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General abstract

Urbanization process represents a significant threat, especially to aquatic ecosystems.
Changes in riparian vegetation and water body structure, as well as the introduction of
exotic species and the contact of wild animals and humans, are some of the impacts
faced in urban areas. Because of these changes in the environment, wild species may be
affected. Therefore, the main goals of this study are: i) to evaluate the population
parameters of three urban freshwater turtles, one native (Phrynops geoffroanus) and two
exotic species (Trachemys dorbigni dorbigni, Trachemys scripta elegans); ii) analyze its
home range, habitat selection and maximum distance ranged by each species; iii)
identify which urban features may influence its movements patterns. Turtles were
monitored between July 2016 and August 2018 in an urban park in the state of Parana,
Brazil, and a capture-recapture method and radio telemetry was used to monitor
populations during this period. Both native and alien species presented similar
population parameters, the home range varied according to the data collection method
and estimator used (MCP100 and KDE95), and turtles selected habitats with urban
characteristics (mainly those associated with human presence). Our study is the first in
Brazil to analyze the population ecology of native and alien species of freshwater turtles
that are coexisting. Long-term monitoring of the three species should be considered by
the Brazilian authorities in order to avoid local extinction of native species and to
control the alien species invasion. In addition, environmental education activities will
help people to concern them about the damage that introduction of exotic species (by

releasing pets) may cause to ecosystems, even in urban areas.



Resumo geral

O processo de urbanizagao representa uma ameaca significativa aos ecossistemas,
especialmente para 0s aquéticos. Mudancas na vegetacao riparia e na estrutura do corpo
d'dgua, bem como a introducao de espécies exoticas e o contato de animais silvestres e
seres humanos, sdo alguns dos impactos enfrentados nas areas urbanas. Como
consequéncia das mudancas no ambiente, as espécies selvagens podem ser afetadas.
Dessa forma, os principais objetivos deste estudo séo: i) avaliar os parametros
populacionais de de trés espécies de queldnios de agua doce urbanas, uma nativa
(Phrynops geoffroanus) e duas espécies exaticas (Trachemys dorbigni dorbigni,
Trachemys scripta elegans); ii) analisar sua area de vida, selecdo de habitat e distancia
méaxima percorrida por cada espécie; iii) identificar quais caracteristicas urbanas podem
influenciar seu padrdo de movimento. Coletamos quelonios entre Julho de 2016 e
Agosto de 2018 em um parque urbano no estado do Parana, Brasil, e usamos o método
de captura-recaptura e radiotelemetria para monitorar populacées durante esse periodo.
Tanto as espécies nativas quanto as exoticas apresentaram parametros populacionais
semelhantes, a area de vida variou de acordo com o metodo de coleta dos dados e
estimador utilizado (MCP100 e KDE95), e elas selecionam habitats com caracteristicas
urbanas (principalmente com a presenca humana). Nosso estudo é o primeiro no Brasil a
analisar a ecologia populacional de espécies nativas e exoticas de quel6nios de dgua
doce que coexistem. O monitoramento a longo prazo das trés espécies deve ser
considerado pelas autoridades brasileiras para evitar a extingdo local das espécies
nativas e controlar as espécies exdticas. Além disso, as atividades de educacéo
ambiental ajudardo a populacao a se preocupar com 0s danos que a introducdo de novos
individuos (liberando animais de estimacdo) pode causar aos ecossistemas, mesmo nas

areas urbanas.
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Resumen general

El proceso de urbanizacion plantea una amenaza significativa para los ecosistemas,
especialmente para los acuaticos. Los cambios en la vegetacion riberefia y la estructura
del cuerpo de agua, asi como la introduccidn de especies exoticas y el contacto de la
vida silvestre y humanos, son algunos de los impactos que se enfrentan en las zonas
urbanas. Como resultado de los cambios en el ambiente, las especies silvestres pueden
verse afectadas. Por lo tanto, los objetivos principales de este estudio son: i) evaluar los
parametros de poblacion de tres tortugas de agua dulce urbana, una nativa (Phrynops
geoffroanus) y dos especies exoticas (Trachemys dorbigni dorbigni, Trachemys scripta
elegans); ii) analizar su area de campeo, seleccion de habitat y distancia maxima
recorrida por cada especie; iii) identificar qué caracteristicas urbanas pueden influir en
su patrén de movimiento. Recolectamos tortugas entre Julio de 2016 y Agosto de 2018
en un parque urbano en el estado de Parand, Brasil, y utilizamos el método de captura-
recaptura y radio telemetria para monitorear las poblaciones durante este periodo. Tanto
las especies nativas como las exdticas tenian parametros de poblacion similares, el area
de campeo variaba segun el método de recoleccion de datos y el estimador utilizado
(MCP100 y KDE95), y las tortugas seleccionan habitats con caracteristicas urbanas
(principalmente con presencia humana). Nuestro estudio es el primero en Brasil en
analizar la ecologia poblacional de especies nativas y exoticas de tortugas de agua dulce
coexistentes. Las autoridades brasilefias deberian considerar el monitoreo a largo plazo
de las tres especies para prevenir la extincidn local de especies nativas y controlar las
especies exoticas. Ademas, las actividades de educacion ambiental ayudaran a las
personas a preocuparse por el dafio que la introduccion de nuevas personas (liberar

mascotas) puede causar en los ecosistemas, incluso en areas urbanas.
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General Introduction

The urban areas still lodging wild species through forest remnants, such as parks,
riparian vegetation, and squares (e.g. Slabbekoorn & Peet 2003; Ryan et al. 2014; Viana
et al. 2017). Birds, mammals, amphibians and reptiles are some of the animals that can
persist at these areas (Hunt et al. 2013; Villasefior et al. 2017; Beaugeard et al. 2019;
Santini et al. 2019). Even lodging biodiversity, urban environments suffer with some
impacts related to fragmentation and degradation of riparian vegetation, channeling of
water bodies, and as a consequence, the silting of rivers. Other regular disturbance are
regarding to urban noise, recreational activities (e.g. fishing), wild-feeding, and
introduction of alien species (Slabbekoorn & Peet 2003; Green & Giese 2004; Hunt et
al. 2013; Ciccheto et al.. 2018; Rocha et al. 2018). Since these changes may affect the
biodiversity and their ecology, such as survival, movement pattern, distribution (Ryan et
al. 2008; Rees et al. 2009; Cosentino et al. 2010; Hill & Vodopich 2013) is important to
evaluate how environmental pressures is affecting wild populations.

Recreational fishing, for example, is a common activity in the Brazilian culture
and it is often recorded in urban places, even in protected areas. However, this activity
may damage the aquatic native fauna (Nemoz et al. 2004; Steen et al. 2014), such as
turtles which remain in these areas. This type of incidents occurs because the freshwater
turtles are usually opportunistic scavengers and feed on living prey, therefore they are
attracted by baited traps and hooks (Borkowski 1997). There are many records about
incidents with freshwater turtles regarding to ingestion of fishing sinkers, hooks, as well
as monofilament lines, and it can lead to problems in the digestive tract in general and
ultimately to death (Larocque et al. 2012; Steen et al. 2014). In the urban area studied
(Maringa City) a case of mortality of the native freshwater turtle Phrynops geoffroanus

(Schweigger 1812) was recorded due to fishing activity, and this reflects the human
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impact on the environment (Rocha et al. 2018). Even our record being the first causality
for Brazilian freshwater turtles, this type of accident is well known among fishermen,
and reflects the lack of knowledge regarding the turtle populations. Phrynops
geoffroanus is not a threatened species, however this type of urban impact can cause a
population decrease and eventual local extinction of the specie (Steen et al., 2014;
Rocha et al. 2018). Therefore, the monitoring of wild native species should be
considered in urban environments management plans.

The introduction of alien species is other problem faced by urban areas.
According to the Convention on Biological Diversity - CBD (2006), the designation of
alien species is related to a particular species, subspecies or inferior taxon introduced in
the past or in the present, outside of its natural area of distribution. It includes any
structure of this organism (e.g. gamete, seeds, eggs or propagule) that can survive and
posteriorly reproduce. Since one species is introduced it should exceed the
environmental barrier to survive, such as predators, diseases, and climatic conditions.
Whether this species can overcome these barriers and start to reproduce, and maintain a
self-regenerating population, then it is consider an established species (Ziller & Zalba
2007). The next barrier to be crossed is the geographic one, which is closely related to
the capacity of dispersion of this species. Exceeding the point where it was introduced,
and therefore reaching large areas, through physical ways (e.g. wind, dispersers, by
human indirect help) or by them own means. The species then is considered an invasive
one. Finally, if this species is introduced in many different and separated areas, the
invasions increase (Ziller & Zalba 2007).

There are different reasons which can contribute to the flow of alien species,
such as the trade of pets, which move millions of individuals annually worldwide

(Kraus 2003). In particular, the introduction of amphibian and reptiles started to rise on
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the 1960s (Kraus 2003). The United States and European Union were the pioneers to
trade reptiles and amphibian pets (Tapley et al. 2011; Romagosa 2015). The problem
with this activity starts with the fact that many pet's owners receive erroneous or no
information regarding to the biology of the animal (e.g. body size that they can reach,
longevity, etc.). This lack of information lead owners to introduce intentionally
unwanted animals into the wild (Romagosa 2016). In Brazil, exists an additional source
of introductions of pets: the release done by authorities after seizure of illegal animals,
usually birds and reptiles (Destro et al. 2012). This occurs due to the savage condition
of the animals, as well as the lack of places to keep them in captivity (pers. obs). On the
other hand, some pets can be introduced accidentally, because of their capacity to
escape easily (Pysek et al. 2010). As a consequence, the alien invasion can threaten the
local biodiversity, its ecosystem and local economy, being this the second cause of
biodiversity loss around the world (Lowe et al. 2000; Ziller & Zalba 2007). It may
affect the biodiversity by changing communities organization and functionality,
modifying the process of animals foraging, spreading pathogens and inducing the
exclusion by competition ( Lowe et al. 2000; Ziller & Zalba 2007; Ferronato et al.
2009).

