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1. Introdugao

A explorag&o humana dos ecossistemas tem alierado drasticamente os ambientes
naturais, resultando em declinios populacionais e perda de espécies em ambito global (Fimm e
Raven 2000). As taxas atuais de extingdo de espécies sdo t80 elevadas que alguns autores
tém considerado que vivemos um novo periedo de extingdo em massa, comparavel s grandes
extingdes que ocorreram no passado geoldgico (Pimm et al. 1995, Dirzo e Raven 2003). As
proje¢bes futuras s8o alarmantes e indicam a perda de até 50% das espécies nos préximos
100 anos (Brook et al. 2003).

Embora existam diversos fatores que contribuem para essa alta taxa de extingbes
introducéo de espécies exdticas, erosdo genética, aumento da ocorréncia de doengas, presséo
de caca), a perda e a fragmentacéo dos habitats permanecem como os principais responsaveis
pela crise da biodiversidade (Fahrig 2002). A maioria dos ecossistemas mundiais esta
modlficada em tal magnitude que serd impossivel trazé-los ao estado origlnal (Hobbs et al.
2006). Por isso, devemos esiar preparados para reconhecer e manejar ecossistemas
profundamente alterados pelas atividades humanas, come aqueles encontrados em pequenos
e grandes centros urbanos (Hobbs e Harris 2001, Hobbs et al. 2006, Davis et al, 2011).

A ferramenta largamente usada nas (ltimas trés décadas para conservar espécies
animais foi a intensificagdo da criacdo de dreas protegidas, normalmente exiensas éreas
publicas com habitat integro (Sanchez-Azofeifa et al. 1999). No entanto, pesquisadores tem
reconhecido que a conservagdo efetiva da biodiversidade s6 sera garantida em longo prazo
quando incluirmos as areas privadas e centros urbanos na agenda conservacionista, realizando
intervencbes proativas que impegam e reverfam os processos de extingdo (Norton 2000,
Theobald e Hobbs 2002, Seddon et al. 2007).

Movimentar-se é a caracteristica mais conspicua que animais realizam para acessar
suas necessidades basicas de sobrevivéncia, alimentagdo e reprodugéo, e assim persistir em
determinado local (Nathan 2008, Nathan et al. 2008). O processo de urbanizagéo & talvez o tipo
mais agressivo de perda e fragmentagdo de habitat. As paisagens resultantes deste processo
sofrem intensa converséo de vegetacdo nativa em estruturas néo naturais e os remanescentes
de areas naturais sdo pequenos, esparsos e isolados por estruturas urbanas que impedem a

movimentagio, e por consequéncia a sobrevivéncia dos animais.
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A urbanizac&o cria um habitat inteiramente novo — a cidade, onde espécies nativas
precisam aprender como se deslocar para usar esse ambiente e persistir em longo prazo.
Obviamente, centros urbanos s&c sempre muito mais pobres em espécies que seu entorno
rural ou conservado (Schochat et al. 2004, Bradley et al. 2008, Grimm et al. 2008), pois
apresentam recursos vegetais extremamente pobres e impde estruturas fisicas (e.g edificagdes
e ruas) gue dificimente podem ser atravessadas pelos animais.Por isso, muitas espécies,
principalmente aquelas grandes, sdo as primeiras a se extinguir nestas reas (Schochat et al.
2004).

Apesar dessa grande perda de espécies, diversos estudos tem demonstrado a
importancia da quantidade e da disposicio das estruturas vegetais e urbanas na persisténcia
de grandes vertebrados dentro de cidades (Blum 2008). Curicsamente, alguns centros urbanos
tropicais (e.g. cidades sul-mato-grossenses) conseguem manter populagdes de grandes
vertebrados, enquantc outros se tornam grandes desertos estéreis em fermos de

biodiversidade.

O desafio de conservagdo da fauna nesse cendrio urbano esta langado, pois se faz
necessario entender como e por que algumas espécies de vertebrados com forte interesse de
conservagdo conseguem persistir em alguns centros urbanos e em outros néao. E preciso
entender como esses animais se deslocam nas cidades usando e evitando certas estruturas
naturais e urbanas para acessar locais de alimentagdo, descanso e reprodugdo. Esse
conhecimento nos habilitard a planejar cidades que contemplem com mais eficiéncia a

conservacio de espécies da fauna nativa

2. Objetivos Gerais

Inferir, através do menitoramento remoto do movimento de individuos, como e por que
algumas especies de animais silvestres conseguem persistir em grandes centros urbanos,
visando identificar estruturas naturais e urbanas responsdaveis pela atrac@o ou repulsdo dos
individuos. A partir essas informagdes pretendemos subsidiar cientificamente planos diretores
municipais, programas de ordenacéo viaria e de arborizagdo que favorecam o aumento e a
manuteng&o da bicdiversidade em grandes centros urbanos.
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3. Objetivos Especificos

(1) Monitorar o movimento de trés espécies de animais com caracteristicas de deslocamento e
movimento distintas (a capivara Hydrochoerus hydrochaeris, o gambé-de-crelha-branca
Didelphis albiventris e o cagado-de-barbicha Phrynops geoffroanus} no ambiente urbanc de
Campo Grande-MS;

(2) Identificar e estimar as areas de vida dos individuos, os horarios de movimentagéo e uso de
habitat das espécies estudadas;

(3} Identificar os diferentes estados comportamentais (forrageio, descanso e rotas de

deslocamento) realizados pelas espécies nas diferentss areas de movimentacao,

(4) ldentificar estruturas chaves onde s&o realizados os diferentes estados comportamentais
(forrageio, descanso e deslocamento) pelas espécies estudadas;

(5) Identificar quais estruturas naturais, urbanas efou viarias atraem efou repelem as espécies
nos seus processos de movimentagao;

4, Métodos
4.1.  Areas de estudo e Unidades de Conservagao Previstas

Inicialmente foram previstas 3 Unidades de Conservacéo como areas de estudos, eram
elas: Parque das Nacdes Indigenas, Parque Estadual do Prosa e Parque Estadual Matas do
Segredo, no municipio de Campo Grande/MS. No entanto, no decorrer da pesquisa, por
questdes logisticas e financeiras, optamos por concentrar as atividades somente no Parque
das Nagdes Indigenas (Figura 1, PNI) (20.452°N, 54.572°0),

O PNI é o maior parque urbano da cidade, contando com uma extensdo de 119 ha, E
caracterizado por uma vasta area aberta coberta por gramineas e uma érea florestal linear com
cerca de 6 ha no meio do parque. Dentro desta area florestal hd um cérrego de
aproximadamente um quildmetro que conecta uma represa, com cerca de 0,39 ha, e um lago
artificial de aproximadamente 4,68 ha.
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4.2. Espécies alvo

Inicialmente o projeto proposto envolvia o estude da movimentagdo em ambiente
urbano de irés espécies, no entanto devido a diversas dificuldades de ordem logistica,
principalmente, a execugéo dos objetivos relacionados aos gambas-de-orelha-branca néo
foram realizados. Os cagados-de-barbicha Phrynops geoffroanus foram estudados por nossa
equipe de pesquisa na regido do Lago do Amor na Universidade Federal de Mato Grosso do
Sul. Por se tratar de uma area de estudo fora de Unidades de Conservacéo Estaduais, as

informagdes referentes a esta pesquisa ndo serdo apresentadas neste relatério.

Esta pesquisa foi devidamente autorizada pelos orgéos competentes: SISBIO 49802-2,
49802-3, 49802-4, 49802-5 e 49802-6; CEUAUFMS 676/2015 e 1.046/2019.

4.3. Captura e movitoramento de capivaras

As capivaras foram capturadas por contencio quimica composta por uma solugéo
anestésica de Tiletamina (dose: 2mg/kg) e Zolazepan (dose: 2mg/kg) (Zoletil ®VIBRAC). O
critério de selegdo desses animais se deu pela escolha dagueles gue estivessem a uma
distancia segura de corpos d'dgua, locais com alto risco de afogamento durante a indugdo
anestésica. A administragdo dessa solugdo foi feita por via intramuscular através do
langamento de um dardo efetuado por um rifle (MODEL J.M.DB13 ®DANINJECT) apés a
aproximag&o de um observador a pé (5-10 metros). Apés a indugdo anestésica, os individuos
foram sexados, pesados, marcados com brincos coloridos numerados e com colares de
rastreamento contendo um GPS (Colar GPS ®TIGRINUS). Durante esse processo, um médico
veterinario acompanhou em intervalos de dez minutos os parédmetros vitais dos individuos:
frequéncia cardiaca, frequéncia respiratéria, temperatura retal, tdnus muscular, reflexo
auricular, ocular e do esfincter anal e também checaram a presenca de ectoparasitas,
ferimentos e outros sinais de comprometimento a saide dos animais. Esse acompanhamento
visou assegurar o bem-estar dos individuos, e indicar se alguma intervengdo médica adicional
seria necessaria. Cada colar GPS foi programado para gravar a localizagdo geogréfica dos
individuos a cada 30 minutos, bem como a data e a hora dos registros. Uma vez a cada més,
os colares ficaram disponiveis para enviar os dados gravados, remotamente. Por isso, em

regime mensal, as localizagdes foram transmitidas a um receptor UHF (Receptor ®TIGRINUS).



