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REFLEXOES E AGRADECI MENTOS

O que é um dout orado? Nos ult imos meses de redacdo dest e docu
ret ornando a est a pergunt a inumeras vezes. Seria uma t ese? Um conju
publicados? Crédit os por disciplinas conclui das? Foi nesse moment o que p
pensar no que f iz nesses anos e soment e depois de lembrar o por qu
dout orado é que consegui me aproximar do que imagino ser uma respost a.
me graduar em 2003 me associei a um inst it ut o de pesquisas e -— aps
uma especializagdo na | nglat erra em 2006 - soment e em 2007 ingressei r
Sent i que passar um t empo f ora da universidade, part icipando de inicic
f ocadas em conservacido da biodiversidade me t rouxeram uma perspect iva L
mais abrangent e de at uagdo como pesquisador. Nesse int ervalo t ive a
de est udar e part icipar de muit os cursos e, assim, compensar alguma

lacunas na minha f ormacdo durant e a graduagéo.

O mest rado, em t oda a sua int ensidade, me t rouxe ref lexdes i
O por que da pesquisa. Por que colet amos dados? O que f azer com e
para campo colet ar dados é s6 a divert ida pont a do iceberg da cié
divert ido da &gua para baixo). Minha dissert agdo cont est ava alguns do
colocados em prat ica na pesquisa com f elinos selvagens na época e,
severament e cont est ada em alguns moment os, serviu de ref eréncia para
de desenhos amost rais em diversas iniciat ivas no pai s. Fiquei muit o f
que nao seria apenas mais uma encadernacdo em capa dura arquivada em
bibliot eca. Enquant o f ocava em dar cont inuidade as minhas iniciat ivas
com jaguat iricas no Pont al do Paranapanema e em colaborar com out ros ¢
af ora — empolgado com as aplicagcbes prat icas de meus est udos - ume
t ransicdo acont ecia. Os equipament os para amost ragens de f auna, an
projet os grandes com muit o recurso, se t ornaram mais acessi veis viabili
iniciat ivas e amost ragens em regibes pouco conhecidas. As abordagens a
ant es compart iment adas em sof t wares especi f icos, volt aram a raiz de
quando era necessario digit ar linhas de comando com linguagem de programa
para abrir disquet es com 1. 44 mb de memoria. O desenvolviment o
anali t icos ut ilizando linguagens de programagdo em ambient es de codige

associado a capacidades de processament o que f azem meu primeiro comj



parecer uma calculadora cient i f ica, levaram a ecologia enquant o ciéncia
nova era. O céu se t ornou o novo Ilimit e. Comecei a sent ir que prec
Precisava de um moment o de imersdo na lit erat ura, nas f errament as

cada vez mais sof ist icadas linhas de pesquisa. Era hora de f azer dout

No f inal de 2014 est ava procurando uma casa para alugar em Goi
pret endia me mudar com minha f ami lia para iniciar est a nova et ape
Ciéncias Ambient ais da UFG. Havia sido aprovado em primeiro lugar no
selet ivo com uma bolsa em meu nome. Meses ant es havia procurado o F

Ribeiro, que disse que sO conversari amos se o0 chamasse de Milt inho.

minha primeira visit a a Rio Claro, inf elizment e Milt inho n&o t inha m
orient ados. Um t empo depois, enquant o pesquisava por imobiliarias g
int ernet recebi um e-mail de Milt inho int it ulado "int eressado no dou

prova sem nenhuma expect at iva no dia 21 de Janeiro de 2015, exat os
do nasciment o de meu primeiro f ilho. Passei e decidimos abandonar a idé
Goiania. Mesmo t endo promet ido a mim mesmo que nunca mais morari
plani cie depois de 9 anos vivendo em Teodoro Sampaio — ext remo oest
de Sao Paulo - em Maio de 2015 est avamos morando em Rio Claro para

o dout orado.

Foram 3 anos dif i ceis - principalment e para minha esposa - em
est ranha, sem f ami lia ou amigos e um bebé. No ent ant o, ent r
t i picos da rot ina académica, que a t ant o t empo ndo f aziam part e
coisa que nunca pude me queixar f oi o apoio incondicional de meu orier
moment os de dif iculdades pessoais, f inanceiras, morais, psicoldgicas,
houve "t empo ruim". Com muit o carinho e empat ia ele est ava sempre [&
de t odas minhas limit acbes enquant o cient ist a, nunca pude reclamar de
amizade. Sempre com um berimbal debaixo do bragco, posso dizer que meu
de dout orado f oi e €& uma das pessoas mais import ant es minha f ormr
humano, pai e pesquisador. Mesmo com a at ual dist dncia f i sica, S
aprendiz. Poderia  redigir por horas sobre causos, avent uras, des
aprendizados e mandingas que passei com Milt inho em ndo poucas viagel
Brasii e at € no ext erior. E com mais de uma lagrima que escrevo

enquant o lido com uma das maiores pandemias da hist 6ria da humanidade



minha t ese. Toda honra e t oda gléria a aquele que nunca se corromp

dos pequenos poderes da hierarquia académica. Obrigado Milt inho!

Nesse peri odo em Rio Claro descobri uma paixdo: o jiu-jit su. Na
eu levava o video casset e da casa do meu avb6 para a casa de ur
copiavamos f it as VHS dos primeiros UFCs. Criado por Rorion Gracie e
objet ivo do UFC era provar a superioridade do jiu-jit su brasileiro sobre as
marciais. Fazia isso por que meu t io prat icament e me obrigava e achav
um brasileiro com nome est ranho (Royce) f icar mais de uma hora agarrac
lut ador no chdao at é que o "f inalizasse". Um dia passando na Rua 5 v
Senseis Leandro Brassolot o e | van Andrade e parei |a para pergunt .
procurando uma at ividade f i sica e achei que podia ser int eressant e.
minha esposa est ava redigindo sua t ese de dout orado e eu f icava a
t empo cuidando do meu f ilho para que ela pudesse t rabalhar. Descer a
t reino das 19: 00 era meu rit ual diario, meu moment o. Durant e um:
exist ia o jiu-jit su. Todas as angust ias, dif iculdades e ansiedades eram
muit o dif i cil f ocar nessas coisas quando t em alguém t ent ando de
camaradagem e bom humor no t at ame, o bem est ar f i sico e a aut
jt su me trouxe é& o que me f ez passar por est e peri odo s
psicologicament e. Agradeco de coragdo aos meus senseis e irmaos de t at

ajudarem a superar os desaf ios do dout orado. Oss

Quando cheguei no LEEC - Laborat 6rio de Ecologia Espacial e Conse
me sent i no mi nimo deslocado. Com 38 anos de idade, casado e con
cercado de jovens incri veigadingo edge da ecologia de paisagens e no auge
um grande projet o apoiado pela FAPESP em parceria com a Universidade de
Aos poucos f ui conhecendo as pessoas e processos. Fiz amigos com os
lagos invisi veis para a vida t oda, embora dist ant es f isicament e h
amizades e relagbes como por perrengues, desaf ios e bat alhas junt os
moment os de dif iculdade e necessidade que caem as mascaras que t
vest imos diariament e para viver em sociedade e vemos quem € quem.
poucos os desaf ios e bat alhas e encont rei pessoas com codigos de con
impecaveis na vida pessoal, prof issional e académica, out ras nem t ant «
assim t iveram algo a ensinar. Agradeco ao meu amigo Raf ael (Urucum),

rast ico é s6 uma carapaga para o0s desavisados. Embaixo dessa casca ¢



uma das pessoas mais int eressant es que t ive o prazer de conhecer e
ult imos anos. Agradego a Renat a Muylaert , companheira de nao pouca:
desaf ios. A Milene Eigenheer, a Erison Mont eiro, a Nat alia St
Mont agnana, Claudia Kanda e Julia Oshima pela amizade, parceria, t roce
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grat iddo por t oda a generosidade de Claudio e Suzana Padua ao lon
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ment ores Clint on Jenkins e Alexandre Uezu. Uma das coisas que mais s
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ment es brilhant es. Agradeco a minha amiga Angela Pellin, por liderar pel
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compart ilhou sua jornada conosco € com nossos ouvint es. Esse projet o,
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art igos publicados nesse peri odo, out ros ja submet idos e alguns sendo
para submissdo nesse exat o moment o. Passei a ent ender o dout orad

processo de cresciment o e at ualizagdo, de f ormacdo de um cient ist a c
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pela dinamica da vida e mudancas que est do f ora do nosso cont role. /
acabam aqui, algumas vou dar cont inuidade por que preciso e out ras po
Em relacdo a est a et apa de minha vida posso af irmar que, assim como
0o bom combat e e t erminei minha jornada. O present e t rabalho f oi rec
da Coordenacdo de Aperf eicoament o de Pessoal de Ni vel Superior - Bras

- Cdbdigo de Financiament o 001.
So long and t hanks f or all t he

Valar Dohaeris



Sumario

RESUMO GOIAL......ooiiiieiiiieieie ettt et et et st et et eae st e et e s st ses et eaesseses et ane st ses besensstesensesenssrenenns 1
(T =T 1Y 1 - Vot TSP 2
General INtroOdUCHION ...........ocuviiiiiie e e e s e e e s bee e s s sabee e e e nabes 3

20 =Y =Y o1l PRSP 5

CHAPTER 01. Reductio ad absurdum: Simplification of trophic processes in tropical forests... 7

LAY o1 1 =T OSSPSR PRSP SPUPPPR 8
[aidgoTe [¥To1dTo] o TOO T T POV PRTOURROPRTOPRIN 9
What is an apeX Predator? ... ...t e e e snaaa s 9
What is an MeSOPredator?..... .ottt erree e e e e e e s bee e e s abee e e e nbeeeesenrees 11
Mesopredator release hYPOthesis .........occviii i 12
Predators in the Atlantic FOreSt ...t e 12
Is mesopredator release an underestimated phenomenon in tropical forests? .................... 14
CONCIUSIONS. ...ttt ettt ettt e et s e s b bt e st e e sabe e e sabeesabeesbbeesabeeebbeesabeesabeeesareesanes 17
REFEIENCES ...ttt ettt b e s bt s a e st e et et e e s b e sht e st e et e e b e e beereas 18

CHAPTER 02. Atlantic Camtraps: a dataset of medium and large terrestrial mammal

communities in the Atlantic Forest of South America .............ccoccoiiiiiiiiiiniinee, 22
ADSEIACE ettt ettt et e st e s be e e s be e e ab e e s areeebeeesabeesneeas 23
[[ai 9o Te [¥ Tt To] o TN PO P O PPRPPROP 29
[ of | o 1 o o 32
Y=o 1Eo T o)1 4o o PSPPI 35
[BF 1= R ole ] 0] o1 =1 4 ] o O PP 35
RESEAICh METROMS. ... . 35
REFEIENCES ...ttt b e b e s bt sa e st e et e e bt e s bt e sab e st e e be e b e e beenreas 46

CHAPTER 03. Home range and movement patterns of jaguars in the Atlantic Forest of South

AMEIICA ...ttt s a e e st 56
ADSTIACT ..ttt st e b e r e e saeesaneereen 58
[[a1 A goTe [¥To1 4 To] o TN TSRO P OO URRPPRP 59
Materials and MeEethOAS .......cccuui i s 60

Ry 0o 1YY PSSP 60
Telemetry and home range estimates ......cooccveeiiciiii e e 61
RESUIES ...ttt e e st e s bt e n e e e s b e e e s ab e e sare e e neeesareeeneeas 63
DT o{ U 1Yo o PP O T PP OPRRRON 66
REFEIENCES ...ttt ettt b e bt e sa e et e e bt e bt e e bt e sat e st e s beebe e beenneas 68

(0o T [ L=T g Toto TX N T s - 1L PR N 74



APPENDIX I. Produgdo como discente (2015 — 2020)

Colaboragdes em artigos PUBCAdOS. .........ccevciiiiieiiiie e aaee e 76
Qualis AL - BiodiVersidade .......ooeiieieieeeeees ettt 76
Qualis Bl - Biodiversidade.........ccueeiieieiieenieeeriee st ettt ettt e s ree e s e st e s snee e sbeeesaeeeeas 78
Qualis B3 - Biodiversidade.........ccueeiieiiiieeniee ettt e e b e e sre e e sane e 78

CitagOes no Google Scholar (2015 — 2020)........uieeeciieeeeiieeeeecieeeeecireeeecrre e e e sereeeessreeeesnaeees 78

