo, gracias por estar cada día, gracias por tu paciencia, 

tu profesionalismo, apoyo y ánimo, sin ti, Antonio Carpio, esto no hubiera sido posible, 

gracias por tanto y todo. 

Gracias Doña Rocío Serrano; hay amistades que se forjan a lo largo de los años y 

la nuestra es una de esas, gracias por incluirme más allá de las aulas.  

Lady Vásquez, Belén Vergara, Gema Gutiérrez, Jipson Vélez, Gina López y Luis 

Vásquez, mis chicos investigadores de la UNESUM, quienes creyeron en este proyecto y 

de forma voluntaria realizaron trabajo de campo, mi agradecimiento especial a ustedes. 

Gracias también a mis compañeros de la UNESUM por la gestión administrativa y 

el apoyo brindado de la Carrera de Ingeniería Ambiental en estos años de preparación 

doctoral, de forma especial al Dr. Arturo Hernández Escobar. 

A la dirección del Parque Nacional Machalilla, gracias por las facilidades y la 

información facilitada para esta investigación. 

A Yordanis y Sarita quienes han estado apoyándome en toda la gestión de la Red 

Iberoamericana de Medio Ambiente, REIMA, A.C., mientras le dedicaba tiempo a la 

aventura de hacer investigación científica.  

Al Instituto de Investigación en Recursos Cinegéticos (IREC) de la Universidad 

Castilla La Mancha y su grupo de investigación SaBio, que me acogieron en su equipo para 

realizar una pasantía de investigación. 

Gracias a mi familia, en especial mi madre Laura Bella, quien ha sido mi ángel en 

los días más difíciles, ¡éste logro es tuyo! 



Agradecimientos 

 
107 

 

Y a mis amigos: Luigy, Mimi, Alba, Noelia, gracias por sus buenas vibras y hacer 

mis días más llevaderos. 

 



Referencias bibliográficas 

 
108 

 

REFERENCIAS BIBLIOGRÁFICAS 

Abellán, P., Carrete, M., Anadón, J. D., Cardador, L. & Tella, J. L. (2016). Non‐random patterns 

and temporal trends (1912–2012) in the transport, introduction and establishment of 

exotic birds in Spain and Portugal. Diversity and Distribution, 22(3), 263-273. 

https://doi.org/10.1111/ddi.12403   

Aguilar-González, M. E., Luna-González, A., Aguirre, A., Zavala-Norzagaray, A. A., Mundo-

Ocampo, M. & González-Ocampo, H. A. (2014). Perceptions of fishers to sea turtle 

bycatch, illegal capture and consumption in the San Ignacio-Navachiste-Macapule 

lagoon complex, Gulf of California, Mexico. Integrative Zoology, 9(1), 70-84. 

https://doi.org/10.1111/1749-4877.12024 

Alava, J. J., Jiménez, P., Peñafiel, M., Aguirre, W. & Amador, P. (2005). Sea turtle strandings 

and mortality in Ecuador: 1994-1999. Marine Turtle Newsletter, (108), 4-7. 

https://bit.ly/40Nc9vW   

Alava, J. J., Lindop, A. & Jacquet, J. (2015). Marine fisheries catch reconstructions for 

continental Ecuador: 1950-2010. Fisheries Centre Working Paper, 34,1-25. 

https://bit.ly/3IbOrSC   

Alcívar, C. M. y López, M. C. (2014). Anidación de tortugas marinas en la provincia de Manabí, 

Ecuador. La Técnica: Revista de las Agrociencias, (12), 38-55. https://doi.org/jwgb   

Alemán, R. y Bravo, M. (2018, del 4 al 5 de junio). Causas de varamiento y muerte de tortugas 

marinas en la costa del Ecuador identificadas mediante el diagnóstico de los diferentes 

casos recibidos en el centro de rehabilitación de fauna marina del Parque Nacional 

Machalilla, durante seis años de funcionamiento [Presentación oral]. Simposio de 

Tortugas Marinas de Ecuador 2018, Santa Elena, Ecuador. 

Alessandro, L. & Antonello, S. (2010). An overview of loggerhead sea turtle (Caretta caretta) 

bycatch and technical mitigation measures in the Mediterranean Sea. Reviews in Fish 

Biology and Fisheries, 20, 141-161. https://doi.org/10.1007/s11160-009-9126-1   

Alfaro-Shigueto, J., Dutton, P., Van Bressem, M.F., Mangel, J., 2007. Interactions between 

leatherback turtles and Peruvian artisanal fisheries. Chelonian Conserv. Biol. 6,129–

134. 

https://doi.org/10.1111/ddi.12403
https://doi.org/10.1111/1749-4877.12024
https://bit.ly/40Nc9vW
https://bit.ly/3IbOrSC
https://doi.org/jwgb
https://doi.org/10.1007/s11160-009-9126-1


Referencias bibliográficas 

 
109 

 

Alfaro‐Shigueto, J., Mangel, J. C., Bernedo, F., Dutton, P. H., Seminoff, J. A. & Godley, B. J. 

(2011). Small‐scale fisheries of Peru: a major sink for marine turtles in the 

Pacific. Journal of Applied Ecology, 48(6), 1432-1440. https://doi.org/10.1111/j.1365-

2664.2011.02040.x 

Alfaro-Shigueto, J., Mangel, J. C., Darquea, J., Donoso, M., Baquero, A., Doherty, P. D. & 

Godley, B. J. (2018). Untangling the impacts of nets in the southeastern Pacific: Rapid 

assessment of marine turtle by-catch to set conservation priorities in small-scale 

fisheries. Fisheries Research, 206, 185-192. 

https://doi.org/10.1016/j.fishres.2018.04.013 

Alfaro-Shigueto, J., Mangel, J. C., Pajuelo, M., Dutton, P. H., Seminoff, J. A. & Godley, B. J. 

(2010). Where small can have a large impact: structure and characterization of small-

scale fisheries in Peru. Fisheries Research, 106(1), 8-17. https://doi.org/c59c5w 

Alonso, L. (2018). Estudio del impacto de residuos sólidos en Caretta caretta en aguas de las 

Islas Baleares. 

Álvarez-Romero, J. G., Medellín, R. A., Oliveras, A., Gómez, H., Sánchez, O. (2008). Animales 

exóticos en México: una amenaza para la biodiversidad. Comisión Nacional para el 

conocimiento y uso de la Biodiversidad - Instituto de Ecología de México - Instituto de 

Ecología, UNAM. https://bit.ly/3RSmfYs 

Alves, R. R., Nogueira, E. E. G., Araujo, H. E. P. & Brooks, S. E. (2010). Bird‐keeping in the 

Caatinga, NE Brazil. Human Ecology. 38, 147-156. https://doi.org/ct3hgg  

Amorocho, D., Rodríguez-Zuluaga, L., Payán, L., & Zapata, L. A.  (2015). Plan de manejo de 

las tortugas marinas del Parque Nacional Natural Gorgona. WWF Colombia.  

https://wwflac.awsassets.panda.org/downloads/plan_de_manejo_tortugas_marinas_d

el_pnn_gorgona.pdf  

Anderson, L. G., Rocliffe, S., Haddaway, N. R. & Dunn, A. M. (2015). The role of tourism and 

recreation in the spread of non-native species: a systematic review and meta-analysis. 

PLoS One, 10(10), e0140833. https://doi.org/10.1371/journal.pone.0140833   

Arlidge, W. N. S., Squires, D, Alfaro-Shigueto J, Booth, H., Mangel, J. C., Milner- Gulland, E. 

J. (2020). A mitigation hierarchy approach for managing sea turtle captures in small-

scale fisheries. Frontiers in Marine Science, 7, e49. 

https://doi.org/10.3389/fmars.2020.00049   

https://doi.org/10.1111/j.1365-2664.2011.02040.x
https://doi.org/10.1111/j.1365-2664.2011.02040.x
https://doi.org/10.1016/j.fishres.2018.04.013
https://doi.org/c59c5w
https://bit.ly/3RSmfYs
https://doi.org/ct3hgg
https://wwflac.awsassets.panda.org/downloads/plan_de_manejo_tortugas_marinas_del_pnn_gorgona.pdf
https://wwflac.awsassets.panda.org/downloads/plan_de_manejo_tortugas_marinas_del_pnn_gorgona.pdf
https://doi.org/10.1371/journal.pone.0140833
https://doi.org/10.3389/fmars.2020.00049


Referencias bibliográficas 

 
110 

 

Astrid Alexandra Andersson, Hannah B. Tilley, Wilson Lau, David Dudgeon, Timothy C. 

Bonebrake, Caroline Dingle, CITES and beyond: Illuminating 20 years of global, legal 

wildlife trade, Global Ecology and Conservation, Volume 26, 2021, e01455, ISSN 2351-

9894, https://doi.org/10.1016/j.gecco.2021.e01455 . 

Atkinson, I. A. E. (1985). The spread of commensal species of Rattus to oceanic islands and 

their effect on island avifaunas. In P. J. Moors (Ed.), Conservation of island birds (pp. 

35-81). International Council for Bird Preservation. 

Awabdi, D. R., Pestana, I. A., Bondioli, A. C. V., Zappes, C. A. & Di Beneditto, A. P. M. (2021). 

Incidental capture of sea turtles in southeast Brazil: Assessment of the perceptions of 

artisanal fishers. Ocean & Coastal Management, 210, e105696. https://doi.org/gj37tq   

Ayala, L., Ortiz, M. & Gelcich, S. (2019). Exploring the role of fishers knowledge in assessing 

marine megafauna bycatch: insights from the Peruvian longline artisanal fishery. 

Animal Conservation, 22(3), 251-261. https://doi.org/10.1111/acv.12460  

Bacher, S., Blackburn, T. M., Essl, F., Genovesi, P., Heikkilä, J., Jeschke, J. M., Jones, G., 

Keller, R., Kenis, M., Kueffer, Ch., Martinou, A. F., Nentwig, W., Pergl, J., Pyšek, P., 

Rabitsch, W., Richardson, D. M., Roy, H. E., Saul, W., Scalera, R., Vilà, M., Wilson, J. 

R. U. & Kumschicket, S. (2018). Socio-economic impact classification of alien taxa 

(SEICAT). Methods in Ecology and Evolution, 9(1), 159-168. https://doi.org/gcvbxq  

Baker, J., Littnan, C., y Johnston, D. (2006). Potential effects of sea level rise on the terrestrial 

habitats of endangered and endemic megafauna in the Northwestern Hawaiian Islands. 

Endangered Species Research, 2, 21–30. 

Ballari, S. A., Anderson, Ch. B. & Valenzuela, A. E. J. (2016). Understanding trends in 

biological invasions by introduced mammals in southern South America: a review of 

research and management. Mammal Review, 46(3) 229-240. 

https://doi.org/10.1111/mam.12065   

Balzarini, M. G., González, L. A., Tablada, M., Casanoves, F., Di Rienzo, J. A. & Robledo, C. 

W. (2008). InfoStat, version 8. Manual del usuario (1ra ed.). Editorial Bruja. 

https://bit.ly/3IgFV54   

Baquero 2008. Identificación de las playas de anidación de tortugas marinas en la costa del 

ecuador y sus principales amenazas. Primeras evidencias de anidación en algunas 

https://doi.org/10.1016/j.gecco.2021.e01455
https://doi.org/gj37tq
https://doi.org/10.1111/acv.12460
https://doi.org/gcvbxq
https://doi.org/10.1111/mam.12065
https://bit.ly/3IgFV54


Referencias bibliográficas 

 
111 

 

playas del país, II Simposio de tortugas marinas en el pacífico sur oriental, noviembre 

del 2008 La Molina, Lima, Perú 

Barragan, M. J. (2003). Marine turtle nesting in Machalilla National Park, Ecuador: comparing 

the monitoring made between 1996-2001. In J. A. Seminoff (Comp.) Proceedings of 

the twenty-second annual symposium on sea turtle biology and conservation (pp. 131). 

NOAA Technical Memorandum NMFS-SEFSC-503. https://bit.ly/3IbqJ97   

Barrios-Garcia, M. N. & Ballari, S. A. (2012). Impact of wild boar (Sus scrofa) in its introduced 

and native range: a review. Biological Invasions, 14, 2283-2300. https://doi.org/f4bx9h   

Beaton, D. E., Bombardier, C., Guillemin, F. & Ferraz, M. B. (2000). Guidelines for the Process 

of Cross-Cultural Adaptation of Self-Report Measures. Spine, 25(24), 3186-3191. 

https://doi.org/btsg8d   

Bellard, C., Cassey, P. & Blackburn, T. M. (2016). Alien species as a driver of recent 

extinctions. Biology Letters, 12(2), e20150623. https://doi.org/10.1098/rsbl.2015.0623  

Bender, M. G., Machado, G. R., Silva, P. J. D. A., Floeter, S. R., Monteiro-Netto, C., Luiz, O. 

J. & Ferreira, C. E. L. (2014). Local ecological knowledge and scientific data reveal 

overexploitation by multigear artisanal fisheries in the Southwestern Atlantic. PLoS 

One, 9(10), e110332. https://doi.org/10.1371/journal.pone.0110332   

Berninsone, L. G., Bordino, P., Gnecco, M., Foutel, M., Mackay, A. I. & Werner, T. B. (2020). 

Switching Gillnets to Longlines: An Alternative to Mitigate the Bycatch of Franciscana 

Dolphins (Pontoporia blainvillei) in Argentina. Frontiers in Marine Science, 7, e699. 

https://doi.org/10.3389/fmars.2020.00699   

Bjorndal, K. A. & Jackson, J. B. (2002). Roles of sea turtles in marine ecosystems: 

reconstructing the past. In P. L. Lutz, J. A. Musick & J. Wyneken (Eds.) The biology of 

sea turtles (1st ed., Volume II, pp. 259-273). CRC Press. 

Blackburn, T. M., Bellard, C. & Ricciardi, A. (2019). Alien versus native species as drivers of 

recent extinctions. Frontiers Ecology and the Environment, 17(4), 203-207. 

https://doi.org/10.1002/fee.2020   

Blackburn, T. M., Essl, F., Evans, T., Hulme, P. E., Jeschke, J. M., Kühn, I., Kumschick, S., 

Marková, Z., Mrugała, A., Nentwig, W., Pergl, J., Pyšek, P., Rabitsch, W., Ricciardi, R., 

Richardson, D. M., Sendek, A., Vilà, M., Wilson, J. R. U., Winter, M., Genovesi, P. & 

https://bit.ly/3IbqJ97
https://doi.org/f4bx9h
https://doi.org/btsg8d
https://doi.org/10.1098/rsbl.2015.0623
https://doi.org/10.1371/journal.pone.0110332
https://doi.org/10.3389/fmars.2020.00699
https://doi.org/10.1002/fee.2020


Referencias bibliográficas 

 
112 

 

Bacher, S. (2014). A unified classification of alien species based on the magnitude of 

their environmental impacts. PLoS Biology, 12(5), e1001850. https://doi.org/f55tm7  

Blackburn, T. M., Lockwood, J. L. & Cassey, P. (2009). Avian invasions: The ecology and 

evolution of exotic birds (1st ed.). Oxford University Press. 

Blackburn, T. M., Pysěk, P., Bacher, S., Carlton, J. T., Duncan, R. P., Jarosšík, V., Wilson, J. 

