Universidade do Estado do Rio de Janeiro

SeR
g ¢ z P
2 U?;J & Centro Biomédico
o ‘-{_&h . ] ] A
% espapy o Instituto de Biologia Roberto Alcantara Gomes

Atilla Colombo Ferreguetti

Don’t shoot:poaching impact on the non-volant mammals community in a
protected area in the Atlantic Forest, Southeastern Brazil

Rio de Janeiro
2020



Atilla Colombo Ferreguetti

Don’t shoot: poaching impact on the non-volant mammals community in a

protected area in the Atlantic Forest, Southeastern Brazil

Tese apresentada, como requisito parcial para
obtencdo do titulo de Doutor, ao Programa de
Pds-Graduacdo em Ecologia e Evolucdo da
Universidade do Estado do Rio de Janeiro.

Orientadora: Prof.2 Dra. Helena de Godoy Bergallo

Rio de Janeiro
2020



CATALOGACAO NA FONTE
UERJ / REDE SIRIUS / BIBLIOTECA CTC-A

F382  Ferreguetti, Atilla Colombo.

Don’t shoot: poaching impact on the non-volant mammals community in a
protected area in the Atlantic Forest, Southeastern Brazil/ Atilla Colombo
Ferreguetti — 2020.

95f. 1 il

Orientadora: Helena de Godoy Bergallo.
Tese (Doutorado em Ecologia e Evolugao) - Universidade do Estado do Rio
de Janeiro, Instituto de Biologia Roberto Alcantara Gomes.

1. Mamiferos - Reserva Natural Vale (Linhares, ES) - Ecologia - Teses .2. Caga
- Mata Atléntica - Teses. 3. Biodiversidade - Conservacéo - Teses. |. Bergallo,
Helena de Godoy. Il. Universidade do Estado do Rio de Janeiro. Instituto de
Biologia Roberto Alcantara Gomes. I11. Titulo.

CDU 599

Patricia Bello Meijinhos CRB7/5217 - Bibliotecéria responséavel pela elaboragdo da ficha catalografica

Autorizo, apenas para fins académicos e cientificos, a reproducéo total ou parcial desta tese,
desde que citada a fonte.

Assinatura Data



Atilla Colombo Ferreguetti

Don’t shoot: poaching impact on the community of non-volant mammals in a protected
area in the Atlantic Forest, Southeastern Brazil

Tese apresentada, como requisito parcial para
obtencdo do titulo de Doutor, ao Programa de
Pds-Graduacdo em Ecologia e Evolucdo da
Universidade do Estado do Rio de Janeiro.

Aprovado em 18 de Fevereiro de 2020.

Banca Examinadora:

Prof.2 Dra. Helena De Godoy Bergallo (Orientadora)

Instituto de Biologia Roberto Alcantara Gomes

Prof. Dr. Jayme Augusto Prevedello

Instituto de Biologia Roberto Alcantara Gomes

Prof. Dr. Marcus Vinicius Vieira

Universidade Federal do Rio de Janeiro

Prof. Dr. Adriano Pereira Paglia
Universidade Federal de Minas Gerais

Rio de Janeiro
2020



DEDICATION

A minha mie amada, Maria
Zeleonir Colombo Ferreguetti,
que me deu forca, incentivo e
sonhou um dia ver seu filho
Doutor.



ACKNOWLEDGMENTS

Nenhum trabalho é possivel sozinho! Essa tese e toda minha formacgédo académica nédo
seriam possiveis sem a participacdo fundamental de varios amigos, professores, familia e todos
que de alguma forma contribuiram para que mais essa etapa da minha vida fosse realizada.
Gostaria de agradecer entdo a todos que comigo construiram este trabalho.

Primeiramente gostaria de agradecer a minha familia, que desde quando eu comecei a
minha formacdo como bidlogo, esteve me apoiando das demais formas possiveis. Sem essa
familia guerreira que eu tenho, eu jamais teria chegado até aqui. Entdo ao meu Pai (Atilio
Céamara Ferreguetti), pela ajuda na preparacdo do material de campo, com sua boa e velha arte
de construir “bugigangas” e também ¢ claro por sempre acreditar em mim e falar de mim com
tanto orgulho. A minha mae (Maria Zeleonir Colombo Ferreguetti “zizona”), por ser minha
melhor amiga e estar sempre 14 me dando aquela palavra de “coragem, nao desista” e por apoiar
todo esse sonho de seguir essa profissdo, que mesmo quando n&o tinha uma palavra, me
consolava com aquele colo de mde. Minha mée que na reta final do doutorado enfretou tantas
provacdes, e que mesmo em uma maca de hospital continou me dando forcas. A minha querida
e sensacional irma (Cecyane Colombo Ferreguetti “cecy”) por sempre acreditar em mim, me
dar forcas quando mais precisei e ser essa menina mulher, doce e sensivel que tanto cresceu
nesses ultimos 2 anos. Também por aguentar o tranco la de casa enquanto estive no Rio
estudando. Muito obrigado mesmo, minha querida irma! E claro que ndo poderia deixar de
agradecer a Ju Souza (minha cunhada) por entrar em nossas vidas e trazer tanta luz!

A minha querida Orientadora Dra. Helena de Godoy Bergallo (Nena), por tanto me
ensinar, me orientar e confiar no meu trabalho. Agradeco tremendamente por essa oportunidade
e esse voto de confianga! Agradeco também por todos os ensinamentos, tanto os profissionais
guanto 0s pessoais. Obrigado por me dar a chance de desenvolver algumas ideias
megalomaniacas e sempre me permitir trabalhar com liberdade. Obrigado por todo esse
processo, que além de orientadora vocé é uma méezona cientifica, exemplo de profissional.

Ao meu querido companheiro Pablo Bonfante Batista, que abragou essa empreitada
comigo do inicio ao fim, seja dando forcas, conforto e até mesmo ajudando no campo quando
todos furavam com a gente. Esse economista colocou muitos bidlogos no chinelo! Excelente
pessoa e profissional, obrigado por tudo Tico!

A minha amiga/parceira/dupla da equipe Rocket Juliane Pereira Ribeiro, que enfrentou
comigo cada segundo nessa busca atras do picachu. Foram muitos perrengues, desafios e risadas

divididas em campo. Todo campo a gente chegava com mil planos e sempre decolavamos na



velocidade da luz. Com certeza nossas lombares aposentaram na Reserva Natural Vale haha,
disso ndo tenho duvidas. Obrigado por todo apoio e companhia Ju, vocé foi fundamental e
indispensavel.

Ao professor Dr. Carlos Frederico Duarte da Rocha por sempre ajudar e pelas ricas
contribuigdes e ideias para melhorar o trabalho.

A todos que nos ajudaram em campo: Sténnio, Gleika, Rayane, André, Nicole, Fabi,
Carol, Karoline, Laura, Jane, Fink, Gabriel, Priscila, Marina, Pablo, Léo, Vinicius, Veronica,
Paula, Luisa e Clara.

Aos meus queridos amigos do Espirito Santo, Lenon, Julia, Juliana, Ricardo, Yann, e
Lia por todos os momentos maravilhosos, que me deixaram super feliz durante esse processo!!
Amo vocés!!

Aos companheiros do Laboratorio de Ecologia de Mamiferos — LEMA. Aos professores
da UERJ.

A toda a equipe da Reserva Natural Vale, pela oportunidade de realizar meu projeto de
doutorado e agradeco principalmente a Jackeceli, Rayany, Manu e Marcio por me ajudarem
durante o processo de realizacdo da pesquisa na RNV. Agradeco também é claro a todos 0s
funcionarios que tornaram esse trabalho mais agradavel com um sorriso no rosto para me
receber. A pesquisa foi conduzida sob a licenga do SISBIO n°: 47141.

Aos funcionarios do PPGEE, em especial a Soninha eVeruska por sempre me ajudarem
nas duvidas que tive. Vocés sdo nota 1000!

Aos queridos membros da comissdo avaliadora da presente tese, em especial ao Prof.
Dr. Jayme Augusto Prevedello que acompanhou auxiliando desde a finalizagdo do mestrado até
esse etapa final do meu doutoramento.

O presente trabalho foi realizado com o apoio da Coordenacdo de Aperfeicoamento de
Pessoal de Nivel Superior - Brasil (CAPES) - Codigo de Financiamento 001 e também FAPERJ
- Fundacdo Carlos Chagas Filho de Amparo a Pesquisa do Estado do Rio de Janeiro processo
E-26/202.198/2018(240022). Além disso, gostaria de agradecer também a CAPES pela
oportunidade de realizar o doutorado sanduiche no exterior e também pela concesséo de 6 meses
de bolsa pelo PDSE - Programa de Doutorado Sanduiche no Exterior Processo n°
88881.188576/2018-01.

Ao professor Dr. David Miller, da Penn StateUniversity por me receber durante 6 meses
em seu departamento e me ensinar as técnicas de modelagem de ocupagdo. Obrigado pelos
encontros semanais e também pelas oportunidades que tive de participar das atividades do seu

laboratdrio e aprender bastante.



A todos os animais, que me concederam a honra de sua presenca durante todos os 5 anos
de esforgo para a realizagdo desse projeto. Sem eles, tudo teria sido t&o chato!!

Meu muito obrigado!



Se vocé pudesse me dizer

Se vocé soubesse o que fazer
O que voce faria

Aonde iria chegar?

Se vocé soubesse quem vocé é
Até onde vai a sua fé

O que voce faria?

Pagaria pra ver

Se pudesse escolher

Entre o0 bem e o mal, ser ou néo
ser?

Se querer é poder

Tem que ir até o final

Se quiser vencer

Se pudesse eu te levaria

Até onde vocé quer chegar
Brilho das estrelas

O primeiro lugar

Se pudesse escolher

Entre o0 bem e 0 mal, ser ou ndo
ser?

Se querer é poder

Tem que ir até o final

Se quiser vencer

O mundo é perigoso

E cheio de armadilhas

De mistério e gozo

Verdades e mentiras

Viver é quase um jogo

Um mergulho no infinito

Se souber brincar com fogo
N&o h& nada mais bonito

Se pudesse escolher

Entre o0 bem e 0 mal, ser ou ndo
ser?

Se querer é poder

Tem que ir até o final

Se quiser vencer

Vida Real - Paulo Ricardo



ABSTRACT

FERREGUETTI, A. C. Don’t shoot: poaching impact on the non-volant mammals
community in a protected area in the Atlantic Forest, Southeastern Brazil. 2020. 99f. Tese
(Doutorado em Ecologia e Evolucao) - Instituto de Biologia Roberto Alcantra Gomes,
Universidade do Estado do Rio de Janeiro, Rio de Janeiro, 2020.