Textos de divulgagao CIENTITICA ...uuveiieiiiei e et 79

Projetos de divulgagao CIeNtifiCa.......ccccuiiiicciiie i 79



RESUMO GERAL

A perda e a fragmentacéo de habitat tém sido descritas mundialmente como as
principais ameacas a biodiversidade. Além da reducdo extrema na densidade e
abundéancia das populac¢des de animais silvestres, esses fen6menos tém implicagoes
nas interacdes entre as espécies, levando a consequéncias imprevisiveis. Isso é
particularmente sensivel quando se trata de interacdes predador-presa, onde as
respostas do predador - ou a auséncia dela - as mudancas na paisagem e no habitat
podem ter influéncia direta nas redes alimentares. A importancia ecoldgica dos
grandes mamiferos carnivoros (Carnivora) € facilmente reconhecida, pois mesmo
poucos individuos deste grupo podem exercer um forte controle top down sobre as
populacdes de presas e predadores menores. No entanto, ndo apenas os grandes
predadores, mas as populacdes de grandes mamiferos em geral estdo em declinio
em todo o mundo. Esse processo de defaunacdo tende a favorecer espécies de
mamiferos de menor massa corporal, alta taxa reprodutiva, onivoros e generalistas,
as vezes descrito como “miniaturizacdo da fauna”. Outro fendmeno relacionado a
defaunacado € a hipétese da liberacdo do mesopredador. Usado para descrever as
irrupcoes de predadores menores apos a extirpacdo dos maiores. Na Mata Atlantica,
um dos hotspots mundiais de biodiversidade, o predador de apice (onca-pintada) esta
regionalmente extinto na maior parte do bioma. Além disso, mais de 50% deste bioma
esta distribuido em um mosaico de manchas florestais menores que 500 ha. A Mata
Atlantica combina as principais varidveis associadas a surtos de liberacdo de
mesopredadores. Nesta tese, reuni as principais caracteristicas da hip6tese de
liberacdo do mesopredador adaptada a um contexto regional: a comunidade de
mamiferos carnivoros da Mata Atlantica. Inicialmente, proponho um modelo conceitual
baseado em hipdteses gerais e resultados esperados apoiados em pesquisa
bibliografica e conhecimento empirico como referéncia para orientar futuras analises
em larga escala sobre esse fendmeno. Seguindo esta discussédo, apresento o conjunto
de dados Atlantic-Camtraps, destinado a apoiar os dados necessarios para explorar o
fenbmeno de liberacdo de mesopredadores na Mata Atlantica. Por fim, trago um
estudo de caso sobre o maior predador da Mata Atlantica em um de seus Ultimos
redutos no bioma. Neste capitulo, eu e meus colegas apresentamos os resultados de
cinco anos de monitoramento por telemetria e discutimos a auséncia de padrbes
tipicos, como sazonalidade e diferencas no tamanho da area de vida entre machos e
fémeas.

Palavras-chave: Animais carnivoros, Predacédo (Biologia), Animais predadores



GENERAL ABSTRACT

Habitat loss and fragmentation has been described worldwide as the main
threats to biodiversity. Additional to extreme reduction on wildlife populations density
and abundance, these phenomena have implications on species interactions, leading
to unpredicted consequences. This is particularly sensitive when it comes to predator-
prey interactions, where predator responses - or the absence of it — to landscape and
habitat changes may have direct influence across food webs. The ecological
importance of large mammalian carnivores (Carnivora) is easily recognized since even
a few individuals can exert strong top-down control on prey populations and smaller
predators. Nevertheless, not only large predators, but large mammal populations in
general are in decline worldwide. This shift pattern in mammal species pool towards
smaller body mass, highly reproductive rate, omnivorous and generalists caused by
defaunation has been described as downsizing. One phenomenon related to
defaunation is the mesopredator release hypothesis. It was used to describe smaller
predators’ irruptions after extirpation of larger ones. In the Atlantic Forest, one of the
world’s biodiversity hotspots, the apex predator (jaguars) is regionally extinct in most
of the biome. Additionally, more than 50% of this biome is distributed in a mosaic of
forest patches smaller than 500 ha. The Atlantic Forest combines the key variables
associated with mesopredator outbreaks. In this thesis, | put together the key features
of the mesopredator release hypothesis adapted to a regional context: the mammal
carnivore community of Atlantic Forest. | propose a conceptual model based on
general hypothesis and expected results supported by literature research and
empirical knowledge as a reference to guide future large-scale analyses on this
phenomenon. Following this discussion, | present the dataset Atlantic-Camtraps,
originally intended to support the data needed to explore the mesopredator release
phenomenon in the Atlantic Forest. Lastly, | bring a study case on the Atlantic Forest
apex predator in one of its last strongholds in the biome. In this chapter me and my
colleagues present the results of five years of monitoring through telemetry and
discuss the absence of typical patterns such as seasonality and differences in home
range size between males and females.

Keywords: Predation, Carnivora, Predator-prey interaction



GENERAL INTRODUCTION

Changes in the abundance and persistence of biodiversity, led by the loss and
fragmentation of natural habitats has been described worldwide [1-3]. These changes
are generally described and/or predicted as negative, tending to focus on single-
species and species diversity models. However, this approach may be missing the
effects of habitat loss and fragmentation implications on species interactions, leading
to unpredicted and misleading results [4,5]. This is particularly sensitive when it comes
to predator-prey interactions, where predator responses - or the absence of it — to

landscape and habitat changes may have direct influence across food webs [6].

The ecological importance of large mammalian carnivores (Carnivora) is easily
recognized since even a few individuals can exert strong top-down control on prey
populations and smaller predators [4,7-9]. Species with these features occupy an
elevated position in the trophic ladder, being classified as top predators and their role
as ecosystem regulators is now firmly embedded in ecological theory [6,10,11].
Nevertheless, not only large predators, but large mammal populations in general are
in decline worldwide and the consequences only recently started to be studied [10].
This shift pattern in mammal species pool towards smaller body mass, highly
reproductive rate, omnivorous and generalists caused by defaunation has been

described as downsizing, with unknown long-term consequences [12,13].

One phenomenon related with defaunation is the mesopredator release
hypothesis. It was used to describe smaller predators’ irruptions after extirpation of
larger ones and first appeared in scientific literature in the late 1980's [14]. In the
Atlantic Forest, one of the world’s biodiversity hotspots, the apex predator (jaguars) is
regionally extinct in most of the biome. Additionally, more than 50% of the biome is
distributed in a mosaic of forest patches smaller than 500 ha.

The Atlantic Forest combines the key variables associated with mesopredator
outbreaks. Nevertheless, to detect it in regions with high redundancy in ecological
functions such as tropical rainforests can become a challenge even to insightful and
skilled researchers. However, data availability, dissemination and processing
dramatically advance in the last decade. The recent adoption of data sharing policies

by journals are an important step towards large scale analysis.



In the first chapter of this thesis, | put together all the key features of
mesopredator release hypothesis adapted to a regional context: the mammal carnivore
community of Atlantic Forest. | propose a conceptual model based on general
hypothesis and expected results supported by literature research and empirical

knowledge as a reference to guide future large-scale analyses on this phenomenon.

In the second chapter | present the dataset Atlantic-Camtraps, originally
intended to support the data needed to explore the mesopredator release phenomenon
in the Atlantic Forest. This data publication was one of the first of a series of datasets
combining data mining and raw data from research groups aiming data availability,

dissemination, and processing for this biome.

In the third chapter | bring a study case on the Atlantic Forest apex predator in
one of its last strongholds in the biome. In this chapter me and my colleagues presents
the results of five years of monitoring through telemetry and discuss the absence of
typical patterns such as seasonality and differences in home range size between males

and females.
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ABSTRACT

Changes in the abundance and persistence of biodiversity, led by the loss and
fragmentation of natural habitats, have been described worldwide. These changes
generally focus on single-species and species diversity models. However, this
approach may be missing species interactions leading to misleading results. This is
particularly sensitive when it comes to predator-prey interactions, where predator
responses or lack of them to landscape and habitat changes may have direct
influences across food webs. The decline of large predator populations is indeed a
global phenomenon. Meanwhile mesopredators are becoming more abundant in
fragmented landscapes. This process, described as the Mesopredator Release
Hypothesis, can have profound impacts on biodiversity. In the Atlantic Forest the apex
predator is regionally extinct in most of the biome. Additionally, 65% of the remaining
forest is distributed in mosaic of forests patches smaller than 2000 ha. This presents a
high potential for mesopredator release outbreaks and the outcome is anything but
predictable. Here | propose a conceptual model describing how this phenomenon may

work in Atlantic Forest.



INTRODUCTION

Changes in the abundance and persistence of biodiversity, led by the loss and
fragmentation of natural habitats has been described worldwide [1-3]. These changes
are generally described and/or predicted as negative, tending to focus on single-
species and species diversity models. However, this approach may be missing the
effects of habitat loss and fragmentation implications on species interactions, leading
to unpredicted and misleading results [4,5]. This is particularly sensitive when it comes
to predator-prey interactions, where predator responses - or the absence of it — to

landscape and habitat changes may have direct influence across food webs [6].

The ecological importance of large mammalian carnivores (Carnivora) is easily
recognized since even a few individuals can exert strong top-down control on prey
populations and smaller predators [4,7-9]. Species with these features occupy an
elevated position in the trophic ladder, being classified as top predators and their role
as ecosystem regulators is now firmly embedded in ecological theory [6,10,11]. Large
predators (higher body mass) naturally occur at low density, demands large areas of
natural habitat (larger home range size) and stable prey base (larger average prey
size) in order to maintain health populations [12,13] (Figure 01). Nevertheless, not only
large predators, but large mammal populations in general are in decline worldwide and
the consequences only recently started to be studied [10]. This shift pattern in mammal
species pool towards smaller body mass, highly reproductive rate, omnivorous and
generalists caused by defaunation has been described as downsizing, with unknown
long-term consequences [14,15] (Figure 01).

WHAT IS AN APEX PREDATOR?

A recent study proposes that predators above a certain weight threshold and
functional features are capable to limit their own population densities — i.e. self-
regulation — instead of a bottom-up control determined by prey availability [11]. This
feature differentiate this particular group from the general top predator definition and
are called apex predators [11]. These species usually presents large body size and
have a small chance of been predated by other species [11,16]. Indeed, it is not
uncommon to these species to have humans as their unique predator. Top-down

control promoted by predators is included as one of the primary forces in ecosystems

9



worldwide. However evolutionary forces led apex predators towards slow reproductive
rates, sparsely populated territories, higher rates of infanticide and reproductive

suppression as proxies for population densities limits [11].

| CARNIVORY

APEX/TOP
PREDATORS

| SPECIALISTS

4

¢

DOMINANT
MESOPREDATORS

Rl  GENERALISTS |

3

MESOPREDATORS
| ’!‘ l , " OMNIVORY |

Figure 1 -Major trends of mammal p r e d attaitsassdciated with body mass. As body mass
decreases, species shifts towards higher reproductive rate, richness, and density; smaller home ranges and
average prey sizes; more generalist diet and habitat requirements.
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Different from apex predators top, meso and small predators are unlikely to self-
regulate and are instead adapted to extrinsic regulation pressure, as suggested by a
higher reproductive rate, lower investment in each offspring and the potential to attain
higher densities [11]. This regulation, commonly reported in trophic cascades theory,
is essentially an intraguild interaction among predators and can be direct or indirect
[17,18]. Direct lethal encounters as predation for food or elimination of an ecological
competitor are widespread among mammals and is high enough to promote large
demographic effects on mesopredator populations [19,20]. Fear of direct encounters
with top and apex predators promotes change in habitat use, altering foraging behavior
and activity patterns. In the last instance it affects population growth, reproduction,

survival rates and its impact may even be larger than direct kills [18].

WHAT IS A MESOPREDATOR?

A general definition of mesopredator includes mid-ranking mammalian
predators based in weight ranges [21]. Nevertheless this approach does not account
for ecological patterns and consequences associated with mesopredator release
hypothesis [18]. Indeed, this description fits better the definition of mesocarnivores as
a functional group, instead of the actual ecological phenomenon which is not restricted

to mammals. According to Prugh et al. (2009):

"a mesopredator should be defined as any mid-ranking predator in a food web,

regardless of its size or taxonomy."