Considering the pressures of urban environment on wild species, the overall goal
of the present study was to investigate the influence of urban habitat on population
parameters and movement pattern of freshwater turtles. Specifically in Chapter I, we
presented the populations parameters (i.e. population size, density, sex ratio and
recapture rates) of three species of freshwater turtles in an urban area, being one native
(Geoffroy’s slide-necked turtle - Phrynops geoffroanus) and two alien species:
D'Orbigny's slider - Trachemys dorbigni dorbigni (Duméril & Bibron, 1835), and Red-

eared slider - Trachemys scripta elegans (Thunberg in Schoepff, 1792); as well as



14

information regarding to the home range, distance ranged and the influence of urban
features in the habitat selection of species. In Chapter 11, we described the spatial
ecology of the alien species D'orbigni's slider, presenting for the first time data related
to this species outside of its natural distribution range. Since data for both chapters was
collected at the same study area, and with the same species, both topics are detailed in
this current section.

The study area is located in Maringa City, in the northwest of Parana state,
South of Brazil. Maringé is divided by two hydrographic basins: Pirapé in the North,
and lvai in the South, being both hydrographic basins tributary of the Parand River
(SEMA 2010). Freshwater turtles were recorded before in both basins, in the streams
and lakes (Grou 2015). The Municipality of Maringa presents nearby 12 km? of Atlantic
Forest remained distributed in patches (Marques 2004). In the urban perimeter, most of
the patches are classified as area of permanent protection, which protect the river
sources and the streams of the city. The forest remnants are connected by riparian
vegetation and by streams, providing connections for the freshwater community. The
riparian vegetation is continuous over the city, however, some parts of the water bodies
presents a narrow strip of riparian vegetation and others presents wider ones (SEMA
2011).

The data was collected at a Municipal Park “Parque do Inga”, located in the
urban area of Maringa City (23°25'S, 51°55'W). This area is located in the Atlantic
forest ecosystem and it protects many river sources of lvai Basin. Parque do Inga is the
second largest forest remnant of the city (473.300m?), lodging high biodiversity of
plants and animals (SEMA, 2011). The water bodies sampled in this area are perennial
ponds and lake, all connected by small streams or channels. The riparian vegetation is

composed by shrubs and arboreal species of semidecidual seasonal forest.
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Since worked was carried out in an urban park, there were many limitations to
collect the turtles. The main constrain was finding an appropriate method to capture the
specimens. The use traps was limited, because there were high risk of been stolen. The
use of dragging net was almost unviable due to the presence of many submerged
branches and trash, and due to the depth of water bodies that would entangle the net.
Hence, to solve these problems, our researcher group adopted the technique of Hookless
trot line proposed by Semefiiuk et al. (2017), creating the called Fishing clip (see
description in Appendix A). This technique was very effective to capture turtles in the
study area.

The target species of freshwater turtles studied here was: two introduced species:
the D'Orbigni's slider and the Red-eared turtle (Emydidae), and one native turtles
Geoffroy’s slide-necked turtle (Chelidae). Geoffroy’s slide-necked is widely distributed
in South America, with the broadest distribution of all Chelidae (Rueda-Almonacid et
al., 2007). However, a recent study described it as four geographically restricted
lineages in Brazil (Carvalho et al. 2017). The conservation status of this species is
considered as less concern (LC), because there is no evidence of the threats for this
species (IUCN 2019). D'Orbigny's slider presents a restricted distribution in Brazil, with
presence only in the extreme south (state of Rio Grande do Sul). It also occurs in the
northeast of Argentina and Uruguay (Fritz & Havas 2006).The commercial trade
followed by the release of these individuals into the wild lead the animals to reach new
areas (Romagosa 2015). In Brazil for example, this slider was recorded in ten more
states (northern locations), and in Argentina was registered in the most southern
localities (Alcalde et al. 2012; Ciccheto et al. 2018). The conservation status of this
species in their natural distribution area is near threatened (NT), due to agricultural

activity and its impact on nesting areas, commercial trade of juveniles as pet, and road
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mortality of females (IUCN 20190). Red-eared slider occurs naturally in the north and
center of United States of America and in the extreme northwest of Mexico (Painter
2000; Rueda-Almonacid et al. 2007). It was introduced in the Andean countries in the
earlier 1970s and currently it is a popular pet around the world. Due to pet release, it has
established invasive population on every continent (except Antarctica) and it is one of
the 100 worst invasive species of the world (Lowe et al. 2000; Kikillus et al. 2012). The
conservation status of the species is less concern (LC) (IUCN 2019).

The lack of knowledge about population ecology of Brazilian freshwater turtles,,
jointly with the potential damage that alien species can cause, highlights the importance
to analyze the population dynamic and the spatial ecology of freshwater turtles in this

urban area.
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1. Freshwater turtles in urban environment: population parameters,

home range and habitat selection

Quelbnios-de-agua-doce em ambiente urbano: parametros populacionais, area de

vida e selecao de habitat

Tortugas de agua dulce en un entorno urbano: parametros de poblacion, area de

vida y seleccion de habitat

Abstract

Even though urbanization causes degradation in aquatic systems, some wild species can
remain in these areas, such as freshwater turtles. The impacts from urban areas may
result in alterations in environmental characteristics and wild populations dynamics.
Therefore, we aimed mainly at assessing population parameters and movement patterns
of three freshwater turtles (one native and two alien species) in an urban area and
identifying the environmental characteristics that influence their movements. After 61
capture-recapture sessions of turtles between July 2016 and August 2018 at a park in
Parana state (Brazil), we sampled 41 Phrynops geoffroanus (PG), 35 Trachemys
dorbigni dorbigni (TDD), and 20 Trachemys scripta elegans (TSE). We obainted a high
recapture rate: 42%, 65%, and 70%, respectively. Population size (xSE) was estimated
as59 + 7.6 (PG), 36 £ 1.4 (TDD), and 20 £ 0.5(TSE) individuals, and density (£SE)
was 1.36 (0.34), 1.72 (0.36), and 0.87 (0.25) turtle/ha, respectively. Sex ratio was
female-biased for the two sliders. Urban features, mainly walkways, were highly
preferred by the three species, probably due to wild animals feeding by the park users.
In addition, the body size influenced the total movement ranged by alien species. Our

study is the first to analyze the population ecology of native and alien species of
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freshwater turtles coexisting in Brazil. Our results represent an alert regarding the issues

involving alien species and their potential of invasion.
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Resumo

A urbanizacgdo causa degradacdo no ambiente aquético. Contudo, algumas espécies
silvestres podem permanecer nessas areas, como o0s quel6énios-de-agua-doce. Os
impactos gerados pelas areas urbanas podem mudar as caracteristicas do ambiente, e
conseqlentemente a dindmica das populagdes silvestres. Dessa forma, nossos principais
objetivos foram avaliar os parametros populacionais e padrées de movimento de trés
espécies de queldnios de dgua doce (uma nativa e duas espécies exdticas) em uma area
urbana, e identificar quais caracteristicas do ambiente pode influenciar seu movimento.
Apos 61 sessdes de captura-recaptura entre julho de 2016 a Agosto de 2018 em um
parque urbano no estado do Parana (Brasil), nos capturamos 41 Phrynops geoffroanus
(PG), 35 Trachemys dorbigni dorbigni (TDD) e 20 Trachemys scripta elegans (TSE). A
taxa de recaptura foi elevada para as trés espécies: 42%, 65% e 70%, respectivamente.
O tamanho populacional (xSE) estimado foi de 59 £ 7.6 (PG), 36 £ 1.4 (TDD), e 20 +
0.5 (TSE) individuos, e a densidade (+SE) foi 1.36 (0.34), 1.72 (0.36), and 0.87 (0.25)
individuo/ha, respectivamente. A razédo sexual foi desviada para fémeas, para duas
espécies. Dentre as caracteristicas urbanas, em especial, a presenca de passarelas foi
altamente selecionada pelas trés espécies de quelénios, provavelmente devido a
alimentacdo dos animais silvestres pelos visitantes do parque. Adicionalmente, o
tamanho do corpo da espécie exatica influenciou em sua distancia total percorrida.
Nosso estudo é o primeiro no Brasil o qual avaliou a ecologia populacional de espécie
nativa e exdticas de quelbnios de dgua-doce coexistindo. Os resultados apresentados
deveriam alertar a populacdo a respeito dos problemas envolvendo espécies exoticas e

seu potencial de invaséo.
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Resumen

La urbanizacion provoca degradacion en el ambiente acuético. Sin embargo, algunas
especies silvestres pueden permanecer en estas areas, como las tortugas acuaticas. Los
impactos generados por las areas urbanas pueden cambiar las caracteristicas del medio y
la dindmica de las poblaciones silvestres. Por lo tanto, nuestros objetivos principales
fueron evaluar los parametros de la poblacién y el movimiento de tres tortugas de agua
dulce (una nativa y dos especies exoticas) en un area urbana, e identificar qué
caracteristicas ambientales pueden influir en su movimiento. Después de 61 sesiones de
captura-recaptura de Julio de 2016 a Agosto de 2018 en un parque urbano en el estado
de Parana (Brasil), capturamos 41 Phrynops geoffroanus (PG), 35 Trachemys dorbigni
dorbigni (TDD) y 20 Trachemys scripta elegans ( TSE). La tasa de recaptura ha sido
alta para las tres especies: 42%, 65% y 70%, respectivamente. El tamafio de poblacion
estimado (£ SE) es de 59 £ 7.6 (PG), 36 + 1.4 (TDD) y 20 + 0.5 (TSE), y la densidad (+
SE) 1.36 (0.34), 1.72 (0.36) y 0.87 (0.25) tortugas/ha, respectivamente. La proporcion
de sexos se cambioé a hembras para dos especies. Las caracteristicas urbanas,
especialmente la presencia de senderos, fueron altamente seleccionadas por las tres
especies de tortugas, probablemente debido a la alimentacién de animales salvajes por
parte de los visitantes del parque. Ademas, el tamario del cuerpo de las especies exaticas
influyo en su distancia total recorrida. Nuestro estudio es el primero en Brasil en evaluar
la ecologia de la poblacion de tortugas de agua dulce nativas y exdticas que coexisten.
Los resultados presentados deben alertar a la poblacién sobre los problemas que

involucran especies exoticas y su potencial de invasion.
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Introduction