As capturas e o monitoramento dos individuos foram realizadas em trés periodos de
amostragem entre os anos de 2018 e 2022. Em cada periodo um individuo de cada grupo
social foi capturado e equipado com colar-GPS.

5. Resultados

Foram capturados 18 individuos de capivara Hydrochoerus hydrochaeris, pertencentes
a seis grupos sociais residentes no PNI (Tabela 1). Suas areas de vida variam entre 14,9 e
47,6 ha, havendo pouca sobreposicdo entre os grupos sociais, com limites bem claros
definindo a movimentagéo das diferentes familias (Figura 1). Resultados detalhados referentes
aos objetivos 3, 4 e 5 estdo amplamente apresentados e discutidos nas produgdes cientificas

provenientes desta pesquisa e entregues anexas a este relatdrio.
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Tabela 1. Capivaras Hydrochoerus hydrochaeris capturadas no Parque das Nagdes Indigenas,

Campo Grande/MS, durante a vigéncia da pesquisa.

individuo Sexo Peso {Kg) Desfecho

La39La21 M 55 colar retirado <~ \

Br23Br22 F 54 colar retirado © w \.7

Br24Br25 F 50 colar retirado <~

Lal8lal9 M 48 colar retirado < ;
AmO1AMO2 F 58 colar retirado <~ f
vd23vda4 F 44 colar retirado 4

Laléblal? M 61 colar retirado

Am32vd25 M 57 colar retirado /
Az11Az12 F 59 colar retirado -
Vdoevdo7 M 55 colar retirado 4 i
Br40Br35 F 54 colar retirado 4 i

{

Az10Br03 M 56 colar retirado
Vel7Vel6 M 68 colar no animal

Vd21Llaz0 F 62 colar no animal
Ve22Ve23 F 56 colar no animal
Am0O3Am04 F 68 colar no animal

Az22A223 M 58 colar no animal

Br27Br26 F 58 colar no animal

arf
£



Figura 1. (A) Area do Parque das Nagées Indigenas (PNI), Campo Grande/MS. (B) Areas de
vida dos grupos sociais de capivara Hydrochoerus hydrochaeris monitorados no PNI. (C)
Individuos equipados com colares-GPS.



=

6. Producédo Cientifica
Resumos

- Resumo apresentado pela estudante de Iniciagdo Cientifica Renata Dias no X Seminario de
Pesquisa e Encontro de Iniciagdo Cientifica do ICMBio entre 17 e 20 de setembro de 2018

intitulado "Area de vida e uso de habitat de capivaras em centros urbanos”.
Dissertagoes

- Dissertac&o de mestrado defendida em maio de 2018 pela estudante Samara Serra Medeiros
na Pés-graduacio em Ecologia e Conservagao/UFMS intitulada "Area de vida, selegéo de

habitat e atividade diaria de capivaras vivendo em uma area urbana”.

- Dissertacdo de mestrade defendida em maio de 2020 pela estudante Ana Carolina Franga
Balbine da Silva na Pés-graduacéo em Ecologia e Conservacao/UFMS intitulada "Identificag&o
de varidveis urbanas que determinam a probabilidade de atropelamento de Hydrochoerus
hydrochaeris (Linnaeus, 1766) em um ambiente urbano",

Artigas cientificos

Serra-Medeiros S., Ortega Z., Antunes P.C., Herrera H.M., Oliveira-Santos L.G.R. 2021, Space
use and activity of capybaras in an urban area. Journal of Mammalogy, 102(3):814-825.

Balbino-Silva A.C.F., Menezes J.F.S3., Oliveira-Santos L.G.R. 2022. Roadkill risk for capybaras
in ant urban environment. Landscape and Urban Planning 222 (2022) 104398.
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Roadkill risk for capybaras in an urban environment

Ana Carolina Franca Balbino Da Silva , Jorge Fernando Saraiva De Menezes, Luiz
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HIGHLIGHTS

« We developed a new method to estimate readkill hotspots in cities.
- Capybara roadkill hotspots occurred near parks and water bodies.
Distance to parks was the main predictor of capybara roadkill.
"+ Mitigation actions next to parks could decrease roadkills,

ARTICLEINFO ABSTRACT

Keywords: wildlife vehicle-coilision is one of the most visible negative effects that roads exeris on animals and has increased
Road ceology dramatically across the world. Despite its conspicuousness, studies about roadkills in cities have been neglected
Conservalion

lacking in road ecology. We developed new approach for estimating capybara roadkill hotspots in Campo
Grande, a big city in Brazil. We also investigated potential driving factors correlated with reackill occurrence, to
build a predictive roadkill map for the entire ¢ity and propose mitigation measures. We monitored capybara
roadkills for thirteen years and found hotspots using a graph-based kernel density estimation. We tested four
predictors to identify which characteristics influence roadkill occurrence: distance from water bodies, distance
from parks, vegetation cover, and traffic flow. We used a generalized linear mixed model to test for significant
effects and to prediet roadkill occurrences. Hotspots analysis showed four hotspots surrounding large green areas
and water bodics, probably due to capybara habitat and physiological requircments. The predictive map shows
latent hotspots, locations that have the characteristics necessary for a capybara to live but where we do not have
observed deaths. To miligate risk, we recommend using speed reduction tools around parks. A decrease in
capybaras roadkills could positively impact human population welfase and material damage caused by these
cotlisions,

Wildlife vehicle-cellision
Hydrochoerus hydrochaeris

.. Introduction Beyond the negative effects exerted on wildlife populations, roadkills
can also cause physical and psychological injuries to humans, as well as

Rapid human population growth and urbanization increase the material and economic costs to society ( ). Roadkills

building of linear infrastructures (e.g. streets, roads and rails), which can
isoiate wildlife populatlons and in turn, reduce local genetic diversity
[ : B ; +3}, Even when linear
structures are not fuil bamers to movement, they may still be respon-
sible for significant negatlve impacts, changing animal movement and
behavior (¢ ). Road kills have been considered
the most visible neganve direct effec[ of llnear mfrastructures on wild-
life ( e e e i),

* Corresponding author.
E-mail addresses:
(L.G. Rodrigues Oliveira Santos).

(A.C. Franca Balbino Da Silva}, .=

numbers have increased dramatically across the world, numbering in
the mllilons per year in some countries (- i

i : i -1}, These numbers are just the tip of the iceberg,
an underestlmauon due to the lack of reports and destruction of car-
casses [ EREE S . ).

Urban fauna brmgs both negative and positive aspects to cities. They
increase the likelihood of human-wildlife conflicts, as damage to agri-
cultural fields and gardens { -« & - -1}, as well as transmission

- (J. Fernando Saraiva De Menezes),
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of zoonotic diseases ( * :). On the other hand, wildlife
can provide unique ecosystems services withing citles including increase
in psychological wellness for humans (- i), Never-
theless, urban wildlife is relatively unexplored when compared to
wildlife in natural environments ( I Bl 1), even
though cities hold half of the world's human popuiatlon {

--). Therefore, it is necessary to bring read ecology and conservation
planning to cities, so that urban plans can include wildlife as its
component. With that, cities can pursue an acceptable degree of envi-
ronmental sustainability (= ¢ - e Sl

A common conservation p]anmng tool that might be useful in our
study is a hotspot analysis (. : [ :~). Holspots are a
statistical or analytical set of approaches that seek to 1dent1fy greatest or
statistically significant locations in space. In this case, hotspot analysis
can be used to detect places where vehicle collisions with fauna are
disproportionally more frequent when compared to other places (i -

i ¢+ ). They are usually correlated with certain habitat and
landscape features (i oot e i1 ). Thus, mapping and modeling
those would atlow researchers to forecast current and potential areas of
conflict, as well as the extrapolaiing when planning further roads
(: . oo nnio ). Knowledge of which areas are more
likely to have conflict can have help planners implement mitigation
measures.

Capybaras are excellent models for the study of roadkills. They are
common in urban landscapes composed of managed grassiands and
lakes, due to the lack of predators, and a high and stable availability of
resources patches { - . - P ). In urban environments where
they occur, capybara populations can be higher than in natural ones,
which males it one of the species involved in vehicle collision (- <

: L ). As a result of this abundance, th1s spe-
cies is an uxccl[cnl object of study: it provides ample opportunity for
sampling and is one of the species most involved in the number of
accidents.