Hunting can be considered as a cultural trait strongly rooted in the Neotropics and
considered in several aspects, depending on the human community in question and the region
considered. Poachingmay affect mammalian populations, and change communities, although it
tends to be underestimated, due to lack of standardization and difficulties for detection.
Therefore, we aimed to quantify the effect of poaching on non-volant mammal species through
5-year monitoring in the Vale Natural Reserve (VNR), northern Espirito Santo state, Brazil.
We hoped that the information generated here can contribute to the increase in knowledge of
the ecology of neotropical mammals by knowing how species respond to anthropic actions (i.e.
poaching) as well as providing information from this group to support environmental policies
and actions aimed at conserving biodiversity. This thesis was divided into three chapters. We
proposed a quantitative metric assessment, which considers the spatial distribution of hunting
evidence per km2 and allows monitoring the trends of this impact over time. This metric will
collect the evidence of illegal hunting in a standardized way over the time. The metric can be
generated by considering each poaching event separately (date, reserve where the event was
recorded, location/region of the event, geographic coordinates and type of evidence collected).
Any evidence of hunting can be georeferenced over time. In addition, our results provide
subsidies for increasing knowledge about an illegal but still widespread and common practice.
We presented here an approach to identify poaching hotspots that is cost-effective and much
cheaper than years of extensive monitoring, and therefore may be applied in other protected
and non-protected areas throughout the world. We recommend that researchers and Reserve
managers work together to apply the approach presented here in other Reserves, whenever
possible. Camera-trapping has been increasingly used throughout the world, and it is likely that
the necessary information to replicate our analyses has already been obtained in many Reserves.
Lastly, our results bring alarming results to one of Brazil's largest Atlantic Forest remnants.
Poaching is an illegal activity constantly practiced not only in the Vale Natural Reserve but
throughout the Atlantic Forest and other Neotropical regions. We presented the first study in
the Atlantic Forest that has estimated the long-term poaching impact on mammalian
populations, demonstrating a potential negatively effect on the density, biomass and occupancy
of species that are important to ecosystem functioning. In addition to the direct negative effects
estimated in this study, we draw attention to potential indirect impacts of poaching on other
mammalian species, such as large felids (Panthera onca and Puma concolor). It is extremely
necessary to initiate and strengthen programs for poaching mitigation in our protected areas. It
IS necessary to sensitize the local community by establishing a sense of belonging with the
protected area. A continuing environmental education program is recommended, where actions
must be worked on in different age groups of the population.

Keywords: Biomass. Density. Conservation of biodiversity. Distance sampling. Imperfect
detectability. Anthropogenic impact. Occupancy.



RESUMO

FERREGUETTI, A. C. N&o atire: impacto da caca furtiva na comunidade de mamiferos ndo-
voadores em uma area protegida na Mata Atlantica, sudeste do Brasil. 2020. 99f. Tese
(Doutorado em Ecologia e Evolucao) - Instituto de Biologia Roberto Alcantra Gomes,
Universidade do Estado do Rio de Janeiro, Rio de Janeiro, 2020.

A caca pode ser considerada uma caracteristica cultural fortemente enraizada nos
neotropicos e considerada em varios aspectos, dependendo da comunidade humana em questéo
e da regido considerada. A caca pode afetar populagdes de mamiferos e alterar comunidades,
embora tenda a ser subestimada, devido a falta de padronizagéo e dificuldades de deteccéo.
Portanto, objetivamos quantificar o efeito da caca furtiva em espécies de mamiferos néo-
voadores por meio de monitoramento de cinco anos na Reserva Natural do Vale (VNR), norte
do Espirito Santo, Brasil. Esperamos que as informacgdes geradas aqui possam contribuir para
0 aumento do conhecimento da ecologia dos mamiferos neotropicais, entendendo como as
espécies respondem a acles antrépicas (ou seja, caca furtiva), bem como fornecendo
informacBes desse grupo para apoiar politicas e acBes ambientais voltadas a conservacdo da
biodiversidade. Esta tese foi dividida em trés capitulos. Propusemos uma avaliacdo métrica
quantitativa, que considera a distribuicio espacial das evidéncias de caca por km? e permite
monitorar as tendéncias desse impacto ao longo do tempo. Essa métrica coletara as evidéncias
de caca ilegal de maneira padronizada ao longo do tempo. A métrica pode ser gerada
considerando-se cada evento de caca furtiva separadamente (data, reserva onde o evento foi
registrado, local / regido do evento, coordenadas geograficas e tipo de evidéncia coletada).
Qualquer evidéncia de caca pode ser georreferenciada ao longo do tempo. Além disso, nossos
resultados fornecem subsidios para aumentar o conhecimento sobre uma prética ilegal, mas
ainda generalizada e comum. Apresentamos aqui uma abordagem para identificar hotspots de
caca furtiva com boa relagdo custo-beneficio e muito mais baratos que anos de monitoramento
extensivo e, portanto, podem ser aplicados em outras areas protegidas e nao protegidas em todo
0 mundo. Recomendamos que pesquisadores e gerentes de reservas trabalhem juntos para
aplicar a abordagem apresentada aqui em outras reservas, sempre que possivel. A captura de
cameras tem sido cada vez mais usada em todo o mundo e é provavel que as informacdes
necessarias para replicar nossas analises ja tenham sido obtidas em muitas Reservas. Por fim,
nossos resultados trazem resultados alarmantes para um dos maiores remanescentes da Mata
Atlantica do Brasil. A caca furtiva é uma atividade ilegal constantemente praticada nao apenas
na RNV, mas em toda a Mata Atlantica e outras regides neotropicais. Apresentamos o primeiro
estudo na Mata Atlantica que estimou o impacto da caca furtiva a longo prazo nas populacdes
de mamiferos, demonstrando um potencial efeito negativo na densidade, biomassa e ocupacao
de espécies importantes para o funcionamento do ecossistema. Além dos efeitos negativos
diretos estimados neste estudo, chamamos atenc¢do para 0s possiveis impactos indiretos da caca
furtiva em outras espécies de mamiferos, como os felideos grandes (Pantheraonca e Puma
concolor). E extremamente necessario iniciar e fortalecer programas para mitigar a caca furtiva
em nossas areas protegidas. E necessario sensibilizar a comunidade local, estabelecendo um
sentimento de pertencimento a area protegida. Recomenda-se um programa continuo de
educacdo ambiental, onde acbes devem ser trabalhadas em diferentes faixas etarias da
populacéo.

Palavras-chave: Biomassa. Densidade. Conservagdo da Biodiversidade. Distance sampling.
Detectabilidade imperfeita. Impactoantropogénico. Ocupacéo.
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GENERAL INTRODUCTION

Tropical ecosystems are the richest in species on the planet, while at the same time the most
endangered (Myers, 1988). The anthropic influence on the environment has been increasingly
intense, resulting in what some researchers call the “crisis” of biodiversity, a reference to
extinctions driven by various factors related to human activities (Di Minin et al., 2016). Current
extinction rates resulting from anthropogenic activities are unprecedented and highly unusual
in Earth's history (Ceballos et al., 2015). Habitat fragmentation, the overexploitation of natural
resources, and the introduction of invasive species are inter-related impacts associated with the
human occupation of natural landscapes, and comprise the main threats to the planet’s
biodiversity (Hoffmann et al. 2011). The need for new areas for agriculture, livestock and
logging is the main reason for the elimination or alteration of native vegetation cover, which
results in the loss of other life forms, animals, fungi and microorganisms (Whitmore, 1997;
Foley et al., 2005). It is estimated that 85% of forested areas cleared from 1981 to 1990
aretropical rainforest (Whitmore, 1997; Hansen et al., 2013).

Biodiversity hotspots are designated priority conservation regions that exhibit
simultaneously high rates of species diversity, endemism and degree of threat (Myers et al.
2000). Altogether there are 35 recognized hotspots on the planet that cover only 2.3% of the
earth's surface, but are endemic to 50% of all vascular plant species and 42% of all known
vertebrates (Mittermeier et al., 2004; Mittermeier et al., 2011). The Atlantic Forest is considered
as one of the five most diverse hotspots (Mittermeier et al., 2004; Mittermeier et al., 2011),
being a complex set of ecosystems that houses a significant portion of Brazil's biological
diversity. With an original area of approximately 1,300,000 km2 in Brazil, which corresponds
to 15% of the national territory, the Atlantic Forest biome encompasses 15 Brazilian states,
extending from Rio Grande do Sul to Piaui, and houses about 61% of the Brazilian population
(SOS Mata Atlantica, 2014). The Atlantic Forest is currently restricted to less than 26% of its
original forest cover (SOS Mata Atlantica, 2014; Rezende et al., 2018) and aboutof80% is
represented by fragments smaller than 50 ha (Ribeiro et al., 2009).

Mammals are among the most studied vertebrate taxa and yet new species are still being
discovered and described (Mackinnon, 2000). Although the draw of mammal research may
stem from their charismatic status (Clucas et al., 2008) or their taxonomic affinity, the
ecological importance of the ~4,600 species is still often poorly understood. Mammals,

particularly large carnivores and herbivores, are often regarded as keystone species, occurring



16

at relatively low densities but serving in a critical role to maintain balanced community structure
(Mills et al., 1993). With an increasing human population, the encroachment on natural habitats
has caused an increase in human-wildlife conflict and in many cases large carnivores and
herbivores have been persecuted. Medium and large mammals may also serve as good indicator
species of forest integrity because of their large home range and territory requirements. Some
mammals prefer disturbed or open habitat, while other species are vulnerable to such
disturbance. The community structure of forest patches may serve as an index of forest
disturbance and degradation. It is important to examine all aspects of mammalian community
structure, particularly in fragmented Neotropical landscapes where large carnivores and
herbivores may be extirpated due to habitat loss, fragmentation, hunting and poaching. The
primary limitations to studying medium and large Neotropical mammals are detectability issues
associated with their low population densities, elusive nature, and dense vegetation in forests
(Long et al., 2008; O’Connell et al., 2011). Recent noninvasive survey techniques, such as
camera traps and line-transects, are being used to better detect medium and large mammals
(Buckland et al., 2001; Gompper et al., 2006; Long et al., 2008; O’Connell et al., 2006; 2011;
Tobler et al, 2008).

Hunting can be considered as a cultural trait strongly rooted in the Neotropics in several
aspects. Hunting may affect mammalian populations (Chiarello, 2000; Peres, 2000b; Crawshaw
et al., 2004), and change communities (Peres, 1990, 2001; Naughton-Treves et al., 2003),
although it tends to be underestimated (Redford, 1992), due to lack of standardization and
difficulties for detection (Peres et al., 2006). This occurs both in areas where there is
anthropogenic habitat disturbance (Daily et al., 2003; Naughton-Treves et al., 2003), and in
areas with little or no forest change (Redford, 1992; Peres, 1996; Peres and Lake, 2003),
including within protected areas (Chiarello, 2000a; Altrichter and Almeida, 2002; Olmos et al.,
2004). Most of the hunted species are frugivorous and/or herbivorous (Peres, 2000a, 2000b;
Townsend, 2000), and they play an ecological role in the dynamics of natural environments
(Dirzo and Miranda, 1991; Wright et al., 2000; Stoner et al., 2007).Mammals can compromise
important ecological processes for the maintenance of forest structure and species composition
(Dirzo and Miranda, 1991; Wright et al., 2000; Dirzo et al., 2014), reducing the biodiversity in
the long term (Terborgh, 1992, 2000). Extirpation of species tends to compromise the
ecosystem functionally and may result in the depletion of forest environments (Harrison, 2011).
Population reduction of top-predators (e.g. Panthera onca and Puma concolor), due to
systematic killing by hunting (Crawshaw et al., 2004), may result in increased prey species

density, promoting alteration of community structure and overexploitation of resources by
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herbivores that previously had their populations controlled by these predators (Terborgh et al.,
2001).