It is also important to consider that a mesopredator is a matter of scale. A
mesopredator in a system may have the ecological hole of a top predator in another
[7,18]. This differentiates the concept of mesopredator from a mesocarnivore in
mammal communities. The first more related to the species ecological ranking in a
given trophic chain and the latter with its morphological features [18]. Based in these
concepts, mesopredator release should be described more broadly, and -
paradoxically — more complexly than simple linear smaller predator irruptions after
extirpation of larger ones. On the contrary, it is about the expansion in density or
distribution, or even the change in behavior of any middle-rank predator as a result
from the decline in the density or distribution of an apex predator [17].
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MESOPREDATOR RELEASE HYPOTHESIS

In the late 19+ century, the United States Government started to develop a
formal program aimed to control predators under the Department of Agriculture
(USDA) [22]. It later culminated with the Animal Damage Control Act in 1931,
establishing a systematic eradication campaign on pumas, wolves, coyotes and bears,

among others [23,24]. The later herbivore irruptions caused by eradication of these

large predators are very well documented [25,26]. At another scale smallerpr edat or s

irruptions after extirpation of larger ones first appeared in scientific literature in the late
1980's and was described as mesopredator release [27]. The term was used to
describe a process in which intermediate size predators (i.e. foxes and domestic cats)
presented a detectable impact on prey species (birds) in the absence of the local larger
predator (coyote) [17,27]. Since then, the Mesopredator Release Hypothesis (MRH)
has seen alterations and adjustments on its original description, as well as many
misapplications [17]. A common misapplication is to expect a straight cause and effect
relation between apex and mesopredators. Negative results reported in the literature
often assume that if the apex predator is absent therefore one should expect an
immediate and detectable increase in mesopredator abundance.

PREDATORS IN THE ATLANTIC FOREST

There may be 2 apex predators in Brazil: the jaguar (Panthera onca) and the
puma (Puma concolor). If the latter is an apex predator is a matter of dispute,
nevertheless pumas, are certainly top predators in neotropical forests. Not different
from other large carnivores around the world, jaguar populations are in decline. Despite
its classification as Near Threatened globally its status at regional and local level is
critic and it is now actually extinct from regions of previous occurrence [28-30]. This is
the actual scenario in the Atlantic Rainforest, where jaguars only occupy 18.4%
(37,825 km?) of its remaining [29]. The Atlantic Forest along the coast and interior of
South America is among the most threatened tropical forest in the world — one of the
worl d’s biodi vandgdiawsya higlo dorssgrvatiors concern due to its
concentration of endemic and small-ranged species [31,32]. Only seven regions in this
biome — classified as Jaguar Conservation Units (JCUs) — have records of both males
and females [29]. From these, only three JCUs are likely to hold at least 50 individuals
(Figure 02) [29].
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Despite its critical status in the Atlantic Forest the loss of this specie goes way
beyond its regional extinction per se. The loss of jaguar functional hole as the apex
predator has profound impacts in the trophic ladder. It is the local representation of a
global pattern that predicts a long term shift of mammal species pool towards small,

fast-lived, highly fecund, omnivorous, generalists [14].

ATLANTIC
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k ;
BRAZIL
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OCEAN -Jaguar occupancy
- Potential jaguar occupancy
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International borders
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Figure 2 - Jaguar occurrency in the Atlantic Forest. Red boxes indicate the three Jaguar Conservation Units —
JCUs that potentially holds 50 individuals. Adapted from Paviolo et. al. (2016)

A study evaluating functional diversity of mammals assemblages in the Atlantic
Forest found a positive relationship with forest fragment area [33]. Forest patches
smaller than the threshold of 60 ha presents a remarkable loss in functional diversity
and an important increase is found in patches larger than 2050 ha [33]. However,
65.5% (107,815 km?) of the remaining forest in the biome are distributed in forest
patches equal or smaller than 2050 ha. Therefore, most of the Atlantic Forest mammal
assemblages are distribute in forest patches with intermediate (60 — 2050 ha) and low
functional diversity (< 60 ha). In fact it is estimated that 88% of the remaining Atlantic
Forest lacks its apex predator (jaguar), its largest herbivore (tapir), its largest seed

predator (white-lipped-peccaries) and its largest arboreal seed disperser (muriqui) [3].
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As one of the richest biomes of the planet, the Atlantic Forest holds an equally
rich community of mesopredators. Some of these species with wide distribution over
the biome (Table I). These species occurrence covers nearly every single forest
remnant in the Atlantic Forest in contrast with the apex predator (cf. [34]). Based in
traits as weight, average prey size, guild and behavior these species can the generally
classified as dominant (mesocarnivores), intermediate and subordinate

mesopredators (Table I).

IS MESOPREDATOR RELEASE AN UNDERESTIMATED PHENOMENON
IN TROPICAL FORESTS?

Despite significant research interest and conservation relevance unambiguous
demonstration of MRH is no trivial task. The fundamental challenge is to rule out
alternative explanations for mesopredator overabundance, such as habitat loss that
are usually associated with apex predator loss. A major review on the phenomenon
state that the main constraint in ecological studies found in the literature is uncontrolled
environmental variation [17]. Indeed the probability of mesopredator outbreaks is

expected to be higher in fragmented habitats, such as the Atlantic Forest [18].

Improved resource availability and low top-down regulation - as fragmented
landscapes typically present - points mesopredator release as a serious and
underestimated phenomenon in imbalanced ecosystems. This should indeed be
expected in biomes such as the Atlantic Rainforest where most of the original forest is
gone, and more than 50% of the remaining forest is distributed in forest fragments
smaller than 500 ha [35]. Associated with the absence of jaguars in most of Atlantic
Forest, all other variables put together a perfect environment for mesopredator
outbreak in this biome. Here | propose a conceptual model describing how this
phenomenon may work in Atlantic Forest, using patches sizes thresholds related with
functional diversity loss proposed by Magioli et. al. (2015) (Figure 03). | built this trophic
cascade model based on general hypothesis and expected results supported by
literature research and empirical knowledge on mammal carnivore communities in

Atlantic Forest.
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Table 1 — Mesopredators with wide occurrence in the Atlantic Forest and potential category of dominance. Some species were not included because their occurrence in
the biome is restricted. Average prey size percentage is adapted from Magioli et. al. (2015). Carnivore, terrestrial and social columns are binary (exclusively carnivore or no,
exclusively terrestrial or no, social — solitary).

FAMILY
Canidae
Felidae
Felidae
Felidae
Felidae
Mustelidae
Mustelidae
Procyonidae

Procyonidae

SPECIES
Cerdocyon thous LC
Leopardus guttulus VU
Leopardus wiedii NT

Herpailurus yagouaroundi LC

Leopardus pardalis LC
Galictis cuja LC
Eira barbara LC
Nasua nasua LC
Procyon cancrivorus LC

IUCN POTENTIAL CATEGORY

intermediate
subordinate
subordinate
intermediate
dominant
subordinate
dominant
intermediate

intermediate

WEIGHT SMALL MEDIUM LARGE INVERTEBRATES CARNIVORE TERRESTRIAL SOCIAL

6,1
2,1
3,2
6,3
11,5
1,8
4,8
4,5
6

AVERAGE PREY SIZE %

55,20
94,40
90,90
94,90
85,80
69,60
73,35
19,11
35,63

2,56
1,40
5,80
4,20
13,70
24,60
2,09
0,00
0,52

0,17
0,20
0,00
0,10
0,50
0,30
0,00
0,00
0,00

42,08
4,00
3,30
0,80
0,00
5,50

24,56

80,89

63,86

n

Y
Y
Y
Y
Y
Y
n
n

> 353 S5 S

< S5 S5 <

> 3 S5 S S S

S <
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Figure 3 - Conceptual model on potential mesopredator release outbreak in Atlantic Forest. Forest patches ranges
a - ¢ are based on Magioli et. al. (2015).
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CONCLUSIONS

Apex and top predators require large areas — a result of low densities, need of
stable prey populations and large territories — and are more susceptible to habitat loss
[36,37]. In addition, this particular group is more likely to be persecuted by humans. As
fragmentation and habitat loss intensify, the probability of encounters and killing of
domestic animals and livestock also increases [38,39]. Along with these negative
effects on apex and top predators, in the opposite direction fragmentation can improve
resource availability for mesopredators with the increase of pet food, trash and crop
pests (e.g. mices, rats, pigeons) generally associated with regional development
[18,40]. The Atlantic Forest presents all the features related with mesopredator

outbreaks.

Mesopredator release is quite an intuitive ecological phenomenon.
Nevertheless, to detect it in regions with high redundancy in ecological functions such
as tropical rainforests can become a challenge even to insightful and skilled
researchers. However, data availability, dissemination and processing dramatically
advance in the last decade. The recent adoption of data sharing policies by journals
are an important step towards large scale analysis. For the Atlantic Forest there are a
series of open datasets available on different taxa, including the second chapter of this
thesis. In this chapter | put together all the key features of mesopredator release
hypothesis adapted to a regional context: the mammal carnivore community of Atlantic
Forest. | hope this synthesis and general hypothesis may be a useful reference to guide
future large-scale analyses on this phenomenon which the outcome and

conseqguences for biodiversity conservation are anything but predictable.
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Abstract.  Our understanding of mammal ecology has always been hindered by the difficul-
ties of observing species in closed tropical forests. Camera trapping has become a major
advance for monitoring terrestrial mammals in biodiversity rich ecosystems. Here we compiled
one of the largest datasets of inventories of terrestrial mammal communities for the Neotropi-
cal region based on camera trapping studies. The dataset comprises 170 surveys of medium to
large terrestrial mammals using camera traps conducted in 144 areas by 74 studies, covering
six vegetation types of tropical and subtropical Atlantic Forest of South America (Brazil and
Argentina), and present data on species composition and richness. The complete dataset com-
prises 53,438 independent records of 83 species of mammals, includes 10 species of marsupials,
15 rodents, 20 carnivores, eight ungulates and six armadillos. Species richness averaged 13 spe-
cies (£6.07 SD) per site. Only six species occurred in more than 50% of the sites: the domestic
dog Canis familiaris, crab-eating fox Cerdocyon thous, tayra Eira barbara, south American coati
Nasua nasua, crab-eating raccoon Procyon cancrivorus and the nine-banded armadillo Dasypus
novemcinctus. The information contained in this dataset can be used to understand macroeco-
logical patterns of biodiversity, community, and population structure, but also to evaluate the
ecological consequences of fragmentation, defaunation, and trophic interactions.

Key words:  Atlantic Forest; biodiversity hotspot; camera traps, forest fragmentation, invasive species;
mammal communities; neotropical mammals.
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Abstract:

Our understanding of mammal ecology has always been hindered by the
difficulties of observing species in closed tropical forests. Camera trapping
has become a major advance for monitoring terrestrial mammals in
biodiversity rich ecosystems. Here we compile the largest dataset of
inventories of terrestrial mammal communities for the Neotropical region
based on camera trapping studies. The dataset comprises 170 surveys of
medium to large terrestrial mammals using camera traps conducted in 144
areas by 74 studies, covering six vegetation types of tropical and
subtropical Atlantic Forests of South America (Brazil and Argentina), and
present data on species composition and richness. The complete dataset
comprises 53,438 independent records of 83 species of mammals, includes
10 species of marsupials, 15 rodents, 20 carnivores, 8 ungulates and 6
armadillos. Species richness averaged 13 species (+ 6.07 SD) per site.
Only six species occurred in more than 50% of the sites: the domestic dog
Canis familiaris, crab-eating fox Cerdocyon thous, tayra Eira barbara, south
American coati Nasua nasua, crab-eating raccoon Procyon cancrivorus and
the nine-banded armadillo Dasypus novemcinctus. The information
contained in this dataset can be used to understand macroecological
patterns of biodiversity, community, and population structure, but also to
evaluate the ecological consequences of fragmentation, defaunation, and
trophic interactions.
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95 INTRODUCTION

Camera traps have been used in studies of wild animals since the early 20th century (Chapman
1927). From the first attempts by George Shiras lll to create self-triggered cameras in the early
1900’ s, t 0 canmexa drapg, this tooBhgs become essential in wildlife monitoring
(Kucera and Barrett 2011). Its vast potential to monitor mammal communities soon became

100 evident, and wildlife researchers realized that photography would be an invaluable aid to study
animals in their natural environment. From then on, the development of camera trap
technology, associated with a relative reduction in its costs, allowed an exponential increase in
studies applying this method, especially with species difficult to observe and detect otherwise
(Ahumada et al. 2013, Pimm et al. 2015).

105 Most terrestrial vertebrates — such as large mammal species — occur at low densities and are
very secretive. Consequently, any relevant ecological question at the population or community
level requires a huge effort in the field. In addition, with the continuous decline of biodiversity
worldwide, many mammal species are becoming increasingly rare in areas with high hunting
pressure, habitat loss and habitat fragmentation (Butchart et al. 2010, Ripple et al. 2016).

110  Systematic studies using camera traps over the past decade were aimed mainly at species
inventories, activity patterns and estimation of abundance (Tobler et al. 2008a, 2008b). These
studies have brought novel information on the distribution and behavior of many species.

Long-term wildlife monitoring programs and online databases, such as the Tropical Ecology

Assessment and Monitoring Network, are dealing with an unprecedented amount of species
115 records and data from camera traps surveys (Jansen et al. 2014). However, often information is

kept trapped and dispersed in dissertations, reports, and all kinds of gray literature. At another

level, wildlife surveys conducted by non-governmental agencies and private consultants are

rarely easily accessible. Thus, the potential to detect large scale or global patterns by using this

large amount of data is still underutilized due to most of the information being fragmented and
120  inaccessible in regional samplings.