Agquatic systems are one of the most productive ecosystems and also the most degraded
environments in the world, as a result of human activities (e.g. urbanization, plantation,
and pasture) (Bujes et al. 2011).The urbanization process, as other human activities,
may change the natural environment quickly and diffusely; therefore, it represents a
significant threat to aquatic ecosystems (Paul & Meyer 2001). Urbanization can cause
alterations in the native and riparian vegetation through deforestation, degradation, and
fragmentation of forests (Marchand & Litvaitis 2004; Bujes et al. 2011; Guzy et al.
2013). Habitat loss and fragmentation isolate wild populations and leads to a reduced
dispersion of individuals and consequently lower genetic variability of populations,
causing deleterious effects (Guzy et al. 2013). Furthermore, the degradation of riparian
vegetation affects water temperature and consequently increases temperature
fluctuation, decreases biodiversity, and change the spatial distribution of the species
(Paul & Meyer 2001; Marchand & Litvaitis 2004). Another constant issue in urban
areas is related to the channeling of water bodies and associated silting (Spinks et al.
2003). Many species suffer the negative impacts of urbanization and may not survive in
this type of environment, whereas others are able to remain, reproduce, and prosper in
these urban areas (e.g. some species of reptiles, birds, mammals) (Ryan et al. 2008,

2014; Rees et al. 2009; Guzy et al. 2013).

Human disturbance influences how wild animals move, select and use the
environment (Slabbekoorn & Peet 2003; Ryan et al. 2008; Hill & VVodopich 2013).
Freshwater turtles, for example, are affected by local-scale measures of urbanization
(Hill & Vodopich 2013); additionally, some specific features may influence their
movement, such as the riparian vegetation structure, availability of places to sunbath,

refuge, and feeding behavior (Huey 1991; Standing et al. 1999; Souza & Abe 2000;
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Compton et al. 2002; Cosentino et al. 2010; Paterson et al. 2012; Ghaffari et al. 2014).
In addition to these features, the movement patterns of freshwater turtles may also vary
according to the species, current seasons, and gender involved (Ostfeld 1990; Rees et al.

2009; Bower et al. 2012; Paterson et al. 2012).

Brazil is the third richest country in the number of reptiles species, with 36
Testudines composedof31 continental turtle (tortoise and freshwater turtle) (Costa &
Bérnils 2018). Nineteen percent of the continental turtleshave faced some degree of
threat, mainly due to habitat degradation, introduction of invasive species, and pollution
(Gibbons et al. 2000; ICMBIo 2018). However, little has been investigated on Brazilian
freshwater turtles (Souza 2004), even during the past decade, which may hamper the
species management and conservation programs in Brazil. Similarly to studies on other
reptiles, the literature presents only a few investigations on turtles, which is associated
with their low detectability and density (Ernst et al. 1994). However, for urban
environments this scenario is different. Polluted water bodies with high organic matter
(resultingfromhuman sewage), provide turtles with food supplementation (Souza et al.
2008). Consequently, turtle populations present higher biomass and density, as recorded
for Phrynops geoffroanus (Souza & Abe 2000). In addition, urban areas imply issues of
species introduction, usually related to pet release (Romagosa 2015; Ciccheto et al.
2018), leading these areas to have higher turtle richness as a result from the sliders
assemblage composed of both native and alien species (Grou 2015; Molina et al. 2016).
The following two common alien species of freshwater turtle occur in Brazilian urban
areas: Trachemys dorbigni and T. scripta (eg. Santos et al. 2009; Molina et al. 2016;
Ciccheto et al. 2018). The assessment of their establishment degree and invasion

potential in Brazil represents a major issue because of their fast pace when reaching new
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areas (Molina et al. 2016). Unfortunately, little information is available regarding these

alien species in Brazil (Ziller & Zalba 2007).

Considering that urbanization can affect environmental characteristics and the
dynamics of wild populations, we aimed improving our knowledge on the population
parameters (e.g. population structure, density, movement, habitat preferences etc.) of
three freshwater turtles, as well as identifying the environmental characteristics that
influence their movement in urban areas. We based our investigation on the following
five leading questions: (1) Do alien and native species have different population size,
density and sex ratio and recapture rates? (2) Do native and alien species have different
home range size, and, if so, do these feature also differ between males and females? (3)
Do freshwater turtles have preference for any of the urban park features, such as
vegetation cover, basking sites, water, and walkways? (4)What is the average of
maximum range of movement for each species? (5) Is the distance ranged by animals
related to body size? We expect urban features to influence the population parameters
and movement of turtles since wild animals change their habitat use because of human
disturbance (Ryan et al. 2008; Rees et al. 2009; Cosentino et al. 2010; Hill & VVodopich

2013).

Material and Methods

Study area and target species

We sampled populations of three freshwater turtles at Parque do Ingé (23°25'S,
51°55'0), a municipal park in Maringa city, Parana sate (Figure 1). Its location

encompasses a transition zone of tropical and subtropical climate type, according to
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Koppen (1948). The predominant climate is subtropical, with mean annual temperature
varying between 20 and 21°C —the coldest month from 16 to17°C, and the hottest
between 27°C and 28°C. The mean annual rainfall varies between1500 and 1600 mm,
with wet summers and autumns (Deffune & Klosowski 1995; Marques 2004; SEMA
2011). We targeted the four species registered in the park: Geoffroy’s slide-necked
turtle (P. geoffroanus, Chelidae), D'Orbigny's slider (T. dorbigni dorbigni, Emydidae),
Red-eared slider (T. scripta elegans, Emydidae), and Hydromedusa tectifera (Chelidae).
However, based on the number of individuals captured over two years, and considering
that we captured only one individual of H. tectifera, we focused on the three remaining
species (Figure 2). Geoffroy’s slide-necked is the only native species in the region
among the turtles studied (Rueda-Almonacid et al. 2007). Both congeneric species,
D'Orbigny's slider and Red-eared slider were introduced in the region probably from pet
release, since both are popular in the context of commercial pet trade. Red-eared slider
is listed among the 100 worst invasive species of the world (Lowe et al. 2000). Detailed
description of the study area and target species are available above, in "General

introduction section".



Figure 1. Location of the area studied in Southern Brazil. The red square

represents the park studied (Parque do Inga), located in the urban area of
Maringa City.
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Figure 2. Species of freshwater turtles studied in urban area in the southern of

Brazil: (A) D'Orbigny's slider (Trachemys dorbigni dorbigni); (B) Geoffroy’s slide-
necked turtle (Phrynops geoffroanus); (C) Red-eared slider (Trachemys scripta
elegans); (D) Red-eared slider, and (E) D'Orbigny's slider marked with epoxy

number. Photos: Grou, C.E.V., Borges, T.F.
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Data collection

We captured the animals at 11 different locations along the park (Figure 3) and recorded
all trap locations in the field as Universal Transverse Mercator (UTM) coordinates by
using a Global Positioning System (GPS) portable receiver. We applied capture-mark-
recapture procedures from July 2016 to August 2018to estimate population size,

density, home range, habitat selection, and maximum range of movement. We used the
following three different methods to capture the animals: i) Active search; ii) Fishing
clip - adopted by Semefiiuk et al. (2017) (see detailed description in Appendix A). Both
methods (i and ii) were executed by two people during five hours; iii) Funnel trap 1.2m
baited with meat activated during 24h — used occasionally as a complementary method

due to the above-mentioned difficulties.
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Figure 3. Map with trap locations(blue dots) to capture three species of

freshwater turtles at an urban park, Parana state, Brazil.
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From each captured individual we measured curvilinear carapace length (CL) and width
(CW), plastron length (PL), and width (PW). They were sexed based on secondary
sexual features (e.g. body size) and had their juvenile or adult status recorded according
to the body size (Molina 1989; Close & Seigel 1997; Fagundes et al. 2010). We could
not precisely determine the sex of the individuals <10 cm (Geoffroy’s slide-necked
turtle and Red-eared slider) and <13 cm (D'Orbigny's slider) of CL ;therefore, we

classified them as juveniles.

All the individuals trapped at the first capture were marked with epoxy numbers
glued on the carapace (Figure 1D, 1E) andthe plastrons photographed as a control mark.
After these procedures, the turtles were released at the capture site. The number mark on
the carapace of the individuals enabled the identification of the sliders through active
search.We considered the visualization of the individuals as a recapture. In total, we
have 61 capture-recapture sessions, our of which24 represented capture events. On
average, we sampled the area three times amonth, every month of the study period,
except between November 2016 and February 2017, February and April 2017, and May,
and August 2018. Instituto Nacional de Metereologia (INMET) provided the climatic

data (rainfall and temperature) related the period between July 2016 and August 2018.

Data analysis

We used a Maximum-likelihood approach on program DENSITY (version 5.0, Efford et
al. 2004) to estimate population size, turtles’ density and average home-range
parameters of each species from the trapping data according to the Spatial Explicit
Capture-Recapture model (SECR). We modeled the capture probability based on the

distance between the trap and the home-range center assuming that the spatial position
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of home-range centers followed a Poisson distribution. We applied the simplest spatial-
detection function available in DENSITY (half-normal),a function with two parameters:
the first (c) corresponding to a measure of home range size (2.45¢ = 95% home-range
radius assuming a circular shape (Efford et al. 2005) and the second (g0) being the one
night probability of capture at the home-range center. All computation procedures
involved default settings. We used chi-square test for each species to verify whether sex

ratio differed from 1:1.