Abundance and density estimates are crucial for population biology studies and wildlife
monitoring. Knowledge about species abundance and density allows comparison between
different regions where estimates for these parameters already exist. With long-term monitoring
of populations in a given area, it is possible to assess whether there has been a population
increase, decline or stability (Soulé, 1986; Glanz, 1996). In this context, the study of species
abundance has a special meaning because it allows us to evaluate a basic characteristic of the
populations and, mainly, due to conservation issues related to rare, threatened and low density
species, as is the case with some species of medium and large mammals that are supposed to
be more susceptible to extinction (Krebs, 1978; Arita et al., 1990).

It has been suggested that distribution area size and density are important factors in
determining which management and conservation strategies should be adopted (Arita et al.,
1990).Variation in species abundance and density at different sites is mainly attributed to
differences in habitat composition and structure (August, 1983; Tews et al., 2004; Goulart et
al., 2009; Ferreguetti et al., 2017a) , resource availability (Gautier-Hion et al., 1985; Paredes et
al., 2017), predator occurrence (Cody, 1981), dietary plasticity of some species (Peres, 1996),
competition for resources (Cody, 1981) and the degree of anthropogenic disturbance such as
poaching and deforestation (Peres, 1996;Chiarello, 1999; 2000a; 2000b; Wright, 2003;
Ferreguetti et al., 2015; 2016a; 2017a; 2017b).This variation is also attributed to the
phenomenon of density compensation, that is, some species are favored in a given environment,
because there is an absence of other species that would be potentially competing for food and
space (MacArthur et al., 1972; Peres and Dolman, 2000).

In addition to abundance surveys, presence / absence data or abundance indices (i.e.
statistical counting that assumes to be related to actual abundance) are generally used in
monitoring programs to infer the conservation status of the species of interest. However, when
such surveys implicitly assume constant detectability, the statistical count may be biased
(Mackenzie et al., 2002). Detectability may vary between species, being affected by various
factors besides abundance, such as spatial (e.g. sampling location) and temporal (e.g.
seasonality, weather) variables present in a given sampling scale, and between detection
methods (Mackenzie et al., 2006). Ignoring imperfection in detectability has generated criticism
because the results may be biased and lead to misinterpretations of the parameters of interest,
compromising the reliability of monitoring programs in assessing changes in populations over
time and space (Yoccoz et al., 2001; Mackenzie et al., 2002; O’Connell et al., 2006; Noon et
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al., 2012). Recently, occupancy models have been used to infer the status and dynamics of
species distribution (e.g. proportion of occupied sites), incorporating the premise of imperfect
detectability (Mackenzie et al., 2002; Long et al., 2011;Karanth et al., 2011). Moreover, such
models allow not only to evaluate the spatial and temporal variables that may affect the
detectability and occupancy of the species, but also the relative efficiency of different
methodological survey procedures to record the occurrence of the species of interest (O’Connell
et al., 2006; Nichols et al., 2008).

Therefore, we aimed to quantify the effect of poaching on non-volant mammal species
through 5-year monitoring in the Vale Natural Reserve (VNR), northern Espirito Santo state,
Brazil. We hoped that the information generated here can contribute to the increase in
knowledge of the ecology of neotropical mammals by knowing how species respond to
anthropic actions (i.e. poaching) as well as providing information from this group to support
environmental policies and actions aimed at conserving biodiversity.

This thesis was divided into three chapters.The first chapter aimed to review published
studies up to December 2017 that evaluated the impact of poaching in the Neotropical region
to propose a quantitative metric to better evaluate the impact. The second chapter is a case study
that evaluated which factors influence the occupancy and detectability of poachers in VNR to
assist in the surveillance of protected areas. The first two chapters are published in the
international journals, Animal Biodiversity and Conservation and Biological Conservation,
respectively.Lastly, the third chapter evaluated the poaching effect on the mammalian

community in VNR, specifically on species richness, biomass and occupancy.
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STUDY AREA

This study was conducted in the Vale Nature Reserve (VNR), an area of 23,500 ha which
belongs to VVale company, located between the municipalities of Linhares and Jaguaré (19°06 '-
19°18' S and 39°45 '- 40°19" W), north of the Doceriver and northeast of the state of Espirito
Santo (Figure 1).The VNR is adjacent to the Sooretama Biological Reserve (RBS; 24,250 ha)
and three other protected areas (Black Mutum; Antas Corner and Cupid Farm and Refuge).
Together these protected areas form a continuous block of native vegetation (Linhares /
Sooretama block), intercepted by the road BR-101, and represent almost 10% of the remaining
forested area in Espirito Santo (SOS Mata Atlantica, 2014).

VNR was formed from a gradual land acquisition process, which began in 1955, when
Vale began the process of acquiring the first properties in the region (Figure 1). The company's
initial objective was to produce beams to supply the Vitéria-Minas Railroad (Jesus and Rolim,
2005).By the end of the 1950s, approximately 60% of the current area was already owned by
the company, and subsequent acquisitions were made, which continued the VNR expansion
process. Fortunately, initial results from the management of a small area in the 1960s revealed
that the project for using timber resources would not be economically viable and the forest was
kept as a reserve by Vale (Jesus and Rolim, 2005).The VNR reached its current limits in 1973,
consisting of a main block (approximately 98.1% of the total area) and a small adjacent area
(complementary fragment located southwest of the main block, called the Ibiribas Reserve)
with non-regular contour, resulting from the fusion of 103 properties. In 1978, actions were
taken to protect the area (maintenance of fences and firebreaks, prevention and fire fighting,
combating logging, hunting, etc.), called Ecosystem Protection, and VNR was officially
established as a designated area. biodiversity conservation. In 1998, following the occurrence
of a major fire that struck RBS, the protection activities carried out at VNR were also carried

out at the neighboring reserve.
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Figurel - Map of the fragmentation status of the state of Espirito Santo, showing the Vale
Natural Reserve connected to the Sooretama Biological Reserve.
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The VNR climate is tropical hot and humid (Aw) according to the Képpen classification, with
rainy season in summer and dry in winter (Jesus and Rolim, 2005). The average annual
temperature is 23°C, with annual rainfall around 1200 mm (Kierulff et al., 2014). However, this
rainfall over the last 3 years (i.e. since 2014) remains less than half below the normal average,

with values reaching 510 mm per year (Figure 2).
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Figure 2 - Historicalclimogramof Vale Nature Reserve (1975-2017), located in Linhares,

Espirito Santo.
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Legend: red line highlighting the historical average.

The topography presents a flat relief, with altitudes between 28 and 65 m (Jesus and
Rolim, 2005). The hydrography in the reserve consists of a drainage network of tributary
streams of the Barra Seca and Pau Atravessado rivers, where the main one for the reserve is the
Jodo Pedro stream (Jesus and Rolim, 2005). However, this drainage network has been strongly
affected by the construction of illegal dams, in addition to the abnormal drought of the last 3
years.

According to the Brazilian Vegetation Map (IBGE, 1993), VNR is located in the Dense
Ombrophylous Forest domains, but according to Jesus and Rolim (2005) it would be classified
as Evergreen Seasonal Forest. The reserve is composed of a habitat mosaic formed by four main
vegetation types (adapted from Jesus, 1987 and Peixoto and Gentry, 1990): Coastal Plain
Forest(always green forest, with two or more upper strata and high occurrence of lianas and
epiphytes - approximately 68% of the total area), Riparian Forest (vegetation associated with
bodies of water, with mixed appearance, showing sparse trees and predominance of palm trees
- about 4% of the Reserve area), Sandy soil forest (tree vegetation over sandy soils, being
physiognomically similar to an area at an early or middle stage of regeneration - approximately
8% of VNR) and Natural Grasslands (open sandy fields with herbaceous vegetation, emerging
as forest enclaves in areas that constituted lagoons in earlier geological periods - about 6% of
the area). In addition to these formations, about 8% of the total VNR area is occupied by

~

201
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wetlands (swamps) and water bodies (Figure 3). Each of the four vegetation types are

exemplified in Figure 4.

Figure 3 - Map of the vegetation types present in the Vale Nature Reserve, and roads that cross

the reserve.
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Legend:A — Coastal Plain Forest; B — Sandy Soil Forest; C — Transition between Sandy Soil Forest — Natural
Grasslands; and D — Natural Grasslands.
Source: Author, 2015.
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1 POACHING IN NON-VOLANT MAMMALS IN THE NEOTROPICAL REGION:
THE IMPORTANCE OF A METRIC TO ASSESS ITS IMPACTS

Ferreguetti, A.C.; Rocha, C.F.D. & Bergallo, H.G. 2019. Poaching in non—volant mammals in
the Neotropical region: the importance of a metric to assess its impacts. Animal Biodiversity
and Conservation, 42.2: 203-211, Doi: https://doi.org/10.32800/abc.2019.42.0203

Human activities have deeply changed most of the ecosystems in different regions of
the world (Steffen et al., 2015), causing widespread loss of biodiversity (Vellend et al., 2007,
Arroyo-Rodriguez et al., 2013; Newbold et al., 2015), changes in community structure
(Dornelas et al., 2014), and loss of ecosystem functions and services (Mitchell et al., 2015).
Tropical forests are one of the most threatened biomes by human activities, and each year about
13 million hectares of these forests have been devastated in the world (Myers et al., 2000).
Exploitation of plant and animal resources in a non-sustainable approach in the natural
landscape have led to different impacts such as biodiversity loss, pollution, invasion of exotic
species, local extinction of native species (Cardinale et al., 2012), deforestation and habitat
fragmentation (Laurance and Biereegaard Jr., 1997; Laurance, 1999). Tourism, hunting,
agriculture and livestock practices also affect biodiversity and the survival of species (Cullen
et al., 2000). Loss of habitats and hunting of species have been considered as the main threats
to the maintenance of non-volant mammal populations (Redford, 1992; Peres, 2001; Milner-
Gulland and Bennet, 2003).

Excessive removal of specimens from nature is considered one of the most important
threats to the world fauna (Robinson and Redford, 1991; Bennett and Robinson, 2000a; Alves
et al., 2012) and different studies show that, in general, the hunting activities in the Neotropics
are carried out in an uncontrolled way and therefore impactful, making populations unviable
and leading natural resources unsustainable for ecosystem function (Hill and Padwe, 2000;
Bodmer and Robinson, 2006; Fernandes-Ferreira et al., 2012). Much of the information on the
hunting of mammals in natural environments is generally focused on one or few species. In
addition, this information is not standardized through a general protocol, being dispersed by
different locations or regions that have different environmental structures. This lack of
standardization prevents to detect trends or patterns concerning biomes that would be under
higher pressure, and even quantify what are the rates and level of the hunting impact.