The Atlantic Forest along the coast and interior of South America is among the most threatened
tropical forest in the world —one of t he worl d’ sandodrawschihigher si t y h
conservation concern due to its concentration of endemic and small-ranged species (Myers et
al. 2000, Jenkins et al. 2015). In this hotspot, where only 12% of original forest still remains, the
125 use of camera traps became increasi (brpk-y acces s
Araujo and Chiarello 2005, Ribeiro et al. 2009). Here we summarize and make available a
database on camera trap studies conducted in the Atlantic Forest hotspot. Data were compiled
from the existing literature and through direct contact with research groups and professionals.

This dataset is a large-scale synthesis of studies that used camera traps to sample medium and

130 large terrestrial mammals in a biodiversity hotspot. It is the first joined effort of field researchers
and ecologists to organize a large-scale dataset of this kind, and provides an opportunity for
understanding macroecological patterns, improving conservation strategies, and new
community ecology research. The uniqueness of this dataset is that we were able to gather a
large amount of raw and unpublished data through a network of collaborators and within a

135 representative geographic extension of the Atlantic Forest hotspot. It combines 53,438
independent records of 83 mammalian species from 170 surveys conducted in 144 areas by 74
studies.
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METADATA
CLASS I. DATA SET DESCRIPTORS

A. Data set identity: ATLANTIC-CAMTRAPS: a dataset of medium and large terrestrial mammal
communities in the Atlantic Forest of South America
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Abstract:

Our understanding of mammal ecology has always been hindered by the difficulties of observing
species in closed tropical forests. Camera trapping has become a major advance for monitoring
terrestrial mammals in biodiversity rich ecosystems. Here we compile the largest dataset of
inventories of terrestrial mammal communities for the Neotropical region based on camera
trapping studies. The dataset comprises 170 surveys of medium to large terrestrial mammals
using camera traps conducted in 144 areas by 74 studies, covering six vegetation types of
tropical and subtropical Atlantic Forest of South America (Brazil and Argentina), and present
data on species composition and richness. The complete dataset comprises 53,438 independent
records of 83 species of mammals, includes 10 species of marsupials, 15 rodents, 20 carnivores,
8 ungulates and 6 armadillos. Species richness averaged 13 species (+ 6.07 SD) per site. Only six
species occurred in more than 50% of the sites: the domestic dog Canis familiaris, crab-eating
fox Cerdocyon thous, tayra Eira barbara, south American coati Nasua nasua, crab-eating raccoon
Procyon cancrivorus and the nine-banded armadillo Dasypus novemcinctus. The information
contained in this dataset can be used to understand macroecological patterns of biodiversity,
community, and population structure, but also to evaluate the ecological consequences of
fragmentation, defaunation, and trophic interactions.

D. Key words: Atlantic Forest, forest fragmentation, camera traps, neotropical mammals,
biodiversity hotspot, mammal communities, invasive species

E. Description: The dataset combines 53,438 independent records of 83 species of medium to
large terrestrial mammals from 170 surveys using camera traps conducted in 144 areas by 74
studies. We used data exclusively from camera trap surveys as they are ideal to record
communities of terrestrial mammals, not selecting a specific group and photographing most
species that cross in front of them. For this reason, it is considered the most reliable tool to
register the occurrence and ecology of medium to large terrestrial mammals in tropical forests
(Tobler et al. 2008a). In addition, it reduces our bias of detecting or missing species when
compared with human direct surveys, such as line transect census and track surveys (Silveira et
al. 2003). The dataset is restricted to the Atlantic Forest hotspot (Fig. 1).

For the general data analysis, we considered only species that are well detected in camera traps
and excluded records considered opportunistic (such as bats, primates, and small mammals).
However, we kept the full records of all mammalian species in the database. Specifically, we only
evaluated 47 species, from 36 genera, 17 families and 8 orders — hereafter, filtered dataset (Fig.
2). The full dataset has 10 orders, 28 families, 58 genera, and 83 species, of which 10% are
classified as Vulnerable (VU) by IUCN, 61% are Least Concern (LC), 2% are Critically Endangered
(CR), and 5% are invasive. Both species with CR status are primates (the muriqui Brachyteles
hypoxanthus, and the buff-headed capuchin Sapajus xanthosternos). From the filtered dataset,
seven species are classified as Vulnerable (Brazilian dwarf brocket Mazama nana, white-lipped
peccary Tayassu pecari, southern tiger cat Leopardus guttulus, giant armadillo Priodontes
maximus, lowland tapir Tapirus terrestris, giant anteater Myrmecophaga tridactyla, bristle-
spined rat Chaetomys subspinosus) and five are Near Threatened (maned wolf Chrysocyon
brachyurus, bush dog Speothos venaticus, margay Leopardus wiedii, jaguar Panthera onca and
the neotropical otter Lontra longicaudis) (Fig. 3).

The most frequent species were the nine-banded armadillo Dasypus novemcinctus, the south

6
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American coati Nasua nasua, and the crab-eating fox Cerdocyon thous, occurring in 79, 69, and
58% of all sites, respectively (Fig. 3). Species richness averaged 13 species (+ 6.07 SD) per site
(Fig. 4). Five species occurred in more than 50% of the sites: the domestic dog Canis familiaris,
crab-eating fox Cerdocyon thous, tayra Eira barbara, south American coati Nasua nasua, crab-
eating raccoon Procyon cancrivorus, and the nine-banded armadillo Dasypus novemcinctus (Fig.
3). From the full dataset, in the 144 sites, we had 16 species as singletons (i.e. species recorded
in only one site). However, in our filtered dataset we had just two singletons: southern naked-
tailed armadillo Cabassous unicinctus and giant armadillo Priodontes maximus (Fig. 3). From all
the records, the most frequent species was the Brazilian common opossum Didelphis aurita with
1,283 records in a single site. This species alone is represented 10% of overall survey records
(2,637 of 25,535), only considering studies that use a minimum one hour interval among records
of the same species to allow comparison (N = 71). Among invasive species, the domestic dog
was recorded in 56% of the sites and wild boars (Sus scrofa) in 16%.

Survey site altitude varied from sea level to 2,791 m (Parque Nacional do ltatiaia) and 67% were
conducted in protected areas, adequately representing the broad altitudinal variation of Atlantic
forests. On average the surveys used 12 (+12.76 SD) camera traps. As many studies reported
that they moved camera traps during the same survey, the average number of sampling points
was 16 (£20.77 SD). Distance between sampling stations varied from 100 to 7,192 m. Sampling
effort per time, or trap/days, given by the number of survey days multiplied by the number of
sampling points, is one of the main factors determining survey success and the number of
recorded species (Srbek-Araujo and Chiarello 2007, Tobler et al. 2008a). This pattern was also
detected in our dataset, as species richness showed to be correlated to sampling effort (adjusted
R2= 0.51, slope=8.18 +0.66 SE, df=142, p<0.001, Fig. 5). The average effort among studies was
1,185 trap/days (min 40 —max 9,078). The median effort (450 trap/days) is considered adequate
to obtain records from the most common species, while a minimum of 900 trap/days would be
needed to detected local species efficiently (Tobler et al. 2008b, Si et al. 2014).

Some species can spend several minutes in front of a sampling station and trigger the sensor
several times. The same individuals of a given species can also cross at the same sampling station
many times in a short period. Also, species that present social behavior such as peccaries and
coatis may highly increase the total number of records. To minimize these sources of bias,
researchers establish a time interval among consecutive records to determine independence.
Most surveys reported one hour minimum interval (42%), while 41 (24%) considered a 24-hour
interval as an independent record. Other criteria were: 30 min (7%), 5 min (2%), and 30 seconds
(1%). The remaining 24% of studies did not describe any criteria or reported only the total
number of records. Only 18% reported having used any kind of baiting to increase detection
probability.

In Brazil, most surveys were carried out in Sdo Paulo state (27%) followed by Santa Catarina
(21%) and Minas Gerais (18%) states. In Argentina, the surveys are concentrated in Misiones
province, the southwestern limit of the Atlantic Forest. Several surveys from this region are raw
data from a long term participatory network for carnivore monitoring promoted by Argentine
researchers (De Angelo et al. 2011). No surveys in the Atlantic Forest of Paraguay were found
during our data compilation process.
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CLASS Il. RESEARCH ORIGIN DESCRIPTORS
A. Overall project description

Identity: A database integrating information medium to large terrestrial mammals from camera
trap studies in the Atlantic Forest hotspot.

Period of study: Raw data range from 1999-2017.

Objectives: Our main goals in compiling this dataset were: (1) to summarize information on
camera trap inventories conducted in the Atlantic Forest hotspot, (2) to make available data
restricted to research groups and/or usually available only to Portuguese and Spanish speakers,
and (3) to describe the major patterns in the studies and identify gaps of knowledge and
information to guide future sampling and conservation efforts. This dataset follows the
ATLANTIC biodiversity series, an effort to compile biodiversity information for the Atlantic Forest
(e.g. Bovendorp et al. in press., Bello et al. 2017).

Abstract: Same as above.

Sources of funding: MLLP, SMCC, ACM and EVM studies were funded by Panthera Foundation
and Instituto Pré-Carnivoros. CAR studies were funded by the Tropical Forest Conservation Act
—TFCA/FUNBIO. RFC and CRB studies were funded by Fundag&do Grupo Boticario de Protec¢do a
Natureza; AGC, AMOP, RLM and APP were supported by CNPg, CAPES and FAPEMIG. CRB were
granted with CNPg Scholarships, also ALR (153423/2016-1); AP, CA, PC and VQ studies were
supported by CONICET, WWF, Fundacién Vida Silvestre Argentina, The Rufford Foundation and
WCS. MX were supported by Belmont Hotel. MB studies were funded by CONICET, Argentina
(PIP n2 112 201101 00616); UCAR, Ministerio de Agroindustria, Argentina - PIA 10102/ 2011;
Agencia Nacional de Promocidn Cientifica y Tecnoldgica, Ministerio de Ciencia Tecnologia e
Innovacion Tecnoldgica, Argentina - PICT 2013 n2 1904. LS, FFK, AVN and GML surveys were
funded by Conservation International, TEAM Network, Gordon and Betty Moore Foundation and
Instituto Estadual de Florestas-MG. AVN were associated with Museu de Zoologia Jodo Moojen.
PCE, FLR, MDGB and ACFA were funded by Rufford Foundation (Project 20950-1), Idea Wild,
Rede BioM.A. Inventarios (PPBIO Mata Atlantica/CNPq proc.: 457524/2012-0). MCR, MG, GB
were funded by Sdo Paulo Research Foundation FAPESP (Proc 2013/50421-2; 2014/01986-0;
2014/23095-0), as was RLM (Proc 2015/17739-4). FL and LC studies were funded by Fundacdo
Grupo Boticdrio de Prote¢do a Natureza, The Scott Neotropical Fund of the Lincoln Park
Zoological Society, The Species Survival Fund from Wildlife Trust, IdeaWild Grant Program,
WWF/US, WWEF-EFN Scholarship Program, DICE Small Grant Program, The Liz Claiborne Art
Ortenberg Foundation, The Ashoka Foundation, Conservation, Food and Health Foundation,
100% Fund from Fauna and Flora International, The Woodland Park Zoo, The Whitley Awards,
The Rolex Awards, Durrell Wildlife Conservation Trust, The Rufford Small Grants Program and
Ridgeway Trust. Coordenacdo de Aperfeicoamento de Pessoal de Nivel Superior (CAPES)
provided support during ACFA MSc., LC, MGB and FL PhD, and FLR PNPD fellowship. LC, FL, and
MLLP received financial support from 2012 — 2015 for data management, curation and analysis
from Fundo Brasileiro para a Biodiversidade — Tropical Forest Conservation Act agreement
(FUNBIio/TFCA). AGC, MG and MCR receive a research fellowship from CNPq. MEG studies were
funded by Conservagdo Internacional do Brasil, CNPq and Ministério da Ciéncia, Tecnologia e
Inovacdo (MCTI). The funders above had no role in the study design, data collection and analysis,
decision to publish, or preparation of the manuscript.
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Site description: Originally, the Atlantic Forest comprised a continuous forest of 150 million ha
of evergreen and seasonally-dry forests ranging across a latitudinal gradient of over 3,300 km of
the Brazilian Atlantic coast, with extensions in Paraguay and Argentina (Galindo-Leal and Camara

350 2003, Tabarelli et al. 2010). The Atlantic Forest is divided into eight biogeographic sub regions,
based on endemic species distribution, varying in altitude from sea level to 2,700 m above sea
level and annual precipitation up to 4,000 mm/year (Cadmara 2003, Silva and Casteleti 2003,
Ribeiro et al. 2009).