R. U. & Richardson, D. M. (2011). A proposed unified framework for biological 

invasions. Trends in Ecology & Evolution, 26(7), 333-339. 

https://doi.org/10.1016/j.tree.2011.03.023   

Blades, D. C., Walcott, J. & Horrocks, J. A. (2019). Leatherback bycatch in an eastern 

Caribbean artisanal longline fishery. Endangered Species Research, 40, 329-335. 

https://doi.org/10.3354/esr01000   

Bonino, N. & Soriguer, R. (2009). The invasion of Argentina by the European wild rabbit 

Oryctolagus cuniculus. Mammal Review, 39(3), 159-166. https://doi.org/d6tbr6   

Booth, D. T. (1998). Nest temperature and respiratory gases during natural incubation in the 

broad-shelled river turtle, Chelodina expansa (Testudinata: Chelidae). Australian 

Journal Zoology, 46(2), 183-191. https://doi.org/10.1071/ZO98003   

Booth, D. T., Feeney, R. & Shibata, Y. (2013). Nest and maternal origin can influence 

morphology and locomotor performance of hatchling green turtles (Chelonia mydas) 

incubated in field nests. Marine Biology, 160, 127-137. https://doi.org/10.1007/s00227-

012-2070-y   

Brei, M., Pérez-Barahona, A. & Strobl, E. (2016). Environmental pollution and biodiversity: 

Light pollution and sea turtles in the Caribbean. Journal of Environmental Economics 

and Management, 77, 95-116. https://doi.org/10.1016/j.jeem.2016.02.003   

Brig, C. E. (2014). Assessment of loggerhead sea turtle (Caretta caretta) nest management 

tools in South Carolina [Master of Science dissertation, Clemson University]. 

Repository. https://tigerprints.clemson.edu/all_theses/2522/   

Buenavista, S. & Palomares, F. (2018). The role of exotic mammals in the diet of native 

carnivores from South America. Mammal Review, 48(1), 37-47. 

https://doi.org/10.1111/mam.12111   

https://doi.org/f55tm7
https://doi.org/10.1016/j.tree.2011.03.023
https://doi.org/10.3354/esr01000
https://doi.org/d6tbr6
https://doi.org/10.1071/ZO98003
https://doi.org/10.1007/s00227-012-2070-y
https://doi.org/10.1007/s00227-012-2070-y
https://doi.org/10.1016/j.jeem.2016.02.003
https://tigerprints.clemson.edu/all_theses/2522/
https://doi.org/10.1111/mam.12111


Referencias bibliográficas 

 
113 

 

Bugoni, L., Neves, T. S., Leite, N. O. Jr., Carvalho, D., Sales, G., Furness, R. W., Stein, C. E., 

Peppes, F. V., Giffoni, B. B. & Monteiro, D. S. (2008). Potential bycatch of seabirds and 

turtles in hook-and-line fisheries of the Itaipava Fleet, Brazil. Fisheries Research, 90(1-

3), 217-224. https://doi.org/10.1016/j.fishres.2007.10.013   

Buitrago, J. (2003). El rol de las tortugas marinas en los ecosistemas. Estación de 

Investigaciones Marinas de Margarita, Fundación La Salle de Ciencias Naturales, 

Venezuela. https://bit.ly/3JWPAyS   

Buitrago, J., & de Mortalidad, F. B. C. (2003). Amenazas naturales y antrópicas en tortugas 

marinas. 

Burnham, K. P. & Anderson, D. R. (2002). Model selection and multimodel inference: A 

practical information-theoretic approach (2nd ed.). Springer. 

Bush, E. R., Baker, S. E. & Macdonald, D. W. (2014). Global trade in exotic pets 2006–2012. 

Conservation Biology, 28(3), 663-676. https://doi.org/10.1111/cobi.12240   

Bustard, H. R. y Greenham, P. (1968). Factores físicos y químicos que afectan la eclosión en 

la tortuga marina verde, Chelonia mydas (L.). Ecología, 49(2), 269-276. 

Butler, C. J. (2019). A review of the effects of climate change on chelonian. Diversity, 11(8), 

e138. https://doi.org/10.3390/d11080138   

Butler, Z. P., Wenger, S. J., Pfaller, J. B., Dodd, M. G., Ondich, B. L., Coleman, S., ... & 

Williams, K. L. (2020). Predation of loggerhead sea turtle eggs across Georgia’s barrier 

islands. Global Ecology and Conservation, 23, e01139. 

Capdevila-Argüelles, L., Zilletti, B., & Suárez-Álvarez, V. Á. (2013). Causas de la pérdida de 

biodiversidad: Especies Exóticas Invasoras. Memorias Real Sociedad Española de 

Historia Natural. 2a. época, 10, 55-75. 

Caracappa, S., Persichetti, M. F., Piazza, A., Caracappa, G., Gentile, A., Marineo, S., Crucitti, 

D. & Arculeo, M. (2018). Incidental catch of loggerhead sea turtles (Caretta caretta) 

along the Sicilian coasts by longline fishery. PeerJ, 6, e5392 

https://doi.org/10.7717/peerj.5392   

https://doi.org/10.1016/j.fishres.2007.10.013
https://bit.ly/3JWPAyS
https://doi.org/10.1111/cobi.12240
https://doi.org/10.3390/d11080138
https://doi.org/10.7717/peerj.5392


Referencias bibliográficas 

 
114 

 

Cardador, L., Lattuada, M., Strubbe, D., Tella, J. L., Reino, L., Figueira, R. & Carrete, M. 

(2017). Regional bans on wild‐bird trade modify invasion risks at a global scale. 

Conservation Letters, 10(6), 717-725. https://doi.org/10.1111/conl.12361   

Cardador, L., Tella, J. L., Anadón, J. D., Abellán, P. & Carrete, M. (2019). The European trade 

ban on wild birds reduced invasion risks. Conservation Letters, 12(3), e12631. 

https://doi.org/10.1111/conl.12631   

Caribbean Conservation Association. (1991). St. Lucia: Country Environmental Profile. 

Caribbean Conservation Association. 

Carlsson, H. E., Schapiro, S. J., Farah, I. & Hau, J. (2004). Use of primates in research: a 

global overview. American Journal Primatology, 63(4), 225-237. 

https://doi.org/10.1002/ajp.20054   

Carpio, A. J., Álvarez, Y., Jaramillo, J., & Sánchez, F. (2020). Nesting failure of sea turtles in 

Ecuador - causes of the loss of sea turtle nests: The role of the tide. Journal of Coastal 

Conservation, 24(5), 55. https://doi.org/10.1007/s11852-020-00775-3  

Carpio, A. J., Barasona, J. A., Guerrero‐Casado, J., Oteros, J., Tortosa, F. S. & Acevedo, P. 

(2017a). An assessment of conflict areas between alien and native species richness of 

terrestrial vertebrates on a macro‐ecological scale in a Mediterranean hotspot. Animal 

Conservation, 20(5), 433-443. http://dx.doi.org/10.1111/acv.12330  

Carpio, A. J., Guerrero-Casado, J., Barasona, J. A., Tortosa, F. S., Vicente, J., Hillström, L. & 

Delibes-Mateos, M. (2017b). Hunting as a source of alien species: a European review. 

Biological Invasions, 19, 1197-1211. http://doi.org/10.1007/s10530-016-1313-0   

Carpio, A. J., de Miguel, R. J., Oteros, J., Hillström, L. & Tortosa, F. S. (2019). Angling as a 

source of non-native freshwater fish: a European review. Biological Invasions, 21, 

3233-3248. https://doi.org/10.1007/s10530-019-02042-5   

Carpio-Camargo, A. J., Álvarez-Gutiérrez, Y., Jaramillo-Véliz, J. & Sánchez-Tortosa, F. (2020). 

Nesting failure of sea turtles in Ecuador-causes of the loss of sea turtle nests: the role 

of the tide. Journal of Coastal Conservation, 24(5), 1-10. 

https://doi.org/10.1007/s11852-020-00775-3   

Carr, A. (2015). Sea Turtles. Weigl Publishers. 

https://doi.org/10.1111/conl.12361
https://doi.org/10.1111/conl.12631
https://doi.org/10.1002/ajp.20054
https://doi.org/10.1007/s11852-020-00775-3
http://dx.doi.org/10.1111/acv.12330
http://doi.org/10.1007/s10530-016-1313-0
https://doi.org/10.1007/s10530-019-02042-5
https://doi.org/10.1007/s11852-020-00775-3


Referencias bibliográficas 

 
115 

 

Carranza, A., Domingo, A. & Estrades, A. (2006). Pelagic longlines: A threat to sea turtles in 

the Equatorial Eastern Atlantic. Biological Conservation, 131(1), 52-57. 

https://doi.org/c6sppd  

Carreras, C., Cardona, L. & Aguilar, A. (2004). Incidental catch of the loggerhead turtle Caretta 

caretta off the Balearic Islands (western Mediterranean). Biological Conservation, 

117(3), 321-329. https://doi.org/10.1016/j.biocon.2003.12.010   

Carrete, M. & Tella, J. L. (2008). Wild‐bird trade and exotic invasions: a new link of 

conservation concern? Frontiers Ecology and the Environment, 6(4), 207-211. 

https://doi.org/b3hz6b   

Casale, P., Abitsi, G., Aboro, M. P., Agamboue, P. D., Agbode, L., Allela, N. L., Angueko, D., 

Jean Noel Bibang Bi Nguema, Boussamba, F., Cardiec, F., Chartrain, E., Ciofi, C., 

Emane, Y. A., Fay, J. M., Godley, B. J., Oliwiwina, C. K. K., Lewembe, J. D., Leyoko, 

D., Asseko, G. M. …& Formia, A. (2017). A first estimate of sea turtle bycatch in the 

industrial trawling fishery of Gabon. Biodiversity and Conservation, 26, 2421-2433. 

https://doi.org/10.1007/s10531-017-1367-z   

Castellanos, J. M. B. (2020). Fauna exótica invasora. Editorial Reus. 

Caughley, G. & Gunn, A. (1995). Conservation biology in theory and practice (1st ed.). Wiley. 

Caut, S., Guirlet, E. & Girondot, M. (2010). Effect of tidal overwash on the embryonic 

development of leatherback turtles in French Guiana. Marine Environmental Research, 

69(4), 254-261. https://doi.org/10.1016/j.marenvres.2009.11.004   

Ceriani, S. A., Casale, P., Brost, M., Leone, E. H. & Witherington, B. E. (2019). Conservation 

implications of sea turtle nesting trends: elusive recovery of a globally important 

loggerhead population. Ecosphere, 10(11), e02936. https://doi.org/10.1002/ecs2.2936   

Cerutti-Pereyra, F., Moity, N., Dureuil, M., Ramírez-González, J., Reyes, H., Budd, K., Marín, 

J. & Salinas-de-León, P. (2020). Artisanal longline fishing the Galapagos Islands–

effects on vulnerable megafauna in a UNESCO World Heritage site. Ocean & Coastal 

Management, 183, e104995. https://doi.org/10.1016/j.ocecoaman.2019.104995  

Challender, D. W., Harrop, S. R. y MacMillan, D. C. (2015). Comprender los mercados para 

conservar las especies amenazadas por el comercio en CITES. Conservación 

biológica, 187, 249-259. 

https://doi.org/c6sppd
https://doi.org/10.1016/j.biocon.2003.12.010
https://doi.org/b3hz6b
https://doi.org/10.1007/s10531-017-1367-z
https://doi.org/10.1016/j.marenvres.2009.11.004
https://doi.org/10.1002/ecs2.2936
https://doi.org/10.1016/j.ocecoaman.2019.104995


Referencias bibliográficas 

 
116 

 

Chaloupka, M., Kamezaki, N. & Limpus, C. (2008). Is climate change affecting the population 

dynamics of the endangered Pacific loggerhead sea turtle? Journal of Experimental 

Marine Biology and Ecology, 356(1-2), 136-143. 

https://doi.org/10.1016/j.jembe.2007.12.009   

Chen, Ch. L., Wang, C. C. & Cheng, I. J. (2010). Effects of biotic and abiotic factors on the 

oxygen content of green sea turtle nests during embryogenesis. The Journal of 

Comparative Physiology B, 180(7),1045-1055. https://doi.org/10.1007/s00360-010-

0479-5   

Cheng, I. J., Huang, C. T., Hung, P. Y., Ke, B. Z., Kuo, C. W. & Fong, C. L. (2009). Ten years 

of monitoring the nesting ecology of the green turtle, Chelonia mydas, on Lanyu (Orchid 

Island), Taiwan. Zoological Studies, 48(1), 83-94. https://bit.ly/3RRVtPP   

Cheng, I. J., Lin, C. H. & Tseng, C. T. (2015). Factors influencing variations of oxygen content 

in nests of green sea turtles during egg incubation with a comparison of two nesting 

environments. Journal of Experimental Marine Biology and Ecology, 471,104-111. 

https://doi.org/10.1016/j.jembe.2015.05.013   

Clout, M. N. & Russell, J. C. (2008). The invasion ecology of mammals: a global perspective. 

Wildlife Research, 35(3), 180-184. https://doi.org/10.1071/WR07091  

Coelho, R., Santos, M. N., Fernandez-Carvalho, J. & Amorim, S. (2015). Effects of hook and 

bait in a tropical northeast Atlantic pelagic longline fishery: Part I—incidental sea turtle 

bycatch. Fisheries Research, 164, 302-311. 

https://doi.org/10.1016/j.fishres.2014.11.008   

Coello, D., Herrera, M., Calle, M., Castro, R., Medina, C. & Chalén, X. (2011). Incidencia de 

tiburones, rayas, aves, tortugas y mamíferos marinos en la pesquería artesanal con 

enmalle de superficie en la caleta pesquera de Santa Rosa (provincia de Santa Elena). 

Boletín Especial del Instituto Nacional de Pesca, 2(3), 1-51. https://bit.ly/3HTQcm5   

Convention on Biological Diversity. (2014). Pathways of introduction of invasive species, their 

prioritization and management. United Nations Environment Program (UNEP). 

https://bit.ly/3YsmEDk   

Cortés, V. & González-Solís, J. (2018). Seabird bycatch mitigation trials in artisanal demersal 

longliners of the Western Mediterranean. PloS One, 13(5), e0196731. 

https://doi.org/gdhpvg   

https://doi.org/10.1016/j.jembe.2007.12.009
https://doi.org/10.1007/s00360-010-0479-5
https://doi.org/10.1007/s00360-010-0479-5
https://bit.ly/3RRVtPP
https://doi.org/10.1016/j.jembe.2015.05.013
https://doi.org/10.1071/WR07091
https://doi.org/10.1016/j.fishres.2014.11.008
https://bit.ly/3HTQcm5
https://bit.ly/3YsmEDk
https://doi.org/gdhpvg


Referencias bibliográficas 

 
117 

 

Cortina, J. M. (1993). What is coefficient alpha? An examination of theory and applications. 

Journal of Applied Psychology, 78(1), 98-104. https://doi.org/10.1037/0021-

9010.78.1.98   

Crosby, A. W. (2003). The Columbian exchange: Biological and cultural consequences of 1492 

(Vol. 2). Greenwood Publishing Group. 

Cuadrado, E., Macias-Zambrano, L., J. Carpio, A., & Tabernero, C. (2023). The ABC 

connectedness to nature scale: development and validation of a scale with an approach 

to affective, behavioural, and cognitive aspects. Environmental Education 

Research, 29(2), 308-329. 

Cueva, F. A. (2020). Percepción de riesgo ambiental en pescadores industriales de Chimbote. 