We applied a closed population model to estimate density and population size
considering the closed characteristic of the study area and the long period of life of the
animals, in addition to the lack of expectations for large fluctuations in the population
parameters during the study period (Plummer 1977). We used corrected Akaike’s
information criterion (AlCc) values to choose between a null model with g0 and
constant — Model (.), and models in which both parameters varied according to: (1)
Temporal variation in detection parameters (g0 and o) over the time — Model (t); (2)
behavioral response to capture, either permanent — Model (bp) (lasting the entire
trapping session) — or temporary — Model (bt) (affecting only the next capture),and (3)
considering sex differences in g0 and o — Model (sex) (Borchers & Efford 2008). We
selected the best model based on the minimum values of the AAICc (<2; Lebreton et al.

1992).

We calculated home range by using Minimum convex polygons (MPC), as
recommended for amphibians and reptiles by Row & Blouin-Demers (2006), on the
adehabitat HR package of R statistical computing environment (RStudio Team 2016).
We estimated home range (MCP 100%) only for turtles occuring in at least five
locations (trapped at least five times over the two years) and also trapped at more than

two different sites. The analysis of habitat selection of the individuals was perfomed
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using the adehabitat HS package of R statistical computing environment, according to
the Design 11 approach, which identifies the animals measures their habitat - habitat
availability defined at the population level, i.e., the same for all animals. To calculate
the habitat available, we firstly characterized each trap location, created a concentric
buffer of 5 m around each one, and calculated the percentage of cover vegetation, water,
surface available to sunbath (basking sites), and walkways on software Quantum GIS
(QGIS Development Team 2016, version 2.16).We considered as habitat used the trap
locations where a given individual was trapped. We compared the habitat types used
and available according to the Manly selection ratios (Manly et al. 2002). For each
animal, we calculated a preference ratio according to the habitat type. Upon equal
habitat preference for all individuals, preference ratios were averaged, while different
preferences generated a factorial investigation using an eigenanalysis (Calenge &
Dufour 2006). Eigenanalysis is an extension of principal component analysis including
a graphic expression of habitat preference. This analysis produces plots that are
explained by two factors or axes (factorial axisl — the x-axis, and factorial axis 2 — the
y-axis). The first factorial axis relates to the most selected habitat types and represents a
useful tool to investigate the variability in habitat preference between individuals and

identify groups of individuals choosing the same habitat (Calenge & Dufour 2006).

We analyzed the maximum range of movement per individual through a straight
line distance between the two farthest locations recorded (Ryan et al. 2014). We applied
simple linear regression using ordinary least squares (Zar 1996) to assess the effect of
the body size (carapace length - CL) on maximum distance ranged (MDR) according to
the species, in which CL is the independent variable and MDR is the dependent one. In
addition, we used linear regression to analyze the effect of accumulated rainfall on the

abundance of each species. We ran separate models for each species, in which the



32

rainfall the independent variable and abundance as the dependent variable. We used the

package “Ime4” on the R statistical computing environment (RStudio Team 2016).

Results

We sampled 96 freshwater individual turtles out of 61 capture-recapture sessions over
two years, distributed in 41 Geoffroy's side-necked turtles (26 females, 9 males, 6
juveniles), 35 D'Orbigny's sliders (24 females, 9 males, and 2 juvenile), and 20 Red-
eared turtles (11 females, 8 males, 1 juvenile).The three species presented fluctuation in
abundance along the seasons (Figure 4 and 5), however, only the Red-eared turtle had a
significant relationship between abundance and rainfall (P <0.03, F=5.32, r2:0.21).
Geoffroy's turtle captures were more common in August 2017 (17 individuals), whereas
D'Orbigny's slider occurred mainly in September 2017 (22 individuals), and Red-eared
turtle in January 2018 (12 individuals). For two species, the sex ratio tended
significantly to females: 2.8:1 for Geoffroy's side-necked turtle (x2 =8.25,df=1,p =
0.004), and 2.6:1for D'Orbigny's slider (x2 = 6.81, df = 1, p = 0.009). The sex ratio did

not differ from 1:1 for Red-eared turtle (x2 = 0.47, df = 1, p = 0.49).
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2018 in Maringa City, southern Brazil. Gray bars represent the rainfall (mm) and

black line the temperature (C°).
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Population size (£SE) was estimated as 59 individuals (x7.6) for Geoffroy's
turtle, 36 individuals (£1.4) for D'Orbigny's slider and 20 (+0.5) for Red-eared turtle.
Each species presented one different variable influencing the probability of capture
(Table 1). The top models for all turtles were strongly supported (Table 1). The model
including the variable sex[sex] supported the capturability of Geoffroy's side-necked
turtle. The non-native species D'Orbigny's slider presented a temporary response
behavior to capture [bt], and the variable of time influenced the Red-eared turtle
catchability [t]. Turtle density for all species ranged between 0.8 and 1.7 individuals per
hectare (Table 1). Red-eared turtle presented the lowest population density: 0.87
individual/ha, followed by Geoffroy's side-necked turtle with 1.36 individual/ha. The
population of D'Orbigny's slider showed the highest density: 1.72 individual/ha. The
proportion of recaptures was higher for the alien species (70% and 65% for Red-eared
turtle and D'Orbigny's slider, respectively), whereas the native species presented a
recapture rate of 42%. Overall, 44% of turtles were recaptured only once. More than
half (58%) of Geoffroy's side-necked turtles were captured once, although this
percentage was lower for both alien species, 37% for D'Orbigny's slider and 30% for
Red-eared turtle. Additionally, aliens species were recaptured more frequently (over 10

times) than the native ones (maximum of 6 times).
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Table 1. Estimates of freshwater turtles density, per hectare (xStandard Error),

and parameters of a half-normal detection function g0 and o. AAICc is the

difference between the corrected AIC of the model in question and the best

model (with lowest AlCc). See methods section for explanation of models. Total

number of Phrynops geoffroanus was 41, Trachemys dorbigni dorbigni was 35,

and Trachemys scripta elegans captured was 20 at urban park, southern Brazil.

The number of recaptures were 17, 23 and 14, respectively.

Model Density(zSE) g0 c AICc  AAICc
Phrynops geoffroanus

[sex] 1.36 (0.34) 0.02 99.48 491.03 0
[] 1.35(0.34)  0.02 99.71 49242 1.39
[t] 1.84 (0.40) 0.02 93.37 495.00 3.97
[bp] 1.59 (0.41)  0.01 169.68 496.04 5.01
[bt] 1.36 (0.34)  0.02 93.12 497.49 6.46
Trachemys dorbigni dorbigni

[bt] 1.72(0.36)  0.03 86.56 1019.02 0
[sex] 1.67(0.35)  0.03 97.66 1037.96 18.94
[t] 1.58(0.34)  0.03 92.72 1038.19 19.17
[bp] 1.91(0.45)  0.01 97.38 1038.35 19.33
[] 1.66 (0.35)  0.03 97.97 1040.39 21.37
Trachemys scripta elegans

[t] 0.87(0.25)  0.07 64.18 691.15 0
[bt] 0.93(0.26) 0.06 64.65 702.30 11.15
[sex] 0.91(0.25) 0.2 57.52 709.68 18.53



[]
[op]

0.91 (0.26)

0.98 (0.27)

0.10 59.62 711.18 20.03

0.09 60.81 740.78 49.63
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Many of the individuals captured presented less than five recaptures and/or were
recaptured at the same point. Therefore, we estimated the home range only for six
individuals: five D'Orbigny's slider (four females and 1 male) and one female of
Geoffroy's side-necked turtle. Home range size estimated as MCP 100% for these
individuals ranged between 0.04 and 0.48 ha. Estimative of home range size for the
single Geoffroy's side-necked turtle was 0.26 ha (2.600 m2), whereas for D'Orbigny's

slider the average was 0.31 ha (3.100 m2).

Manly's selection ratios showed that individuals selected habitats in different
ways (X2 = 289.6, d.f. = 63, P< 0.001). Therefore, we expressed the graphic exploration
of the habitats selected by individual turtles through eigenanalysis, which revealed a
strong preference for walkway habitats by the three turtles (Figure 6). D'Orbigny's slider
presented the highest distance ranged,525.8m, in addition to having been the only
species with a positive relation between body size and maximum distance ranged (P
<0.05, F=8.70, r2:0.30) (Figure 7C). The native species ranged 322.4m and Red-eared

turtle presented the lowest maximum distance ranged,227.3m.
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Discussion

Our study is pioneer at analyzing the population ecology of native and alien species of
freshwater turtles coexisting in Brazil. The three freshwater turtles studied presented
similar population parameters in the context of the urban park studied. Our results
showed that a particular urban feature (i.e. presence of walkway) strongly influenced the
turtles’ preference of habitat. Furthermore, our study detected a change in behavior to
avoid trapping by the alien species D'Orbigny's slider. Moreover, other characteristics
recorded here for D'Orbigny's slider (eg. longest distance ranged and its relation with

body size), suggest its potential as an invasive alien species.

The species of turtles inhabiting the study area may present different strategies
to coexist, such as spatial-temporal segregation, different use and selection of habitat, in
addition to dietary shifts (Segurado & Figueiredo 2007; Alcalde et al. 2010). In fact, our
study revealed a variation in an annual activity pattern including a monthly fluctuation
for each species. The native species was more abundant in August, slightly earlier than
expected (Souza &Abe 2001). D'Orbigny's slider presented higher relative abundance in
September, different from the related previous records (February and March — Fagundes
et al. 2010; November and December — Bujes et al. 2011). Red eared turtle presented
activity pattern during the summer, between January and March, when this species
occurs at the highest abundance in its natural distribution range (Morreale et al. 1984;
Bluett & Cosentino 2013). The months of the highest abundance of males and females
did not overlapp as expected. A possible explanation is that males become active earlier
in time to increase their chances of mating with females (Morreale et al. 1984). We
recorded this activity in 2016, however, in 2017 the highest abundance of males

occurred just after the highest activity period of females. This pattern differs from the
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other two species studied, in which both genders presented an activity peak within the
same month. The activity pattern of Testudines closely relates to weather conditions,
such as temperature and rainfall (Souza 2004). In the city of Maringa, the hottest and
rainiest months occur in the summer, and the coldest and drought period are in the
winter. Both Geoffroy’s slide-necked turtle and D'Orbigny's slider presented high
activity during the dry season. Warm temperatures were recorded during such period
(>25 C°), which is important for turtles activity (Kepenis & McManus 1974).
Additionally, the drought period offers a higher availability of basking sites due to a
lower water level, thus enhancing sunbath activity (Souza & Abe 1999; Souza 2004).
Meanwhile, red-eared turtles had more occurrences in the summer, period with higher
temperatures and rainfall. As a result, food availability increases, which seems to be an

important factor influencing their activity (Morreale et al. 1984).