The Atlantic Forest of South Americas upports up to 8% ohasohebfe wor | d’
355  the highest rates of endemism in the world (Myers et al. 2000). At least 15,519 plant species

(3,343 trees) (Zappi et al. 2015), 891 bird species (Lima 2014), 543 amphibians (Haddad et al.

2013), 200 reptiles (Bérnils and Costa 2015), 350 fishes (MMA 2010), and 298 mammals (Paglia

et al. 2012), including 22 species of marsupials (Paglia et al. 2012), and 105 species of rodents

(Patton et al. 2015) are known from this ecoregion. The latest national evaluation classified 598
360  species as threatened in the ecoregion, and 428 of these are endemic (ICMBio 2016).

Its spatial distribution along the Brazilian coast exposed the Atlantic Forest to an intense process
of territorial occupation in the past 300 years (Dean 1996). Currently, 88% of its extent has been
lost and the remains are divided in more than 200,000 forest fragments (Ribeiro et al. 2009).
Nearly 93% of the remaining forest is within one kilometer of a forest edge, and 12 km is the

365 maximum distance from remnants to any non-forested area (Ribeiro et al. 2009, Haddad et al.
2015). Therefore, the Atlantic Forest is among the most threatened of tropical forests, and it
draws a high conservation concern due to its high concentration of endemic and small-ranged
species (Jenkins et al. 2015).

A major consequence of habitat loss and deterioration is the loss of sensitive species (i.e., rare

370 and with low growth rate), particularly the losses of large vertebrates (Jorge et al. 2013, Galetti
et al. 2016a). Among the myriad causes of defaunation, poaching can be considered the main
direct threat for medium and large mammals in the remaining forest fragments (Cullen et al.
2000, Canale et al. 2012, Galetti et al. 2016a). Although 88% of the forest cover has been lost,
there are no documented extinction of mammal in the last 500 years (Paglia et al. 2012). A few

375 endangered species have recovered after major management and conservation interventions
(e.g. the golden lion tamarin, Leontopithecus rosalia) (Johnson et al. 2017).

Data compilation: We obtained data from three main sources: (i) literature search using Google
Scholar, Web of Science, Scielo, Scopus, JStore, and ResearchGate using keywords, (ii) data
mining on gray literature, applying the same keywords to look reports, reserve management

380 plans, monographs, unpublished theses, and dissertations, and (iii) contacted with individuals
and organizations known to have conducted camera trap surveys in the Atlantic Forest, inviting
them to contribute.

Research Methods: We divided data acquisition in three stages. First, we conducted a literature
search using Google Scholar, Web of Science, Scielo, Scopus, JStore, and ResearchGate using

385  selected keywords (see Section D). Second, we conducted data mining on gray literature,
applying the same keywords to look reports, reserves management plans, monographs,
unpublished theses, and dissertations.

Even with the increase in scale and popularity of studies using camera traps over the last decade,
there is no standard data, metadata, and protocols (Forrester et al. 2016). In order to aggregate
390 data from such a variety of sources, we divided camera trap data in five groups of information:
1) the “study” is a survey or scientifi;c study

9
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2) the “location” is a group of gener al desct

geographic coordinate of the forest patch(es) or region where the study were conducted; 3) the

“survey” is a group of gener al i nf oramati on tt
395 protocols wused in the study, aoptainwiefbrrhatiom s it s t

associating each record to a species detected during the study as well as number of records or

presence/absence data; and 5) the “species” data with taxc

detected during the study. We organized these groups of information in a relational database
structure in Microsoft Access — version 2007-2016 (Fig. 6). For each group of information, we

400 standardized and converted data to fit the dataset structure (Tables 02 to 06). Using this
approach we gathered data from Cerveira 2005, Alves and Andriolo 2005, Srbek-Araujo and
Chiarello 2005, 2013, Rezini 2007, Kasper et al. 2007, Diniz 2008, Barros 2008, Modesto et al.
2008b, 2008a, Lyra-Jorge et al. 2008, Prado et al. 2008, 2014, Paviolo et al. 2008, 2016, Alves
2009, Lima 2009, 2012, Bastos Neto et al. 2009, Silva and Passamani 2009, Goulart et al. 2009,

405  Abreu Junior and Kéhler 2009, Esteves 2010, Kuhnen 2010, Tonini et al. 2010, de Oliveira 2011,
Marques et al. 2011, Norris et al. 2011, Cherem et al. 2011, Espartosa et al. 2011, Falc3do et al.
2012, Hortenci 2012, Melo et al. 2012, Motta Lessa 2012, Penido and Zanzini 2012, Paschoal et
al. 2012, Nunes et al. 2012, 2013, Cassano et al. 2012, 2014, Brocardo et al. 2012, 2013, de
Carvalho et al. 2013, Gomes Albuquerque et al. 2013, Kionka 2013, Pazio 2013, Bogoni et al.

410 2013, 2016, Carvalho et al. 2013, Costa 2014, Gatti et al. 2014, Soares et al. 2014, Tortato et al.
2014, Talamoni et al. 2014, Rocha-Mendes et al. 2015, Beca et al. 2017.

After the definition of the database structure and organization of the literature data resulting
from the two stages of data mining, we observed several spatial gaps of information, i.e.
although the search in the literature did not reveal the presence of studies, we knew that some

415 regions had already been sampled by research groups. To fill these gaps, we contacted several
individuals and organizations known to have conducted camera trap surveys in the Atlantic
Forest, inviting them to contribute.

For each survey, when described otherwise (e.g., trap/hour), we converted the effort to
trap/day (number of sampling stations * sampling period). We converted latitudes and

420 longitudes to Geographic Coordinate System WGS 84. Survey sites from the literature were
checked and adjusted one by one using Google Earth and we extracted the vegetation type using
the classes described in Ribeiro et al. (2009). We standardized the taxonomy of medium to large
terrestrial mammals using the Taxize package in R environment (Chamberlain and Szécs 2013, R
Core Team 2016). We used the same package to access species status under the IUCN Red List

425 of Threatened Species, and later verified it on the IUCN website (IUCN 2016). We also added the
category IN as a reference to invasive species and feral domestic animals detected in the surveys
(i.e. Sus scrofa, Felis catus, Canis familiaris, Lepus europaeus). We did not exclude these species
because of their high detectability in camera trap studies and because they present feral
populations and may have a high impact on the community and disease transmission (Galetti

430 and Sazima 2006, Pedrosa et al. 2015, Paschoal et al. 2016, Galetti et al. 2016b). However, we
excluded cattle, horses, and goats, since their presence and absence are related to management
and they do not represent feral populations in the Atlantic Forest.

The placement of camera traps near the ground favors terrestrial and scansorial species, thus
not being appropriate to register other groups of mammals (Srbek-Araujo and Chiarello 2005).
435 Nevertheless, many studies report opportunistic records of small rodents, primates, and even

10
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bats. For the general data description presented here we, excluded records considered
opportunistic, but kept the records in the database. The species excluded are presented in Table
1. We also excluded records of genera without a species identification: Mazama sp., Leopardus
sp., Cabassous sp. Dasypus sp., Didelphis sp. Marmosops sp., Cavia sp., Dasyprocta sp., and
Trinomys sp.

To define Atlantic Forest boundaries, we merged available geographic information from widely
used limits along an area that comprises more than 2 million km?2: the Brazilian limit provided by
government Institutes (IBGE 2004), the limit provided by the Atlantic Forest Law website (MMA
2006), the one available at Ribeiro et al. (2009), and the shapefile reported in Olson et al. (2001)
where the categories Atlantic forests and Atlantic dry forests are represented inside and outside
Brazil.

Taxonomy and systematics: We standardized up to date taxonomy of medium to large
terrestrial mammals using the Taxize package in R environment (Chamberlain and Szécs 2013, R
Core Team 2016). We used the same package to access species status under the IUCN Red List
of Threatened Species, and later verified it on the IUCN website (IUCN 2016).

C. Data limitations and potential enhancements:

We recognize that documenting all species of terrestrial mammals present in megadiverse
ecosystems depends on sampling effort, microhabitats sampled, and detectability of each
species (Tobler et al. 2008a). Several species occur along water bodies (e.g., Cuniculus paca,
Hydrochoerus hydrochaeris, Lontra longicaudis) and may not be recorded if this microhabitat is
not sampled (Beca et al. 2017). Sampling along roads and large trails can also affect detectability
and the species recorded (Harmsen et al. 2010, Bitetti et al. 2014). Some species are too rare
(e.g. Panthera onca, Speothos venaticus) or move too fast (Galictis spp.) and require intensive
sampling (Fusco-Costa and Ingberman 2013).

Although this dataset comprises only studies that used camera trapping, most surveys are
heterogeneous, with sampling design and efforts highly variable, precluding a more
comprehensive diagnosis of diversity throughout the Atlantic Forest. Effort alone has a relevant
influence on species richness (adjusted R?= 0.51, slope=8.18 +0.66 SE, df=142, p<0.001; Fig. 5).
Different equipment may influence the capture success of species (Tobler et al. 2008). The use
of baits, despite not used in most studies, may also introduce bias in the results. Baits used to
improve predator detection have been reported to repel some prey species (Rocha et al. 2016).
In addition, the sampling effort length of studies is highly variable, and all them are limited to
an 18-year timeframe with most areas sampled only once, limiting the ability to detect long-
term population trends.

Another consistent limitation is the uneven sampling throughout the Atlantic Forest, with very
few studies in the fragmented forest in north-east of Brazil and none in Paraguay (Fig. 4). The
general spatial pattern of survey intensity is biased towards economically developed regions,
protected areas, and with close proximity to large cities and universities. It is important to
mention that, despite representing the general pattern of survey intensity along the Atlantic
Forest, likely not all studies are included here. The data mining process may have overlooked
some studies. Also, a few invited research groups and individuals declined to collaborate with
unpublished data. Some bioregions where we expect to find highly endemic species were not
sampled (e.g. Brejos de Altitude, Ceara). Another limitation is in species identification of some
groups (e.g. Leopardus, Mazama) where more than one species in the same genera can occur
and good photography is needed to identify the correct species.
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Despite these limitations, these data represent a massive effort by biologists and ecologists
working in this biodiversity hotspot. Collectively, it represents the largest available dataset of
the communities of medium and large mammals in tropical and subtropical forests. The results
from this dataset can detect gaps to improve the sampling of terrestrial mammals, help identify
priority areas for conserving endangered species and populations, aid in understanding
community composition and potential trophic cascades mediated by mammals (Jorge et al.
2013), and help to understand the impact and occurrence of invasive species (Pedrosa et al.
2015, da Rosa et al. 2017).

CLASS IIl. DATA SET STATUS AND ACCESSIBILITY

A. Status

Latest update: May 2017

Latest archive date: May 2017

Metadata status: Last updated May 2017, version submitted

Data verification: We verified the data at distinct levels. We converted all latitudes and
longitudes to Geographic Coordinate System WGS 84, and checked and adjusted one by one
when necessary using Google Earth. We searched for extreme values, transcription errors, and
excluded all diacritic marks to avoid encoding problems. See Research Methods section for
further details.

B. Accessibility

Storage location and medium: In addition to Ecological Society of America Data Registry, our
dataset — which was structured as a relational database in Microsoft Access — will also be
available at http://www.leec.eco.br/data.htm| (Spatial Ecology and Conservation Lab
repository).

Contact person(s): Fernando Lima (pardalismitis@gmail.com), Mauro Galetti
(mgaletti@rc.unesp.br), Milton Cezar Ribeiro (mcr@rc.unesp.br)

Copyright restrictions: None

Proprietary restrictions: Please cite this data paper if the data are used in publications. We
intend to keep it up to date as novel studies become available (server link above).

Costs: None

CLASS IV. Data structural descriptors

A. Data set file

Identity: (1) ATLANTIC_CAMTRAPS_1-0_STUDY.csv
(2) ATLANTIC_CAMTRAPS_1-0_LOCATION.csv
(3) ATLANTIC_CAMTRAPS_1-0_SURVEY.csv
(4) ATLANTIC_CAMTRAPS_1-0_RECORDS.csv
(5) ATLANTIC_CAMTRAPS_1-0_SPECIES.csv
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Size: (1) ATLANTIC_CAMTRAPS_1-0_STUDY.csv, 74 studies, 16 KB;
(2) ATLANTIC_CAMTRAPS_1-0_LOCATION.csv, 144 communities, 18 KB;
(3) ATLANTIC_CAMTRAPS_1-0_SURVEY.csv, 170 surveys, 25 KB;
520 (4) ATLANTIC_CAMTRAPS_1-0_RECORDS.csv, 14.110 entries, 614 KB;
(5) ATLANTIC_CAMTRAPS_1-0_SPECIES.csv, 83 species, 8 KB.