Cuevas E, Liceaga-Correa, M. A.  & Garduño-Andrade, M. (2007). Spatial characterization of 

a foraging area for immature hawksbill turtles (Eretmochelys imbricata) in Yucatan, 

Mexico. Amphibia-Reptilia 28, 337-346. 

Da Rosa, C. A., de Almeida, N. H., Puertas, F. & Passamani, M. (2017). Alien terrestrial 

mammals in Brazil: current status and management. Biological Invasions, 19, 2101-

2123. https://doi.org/10.1007/s10530-017-1423-3  

Darquea, J. J., Ortiz-Alvarez, C., Córdova-Zavaleta, F., Medina, R., Bielli, A., Alfaro-Shigueto, 

J. & Mangel, J. C. (2020). Trialing net illumination as a bycatch mitigation measure for 

sea turtles in a small-scale gillnet fishery in Ecuador. Latin American Journal of Aquatic 

Research, 48(3), 446-455. https://doi.org/10.3856/vol48-issue3-fulltext-2428   

Davies, K. F., Chesson, P., Harrison, S., Inouye, B. D., Melbourne, B. A. & Rice, K. J. (2005). 

Spatial heterogeneity explains the scale dependence of the native-exotic diversity 

relationship. Ecology, 86(6), 1602-1610. https://doi.org/10.1890/04-1196   

Davies, R. W. D., Cripps, S. J., Nickson, A. & Porter, G. (2009). Defining and estimating global 

marine fisheries bycatch. Marine Policy, 33(4), 661-672. https://doi.org/cz2wzc   

Dawson, W., Moser, D., van Kleunen, M., Kreft, H., Pergl, J., Pyšek, P., Weigelt, P., Winter, 

M., Lenzner, B., Blackburn, T. M., Dyer, E. E., Cassey, P., Scrivens, S. L., Economo, 

E. P., Guénard, B., Capinha, C., Seebens, H., García-Díaz, P., Nentwig, W.…& Essl, 

F. (2017). Global hotspots and correlates of alien species richness across taxonomic 

https://doi.org/10.1037/0021-9010.78.1.98
https://doi.org/10.1037/0021-9010.78.1.98
https://doi.org/10.1007/s10530-017-1423-3
https://doi.org/10.3856/vol48-issue3-fulltext-2428
https://doi.org/10.1890/04-1196
https://doi.org/cz2wzc


Referencias bibliográficas 

 
118 

 

groups. Nature Ecology & Evolution, 1, e0186. https://doi.org/10.1038/s41559-017-

0186  

Dayton, P. K., Thrush, S. F., Agardy, M. T. y Hofman, R. J. (1995). Efectos ambientales de la 

pesca marina. Conservación acuática: ecosistemas marinos y de agua dulce, 5(3), 

205-232. 

de la Torre-Robles, L., Buenrostro-Silva, A., & García-Grajales, J. (2017). Temperaturas de 

incubación y proporción sexual en nidos de tortugas marinas de la Playa San Juan 

Chacahua, Oaxaca, México. AGROProductividad, 10(5). 

Deflorio, M., Aprea, A., Corriero, A., Santamaria, N. & de Metrio, G. (2005). Incidental captures 

of sea turtles by swordfish and albacore longlines in the Ionian Sea. Fisheries Science, 

71(5), 1010-1018. https://doi.org/10.1111/j.1444-2906.2005.01058.x  

Dellinger, T. & Ferreira, T. (2005). Diving behaviour of juvenile loggerhead sea turtles (Caretta 

caretta) and its relation to deep-sea longline fishing in Madeiran Waters. Final 

Technical Report to the Portuguese Science Foundation FCT for project PDCTM-

POCTI/P/MAR/15248/1999. Universidade da Madeira, Portugal. 

Delmotte, P. Zhai, A. Pirani, S. L. Connors, C. Pean, S. Berger, N. Caud, Y. Chen, L. Goldfarb, 

M. I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J. B. R. Matthews, T. K. Maycock, T. 

Waterfield, O. Yelekci, R. Yu, B. Zhou, & Press. (Eds.), International Panel of Climate 

Change, Sixth Assessment Report. Cambridge University Press. 

Dewald, J. R. & Pike, D. A. (2014). Geographical variation in hurricane impacts among sea 

turtle populations. Journal Biogeography, 41(2), 307-316. 

https://doi.org/10.1111/jbi.12197   

Dyer, E. E., Cassey, P., Redding, D. W., Collen, B., Franks, V., Gaston, K. J., Jones, K. E., 

Kark, S., Orme, C. D. L. & Blackburn, T. M. (2017a). The global distribution and drivers 

of alien bird species richness. PLoS Biology, 15(1), e2000942. https://doi.org/f9kvhh   

Dyer, E. E., Redding, D. W. & Blackburn, T. M. (2017b). The global avian invasions atlas, a 

database of alien bird distributions worldwide. Scientific Data, 4, e170041. 

https://doi.org/10.1038/sdata.2017.41   

Ehrenfeld, J. G. (2010). Ecosystem consequences of biological invasions. Annual Review of 

Ecology, Evolution, and Systematics, 41, 59-80. https://doi.org/cc7vbg   

https://doi.org/10.1038/s41559-017-0186
https://doi.org/10.1038/s41559-017-0186
https://doi.org/10.1111/j.1444-2906.2005.01058.x
https://doi.org/10.1111/jbi.12197
https://doi.org/f9kvhh
https://doi.org/10.1038/sdata.2017.41
https://doi.org/cc7vbg


Referencias bibliográficas 

 
119 

 

Engeman, R. M., Byrd, R. W., Dozier, J., McAlister, M. A., Edens, J. O., Kierepka, E. M., 

Smyser, T. J. & Myers, N. (2019). Feral swine harming insular sea turtle reproduction: 

The origin, impacts, behavior and elimination of an invasive species. Acta Oecologica, 

99, e103442. https://doi.org/10.1016/j.actao.2019.103442   

Epperly, S. P., Watson, J. W., Foster, D. G. & Shah, A. K. (2012). Anatomical hooking location 

and condition of animals captured with pelagic longlines: the grand banks experiments 

2002–2003. Bulletin of Marine Science, 88(3), 513-527. https://doi.org/f38xg5   

Esparza – Ramírez D., A. Cevallos –García, J. Pincay –Espinoza, K. Bravo –Vasquez. (2018). 

Incidencia de tortugas marinas en la pesquería de palangre de superficie en Ecuador 

en el periodo 2008 -2017. En Simposio de Tortugas Marinas de Ecuador 2018. 

Espinoza, E., J. Moreira, L. Ramírez y R. Macías. (2018). Síntesis de la presencia de la 

Tortuga Laúd (Dermochelys coriacea) en la costa ecuatoriana. CIT-CC15-2018-

Tec.15. Secretaría Pro Tempore CIT, Virginia USA 

Essl, F., Bacher, S., Blackburn, T. M., Booy, O., Brundu, G., Brunel, S., Cardoso, A. C., 

Eschen, R., Gallardo, B., Galil, B., García-Berthou, E., Genovesi, P., Groom, Q., 

Harrower, C., Hulme, P. E., Katsanevakis, S., Kenis, M., Kühn, I., Kumschick, S.…& 

Jeschke, J. M. (2015). Crossing frontiers in tackling pathways of biological invasions. 

BioScience, 65(8), 769-782. https://doi.org/10.1093/biosci/biv082   

Esteban, N, Laloë, J. O., Kiggen, F. S., Ubels, S. M., Becking, L. E., Meesters, E. H., Berkel, 

J., Hays, G. C. & Christianen, M. J. (2018). Optimism for mitigation of climate warming 

impacts for sea turtles through nest shading and relocation. Scientific Reports, 8,1-8. 

https://doi.org/10.1038/s41598-018-35821-6   

Feldheim, K. A., Gruber, S. H., Dibattista, J. D., Babcock, E. A., Kessel, S. T., Hendry, A. P., 

Pikitch, E. K., Ashley, M. V., & Chapman, D. D. (2014). Two decades of genetic profiling 

yields first evidence of natal philopatry and long-term fidelity to parturition sites in 

sharks. Molecular Ecology 23(1), 110-117. https://doi.org/10.1111/mec.12583  

Fiedler, F. N., Sales, G., Giffoni, B. B., Monteiro-Filho, E. L., Secchi, E. R. & Bugoni, L. (2012). 

Driftnet fishery threats sea turtles in the Atlantic Ocean. Biodiversity and Conservation, 

21(4), 915-931. https://doi.org/10.1007/s10531-012-0227-0  

Fiedler, L. A. (1990). Rodents as a food source. In L. R. Davis & R. E. Marsh (Eds.). 

Proceedings of 14th Vertebrate Pest Conference (pp.149-155). University of California. 

https://doi.org/10.1016/j.actao.2019.103442
https://doi.org/f38xg5
https://doi.org/10.1093/biosci/biv082
https://doi.org/10.1038/s41598-018-35821-6
https://doi.org/10.1111/mec.12583
https://doi.org/10.1007/s10531-012-0227-0


Referencias bibliográficas 

 
120 

 

Finkbeiner, E. M., Wallace, B. P., Moore, J. E., Lewison, R. L., Crowder, L. B. & Read, A. J. 

(2011). Cumulative estimates of sea turtle bycatch and mortality in USA fisheries 

between 1990 and 2007. Biological Conservation, 144(11), 2719-2727. 

https://doi.org/dpmn9w  

Fish, M. R., Cote, I., Gill, J. A., Jones, A. P., Renshoff, S. & Watkinson, A. R. (2005). Predicting 

the impact of sea-level rise on Caribbean Sea turtle nesting habitat. Conservation 

Biology, 19(2), 482-491. https://www.jstor.org/stable/3591260   

Fisher, A. T. (2005). Marine hydrogeology: recent accomplishments and future 

opportunities. Hydrogeology Journal, 13, 69-97. 

Flueck, W. T. (2010). Exotic deer in southern Latin America: what do we know about impacts 

on native deer and on ecosystems? Biological Invasions, 12, 1909-1922. 

https://doi.org/10.1007/s10530-009-9618-x  

Foley, A. M., Peck, S. A. & Harman, G. R. (2006). Effects of sand characteristics and 

inundation on the hatching success of loggerhead sea turtle (Caretta caretta) clutches 

on low-relief mangrove islands in Southwest Florida. Chelonian Conservation and 

Biology, 5(1), 32-41. https://doi.org/cbz3t7   

Foley, A., Peck, S., & Harman, G. (2006). Effects of sand characteristics and inundation on the 

hatching success of loggerhead sea turtle (Caretta caretta) clutches on low-relief 

mangrove islands in southwest Florida. Chelonian Conservation and Biology, 5(1), 32-

41. https://doi.org/10.2744/1071-8443(2006)5[32:EOSCAI]2.0.CO;2  

Foster, D. G., Epperly, S. P., Shah, A. K. & Watson, J. W. (2012). Evaluation of hook and bait 

type on the catch rates in the western North Atlantic Ocean pelagic longline fishery. 

Bulletin of Marine Science, 88(3), 529-545. https://doi.org/10.5343/bms.2011.1081   

Fridley, J. D., Stachowicz, J. J., Naeem, S., Sax, D. F., Seabloom, E. W., Smith, M. D., 

Stohlgren, T. J., Tilman, D. & von Holleet, B. (2007). The invasion paradox: reconciling 

pattern and process in species invasions. Ecology, 88(1), 3-17. https://doi.org/d95fz4   

Frieler, K., Meinshausen, M., Golly, A., Mengel, M., Lebek, K., Donner, S. D. y Hoegh-

Guldberg, O. (2013). Es poco probable que limitar el calentamiento global a 2 °C salve 

la mayoría de los arrecifes de coral. Nature Climate Change, 3(2), 165-170. 

https://doi.org/dpmn9w
https://www.jstor.org/stable/3591260
https://doi.org/10.1007/s10530-009-9618-x
https://doi.org/cbz3t7
https://doi.org/10.2744/1071-8443(2006)5%5b32:EOSCAI%5d2.0.CO;2
https://doi.org/10.5343/bms.2011.1081
https://doi.org/d95fz4


Referencias bibliográficas 

 
121 

 

Fu, L., Sun, Z., Zha, L., Liu, F., He, L., Sun, X. & Jing, X. (2020). Environmental awareness 

and pro-environmental behavior within China’s road freight transportation industry: 

Moderating role of perceived policy effectiveness. Journal of Cleaner Production, 252, 

e119796. https://doi.org/10.1016/j.jclepro.2019.119796   

Fuentes, M. M., Allstadt, A. J., Ceriani, S. A., Godfrey, M. H., Gredzens, C., Helmers, D. P., 

Ingram, D., Pate, M. C., Radeloff, V. C., Shaver, D. J., Wildermann, N. E., Taylor, L. y 

Bateman, B. L. (2020). La posible adaptabilidad de las tortugas marinas al cambio 

climático puede verse obstaculizada por el desarrollo costero en los Estados 

Unidos. WWF Centroamérica. https://acortar.link/mBG8by  

Fuentes, M., Limpus, C., Hamann, M. & Dawson, J. (2010). Potential impacts of projected sea-

level rise on sea turtle rookeries. Aquatic Conservation: Marine and Freshwater 

Ecosystems, 20(2),132-139. https://doi.org/10.1002/aqc.1088   

Gaibor, N. (2016). Technical and management aspects and socio-cultural perceptions of sea 

turtle bycatch in Ecuador [Doctoral dissertation, University of Rhode Island]. URI 

Repository. https://digitalcommons.uri.edu/oa_diss/443/   

Gallagher, A. J., Orbesen, E. S., Hammerschlag, N. & Serafy, J. E. (2014). Vulnerability of 

oceanic sharks as pelagic longline bycatch. Global Ecology and Conservation, 1, 50-

59. https://doi.org/10.1016/j.gecco.2014.06.003   

Garmestani, A. S., Percival, H. F., Portier, K. M. & Rice, K. G. (2000). Nest-site selection by 

the loggerhead sea turtle in Florida's Ten Thousand Islands. Journal of Herpetology, 

34(4), 504-510. https://www.jstor.org/stable/1565263  

Garrigós, L. A. (2018). Estudio del impacto de residuos sólidos en Caretta caretta en aguas 

de las Islas Baleares [Tesis de grado, Universitat de les Illes Balears]. Repositorio. 

https://bit.ly/3E3MULQ   

Garrison, L. P. & Stokes, L. (2017). Estimated bycatch of marine mammals and sea turtles in 

the US Atlantic pelagic longline fleet during 2015. National Oceanic and Atmospheric 

Administration. https://repository.library.noaa.gov/view/noaa/26508  

Gattig, A., y Hendrickx, L. (2007). Judgmental discounting and environmental risk perception: 

Dimensional similarities, domain differences, and implications for sustainability. Journal 

of Social Issues, 63(1), 21-39. 

https://doi.org/10.1016/j.jclepro.2019.119796
https://acortar.link/mBG8by
https://doi.org/10.1002/aqc.1088
https://digitalcommons.uri.edu/oa_diss/443/
https://doi.org/10.1016/j.gecco.2014.06.003
https://www.jstor.org/stable/1565263
https://bit.ly/3E3MULQ
https://repository.library.noaa.gov/view/noaa/26508


Referencias bibliográficas 

 
122 

 

Gibbons, J. W., Scott, D. E., Ryan, T. J., Buhlmann, K. A., Tuberville, T. D., Metts, B. S., 

Greene, J. L., Mills, T., Leiden, Y., Poppy, S. & Winne, C. T. (2000). The global decline 

of reptiles, Déjà vu amphibians: reptile species are declining on a global scale. 