We performed a review based on the set of information published in scientific journals

on hunting in non-volant mammals in the Neotropical region. The literature review performed
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in this analysis had aimed to evaluate the use of metric assessment and the impact of hunting in
different study sites of the Neotropical region. Based on this aim, we seek to answer the
following questions: i) Which are the biome that have more studies evaluating the hunting
impact on mammals? (ii) How many studies evaluate the events and classified on illegal or
subsistence hunting? iii) Which metric assessment was used to evaluate the hunting impact in
each study? iv) Has the metric assessment used to test the impact of hunting produced a
statistically significant result? And (v) Can hunting records help to build a metric assessment
to monitor impact of hunting?

Three electronic databases were used for the search of scientific literature: IS Web of
Science, Google Scholar and Scielo. The search terms used were entered the categories "title,
abstract and keywords™ and "Topic" (TS). The search was based on seven sets of keywords,
equally applied to the three databases. The main set referred to variations in hunting terms
(impact studied) and included "Hunt *" OR "poach *" OR "bushmeat”. The main set was
crossed separately with five other sets referring to the object of study (mammals) and locality
(Neotropical Region) through the Boolean operator AND: ("mammal*") AND ("Neotropic*").
We restrict our search to articles published in three languages: English, Portuguese and Spanish.
We consider only the published literature since 1920 from 20 XII 2017, the date of the search

execution.

1.1 Human and -hunting: contextualizing this interaction

Since 6 million years ago, wildlife has been a resource to primitive humans (Stanford
and Bunn, 2001). Humans have interacted with wild mammal species of many different forms
throughout history (Happold, 1995). This has promoted relationships that vary according to
different human cultures and which are reflected in negative or positive effects on the wild
mammals involved (Leopold, 1959; Bodmer et al., 1997; Alves et al., 2009). In addition, meat
has been used as an important protein source, wild mammals have been widely used in the
creation of artifacts such as props, or as a source of energy to move or transport, and used as
sources of beauty and inspiration, and symbols of gods in religious rituals (Ripple and Perrine,
1999; Alves et al., 2012).

On the other hand, some species are persecuted and killed because they represent risks
to human health or domestic livestock such as felines species or by causing losses to farmers
such as rodents and some species of medium-sized mammals that feed on product plantations
(Treves et al., 2006; Mendonca et al., 2011; Macedo et al., 2015). This ambiguity in the
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interaction between human and animals is common in different cultures and depends on the
species that are involved (Antonites and Odendaal, 2004; Alves et al., 2012; Alves and Souto,
2015). Indeed, in agricultural societies, hunting involves a dual relationship of familiarity and
friendship with domestic animals, and hostility and aggression with the wild and mysterious
world (Macedo et al., 2015). Hunting, especially in rural areas, tends to promote a
rapprochement or rejection relationship with wild organisms, which tends to be transmitted

through generations of human settlement in natural environments.

1.2 Hunting in the Neotropical region

The Neotropical region is the biogeographic region that extends from Central America
(including Tropical Mexico) to southern South America and is characterized by significant
biotic and climatic diversity (Morrone, 2014). The Neotropical region comprises 78 ecoregions,
formed predominantly by tropical and subtropical forests and open formations interrupted by
rivers (Morrone, 2014).

Hunting of wild animals occurs throughout the Neotropical region, being carried out by
indigenous, rural or urban populations (Becker, 1981; Cullen et al., 2000; Fernandes-Ferreira
et al., 2012). Hunting can be considered as a cultural trait strongly rooted in the Neotropics and
considered in several aspects, depending on the human community in question and the region
considered. The considerable progress in living conditions recorded in the second half of the
twentieth century resulted in unprecedented urbanization, as well as an improvement and
dynamization of the productive processes of animal protein (meat) and its derivatives. Together
with the advancement of the perception of values of the importance of the preservation of
natural resources, hunting started to be discussed more intensely in society. Many groups have
advocated an unrestricted ban on hunting, especially sport hunting (Leopold, 1959; Collazos et
al., 1960; Pierret and Dourojeanni, 1966).

In the Neotropical region, hunting began to be studied in the beginning of the 20th
century in order to characterize the activity with a cultural focus (Leopold 1959; Collazos et al.,
1960; Pierret and Dourojeanni, 1966). However, it was not until the end of this century that
studies began to focus on the hunting impact on wildlife (Bodmer et al., 1988; Paz y Mifio,
1988; Peres, 1990). In fact, of the 112 scientific articles reviewed, more than half (66/112, 59%)
had the main objective to characterize the hunting activity without any evaluation of the
potential impact. Only 58 articles found had as main objective to evaluate the hunting through

a metric, be it qualitative or quantitative. Of this total, 38 studies published were carried out in
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the Amazon (about 70%), followed by 10 studies in Neotropical Forest in general (17.3 %),
eight studies in the Atlantic Forest (13.7%), and the Bolivian Chaco and Brazilian Semi-Arid
were represented by only one study each (1.7%) (Figure 5).

Figure5 - The number of scientific publications that evaluated the impact of hunting on non-
volant Neotropical mammals.
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The importance of hunting as a source of animal protein was evidenced in the first
reports about the Amazon. In 1864, naturalist Henry Bates described hunts and the habit of
local populations along the Amazon River to consume wild animals (Bates, 1864). In fact, many
hunting studies with mestizo and indigenous populations have been carried out in the Amazon,
especially since 1970. In that decade the availability of protein foods was already discussed as
a limiting factor for human groups (Gross, 1975) and the importance of hunting as a source of
protein and fat for the Amazon populations (Ayres and Ayres, 1979). The hunting practiced by
mestizo and indigenous populations of the Amazon was compared at the end of the 1980s,
where biological factors such as density and abundance of species, and cultural factors, such as

food and technical restrictions of hunting, were crucial to differentiate between these human
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groups (Redford and Robinson, 1987). In the 1990s, some authors suggested that human
population growth and settlement age (a supposed index of time to familiarize with the local
environment and fauna) could be associated with the negative effects of hunting on vertebrate
fauna (Vickers ,1991; Redford, 1992). Since 2000, some aspects related to the sustainability of
hunting in tropical forests have been studied (e.g. Bennett and Robinson, 2000a), although most
of the studies have addressed subsistence hunting and few have addressed poaching (illegal
hunting). Data from the available hunting studies classified the events as subsistence (46, 78%),
while 12, 20% classified hunting as illegal and only 1, 2% as legal.

Currently, Amazonian rural communities continue frequently to carry out hunting,
although the commercial exploitation of wildlife has become an illegal activity in Brazil since
1967 with the Wildlife Protection Act. (Law No. 5,197, of February 3, 1967). According to this
law, hunting was prohibited even for human populations that depended on wildlife for food.
Only in 1998, with the advent of the Environmental Crimes Law (Law No. 9,605, of February
12, 1998), subsistence hunting was recognized as a non-criminal activity, provided that "in a
state of need to quench hunger agent or his family ". However, this law does not fit the reality
in the Amazon region, where the barter of hunting products by primary necessities is
characterized as commercial hunting and is therefore considered illegal (Caughley and Gunn,
1996).

1.3 Mammals and hunting: impacts

Loss of habitat and species overhunting have been considered the main threats to the
survival of species of large forest vertebrates (Redford, 1992; Milner-Gulland and Bennett,
2003; Dirzo et al., 2014). Increased human density (Brook et al. 2006), the growth of access to
new technologies (Vickers, 1991; Mena et al., 2000; Stearman, 2000), and the loss of traditional
hunting practices (Leeuwenberg and Robinson, 2000; Mena et al., 2000; Stearman, 2000) have
promoted the overhunting of populations of Neotropical mammals (Bennett and Robinson,
20004, 2000b; Silvius et al., 2004). The overhunting of tropical forest vertebrates has led many
species population decline (Bennett and Robinson, 2000b), causing local and global species
extinctions (Peres, 1990; Ulloa et al., 2004).

Hunting may affect mammalian populations (Chiarello, 2000a; Peres, 2000b; Crawshaw
et al., 2004), and change communities (Peres, 1990, 2001; Naughton-Treves et al., 2003),
although it tends to be underestimated (Redford, 1992), due to lack of standardization and
difficulties for detection (Peres et al., 2006). This occurs both in areas where there is
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anthropogenic habitat disturbance (Daily et al., 2003; Naughton-Treves et al., 2003), and in
areas with little or no forest change (Redford, 1992; Peres, 1996; Peres and Lake, 2003),
including within protected areas (Chiarello, 2000a; Altrichter and Almeida, 2002; Olmos et al.,
2004). Most of the hunted species are frugivorous and / or herbivorous (Peres, 2000a, 2000b;
Townsend, 2000), whose play an ecological role in the dynamics of natural environments
(Dirzo and Miranda, 1991; Wright et al., 2000; Stoner et al., 2007). The overhunting of large
forest vertebrates can compromise important ecological processes for the maintenance of forest
structure and species composition (Dirzo and Miranda, 1991; Wright et al., 2000; Dirzo et al.,
2014), reducing the biodiversity in the long term (Terborgh, 1992, 2000).

Extirpation of species tends to compromise the ecosystem functionally and may result
in the depletion of forest environments (Harrison, 2011). Population reduction of top-predators
(e.g. Panthera onca and Puma concolor), due to systematic killing by hunting (Crawshaw et
al., 2004), may result in increased prey species density, promoting alteration of community
structure and overexploitation of resources by herbivores that previously had their populations
controlled by these predators (Terborgh et al., 2001). In addition, often human hunters tend to
select for hunting those species that top predators select as prey such as ungulates and rodents
species (Leite and Galvao, 2002), and may reduce the capacity of habitat to sustain populations
of large carnivores. In the Neotropical region, primates, tapirs and carnivores are particularly
vulnerable to overhunting due to their low intrinsic rates of natural growth, high longevity, long
generation time, and low population densities (Bodmer et al., 1997; Cardillo et al., 2004).
Populations of ungulates and large primates decline as soon as hunting becomes a chronic
process (Peres, 2000b).

1.4 How has the hunting impact been assessed in the Neotropical region?

One of the most cited hypotheses in the field of Conservation Biology is undoubtedly
Kent Redford's 'Empty Forest' (1992). It has been temptingly proposed that extensive forest
areas seemingly intact as a result of hunting and a supposed 'defaunation’ would present a series
of extinct ecological processes. Large species, especially mammals, would have their
populations so small that vital functions for the maintenance of ecosystems would be highly
affected; thus, in the long term, the preservation of tropical forest vegetation would not be
possible if the fauna were not also preserved (Redford, 1992). The question of empty forest has
also been evaluated considering the effects of hunting, showing the potential association

between hunting and the negative effects that tend to result in an "empty forest” (Harrison,
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2011). The most species appreciated by subsistence hunters are generally responsible for
ecological interactions that directly influence plant regeneration (Dirzo, 2001; Wright et al.,
2007; Terborgh et al., 2008). These interactions include predation of seeds before and after
dispersion, primary and secondary seed dispersal, leaf and grass herbivory (Wright et al., 2007).
The consequences of deforestation from fauna hunting in forest dynamics include reductions in
predation and dispersal of seeds, which may lead to changes in total recruitment of seedlings,
composition, and decreasing of the diversity of flora (Dirzo and Miranda, 1991; Terborgh et
al., 2008; Dirzo et al., 2014), or even altering carbon stocks in tropical forests (Bello et al.,
2015; Kurten et al., 2015).