Format and storage mode: available as comma-separated values (*.csv), and stored in a
relational Microsoft Access database (*.accdb)

Alphanumeric attributes: Mixed

525 Data anomalies: If no information is available for a given record the field is empty.
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Table 1. Species detected in camera trap surveys in Atlantic Forest considered opportunistic
records. These species were not accounted in data description, but the records are kept in the

database.

ORDER FAMILY GENUS SPECIES IUCN STATUS
Artiodactyla Bovidae Bos Bos taurus -
Chiroptera Phyllostomidae  Sturnira Sturnira lilium LC

. Gracilinanus agilis LC
Gracilinanus o .
Gracilinanus microtarsus LC
Marmosa Marmosa murina LC
Marmosops Marmosops incanus LC
Didelphimorphia  Didelphidae - P - p -
Metachirus Metachirus nudicaudatus LC
Monodelphis Monodelphis scalops LC
. Philander frenatus LC
Philander .
Philander opossum LC
Pilosa Bradypodidae Bradypus Bradypus torquatus VU
Alouatta caraya LC
. Alouatta ]
Atelidae Alouatta guariba LC
Brachyteles Brachyteles hypoxanthus CR
Callithrix geoffroyi LC
. o Callithrix Callithrix kuhlii NT
Primates Callitrichidae o o
Callithrix penicillata LC
Leontopithecus Leontopithecus chrysomelas EN
Sapajus nigritus NT
Cebidae Sapajus P j 9
Sapajus xanthosternos CR
Pitheciidae Callicebus Callicebus melanochir VU
Juliomys Juliomys pictipes LC
Cricetidae Nectomys Nectomys squamipes LC
Sooretamys Sooretamys angouya LC
Rodentia L . Trinomys dimidiatus LC
Echimyidae Trinomys . o
Trinomys iheringi LC
Myocastoridae  Myocastor Myocastor coypus LC
Sciuridae Sciurus Sciurus aestuans LC

530

14

Page 16 of 35



Page 17 of 35

535

Ecology

Table 2. Studies information: Description of the fields related with the study sites information
—file ATLANTIC_CAMTRAPS_1-0_STUDY.csv

FIELD DESCRIPTION LEVELS EXAMPLE
Identification
study_id | code for each 1001 - 1074 | 1001
study
Paschoal, A. M. O, R. L. Massara, J. L. Santos, and A. G.
Citation of the Chiarello. 2012. Is the domestic dog becoming an abundant
study . . .
study species in the Atlantic forest? A study case in southeastern
Brazil. Mammalia 76:67—76
Any observation
ref_obs |regarding the Unpublished data
study

Table 3. Location information: Description of the fields related with the location of each study
sites —file ATLANTIC_CAMTRAPS_1-0_LOCATION.csv

FIELD

DESCRIPTION

LEVELS

EXAMPLE

location_id

Identification code for the
location of the study

1001 —-1144

1001

site

Local name of the study area

Estacao Ecologica
Mico-leao-preto
Tucano

municipality

Municipality of the study

Euclides da Cunha

state State or province of the study Sao Paulo

country Name of the country Brazil
Longitude in decimal degrees

X -52,46820
(GCS - WGS 84) ’
Latitude in decimal degrees (GCS -

Y WGS 84) -22,48010

altitudeMin Minimum a!tltude of study area 0—1450 0
when described

altitudeMax Maximum altitude of study area 20—2791 20

when described

vegetation_type

Atlantic Forest Vegetation type
according to Ribeiro et al. (2009)

Deciduous Forest

Dense Ombrophilous Forest
Mixed Ombrophilous Forest

Semideciduous Forest

Steppe

Deciduous Forest

PA

If the study or part of it was
conducted in a protected area

yes-no (y-n)
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Table 4. Survey information: Description of the fields related with each survey — file
ATLANTIC_CAMTRAPS_1-0_SURVEY.csv

FIELD DESCRIPTION LEVELS EXAMPLE

Identification code for each study

study_id (one-to-many relationship link to 1001 -1074 1001
STUDY Table)
Identification code for the location

L. of the study (one-to-many

location_id relationship link to LOCATION 1001 ~1144 1001
Table)

survey_id Identification code for each survey |1001—1170 1001

monthstart month of the start of the survey 01-12 10

yearstart year of the start of the survey 1999 — 2017 2016

monthfinish month of the end of the survey 01-12 10

yearfinish year of the end of the survey 2002 —2017 2017
Sampling Effort: number of

Effort sampling stations * sampling 35-9078 500
period (trap/days)

n_cameras Number of camera traps used in 01-72 50
the study

cam_type Type or brand of Camera Traps LeafRiver
used

. Protocol used to distribute grid, .

design . . transect, Grid

sampling points . -
points (opportunistic)
n_points Number of sample points 01-184 50
cam_spacing Average distance between sample 100 - 7192 500

points

cam_spacing_obs

Observation about camera trap
spacing

min 1000; max 01500

baiting

If any kind of baiting was used in
the survey

yes-no (y-n)

Y

records_obs

Observation about records.
Independence among records

criteria

independent record =
24 hour interval
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Table 5. Records information: Description of the fields related with the records of medium and
large terrestrial mammal each survey —file ATLANTIC_CAMTRAPS_1-0_RECORDS.csv

FIELD DESCRIPTION LEVELS EXAMPLE
record_id Identification code for each record 10001 - 14110 10001
. Identification code for each survey (one-to-many
survey_id relationship link to SURVEY Table) 1001 -1170 1001
.. Identification code for each survey (one-to-many
species_id relationship link to SPECIES Table) 1001 - 1083 1001
Code composed of 4 characters for species genus
species_code followed by 4 characters for species scientific Leop_pard
name
record Number of records of each species during the 1-14110 55
survey
1
presence_absence | presence-absence data of species (1-0) 0 1

Table 6. Species information: Description of the fields related with the species of medium and

large terrestrial mammal detected by camera traps in each survey -— file
ATLANTIC_CAMTRAPS_1-0_SPECIES.csv
FIELD DESCRIPTION LEVELS EXAMPLE
L Identification code for each species (one-to-many
species_id relationship link to SPECIES Table) 1001 - 1083 1001
Artiodactyla
Chiroptera
Carnivora
Cingulata
order Order of the species Didelphimorphia Carnivora
Lagomorpha
Perissodactyla
Pilosa
Primates
Rodentia
family Family of the species Felidae
genus Genus of the species Leopardus
species Species name pardalis
species_name Scientific name of the species Leopar.dus
pardalis
Code composed by 4 characters of species genus
species_code followed by 4 characters for species scientific Leop_pard
name
CR
. . DD
IUCN status of the species (accessed April 2017). EN
. Critically endangered (CR), Data Deficient (DD),
lucn_status Endangered (EN), Least Concern (LC), Near LNCT Lc
Threatened (NT), Vulnerable (VU), Invasive (IN) VU
IN
Each of the next columns are named with a code
from survey_id (one-to-one relationship link to
. SURVEY table). Data in these columns correspond .
records (survey_id) to the number of records of each species during 1-..0ry >3
the survey. In presence/absence surveys records
are filled as "y"

17




550

555

Ecology

ACKNOWLEDGMENTS: We thank Fundagdo José Pedro de Oliveira for sending information
from Mata de Santa Genebra. We also thank to Renato Rizzaro owner of Reserva Particular do
Patrimonio Natural Rio das Furnas, who kindly permitted data from this area to be used. We
thank Viviane Brito for data organization services. To Carolina Bello and the ATLANTIC team,
thanks for the invaluable help with programming and your many valuable insights. We also
thank Denis Sana, Kaué Abreu, Fred Lemos, Fernanda Azevedo, Fabiano Melo and Analice
Calaga who were readily available to contribute with their datasets, even if it was not possible
to include them at the end. This work is dedicated to those who spent weeks —often months —
struggling in the jungles in order to bring light on medium and large terrestrial mammal
ecology.

18

Page 20 of 35



Page 21 of 35

560

565

570

575

580

Ecology

Figure captions:

Fig. 1. Distribution of the camera trap surveys of medium and large terrestrial mammal
communities within the Atlantic Forest extent. Gray shows the Atlantic Forest extent with
remaining forest patches in green (sensu Ribeiro et al. 2009). Blue dots show the geographic
locations of studies.

Fig. 2. Taxonomic information levels of medium and large terrestrial mammal species
recorded in camera trap surveys within the Atlantic Forest. Only species considered well
detected by camera traps are listed. From the 83 species reported in the database, 8 are not
listed because the identification is at genera level. Another 28 species are not listed because
they were considered opportunistic records of species not usually detected by camera traps
(primates, bats, small rodents, and small marsupials).

Fig. 3. Distribution of frequencies of occurrence of the main species evaluated in ATLANTIC-
CAMTRAPS, and their status in the 2017 IUCN Red list of threatened species. LC = |east
concern, NT = near threatened, VU = vulnerable, EN = endangered, CR = critically endangered,
DD = data deficient, and IN = invasive species (not an IUCN category).

Fig. 4. Distribution of taxonomic richness and sampling effort across Atlantic Forest sites
where camera traps were used for sampling of medium and large terrestrial mammal
species. Opportunistic records (see the text) were removed from this analysis.

Fig. 5. Positive effect of sampling effort on observed taxonomic richness of ATLANTIC-
CAMTRAPS database. Predictor of linear regression was log transformed (adjusted R?= 0.51,
slope=8.18 +0.66 SE, df=142, p<0.001). Gray dashed lines represent 95% confidence intervals
of predicted values.

Fig. 6 Standardized layout of the database ATLANTIC-CAMTRAPS. Guideline to the
correlational structure in order to inform how the database is organized.
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Fig. 1. Distribution of the camera trap surveys of medium and large terrestrial mammal communities within
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Fig. 2. Taxonomic information levels of medium and large terrestrial mammal species recorded in camera
trap surveys within the Atlantic Forest. Only species considered well detected by camera traps are listed.
From the 83 species reported in the database, 8 are not listed because the identification is at genera level.
Another 28 species are not listed because they were considered opportunistic records of species not usually
detected by camera traps (primates, bats, small rodents, and small marsupials).
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ABSTRACT

The jaguar (Panthera onca) is the apex predator of neotropical forests.
Like many other large predator species, it demands its population are in decline.
Most previous studies have reported that males have larger home ranges than
females and have observed seasonal variation in home range size. In this study
we describe the home range estimates and movement patterns of 10 jaguars in
one of the three regions of the Atlantic Forest with potential to maintain long term
populations. Our results showed that jaguar home ranges and movement
patterns does not vary seasonally neither between male and females as a general

rule.
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INTRODUCTION

The jaguar (Panthera onca) historically ranged from the far southwestern
United States to southern Argentina [1]. Like most large carnivore species,
jaguars have been regionally extirpated from parts of their historic range [2].
Nevertheless, jaguars still persist in a wide array of habitats, from tropical moist
forests, to xeric shrub lands, to tropical dry forests, to grasslands, and savannas
[3]. In the Atlantic Forest—one of t he wor |l d’ s—the specks
persists in only 18.4% of the remaining forest [4,5]. The main causes of the
continuing decline of jaguar populations in this hotspot are poaching, over

exploitation of its prey, habitat loss, and roadkill [4,6].

Wide-ranging carnivores with large home ranges, such as jaguars,
demand a stable prey population and large continuous habitat patches [7,8].
Under high human interventions, apex predators are generally the first species to
be locally or regionally extirpated. Additionally, most protected areas do not hold
suitable habitat patches large enough to support functional populations of wide-
ranging species [4,9,10]. For these species, functional landscape connectivity
among suitable patches to connect populations and guarantee genetic flow is as
important as reserve establishment [4,11-15].

To understand jaguar habitat use, home range and movements is
essential for managing jaguar attacks on cattle stock [16], to mitigate the impacts
of habitat fragmentation [17], and for developing habitat suitability models for
large scale conservation [18]. Selected areas of concentrated use by an individual
within home ranges are often denoted as core areas, implying that these selected
areas are of greater significance to the animals [19]. Most previous studies have
reported that males have larger home ranges than females and have observed
seasonal variation in home range size [16,20-22]. In this study we describe that
- despite great variation throughout its distribution - jaguar home ranges and
movement patterns does not vary seasonally neither between male and females

as a general rule.
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MATERIALS AND METHODS
STUDY SITES

This study was carried out in the Morro do Diabo State Park (MDSP —
35,000 ha) in the State of Sdo Paulo and in lvinhema State Park (ISP — 73,000

ha) in the State of Mato Grosso do Sul (Figure 1), Brazil. These reserves are the
core of the Upper Parana Paranapanema Jaguar Conservation Unit (JCU)
[4].This is one of the three JCUs with higher probability of long-term population
persistence identified in the Atlantic Forest [4].