BioScience, 50(8), 653-666. https://bit.ly/3XtqNFu   

Gilman, E. & Huang, H. W. (2017). Review of effects of pelagic longline hook and bait type on 

sea turtle catch rate, anatomical hooking position and at-vessel mortality rate. Reviews 

in Fish Biology and Fisheries, 27(1), 43-52. https://doi.org/10.1007/s11160-016-9447-

9   

Gilman, E., Chaloupka, M. & Musyl, M. (2018). Effects of pelagic longline hook size on species-

and size-selectivity and survival. Reviews in Fish Biology and Fisheries, 28(2), 417-

433. https://doi.org/10.1007/s11160-017-9509-7  

Gilman, E., Chaloupka, M., Bach, P., Fennell, H., Hall, M., Musyl, M., Piovano, S., Poisson, F. 

& Song, L. (2020). Effect of pelagic longline bait type on species selectivity: a global 

synthesis of evidence. Reviews in Fish Biology and Fisheries, 30(3), 535-551. 

https://doi.org/jwnx   

Gilman, E., Suuronen, P. & Chaloupka, M. (2017). Discards in global tuna fisheries. Marine 

Ecology Progress Series, 582, 231-252. https://doi.org/10.3354/meps12340   

Gilman, E., Zollett, E., Beverly, S., Nakano, H., Davis, K., Shiode, D., Dalzell, P. & Kinan, I. 

(2006). Reducing sea turtle by‐catch in pelagic longline fisheries. Fish and Fisheries, 

7(1), 1-22. https://bit.ly/40Pti8e  

Godley, B. J., Gücü, A. C., Broderick, A. C., Furness, R. W. & Solomon, S. E. (1998). 

Interaction between marine turtles and artisanal fisheries in the eastern Mediterranean: 

a probable cause for concern? Zoology in the Middle East, 16(1), 49-64. 

https://doi.org/10.1080/09397140.1998.10637754   

Goldenberg, S. B., Landsea, Ch. W., Mestas-Nuñez, A. M. & Gray, W. M. (2001). The recent 

increase in Atlantic hurricane activity: causes and implications. Science, 293(5529), 

474-479. https://doi.org/10.1126/science.1060040   

Goss, J. R. & Cumming, G. S. (2013). Networks of wildlife translocations in developing 

countries: an emerging conservation issue? Frontiers in Ecology and the Environment, 

11(5), 243-250. https://doi.org/10.1890/120213   

https://bit.ly/3XtqNFu
https://doi.org/10.1007/s11160-016-9447-9
https://doi.org/10.1007/s11160-016-9447-9
https://doi.org/10.1007/s11160-017-9509-7
https://doi.org/jwnx
https://doi.org/10.3354/meps12340
https://bit.ly/40Pti8e
https://doi.org/10.1080/09397140.1998.10637754
https://doi.org/10.1126/science.1060040
https://doi.org/10.1890/120213


Referencias bibliográficas 

 
123 

 

GRASS Development Team. (2017). Geographic resources analysis support system (GRASS 

GIS). Open Source Geospatial Foundation. http://grass.osgeo.org/   

Gu, Z., Gu, L., Eils, R., Schlesner, M. & Brors, B. (2014). Circlize implements and enhances 

circular visualization in R. Bioinformatics, 30(19), 2811-2812. https://doi.org/f6ktws  

Gutiérrez Zambrano, G. C., & Vélez Molina, J. S. (2023). Efectos del cambio climático en la 

anidación de tortugas marinas (L. olivacea, E. imbricata, C. mydas) en la costa sur de 

Manabí (Bachelor's thesis, Universidad Estatal del Sur de Manabí). Repository. 

http://repositorio.unesum.edu.ec/handle/53000/4863  

Gutiérrez, Y. A., Guillen, L. V., Escobar, A. H. & Veliz, J. J. (2019). Risk factors in ecosystem 

of hawksbill turtles (Eretmochelys imbricata) from la Playita of Machalilla national park. 

International Journal of Life Sciences, 3(1), 31-40. 

https://doi.org/10.29332/ijls.v3n1.255   

Hall, M. A., Alverson, D. L. & Metuzals, K. I. (2000). By-catch: problems and solutions. Marine 

pollution bulletin, 41(1-6), 204-219. https://doi.org/10.1016/S0025-326X(00)00111-9   

Hamann M, Limpus CJ, Read M. 2007. Vulnerability of marine reptiles in the Great Barrier 

Reef to Climate Change. In Climate Change and the Great Barrier Reef: A Vulnerability 

Assessment, Johnson J, Marshall P (eds). Great Barrier Reef Marine Park Authority 

and Australian Greenhouse Office: Townsville; 667–716. 

Hamann, M., Godfrey, M. H., Seminoff, J. A., Arthur, K., Barata, P. C. R., Bjorndal, K. A., 

Bolten, A. B., Broderick, A. C., Campbell, L. M., Carreras, C., Casale, P., Chaloupka, 

M., Chan, S. K., Coyne, M., Crowder, L. B., Diez, C. E., Dutton, P. H., Epperly, S. P, 

FitzSimmons, N. N. ...& Godley, B. J. (2010). Global research priorities for sea turtles: 

informing management and conservation in the 21st century. Endangered species 

research, 11(3), 245-269. https://pubs.er.usgs.gov/publication/70197912   

Hawkes, L. A., Broderick, A. C., Godfrey, M. H. & Godley, B. J. (2007). Investigating the 

potential impacts of climate change on a marine turtle population. Global Change 

Biology, 13(5), 923-932. https://doi.org/10.1111/j.1365-2486.2007.01320.x   

Hawkes, L. A., Broderick, A. C., Godfrey, M. H. & Godley, B. J. (2009). Climate change and 

marine turtles. Endangered Species Research, 7(2), 137-154. 

https://doi.org/10.3354/esr00198   

http://grass.osgeo.org/
https://doi.org/f6ktws
http://repositorio.unesum.edu.ec/handle/53000/4863
https://doi.org/10.29332/ijls.v3n1.255
https://doi.org/10.1016/S0025-326X(00)00111-9
https://pubs.er.usgs.gov/publication/70197912
https://doi.org/10.1111/j.1365-2486.2007.01320.x
https://doi.org/10.3354/esr00198


Referencias bibliográficas 

 
124 

 

Hays, G. C., Adams, C. R. & Speakman, J. R. (1993). Reproductive investment by green turtles 

nesting on Ascension Island. Canadian Journal of Zoology, 71(6),1098-1103. 

https://doi.org/10.1139/z93-149   

Hays, G. C., Mackay, A., Adams, C. R., Mortimer, J. A., Speakman, J. R. & Boerema, M. 

(1995). Nest site selection by sea turtles. Journal of the Marine Biological Association 

of the United Kingdom, 75(3), 667-674. https://doi.org/10.1017/S0025315400039084   

Huang, H. W. & Liu, K. M. (2010). Bycatch and discards by Taiwanese large-scale tuna longline 

fleets in the Indian Ocean. Fisheries Research, 106(3), 261-270. https://doi.org/dqdgfw  

Hulme, P. E. (2009). Trade, transport and trouble: managing invasive species pathways in an 

era of globalization. Journal of Applied Ecology, 46(1), 10-18. 

https://doi.org/10.1111/j.1365-2664.2008.01600.x   

Hulme, P. E., Bacher, S., Kenis, M., Klotz, S., Kühn, I., Minchin, D., Nentwig, W., Olenin, S., 

Panov, V., Pergl, J., Pyšek, P., Roques, A., Sol, D., Solarz, W. & Vilá, M. (2008). 

Grasping at the routes of biological invasions: a framework for integrating pathways 

into policy. Journal of Applied Ecology, 45(2), 403-414. https://doi.org/fjbcdh  

Hurtado, M. (1983). Turtle Farming in Ecuador Proposed. Marine Turtle Newsletter, 24-3 pp  

Hurtado, M. (1987). Las tortugas marinas y la pesca artesanal. Subsecretaría de Recursos 

Pesqueros INP/EPM. Revista la Pesca Artesanal en Ecuador: 34-37. 

Intergovernmental Panel on Climate Change. (2014). Climate Change 2014: Synthesis Report, 

Core Writing Team. https://acortar.link/xnLTcf  

Intergovernmental Panel on Climate Change. (2021). Climate Change 2021: The Physical 

Science Basis. Contribution of Working Group I to the Sixth Assessment Report of the 

Intergovernmental Panel on Climate Change.  

International Council for Science. (2009). Biodiversity knowledge, research scope and priority 

areas: an assessment for Latin America and the Caribbean. International Council for 

Science. https://bit.ly/3XnfeQo   

International Union for Conservation of Nature. (2000). 100 of the World’s Worst Alien Invasive 

Species. http://www.iucngisd.org/gisd/100_worst.php   

https://doi.org/10.1139/z93-149
https://doi.org/10.1017/S0025315400039084
https://doi.org/dqdgfw
https://doi.org/10.1111/j.1365-2664.2008.01600.x
https://doi.org/fjbcdh
https://acortar.link/xnLTcf
https://bit.ly/3XnfeQo
http://www.iucngisd.org/gisd/100_worst.php


Referencias bibliográficas 

 
125 

 

International Union for Conservation of Nature. (2019). The IUCN Red List of threatened 

species (1ra ed.). http://www.iucnredlist.org   

International Union for Conservation of Nature. (2022). The IUCN Red List of Threatened 

Species. Version 2022-2. https://www.iucnredlist.org   

Iriarte, J. A., Lobos, G. A. & Jaksic, F. M. (2005). Invasive vertebrate species in Chile and their 

control and monitoring by governmental agencies. Revista Chilena de Historia Natural, 

78(1), 143-154. http://dx.doi.org/10.4067/S0716-078X2005000100010   

Jackson, J. B., Kirby, M. X., Berger, W. H., Bjorndal, K. A., Botsford, L. W., Bourque, B. J., 

Bradbury, R. H., Cooke, R., Erlandson, J., Estes, J. A., Hughes, T. P., Kidwell, S., 

Lange, C. B., Lenihan, H. S., Pandolfi, J. M., Peterson, C. H., Steneck, R. S., Tegner, 

M. J. & Warner, R. R. (2001). Historical overfishing and the recent collapse of coastal 

ecosystems. Science, 293(5530), 629-637. https://doi.org/10.1126/science.1059199   

Jaiteh, V., Peatman, T., Lindfield, S., Gilman, E. & Nicol, S. (2021). Bycatch Estimates From a 

Pacific Tuna Longline Fishery Provide a Baseline for Understanding the Long-Term 

Benefits of a Large, Blue Water Marine Sanctuary. Frontiers in Marine Science, 8, 

e1462. https://doi.org/10.3389/fmars.2021.720603   

Jaksic, F. M. (1998). Vertebrate invaders and their ecological impacts in Chile. Biodiversity 

and. Conservation, 7(11), 1427-1445. https://doi.org/10.1023/A:1008825802448   

Jaksic, F. M., Iriarte, J. A., Jiménez, J. E. & Martínez, D. R. (2002). Invaders without frontiers: 

cross-border invasions of exotic mammals. Biological Invasions, 4(1-2), 157-173. 

https://doi.org/b4dnjk   

Janzen, F. J. (1994). Climate change and temperature-dependent sex determination in 

reptiles. Proc. Natl. Acad. Sci. USA 91, 7487–7490. 

Jenkins, P. T. (1996). Free trade and exotic species introductions. Conservation Biology, 10(1), 

300-302. https://doi.org/10.1046/j.1523-1739.1996.10010300.x   

Jensen, M. P., Allen, C. D., Eguchi, T., Bell, I. P., La Casella, E. L., Hilton, W. A., Hof, C. A. M. 

& Dutton, P. H. (2018). Environmental warming and feminization of one of the largewt 

sea turtle populations in the worlds. Current Biology, 28(1), 154-159, 

https://doi.org/10.1016/j.cub.2017.11.057  

http://www.iucnredlist.org/
https://www.iucnredlist.org/
http://dx.doi.org/10.4067/S0716-078X2005000100010
https://doi.org/10.1126/science.1059199
https://doi.org/10.3389/fmars.2021.720603
https://doi.org/10.1023/A:1008825802448
https://doi.org/b4dnjk
https://doi.org/10.1046/j.1523-1739.1996.10010300.x
https://doi.org/10.1016/j.cub.2017.11.057


Referencias bibliográficas 

 
126 

 

Jensen, M., Allen, C., Eguchi, T., Hilton, W., Hof, C., Dutton, P., LaCasella, E. (2018). 

Environmental Warming and Feminization of One of the Largest Sea Turtle Populations 

in the World. Current Biology, 28(1), 154-159. 

https://doi.org/10.1016/j.cub.2017.11.057  

Kairo, M., Ali, B., Cheesman, O., Haysom, K. & Murphy, S. (2003). Invasive species threats in 

the Caribbean Region. Report to the Nature Conservancy. CAB International.  

Kakai, T. M. (2019). Assessing the effectiveness of LED lights for the reduction of sea turtle 

bycatch in an artisanal gillnet fishery-a case study from the north coast of Kenya. 

Western Indian Ocean Journal of Marine Science, 18(2), 37-44. https://doi.org/jwsn   

Kamel, S. J. & Mrosovsky, N. (2005). Repeatability of nesting preferences in the hawksbill sea 

turtle, Eretmochelys imbricata, and their fitness consequences. Animal Behaviour, 

70(4), 819-828. https://doi.org/10.1016/j.anbehav.2005.01.006   

Karnad, D., Gangal, M. & Karanth, K. K. (2014). Perceptions matter: How fishermen’s 

perceptions affect trends of sustainability in Indian fisheries. Oryx, 48(2), 218-22. 

https://doi.org/f57pgs  

Katselidis, K. A., Schofield, G., Stamou, G., Dimopoulos, P. & Pantis, J. D. (2014). Employing 

Sea-level rise scenarios to strategically select sea turtle nesting habitat important for 

long-term management at a temperate breeding area. Journal of Experimental Marine 

Biology and Ecology, 450, 47-54. https://doi.org/10.1016/j.jembe.2013.10.017   

Keller, R. P., Geist, J., Jeschke, J. M. & Kühn, I. (2011). Invasive species in Europe: ecology, 

status, and policy. Environmental Sciences Europe, 23, e23. 

https://doi.org/10.1186/2190-4715-23-23   

Kelly, I, Leon, J. X., Gilby, B. L., Olds, A. D. & Schlacher, T. A. (2017). Marine turtles are not 

fussy nesters: a novel test of small-scale nest site selection using structure from motion 

beach terrain information. PeerJ, (5), e2770. https://doi.org/10.7717/peerj.2770   

Komoroske, L. M. & Lewison, R. L. (2015). Addressing fisheries bycatch in a changing world. 