In this study we aimed to reveal roadkill hotspots within a big
tropical city and investigated potential driving factors linked to roadkill
risk of a targe, nocturnal, social mammal (capybaras Hydrochaeris
hydrochaeris; b). We plotted the roadkills in a map of the city in a
way that it is possible to visualize the roadkill aggregations. After that,
we tested four environmental predictors that are usually correlated with
road kills (s "+ )i the effect of vegetation cover, dis-
tance to water bodies, distance to parks, and traffic flow. If at least one of
these variables is significant, we can build predictive roadkill risk map
for the entire city with them. We expected distance to parks to be the
variable that most influenced capybaras roadkill as it should explain

-

Lendscape ard Urban Planning 222 (2022} 104398

fairly well the abundance of those animals.
2. Methods
2.1. Swudy site and data collection

We carried out this study in the urban area of Campo Grande city,
Mato Grosso do Sul, Brazil (—20.469° N, —-54.620° W; - _.A}
Currently, Campo Grande has a human population of ca. 875,000 people
(i }and wrban area of ca. 36,000 ha, presenting ca. 4,000 km of
roads, of which 719 are paved roads, organized in a reticulate street
network. Campo Grande is located mostly within the hydrographic basin
of the Parand river, with 28 water springs and 11 watersheds bypassing
the urban area, most of them bordered by grassland and forest.
Remaining forest vegetation represents 21% of the city area, and it is
mostly located inside urban parks. In places like this, the presence of
food resources, shelter, conspecifics, and lack of predators allows the
existence of a diverse wild vertebrate fauna, including capybaras
(s -}, In Campo Grande city, several large groups of
capybaras live inside partially fenced parks, while often walking
through the city. Meanwhile, other smaller groups live in the middle of
the city, composed of a cluster of buildings that does not aliow animals
to walk among them, only through the streets under greater risk of being
£un over. (

Roadkill monitering occurred through five methods: (1) A partner-
ship with Solurb, the waste disposal company responsible for gathering
dead animals from the roads, where they would report collection of
carcasses; (2) by the Quapivara App, developed by the State Public
Prosecutor’s Office, in which the citizens could send a text message,
informing the roadkill occurrences with pictures to confirm species
identification; (J3) by going through historical media coverage on
capybara roadkills; (4) through opportunistic sightings made by the
authors; (5) by contacting the local wildlife rehabilitation centers, which
received injured animals collected by the environmental police. For each
roadkill occurrence we registered the sireet, date and geographic co-
ordinates and checked for duplicate information and removed when it
was necessary. To calculate the hotspots, we used a network-based
kernel density estimation {(NKDE},

2.2. Determining hotspots

In this study, we have a reticulated network structure, a mesh of
roads from a city. Due to that, bwo-dimensional that ignore this mesh
structure would be unrealistic, since animals are essentially constrained

¢
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Map of Campo Grande city with highlighted rivers (A) and a picture of a capybara killed in a road accident (B).
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to move through roads while the method would not be. We started by
acquiring road infrastracture maps from 2019 available in the website of
the city council (w:th projection UTM and datum WGS84; avaitable at:

. ). After that, we con-
verted this road map to a graph ¢ w1, by
considering every road intersection as a vertex, and every street as an
edge. We then matched each roadkill to its nearest vertex, and assigned
to each vertex a value equal to the number of roadkills associated to it.
From there, we assigned a value to every other vertex, based on their
distance to the roadkill vertices. This value was given by the Gaussian
kernel formula:

-u. 5: I

1 4
Vie = O3 T e

Where x is the shortest graph distance between this vertex and the
roadkill vertexi. This value was divided by the bandwidthh?, a param-
eter that decieases the lnpotlance of distance it reducing the chance of
an occurrence. In other words, larger bandwidth extends the area of the
hotspot, and a smaller bandwidth decreases it. We used h = 310 meters,

because this value is equwalent to the radiusof a capybara home range
in the city (. : 2). This method is

equwalcnt to other lmplementatlons of network kernels ( -

. ). We used the 95% and 50% 1sop1eth of

_ srobability of the roadkill in all streets and assigning values of roadkil

probability to each section.
To identify which environmental characteristics increase the odds of
a roadkill event, we used four environmental predictors that are usually
correlated with road kills (<= o o 2o 254 distance from the
nearest water bodies, distance from the nearest park, vegetation cover,
and traffic flow. These are factors correlated with capybaras habitat use
(and consequently with capybara, high abundance; Medelros et al.,
accepted in Journal of Mammalogy) and with traffie flow, factors usu-
ally correlated with mammals’ roadkill ( ). We
used the Normalized Difference Vegetation Index. (NDVI) from June
2019, to descr!be the variation of greenness of the vegetation (::
: ). The NDVI data were obtained usmg
the LANDSAT 8 images acquired from Earth Explorer (¢ .
) with 30 m resolution. The NDVI has a direct rela-
tion with aboveground net primary productivity, and has been used as a
predictor of biological patterns for vertebrates, including species rich-
ness, abundance, distribution, and landscape connectw:ty & i
) We deﬁned a buffer w1th radlus of 100 m, ( S e
* ) around each roadkill point and retrieved the
vedian of the NDVI. Trafﬁc flow was measured using distance to the

-city’s centroid as a proxy. The distance to water bodies and parks were

made using the same infrastructure map that was used for estimating the
hotspots. Distances were calculated followmg the shortest path through
the sireets, usmg the package stplanr{ : e o BE R

) in R 243)), With that, we could estimate all
variables for all roadkill occurrences.

To create a comparison, we created 100 random points for every
roadkill as pseudo-absence points, where no roadkill has been regis-
tered. The four variables were measured for each pseudo-absence point.
Comparing presence to pseudo-absences allows us to identify if a char-
acteristic increases the odds of a roadkill, but this estimation might be
biased by spatial autocorrelation. It is possible that two roadkill events
were related to one another if close encugh, and thus cannot be
considered independent samples. To find out if that was the case, we
tested the presence of autocorrelation using Moran [ test using the five
nearest neighbors. We detected evidence of autocorrelation (I = 0.251;
p = 0.0057), and thus used a modei that considers this autocorrelation
explicitly. We also used Pearson’s autocorrelation test between parks
within water bodies and parks within green areas. In both cases, the
autocorrelation was jow (1 = 0.144; p= <2.2e-16, 1 = 0.007; p=p <
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2.2e-16, respectively).

To determinate which factor would increase the chances of a road-
kill, we used a Generalized Linear Mixed Model, with penalized quasi
likelihood (gimmPQL; }. This method is a modificaticn of
general linear models, in which one can specify the correlation between
samples. For each sample, we calculated a different correlation matrix,
with the five nearest samples. In this correlation matrix, distance be-
tween the focal point and its neighbors decreased the correlation by a
negative exponential function. Doing so allowed us to control {for the
previously detected autocorrelation. We used a binary variable (0 =
randomly selected points and 1 = roadkill occurrences) as a response
variable. The four explanatory variables above cited were used as
explanatory variables. To test if the variables are correlated, we test
collinearity between them and it was low (ndvi «= 1.362; water = 1.377;
park = 1.360; centroide = 1.157).

2.3, Predictive roadkill map

To determinate the intensity of events of a roadkill that could happen
in each street (graph edge), we made the predictive roadkill capybara
map using glmmPQL results. For a better visualization of the areas with
high predicted risk of roadkill, we identified the streets that held 50%
and 95% of the overall probability. For checking the predictive perfor-
mance of our model, we reran our glmmPQL using 70% of our data, and
used the remaining 30% to calculate the average Area Under the Curve
(AUC). This process was repeated 1000 times to ensure there are no
biases in selecting this subset. We reported the average AUC as a mes-
sure of accuracy.

3. Resulis

We recorded 125 roadkill events between 2006 and 2019 ( Al.
Maost of them (70%) were taken in 2019 due to the agreement signed
between researchers and public administration to record, monitor and
plan actions to reduce roadkills. Hotspots analysis revealed four com-
plexes of hotspots within the city (¢ B), mostly around parks, targe
green areas and water bodies.

Capybara roadkill probability was negatively affected by distance to
parks (p = ~0.0017; z = —-0.0017; df = 12496; p < 0.001) and water
bodies (p = —0.0017; z = --0.0017; df = 12496, p < 0.0¢1}, and posi-
tively affected by forest cover (f = 5.3; z = 2.04; df = 12496; p < 0.01)
and traffic flow (§ = 0.00023; z = —0.00004; df = 12496; p < 0.01}
(. A, B). Assuming an exponential decaying, the control of spatial
autocorrelation structure indicated a variogram with range = 0.94 and
nugget = 4x101%, Standardized coefficients pointed out distance to
parks as the main driver of roadkill risk (§ = —1.50; z = -5.33%; df —
12624), followed of distance to water (f = —0.80; z = —3.87; df -
12624; p < 0.01) traffic flow (B = -0.64; z = -5.14; p < 0.01; df =
12624) and forest cover (f = 0.26; z = 3.049; p < 0.01; df = 12624). This
model presented a predictive capacity of AUC = 0.60, with a confidence
interval between 50 and 70), mainly duc to the high rate of commission
error. On the other hand, the rate of omission error, i.e. do not predict
areas of risk those with lots observed roadkills, was extremely low
(- A D).