We recorded more females than males for all three sliders, which has many
possible explanations, such as the capture method used, season studied, or even the
incubation temperature of the embryo (Dobie 1971; Bull & Vogt 1979; Souza & Abe
2001).Some authors found the same pattern at other locations (Fagundes et al. 2010;
Bujes et al. 2011; Silva 2016), however, the opposite pattern also appeared in records
for the three species (Morreale et al. 1984; Parker 1996; Bager 2003; Souza & Abe
2000; Souza & Abe 2001; Silveira 2013). It is possible that our study underestimated
the abundance of young turtles as a result of lower detectability and/or due to the
capture method applied. Neither the trap or fishing clip captured these animals, which
occurred only through active search. Therefore, we did not assess the recruitment of

juveniles turtles.

Regardless, our results showed a high recapture ratio for all the three species

studied, despite the low values for population size and density. The study area is
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relatively closed, which can provide the permanence of the animals. The park studied
hasmany connected lakes, but the connection between the lakes and the stream, which
flows out to the park, occurs through a channel. The stream is very shallow and presents
consequences of human interference. When the channel reaches the stream, a large drop
emerges. These characteristics probably lead the turtles to avoid passing through this
path, therefore, the structure of the park, the features of the stream and the mobility
across these water bodies may explain the relation between size/density of the
population as well as there capture rate (Souza & Abe 2001; Fagundes et al. 2010;

Bujes et al. 2011).

In our study site, the native turtle presented low population size (59) and density
(1.36 turtle/ha). Estimates of Chelidae population size can reach much higher values
according to the habitat conditions, ranging from 16 (Mesoclemmys vanderhaegei) to
318 turtles (Hydromedusa maximiliani).Protected areas (e.g. Conservation Units) have a
higher population size than thosesurrounded by pastures or under some human
disturbance (Martins & Souza 2009; Forero-Medina et al. 2011; Marques et al. 2013;
Brito et al. 2018). Geoffroy’s slide-necked turtle presented a low density estimate,
similarly to the Chelidae M. vanderhaegei in a silvicultural system (0.65; Marques et al.
2013). In contrast, the density of M. dahli an environment under human impact
(livestock around) varies between 16 to 170 turtles/ha, according to the season (Forero-
Medina et al. 2011). For the Geoffroy’s slide-necked turtle inhabiting an other urban
area, including food supplement from polluted river, the density reached a much higher
value in relation to the findings in our study (200 turtle/ha; Souza & Abe 2000).
However, since these estimates derive from distinct sample methods and environmental
conditions, caution should be considered when establishing a comparison (Forero-

Medina et al. 2011).
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Despite its small population size, the native Geoffroy’s slide-necked turtle had
higher population size than the two alien species. Sex ratio (female-biased) representing
another parameter with a higher value , supporting the highest parsimony model for this
species, in which sex influenced the capturability (Table 1). In contrast, our percentage
of recapture recorded for Geoffroy’s slide-necked turtle (42%) is much higher than the
previous recordsfor this species in other habitat types (2.4%, Souza & Abe 2001;

0.99%, Santana 2016).

The study area presents many anthropic disturbances, such as modification of
marginal vegetation, changes in the water bodies structures, recreational fishing (Rocha
et al. 2018), and especially the introduction of alien species along with all the associated
impacts (e.g. disease transmission, resource competition, and possible extinction of
local species; Ziller & Zalba 2007; Bujes 2011; Romagosa 2015). The Geoffroy’s slide-
necked turtle remain living in these areas despite all the factors of human impacts
mentioned. This slider is well known for its resilient capacity to inhabit and prosper in
altered areas (e.g. Martins et al. 2010). However, our study was pioneer at analyzing the
population dynamics of Geoffroy’s slide-necked turtle coexisting , which should receive
a continuous monitoring considering all the potential impacts involved. D'Orbigny's
slider presented the highest density (1.72 individual/ha) among the species assessed, but
in its natural distribution area, it presents a much higher density (7 - 19 individual/ha,
Bujes 2008; Bujes et al. 2011), probably because of the park environmental
characteristics, as previously mentioned. In contrast, our results evidenced an invasive
potential of D'Orbigny's slider. As an alien species, it has features of an established
population, reproducing locally and capable to reach new areas (Ziller & Zalba 2007;
Ciccheto et al. 2018).0ur results also demonstrated changes in the D'Orbigny's slider’s

behavior in response to capture (i.e. marked turtles shifted their temporary behavior to
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avoid recapture). Other studies had recorded the wariness behavior during the capture-
recapture process for some Emydidae species (Tinkle 1958). In addition, D'Orbigny's
slider presented high spatial orientation (i.e. ability to return to nesting areas and to
distinguish movement direction; Bager et al. 2012).All these features indicate a complex

cognitive ability, which implies further, improved assessments.

Our study points out to the red-eared turtle with the lowest density (0.87
turtle/ha) and population size (20). The literature introduces studies encompassing other
locations in which the high population size and density estimated relate to the size of the
area sampled, much larger than ours(Parker 1996; Gibbons 1970; Abigayle 2009).
Additionally, we applied a different method to our investigation and some of the
sampled areas were undergoing the introduction of the animal. It is important to
emphasize that these factors can influence the estimates (Abigayle 2009). Our study
area is a public park, and Red-eared turtle had been recorded for this type of
environment on nearby the city (Grou 2015); therefore, it is rather likely that this
species had been introduced by local people (Romagosa 2016). Some authors suggest
human traffic as the fundamental triggering factor for the introduction of Red-eared
turtle distribution, and not the expansion of established populations(Thomson et al.
2010). Currently, it is illegal to trade this slider species in Brazil, which is probably the
reason for the recent lower incidence of introduction of new individuals. In addition, we
found evidence of their reproduction and settling in the area studied (i.e. females

nesting, males displaying court behavior, and presence of juveniles).

Currently, only a few studies propose to analyze the population ecology of
Brazilian freshwater turtles, and even fewer investigate their movement pattern, home
range or habitat selection (Fachin-Teran et al. 2006; Famelli et al. 2016; Ledo et al.

2019). The alien D'Orbigny's slider and the native Geoffroy’s slide-necked turtle seem
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to have similar size according to the home range estimated in this study; in addition to
the same similarity between males and females. However, our data allowed to estimate
such parameter only for a single individual of native species, and one male, which
implies an impossibility to support this similarity. Moreover, we also acknowledge that
the home ranges size estimated in this study may dependent on the scale of the trapping
grid used, but we believe the information provided from our investigation to contribute

to the knowledge on the ecology of these species.

Nevertheless, the home range and movement pattern of freshwater turtles
estimated in other types of habitat types are similar to our findings. Even though the
home range size of alien D'Orbigny’s slider (0.04 - 0.48 ha) is low, it is within in the
range estimated for Emydidae species, which varies between 0.003 ha (Glyptemys
muhlenbergii) and 61.2 ha (Emydoidea blandingii) (Morrow et al.2001; Arvisais et al.
2002; Donaldson & Echternacht 2005; Litzgus & Mousseau 2006; Edge et al. 2010;
Fortin et al. 2012).The home range estimated for a single Geoffroy’s slide-necked also
presented a low value (0.26 ha), but higher than that estimated by Souza et al. (2008) for
the same species in an urban river (0.04-0.12 ha). According to the authors, the small
areas recorded probably reflect the high supplementation of food by the polluted river.
For Brazilian Chelidae species, the home range size varies from 0.2 ha (Hydromedusa
maximiliani) to 16 ha (Mesoclemmys dahli) (Magnusson et al. 1997; Forero-Medina et

al. 2011; Famelli 2013).

Regarding habitat preferences, the species did not use overall habitat randomly
at their home ranges, but preferred areas with presence of walkways. This behavior is
expected since the study site is located in a public park inside an urban area frequently
visited by residents and tourists. We had previously observed people feeding wild

animals, including sliders (pers. obs.), inside the park studied. Regardless of being
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intentional, supplementary feeding of wildlife can generate severe problems, such as
altered animal behavior and damages to natural ecological processes (Green & Giese

2004).

Furthermore, we found the maximum range of movement for the D'Orbigny's
slider, which was the only only species to show a significant positive relation between
the maximum distance ranged and carapace length. Similar results had been registered
for populations of turtles in Brazil (P. geffroanus— Souza et al. 2008; T.dorbigni— Bager
et al. 2012). Some variables are able to influence the home range and dispersal of
freshwater turtles, such as environmental structure, presence of predators, availability of
reproduction area, and food availability (Souza & Abe 2000; Compton et al. 2002;

Cosentino et al. 2010; Paterson et al. 2012; Ghaffari et al. 2014).