Frontiers in Marine Science, 2, 83. https://doi.org/10.3389/fmars.2015.00083   

Kraus, F. (2003). Invasion pathways for terrestrial vertebrates. In G. M. Ruiz & J. T. Carlton 

(Eds.) Invasive species: vectors and management strategies (pp. 68-92). Island Press. 

https://doi.org/10.1016/j.cub.2017.11.057
https://doi.org/jwsn
https://doi.org/10.1016/j.anbehav.2005.01.006
https://doi.org/f57pgs
https://doi.org/10.1016/j.jembe.2013.10.017
https://doi.org/10.1186/2190-4715-23-23
https://doi.org/10.7717/peerj.2770
https://doi.org/10.3389/fmars.2015.00083


Referencias bibliográficas 

 
127 

 

Kuhlenkamp, R. & Kind, B. (2018). Introduction of non-indigenous species. In M. Salomon & 

T. Markus (Eds.), Handbook on Marine Environment Protection (pp. 487-516). 

Springer. https://doi.org/10.1007/978-3-319-60156-4_25   

Kulp, S. A. and Strauss, B. H. (2019). New elevation data triple estimates of global vulnerability 

to sea-level rise and coastal flooding. Nature Communications, 10(1), 4844. 

https://doi.org/10.1038/s41467-019-12808-z  

Kumschick, S., Bacher, S., Evans, Th., Marková, Z., Pergl, J., Pyšek, P., Vaes-Petignat, S., 

van der Veer, G., Vilà, M. & Nentwig, W. (2015). Comparing impacts of alien plants and 

animals in Europe using a standard scoring system. Journal of Applied Ecology, 52(3), 

552-561. https://doi.org/10.1111/1365-2664.12427  

Laloë, J. O., Cozens, J., Renom, B., Taxonera, A. & Hays, G. C. (2017). Climate change and 

temperature-linked hatchling mortality at a globally important sea turtle nesting site. 

Global Change Biology, 23(11), 4922-4931. https://doi.org/10.1111/gcb.13765   

Laloë, J. O., Esteban, N., Berkel, J., & Hays, G. C. (2016). Sand temperatures for nesting sea 

turtles in the Caribbean: Implications for hatchling sex ratios in the face of climate 

change. Journal of Experimental Marine Biology and Ecology, 474, 92–99. 

Layfield, J. A., Nancekivell, E. G., Brooks, R. J., Bobyn, M. L. & Galbraith, D. A. (1991). 

Maternal and environmental influences on growth and survival of embryonic and 

hatchling snapping turtles (Chelydra serpentina). Canadian Journal of Zoology, 69(10), 

2667-2676. https://doi.org/10.1139/z91-375   

Lever, Ch. (2005). Naturalised Birds of the World. T. & A. D. Poyser. 

Levine, J. M. & D'Antonio, C. M. (2003). Forecasting biological invasions with increasing 

international trade. Conservation Biology, 17(1), 322-326. 

https://doi.org/10.1046/j.1523-1739.2003.02038.x   

Lewison, R. L., Freeman, S. A., Crowder, L. B. (2004). Quantifying the effects of fisheries on 

threatened species: The impact of pelagic longlines on loggerhead and leatherback 

sea turtles. Ecol Lett 7(3), 221–231 

Lewison, R. L., Crowder, L. B. & Shaver, D. J. (2003). The impact of turtle excluder devices 

and fisheries closures on loggerhead and Kemp's ridley strandings in the western Gulf 

of Mexico. Conservation Biology, 17(4), 1089-1097. https://bit.ly/3xtnPGJ   

https://doi.org/10.1007/978-3-319-60156-4_25
https://doi.org/10.1038/s41467-019-12808-z
https://doi.org/10.1111/1365-2664.12427
https://doi.org/10.1111/gcb.13765
https://doi.org/10.1139/z91-375
https://doi.org/10.1046/j.1523-1739.2003.02038.x
https://bit.ly/3xtnPGJ


Referencias bibliográficas 

 
128 

 

Lewison, R. L., Crowder, L. B., Wallace, B. P., Moore, J. E., Cox, T., Zydelis, R., McDonald, 

S., DiMatteo, A., Dunn, D. C., Kot, C. Y., Bjorkland, R., Kelez, S., Soykan, C., Stewart, 

K. R., Sims, M., Boustany, A., Read, A. J., Halpin, P., W., Nichols, J. & Safina, C. 

(2014). Global patterns of marine mammal, seabird, and sea turtle bycatch reveal taxa-

specific and cumulative megafauna hotspots. Proceedings of the National Academy of 

Sciences, 111(14), 5271-5276. https://doi.org/10.1073/pnas.1318960111   

Lewison, R. L., Freeman, S. A. & Crowder, L. B. (2004). Quantifying the effects of fisheries on 

threatened species: the impact of pelagic longlines on loggerhead and leatherback sea 

turtles. Ecology Letters, 7(3), 221-231. https://doi.org/10.1111/j.1461-

0248.2004.00573.x   

Lin, N., Chavas, D. (2012). On hurricane parametric wind and applications in storm surge 

modeling. J. Geophys. Res. Atmos. 117:1-19. https://doi.org/10.1029/2011JD017126  

Lizarralde, M., Escobar, J. & Deferrari, G. (2004). Invader species in Argentina: a review about 

the beaver (Castor canadensis) population situation on Tierra del Fuego ecosystem. 

Interciencia, 29(7), 352-356. http://www.redalyc.org/articulo.oa?id=33909402   

Lockwood, J. L., Cassey, P. & Blackburn, T. (2005). The role of propagule pressure in 

explaining species invasions. Trends in Ecology & Evolution, 20(5), 223-228. 

https://doi.org/10.1016/j.tree.2005.02.004   

Loehle, C. & Eschenbach, W. (2012). Historical bird and terrestrial mammal extinction rates 

and causes. Diversity and Distributions, 18(1), 84-91. https://doi.org/dnpjt6   

Long, J. L. (2003). Introduced mammals of the world. Their history, distribution and influence. 

CABI Publishing. 

López-Barrera, E. A., Longo, G. O. & Monteiro-Filho, E. L. A. (2012). Incidental capture of 

green turtle (Chelonia mydas) in gillnets of small-scale fisheries in the Paranaguá Bay, 

Southern Brazil. Ocean & Coastal Management, 60, 11-18. https://doi.org/fxhzxc   

López-Mendilaharsu, M., Sales, G., Giffoni, B., Miller, P., Fiedler, F. N., & Domingo, A. (2007). 

Distribución y composición de tallas de las tortugas marinas (Caretta caretta y 

Dermochelys coriacea) que interactúan con el palangre pelágico en el Atlántico 

Sur. Collect. Vol. Sci. Pap., 60(6), 2094-2109. 

https://doi.org/10.1073/pnas.1318960111
https://doi.org/10.1111/j.1461-0248.2004.00573.x
https://doi.org/10.1111/j.1461-0248.2004.00573.x
https://doi.org/10.1029/2011JD017126
http://www.redalyc.org/articulo.oa?id=33909402
https://doi.org/10.1016/j.tree.2005.02.004
https://doi.org/dnpjt6
https://doi.org/fxhzxc


Referencias bibliográficas 

 
129 

 

Lowe, S., Browne, M., Boudjelas, S. & de Poorter, M. (2004). 100 de las Especies Exóticas 

Invasoras más dañinas del mundo. Una selección del Global Invasive Species 

Database. Grupo de Especialistas de Especies Invasoras (GEEI). 

https://bit.ly/3YQZI0s  

Lucchetti, A., Vasapollo, C., & Virgili, M. (2017). Sea turtles bycatch in the Adriatic Sea set net 

fisheries and possible hot‐spot identification. Aquatic Conservation: Marine and 

Freshwater Ecosystems, 27(6), 1176-1185. https://doi.org/10.1002/aqc.2787   

Luque, G. M., Bellard. C., Bertelsmeier, C., Bonnaud, E., Genovesi, P., Simberloff, D. & 

Courchamp, F. (2013). Monster fern makes IUCN invader list. Nature, 498(7452), e37. 

https://doi.org/10.1038/498037a   

Lyons, M. P., von Holle, B., Caffrey, M. A. & Weishampel, J. F. (2020). Quantifying the impacts 

of future sea level rise on nesting sea turtles in the southeastern United States. 

Ecological Applications, 30(5), e02100. https://doi.org/10.1002/eap.2100  

Maas, B., Fabian, Y., Kross, S. M. & Richter, A. (2021). Divergent farmer and scientist 

perceptions of agricultural biodiversity, ecosystem services and decision-making. 

Biological Conservation, 256, e109065. https://doi.org/10.1016/j.biocon.2021.109065   

Mack, R. N., Simberloff, D., Lonsdale, W. M., Evans, H., Clout, M. & Bazzaz, F. A. (2000). 

Biotic invasions: causes, epidemiology, global consequences, and control. Ecological 

Applications, 10(3), 689-710. https://doi.org/10.2307/2641039   

Madden, D., Ballestero, J., Calvo, C., Carlson, R., Christians. E. & Madden, E. (2008). Sea 

turtle nesting as a process influencing a sandy beach ecosystem. Biotropica, 40(6), 

758-765. https://doi.org/10.1111/j.1744-7429.2008.00435.x   

Maechler, M., Rousseeuw, P., Struyf, A., Hubert, M. & Hornik, K. (2018). Cluster: cluster 

analysis basics and extensions (R package version 2.0.7-1) 

Marco, A., Vázquez, C. & Abella-Pérez, E. (2020). Sea turtle bycatch by different types of 

fisheries in southern Spain. Basic and Applied Herpetology, 34, 33-45. 

https://doi.org/jw65   

Marcos, A., Carpinetti, B., Ferro, N., Aronowicz, T., & Dassa, L. (2020). Percepción del impacto 

de cerdos cimarrones (jabalíes) sobre la producción agropecuaria de 

Argentina. Revista Veterinaria, 31(2), 131-136. 

https://bit.ly/3YQZI0s
https://doi.org/10.1002/aqc.2787
https://doi.org/10.1038/498037a
https://doi.org/10.1002/eap.2100
https://doi.org/10.1016/j.biocon.2021.109065
https://doi.org/10.2307/2641039
https://doi.org/10.1111/j.1744-7429.2008.00435.x
https://doi.org/jw65


Referencias bibliográficas 

 
130 

 

Marine Turtle Specialist Group. (1995). Estrategia mundial para la conservación de las 

tortugas marinas. Unión Internacional para la Conservación de la Naturaleza - Unión 

Mundial para la Naturaleza. https://bit.ly/3YIWvQS   

Marini, L., Haack, R. A., Rabaglia, R. J., Toffolo, E. P., Battisti, A. & Faccoli, M. (2011). 

Exploring associations between international trade and environmental factors with 

establishment patterns of exotic Scolytinae. Biological Invasions, 13, 2275-2288. 

https://doi.org/10.1007/s10530-011-0039-2   

Marn, N., Jusup, M., Legović, T., Kooijman, S. A. L. M. & Klanjšček, T. (2017). Environmental 

effects on growth, reproduction, and life-history traits of loggerhead turtles. Ecological 

Modelling, 360,163-178. https://doi.org/10.1016/j.ecolmodel.2017.07.001   

Márquez, M. R. (1996). Las tortugas marinas y nuestro tiempo. Fondo de Cultura Económica. 

200 pp 

Martínez-Ortiz, J., Aires-da-Silva, A. M., Lennert-Cody, C. E. & Maunder, M. N. (2015). The 

Ecuadorian artisanal fishery for large pelagics: species composition and spatio-

temporal dynamics. PloS One, 10(8), e0135136. 

https://doi.org/10.1371/journal.pone.0135136   

Mason, J. G., Alfaro-Shigueto, J., Mangel, J. C., Crowder, L. B. & Ardoin, N. M. (2020). Fishers' 

solutions for hammerhead shark conservation in Peru. Biological Conservation, 243, 

e108460. https://doi.org/10.1016/j.biocon.2020.108460   

Maunder, M. N., Lennert-Cody, C. E., Deriso, R. B., Aires-da-Silva, A. M. & Lopez, J. (May, 

2021). Scientific advisory committee 12th meeting (virtual). https://bit.ly/3kiHZjG   

Maurer, A. S., Seminoff, J. A., Layman, C. A., Stapleton, S. P., Godfrey, M. H., & Reiskind, M. 

O. B. (2021). Population viability of sea turtles in the context of global 

warming. BioScience, 71(8), 790-804. 

Mazaris, A. D., Matsinos, G. & Pantis, J. D. (2009). Evaluating the impacts of coastal squeeze 

on sea turtle nesting. Ocean & Coastal Management, 52(2),139-145. 

https://doi.org/bhtn6t   

Mazaris, A. D., Schofield, G., Gkazinou, C., Almpanidou, V. & Hays, G. C. (2017). Global Sea 

turtle conservation successes. Science Advances, 3(9), e1600730. 

https://doi.org/gbzgxx   

https://bit.ly/3YIWvQS
https://doi.org/10.1007/s10530-011-0039-2
https://doi.org/10.1016/j.ecolmodel.2017.07.001
https://doi.org/10.1371/journal.pone.0135136
https://doi.org/10.1016/j.biocon.2020.108460
https://bit.ly/3kiHZjG
https://doi.org/bhtn6t
https://doi.org/gbzgxx


Referencias bibliográficas 

 
131 

 

McKinney, M. L. (2008). Effects of urbanization on species richness: a review of plants and 

animals. Urban Ecosystem, 11(2), 161-176. https://doi.org/10.1007/s11252-007-0045-

4  

Medina-Cruz, Y., Moncada-Gavilán, F. y Nodarse-Abreu, G. (2010). Selección del sitio de 

anidación y éxito de eclosión en nidos de tortuga carey (Eretmochelys imbricata). 

Revista Cubana de Investigaciones Pesqueras., 27(1), 60-65 

Ministerio del Ambiente de Ecuador. (2020). Plan de Acción para la Conservación de las 

Tortugas marinas en Ecuador 2020-2030. Proyecto conservación de tortugas marinas 

en la costa de Ecuador. WildAid Inc.- Cooperación Técnica Alemana (GIZ). 

https://bit.ly/3IxM7pp   

Ministerio del Ambiente del Ecuador. (2014). Plan Nacional para la Conservación de las 

Tortugas Marinas. https://bit.ly/3EjbjgJ   

Ministerio del Ambiente, Agua y Transición Ecológica. (2021). Ecuador cuenta con el Plan de 

Acción para la Conservación de las Tortugas Marinas. Boletín N.º 019  

Miranda, C. (2019). Ecuador. In J. Rguez-Baron, S. Kelez, M. Lilies, A. Norzagaray, O. Torres-

Suárez y D. Amorocho (Eds.). Sea Turtles in the East Pacific Region: MTSG Annual 

Regional Report 2019. Draft Report of the IUCN. 

Miranda, C., F. Vallejo, A. Baquero, B. Ladines, A. Gaos. (2018). Monitoreo de anidación de 

tortugas carey (Eretmochelys imbricata) en la costa centro continental del Ecuador: un 

resumen de diez años de monitoreo. En Simposio de Tortugas Marinas de Ecuador 

2018. 

Mitchell, N. J., Kearney, M. R., Nelson, N. J. & Porter, W. P. (2008). Predicting the fate of a 

living fossil: how will global warming affect sex determination and hatching phenology 

in tuatara? Proceedings of the Royal Society, 275(1648), 2185-2193. 

https://doi.org/dkdtgw  

Mituhasi, T. & Hall, M. (2011). Hooks used in artisanal longline fisheries of the Eastern Pacific 

Ocean. Inter-American Tropical Tuna Commission. https://bit.ly/3IbneON   

Moore, J. E., Cox, T. M., Lewison, R. L., Read, A. J., Bjorkland, R., McDonald, S. L., Crowder, 

L. B., Aruna, E., Ayissi, I., Espeut, P., Joynson-Hicks, C., Pilcher, N., Poonian, C. N. 

S., Solarin, B. & Kiszka, J. (2010). An interview-based approach to assess marine 

https://doi.org/10.1007/s11252-007-0045-4
https://doi.org/10.1007/s11252-007-0045-4
https://bit.ly/3IxM7pp
https://bit.ly/3EjbjgJ
https://doi.org/dkdtgw
https://bit.ly/3IbneON


Referencias bibliográficas 

 
132 

 

mammal and sea turtle captures in artisanal fisheries. Biological Conservation, 143(3), 

795-805. https://doi.org/10.1016/j.biocon.2009.12.023   

Mrosovsky, N. & Yntema, C. L. (1980). Temperature dependence of sexual differentiation in 

sea turtles:Implications for conservation practices. Biological Conservation, 18, 271-

280. 