4, Discussion

Road kills concentrated mostly around the parks probably reﬂectmg
capybara abundance in those areas (¢ - : g ).
Some studies found that roadkill numbers are hlgher w1thm parks than
out of them due the higher abundance of ammals (: ‘

. i ). Likewise, previous SEudlES a]ready pomted out that cap-
ybaras mortality patterns were related to the proximity to river and
vegetation (. g +i 1), characteristics found inside parks and
contribute for high abundance of capybaras. Those factors could explain
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Fig. 2. Spatial distribution of capybara road kills, with hotspats at Campo Grande city’s streets. The circles represent the hotspot complexes. The grey lines are the
street system network, with the black lines representing the hotspots with 95% density probability and the red line representing the hotspots with 50% density
probability. A) A map of roadkills locations along urban area of the city, represented by red poiats; B) Actual hotspots, represented with 50% e 95% confidence
intervals; C) Predictive map of roadkills, represented as the probability of a roadkill. D} Hotspots based on the predictive roadkill map. (For interpretation of the
references to coleur in this figure legend, the reader is referred to the web version of this article.)

why distance to parks was the variable that most influenced capybara
roadkill in our study,

The four hotspots were concentrated in places with a combination of
water bodies and high vegetation cover, whlch have been mdlcated for
capybaras along roads (- i P .}, The
significant increase in roadkill odds w1th proxlm[ty to water and vege-
tation cover also indicales these two factors are dominant factors in road
lillings, and the preference of capybara for these habitats (=i -

). These findings further reinforce the hypothesis that the
main characteristics necessary for capybaras roadkllls is the presence of
suitable ( - : ).

Traffic flow has been identified as the most 1nﬂuennal variable for
manmmals roadkill in several studies ( -}, We did not
find that in our study, where it was the third most important variable,
possible because the network of streets in cities works as a barrier for
capybara crossing. In other words, capybara would avoid high traffic
flow roads, thus reducmg the chances to be hit, as it is well documented
for other species too (.- i . CESTTEREE R
Another explanation for the reduced effect of Lrafﬁc is related to animal
activity. Capybaras graze in groups ( } and are more

. *7). Both these characteristics ™
can increase roadkill chances (' :. . ). But in cities, traffic
flow is lower at night (:. K } and the reticulated
system could impede high veloeity as in highways. Those factors, alone
or together, can explain why traffic flow was less influent in our study.

The predictive map showed the presence of hotspots forming near
water bodies, similar to the hotspot analysis done on the original
roadkill data. However, the predicted analysis also revealed hotspots
that were shown with the original roadkill data. One possible explana-
tion for predicted but unrealized hotspots is that animals in these areas
are living mostly inside fenced parks, and cannotn easily go outside,
controlling roadkill. Some of those points could be also a commission
error, that is, a false positive. Since, we modeled only one variable
related with driver behavior (i.e. traffic flow), it is possible that our
predictor is reflecting solely the chance of finding capybaras in the re-
gion. Thus, these predictions could not be a false positive but a reflection
of how suitable this environment is for capybaras. Although it would be
better to avoid false positives, one can argue this type of error is the least
concerning for conservation. One could argue that it is better to identify
non-existing hotspats and waste some effort, than 1o miss an existing

active at night (v
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.hotspot and suffer from a greater number of accidents. Hotspot areas

;ithout accidents are still areas that the animals can access and move to

“new places to establish and forms new groups ("1 0 -0 - LA

Because of that, we suggest considering all hotspots in planning miti-
gation actions.

For reducing wildlife vehicle collisions, many transport agencies are
trying different methods. They are divided in those that modify animal
behavior and those that modify user behavior. Regarding changes in
animal behavior, the combination of fence walls and safe passages mlght
be the best mmgaﬂon actions ( - : 2 :

i et -} and rhe costs anaiyses clearly
support the mstal]atlon of these dev1ces - <}, Other
methods include olfactory repellents sprayed on vegetation and struc-
tures along the road, ultrasound and road lighting ( o000 o0 )
Meanwhile, in an urban environment, those methods can be not easily to
be installed due to the environmental characteristics (e.g. flat topology,
absence of appropriate areas for wildlife passages, and difficult imposed
to pedestrians).

In an urban environment, we recommend the modification of user
behavior. Wildlife collision is often associated with high speed (- -

), so the instaliation of warning signals,
speed bumps, reducing speed limit, and increasing enforcement of cur-
~ent speed limits, could be effective in reducing the number of roadkiils

: 1 *:-), If the city managers decide to use warning

s;gns, we recommend using them concomitantly with other mitlgatlon

structures, because they show little effect when done alone {¢

- : "'}, One approach would be installed next to
the culverts, because the ammals can use this infrastructure as a corridor
belween patehes and Lo avoid vehicles ( e T
Instaliing mitigation measures close to rivers and green areas could also
be suitable for multi-species conservation approach. Other species found
in Campo Grande city, such as coati (Nasua nasua), crab eating fox
(Cerdecyon thous), and giant anteater (Myrmecophaga tridactyla) that live
within urban parks, and could also benefit from greater speed reduction
next to green areas.

We also recommend decreasing the traffic flow in those areas. Sur-
rounding the two biggest hotspots are recreation areas, often open at
night. These areas could increase the probability of roadkill accidents
since they show greater traffic flow when capybaras are most active. So,
we recornmend advising the population to leck for alternative routes,
parking a couple blocks away from these centers, and using the public
transport system. We also recommend increasing the enforcement of
traffic rules at those places, which would reduce speed and stimulate

awareness by the drivers. Decreasing wildlife killing could positively
impact human population welfare ( = 1 - ) and increase
the value of ecosystem services provided by green areas to the human
population 7+ -], The welfare increase of the human pop-
ulation is especially true for capybaras since collisions with this animal
have caused human causalities ( % bemg the prlmary
wildlife species involved in vehicle collisions in Brazil (:*
).

Many studics have demonstrated changes in animal behavior in
response to road presence, including avoidance and consequently
d1srupnon in gene flow within the population ( . . :

RS i), This avoidance generally increases with traffic ﬂow
and can vary w1th the time of day, week ancE between months (

o R ). A comple-
mentary approach o thlS sLudy isto track ammals with GPS radio collar,
with the purpose of estimating road crossing rate and to have more
accurate information on where to install mitigation measures. This
telemetry dataset would help discover patterns in animal movement and
how they respond to persistent human disturbance (. :

ST FEE . }

5. Conclusions

We found that hotspots of road kills occurred near parks, and their
presence there can be explained by these environments being preferred
by capybaras. Distance to parks and water bodies, traffic flow and green
areas, in this order, helped predict the eccurrence of capybara road kills
and the best location for mitigation measures. For reducing wildlife
vehicle collisions in reticulated system like cities, could be done aiming
methods to reduce traffic speed, especially that’s modifying the user
behavior, like warning signal with combination of speed bump.
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“Cariespondent: Zatdaoriega @ usal es
These anthors comributed equalfy 1o this sndy.,

Due (o the rapid growth of urban environments, inferactions between apimals and hamans in cities are
inereasingly common Large mammals such as capybaras (ivdrochoerus ivdrochacris). provide benelits 1o
people and biodiversity of urban areas, bul can also result in conilicts, such as animai—chicle collisions or
disease tassmission, As a consequence, understunding the space use of urban capybara. and the effect of human
activity on capybaras. is conducive 1o the promotion of coexistence. We studied the home range and the role of
human disturbance on activity and habital selection of urban capybaras in the city of Campo Grande (Brasily.
We monitored nine groups of capybaras living at four parks: two parks subjected (0 high human visitation on
workdays and (wo on weekends, Home range of the urban capybaras in the study s farger than those reported
in previous studies of wild capybaras. The capybaras under study presented a bimodal activity patiern. which
was delayed on davs of high human presence, increasing animals’ nocturnaity. In addition. habitat selection
was completely altered on days of high human presence, leading animals to increase avoidance of urban areas
and reversing the selectivity patterns for forests. grasslands. and water bodies. that capybaras show on davs with
low human presence. Even when completely surrounded by an anthropic environment. our resulls indicate that
¢ mosaic of grasstunds near a water body und lorested arcas wiil allow capybaras te maintain daily activity and
furge hume ranges. However, hwman presence significantly altered the daily activity paiterns and habitat selection
of capyhara. Urban planners should account for these data to improve the coexistence of capyharas with lumans
and thereby minimize the potential for conllicls,

ey words: habitat mosaie. habitat selection. home range, Fydrochoerus hvdrochaeris, mosenient, Rodentia. socal nummals,
tban arcas