Many studies that have succeeded the 'empty forest' hypothesis qualitatively compared
the impact of hunting on wildlife in areas without hunting or hunting or classified at different
hunting intensities. Of these 58 studies evaluated, 39 used a qualitative way to characterize
hunting and assess the impact on mammals (Figure 6A). The methods used to characterize the
impact of hunting used in 95% of the studies were: 20 studies used hunting intensity classes
(low, medium and high) by locality and 18 relied on presence/absence data (i.e. with and
without hunting) (Figure 6A). However, by using a qualitative way to evaluate the impact of
hunting almost half of the studies did not find statistically significant results (Figure 6B).

Concomitantly, models were developed for measuring quantitatively the sustainability
of hunting in tropical areas representing about 33% (19/58) of the studies as shown in Figure
6C (Robinson and Redford, 1991; Robinson and Bennett, 1999; Bodmer and Robinson, 2004).
Of those 19 studies that assessed the impact of hunting quantitatively, 11 were for subsistence
hunting in the Amazon Forest using the number of slaughtered animals as metric. For
subsistence hunting this is possible, because the communities that practice hunting inform the
number of individuals that are extracted from nature. On the other hand, to measure illegal
hunting this metric can not be applied. Therefore, the eight studies that evaluated poaching used
evidence of hunting as an indicator but continued ranking the intensity of hunting. Some studies
assume that the density of huntable species in in non-hunting areas would represent a precise
estimate of the support capacity in a region, thus concluding the number of individuals an area
could harbor (Caughley, 1977; Caughley and Sinclair, 1994). All 19 studies using a quantitative

metric found a statistically significant result on the impact of hunting on mammals (Figure 6D).



31

Figure 6 - Classification of scientific publications evaluating the impact of hunting in non-
volant Neotropical mammals.
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Source: Author, 2018.

1.5 The importance of a quantitative metric method to detect the poaching impact and

the long-term standardized monitoring

As previously reported, most of the studies that evaluated the impact of hunting were
conducted considering subsistence hunting. To quantify the impact of hunting, the number of
animals slaughtered (Figure 6C) was used as a metric assessment in most studies. For
subsistence hunting this metric may indicate an estimate of how species are being affected
(Aquino and Calle, 2003; Peres and Nascimento, 2006; Parry et al., 2009), but for poaching it
would not be possible to quantify, since there is no access to the actual number of animals
slaughtered. Therefore, there is the challenge of quantifying the impact of illegal hunting. Few
studies have used hunting evidence as a metric to quantify impact (Chiarello, 2000a; Wright et
al., 2000), but these have used this evidence as a general value, not considering that such
evidence was not spatially distributed uniformly. The temporal distribution of this evidence was

also not considered. The studies found, although using a quantitative metric, are not done in a
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standardized way that allows comparison between different Neotropical regions. This
highlights the importance that in addition to a quantitative metric, it is necessary to have a
minimum of possible standardization that allows to have a bigger picture of the impact on the
mammals.

In this context, a quantitative metric assessment is proposed, which considers the spatial
distribution of hunting evidence per km? and allows monitoring the trends of this impact over
time (Ferreguetti et al., 2015, 2016b, 2017b). This metric will collect the evidence of illegal
hunting in a standardized way over the time. The metric can be generated by considering each
poaching event separately (date, reserve where the event was recorded, location/region of the
event, geographic coordinates and type of evidence collected). Any evidence of hunting can be
georeferenced over time. Examples that can be considered as evidence of hunting to
georeferenced:
hunting elements found such as traps or baited sites: leg-hold traps, snare traps, crushing or
weight traps, fall-and-apprising traps (“arapucas™), cage traps, cartridges and archery traps,
corral, pitfall, among others kind of traps.

Direct evidence of hunters such as encounters, slaughtered animals, camps, among others.
Together with this georeferenced database, it is recommended to use the poacher’s records by
using camera traps to calculate the metric.

Based on the construction of this database of georeferenced hunting events it is possible
to calculate a quantitative metric that consists of dividing the study area into 1-km? grids by
positioning on a digital map of the target Reserve and identifying sample sites by each area
size. For example, if a Reserve has 100 km?, will result in 100 grids with an intensity of hunting
events per km?.

Moreover, it is important to avoid counting the same record twice by removing the
evidence found. Monitoring should be done on a regular basis, not exceeding a period of three
months without monitoring. The metric proposed can be carry out in protected areas and can
still rely on the population for a monitoring performance through training on how to gauge this
georeferenced data and how to pursue conservation actions to mitigate the impact of hunting in

mammal species.
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2 ONE STEP AHEAD TO PREDICT POTENTIAL POACHING HOTSPOTS:
MODELING OCCUPANCY AND DETECTABILITY OF POACHERS IN A
NEOTROPICAL RAINFOREST

Ferreguetti,A.C.; Pereira-Ribeiro, J.; Prevedello, J.A.; Tomés, W.M.; Rocha, C.F.D. &
Bergallo, H.G. 2018. One step ahead to predict potential poaching hotspots: Modeling
occupancyand detectability of poachers in a neotropical rainforest. Biological Conservation
227: 133-140. https://doi.org/10.1016/j.biocon.2018.09.009

Wild animal hunting, widely spread in tropical forests, has great nutritional, economic, social
and cultural importance for local communities (Bennett and Robinson, 2000b). However, when
there is no adequate management of the exploited set of species, it can become a consistent
predatory activity (Redford, 1992). Illegal hunting, hereafter referred to as poaching, also feeds
the international traffic of wild animals (RENCTAS, 2001). Each year, 5-20 billion dollars are
moved through the illegal trade of fauna and flora (Rosen and Smith, 2010). Importantly, in
addition to direct impacts caused by the removal of specimens from natural environments,
poaching has caused the emergence and spread of diseases and facilitated biological invasions,
threatening the health of humans, native species, and agricultural activities (Karesh et al., 2005;
Rosen and Smith, 2010). Because it is a widely disseminated and highly relevant activity for
tropical forest conservation, poaching has attracted the attention of researchers in recent
decades (Redford, 1992; Bodmer et al., 1997; Peres, 2000b; Fa et al., 2002; Brashares et al.,
2004; Corlett, 2007; Parry et al., 2009; Parry and Peres, 2015; Sousa and Srbek-Araujo, 2017).

Populations of animals can be affected by poaching in different ways, including
population size reduction (Peres, 1996; Peres and Nascimento, 2006; de Souza and Alves, 2014)
and changes in behavior (Ferreguetti et al., 2017b). Local extinctions of vertebrates caused by
both subsistence hunting and habitat loss and fragmentation have already been reported in the
literature (Bodmer et al., 1997). Mammals, which have a relatively longer life span, lower
population growth rate, and long generation time, tend to be highly susceptible to local
extinction by poaching (Bodmer et al., 1997). Species such as the lowland tapir
(Tapirusterrestris) and the white-lipped peccary (Tayassupecari), for example, were locally
extinct in areas of Mexico, Panama, and Brazil, both in the Amazon region and in the Atlantic
Forest (Peres, 2001). In 101 areas of the Brazilian Amazon, populations of vertebrates
moderately or intensely exploited by hunting had their densities reduced by about 90% (Peres,
2000b; Peres and Palacios, 2007; Wilkie et al., 2011). In the Brazilian Atlantic Forest, the
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abundance of medium and large vertebrates was on average 37% lower in intensely hunted
areas compared to lightly hunted areas (Cullen et al., 2000). Vertebrate defaunation caused by
hunting, poaching and illegal trade in tropical forests has even been considered comparatively
more harmful than deforestation (Fa et al., 2002). Through cascading effects, the abrupt decline
or even extinction of populations probably have had pervasive impacts on ecosystems structure
and dynamics (Dirzo et al., 2014).

The rapid and continuous increase in human population density nearby forest
ecosystems, especially in tropical regions, have increased access and facilitated harvesting,
hunting and poaching activities (Peres and Lake, 2003; Laurance et al., 2009). In Congo's
forests, for example, human population growth as a result of the setting up of logging companies
and the expansion of highways, have further boosted the extraction and sale of wild animal
meat in the region's markets (Wilkie et al., 2000). Due to its long history of occupation and
destruction after European colonization (Dean, 1996), the remaining fragments and the few
Reserves in the Atlantic Forest biodiversity hotspot become easily accessible by poachers.
Indeed, 73% of the remaining Atlantic forests are located less than 250 m from non-forest areas
(Ribeiro et al., 2009).

Unfortunately, poaching is still widespread even within protected areas (Cullen et al.,
2000; Sousa and Srbek-Araujo, 2017), partly due to the high cost of monitoring and combating
poaching over large areas. To better focus conservation efforts within protected areas, it is still
necessary a better understanding of the spatial distribution of poaching activities. The
scarceness of quantitative information on poaching distribution is partly explained by the fact
that poaching activities occur under the forest canopy, which hampers its monitoring by
conventional remote sensing techniques (Peres et al., 2006; Ahmed et al., 2014). Instead,
investigation of poaching patterns often requires in situ techniques that can compromise both
the spatial extent and the number of survey repetitions (Parry and Peres, 2015), as well as result
in an increased cost of the research activity. Therefore, studies are urgently needed to predict
potential poaching areas and to identify the set of conditions that favor this activity, to maximize
the efficiency of surveillance efforts and to better support the decision-making process aiming
at wildlife protection.

In this study, we show how occupancy modeling may be applied to produce a spatially-
explicit diagnostic of poaching in protected areas. Occupancy modelling provides an approach
for estimating the probability of occupancy of a site by an organism of interest (in our case,
poachers) while accounting for imperfect detection, based on data collected at repeated visits

to multiple sites (Bailey et al., 2014; Mackenzie et al., 2002). Given the difficulties of obtaining
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abundance estimates of a given species from count- or detection/non-detection data, researchers
often avoid using density estimation altogether, adopting occupancy (i.e. the probability that a
site is occupied by a species), in combination with detectability (i.e. the probability that a
species is detected given that it is present), as alternative parameters of interest (Burton et al.,
2015). Occupancy modeling is considered to be a more cost-effective alternative for the
monitoring of populations in comparison with other methods (Gerber et al., 2014; Gray et al.,
2010; 2014) but has not been applied yet to estimate poacher’s occupancy. Here, we show that
occupancy modeling may be useful to estimate poaching hotspots in protected areas, and to
determine how different covariates could affect poacher’s occupancy and detectability, which
reflect poacher’s occurrence and abundance, respectively. Detectability is treated as a proxy for
intensity of poachers (i.e. poachers will be more easily detected in places they go more often).
We tested the general hypothesis that poaching occurrence and intensity is higher in sites with
higher accessibility by poachers. We predicted that poacher occupancy and detectability would
be higher in sites closer to Reserve edges, human settlements, trails, roads and water resources.
We also predicted that poacher detectability would be higher in nights with higher lunar light
intensity, which would facilitate poacher’s movement, and in sites with higher frequency of
prey. The innovative methodological approach used here, as well as the findings of our
empirical study, may advance understanding and combating poaching activities in different

protected areas.