South America

25 50
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The forests of Morro do Diabo are considered a transitional ecosystem, bordered
by tropical evergreen broadleaf forest to the east and the dry cerrado vegetation
to the north and west [23]. The ISP, is located 150 km southwest of Morro do
Diabo and comprises several former cattle ranches.

The landscape can be characterized as a complex mosaic of forest
patches and open areas. In both study areas, the climate is markedly seasonal,
and most of the 1,450 mm average annual precipitation falls between early

October and late March.

TELEMETRY AND HOME RANGE ESTIMATES

Between April 1998 and August 2005, 10 adult jaguars (> 2 years old) were
captured, radio-collared, and monitored, with seven at the Morro do Diabo State
Park (MDSP) and three at lvinhema State Park (ISP). Individuals were captured
using custom-made iron box-traps baited with live bait or treed by trained dogs
and chemically restrained with Zoletil® (tiletamina-zolazepan). The sedative was
administered intramuscularly using a dart fired from a COz: pistol or rifle. Capture
and handling protocols were permitted by the Brazilian Institute of Environment
and Natural Resources and accompanied by a veterinary in loco. The first two
jaguars captured at MDSP and the first jaguar captured at ISP were fitted with
conventional VHF radio collars made by (Telonics®). VHF radio-collared jaguars
were located approximately once a week. The remaining jaguars were fitted with
Televilt Global Positioning Systems (GPS) satellite collars to increase the number
of locations for each jaguar home range and to reduce costs of aerial monitoring.

GPS collars were programmed for three locations/day.

Home range size and movements were analyzed separately for the dry
season (April-September), the wet season (October-March), and for both
seasons combined. Data were pooled across >1 year of observation. Thus, a dry
season home range includes locations for two or more seasons for a particular
animal. We adjusted all locations to the same projection (Transverse Mercator)
and datum (SIRGAS 2000) in ArcCatalog 10.4.1 before uploading it to the

Movebank.org repository.
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To estimate annual and seasonal home ranges we used the continuous-
time movement modelling (ctmm) package developed for R environment [24,25].
This approach fits a continuous-time stochastic movement model to animal
tracking data and accounts for serial autocorrelation that can be present [26]. In
addition, have the ability to handle irregular sampling schedules (including gaps
in data sampling) and identify important features such as range residency [24].
As autocorrelation can persist for days, weeks or even years we first estimated
semi-variance (function variogram) as a function of time lag to visually inspect the
autocorrelation structure of the location data. At zero to short time lags,
uncorrelated velocity is represented by a linear increase in the semi-variance and
suggest movement models such as Brownian motion (BM) or Ornstein-
Uhlenbeck (OU) [24,27]. Upward curvature indicates autocorrelation suggesting

movement models such as integrated OU or OU with foraging.

To inspect space use we investigated the behavior across longer time lags.
To any given individual be considered range-resident its variogram is expected
to reach an asymptote, that would correspond to its home range size. If its
variogram did not reach the asymptote, it was not considered a resident and thus
discharged (e.g. not monitored for enough time, a migrating or dispersing
individual) [24]. We then proceed fitting the models via maximum likelihood
(function ctmm.fit) and compared the concurrent models using AIC (function
ctmm.select). Finally, we estimated 50%, 85% and 95% home range conditional

on the fitted, selected model for each individual using the akde function.

We report the 50% home range as an area of core utilization and the 85%
home range as an area of ecological importance for a jaguar. We also report the
95% home range as a commonly referenced contour. Seasonal home ranges
were calculated for all individuals, but for comparisons we used only individual
adul t jaguars which had = 30 |l ocati
calculated overlap among annual 85% home ranges. Linear distances between
locations were used to calculate the mean and maximum distance moved by the
animals. After variogram inspection, we considered all individuals to be resident
of the study areas. For general comparisons among seasons and gender we used

Wilcoxon' s  aftershe Shapiro-wilk test to check for normality.
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RESULTS

In Morro do Diabo, the annual 85% home range averaged 267 km? + 192.5
SD for males and 96 km?+ 62.3 SD for females (Table 1, Fig 2). For the wet
season both males and females presented similar home ranges (145 £114 SD —
118 km2 + 112 SD). In lvinhema State Park, the only male monitored had a yearly
85% home range of 325 km?, while for the two females yearly home ranges
averaged 312 km? + 217 SD. For both areas combined, dry season 85% home
ranges averaged 299 km? + 200 SD for males and 158 kmz2 + 131 SD for females
and during the wet season 217 km2 + 148 SD for males and 116 km2 + 90 SD for
females (Table 1, Fig 2).
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Tabl-#Annual and seasonal 85% home range areas (km2z 958 6t at éoPadk
(MDSP) and I vinhema State Par k (1 SJH)l.enNMoevcekme( ndU ) moadnedl sOUc owirtehs pfoonr das

Animal ID  Years tracked Annual home range Dry-season home range Wet-season home range
No. loc. 50% 85% 95% No. loc. 50% 85% 95% No. loc. 50% 85% 95%
Morro do Diabo State Park
M1 1 159 28 (22 - 35) 74 (59 -92) 110 (87 - 136) 87 34 (24-46) 85 (60-114) 124 (87 - 166) 72 27 (19 - 35) 64 (50 - 92) 105 (75 _139)
M2 1 156 177 (133 - 227) 459 (345 - 588) 672 (506 - 862) 138 188 (139 - 244) 480 (354 - 624) 700 (516 - 911) 18 85(38-152) 226 (99 - 402) 329 (146 - 586)
F1 1 92 8 (5-13) 29 (17 - 43) 50 (31 - 75) 58 3(2-4) 11 (7 - 15) 16 (11 - 22) 34 33(7-79) 98 (20-235) 161 (34 - 384)
F2 2 17 36 (21-57) 51(89-138) 129 (73 - 201) - - - - 17 36 (21-57) 51(89-138) 129 (73-201)
F3 5 35 54 (36-75) 159 (106 - 224) 242 (160 - 339) 24 40(24-62) 111 (65-169) 172 (100 - 262) 11 108 (46 - 198) 282 (119 - 513) 417 (177 - 758)
F4 2 211 21 (31-44) 75(50-106) 112 (75 - 157) 170 31(20-45) 77 (50-109) 115 (75 - 164) 88 16 (10 - 23) 41 (26 - 60) 62 (39 - 90)
F5 1 18 63 (33-102) 164 (87 -266) 244 (129 - 394) 18 63 (33-102) 164 (87 -266) 244 (129 - 394) - - - -
Male mean 158 103 267 391 113 111 283 412 45 56 145 217
Female mean 75 36 96 155 68 34 91 137 38 48 118 192

lvinhema State Park

M3 2 797 119 (94 - 147) 325 (258 - 399) 499 (396 - 614) 399 118 (80 - 164) 333 (226 - 461) 542 (367 - 749) 398 136 (100 - 177) 360 (267 - 469) 528 (390 - 685)
F6 4 326 58 (43-75) 158 (118-204) 250 (186-323) 148 67 (43-96) 192 (124-274) 302 (195-431) 178  58(38-82) 149 (98- 211) 232 (152 - 329)
F7 1 183 179 (73 - 331) 466 (191 - 860) 712 (292 - 1316) 154 142 (54 - 272) 392 (149 - 750) 607 (232 - 1159) 29 29 (4-77) 75(10-201) 116 (16 - 310)
Male mean 797 119 325 499 399 118 333 542 398 136 360 528
139 Female mean 255 119 312 481 151 105 292 455 104 44 112 174

140
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141 For six females, mean overlap was 35%, and the two males overlapped
142  47%. In lvinhema State Park the overlap in yearly 85% home ranges for the two

143  neighboring adult females monitored was 29%.

144 The mean straight-line distance between locations for all 10 individuals
145 studied averaged 3 km (range = 1.11-5.88 km; Table 2). The distances that
146  jaguars moved between consecutive locations in the wet season (3.07 km, £2.17
147  SD) did not differ from the pattern identified in the dry season (2.57 km £1.50 SD,
148 W = 36, p = 0.7). The maximum distance moved by all jaguars between
149 consecutive locations averaged 13.18 km. The maximum distance moved by
150 jaguars between consecutive locations in the wet season (11.58 km +5.76 SD)
151 was similar when compared to the dry season (11.37 km, £5.22 SD). Males and
152 females moved similar distances between consecutive locations (W = 7, p =
153 0.516). The maximum distance recorded for consecutive locations was for a male
154  (M1) at MDSP (20.46 km).

155
Tab2l-®t r aliignhet di st ances moved by jaguars (yea
do Diabo State Park (MDSP) Bomhbéwi ohemac&t i
are indicated within parenthesis.

Animal ID  Telemetry Type Mean Distanced Mowved (km) Maximum Distance Mowved (km)
Yearly (n) Dry (n) Wet (n) Yearly (n) Dry (n) Wet (n)
Morro do Diabo State Park
M1 GPS 5.22 (159) 5.22 (87) 4.51(72) 20.46 (159) 20.46 (87) 15.10 (72)
M2 GPS 2.50 (156) 2.48 (138) 2.49 (18) 12.36 (156) 11.19 (138) 12.36 (18)
F1 GPS 1.11(92) 1.02(58) 1.30(34) 4.98(92) 3.47(58) 4.98(34)
F2 VHF 5.88 (17) - 5.88(17) 13.02 (17) - 13.02 (17)
F3 GPS 4.77 (35) 3.53(24) 6.89(11) 17.00 (35) 12.29 (24) 17.06 (11)
F4 GPS 1.27 (211) 1.31 (170) 1.20 (88) 4.75(211) 4.75(170) 4.59 (88)
F5 VHF 4.46 (18) 4.46 (18) - 11.97 (18) 11.97 (18) -
Mean Male 3.86 3.85 3.50 16.41 15.83 13.73
Mean Female 3.50 2.58 3.88 9.54 8.12 9.90
Ivinhema State Park

M3 GPS 2.41 (797) 2.17 (399) 2.68 (398) 18.16 (797) 13.13 (399) 18.16 (398)
F6 GPS 1.64 (326) 1.75 (148) 1.61 (178) 15.87 (326) 15.87 (148) 15.63 (178)
F7 GPS 1.31(183) 1.27 (154) 1.10 (29) 13.26 (183) 9.17 (154) 3.32 (29)
Mean Male 241 2.17 2.68 18.16 13.13 18.16

156 Mean Female 1.48 1.01 1.36 14.57 12.52 9.47
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DISCUSSION

Male and female jaguars presented great variation in home range sizes in
both study sites. Large home range size, lower density and small overlap are
factors normally associated with low carrying capacity and low prey biomass. This
association might explain the larger home range and the smaller overlaps
observed for female jaguars in lvinhema when compared to those of Morro do
Diabo. Ivinhema State Park was recently established (1998), and most of its
mosaic is still composed of abandoned and regenerating pastures. Moreover,
winter fires are common and might deplete jaguar prey and lower carrying
capacity. For example, in August 2002 and again in February 2006 nearly 500
km?, which represents 65% of Ivinhema Park was burnt, mostly in seasonally

flooded marshlands and abandoned pasture.

Crawshaw and Quigley showed that jaguar home ranges were larger
during the dry season [22]. In contrast, the results of this study showed no
difference in jaguar home ranges between the seasons. Flooding in the wet
season is the major ecological event in the protected marshes of the Upper
Parané River. The availability of dry land fluctuates with the water level. Much of
the seasonally-flooded lowland savannas and seasonally-flooded semi-
deciduous forests (alluvial forests) are under more than 1 m of water during the
wet season. For most terrestrial mammals, this drastically reduces the effective
area available for foraging. For example, averages annual home ranges for
female jaguars in lvinhema were 112 km?in the wet season and 292 km?in the
dry season. In flooded habitat, variation in home range size of jaguars during the
wet season probably reflects the concentration of their food resource on the
remaining higher ground. In the dry season by contrast, prey disperses. Previous
studies on jaguar ecology have also reported that home range sizes for male
jaguars were larger than those of females because of their polygynous breeding
system. The large size of their home ranges may reflect limited competition from

other males in this isolated and fragmented area.

Our estimates of jaguar home range size were generally larger than other

studies in the Neotropics, partly because the adjust for autocorrelated telemetry
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data provided by the AKDE home range estimation. For example, in Belize, home
ranges of four males varied from 28-40 km?, with a mean of 33.4 km? [21]. This
is about nine times smaller than the average home range for males in Morro do
Diabo and Ivinhema. In the same study in Belize, two females had ranges of 10
and 11 km?. In contrast to this study, the home range of the two females did not
overlap in Belize, but those of the males overlapped extensively. At Iguacu
National Park, in southern Brazil, home range estimates (Minimum Convex
Polygon) varied considerably, from 8.8 km? (female) to 138 km? (male) [28]. In
the Brazilian Pantanal, the average home range size for five animals studied by
Schaller and Crawshaw in 1980 was 42 km?[20]. In a second Pantanal study, 20
years later, Cavalcanti and Gese, concluded that 90% kernel home ranges varied
among animals and seasons (range: 34-262.9 km?) [16].