Mustika, P. L. K., Wonneberger, E., Erzini, K. & Pasisingi, N. (2021). Marine megafauna 

bycatch in artisanal fisheries in Gorontalo, northern Sulawesi (Indonesia): An 

assessment based on fisher interviews. Ocean & Coastal Management, 208, e105606. 

https://doi.org/jw7g   

Myers, N., Mittermeier, R. A., Mittermeier, C. G., da Fonseca, G. A. B. & Kent, J. (2000). 

Biodiversity hotspots for conservation priorities. Nature, 403(6772), 853-858. 

https://doi.org/c83kgd   

Myers, R. A. & Worm, B. (2003). Rapid worldwide depletion of predatory fish communities. 

Nature, 423(6937), 280-283. https://doi.org/10.1038/nature01610   

Noss, R. F. (2011). Between the devil and the deep blue sea: Florida’s unenviable position 

with respect to sea level rise. Climatic Change, 107 (1-2), 1-16. https://doi.org/bjshws  

Novillo, A. & Ojeda, R. A. (2008). The exotic mammals of Argentina. Biological Invasions, 

10(8), 1333-1344. https://doi.org/10.1007/s10530-007-9208-8   

Oteros, J., Sofiev, M, Smith, M., Clot, B., Damialis, A., Prank, M., Werchan, M., Wachter, R., 

Weber, A., Kutzora, S., Heinze, S., Herr, C. E. W., Menzel, A., Bergmann, K. Ch., 

Traidl-Hoffmann, C., Schmidt-Weber, C. B. & Buters, J. T. M. (2019). Building an 

automatic pollen monitoring network (ePIN): Selection of optimal sites by clustering 

pollen stations. Science of The Total Environment, 688, 1263-1274. 

https://doi.org/10.1016/j.scitotenv.2019.06.131   

Ovetz, R. (2007). The bottom line: an investigation of the economic, cultural and social costs 

of high seas industrial longline fishing in the Pacific and the benefits of conservation. 

Marine Policy, 31(2), 217-228. https://doi.org/10.1016/j.marpol.2006.09.002   

Padayachee, A. L., Irlich, U. M., Faulkner, K. T., Gaertner, M., Procheş, Ş., Wilson, J. R. & 

Rouget, M. (2017). How do invasive species travel to and through urban environments? 

Biological Invasions,19(12), 3557-3570. https://doi.org/10.1007/s10530-017-1596-9   

https://doi.org/10.1016/j.biocon.2009.12.023
https://doi.org/jw7g
https://doi.org/c83kgd
https://doi.org/10.1038/nature01610
https://doi.org/bjshws
https://doi.org/10.1007/s10530-007-9208-8
https://doi.org/10.1016/j.scitotenv.2019.06.131
https://doi.org/10.1016/j.marpol.2006.09.002
https://doi.org/10.1007/s10530-017-1596-9


Referencias bibliográficas 

 
133 

 

Palomino-González, A., López-Martínez, S. & Rivas, M. L. (2020). Influence of climate and 

tides on the nesting behaviour of sea turtles. Journal of Experimental Marine Biology 

and Ecology, 527, e151378. https://doi.org/10.1016/j.jembe.2020.151378   

Panagopoulou, A., Meletis, Z. A., Margaritoulis, D. & Spotila, J. R. (2017). Caught in the same 

net? small-scale fishermen's perceptions of fisheries interactions with sea turtles and 

other protected species. Frontiers in Marine Science, 4, e180. https://doi.org/jxbr   

Parga, M. L. (2012). Hooks and sea turtles: a veterinarian's perspective. Bulletin of Marine 

Science, 88(3), 731-741. https://doi.org/10.5343/bms.2011.1063   

Parga, M. L., Pons, M., Andraka, S., Rendón, L., Mituhasi, T., Hall, M., Pacheco, L., Segura, 

A., Osmond, M. & Vogel, N. (2015). Hooking locations in sea turtles incidentally 

captured by artisanal longline fisheries in the Eastern Pacific Ocean. Fisheries 

Research, 164, 231-237. https://doi.org/10.1016/j.fishres.2014.11.012   

Patrício, A. R., Hawkes, L. A., Monsinjon, J. R., Godley, B. J. & Fuentes, M. M. (2021). Climate 

change and marine turtles: recent advances and future directions. Endangered Species 

Research, 44, 363-395. https://doi.org/10.3354/esr01110   

Patrício, A. R., Varela, M. R., Barbosa, C., Broderick, A. C., Catry, P., Hawkes, L. A., Regalla, 

A. & Godley, B. J. (2019). Climate change resilience of a globally important sea turtle 

nesting population. Global Change Biology, 25(2), 522-535. 

https://doi.org/10.1111/gcb.14520   

Patrício, A. R., Varela, M. R., Barbosa, C., Broderick, A. C., Ferreira, M. B., Godley, B. J., 

Regalla, A, Tilley, D. & Catry, P. (2018). Nest site selection repeatability of green turtles, 

Chelonia mydas, and consequences for offspring. Animal Behaviour, 139, 91-102. 

https://doi.org/10.1016/j.anbehav.2018.03.006   

Pauchard, A., Quiroz, C. L., García, R., Anderson, C. B. & Kalin, M. T. (2011). Invasiones 

biológicas en América Latina y el Caribe: tendencias en investigación para la 

conservación. In J. A. Simonetti & R. Dirzo (Eds.), Conservación biológica: 

Perspectivas desde América Latina (pp. 79-94). Editorial Universitaria S. A. 

Paul, E. S. & Serpell, J. (1992). Why children keep pets: The influence of child and family 

characteristics. Anthrozoös, 5(4), 231-244. 

https://doi.org/10.2752/089279392787011340   

https://doi.org/10.1016/j.jembe.2020.151378
https://doi.org/jxbr
https://doi.org/10.5343/bms.2011.1063
https://doi.org/10.1016/j.fishres.2014.11.012
https://doi.org/10.3354/esr01110
https://doi.org/10.1111/gcb.14520
https://doi.org/10.1016/j.anbehav.2018.03.006
https://doi.org/10.2752/089279392787011340


Referencias bibliográficas 

 
134 

 

Pereira-Garbero, R., Barreneche, J. M., Laufer, G., Achaval, F. & Arim, M. (2013). Mamíferos 

invasores en Uruguay, historia, perspectivas y consecuencias. Revista Chilena de 

Historia Natural, 86(4), 403-421. http://dx.doi.org/10.4067/S0716-

078X2013000400003   

Pergl, J., Pyšek, P., Bacher, S., Essl, F., Genovesi, P., Harrower, C. A., Hulme, P. E., Jeschke, 

J. M., Kenis, M., Kühn, I., Perglová, I., Rabitsch, W., Roques, A., Roy, D. B., Roy, H. 

E., Vilà, M., Winter, M. & Nentwig, W. (2017). Troubling travellers: are ecologically 

harmful alien species associated with particular introduction pathways? NeoBiota, 32, 

1-20. https://doi.org/10.3897/neobiota.32.10199   

Pike, D. A. & Stiner, J. C. (2007). Sea turtle species vary in their susceptibility to tropical 

cyclones. Oecologia, 153(2), 471-478. https://doi.org/10.1007/s00442-007-0732-0  

Pike, D. A. (2013). Climate influences the global distribution of sea turtle nesting. Global 

Ecology and Biogeography, 22(5), 555-566. https://doi.org/10.1111/geb.12025   

Pike, D. A. (2014). Forecasting the viability of sea turtle eggs in a warming world. Global 

Change Biology, 20(1), 7-15. https://doi.org/10.1111/gcb.12397  

Pike, D. A. (2014). Forecasting the viability of sea turtle eggs in a warming world. Global 

change biology, 20(1), 7-15.  

Pike, D. A., Roznik, E. A. & Bell, I. (2015). Nest inundation from sea-level rise threatens sea 

turtle population viability. Royal Society Open Science, 2(7), e150127. 

https://doi.org/gkb5n2  

Pimentel, D. (2011). Biological invasions: economic and environmental costs of alien plant, 

animal, and microbe species (2nd). Taylor & Francis. 

Pincay, R. (2020). Informe del proyecto “Conservación de tortugas marinas, reducción de las 

amenazas al habitad de anidación dentro del Refugio de Vida Silvestre y Marino 

Costera Pacoche y su zona de influencia, Manabí - Ecuador, temporada 2019 - 2020 

Manta. 

Pincay, R. (2021). Tortuga golfina (Lepidochelys olivacea): anidación y amenazas en la playa 

San Lorenzo, Manta, Manabí, Ecuador, durante el 2020 (Doctoral dissertation, 

Universidad Laica Eloy Alfaro de Manabí). Repository. https://n9.cl/abh1y   

http://dx.doi.org/10.4067/S0716-078X2013000400003
http://dx.doi.org/10.4067/S0716-078X2013000400003
https://doi.org/10.3897/neobiota.32.10199
https://doi.org/10.1007/s00442-007-0732-0
https://doi.org/10.1111/geb.12025
https://doi.org/10.1111/gcb.12397
https://doi.org/gkb5n2
https://n9.cl/abh1y


Referencias bibliográficas 

 
135 

 

Pingo, S., Jiménez, A., Alfaro-Shigueto, J. & Mangel, J. C. (2017). Incidental capture of sea 

turtles in the artisanal gillnet fishery in Sechura Bay, northern Peru. Latin American 

Journal of Aquatic Research, 45(3), 606-614. http://dx.doi.org/10.3856/vol45-issue3-

fulltext-10   

Plataforma Intergubernamental de Ciencia y Política sobre Biodiversidad y Servicios 

Ecosistémicos. (2019). Summary for policymakers of the global assessment report on 

biodiversity and ecosystem services of the Intergovernmental Science-Policy Platform 

on Biodiversity and Ecosystem Services. https://acortar.link/XpboC1  

Poloczanska, E. S., Limpus, C. J. & Hays, G. C. (2009). Vulnerability of marine turtles to 

climate change. Advances in Marine Biology, 56,151-111. https://doi.org/d2hb9x   

Pont, A. C., Marchini, S., Engel, M. T., Machado, R., Ott, P. H., Crespo, E. A., Coscarella, M., 

Schmidt, M. & de Oliveira, L. R. (2016). The human dimension of the conflict between 

fishermen and South American sea lions in southern Brazil. Hydrobiologia, 770(1), 89-

104. https://doi.org/10.1007/s10750-015-2576-7   

Primack, R. B., Sher, A. A., Maas, B. & Adams, V. M. (2021). Manager characteristics drive 

conservation success. Biological Conservation, 259, e109169. https://doi.org/gj4c9c  

Putman, N. F., Hawkins, J. & Gallaway, B. J. (2020). Managing fisheries in a world with more 

sea turtles. Proceedings of the Royal Society B, 287(1930), e20200220. 

https://doi.org/jxb7   

Pyšek, P., Hulme, P. E., Simberloff, D., Bacher, S., Blackburn, T. M., Carlton, J. T., Dawson, 

W., Essl, F., Foxcroft, L. C., Genovesi, P. Jeschke, J. M., Kühn, I., Liebhold, A. M., 

Mandrak, N. E., Meyerson, L. A., Pauchard, A., Pergl, J., Roy, H. E., Seebens, H....& 

Richardson, D. M. (2020). Scientists' warning on invasive alien species. Biological 

Reviews, 95(6), 1511-1534. https://doi.org/10.1111/brv.12627   

Pyšek, P., Richardson, D. M., Pergl, J., Jarošík, V., Sixtova, Z. & Weber, E. (2008). 

Geographical and taxonomic biases in invasion ecology. Trends in Ecology & 

Evolution, 23(5), 237-244. https://doi.org/10.1016/j.tree.2008.02.002   

Quiroz, C., Pauchard, A., Cavieres, L. A. & Anderson, C. B. (2009). Análisis cuantitativo de la 

investigación en invasiones biológicas en Chile: tendencias y desafíos. Revista Chilena 

de Historia Natural, 82(4), 497-505. https://doi.org/bwxbsr   

http://dx.doi.org/10.3856/vol45-issue3-fulltext-10
http://dx.doi.org/10.3856/vol45-issue3-fulltext-10
https://acortar.link/XpboC1
https://doi.org/d2hb9x
https://doi.org/10.1007/s10750-015-2576-7
https://doi.org/gj4c9c
https://doi.org/jxb7
https://doi.org/10.1111/brv.12627
https://doi.org/10.1016/j.tree.2008.02.002
https://doi.org/bwxbsr


Referencias bibliográficas 

 
136 

 

Ralph, C. R., Reina, R. D., Wallace, B. P., Sotherland, P. R., Spotila, J. R. & Paladino, F. V. 

(2005). Effect of egg location and respiratory gas concentrations on developmental 

success in nests of the leatherback turtle, Dermochelys coriacea. Australian Journal of 

Zoology, 53(5), 289-294. https://doi.org/10.1071/ZO04062   

Reeves, R. R., McClellan, K. & Werner, T. B. (2013). Marine mammal bycatch in gillnet and 

other entangling net fisheries, 1990 to 2011. Endangered Species Research, 20(1), 71-

97. http://www.int-res.com/articles/esr_oa/n020p071.pdf  

Reservas de Biosfera. (2009). Especies exóticas invasoras en las Reservas de Biosfera de 

América Latina y el Caribe. ISBN 978-92-9089-126-0 

Richardson, D. M., Pyšek, P. & Carlton, J. T. (2011). A compendium of essential concepts and 

terminology in invasions biological. In D. M. Richardson (Ed.), Fifty Years of Invasion 

Ecology: The Legacy of Charles Elton (pp. 409-420). Blackwell Publishing. 

Rivas, M. L, Spinola, M., Arrieta, H. & Faife-Cabrera, M. (2018). Effect of extreme climatic 

events resulting in prolonged precipitation on the reproductive output of sea turtles. 

Animal Conservation, 21(5), 387-395. https://doi.org/10.1111/acv.12404   

Rivas, M. L., Esteban, N. & Marco, A. (2019). Potential male leatherback hatchlings exhibit 

higher fitness which might balance sea turtle sex ratios in the face of climate change. 

Climatic Change, 156(1-2),1-14. https://doi.org/10.1007/s10584-019-02462-1   

Rivas, M. L., Rodríguez-Caballero, E., Esteban, N., Carpio, A. J., Barrera-Vilarmau, B., 

Fuentes, M. M., ... & Ortega, Z. (2023). Uncertain future for global sea turtle populations 

in face of sea level rise. Scientific Reports, 13(1), 5277. 

Rivas, M. L., Tomillo, P. S., Diéguez-Uribeondo, J. & Marco, A. (2016). Potential effects of 

dune scarps caused by beach erosion on the nesting behavior of leatherback turtles. 