Nevido ao ripido crescimento dos ambientes urbanos, a interagiio entre animais ¢ humanos nas cidades ¢ cada
ves mals comum, Os grandes mamileros, come as capivaras (Hyvdrochioeras hydrechaeris), proporcionam
benelicios &y pessoas ¢ 4 biodiversidade das dreas urbanas, mas tambdm podemy acarretar conflitos. como
colisdes com veieulos ou transmiss3o de doengas, Portanto. compreender o usa do espaco pela capavari urbana ¢
o efeito da atividade humana sdo necessdrios para pramover a coexisténcia. Estudamaos a drea de vida ¢ o papel
da perturbagio humana na atividade e selegiio de habitats de capivaras urbanas na eidade de Campo Grande
(Brasity. Monitcramos nove grupos de capivaras que vivem em quatro parques, dvis parques sujeitos it alta
visitagio humana nos dias teis ¢ dois nos finais de semana. A drea de vida das capivaras urbanas estudadas ¢
malor do que as relatadas em estudos anteriores para capivaras selvagens, As capivarus estudadas apresentaram
um padrio de atividade bimodal. que foi atrasade em dias de alta presenga humana, aumentando a noturpalidade
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dos animais. Aldm disso. a selecio de habitat foi completamente alterada em dias de alta presenca humana.
levando os animais o evitar dreas pavimentadas ¢ revogando os padrdes de selecho de Hogestas, pastagens ¢
carpos didgua que as capivaras mostram ent dias com baixa presenga humana, Mesmo inseridos em wn
ambiente completiunenie antrdpico. nossos resultados indicam que wm mosaico de pastagens proximo a dreas de
corpos ddgua e Norestas permite que as capivaras desenvolvan sua atividade didria, atingindo grandes sreas de
vidi. No entanto, a presengu humana aliera significativamente os padrdes de atividade e seleciio de habitat, Os
planejadores urbanos deveriam considerar estas informagdes pura melhorar a coexistencia de capivaras com os

seres humanos e minimizar seus conflitos.

Padavras-chave:

Rodentia selegio de habitat

aren de vida. dreas urbanas, Hyvdrochoerns hvdrechaeris, mamiteros saciais, mosaico de habilat, movimento,

Over recent decades. the human population has grown w
unprecedented rales and—I1or the first tme on Earth's his-
1oy —most iuman inbatants of the planet five in urban areas
(Grunan et al. 2008; Stolnitz 2008). The number of species that
oceurs within a cily refleets o balance between local diversity
and the city’s structural and environmental traits (e.g., green
arcas, water resources, afforestation. densification. buildings,
and streets—Aranson cf al. 20141 Within citles, green arens,
parks, and urban gardens enhance the richness and diveraty
of plants. invertebrates, and vestebentes (Fuller et al. 2007y,
Alihough most specics cannot persist in urban arcas (Evans
ctal. 2081). there are those that can, and those that even may
benefit from urbanization (Kark et al. 2007, To assess the role
ol city conservation, one must understand the ccology of urhan
(auna and inform urban planners and policymakers accordingly
iMNorton ot al. 2015: Dear and Scogt 2018,

The capybara t Hvdrochoerus hvdrochaeris) is an example of
an urban adapted species. These herbivorous and semiagualic
mammals aceur in South America, from Panama 1o Argeatina
(Downeey Milicu et al. 20012y, They are gregarious and organ-
tead in hierarchieal groups (Moreira and MacBonald 1997;
Mareira et ad. 201 2). Capybaras use water bodies Lo mate, ther-
moregulale, and avord predalors, and olten live near ponds,
fakes, rivers, and swamps (Ogasti 1973, Mones and Ojast
1986). Moreover. their habttats are commonly surrounded by
some Torested or bush area—locations in which to rest and
hide—und some grasslands in which 1o feed (Alho and Rondon
19870, In some locations al the present Lime, they also 1nhabit
large urban centers: in some Brazilian cities, 11 1s connon 1o
observe them grazing in green urban areas (Paglia el al, 2012).

Despite bemg uncommon. some farge social herbinores—
stch us deer and capybarus—ive 1n cities {Diaz et al. 2011).
While animals B1F unique ceosystern roles (Andersson el al,
2015). here are trade-ofls i hving with urban capybaras
(Marchini and Crawshaw 20H3). On the one hand. exposure
e nature inereases the psychological wellness ol humang
(Bratman e al. 2013). and contact with animals s particu-
larly valoable (Curtin 20091 As o result, a walk through a park
with capybaras potentially can beneill the moud and mentul
heatth of people. In addition, having ansmals such as capvbaras
present increases the value ol recreational ecosystem services

provided by green areas o the urban populuiion (Diaz et ul,
2011y, On the other hand. capybaras also can damage agricul-
tural fields or gardens (Moreira et al. 2003 Ferraz et al. 2003,

canse animal-vehicle collisions (e.g.. Huijser et ul, 2013, and
are the principad host ol Bruzilian spotted fever, a zoonelic lick-
borne disease that results in more than 50 deaths in Brazil an-
nually tAngerami et al. 2012: Sakal et al. 2014; de Oliveira
ct al. 2016). Management actions based on the ceology of
capybaras are required o solve these conflicis. However, we
canant rely on knowledge of thelr basic ecology in naturai o
hecanse of the likelihood that it probably will be dilferent in
wrban areas. Animals hving in urban envirenments tend Lo ex-
tend thewr activity periods (Dominoni et al. 2014 Da Silvaetal
2015), reduce foraging time (Presley et all 2009} reducee tor-
restrial displacenient based o buman [ootprint (Tucker et al.
20181, and—as happens in many mammals specie s reuse
nocturnality (Gaynor ot al. 20081 It therefore s necessary 1o
study the ecology of urban capybaras 1o know how they use
available habitals as well as their hours of activity so as o in-
form policymakers and enhance human caexistence with ani-
mals m cilies.

To better understand the ecology of capybara interacting
with humans and (i1} the knowledge gap regarding ceology of
urban capybara, we carried oul a study on actvity patlerns and
habitat selection of capyharas living in an arban landscape. We
assessed the use of space and activity patterns of urbuan caps -
baras and the tnpact of hwman disturbance on these processes.
Our goals were 10: {i) estimate home range sizes ol social
groups of capybaras and compare them with previowiy -
lished studics of capybaras living in natural envirowmmnents: 111}
describe urban capybara aclivity pallerns and address the in-
Huence of human disturbance on them: and (1 describe the
daily variation in habitt selection of capybaras and how human
presence may modily 1 Lo carry out the loregomg, we mosm-
tored nine groups of capybaras living in Campo Grande, the
capital of Mato Grosso do Sul stae (Brazil), We Tormulated
three hyvpotheses, Becuuse green areas wilhin cilies e fruy-
mented. we hypothesized that capybaras” home ranges would
be smaller in urban than natural areas, Secundly, due o human
disturbance during dayvtime. we hypothesized that they would
be more active at night and that days with high human presence
would alter thelr duily activily patterns. probably exiending
the activity 1o be more nocturnal thun on days wath Jow human
disturbance. Finally, we hyvpothesized that capyburis would
select different habitat tvpes throughout the day 1o cover dil-
ferent needs. avoiding urban areus. particuiarly on davs with
higher human presence. Our results were designed o lead w0
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conclusions about heme range, habitat selection. and activity
of nrban cipybaras that can be osed 1o design parks and other
urbun green areas. Whether policy makers want to maintain el
inprove capyharay” populations—ito enhance their socsal and
ceological hbenelits—or whether they want to control capybaras
and nunimize problems associated with them. we pravide data
iiat can contribute 1o manage these animals withia cilies,

MATERIALS AND METHODS

St/ area.—We carried out the study 1n the ety of Campo
Grande, capital of the state of Mate Grosso do Sul. Brazil
2004695, 54.620°WY, Campo Grande occnpies an area of
3,096 lan” and has an estimated hunan population of 875.000.
The city has several green areas within its urban perimeter.
which atlows for the existence ol a diverse vertehriate fauna.
We studied capyburas in four green spaces with water hodies
and surrounding vegetation (Fig. D (1) Nacdes Indigenas

¢ Trate Park (2045275, 54.572°W: Siic 1)z (2) Soter Ecelogical

S

wdumerpal Park (20.429°50 34.575°W Site 230 ¢3) Coronel

Ernestir Geisel Avenue (2050378, 54,040 W, Site 3), and (&)

the Private Reserve of the Federal University of Malo Grosso

do Sul 2030375, 54,6 13°W Sie 4y, Capybaras live within the
parks and seldom venture bevond iheir horders.