2.1 Material and Methods

2.1.1 Camera trapping.

To model occupancy and detectability of poachers and their distribution in the VNR, we
conducted a camera-trapping study along a 13-month period (April 2013 to May 2014). The
camera-traps operated for a total of 180 days during this period. We placed a grid over a digital
map of the Reserve and identified the sampling sites by selecting, based on this grid, a number
of trap stations proportional to the area occupied by a given vegetation type(Figure 7). We
placed a grid over a digital map of the Reserve and identified the sampling sites by randomly
selecting grid cells. We deployed the camera-trap in the center of each selected grid cell. The
sites were separated from one another by more than 1 km. At each site, we installed one passive
infrared Bushnell® camera trap, approximately 40-50 cm above the ground. All cameras were

checked every 20-25 days to replace depleted batteries. Traps were programmed to operate for
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24 hours/day. We classified as poachers all individuals photographed carrying a weapon and/or

some slaughtered animals.

Figure7- Habitat mosaicinsidethe Vale Natural Reserve, Espirito Santo, Brazil.
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Legend: Black stars represent the location of the 39 camera traps.
Source: Author, 2018.

2.1.2 Historical Poaching records

The VNR has an environmental surveillance system (locally called Ecosystem Protection)
responsible for the protection of the area against threats (e.g., poaching, palm harvesting,
logging, and forest fires). Poaching data were generated by the Ecosystem Protection team in
the entire VNR considering each poaching event separately (date, location/region of the event,
geographic coordinates and type of evidence collected). We used an index of poaching intensity
(records/ 2-km?) within the study area to compare our estimates of poaching hotspots. This

index was calculated using the georeferenced database of 14 years of poaching records collected
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by the Reserve’s surveillance system. The index was calculated for each grid square to compare

with occupancy estimates.

2.1.3 Model Covariates

We selected covariates based on previous studies on both poaching and habitat selection by
more frequently poached species in the region. A total of seven covariates were quantified to
assess their influence on poaching site selection. We used five covariates of accessibility to
model both occupancy and detectability, namely the distance from the nearest: Reserve edge
(edge), water resource (water), road (road), human settlement (human), and trail (trail). Two
other covariates, lunar light intensity (moon) and the frequency of records of game species
(game_sp), were also used to model detectability, as they could affect the activity of poached
species and poachers.

All distance covariates (edge, water, road, human and trail) were calculated as a straight
line (Euclidean distances) using QGIS software (QGIS Development Team, 2017). To access
lunar light intensity, we used Moonphase SH software (version 3) to classify moon phase of
records, according to the percentage of visible moon surface, as follows: 0-25% (New Moon),
25-75% (Waxing and Waning Moons) and 75-100% (Full Moon). For the frequency of record
of game species, we summed the total records obtained for each camera-trap of the following
species: lowland paca (Cuniculus paca), three armadillos’ species (Cabassoustatouay,
Dasypusnovemcinctus, and Euphractussexcinctus), red and grey brocket deer (Mazama
americana and M. gouazoubira), lowland tapir (Tapirusterrestris), and collared and white-
lipped peccaries (Pecaritajacu and Tayassupecari). These species were selected according to
previous studies that detected a negative effect of poaching in the VNR (Kierulff et al., 2014;
Ferreguetti et al., 2015; 2016b; 2017b; Sousa and Srbek-Araujo, 2017). Correlations between

all covariates were relatively low (Pearson correlation coefficients < 0.6; Table 1).
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Table 1 - Pearson correlation matrix of the covariates used in the occupancy modelling of the
Poachers in the Vale Natural Reserve, Espirito Santo, Brazil.

edge water road human trail moon  game_sp
edge 1
water 0.12 1
road 0.35 0.15 1
human 0.31 -0.13 0.34 1
trail 0.09 0.31 0.09 -0.09 1
moon 0.02 -0.14 0.23 0.11 -0.12 1
game _sp -0.17 0.56 -0.24 -0.18 0.22 0.34 1

Covariates include: distance from the nearest Reserve edge (edge), distance from the nearest water resource
(water), distance from nearest road (road), distance from the nearest human settlement (human), and distance from

nearest trail (trail); lunar light intensity (moon), and the frequency of records of game species (game_sp).

2.1.4 Data analysis

Occupancy modeling requires temporally- and spatially-replicated data to account for imperfect
detection, thus allowing to estimate the probability of detecting a species given that it was
present at a site during sampling (MacKenzie et al., 2006). We discretized our camera-trapping
data into 26 sampling intervals of seven consecutive days to build a reliable detection history
(MacKenzie et al., 2006). We estimated both site occupancy (V) and detectability (p), modeling
our observations with three possible outcomes: (1) the site was occupied, and a poacher was
detected (V¥ x p); (2) the site was occupied but no poacher was detected (¥ x [1- p]), and (3)
the site was unoccupied (1- W), and therefore no poacher was detected.

Using a single-species, single-season occupancy model, we evaluated seven covariates
that might influence occupancy and detectability, to identify and compare potential sites
selected by poachers. Given the large number of covariates we were interested in, we split the
analysis into two components: 1) determining the ‘best-fit® model for detectability while
holding occupancy constant, and 2) determining the ‘best-fit’ model for occupancy while
modeling detectability as determined by the ‘best-fit” model in component 1, above. This
allowed us to evaluate differences in potential sites selected by poachers as determined by a
single covariate or a set of covariates, which would contribute to an improvement in the model’s

performance.
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We built our single-species, single-season occupancy models using the UNMARKED
package in R environment (Fiske and Chandler, 2011; R Development Core Team, 2016). Top-
ranked models were selected using Akaike's Information Criterion adjusted for small sample
sizes (AICc), and all models with a AAICc value < 2 were equivalent. We also used the model
weight (AlCcw), which corresponds to the amount of evidence in favor of a given model, to
choose our ‘best-fit’ model, which we subsequently used to test our specific hypotheses.

For the best (top-ranked) occupancy model, we calculated probability of occupancy for
each 2-km? grid cell in the study area using the model-specific coefficient estimates and
covariate information for each grid cell. The occupancy estimates predicted by the top-ranked
model resulted in a map of predicted poacher occurrence in the Reserve. We then applied the
heat map technique for hotspot identification (Rosenblatt, 1956; Parzen, 1962). The heat map
allows for the rapid identification of hotspots by weighting the value of an interest variable
within a moving window that moves across the entire study area. We built this map using QGIS
(QGIS Development Team, 2017) with the Heat Map plug-in using the centroids of the regular
grid as input. We then compared our predictions to the historical poaching records in the
Reserve by using two correlation tests: (1) between only the 39 sites where we had a camera-
trap installed, and (2) between all the 118 2-km? grid cells. Pearson’s correlation coefficients
were calculated as a measure of spatial congruence between historically- and occupancy-
estimated poaching.

2.2 Results

A total of 7,020 trap-days was conducted during the study, with poachers being observed in 16
of the 39 sites. Considering the 20 most plausible occupancy models (Table 2), the best
covariates to predict occupancy by poachers were distance from water resources and distance
from forest edges. To predict detectability, the covariates that most influenced poachers were:
distances from water resources, from Reserve edges, and from human settlements; the lunar

light intensity; and the frequency of record of game species.
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Table 2 - Single-season occupancy and detectability models for Poachersinthe Vale Natural Reserve, Brazil, estimated using camera trap data

between May 2013 and June 2014, grouped in sampling intervals of 7 consecutive days (to be continued).

Model AICc  AAICc AICcw n°parameters
W(water);p(moon;edge;water;human_settle;game_sp) 69345 O 0.34 8
¥(edge);p(moon;edge;water;human_settle;game_sp) 693.86 0.41 0.28 8
¥(water;edge);p(moon;edge;water;human_settle;game_sp) 695.12 1.67 0.25 9
¥(water;trail);p(moon;edge;water;human_settle;game_sp) 697.32 3.87 0.06 9
¥(water;human_settle);p(moon;edge;water;human_settle;game_sp) 698.89 5.44 0.03 9
Y(water;edge;trail);p(moon;edge;water;human_settle;game_sp) 698.95 5.5 0.02 10
Y(edge;trail);p(moon;edge;water;human_settle;game_sp) 700.12 6.67 0.01 9
¥(.);p(moon;edge;water;human_settle;game_sp) 701.34 7.89 0.001 7
¥(water;edge;human_settle);p(moon;edge;water;human_settle;game_sp) 702.89 9.44 0.001 10
¥(water;game_sp);p(moon;edge;water;human_settle;game_sp) 703.82 1037 0.001 9
Y(water;edge;game_sp);p(moon;edge;water;human_settle;game_sp) 703.84 1039 0.001 10
¥(water;trail;game_sp);p(moon;edge;water;human_settle;game_sp) 704.05 10.6 0.001 10
¥(water;edge;trail;game_sp);p(moon;edge;water;human_settle;game_sp) 70532 1187 0.001 11
Y(edge;game_sp);p(moon;edge;water;human_settle;game_sp) 70579 1234 0.001 9
¥(edge;human_settle);p(moon;edge;water;human_settle;game_sp) 707.04 1359 0.001 9
Y(edge;trail;game_sp);p(moon;edge;water;human_settle;game_sp) 707.89 1444  0.001 10
Y(water;road);p(moon;edge;water;human_settle;game_sp) 70831 1486 0001 9
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Table 2 - Single-season occupancy and detectability models for Poachers in the Vale Natural Reserve, Brazil, estimated using camera trap data
between May 2013 and June 2014, grouped in sampling intervals of 7 consecutive days (continuation).

Model AICc  AAICc AICcw n°parameters
Y(edge;game_sp_human_settle);p(moon;edge;water;human_settle;game_sp) 709.11 1566 O 10
¥(water;edge;road);p(moon;edge;water;human_settle;game_sp) 71023 16.78 O 10
¥(edge;trail;game_sp);p(moon;edge;water;human_settle;game_sp) 710.27 1682 O 10

Legend: Covariates include distance from the nearest Reserve edge (edge), distance from the nearest water resource (water), distance from nearest road (road), distance from
the nearest human settlement (human), and distance from nearest trail (trail); lunar light intensity (moon), and the frequency of records of game species (game_sp).
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The distance from water resources had a negative relationship with occupancy and
detectability, with lower occupancy and detectability at longer distances (Figure8A; Figure9A).
Similarly, the distance from Reserve edges also had a negative relationship with occupancy and
detectability (Figure8B; Figure9B). The frequency of record of game species had a positive
relationship with poacher detectability (Figure9C), and the distance from the nearest human
settlement was negatively related to detectability of poachers (Figure9D). The lunar light

intensity also had a positive relationship with detectability of poachers (Figure9E).

Figure8 - Estimated effect of covariates and occupancy of poachers in the Vale Natural Reserve.
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Figure 9 - Estimated effect of covariates on the probability of detecting a poacher at a site.
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The resulting map of these estimates showed that the intensity of poaching varied consistently
among areas of the Reserve, being higher in areas with higher accessibility by poachers
(Figurel0). The overall patterns of distribution estimated from models were similar to the
distribution of historical poaching surveillance data for the VNR (Figurel11). Accordingly, there
was a significant correlation between historically- and occupancy-estimated poaching,
considering either only the 39 camera-trap sites (r=0.81; P>0.01) or all 118 grid cells (0.76;
P<0.01).