Marine Ecology Progress Series, 551, 239-248. https://doi.org/10.3354/meps11748   

Rivas, M. L., Tomillo, P. S., Uribeondo, J. D. & Marco, A. (2015). Leatherback hatchling sea-

finding in response to artificial lighting: interaction between wavelength and moonlight. 

Journal of Experimental Marine Biology and Ecology, 463, 143-149. 

https://doi.org/f6xvq7   

https://doi.org/10.1071/ZO04062
http://www.int-res.com/articles/esr_oa/n020p071.pdf
https://doi.org/10.1111/acv.12404
https://doi.org/10.1007/s10584-019-02462-1
https://doi.org/10.3354/meps11748
https://doi.org/f6xvq7


Referencias bibliográficas 

 
137 

 

Rivas, M., Rodriguez-Caballero, E., Esteban, N., Carpio, A., Barreu, B., Fuentes, M., 

Robertson, K., Azanza, J., León, Y. & Ortega, Z. (2022). Uncertain future for global sea 

turtle populations in face of sea level rise. Authorea. https://doi.org/jxfq   

Rodríguez, J. P. (2001). Exotic species introductions into South America: an underestimated 

threat? Biodiversity & Conservation, 10(11), 1983-1996. https://doi.org/bd3zst   

Rosales, C. A., Vera, M., & Llanos, J. (2010). Varamientos y captura incidental de tortugas 

marinas en el litoral de Tumbes, Perú. Revista peruana de biología, 17(3), 293-302. 

Rosen, G. E. & Smith, K. F. (2010). Summarizing the evidence on the international trade in 

illegal wildlife. EcoHealth, 7(1), 24-32. https://doi.org/10.1007/s10393-010-0317-y   

Salazar, J. A. (1998). Normas y estrategias de conservación asociadas a las poblaciones de 

tortugas marinas en Colombia. 

Santidrián Tomillo, P., & Spotila, J. (2020). Temperature‐dependent sex determination in sea 

turtles in the context of climate change: uncovering the adaptive significance. 

BioEssays, 42(11). https://doi.org/10.1002/bies.202000146  

Santos A. J. B., Neto J. X. L., Vieira D. H. G., Neto, L. D., Bellini, C., De Souza, N., Corso, G., 

Lobao-Soares, B. (2016). Selección individual del sitio de anidación en tortugas carey 

dentro y entre las temporadas de anidación. Conserva chelona. Biol., 15(1), 109-114 

Santos, M. N., Coelho, R., Fernandez‐Carvalho, J., & Amorim, S. (2013). Effects of 17/0 circle 

hooks and bait on sea turtles bycatch in a Southern Atlantic swordfish longline fishery. 

Aquatic Conservation: Marine and Freshwater Ecosystems, 23(5), 732-744. 

https://doi.org/10.1002/aqc.2324   

Savoca, M. S., Brodie, S., Welch, H., Hoover, A., Benaka, L. R., Bograd, S. J. & Hazen, E. L. 

(2020). Comprehensive bycatch assessment in US fisheries for prioritizing 

management. Nature Sustainability, 3(6), 472-480. https://doi.org/10.1038/s41893-

020-0506-9   

Schoener, T. W., Spiller, D. A. & Losos J. B. (2004). Variable ecological effects of hurricanes: 

the importance of seasonal timing for survival of lizards on Bahamian islands. 

Proceedings of the National Academy of Sciences, 101(1),177-181. 

https://doi.org/b7mpwb   

https://doi.org/jxfq
https://doi.org/bd3zst
https://doi.org/10.1007/s10393-010-0317-y
https://doi.org/10.1002/bies.202000146
https://doi.org/10.1002/aqc.2324
https://doi.org/10.1038/s41893-020-0506-9
https://doi.org/10.1038/s41893-020-0506-9
https://doi.org/b7mpwb


Referencias bibliográficas 

 
138 

 

Seebens, H., Blackburn, T. M., Dyer, E. E., Genovesi, P., Hulme, P. E., Jeschke, J. M., Pagad, 

S., Pyšek, P., Winter, M., Arianoutsou, M., Bacher, S., Blasius, B., Brundu, G., Capinha, 

C., Celesti-Grapow, L., Dawson, W., Dullinger, S., Fuentes, N., Jäger, H….& Essl, F. 

(2017). No saturation in the accumulation of alien species worldwide. Nature 

Communications, 8, e14435. https://doi.org/10.1038/ncomms14435 . 

Sella, K. A. N. & Fuentes, M. M. (2019). Exposure of marine turtle nesting grounds to coastal 

modifications: implications for management. Ocean & Coastal Management, 169, 182-

190. https://doi.org/10.1016/j.ocecoaman.2018.12.011   

Serafini, T. Z., Lopez, G. G. & da Rocha, P. L. B. (2009). Nest site selection and hatching 

success of hawksbill and loggerhead sea turtles (Testudines, Cheloniidae) at 

Arembepe Beach, northeastern Brazil. Phyllomedusa: Journal of Herpetology, 8(1), 03-

17. https://doi.org/10.11606/issn.2316-9079.v8i1p03-17  

Serafy, J. E., Cooke, S. J., Diaz, G. A., Graves, J. E., Hall, M., Shivji, M. & Swimmer, Y. (2012). 

Circle hooks in commercial, recreational, and artisanal fisheries: research status and 

needs for improved conservation and management. Bulletin of Marine Science, 88(3), 

371-391. https://doi.org/10.5343/bms.2012.1038   

Serrano, R., Amor, M. I., Guzman, A. & Guerrero, J. (2020). Validation of an instrument to 

evaluate the development of university teaching competences in Ecuador. Journal of 

Hispanic Higher Education, 19(1), 19-36. https://doi.org/10.1177/1538192718765076   

Shester, G. G. & Micheli, F. (2011). Conservation challenges for small-scale fisheries: Bycatch 

and habitat impacts of traps and gillnets. Biological Conservation, 144(5), 1673-1681. 

https://doi.org/10.1016/j.biocon.2011.02.023  

Silva, E., Marco, A., da Graça, J., Pérez, H., Abella, E., Patino-Martinez, J., Martins, S. & 

Almeida, C. (2017). Light pollution affects nesting behavior of loggerhead turtles and 

predation risk of nests and hatchlings. Journal of Photochemistry and Photobiology B: 

Biology, 173, 240-249. https://doi.org/10.1016/j.jphotobiol.2017.06.006   

Simberloff, D. (2011). How common are invasion-induced ecosystem impacts? Biological 

Invasions,13(5), 1255-1268. https://doi.org/10.1007/s10530-011-9956-3   

Siqueira, S. C. W., Gonçalves, R. M., Queiroz, H. A. A., Pereira, P. S., Silva, A. C. & Costa, 

M. B. (2021). Understanding the coastal erosion vulnerability influence over sea turtle 

https://doi.org/10.1038/ncomms14435
https://doi.org/10.1016/j.ocecoaman.2018.12.011
https://doi.org/10.11606/issn.2316-9079.v8i1p03-17
https://doi.org/10.5343/bms.2012.1038
https://doi.org/10.1177/1538192718765076
https://doi.org/10.1016/j.biocon.2011.02.023
https://doi.org/10.1016/j.jphotobiol.2017.06.006
https://doi.org/10.1007/s10530-011-9956-3


Referencias bibliográficas 

 
139 

 

(Eretmochelys imbricata) nesting in NE of Brazil. Regional Studies in Marine Science, 

47, e101965. https://doi.org/10.1016/j.rsma.2021.101965   

Sobko, T., Jia, Z., and Brown, G. (2018). Measuring Connectedness to Nature in Preschool 

Children in an Urban Setting and Its Relation to Psychological Functioning. Plos ONE 

13 (11), e0207057–17. https://doi.org/10.371/journal.pone.0207057  

Solís, D., Bisack, K., Walden, J., Richards, P. & Agar, J. (2021). Measuring the economic 

abatement cost of sea turtle bycatch in the Northwest Atlantic commercial pelagic 

longline fishery. Marine Policy, 133, e104734. 

https://doi.org/10.1016/j.marpol.2021.104734   

Sosa, A. I. (2019). Playas de Anidación de lepidochelys olivacea en la Reserva Marina Galera 

San Francisco, Esmeraldas–Ecuador (Bachelor's thesis, Universidad Estatal 

Península de Santa Elena). Repository. https://acortar.link/5pd2oG   

Spanier, M. J. (2010). Beach erosion and nest site selection by the leatherback sea turtle 

Dermochelys coriacea (Testudines: Dermochelyidae) and implications for 

management practices at playa Gandoca, Costa Rica. Revista de Biología Tropical, 

58(4), 1237-1246. https://doi.org/10.15517/rbt.v58i4.5408   

Spear, D. & Chown, S. L. (2009). The extent and impacts of ungulate translocations: South 

Africa in a global context. Biological Conservation, 142(2), 353-363. 

https://doi.org/cj94h8   

Spear, D., Foxcroft, L. C., Bezuidenhout, H. & McGeoch, M. A. (2013). Human population 

density explains alien species richness in protected areas. Biological Conservation, 

159, 137-147. https://doi.org/10.1016/j.biocon.2012.11.022   

Speziale, K. & Lambertucci, S. (2010). A call for action to curb invasive species in South 

America. Nature, 467, 153. https://doi.org/10.1038/467153c   

Speziale, K. L., Lambertucci, S. A., Carrete, M. & Tella, J. L. (2012). Dealing with non-native 

species: what makes the difference in South America? Biological Invasions, 14(8), 

1609-1621. https://doi.org/10.1007/s10530-011-0162-0   

Spiller, D. A., Losos, J. B. & Schoener, T. W. (1998). Impact of a catastrophic hurricane on 

island populations. Science, 281(5377), 695-697. 

https://doi.org/10.1126/science.281.5377.695   

https://doi.org/10.1016/j.rsma.2021.101965
https://doi.org/10.371/journal.pone.0207057
https://doi.org/10.1016/j.marpol.2021.104734
https://acortar.link/5pd2oG
https://doi.org/10.15517/rbt.v58i4.5408
https://doi.org/cj94h8
https://doi.org/10.1016/j.biocon.2012.11.022
https://doi.org/10.1038/467153c
https://doi.org/10.1007/s10530-011-0162-0
https://doi.org/10.1126/science.281.5377.695


Referencias bibliográficas 

 
140 

 

Stohlgren, T. J., Barnett, D. T. & Kartesz, J. T. (2003). The rich get richer: patterns of plant 

invasions in the United States. Frontiers in Ecology and the Environment, 1(1), 11-14. 

https://doi.org/bgzjfc   

Stohlgren, T. J., Barnett, D., Flather, C., Fuller, P., Peterjohn, B., Kartesz, J. & Master, L. L. 

(2006). Species richness and patterns of invasion in plants, birds, and fishes in the 

United States. Biological Invasions, 8(3), 427-447. https://doi.org/10.1007/s10530-005-

6422-0  

Stokes, K. E., Montgomery, W. I., Dick, J. T. A., Maggs, C. A. & McDonald, R. A. (2006). The 

importance of stakeholder engagement in invasive species management: a cross-

jurisdictional perspective in Ireland. Biodiversity & Conservation, 15(8), 2829-2852. 

https://doi.org/10.1007/s10531-005-3137-6   

Stokes, L. W., Epperly, S. P. & McCarthy, K. J. (2012). Relationship between hook type and 

hooking location in sea turtles incidentally captured in the United States Atlantic pelagic 

longline fishery. Bulletin of Marine Science, 88(3), 703-718. https://doi.org/f38xvz   

Stokes, L. W., Hataway, D., Epperly, S. P., Shah, A. K., Bergmann, C. E., Watson, J. W. & 

Higgins, B. M. (2011). Hook ingestion rates in loggerhead sea turtles Caretta caretta 

as a function of animal size, hook size, and bait. Endangered Species Research, 14(1), 

1-11. https://doi.org/10.3354/esr00339   

Swimmer, Y., Campora, C. E., Mcnaughton, L., Musyl, M. & Parga, M. (2014). Post-release 

mortality estimates of loggerhead sea turtles (Caretta caretta) caught in pelagic longline 

fisheries based on satellite data and hooking location. Aquatic Conservation: Marine 

and Freshwater Ecosystems, 24(4), 498-510. https://doi.org/10.1002/aqc.2396   

Swimmer, Y., Gutierrez, A., Bigelow, K., Barceló, C., Schroeder, B., Keene, K., Shattenkirk, K. 

& Foster, D. G. (2017). Sea turtle bycatch mitigation in US longline fisheries. Frontiers 

in Marine Science, 4, 260. https://doi.org/10.3389/fmars.2017.00260   

Swimmer, Y., Zollett, E. A. & Gutierrez, A. (2020). Bycatch mitigation of protected and 

threatened species in tuna purse seine and longline fisheries. Endangered Species 

Research, 43, 517-542. https://doi.org/10.3354/esr01069   

Tagliolatto, A. B., Giffoni, B., Guimarães, S., Godfrey, M. H. & Monteiro‐Neto, C. (2020). 

Incidental capture and mortality of sea turtles in the industrial double‐rig‐bottom trawl 

https://doi.org/bgzjfc
https://doi.org/10.1007/s10530-005-6422-0
https://doi.org/10.1007/s10530-005-6422-0
https://doi.org/10.1007/s10531-005-3137-6
https://doi.org/f38xvz
https://doi.org/10.3354/esr00339
https://doi.org/10.1002/aqc.2396
https://doi.org/10.3389/fmars.2017.00260
https://doi.org/10.3354/esr01069


Referencias bibliográficas 

 
141 

 

fishery in south‐eastern Brazil. Aquatic Conservation: Marine and Freshwater 

Ecosystems, 30(2), 351-363. https://doi.org/10.1002/aqc.3252   

Tanner, C., Marco, A., Martins, S., Abella-Pérez, E., & Hawkes, L. (2019). Highly feminised 

sex-ratio estimations for the world’s third-largest nesting aggregation of loggerhead sea 

turtles. Marine Ecology Progress Series, 621, 209-219. https://www.int-

res.com/abstracts/meps/v621/p209-219  

Teh, L. S., Teh, L. C., Hines, E., Junchompoo, C. & Lewison, R. L. (2015). Contextualising the 

coupled socio-ecological conditions of marine megafauna bycatch. Ocean & Coastal 

Management, 116, 449-465. https://doi.org/10.1016/j.ocecoaman.2015.08.019   

Telemeco, R. S., Abbott, K. C. & Janzen, F. J. (2013). Modeling the effects of climate change–

induced shifts in reproductive phenology on temperature-dependent traits. The 

American Naturalist, 181(5), 637-648. https://doi.org/10.1086/670051   

Thompson, J. & Curran, M. C. (2015). Troubling tides: will sea turtles survive the rising seas? 

Science Scope, 39(3), 19. https://bit.ly/41cPn0s   

Tomás, J., & León, Y. M. (2006). Estudio de las poblaciones de tortugas marinas nidificantes 

en el Parque Nacional Jaragua (República Dominicana). Memoria Técnica de las 

actividades realizadas en 2006. 