Sie 1 is the fargest urban park of the ity (119 ha). formed

of larae erassland arcas and a large npanan forest {~06 ha; whiie
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paich in Fig, [} crossed by astrean that connects a waley reser-
voir (.39 ha) with an artsficad lake (468 ha: black patch on the
feftol Site 1; see Fig, 1. Site 2 (22 hay alkso presents furge grass-
fand areas and a riparian forest area (3 hat crossed by o stream
that rins throngh the park to a city avenue (Fig, £). Site 3 1s the
mosi whanized of the study areic a fong (-12 kmy and busy
avenue crossed by o stream (hiack hme of Site 30 wee Fig. T
The group of capybaras monitored af Stie 3 Tive in a parl of the
avenue where the stream’s shares contain a grassland band (-%
m wide) and a thin ripasian foerest ¢Fig. 1) Stie 4 (- 57 hay s
located at the campus of the Federal Urniversity of Mao Grosse
do Sul Ftis crossed by streams (black fines in Fig, 1) ending
an artificial lake (~7.6% ha: hiack patch of Fig. 1) surrounded
by riparian and savanna forest arcas (633 hat white patehes of
Fig, 1) and grasslands ¢ ha gray palches of Frg. 1) Between
the university buildings are some farge awn arcas ¢likewisc de-
picted i gray n Fig. 1) where capybaras also grase.

Sites 1 and 2 are recreational parks. where people goto walk,
run, ride bicyeles, and spend time with their families, hemng
particularly crowded during the weekends. Srie 3 15 crowded on
woskdays, when peaple go o work and stedy inthis port of the
city: il 1s practically empty on weekends, Site 4. the universily
campus, 15 sinelar o that there s a sirong human presence (>
20,000 students and emplovees) on workdays and a practical
absence of people during weekends (closed gales with entrance
conlrelled to a limited number of authorized peoples.

7734000 7736000 7738000 7740000
H ! i f

7732000
i

7730000
1

B Water bodies
3 Urban areas !

746000

T T i I 1
748000 750000 752000 754000 756000

Easting

Fig. L—-Satellite image showing part of the city of Campo Grande (Mawe Grosso do Sul, Brasily where we studied the movemeni ecology of
capybaras {Hydrochoerus hvdrachaerisy. For cach site, we depicted the Jocatians where the animals were captured and moniored tsmall crasses

and the habitat classes, .
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Capvhara capture and tracking.—We caplured [5 adult
capybaras belonging o aine social groups between December
2016 and November 2017, We used chemical containment by
means of an anesthetic solution of Tiletamine (dose: 2 mg/kg)
and Zoluazepan idose: 2 ma/kg: Zoletil; Virbae, Hamilton. New
Zewland). The solution was intramumscularly administered hy
lannching a dart fromm 2 CO | injection rifle (model JM.DB.13:
DAN-INJECT ApS, Kolding, Denmark}. The anesthetic sola-
tion tazkis between 5 and 15 min o tahe clfeet, during which
ume the capybaras could Tall 1io the water or be fut by a ve-
hicle. To avoid those eveniuahues, we shot the individuals Far
from wuler bodies and wban reads. When the animals were
completely  anaesthetized. we wdentified the sex. weighed,
macked them with numbered colored carrings. and equipped
them with tracking GPS collars (Tigrinus Equipamentos para
Pesguisa Lida., Timbd. Sama Cataring, Brazil). During this
pracess, a velernmarian checked the vital paramciers of the
individuals theart rade. fespiratory rate, rectal emperature,
muscle tone, and auricutar. ocular. and anal sphincter reflex)
every 10 min. At these 10-min intervals, the veterinarian also
checked lor ecloparasites, wountds, and other signs that could
compromnse animal health. Procedures followed ASM guide-
lines (Sikes el ab 20063 and were awthorized by the Ethics
Commitiee oa the Use of Animals, nwmber 676/2013, and by
the Authorizasion Syslem and Information on Biodiversity
namber 49802, Bach GPS collar was programmed (o recond
seographical ocat:on, date, and time, every 30 min. We pro-
eraniied the collars (0 send the data onee a month. so we re-
moiely downloaded the daa monthly using an antenna and
UHI tecerver CTigninus Lquipaisentos para Pesquisa Lida.).

Cover types of the sndicd areas. --For the {our siadied arens,
we classtited the habitats using the Google Earth Pro sollware.
We manually delimited classes of land-use polygons (habitat
classes) of tour biologically relevant categories for capybaras:
{11 grasslund arcas; (23 torest vegelation areas: {3) water bodies:
and (4) arban areas (i.e.. puved areas. including buildings. av-
enues, streets. and sidewalks; Fig, 1), Three of these hubitat
types are eeologically refevant lor the different daily activities
of capybaras: grasslands o feed. Torests for rest and shelter,
and water bodies 1o thermoregulate. avoid predation, and mute
{Ojustt 1973; Mones and Ojasti 1986). The other. urban areas,
is included becanse it is present {or human use. and instead
is expected to be perceived as a risk area for capyvbaras™ ac-
tvily rather than us un ccologieal resource. These calegaries are
distinguishable easity by the naked eve using high-resolution
satellite images. However, m instances of doubl, we used the
Google Street View 1o confirm the habitat elassificaiion.

Home range extimation.——We used three estimators of home
ranges: (11 Mimmum Convex Polygon (MCP 93%-—Mohr
19475, caleulated trom 95% ol the GPS locations: (23 Kernel
Density Probality (KDE—-Worton 1989): and 3) Kernel
Brownuwn Bridge (BBMM—DBuliard 1999). We estiinated the
KDE and BBMM using the 93% mopleth of probability. rel-
crenve smoathing paramcter (refi, GPS crror of 20 m (sig /),
and diffusion parameter L7023 caleudited by maximum likels-
hood. The MCP, hecause 1t only estimales the contowr, assuines

the animal uses the area uniformly. is highly sensitve to out-
liers and may incorporate nonused areas into the home range
estimation., The KDE calenlates the probability ol utitization
of each point. but ignores the temporal sequence of consec-
utive locations. The BBMM incorporates the tempora] strue-
ture of consecutive lovations to the kernel esumation, providing
better outcomes of the paths used by animals within their home
ranges. We caleulated the three estimators to obiatn a better
understanding of how vrban capyhara use their home ranges
(BBMM and KDE) and compare the home range sizes with
previously published studies {MCP and KDE}. Beceause home
range size is positively related o monitoring time, we plotted
monitoring time agairst home range size  ensare the indi-
viduals had reached an asymptole on home range size Lo be
included i the study.

Becuuse capybaras move in groups. we lirst assessed the de-
gree of cohesion of group movement to estimate the number of
individuals that would Tead to reliable representations of home
ranye sisze of the groups. To test this, we 5i1¥1ulltt1;0c;uxl_\<" -
tered elght individualy of two social groups (four from
groupi living at Site 4 (Fig. 1), We used the overlap between
home ranges (considering all monitornne davs, reporied
Table 1) of the individuuls testimated by the MCPj s a proxy
for the degree of cohesion of the group. We assumed an overlap
of 2 80% as a reasonably indicaiion of a high degree of cohe-
sion to use of one individual per group of capybaras as o praxy
of group home range estimations,

All apalyses in this study were undertaken in the R envi-
ronment (R Development Core Tean 2018). We camed out
the home tange analyses using e adelabitat IR package
(Calenge 2011). Group cohesion was high (see “Results™), so
we rufed that one capy bara [rom each group was representative
ol the entire area used by its group. Thus, apart from the eight
individuals from Site 4 ¢groups G1 and G4, we monitered an
additional seven individuals representing seéven groups: five
individuals at Site | (G3. G6. G7. G8. GY), one from Site 2
(G5). und one from Site 3 (G2) tsee Table 1. From (1 and G
we chose the animal that was monitered the longest (Gl 3
and G4-1022) a3 representatives of the group to culculuie nivan
home range size. To compure the home range sizes ol animals
from wrban environments with those of animals from natural
eavironments. we searched the Web ol Science platferm for wr-
ticies related to the capybara home ranges using the following
kev words: home range, home range size. capybaras. and 1o-
dents. both 1n English and 1n Portuguese. We found Lour articies
Hiting the search parameters and made a table contwning the
values of home range sizes of the apimals from the hterature
and the values ol our studied urban capyhuras.