FigurelO - Map  with estimates  of  top-ranked occupancy model
(‘P (water);p(moon;edge;water;human_settle;game sp)) that predicted poaching spatial
distribution for the Vale Natural Reserve.
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Figurell - Map showing the historical poaching records for the period of 2000-2014 in the Vale
Natural Reserve.
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2.3 Discussion

Our trapping-data indicated that the best covariates to predict poachers’ occupancy for VNR
were the distances from water resources and Reserve edge, while three of the best covariates
for detectability were distances from water resources, Reserve edge, and from human
settlements. These covariates can all be considered as proxies for the accessibility of different
Reserve areas by poachers. Thus, the distribution of poaching occurrence and intensity was
highly correlated with accessibility to the VNR. Indeed, it has been suggested that human
disturbances on many species and ecosystems are stronger in areas with higher physical
accessibility (Peres and Lake, 2003). The ease of access to natural areas favors not only
poaching, but also other illegal activities such as smuggling, fishing, logging, encroachment for
farming and grazing, and mining and extraction of natural products for trade (Kramer et al.,
1997; Tabarelli et al., 2005). It is important to note that although the distribution of poachers

(i.e. occupancy) was related to the distances from water and Reserve edge, the intensity of
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poachers (i.e., detectability) besides affected by these two covariates was also affected by the
distance from human settlements. This may be related to the fact that areas with higher human
densities, such as human settlements, increase the intensity of poachers, but this does not rule
out the fact that poachers' distribution can go beyond Reserve areas close to human settlements.
Accordingly, poaching pressure intensity within protected areas tends to increase mainly due
to human population growth and distance from human settlements, allowing higher intensity of
access to preserved areas (Robinson et al., 1999).

Both historical poaching records and those estimated in the present study indicate that
poaching pressure is not homogeneous across the Reserve, with the presence of hotspots of
higher poaching intensity. First, the positive association of poaching pressure with accessibility
suggest that poachers prefer areas of easy access. Second, the positive effect of frequency of
game species on detectability suggests that poaching intensity is higher in areas of higher prey
abundance. Take these two findings together, our results suggest that poachers prefer not only
areas of easier access, but also areas where they know that some of the preferred mammalian
species would be found more often, thus increasing the cost-benefit balance of the poaching
expeditions.

In addition to showing a heterogeneous spatial distribution of poaching in VNR, our
results also indicate that environmental and biological factors, such as lunar light intensity and
frequency of records of potential game species, also affect poachers’ detectability. Poachers are
good connoisseurs in common sense questions of animal behavior, and are probably able to
identify and track patterns of distribution of game species. Poaching strategies and site selection
usually demonstrate the fact that poaching implies the need for a detailed traditional knowledge
of the ecology of the exploited animals as well as to local ecological aspects (Hertz and Kapel,
1986; Takekawa, 2000; Henfrey, 2002). This traditional knowledge may also have influenced
the higher poacher detectability in nights with higher lunar light intensity (i.e. full moon nights).
This higher detectability of poachers on full moon nights is an opposite result to the behavior
of some of the game species that tend to be less active on full moon nights (Julien-Laferriére,
1997; Kotler et al., 2002; Mori et al., 2014). However, this behavior is similar to wild primate
species that use full moon nights to improve their foraging performance, because they are
highly-dependent on vision for predator detection, orientation and feeding (Nash, 1986;
Fernandez-Duque and Gursky, 2003; Schwitzer et al., 2007). The choice for hunting in clear
nights can also be related to predator avoidance or orientation (increasing the chances of

survival and taking the food back home).
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It is important to consider that species such as the red brocket deer (Mazama
americana), the nine-banded and the six-banded armadillos (Dasypusnovemcintus and
Euphractussexcinctus, respectively), and the lowland tapir (Tapirusterrestris), respond to
poaching intensity, as suggested by our previous studies in VNR (Ferreguetti et al., 2015;
2016b; 2017b). In addition, an average of 173 events of poaching/year were recorded for the
same region, over a period of 4 years (2010-2013; Sousa and Srbek-Araujo, 2017). The same
authors highlighted a 32.1% increase in poaching events compared to previous years based on
historical data since 1998 (Kierulff et al., 2014). This is an alarming situation that calls for
urgent measures such as increasing Reserve security and monitoring. To this aim, the results of
our study can be helpful, as they allow focusing surveillance actions to the areas with the highest
poaching potential (Figure 4).

Our results provide subsidies for increasing knowledge about an illegal but still
widespread and common practice. The unique historical poaching data validated the model
presented here, highlighting the usefulness of the approach used (i.e. occupancy modeling of
camera-trapping data) to predict spatial distribution of poaching. The approach presented here
to identify poaching hotspots is cost-effective and much cheaper than 14 years of extensive
monitoring, and therefore may be applied in other protected and non-protected areas throughout
the world. We recommend that researchers and Reserve managers work together to apply the
approach presented here in other Reserves, whenever possible. Camera-trapping has been
increasingly used throughout the world, and it is likely that the necessary information to
replicate our analyses has already been obtained in many Reserves. By replicating our analysis
in other Reserves, it will be possible to detect patterns and generalizations that will be useful to
inform management in different areas. However, we acknowledge that replication may be
prohibitive in many areas in developing countries, due to constraints in both human and
financial resources. If this is the case, we recommend as a first general guideline to focus

surveillance / monitoring mainly near forest edges and water resources.
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3 LIVING ON THE EDGE: HOW POACHING AFFECTS RICHNESS, BIOMASS,
AND OCCUPANCY OF NON-VOLANT MAMMALS IN APROTECTED AREA IN
THE ATLANTIC FOREST, SOUTHEASTERN BRAZIL

Ferreguetti, A.C.; Allemand, M.M.; Pereira-Ribeiro, J.; Tomas, W.M.; Rocha, C.F.D.;
Bergallo, H.G. & Miller, D.A.

In preparation

The anthropic influence on the environment has been increasingly intense, resulting in what
some researchers call the “crisis of biodiversity”, a reference to extinctions driven by various
factors related to human activities (Di Minin et al., 2016). Current extinction rates resulting
from anthropogenic activities are unprecedented and highly unusual in Earth's history (Ceballos
et al., 2015). Studies emphasize habitat loss and fragmentation as major threats to tropical
biodiversity and ecosystem services, as changes in land use have drastically reduced forest
cover worldwide (Laurance et al., 2014). Activities such as poaching, extraction of timber and
non-timber forest products, as well as extensive livestock, are examples of anthropogenic
disturbances and important drivers of biodiversity loss (Rito et al., 2016).

Hunting in tropical forests provides nutrition and income for local communities and is
deeply rooted in social and cultural traditions (Bennett and Robinson, 2000a). While hunting,
on the one hand, plays a vital role for many human populations, on the other, this activity, by
reducing or extinguishing populations of game species, may be responsible for the degradation
and loss of key forest maintenance services (Redford, 1992; Peres et al., 2016). This imbalance
occurs most often when the motivation for hunting is unregulated trade, driven by the demands
of international and local black markets (Antunes et al., 2016). For example, Benitez-Lopez et
al. (2017) estimated that the extraction of animals from nature for consumption or marketing of
their products is responsible for the 83% decline in mammalian populations across the globe.lIt
is because of this negative role, coupled with the use of more efficient slaughter techniques,
habitat fragmentation, increased numbers of large enterprises and the expansion of the black
market economy, that hunting is considered one of the main triggering factors of the current
“biodiversity crisis” (Bennett et al., 2002; Nasi et al., 2008). In Brazil, hunting is illegal,
hereafter referred to as poaching (Federal Law 9605/98—Law of Environmental Crimes and
Decree 6514/2008), and penalties are more severe for poaching inside protected areas and for
the poaching of threatened species (Art. 29 Federal Law 9605/98). Populations of different
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species can be affected by poaching at different magnitudes (Peres, 1996; Bodmer et al., 1997,
Peres and Nascimento, 2006; Peres and Palacios, 2007; de Souza and Alves, 2014). However,
mammals that have a comparatively longer life span, lower population growth rate and longer
generation time tend to be more susceptible to local extinction (Bodmer et al., 1997).

Static models of species ranges assume species responses are in equilibrium within the
environment and homogenous across widely varying habitats, species communities, and
climatic conditions (Zurell et al., 2009). This may be a reasonable assumption in some systems
or at a subset of areas within a species’ range, but for many species there is population
heterogeneity in resiliency, adaptability, dispersal dynamics and growth across space (Kokko
and Lopez-Sepulcre, 2006; Eckert et al., 2008; Sexton et al., 2009). This translates into
increasing or decreasing population growth rates that can explain population persistence or local
extinction patterns (Kirkpatrick and Barton, 1997) that help form range limits. Understanding
this variation allows for more robust models of species distributions (e.g. Occupancy
Modelling). Modeling species distributions previously relied heavily on occurrence-only data,
limiting the understanding of what conditions exclude species and at what level they act
(Phillips et al., 2009). However, more recent approaches consider not only species presences
but absences, population growth rates, and mechanistic responses. Expansion of the types of
models available to estimate these parameters has allowed researchers to create ecologically-
grounded species distribution models and forecast range shifts and contractions (Guisan and
Thuiller, 2005; Keith et al., 2008; Elith and Leathwick, 2009; Zurell et al., 2016). Occupancy
modelling provides an approach for estimating the probability of occupancy of a site by an
organism of interest while accounting for imperfect detection, based on data collected at
repeated visits to multiple sites (Bailey et al., 2014; Mackenzie et al., 2002).

In this context, we aimed to evaluate, by incorporating imperfect detectability, the
effects caused by poaching on non-volant mammal species populations in the Vale Natural
Reserve (VNR). Specifically, we evaluated how poaching would affect species biomass,
richness and occupancy (occupancy defined as species sensitivity to poaching pressures). We
expected that poaching would have a negative effect on the general community (richness) and

that biomass and sensitivity of game species to poaching would be negatively higher.

3.1 Material and methods

3.1.1 Study Area
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Vale Natural Reserve (VNR) is a protected area covering 235 km?2. The reserve is located in the
neighboring municipalities of Linhares and Jaguaré (19°18°23”’S, 39°45°34”W), in
northeastern Espirito Santo, Brazil (Figure 1), and belongs to a major Brazilian mining
enterprise, the Vale Company.

The reserve is composed of one main block of rainforest (approximately 98.1% of the total
area), and a much smaller fragment, known as Biribas Reserve, southeast of the main block
(Figure 3). The VNR is covered by a mosaic of habitats with four main vegetation types
(adapted from Jesus, 1987; Peixoto and Gentry, 1990): coastal plain, riparian, and sandy soil

forests, and natural grasslands.

3.1.2 Data Collection

We collected data over a 5-year period (between 2013 to 2018) to verify poaching effect on the
density, biomass, richness, and occupancy of mammalian species using two methods described

below.