Tomillo, P. S., Fonseca, L. G., Ward, M., Tankersley, N., Robinson, N. J., Orrego, C. M. & 

Saba, V. S. (2020). The impacts of extreme El Niño events on sea turtle nesting 

populations. Climatic Change, 159(2), 163-176. https://doi.org/10.1007/s10584-020-

02658-w   

Tomillo, P. S., Oro, D., Paladino, F. V., Piedra, R., Sieg, A. E. & Spotila, J. R. (2014). High 

beach temperatures increased female-biased primary sex ratios but reduced output of 

female hatchlings in the leatherback turtle. Biological Conservation, 176, 71-79. 

https://doi.org/f6c3zm   

Tomillo, P. S., Robinson, N. J., Fonseca, L. G., Quirós-Pereira, W., Arauz, R., Beange, M., 

Piedra, R., Vélez, E., Paladino, F. V., Spotila, J. R. & Wallace, B. P. (2017). Secondary 

nesting beaches for leatherback turtles on the Pacific coast of Costa Rica. Latin 

American Journal of Aquatic Research, 45, 563-571. https://bit.ly/3xBNLjn   

https://doi.org/10.1002/aqc.3252
https://www.int-res.com/abstracts/meps/v621/p209-219
https://www.int-res.com/abstracts/meps/v621/p209-219
https://doi.org/10.1016/j.ocecoaman.2015.08.019
https://doi.org/10.1086/670051
https://bit.ly/41cPn0s
https://doi.org/10.1007/s10584-020-02658-w
https://doi.org/10.1007/s10584-020-02658-w
https://doi.org/f6c3zm
https://bit.ly/3xBNLjn


Referencias bibliográficas 

 
142 

 

Tomillo, P. S., Saba, V. S., Lombard, C. D., Valiulis, J. M., Robinson, N. J., Paladino, F. V., 

Spotila, J. R., Fernández, C., Rivas, M. L., Tucek, J., Nel, R. & Oro, D. (2015). Global 

analysis of the effect of local climate on the hatchling output of leatherback turtles. 

Scientific Reports, 5, e16789. https://doi.org/10.1038/srep16789   

Tomillo, P. S., Wallace, B. P., Paladino, F. V., Spotila, J. R., & Genovart, M. (2021). Short-term 

gain, long-term loss: How a widely-used conservation tool could further threaten sea 

turtles. Biological Conservation, 261, 109260. 

Toral-Granda, M. V., Causton, Ch. E., Jäger, H., Trueman, M., Izurieta, J. C., Araujo, E., Cruz, 

M., Zander, K. K., Izurieta, A. & Garnett, S. T. (2017). Alien species pathways to the 

Galapagos Islands, Ecuador. PloS One, 12(9), e0184379. https://doi.org/jxgc   

Turbelin, A. J., Malamud, B. D. & Francis, R. A. (2017). Mapping the global state of invasive 

alien species: patterns of invasion and policy responses. Global Ecology and 

Biogeography, 26(1), 78-92. https://doi.org/10.1111/geb.12517   

UICN. 2001. Categorías y Criterios de la Lista Roja de la UICN: Versión 3.1. Comisión de 

Supervivencia de Especies de la UICN. UICN, Gland, Suiza y Cambridge, Reino Unido. 

ii + 33p. www.uicn.org  

United Nations Environment Program. (2020). Strategic Plan for Biodiversity 2011–2020 and 

the Aichi Biodiversity Targets. https://bit.ly/3YLZd7U   

Valdivia, A., Wolf, S. & Suckling, K. (2019). Marine mammals and sea turtles listed under the 

US endangered species act are recovering. PloS One, 14(1), e0210164. 

https://doi.org/jxgd   

Valenzuela, A. E., Anderson, C. B., Fasola, L. & Cabello, J. L. (2014). Linking invasive exotic 

vertebrates and their ecosystem impacts in Tierra del Fuego to test theory and 

determine action. Acta Oecologica, 54, 110-118. 

http://dx.doi.org/10.1016/j.actao.2013.01.010   

Van Bemmelen, C. W. T., de Schipper, M. A., Darnall, J. & Aarninkhof, S. G. J. (2020). Beach 

scarp dynamics at nourished beaches. Coastal Engineering, 160, e03725. 

https://doi.org/gjghrm  

Van Kleunen, M., Dawson, W., Essl, F., Pergl, J., Winter, M., Weber, E., Kreft, H., Weigelt, P., 

Kartesz, J., Nishino, M., Antonova, L. A., Barcelona, J. F., Cabezas, F. J., Cárdenas, 

https://doi.org/10.1038/srep16789
https://doi.org/jxgc
https://doi.org/10.1111/geb.12517
http://www.uicn.org/
https://bit.ly/3YLZd7U
https://doi.org/jxgd
http://dx.doi.org/10.1016/j.actao.2013.01.010
https://doi.org/gjghrm


Referencias bibliográficas 

 
143 

 

D., Cárdenas-Toro, J., Castaño, N., Chacón, E., Chatelain, C., Ebel, A. L.… & Pyšek, 

P. (2015). Global exchange and accumulation of non-native plants. Nature, 525, 100-

103. https://doi.org/10.1038/nature14910   

Van Wilgen, N. J., Gillespie, M. S., Richardson, D. M. & Measey, J. (2018). A taxonomically 

and geographically constrained information base limits non-native reptile and 

amphibian risk assessment: a systematic review. PeerJ, 6, e5850. 

https://doi.org/10.7717/peerj.5850   

Van Wilgen, N. J., Wilson, J. R. U., Elith, J., Wintle, B. A. & Richardson, D. M. (2010). Alien 

invaders and reptile traders: What drives the live animal trade in South Africa? Animal 

Conservation, 13(1), 24-32. https://doi.org/10.1111/j.1469-1795.2009.00298.x   

Varela, M. R., Patrício, A. R., Anderson, K., Broderick, A. C., DeBell, L., Hawkes, L. A., Tilley, 

D., Snape, R. T. M. J. & Godley, B. J. (2019). Assessing climate change associated 

sea-level rise impacts on sea turtle nesting beaches using drones, photogrammetry 

and a novel GPS system. Global Change Biology, 25(2), 753-762. 

https://doi.org/10.1111/gcb.14526   

Velazquez Velazquez, E., Rivera Velazquez, G., Perez Farrera, M. A., & Chavez Cortazar, A. 

(2014). Introducción de especies exóticas: implicaciones para la biodiversidad. 

Vilà, M., Basnou, C., Pyšek, P., Josefsson, M., Genovesi, P., Gollasch, S., Nentwig, W., 

Olenin, S., Roques, A., Roy, D., Hulme, P. E. & DAISIE partners. (2010). How well do 

we understand the impacts of alien species on ecosystem services? A pan‐European, 

cross - taxa assessment. Frontiers in Ecology and the Environment, 8(3), 135-144. 

https://doi.org/10.1890/080083   

Von, H., Irish, J. L., Spivy, A., Weishampel, J. F., Meylan, A., Godfrey, M. H. & Taylor, N. R. 

(2019). Effects of future sea level rise on coastal habitat. The Journal of wildlife 

management, 83(3), 694-704. https://doi.org/10.1002/jwmg.21633   

Wallace BW, et al. (2013) Impacts of fisheries bycatch on marine turtle populations worldwide: 

Toward conservation and research priorities. Ecosphere 4(3):1–12. 

Wallace, B. P., DiMatteo, A. D., Bolten, A. B., Chaloupka, M. Y., Hutchinson, B. J., Abreu-

Grobois, F. A., Mortimer, J. A., Seminoff, J. A., Amorocho, D., Bjorndal, K. A., Bourjea, 

J., Bowen, B., W., Briseño, R., Casale, P., Choudhury, B. C., Costa, A., Dutton, P. H., 

Fallabrino, A., Finkbeiner, E. M....& Mast, R. B. (2011). Global conservation priorities 

https://doi.org/10.1038/nature14910
https://doi.org/10.7717/peerj.5850
https://doi.org/10.1111/j.1469-1795.2009.00298.x
https://doi.org/10.1111/gcb.14526
https://doi.org/10.1890/080083
https://doi.org/10.1002/jwmg.21633


Referencias bibliográficas 

 
144 

 

for marine turtles. PloS One, 6(9), e24510. 

https://doi.org/10.1371/journal.pone.0024510   

Wallace, B. P., Kot, C. Y., DiMatteo, A. D., Lee, T., Crowder, L. B. & Lewison, R. L. (2013). 

Impacts of fisheries bycatch on marine turtle populations worldwide: toward 

conservation and research priorities. Ecosphere, 4(3),1-49. 

https://doi.org/10.1890/ES12-00388.1   

Wallace, B. P., Lewison, R. L., McDonald, S. L., McDonald, R. K., Kot, C. Y., Kelez, S., 

Bjorkland, R. K., Finkbeiner, E. M., Helmbrecht, S., & Crowder, L. B. (2010). Global 

patterns of marine turtle bycatch. Conservation Letters, 3(3), 131-142. 

https://doi.org/dvv98h   

Wang, J., Gao, C., Wu, F., Gao, X., Chen, J., Dai, X., Tian, S. & Chen, Y. (2021). The discards 

and bycatch of Chinese tuna longline fleets in the Pacific Ocean from 2010 to 2018. 

Biological Conservation, 255, e109011. https://doi.org/10.1016/j.biocon.2021.109011  

Ware, M. & Fuentes, M. M. (2018). A comparison of methods used to monitor groundwater 

inundation of sea turtle nests. Journal of Experimental Marine Biology and Ecology, 50, 

1-7. https://doi.org/10.1016/j.jembe.2018.02.001  

Ware, M., Ceriani, S. A., Long, J. W., & Fuentes, M. M. (2021). Exposure of Loggerhead Sea 

Turtle Nests to Waves in the Florida Panhandle. Remote Sensing, 13(14), 2654. 

https://doi.org/10.3390/rs13142654  

Watson, J. W. & Kerstetter, D. W. (2006). Pelagic longline fishing gear: a brief history and 

review of research efforts to improve selectivity. Marine Technology Society Journal, 

40(3), 6-11. https://doi.org/fj7zjs   

Weber, E. F. (1997). The alien flora of Europe: a taxonomic and biogeographic review. Journal 

of Vegetation Science, 8(4), 565-572. https://doi.org/10.2307/3237208   

Webster, P. J., Holland, G. J., Curry, J. A. & Chang, H. R. (2005). Changes in tropical cyclone 

number, duration, and intensity in a warming environment. Science, 309(5742), 1844-

1846. https://doi.org/10.1126/science.1116448   

Westphal, M. I., Browne, M., MacKinnon, K. & Noble, I. (2008). The link between international 

trade and the global distribution of invasive alien species. Biological Invasions,10(4), 

391-398. https://doi.org/10.1007/s10530-007-9138-5   

https://doi.org/10.1371/journal.pone.0024510
https://doi.org/10.1890/ES12-00388.1
https://doi.org/dvv98h
https://doi.org/10.1016/j.biocon.2021.109011
https://doi.org/10.1016/j.jembe.2018.02.001
https://doi.org/10.3390/rs13142654
https://doi.org/fj7zjs
https://doi.org/10.2307/3237208
https://doi.org/10.1126/science.1116448
https://doi.org/10.1007/s10530-007-9138-5


Referencias bibliográficas 

 
145 

 

Whitesell, M. J. (2018). Environmental Factors Affecting Hatch Success in the Loggerhead 

Sea Turtle (Caretta caretta) [Graduate Studies, Georgia Southern University]. GSU 

Repository. https://bit.ly/3YMUlzt   

Whoriskey, S., Arauz, R. & Baum, J. K. (2011). Potential impacts of emerging mahi-mahi 

fisheries on sea turtle and elasmobranch bycatch species. Biological Conservation, 

144(6), 1841-1849. https://doi.org/10.1016/j.biocon.2011.03.021   

Wibbels, T. (2003). Critical approaches to sex determination. In P. L. Lutz, J.A. Musick, J. 

Wyneken (Ed.) in The Biology of Sea Turtles (Volume 2). CRC Press. 

Wickham, H. (2009). ggplot2. Elegant graphics for data analysis. Springer. 

https://doi.org/10.1007/978-0-387-98141-3   

Wickham, H. (2017). The tidyverse. http://tidyverse.org  

Witherington, B., Hirama, S. & Mosier, A. (2011). Sea turtle responses to barriers on their 

nesting beach. Journal of Experimental Marine Biology and Ecology, 401(1-2), 1-6. 

https://doi.org/10.1016/j.jembe.2011.03.012  

Wood, D. W. & Bjorndal, K. A. (2000). Relation of temperature, moisture, salinity, and slope to 

nest site selection in loggerhead sea turtles. Copeia, 2000(1), 119-128 

https://doi.org/ct4c6d   

World Wide Fund for Nature. (2018). Informe Planeta Vivo-2018: Apuntando más alto. 

http://awsassets.wwf.es/downloads/informe_planeta_vivo_2018.pdf  

Yokota, K., Kiyota, M. & Okamura, H. (2009). Effect of bait species and color on sea turtle 

bycatch and fish catch in a pelagic longline fishery. Fisheries Research, 97(1-2), 53-

58. https://doi.org/10.1016/j.fishres.2009.01.003   

Young, B. E., Lips, K. R., Reaser, J. K., Ibañez, R., Salas, A. W., Cedeño, J. R., Coloma, L. 

A., Ron, S., La Marca, E., Meyer, J. R., Muñoz, A., Bolaños, F., Chavez, G. & Romo, 

D. (2001). Population declines and priorities for amphibian conservation in Latin 

America. Conservation Biology, 15(5),1213-1223. 

https://www.jstor.org/stable/3061476   

Zárate, P. (2009). Ecuador - Informe Anual (2009). Convención Interamericana para la 

Protección y Conservación de las Tortugas Marinas. 

https://bit.ly/3YMUlzt
https://doi.org/10.1016/j.biocon.2011.03.021
https://doi.org/10.1007/978-0-387-98141-3
http://tidyverse.org/
https://doi.org/10.1016/j.jembe.2011.03.012
https://doi.org/ct4c6d
http://awsassets.wwf.es/downloads/informe_planeta_vivo_2018.pdf
https://doi.org/10.1016/j.fishres.2009.01.003
https://www.jstor.org/stable/3061476


Referencias bibliográficas 

 
146 

 

Zárate, P., Bjorndal, K. A., Parra, M., Dutton, P. H., Seminoff, J. A., & Bolten, A. B. (2013). 

Hatching and emergence success in green turtle Chelonia mydas nests in the 

Galápagos Islands. Aquatic Biology, 19(3), 217-229. 

Zimm, R., Bentley, B., Wyneken, J., & Moustakas-Verho, J. (2017). Environmental causation 

of turtle scute anomalies in ovo and in silico. Integrative and comparative biology, 57(6), 

1303-1311. https://doi.org/10.1093/icb/icx066  

Zurita, J. C., Herrera, R., & Prezas, B. (1993). Tortugas marinas del Caribe. Biodiversidad 

marina y costera de México. Com. Nal. Biodiversidad y CIQRO, México DF, México, 

735-750. 

Zuur, A. F., Ieno E. N., Walker, N. J., Saveliev, A. A. & Smith, G. M. (2009). Mixed effects 

models and extensions in ecology with R. Springer. 

Žydelis, R., Wallace, B. P., Gilman, E. L. & Werner, T. B. (2009). Conservation of marine 

megafauna through minimization of fisheries bycatch. Conservation Biology, 23(3), 

608-616. https://doi.org/10.1111/j.1523-1739.2009.01172.x   

 

https://doi.org/10.1093/icb/icx066
https://doi.org/10.1111/j.1523-1739.2009.01172.x


 

 
 

 

UNIVERSIDAD DE CÓRDOBA 

 


		2023-05-26T21:54:28+0200
	Antonio Jose Carpio Camargo


		2023-05-29T13:11:12+0200
	SANCHEZ TORTOSA FRANCISCO MIGUEL - 30509592T