Dy acriviev.-- We used the Baclidean distance between o-
calions of capybaras at hourly periods as a proxy ol activily.
Human distarbance was coded dwly as a binwry covarnute ac-
cording (0 human visitulion of studied parks (0 = closed/low
visitation. 1 = openfintense visitation). For instance. wt rocres-
nonal parks, weekends (Saturday and Sandayy were considered
as intense visitalion (coded as 1), and workdavs Nonday
through Friduy) as low visitation {coded as 00 Time ol day

cathy
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is modeled as sine and cosine harmonics {costhours * 2
pif24) and sinchours * 2 % pf24] 10 allow for expecied non-
linecar (e.g.. bimadaly effects. We tested the eflect of tme of
day and human disturbance va capyhara daily actavity using a
Linear Mixed Model with temporal autocorrelation. available
in the fmed puckage {Kuznetsova et al. 2007). Because of the
nested structure of our daty, we included a random eftect where
simpled howrs were nested within days, and then within in-
dividuals, Finally, we controlted by wemporal autocorrelation
berween successive hours within each day of cach individual
using i first-order autoregressive struetwre; 1L.e.. activity values
ol determined hours of one individual were allected by the hour
unmediniely betore, We ased square roots of distance moved 1o
achieve residuals” normality.

Habiral selecrion-—As with home range analyses. we used
data from nine of the 13 tracked individuals (one individual
per group) to cairy out a Step Sclection Funcrion ¢S517) anal-
ysis. The criterion of inclusion was to be the individuat moni-
tored for the longest time periods (or G oand G (G1-ID3 and
GI-1D2, respectively) and the individuals representing the re-
midiing groups (see Tabte 110 We estitnated the strength ol se-
lection of the [our habitat Lypes, as well as their hourly changes
throughoul the day. usmg the S5F approach. The SSE s a va-
tation of the Resaurce selection Function (RSF—Manly el al.
2007y that explicily mcorporates the process ol animal move-
ment. While the RSE estimates the strength ol selecuion as the
rute belween the use of a cerlam habitat and its total availa-
bility, Uwe SSE estimaltes this step-by-step. This means that the
avilability of a certan habitat o one individual depends on
its spadial position, given s capaciiy of locomotion asd nay
igation. We therefore needed to estimalte the changes in hab-
1 avaslability for each step in SSE. For capybaras, we created
34 random (unused) steps starting from each used location, a
smnpling size able o represent the actual resource availabilily
around animal position i our studied areas. The fength and di-
reciion of these random steps were calculated from @ random
distribution of step length tdistance between consceutive loca-
tons) and wrping angles (dilterence in direction between con-
secutive stepst Tor the entire trajectory of each animal, Thus,
the arrival habieat of cach observed step (used habiiut, coded
as 1 was compared 10 30 potential focations of each random
step (avarlable habitats. coded as 071 For each observed step,
we recorded the time of the duy and the used and available
lrabists.

Given the binary nature of the response varable (used = 1,
versis mailable = 0), we solved the SSF using a Condilional
Logistic Regression mode] (CLR—Connolly and Liang 19883
with the servivel package (Therneau and Lumiey 2014). There,

hahitst type was inciuded as o fixed covarite, sand each step of

wach capybara was included as the stratum or condition (equiv-
alent to o random covariate in a mixed model). This procedure
altowed us 1o compare used and avarlable habitats within cach
sicpol e
cach habulan tvpe vasied over the course of daily activities, we
mcluded an interaction term between the habitat type and the
tme ol the day i the CLR. The time of the day was included in

ach capybura, To test whether the selection strength of

the form of sine and cosine hacmonics [costhours = 2 ¢ pi/34)
and sinthours ¥ 2 p1/24)] 10 allow nonlinear changes 10 habitat
selection strength throughout duily activities (Oliveiru-Santos
et al. 2016). To test the effect of human disturbance on hab-
iat selection we also incloded the same binary classiliication
used in the analvses of daily activity pattern (4 = closed/low
visitation, 1 = open/intense visitation). Both time of the day
and human disturbance were included as interaction terms
with habutat type to verily how they trigger changes on habntat
selection.

ResunTs

Home runge.—The fowr individuals traeked in cach of the
two sociid groups in the Site 4 remained strongly cohesive, pre-
senting home ranges with individual overlap greater than 88%
tFig. 2y, This suggests that if 15 not necessary 10 moniior more
than one iadividual of the same social group 10 have an esi-
mate of home range stz of the group. The average \alug” ]
home range sizes were: 40,23 ha (7.16-104.93. MCP), 307
ha (10.29-71.51; Kernely, and 3109 ha (14.9-47.68; liB\’I\I
Table .

Previous studies that estimaded the home ranges of nonurban
capybaras using the MCP estimator methad presented the [oi-
lowing mean estimates across individuoals: 8,15 ha eMucDonald
19811 104 ha (Herrera and MacDonald 1989)7 18.96 ha
{Corriale et al. 2013 and 583 ha (Campos-Krauer et al. 2014,
The last study also used the Kernel estimator method and pre-
sented an average using that estimator ol 183.6 ha (Table 11

Dy aciiviry. —The hourly distance moved by capy baras de-
pended on the hour of the day b= =100, F <001
et e o oy = 04SSO D e = TP <00
7 tm e e ) = 009 £ = 0,200 Figs, 3e and 3d). The daily ac-
tivity patiern is bimodal, showing two crepuscufar peaks of ve-
vily, one during dawn and one during dusk, whereas capyharas
remain imactive in the moning and allernoon. Human visitation
allfected the activity in an nleraction with the time ol the day
i et o g =~ P = 0BT D e [
025 P = 001 b e o i =007, £ = (e
D iman * o ot e = —UAT P <001 Thus, the mtense pres-
ence of humans In parks did not alier the overall amoun of
capyhara daily activity but delayed its himodal acuvity pattern.
In comparison with the days of low human visnation. capy
baras delayed upproximately 1-2 h 1o begin their dusk activity,
compensated with turther displacements in the beginnmy of the
aight, and kept acovity untl later in the duwn (Fig. 3dy

Habitor selection —Capvharas selected  different hubituts at
ditferent times of duy. and changed their selection under regimes
of higher human disturbance (Figs. "m and 3by Forest areas
th, = 147 P <0010 = (.93,

IYITRN S anviaw ol dud IS SR EN TR Il;n i

P < (1L.01) and water bodies (i, Bt~ sin e o i} = = {23 ]' (301
e gy = B0 P < 0.01) were selected in early
morning to midafternocn. and avetded [rom midisdternoun o mid-
might (Fig. 3a). Urban areas always were wvorded (0 = 0,43,
P = 001, regardless of the time of day. but this .mnd mee was

greater during daylime (6 = 085 F < 00t

Pun stecfune o dae )

T
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Fig, 2.~ -Sazellite image of Site 4 iCampo Grande, Mato Grosse do Sul. Bragil), Each poivgon represents the home range ol an individual capy-
hara tHivdrochoerns ivdrochaeris). The black polysons represent (our individuals of the same group (G1). And the while poly gons represent ous

adividuals from another group (G4, )
B emen e = 1300 P <0011 Fig. 3ay Notably, habiat se-
lection oof capybaras alse wus markedly sffected by human distur-
bunce. Fhgh human visilation triggered avoidance of the usually
selected habitats: forest ¢h, = )31, P < 0.0]) and waier
bodies th =042, P <(LO1). und drove an even greater
avedance forurban areas (b = -0.25, P <(0.01: Fig, 3b).
Nule that on days ol high disturbance thigh human visitation Lo
parksy. capybaras just avoided urban areas. while other habitat
types selected (foresis. water bodies, and grasslands |reference
categorvii seemed random (Fig. 3b).

DI1sScussIonN

Urhan capybharas exhibited large home ranges. bimodal daily
aclivity patterns. and remarkable changes in habital selection
thronghout the dav, Moreover, they altered the activity pallerns
and habial sefection on days with intense human disturbance.

The daify activity patierns scemed less affected by human pres-
ence than habilat selection, showing a similar (bimodalt paticrn
heth on days with low and high human presence, but with a delay
in activity—which resulted in ap crease ol pocturnalily —on
days of high human presence. The effect ol human disturbanee
on habitat selection was remarkable. completely altering the daily
paiterns of selection and aveidance of the dillerent habitat types.
On days with Jow human distarbance, capybaras strongly selected
forests and water bodies during the morning and aflernoon. and
erasslands during the dusk and night. However, on davs of miense
human presence, capvharas did not select any habitatl (vpe and
strongly avoided urban areas, particutarly during dayiime. Our re-
sults describe the use of space ol urban capybaras living in green
arcas of  large city, and how human presence triggers changes in
their spuce use.