Our results revealed similar population parameters, home range and habitat
selection between native and alien species of freshwater turtles coexisting in urban
environment. The urban features influence the movement of these sliders, especially the
presence of walkway (presence of feeders). We also recorded that both of the alien
species are established (currently reproducing), especially according to the results found
for D'Orbigny's slider, highlighting its potential as an invasive alien species. Therefore,
it is fundamental to maintain the monitoring of freshwater turtles inhabiting in Parque
do Inga in order to assess the dynamics of both native and alien populations over the
following years. It is important that Brazilian environmental authorities are attentive to
our results to support and provide legal and political infrastructure to projects involving
urban fauna, especially those including alien species. It is essential to apply such
strategy at national and regional levels with elements to prevent and control the
distribution of alien species by training technicians, creating public policies, investing in

education and research, and fostering an integrated management between society and



government (Ziller & Zalba 2007). The information in this study can support

management plans for the context of urban parks in the city of Maringa.
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2. Home range and habitat selection of an alien turtle species in the

Southern Brazil: the D*'Orbigny's slider (Emydidae: Testudinae)

Area de vida e sele¢io de habitat de uma espécie exdtica de queldnio no Sul do

Brasil: o Tigre d'agua (Emydidae: Testudinae)

Areas de campeo y seleccion de habitat de una especie de tortuga exotica en el

Sur de Brasil: la Tortuga pintada (Emydidae: Testudinae)

Abstract

Different alien species have been invaded freshwater ecosystems, such as
freshwater turtle. Increasing knowledge about homing patterns and individual
movement is crucial to understand the activity of potential damaging species to the
environment. Therefore, our main goal in the present study was to provide
information from radio tracking data regarding to home range, habitat selection and
maximum distance range by D'Orbigny's slider (Trachemys dorbigni dorbigni) as
an alien species. We captured ten D'Orbigny's slider (nine females and one male)in
an urban park in southern Brazil, and we tracked then between September 2017
and May 2018 by radio transmitter. Our results revealed a mean home range of
1.90 ha (KDE 95%) and 3.39 ha (MPC 100%), and this was dependent to body
size. Studied turtles selected habitats with urban features, in particular with
presence of feeders. Our results showed that D'Orbigny's slider as an alien species
present an established population, with high availability of food, and with potential
to reach new areas. Long term monitoring should be considered by authorities to

assess its expansion in urban areas to control this alien species.

49



Resumo

Diferentes espécies exoticas tém invadido os ecossistemas de agua doce, como as
queldnios-de-agua-doce. O aumento do conhecimento sobre os padrfes de area de
vida e movimento individual é crucial para entender a atividade de possiveis
espécies que podem causar danos ao ambiente. Dessa forma, o principal objetivo
do presente estudo € trazer informacdes através de radio telemetria a respeito da
area de vida, selecdo de habitat e maxima distancia alcangada pela espécie
introduzida Tigre d'agua (Trachemys dorbigni dorbigni). N&s capturamos dez
Tigre d'agua (nove fémeas e um macho) em um parque urbano no sul do Brasil, e
0s rastreamos entre setembro de 2017 e maio de 2018 por meio de radio
transmissor. Nossos resultados apontam para uma area de vida média 1.90 ha
(KDE 95%) e 3.39 ha (MPC 100%), e este parametro foi dependente do tamanho
do corpo. Os animais selecionaram ambientes com caracteristicas urbanas,
principalmente com a presenca de pessoas que os alimentam. Nossos resultados
mostraram que o Tigre d'dgua, como espécie exotica, apresenta populacéo
estabelecida, com alta disponibilidade de alimento e apresenta potencial para
alcancar novas areas. O monitoramento a longo prazo do Tigre d'agua deve ser
considerados por autoridades ambientais de modo a avaliar sua expansao em areas

urbanas e prever acdes para controlar essa espécie exdtica.
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Resumen

Diferentes especies exoticas han invadido los ecosistemas de agua dulce, como las
tortugas de agua dulce. Incrementarar el conocimento sobre los patrones de area de
campeo Yy el movimiento individual es crucial para comprender la actividad de especies
potencialmente danifias para el medio ambiente. Por lo tanto, el objetivo principal del
presente estudio es proporcionar informacion de radio telemetria sobre la &rea de vida,
la seleccién del habitat y la distancia méxima alcanzada por la especies introducida
Tortuga pintada (Trachemys dorbigni dorbigni). Capturamos diez Tortuga
pintadas(nueve hembras y un macho) en un parque urbano en el sur de Brasil, y los
rastreamos entre Septiembre de 2017 y Mayo de 2018 por un transmisor de radio.
Nuestros resultados apuntan a un area de vida promedio de 1.90 ha (95% KDE) y 3.39
ha (100% MPC), y este parametro dependia del tamafio corporal. Los animales
seleccionaron ambientes con caracteristicas urbanas, principalmente con la presencia de
personas que los alimentan. Nuestros resultados mostraron que la Tortuga pintada como
especie exotica tiene una poblacion establecida con alta disponibilidad de alimentos y
potencial para alcanzar nuevas areas. EI monitoreo a largo plazo debe ser considerado
por las autoridades ambientales para evaluar su expansion en areas urbanas y controlar

esta especie exotica.
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Introduction

Freshwater ecosystems have been heavily invaded by many different alien species
(Strayer 2010).Turtles are one of these alien species which are introduced in the
freshwater system directly by human, principally through trade of pets (Lowe et al.
2000; Kraus 2003).There is an overall lack of knowledge regarding the introduction of
alien species in Brazil. Hence, applied research should be developed to build a
framework to prevent, manage and, if necessary, to control the invasive alien species
(Ziller & Zalba 2007).Increasing our knowledge about homing patterns and individual
movement is crucial to understand the activity of potential damaging species to the
environment. These type of study may be even more essential when involve problems
associated with habitat fragmentation, climate change, spread of diseases/pests, and
biological invasions (Nathan 2008;Tiirkozan et al. 2019).Therefore, information about
spatial-temporal distribution and movement patterns of alien species are key to facilitate
its management (Ziller & Zalba 2007; Hawkes et al. 2011).

The D'Orbigny's slider (Trachemys dorbigni dorbigni) (Duméril&Bibron 1853),
was one of the most abundant freshwater turtle in Rio Grande do Sul, the only state in
Brazil where it is considered a native species (Bujes & Verrastro 2008; Bujes 2010).
Currently, this slider is near threatened as result of the intense human impact over its
population (e.g. commercial trade of hatchling) (IUCN 2019). Due to trading as pet, it is
reaching new areas in South America as an alien species, mainly in urban areas (Santos
et al. 2009; Alcalde et al. 2012; Santanaet al. 2014; Ciccheto et al. 2018). Information
about the ecology of D'Orbigny's slider within its natural distribution range has been
published in several studies (eg. Bager et al. 2007; Fagundes et al. 2010; Hahn et al.
2014). However, these information is neglected from those areas where this slider has

been introduced and even less in urban areas. Increasing our knowledge regarding the
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spatial ecology and habitat preferences of an alien slider is key to understand its
potential invasions capacity. Therefore, our main aim in this study was to provide novel
knowledge regarding the ecology of the species in an urban area where it has been
introduced. In particular we monitored sliders through radio-tagged animals to
determine their home range size, habitat preferences and maximum distance ranged by
individuals. This would facilitate the efficiency and effectiveness for future slider

management in urban areas.

Material and Methods

Data collection

This study was carried out at a Municipal park called Parque do Inga, in Maringa
City (23°25'S, 51°55'0), state of Parana, Brazil (see detailed description in General
Introduction session). We captured the animals with two methods: active search and
a Fishing clip (Appendix A), during monitoring between September 2017 to May
2018. After capture, we recorded the body measures of each individual (e.g.
carapace length and body mass), we sexed them based on secondary sexual
characteristics (Fagundes et al. 2010), and marked with epoxy numbers glued on the
slider carapace. A total of 10 adult D'Orbigny's sliders (nine females and one male;
Figure 1A) were tagged with very high frequency (VHF) radio telemetry
(Transmitter VHF TIGRINUS, version 1.2, Tigrinus Equipamentos para Pesquisa,
Timbo, Brazil). We attached the VHF component to the upper middle of the

carapace, with epoxy glue (Figure 1B). The entire package attached to the turtles not
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exceeded 7% of the individual's body mass, conform recommended by Schubauer

1981. We tracked the individuals on a weekly basis during the entire study period.

Figure 1. D'Orbigny's slider (Trachemys dorbigni dorbigni) after capture (A) and

with radio transmitter VHF attached in the carapace (B). Photo: Grou, C. E. V.,

Rocha, S. B.
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Data analysis
Slider home ranges were calculated with two estimators: 95% and 50% kernel density
contour range estimates (KDE95 and KDESO0, respectively) (Worton 1987), and 100%
minimum convex polygons (MCP100) using ‘adehabitatHR” package (Calenge 2006) in
the R statistical computing environment (RStudio Team 2016).The KDE95 estimate
corresponds to the smallest area over which the probability of locating an animal is 0.95
(Calenge 2006). This estimator generally provides more accurate estimates of range use
than the MCP100 (Seaman et al. 1999; Borger et al., 2006), as the MCP100 includes
longer-distance forays away from the core home range (Laver & Kelly 2008).Similarly
for the KDESO0 estimate, the probability of locating an animal is 0.5,and generally
represent the core area of the home range (Matthews & Green 2012). The KDE
estimates were calculated using the least-squares cross-validation (LSCV) smoothing
parameter (Seaman et al. 1999), and the MCP estimates were calculated using the
harmonic mean peel center (Blackie et al. 2011).Despite MCP provide a simple and
crude outline of a home range, for amphibians and reptiles this is the recommended
estimator to calculate home range size (Row & Blouin-Demers 2006). However, we
decided to calculate both estimates in order to allow comparisons with other studies.
Additionally, we used linear regression to evaluate if there were a lineal relationship
between body size (carapace length) and home range size. We ran separate models for
each estimator (i.e. MCP100 and KDE95) using package “lme4”in the R statistical
computing environment (RStudio Team 2016).