The larger home ranges associated with lower jaguar densities in both of
our study sites could also be attributed to the lower carrying capacities of semi-
deciduous habitats. Morro do Diabo State Park is located right on the edge of the
Cerrado and, accordingly, the best classification of Morro do Diabo forest would
be an *
Cer r al@9. in"these habitats, primary productivity is lower and more erratic
than in moister forests, while water availability is lower [30]. Similarly, large home
range areas were reported for jaguars in the Cerrado of central Brazil, where
average home range for males was 161 km?[31]. The moist tropical forests and
the alluvial mar shl ands of tropical
Venezuel a and the “Pantanal?”
jaguar densities, whereas the semideciduous habitats and Cerrado vegetation
may correspond to the lower limits. Wide ranging movements and long dispersal
distances are key attributes for large ma mm a $pacies. Long distance dispersal
was not observed by any studied individuals. However, adult jaguars showed long
distance movements within their home range, of up to 30 km in 3-4 days. They
also moved through gallery forests as travel routes and showed the ability to
traverse long distances in open pastures and to cross relatively wide rivers.
Nevertheless, these are basically digressions on what may or may not help to

explain this output.
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Not different from other large carnivores around the world, jaguar
populations are in decline. Despite its classification as Near Threatened globally
its status at regional and local level is critic and it is now actually extinct from
regions of previous occurrence [32—34]. This is the actual scenario in the Atlantic
Rainforest, where jaguars only occupy 18.4% (37,825 km?) of its remaining [33].
Only seven regions in this biome — classified as Jaguar Conservation Units
(JCUs) — have records of both males and females [33]. From these, only three
JCUs are likely to hold at least 50 individuals and the Upper Parana is one of
those [33]. The loss of this specie in the Atlantic Forest goes way beyond its
regional extinction per se. The loss of jaguar functional hole as the apex predator
has profound impacts in the trophic ladder. It is the local representation of a global
pattern that predicts a long term shift of mammal species pool towards small, fast-
lived, highly fecund, omnivorous, generalists and its consequences for wildlife

and biodiversity are far from predictable [35].

ACKNOWLEDGEMENTS

We thank Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais
Renovaveis (IBAMA) and Instituto Florestal de S&do Paulo for the institutional
support provided during field studies in Morro do Diabo State Park, and
Secretaria de Estado do Meio Ambiente do Mato Grosso do Sul (SEMA- MS) for
the support during the field work in Ivinhema State Park. MCR is funded by
FAPESP (2013/50421-2) and receives research grant from CNPq (312045/2013-
1 and 312292/2016-3).

REFERENCES

1. Guggisberg CAW. Wild cats of the world. David & Charles; 1975.

2. Sanderson EW, Redford KH, Vedder A, Coppolillo PB, Ward SE. A
conceptual model for conservation planning based on landscape species

requirements. Landsc Urban Plan. 2002;58: 41-56.

3. Paula RC De, Deshiez A, Cavalcanti SMC. Plano Nacional para a

6 8



248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

Conservacao da Onca-Pintada. 2013.

Paviolo A, De Angelo C, Ferraz KMPMB, Morato RG, Martinez Pardo J,
Srbek-Araujo AC, et al. A biodiversity hotspot losing its top predator: The
challenge of jaguar conservation in the Atlantic Forest of South America.

Sci Rep. 2016;6: 37147. doi:10.1038/srep37147

Myers N, Mittermeier RA, Mittermeier CG, Fonseca GAB, Kent J.
Biodiversity hotspots for conservation priorities. Nature. 2000;403: 853—

858.

Cullen L, Stanton JC, Lima F, Uezu A, Perilli MLL, Akcakaya HR.
Implications of Fine-Grained Habitat Fragmentation and Road Mortality for
Jaguar Conservation in the Atlantic Forest, Brazil. Banks SC, editor. PLoS

One. 2016;11: e0167372. doi:10.1371/journal.pone.0167372

Woodroffe R, Ginsberg JR. Conserving the African wild dog Lycaon pictus.
II. Is there a role for reintroduction? Oryx. 1999;33: 143-151.

doi:10.1046/j.1365-3008.1999.00053.x

Ripple WJ, Estes J a, Beschta RL, Wilmers CC, Ritchie EG, Hebblewhite
M, et al. Status and Ecological Effect s of t he Worl d’ s
Science (80- ). 2014;343: 1241484-1241484.

doi:10.1126/science.1241484

Ortega-Huerta MA, Medley KE. Landscape analysis of jaguar (Panthera
onca) habitat using sighting records in the Sierra de Tamaulipas, Mexico.
Environ Conserv. 1999;26: S0376892999000387.
doi:10.1017/S0376892999000387

69

Large



271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

201

292

293

10.

11.

12.

13.

14.

15.

16.

17.

Woodroffe R. Edge Effects and the Extinction of Populations Inside
Protected Areas. Science (80- ). 1998;280: 2126-2128.

doi:10.1126/science.280.5372.2126

McCullough DR. Spatially structured populations and harvest theory. J

Wildl Manage. 1996;60: 1-9.

Brooker L, Brooker M, Cale P. Animal dispersal in fragmented habitat:
Measuring habitat connectivity, corridor use, and dispersal mortality. Ecol

Soc. 1999:;3.

South A. Dispersal in Spatially Explicit Population Models. Conserv Biol.

1999;13: 1039-1046. doi:10.1046/j.1523-1739.1999.98236.x

Novaro AJ, Redford KH, Bodmer RE. Effect of hunting in source-sink
systems in the Neotropics. Conservation Biology Jun, 2000 pp. 713-721.

doi:10.1046/j.1523-1739.2000.98452.x

HAAG T, SANTOS AS, SANA DA, MORATO RG, CULLEN JR L,
CRAWSHAW JR PG, et al. The effect of habitat fragmentation on the
genetic structure of a top predator: loss of diversity and high differentiation
among remnant populations of Atlantic Forest jaguars (Panthera onca). Mol

Ecol. 2010;19: 4906—4921. doi:10.1111/j.1365-294X.2010.04856.x

Cavalcanti SMC, Gese EM. Spatial Ecology and Social Interactions of
Jaguars (Panthera Onca) in the Southern Pantanal, Brazil. J Mammal.

2009;90: 935-945. doi:10.1644/08-MAMM-A-188.1

Cullen Jr. L, Abreu KC de, Sana DA, Nava AFD. Jaguars as landscape

detectives for the upper Parana River corridor, Brazil. Nat Conserv. 2005;3:
70



294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

18.

19.

20.

21.

22.

23.

24,

25.

26.

43-58.

Akcakaya HR. Using models for species conservation and management:

an introduction. In: Akcakaya HR, Burgman MA, Kindvall O, editors. 2004.

Kaufmann JH. Ecology and Social Behavior of the Coati, Nasua narica on

Barro Colorado Island Panama. Univ Calif Publ Zool. 1962:60: 95-222.

Schaller GB, Crawshaw PG. Movement Patterns of Jaguar. Biotropica.

1980;12: 161-168.

Rabinowitz AR, Nottingham, Jr. BG. Ecology and bahaviour of the Jaguar

(Panthera onca) in Belize, Central America. J Zool. 1986;210: 149-159.

Crawshaw PG, Quigley HB. Jaguar spacing, activity and habitat use in a
seasonally flooded environment in Brazil. J Zool. 1991;223: 357-370.

Available: http://doi.wiley.com/10.1111/j.1469-7998.1991.tb04770.x

Ab’ Saber AN . Os domini os mor focl i

aproximacdo. Geomorfologia. 1977;52: 1-22.

Cal abrese JM, FI emi ng CH, Gurari e
animal relocation data as a continuous-time stochastic process. Freckleton
R, editor. Methods Ecol Evol. 2016;7: 1124-1132. do0i:10.1111/2041-

210X.12559

Fleming CH, Calabrese JM. ctmm: Continuous-Time Movement Modeling.
R package version 0.3.4. [Internet]. CRAN; 2016. Available:
http://cran.jellyfish.lol/web/packages/ctmm/index.html.

Fleming CH, Fagan WF, Mueller T, Olson KA, Leimgruber P, Calabrese

71

mat i

C O S

ctn



316 JM, et al. Rigorous home range estimation with movement data: A new
317 autocorrelated kernel density estimator. Ecology. 2015;96: 1182-1188.

318 doi:10.1890/14-2010.1.sm

319 27. Fleming CH, Calabrese JM, Mueller T, Olson KA, Leimgruber P, Fagan

320 WF. From Fine-Scale Foraging to Home Ranges: A Semivariance
321 Approach to Identifying Movement Modes across Spatiotemporal Scales.
322 Am Nat. 2014;183: E154-E167. doi:10.1086/675504

323 28. Crawshaw PG, Mahler JK, Indrusiak C, Cavalcanti SMC, Leite-Pitman

324 MRP, Silvius KM. Ecology and Conservation of the Jaguar (Panthera onca)
325 in Iguacgu National Park. People Nat Wildl Conserv South andCentral Am.
326 2004;3: 271-285.

327 29. Baitello JB, Pastore JA, Aguiar OT De, Serio FC, Eduardo C. A vegetacéao
328 do Parque Estadual do Morro do Diabo, municipio de Teodoro Sampaio,

329 Estado de Sao Paulo. Acta Bot Bras. 1988;230: 221-230.

330 30. Cullen, Bodmer, Valladares-Padua. Ecological consequences of hunting in
331 Atlantic forest patches, Sao Paulo, Brazil. Oryx. 2001;35: 137-144.

332 doi:10.1046/j.1365-3008.2001.00163.x

333 31. Silveira L, Marinho-Filho J. Ecologia comparada e conservacdo da oncga-
334 pintada (Panthera onca) e onca-parda (Puma concolor), no Cerrado e

335 Pantanal. Leandro Silveira—2004. 2004; 1-61.

336 32. Quigley H, Foster RJ, Petracca L, Payan E, Salom R, Harmsen BJ.
337 Panthera onca. IUCN Red List Threat Species. 2017;8235: 8. Available:
338 http://dx.doi.org/10.2305/IUCN.UK.2016-3.RLTS.T20010A22247615.en

72



339

340

341

342

343

344

345

346

347

348

349

33.

34.

35.

Paviolo A, De Angelo C, Ferraz KMPMB, Morato RG, Martinez Pardo J,
Srbek-Araujo AC, et al. A biodiversity hotspot losing its top predator: The
challenge of jaguar conservation in the Atlantic Forest of South America.

Sci Rep. 2016;6: 37147. doi:10.1038/srep37147

Paviolo A, De Angelo CD, Di Blanco YE, Di Bitetti MS. Jaguar Panthera
onca population decline in the Upper Parana Atlantic Forest of Argentina

and Brazil. Oryx. 2008;42: 554. doi:10.1017/S0030605308000641

Cooke RSC, Eigenbrod F, Bates AE. Projected losses of global mammal
and bird ecological strategies. Nat Commun. 2019;10: 2279.

doi:10.1038/s41467-019-10284-z

73



CONSIDERACOES FINAIS

Apesar do significativo interesse enquanto tdpico de pesquisa e relevancia para
a conservacao, a demonstracao inequivoca da hipétese da liberacdo do mesopredador
ndo é uma tarefa trivial. O desafio fundamental é descartar explica¢gfes alternativas para
a superabundancia de mesopredadores, como mudancas de habitat que geralmente
estdo associadas a perda de predadores de ponta. Neste trabalho, reuni as principais
caracteristicas da hipotese de liberacdo do mesopredador adaptada a comunidade de
mamiferos carnivoros da Mata Atlantica. Propus ainda um modelo conceitual baseado
em hipoteses gerais e resultados esperados apoiados em pesquisa bibliografica e
conhecimento empirico como referéncia para orientar futuras analises em larga escala
sobre esse fenbmeno. Seguindo esta discussédo, apresentei o conjunto de dados
Atlantic-Camtraps, originalmente destinado a apoiar os dados necessarios para explorar
o fendbmeno de liberacdo de mesopredadores na Mata Atlantica. Por fim, trouxe um
estudo de caso sobre o apice predador da Mata Atlantica em um de seus Ultimos redutos
no bioma. Neste capitulo, eu e meus colegas apresentamos os resultados de cinco anos
de monitoramento por telemetria e discutimos a auséncia de padrdes tipicos, como
sazonalidade e diferengas no tamanho da area de vida entre machos e fémeas. Com
este trabalho, espero chamar a atencéo para este fendbmeno nas florestas tropicais e

orientar futuros estudos sobre o tema.
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