Conlrary to our expectations. our results reveuled that home
ranges of urhan capybaras were larger than those estimated
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dence mutenvals tdotied liney are depicted lor each habitat tvpe: forests, waler hodies, grasslands. and impervions cover (highly anthropised arcas
as roads, see the text tor more details). by Coefiicients of hubitat selection strength ¢similar specifications as the previous plol of the Loy habitat

ypesdunmg tie days o intense human vstation. (€ Real dute of the bourly distance moved as aprony for activity) of ald stedied capy basas G-
cluding all monitoring daysy ot dilfesent imes of the day. Dotled bnes ave the valoes of coch mdividual: the bold e is the mean. (s Bsinnates of
the mired model of the hourdy distance moved (roxy for activigy of studied capybaras during the tme of the dus acdays of intense ol lines

and ow rdashed Hnesy human visitation of parks.

in natural environments {MacDonald 1981 Herrera and
MacDonald 1989: Corviale ¢t al. 20135, This disngrees with
the general pattern o mansmals reducing the size of thew arcas
af movemenl when habitals are under eftecis of laree buman

influence {Tucker et al, 2018). The wendeacy appears opposiie
lor capybaras, The onlv exceplion are capybaras of natural
ateus of the Chaco (Campos-Krauer et al. 2004, dispiaving
home ranges over lve times farger than those Trom urban areas
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stidied here. The Chaco is a xeric enviranment with Tow pri-
mary productivity compared (o the other studied natural areas
tPozer and Noguewra 20040, Low primary productivity can Jead
capvharas to travel greater distances to acquire sufficient re-
sourees Lor their energetic demands (Mueller et al, 2011). This
alse may explain why one studied capybara (1D G2} occupying
an area with scarce grasslands showed the largest home range
size among monitored individuals. The abundance and easy
access of landscape lawns 1 predator-free anthropic environ-
ments. such as the urban locations examined herein, favors the
catablishment of Targe groups of capybharas {Ferraz et al. 20073,
Living 1 large groups m areas of high foed availability and
laching predators probably would lead capybaras to expand
ghien home ranges tGering and Blaig 1999 To natusad envivon-
ments, capybaras are subjected 1o hagher predation pressuices,
tor esample, from jaguars (Panthera onca). a major predator
of vormg capyvbaras (Renguer TR30: Schaller and Vasconcelos
19783 Flenee. the absenee of predators in large urban ceonters

“oyhl allow capyharas W increase their group size and arca of

dovement, consequent]y increasing thewr home ranges.

Somwe species alter thewr circadian evele when Tiving e large
urban centers duc o iflumination and/or constant haman pres-
ence (Luniak 2004; Presley et al. 2009). Towever, these lactors
seem nol o affect the capybaras in our study, These capy-
haray exhibiled the same activity pattern as those living in nat-
ural eoviromments: that is: bimadal activity, being less aclive
in the moring and more aclive m the aflternoon and evening
(MacDonald 1981}, Even on days of hiense human visitation,
capvburas maintained this bimodal activity padtern. Despite the
bimadal pattern appearing strongly consistent in shape, inlense
human visitation ajtered it by delaying the tming of all daily
movements. Thus. en days ol intense haman presence. capy-
baras starled their activity =2 h later. luening themsehves more
noclurnal than on days with low haman presence. This delay
coinerdes with the seart time and tme length of the rush hours
of visitation/recreation/human displacement in the four studied

arcas. Our Andings also are in agreement with the consistent

end Lo nocturnality found tor 62 species of mammals in rela-

~gon o human distarbance (Gaynor et al. 20181, While this shift

toward nocturnal activity may facilltate coexistence of capy-
haras with hwnans, it can also entail fitness costs o individuals
and alter the evolauon of urban fauna (Gaynor et al. 2018).
Habhitat selection changed markedly in response to human
presence. Usually, capybaras select habitats according o: (1)
uitlity of toraging sites: (2) water availability: and (3) presence
of shelters and resting piaces (Cornale and Herrera 2014). In
days ol low human visilation. urban capyhbaras selected forest
and water habitats and moved less in the dawn and at midday.
This change i habitat selection was aligned (o the peaks ol bi-
modal aclivily, suggesting increases in activity are related with
changes in habitat selection strategies: ¢1) when animals Ieave
4 lorest and/or water body to seleet grassland habitats in the
cvening twilight: and €23 when they return from the grassland
habilats to select forest vegelation and/or water bodies at dawn,
Our tindings agreed with the patiern deseribed i naturat cn-
vitonmoents, iy which capyvbaras use Torests and water bodies
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during these periods for resting and thermoregulation (see Lord
19213, Morcover. this result also highlights the importanee of
the proximily and nteraction between these types of selected
habitals for the maimtenance of capybara populattons, The op-
pasite happened with anthropogenic sreas. which always were
avoided hy capyvharas. Many animais, such as coyoles, although
having larger home ranges in urban than patural envirooments.
alse fend to avord highlv anthropogenic places such a4 com-
mercial arcas and roads during certain limes of day (Grinder
and Krausman 200§ Gese ot ab, 2002, Avowdance ol highly
anthropized arcas seems 1 common patlern, even [or species
that can estahlish themsetves and maintain persistent and abun-
dant populations within ceties ¢ Adkins and Stott 19981,

During days of intense visitation by humans o parks, hahitod
seleetion was disiurbed: capybaras did not show selection for
forests and water badies throughout the day, acting randomls
with respect to these habitar types, They selected grasslands
at night. but later and with less strength than on days of low
human pressure. The cffeet of human distarbance in wvoid-
ance of urban areas of the parks during the daytime was even
stronger, with double the strength of avoidance than during
days with low human visitation, During the mght. avoidance
strength of urban arcas was similan for days of Tow and fuicnse
park visitation by humans, Our resulls showed how human
presence distwsbed the achvity of capybaras, both in space and
time. with animals avoiding the plices and moments where his
mans mosl are present. Sunilar results were found with brows
bears inhabiting human-dominated landscapes of Scandinavia
(Martin et al. 20103, avian raptor in Spain (Bautista el al. 200,
ard different bied species on ocean-exposed sandy beaches of
Austraha (Meager et al. 20120, suggesting Ihat animmals fearn 19
predict the activity of humnans to be able to adapt their behavies
10 avoid them when disturbance s high

Despite the dectine of wild populations and expansion of
wrban environments tMarzlull el al. 2001 ). the capybaras we
studied established larger home range and kept their group size
as lurge as those found in natural arcus, Capybarus, us with coy-
oles and foxes (Grinder and Kragsman 2001 Cenlesse et al.
2004, are found easily in some urban centers (Verdade and
Ferraz 2006: Almeida et ab. 2013: Almeidy and Biondi 2014
A requisite for their successlul establishment is that urban Iand-
scapes be able to provide sufficient resources for survival The
presence of urban parks with grasslands. forest vegetation areas,
and waler bodies certainly contribite to the success of urban
capyvbaras” populkations «Corriale and Herrera 20t "The es-
tablishment and maintenance of urban capybaras” populations
depends on o mosaic of these habitats within urban green arcas.
Close to one of the studied areas ¢Site 1) is another urkban park
{Dos Poderes Park) that preseats a larger and hetter preserved
lorest. but lacking grasslands and water bodies: capyburas are
ahsent there. We believe that capyharas cannot settle in this
park due 1o the absence of the mosaic of the three habitat 1ypes
they reguire. Furthermore, regulation in the number of visitors.
mainly during dawn and dusk, coukd decrease the pressure on
capyhara daity routines. These regulations may be important
ntainly i further evidence demonstrates thal human-indueed
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changes in activily and habitut selection may decrease their
fitness due lo restriction of grazing lime and/er of dccessing
Srazing areas.

As urban areas coalinue to expand and nawural envir-
omments are increasingly lragmented. maintaising green
arcas 1n cities s fundamental for biodiversity conservanon
(McDonald et al. 2008: Goddard et al. 2013). OQuy study city.
Cumpo Grande. 1s focated in the Brazibian Cerrado, a hio-
diversity hotspot with more than 16U speeics of mammals
{Myers et al. 20000, Maintaining urban parks therefore al-
lows preserving capybara populatoens, which provide eco-
system serviees and ailows people to connect with nawere,
enhancing thelr well-being (Fuller ot al. 2007). Notable
aspeots 1o munlaiming capyharas in urban arcas are: (1)
to have parks that are large enough and include a mosae
of three habitat types: water bodies, grasslands, and forest
arcas: and 12y carefully desianing the urban arcas where hu-
mans walk mside the parks. Our results show thal intense
buman presence disturbed the habitat selection and activity
of capybaras, leading them to strongly avoid wrban areas
during vhe day. As human wban populations grow, care musl
be tuken 1o have cnough preen arcas per inhabilant to pre-
clude surpassing the human presence that capyharas can sup-
poit 1o adapting their behavior. Understanding the efTects of
wrbanization v the use of spuce. wctivity patern. and habita
selection of capybaris. as well as the environmentat charac-
teristics this species requires to live in anthropogenic envir-
onmenls, will aliow for precise managemenl actions,
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