Habitat preference analyses were based on the approach that assumes that all
habitat types are equally available to all monitored turtles, but habitat used is measured
for each individual (Thomas & Taylor 1990). Habitats were identified by digitizing

habitat types from Google Earth aerial photographs using Quantum GIS (QGIS
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Development Team 2016, version 2.16). To calculate proportion of habitat availability,
we created 700 random points throughout the park area, considering that this species
can move both in water and land habitat (Bager & Rosado 2010).To access the habitat
selected, we overlaid sliders locations on the map of the area. Each available and
selected location were classified as one of the seven types of habitat: ) Vegetation
cover; Il) Water; 111) Walkway - track which people and vehicle can transit; 1V)
Channel - system which drain water from rainwater/unknown origin to the lake of the
park; the point where the channel reach the lake is submerged in water, becoming a
concrete burrow; V) Feeders - specific places where local people use to give food to
turtles; VI) Basking area - surface available to sunbath; VII) Rest area - small swamp on
the edge of the lake, covered by twigs, and far from walkways; at this place turtles dig
natural burrows and retreating back at dusk to rest/sleep. Finally, we calculated the
proportion of available locations in each habitat types. To evaluate habitat used, we
calculated the proportion of fixes in each habitat type for each individual.

To analyze habitat preferences by the individuals we used the adehabitatHS
package in the software R. We compared the habitat types used and available through
Manly selection ratios. For each animal, a preference ratio was calculated for each
habitat type. If habitat preference was the same for all individuals, preference ratios
were averaged. If preferences differed between individuals, a factorial analysis was
carried out using an eigenanalysis (Calenge & Dufour 2006). This is a useful tool for
investigating variability in habitat preference between individuals, and for identifying
groups of individuals that choose the same habitat. The analysis assigns scores that
maximize the squared deviation between individuals. It also assigns scores to the habitat
types that maximize the squared distance between the habitats that are used in

proportion to their availability (Calenge & Dufour 2006). The analysis produces plots
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that are explained by two factors or axes (factorial axis1 — the x-axis, and factorial axis
2 —the y-axis). The first factorial axis is for habitat types that are selected the most.
Finally, for each individual, we analyzed the maximum range of movement
through straight line distance between two farthest locations recorded (Ryan et al.
2014). The climatic data (rainfall) between September 2016 and May 2018 were taken
from Instituto Nacional de Metereologia (INMET). To evaluate the effect of rainfall on
the mean distance ranged (MDR) per month we used linear regression, being the rainfall
as the independent variable and MDR as the dependent variable. We used the package

“lme4”in the R statistical computing environment (RStudio Team 2016).

Results

In overall, we recorded 190 slider locations, approximately 19 for each individual.
There was a variation in the number of days that the animals were tracked (Figure 2):
half of them were tracked for 252 consecutive days (ID 20, 37, 38, 56 57), one slider for
247 days (ID 27), another for 114 days (ID 69), and the others three sliders were
monitored for 86 days ( ID 8, 43, 78). No terrestrial movement was recorded for animals
tracked, being all fixes registered in water (Figure 3). D'Obrigny's slider showed high
fidelity to burrows submerged in water (rest area and rain drain channel). All
individuals monitored used the rest area at least once, with other turtles; and the drain

channel presented the same pattern, however was used only for 7 individuals.
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Figure 2. Number of days (Time) which each individual of D'Orbigny's slider
(IDs) was radio tracked, from September 2017 to May 2018. Blue bars

represents the females (N = 9) and pink male (N = 1).
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Figure 3. Home range of each D'Orbigny's slider tracked in Parque do Inga,
Parana state, Southern Brazil. The number on the corner of the image is the
individual identification. All individuals are females, except individual 38. Home

range estimated by 100% of minimum convex polygon.
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The estimative of home range size was different for each estimator used (Table
1). For MCP100 the size estimated varied between0.16 and 6.01 ha (3.39+2.48),
whereas for KDE95 the values ranged from 0.78 to 3.09 ha (1.90+0.84),with a mean
core area (KDES0) of 0.40 (+0.17).The only male tracked presented home range size
included in the range estimated for other individuals (MCP100 = 5.19 ha; KDE95 =
2.13 ha).In average, home range size estimated by MCP100 was nearly twice larger than
KDE95. Only for two individuals the home range calculated by MCP100 was smallest

than KDE95.

There was a significant relation between carapace length and home range size
estimated by MCP100 (F1s = 7.54, R? = 0.48,P = 0.02, Figure 4), however this
relationship was not significant for KDE95 (F1s = 2.89, R? = 0.26,P = 0.12).In our study
site, most of the available habitat was covered by vegetation (81.4%), whereas the
availability of other habitat types was much lower (Water 8.1%; Walkway 6%;Basking
sites 1.86%; Rest area 1.29%; Feeders 0.71%; Channel 0.57%). Regarding habitat
preferences, our results showed that individuals sliders selected habitats in different
ways (Manly’s selection rations chi-square test; X2=4124.8, d.f.= 6, P <0.001 ,Figure
5). So, we graphically explored the habitats selected by individual sliders using the
eigenanalysis (Calenge & Dufour, 2006).This showed a strong preference by two slider
for places with feeders, three preferred rest area, followed by basking areas, rain drain
channel and one individual selected water. In contrast, places covered by vegetation and

walkways were avoided by all tagged sliders (Figure 6).
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Table 1. Home range size of 10 D'Orbigny's slider (nine females and one male)
radio tracked at urban park, Parana state, southern Brazil. Area (hectare)
estimated by 100% of minimum convex polygon (MCP100), and by kernel

density 50% (KDE50) and 95% (KDE95). Gray row represents the only male

tracked.

ID KDE50 KDE95 MCP100
8 0.17 0.78 0.16
20 0.52 2.46 5.65
27 0.60 3.09 5.85
37 0.39 1.90 4.52
43 0.24 1.05 0.34
56 0.56 2.57 6.01
57 0.64 2.92 5.38
69 0.26 1.25 1.75
78 0.25 1.11 0.84

38 0.48 2.13 5.19
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Figure 4. Relation between home range size estimated by 100% minimum
convex polygon (MCP100), and carapace length of ten D'Orbigny's slider

tracked in an urban park, Parana state, southern Brazil.
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Figure 5. Manly’s selection ratios of habitat use based on radio tracking data of
ten D'Orbigny's slider. Values above 1 indicate habitat selection relative to
availability; values below 1 indicate avoidance. Channel = Rain drain channel;

Feeder = places where local people give food to turtles.
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Figure 6. Results of eigenanalysis of selection rations, showing habitat
preference by individual radio tracking data of ten D'Orbygny's slider, using
design Il. The arrow length represents the selection by individual for the habitat

type indicated (the longer is the arrow, the greater is the preference).
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The maximum distance ranged by sliders spanned from 33.60m to 410.40 m, and
we recorded a changing in the distance ranged by turtles over the months (Figure 7).
The mean distance moved for all individuals reached maximum value in October 2017
(312.7m), same period which the rainfall increased (311.9mm), and after a drought
period in the region. In January 2018, month with highest value of total rainfall (357.7
mm), movement of the sliders had risen again, however, they moved less than in
October (mean of 92.62m). Between March and May 2018 the animals decrease them
movement and remain for many days in the small lakes. Although, the relationship
between rainfall and mean movement ranged per month was not significant (Fy7 = 3.10,

R?=0.30,P =0.12).
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Figure 7. Mean range of movement per month for 10 D'Orbigny's slider
monitored by telemetry, and mean rainfall from September 2017 to May 2018,
in urban park in southern Brazil. Triangle means females (N = 9), and circle

male (N = 1). Dashed line represents rainfall.
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Discussion

Our study presents for the first time data regarding to spatial ecology of D'Orbigny's
slider as an alien species in Brazil. Nine months tracking D'Orbigny's slider at urban
setting revealed that its movement is restrict to the park area, and it is influenced by
urban features, especially by presence of park users who feed these animals. Sliders
were tracked only inside water, and the home range of the male and females presented
similar size.

Previous studies on Emydidae species have shown that home range size varies
depending of the mating season, gender, and structure of the environment (e.g. Morrow
et al., 2001; Litzgus & Mousseau 2006). The small home range estimated for
D'Orbigny's slider in the current study is similar to other turtles inhabiting similar
antrophic systems (Morrow et al. 2001; Donaldson and Echternacht 2005). Donaldson
and Echternacht (2005) for example, studied the Eastern Box Turtles (Terrapene
carolina carolina) in an environment under human impacts (e.g. presence of road,
pipelines), and in this study the authors calculated the home range size as 1.88 ha (by
MPC100%), and 2.26 ha (by KDE95%). Similarly, Morrow et al. (2001) found a very
small home range size for Bog turtle (Clemmys muhlenbergii) monitored in an area
under human disturbance (pasture, agriculture); in this study the home range varied
between 0.03 and 3.12 ha (KDE95%).0n other hand, in a pristine area Edge et al.
(2010) found larger home ranges for Blanding’s turtles (Emydoidea blandingii); 57.1 ha
for males and 61.2 ha for females (by Kernel 95%). For the Wood turtle (Clemmy
sinsculpta) inhabiting a protected area, the mean estimate of home range size was 28.3
ha (by MPC95%; Arvisais et al. 2002).In other preserved area, Litzgus & Mousseau
(2006) calculated the home range size for Spotted Turtle (Clemmys guttata)varying

between 19,06 ha (by MPC100%) and 10.36 ha (by KDE95%). Taking into account
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these studies, the home range estimated here for D'Orbigny's slider suggest the
environment features, and also the own species characteristics, may determine its sizes.

The park studied is inside the city, surrounded by buildings and roads; In
addition, the water body structure changes when flows out to the park. Inside the park
there are many lakes connected among them, and the connection with the polluted
stream outside of the park is made by a channel. These characteristics are probably
influencing the turtle permanence within the park, as the result the home range is
restricting to this area. Other reason which is likely related to the permanence in the
park and the small home range size is the feeding activity, since the habitat preferences
analysis results pointed out the animal resource requirements (Perry & Garland Jr.
2002). D'Orbigny's slider in this park mostly feed on vegetal matter (seeds, fruits,
leaves; Borges 2018), and the riparian forest is an important source of food for the
animals. Moreover, there are people who use to give food to these sliders (e.g. bread,
snacks), and it may supplement its diet. Therefore, there is plenty of available food to
D'Orbigny's slider in this area.

Other variables which can influence the home range estimate is the method used
to record the individual locations and the type of estimator employed (Ryan et al.
2008).In the first chapter, we calculated the home range size of five D'Orbigny's slider
based on capture-recapture data. The estimative was smaller (0.31£0.21), however is
similar to the core habitat calculated by Kernel 50% (0.40 ha = 0.17).This is expected
seem home range size based on capture, mark and recapture is directly dependent on the
size of trapping grid (Efford et al. 2004). Our results shows that through radio telemetry
data we can generate more accurate values of home range size, since we monitored

individuals (N=10) more frequently and with more accurately recorded locations.
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Regarding to the home range estimators (i.e. MCP100 or KDE), we should
consider the group studied, the sample size, and the structure of the water body to
choose the best estimator to use (Plummer et al. 1997; Row & Blouin-Demers 2006).
Kernel estimator for example, provide an estimate of home range based on a
nonparametric probability density approach, including the amount of time which each
individual has spent in its home range (Worton 1989). This estimator is widely
accepted, however, for amphibians and reptiles it is not recommended due to low
mobility of individuals and habitat fidelity presented by many species (Row & Blouin-
Demers 2006). As many amphibian and reptiles, D'Orbigny's slider often used the same
area multiple times during long time of the periods, and they do not move frequently.
Based on Row & Blouin-Demers (2006) and considering the low sample size presented
in our study, we suggest that MCP would be more realistic estimator to calculate home
range size for the species.

The home range as dependent of body size is expected, since larger individuals
which require more nutrients, may foray larger areas in order to satisfy its nutricional
requirements (Mysterud et al. 2001; Harestad & Bunnel 2006). Across lizards for
example, this pattern is strongly positive, and reflect the type of lizard diet(Perry &
Garland Jr. 2002). Such relationship has been recorded for turtles in urban area before,
as well as the influence of availability of basking sites, and breeding season (Cagle
1944; Litzgus & Mousseau 2006; Souza et al. 2008).

Considering the size of the park (44.33 ha) the sliders used a very small area
(21.90 - 3.39 ha) compared to what is available which is highlighted by amount of habitat
not used by sliders. All locations recorded were inside the water, however this species
present the capacity to move in both aquatic and terrestrial habitats (Bager et al. 2010).

Considering that we monitored the sliders during egg laying season, is very likely that
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females moved to the land. At this period, this slider can extend its movement in land up
to 250 m from water, whereas the most frequent distances found ranged is between 20
m and 50 m (Fagundes 2007; Bager & Rosado 2010). Based on the records of nesting
areas very close to the main lake of the park (about 5 - 10m; pers. obs) and on our radio
tracking data, we suggest that females do not move far from the main water body in this
park, avoiding spending lots of time in land. The land disturbance caused by people and
vehicles can provide movement avoidance by sliders which has been recorded for turtles
living in urban areas before (Ryan et al. 2008; Ryan et al. 2014).

Habitat selection analysis showed that walkways is being avoided by
D'Orbigny's slider (different than Chapter 1). In this chapter, due to the higher number
of fixes recorded, was possible to separate the walkways locations to the places with
walkways plus feeders, classified here only as presence of Feeders. In addition, our
results revealed that the most preferred habitat is with presence of Feeders, showing that
the sliders prefer places with people who supplement its diet, instead of places where
only is a track of people and vehicles. These results highlight the learning capacity of
this species. D'Orbigny's slider presented changes on its behavior after capture sessions
to avoid recapture (see Chapter 1), and showed great spatial orientation - being females
able to discern the direction of its movement and returning to nest sites (Bager et al.,
2012). Therefore, this species seems to have high cognitive capacity that should be
studied.

The rest area was the other habitat category selected by D'Orbigny's slider,
which presented a high fidelity to this sites. Different than the concrete burrow
(channel), this site did not present human interference, and the sliders used them to dig
they own burrow. Since they were recorded retreating back at dusk, and they were

found in immobility state inside the water (visual observation and mortality sensor
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activated), that place seems to be used as sleep area (Libourel & Herrel 2015). There is
little knowledge about the use of these areas for overnighting among turtles, however it
has been recorded for other Emydidae species, such as Terrapene carolina triunguis

T. carolina. carolina, and Trachemys scripta elegans (Stickel 1950; Abigayle 2009;
Riedle et al. 2017).

Rain drain channel was other habitat type selected by turtles which present
human features. This site receives water mainly from rain/unknown origin, and may
carry lead leaves, organic matter, and also garbage with water. These channels retain
part of these matters, and can be used by turtles as a shelter or burrow and also as place
with food. Burrow fidelity was already recorded for freshwater turtles, such as the
sedentary Chelidae Hydromedusa maximiliani (Famelli et al. 2016) and for the
Emydidae Clemmys guttata (Litzgus et al. 1999). The spotted turtles (C.guttata)
presented similar behavior as D'Orbigny's slider, since they presented fidelity to its
burrows in winter season, which presented very alike features of rest area (swamp
place). In addition, spotted turtle as D'Orbigny's slider, use this hibernacula together
with other turtles (up to nine individuals). However, there is no pattern regarding to the
use in group or alone of these hibernacula areas in both studies. In the urban park
studied, the use of the same area by many individuals to rest is likely related to the
selection of the features, instead of be a group behavior. Since the rest area is
undisturbed (considering the other places in the park), and a protected place (water
covered by branches), these features seems to make this area a safe place to spend the
night.

The fluctuation of distance ranged over the months, even without significant
relation , tends to be closely associated to climate conditions (rainfall and temperature)

(Souza 2004), and also attributed to egg laying season, since most of tracked individuals
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are females (N=9). The highest movement occurred in October 2017 and January 2018,
period of nesting activity (Bager et al. 2007; Fagundes et al. 2010;Tortato et al.
2014).This wet season with warm weather, increase the body temperature of females, as
well as prevent eggs desiccation (Moll & Legler 1971).The movement of D'Orbigny's
slider was already studied in its natural distribution area, and showed mean distance
ranged for females of 545m and 523m (Bager et al. 2012). Our estimates of movement
were lower, and as mentioned before, can reflect the structure of the park which limit
the distance moved by the sliders.

The results of this study showed that D'Orbigny's slider as an alien species is
established (reproducing), with high availability of food, and present potential to reach
new areas. In addition, recent study showed that the alien species may be a best
competitor for resource against the native P. geoffroanus (Rocha et al. in prep.). In this
study, D'Orbigni's slider species remained for longer periods at the sunbath areas and
also, showed faster capture of food, highlighting the damage potential of the alien
species to the native.

Long term monitoring of D'Orbigni's slider and the other turtles which coexist
in the areas should be considered, to continue analyzing the populations at the park. In
addition, considering that the water body inside and outside are connected, this area
structurally is like a matrix of biological invaders. Since the park protects river sources
which flow into larger rivers, the water bodies can lead the associated fauna (i.e.
D'Orbigny's slider). Finally, an environment education is needed in this park to inform
the local people about the problems associated with the alien species (i.e. disease,
resource competition with native species) and avoid future pet releases. In Brazil we do
not have information about the problems that this species is bringing around the ten

states where it has been introduced. Nevertheless, based on the huge impact caused by
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the congeneric Red-eared turtle (T. scripta) around the world (Lowe et al. 2000), it is
necessary to carried out actions to avoid similar problems with this slider in Brazil.
Failure to act may facilitate future invasions, and therefore, losing the opportunity to
solve this problem before hand. Thus it is essential that the Management Plan of Parque
do Ingé consider and use the information presented here considering the potential

invasion of D'Orbigny's slider.
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General Conclusion

At urban areas, our results revealed that anthropic features is influencing the movement
of Phrynops geoffroanus (Geoffroy’s slide-necked turtle) , Trachemys dorbigni
dorbigni (D'Orbigny's slider) and Trachemys scripta elegans (Red eared turtle). The
data recorded by radio telemetry demonstrated more accuracy and supported more
detailed monitoring of turtles. Our results proved that the sliders may live long period in
the park, at least two years. Even with similar demographic parameters, the presence of
two alien species (Red eared turtle and D'Orbigny's slider) seems to be able to bring
future problems regarding to its potential of invasion. Special attention should be given
to the alien D'Orbigny's slider, which showed characteristics that support its high

cognitive capacity.

We strongly suggest long term monitoring of the three species to continue
analyzing the dynamic of the population, mainly with the alien species T. d. dorbigni. In
addition, social programs should be developed to avoid future introductions of alien
species (pet release). Our data should be used as a framework for management of wild

urban species.
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Appendix A

Adapted method to collect freshwater turtles: Fishing clip.

Description: This technique is similar to a traditional fishing, with similar devices
(Figure S1). At one extremity of the trap is located a specific clip (Figure S1.A, B),
which was previously analyzed to not harm the mouth of the animals. This clip is used
to attach the bait (meat) and it is tied to a fishing line around three and five meters long.
Optionally a float may be attached (Figure S1 C), and the distance between the clip and
the float depend on the target species. For example, the effectiveness to capture both
Trachemys species (T. scripta elegans and T. dorbigni dorbigni) increase if the float is
setted closer to the clip, whereas for Chelidae (Prynops geoffroanus and Hydromedusa
tectifera) we sugest to set it more distant. The opposite end of the line is tied in a
marginal branch to the water, and the researcher remain around the line waiting for
some movement in that trap. Since the bait attracts the turtles, the researcher bring the
clip closer and catch the turtles using a dip net (Figure S1 D, E).

Advantages: Staying close to that trap increase the effectiveness of capture since is
possible to capture many animals at the same day using one equipment. Additionally, if
fishes consume the bait is possible to replace it and keep collecting data. Cautions: Is
important to keep silent to use this technique, without noise and sudden movement by
the operator,in order to not disturb the turtles. In addition, we recommend using light
clothes and staying crouched in the capture moment to avoid to be viewed by the turtles.

Taking these cares, this method is very simple and only require one operator to work.
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Figure S1. Equipment needed to use Fishing clip method. A) and B) Clip; C)

Float attached in the line; D) Dip net; E) Turtle attracted by bait (red arrow).
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