3.1.2.1 Line-transects

To estimate the density of mammalian species, we established four 5 km-long transects
separated at least 4 km from each other divided by three regions of the VNR (Figure 12). Data
were collected for 5-years between 2013 to 2018. In the first year, between April 2013 and May
2014, we collected data monthly through 14 field trips lasting eight days each. In subsequent
years, between June 2014 and October 2018, we collected data bi-monthly through field trips
lasting eight days each. Transects were surveyed using a distance sampling technique
(Buckland et al. 2001). Morning surveys were conducted by a single observer beginning
between 05:30 and 06:30 h. The observer waited three hours before starting the afternoon
survey along the same transect, between 12:00 and 14:00 h. Surveys were conducted at a speed
of approximately 1 km/h, and we alternated survey order every month. We recorded the
perpendicular distance of every observed species from the transect line (with a measuring tape)

and recorded the date and time.
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Figurel2 - Habitat mosaicandsampling site locationinsidethe Vale Natural Reserve, Espirito
Santo, Brazil.
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3.1.2.2 Camera-trapping

We selected 39 sampling sites using a systematic design. We placed a 1 km? grid over a digital
map of the reserve and identified sample sites by selecting grid cells, separated by at least 1 km
from another cell. This separation of 1 km was delimited to avoid pseudoreplication of
individuals during sampling. This strategy resulted in a relatively even site distribution within
the VNR. Data were collected for approximately 3 months April-June each year from 2013 to
2018. We used this sampling scheme to model the species’ richness, occupancy and
detectability over the 5-years of sampling (Figure 12). At each site, we installed one passive
infrared Bushnell® camera trap (i.e. with movement detection sensor) in the center of the
selected grid cell, 40-50 cm above the ground. All stations were checked every 20-25 days to
change batteries if needed. The traps were programmed to operate for 24 h/d and were
simultaneously sampled for 50 days of trapping effort each year. We did not use bait to attract
mammals. We separated the photographic records into sampling intervals of 5 consecutive days
(occasions), totaling 10 occasions per year. The pictures were examined to determine the

species detection/non-detection in every occasion to construct a species detection history.
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3.1.2.3 Poaching Index

The VNR has an environmental surveillance system (locally called Ecosystem Protection)
responsible for the protection of the area against threats (e.g., poaching, palm harvesting,
logging, and forest fires). This surveillance system is performed in a standardized way to
equally cover all areas of the reserve. Poaching data was generated by the Ecosystem Protection
team across the entire VNR considering each poaching event separately (date, reserve where
the event was recorded, location of the event, geographic coordinates, and type of evidence
collected). Together with this database, we used the poachers that were photographed by camera
traps during this study to calculate the poaching intensity within the study area. These records
were used to calculate a poaching density (records per km?) and added to each grid square in

which a camera trap had been installed (For more details see Ferreguetti et al. 2018a; 2019).

3.1.3 Data Analysis

3.1.3.1 Density and Biomass

Although we recorded 19 species of medium and large sized mammals, we only obtained
enough records (i.e. >40 records; Buckland et al., 2001) to estimate the density of 11 species
through Distance Sampling. These species were grouped into four functional groups: armadillos
(Dasypusnovemcinctus, D. septemcinctus, Euphractussexcinctus, and Cabassoustatouay),
ungulates (Mazama gouazoubira, M. americana, Tapirusterrestris, Pecaritajacu, and
Tayassupecari), carnivore (Nasuanasua), and rodent (Dasyproctaleporina). The densities of
species were estimated using the Distance 7.3 Software (Thomas et al., 2010) for each region
of the VNR (north, south, and west). We used Akaike information criterion (AIC; Akaike, 1973)
for choosing the best model for effective strip width (ESW) definition. Using density values
(D) multiplied by average body weight (BW), we calculated the biomass of species (D x BW =
kg km?). BW was based on Paglia et al. (2012).We tested the difference between years in the
estimates using one-way analysis of variance (ANOVA).We tested the poaching effect on the
mammalian biomass of each functional group through linear regressions. The analysis were

performed in R software version 3.4.4(R Development Core Team, 2016).
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3.1.3.2 Multi-species Occupancy Models

We investigated species-specific variation in occupancy at a site without poaching effect
(intercept values) and the strength of the relationship between poaching and occupancy (slope
values) for each site. We estimated occupancy intercept values to understand how frequently a
species occurred at a site without the effect of poaching. Slope values instead estimates the
responsiveness of a species to different values of poaching index at a site. We used all species
detected at least once as our species pool and estimated relative species richness for each site
(MacKenzie et al., 2006; Russell et al., 2009; Burton et al., 2012). We divided the species into
two groups, poached and non-poached species following Kierulff et al. (2014) and Sousa and
Srbek-Araujo (2017).

We started with a modified hierarchical multi-species occupancy model(Kéry and
Royle, 2008; Zipkin et al., 2009; Broms et al., 2016).The model accounts for imperfect species
detection probabilities through repeat surveys (t) while also allowing for simultaneous
estimation of individual species (s) occupancy probabilities from a shared community
distribution (Dorazio and Royle, 2005; Kéry and Royle, 2008). This allows multi-species
occupancy models to borrow strength from more abundant species of the community to allow
for better estimates of parameters for rare or harder to detect species.

Models were fit in JAGS (Plummer, 2003) via the jagsUI package (Kellner, 2018) in
program R (R Development Core Team, 2016) using Markov chain Monte Carlo (MCMC) by
generating 3 parallel chains with 25,000 iterations, a burn-in period of 5,000 and thinning of
10. We accounted for imperfect detection probability by using a 5-day period as the sampling
occasion and recorded all detections of a particular species with a 1 or a 0 for no detections, for
each sampling occasion. We used independent flat (uninformative) priors for the group level
hyper-parameters. We assessed convergence using the Gelman—Rubin statistic with values <1.1
considered acceptable (Gelman and Rubin, 1992). We tested the difference between years in

the detections using one-way analysis of variance (ANOVA).

3.2 Results
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3.2.1 Density and Biomass

We obtained 4876 records of 11 mammalian species in a total effort of 3093 km walked
between 2013 to 2018 (Table 3). All density estimates had a coefficient of variation (CV) of
less than 20%. Among the four functional groups, ungulates and armadillos had their respective
biomass negatively affected by different poaching values in the VNR regions with the west (i.e.
highest poaching index) with lower biomass of species of these functional groups (armadillos -
R?=0.954; F=268.65; df=14; p<0.001; n=15 and ungulates - R?=0.908; F=128.9; df=14;
p<0.001; n=15; Figure 13). On the other hand, the carnivores and rodents group not have their
respective biomass marginallyaffected by VNR poaching (carnivores - R?=0.44; F=8.65; df=14;
p=0.06; n=15 and rodents - R?>=0.41; F=7.78; df=14; p=0.07; n=15; Figure 13). We did not
found a significant difference on species biomass estimated over the 5-years (one-way
ANOVA; Biomass = F=0.12; df=14; p=0.85 Detailed estimates by species for each VNR
region were compiled in Table 4 below.

Table 3-Species records per year and employed effort in the Vale Nature Reserve, Linhares

Municipality, Espirito Santo State, Brazil (to be continued).

Species Numberofrecords Effort (km)
2013 - 2014

Mazama americana 61
Mazamagouazoubira 74
Tapirusterrestris 63
Tayassu pecari 58
Pecarytajacu 75

Dasypushovemcinctus 49 908
Euphractussexcinctus 62
Cabassoustatouay 35
Dasypusseptemcinctus 41
Dasyprocta leporina 413

Nasuanasua 190
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Table 3 —Species records per year and employed effort in the VVale Nature Reserve, Linhares
Municipality, Espirito Santo State, Brazil (to be continued).

Species Numberofrecords Effort (km)
2014-2015
Mazama americana 55
Mazamagouazoubira 71
Tapirusterrestris 58
Tayassu pecari 61
Pecarytajacu 64
Dasypusnovemcinctus 45 565
Euphractussexcinctus 52
Cabassoustatouay 41
Dasypusseptemcinctus 36
Dasyprocta leporina 342
Nasuanasua 115
2015-2016
Mazama americana 52
Mazamagouazoubira 68
Tapirusterrestris 62
Tayassu pecari 55
Pecarytajacu 67
Dasypusnovemcinctus 52 945
Euphractussexcinctus 63
Cabassoustatouay 38
Dasypusseptemcinctus 33
Dasyprocta leporina 371
Nasuanasua 99
2016-2017
Mazama americana 61
Mazamagouazoubira 64
Tapirusterrestris 60
Tayassu pecari 57
Pecarytajacu 68
Dasypusnovemcinctus 47 545
Euphractussexcinctus 60
Cabassoustatouay 35
Dasypusseptemcinctus 32
Dasyprocta leporina 317

Nasuanasua 106
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Table 3 —Species records per year and employed effort in the VVale Nature Reserve, Linhares

Municipality, Espirito Santo State, Brazil (continuation).

Species Numberofrecords Effort (km)
2017-2018
Mazama americana 58
Mazamagouazoubira 69
Tapirusterrestris 59
Tayassu pecari 54
Pecarytajacu 63
Dasypusnovemcinctus 52 530

Euphractussexcinctus 57
Cabassoustatouay 42
Dasypusseptemcinctus 39
Dasyprocta leporina 336

Nasuanasua 119
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Figurel3 - Relationship between estimated biomass and poaching index by mammalian
functional group for the different regions in Vale Natural Reserve, Espirito Santo state,

Brazil.
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Table 4 - Estimates of density and biomass for each species in the Vale Natural Reserve regions between 2013 and 2018, Espirito Santo State,
Brazil (to be continued).

58

Species Mass (kg) Iz;(g;or()j Region  Group Iig?};t Density St%‘i?}ﬁ@;mr Biomass St?tr)\idoar;dassr)r or P?ﬁgg?g

2013-2014 north armadillo 285 2.12 0.18 8.48 0.72 2

2014-2015 north armadillo 165 2.56 0.15 10.24 0.6 1

2015-2016 north armadillo 155 2.68 0.16 10.72 0.64 0

2016-2017 north armadillo 165 2.75 0.18 11 0.72 0

2017-2018 north armadillo 150 2.69 0.18 10.76 0.72 1

2013-2014 south armadillo 365 2.15 0.12 8.6 0.48 5

2014-2015 south armadillo 245 2.05 0.14 8.2 0.56 5

Da;’éf’nucstﬂ‘;"e 4 2015-2016 south armadillo 240  2.08 0.08 8.32 0.32 5
2016-2017 south armadillo 235 1.98 0.14 7.92 0.56 6

2017-2018 south armadillo 235 2.04 0.13 8.16 0.52 5

2013-2014 west armadillo 255 0.78 0.07 3.12 0.28 10

2014-2015 west armadillo 155 0.64 0.09 2.56 0.36 12

2015-2016 west armadillo 150 0.61 0.11 2.44 0.44 11

2016-2017 west armadillo 145 0.52 0.09 2.08 0.36 14

2017-2018 west armadillo 145 0.32 0.07 1.28 0.28 10

2013-2014 north armadillo 285 1.25 0.12 1.25 0.12 2

2014-2015 north armadillo 165 1.35 0.18 1.35 0.18 1

2015-2016 north armadillo 155 1.28 0.14 1.28 0.14 0

Dasypussepte 1 2016-2017 north  armadillo 165 1.24 0.12 1.24 0.12 0
mcicntus 2017-2018 north armadillo 150 1.32 0.15 1.32 0.15 1
2013-2014 south armadillo 365 1.05 0.11 1.05 0.11 5

2014-2015 south armadillo 245 1.08 0.09 1.08 0.09 5

2015-2016 south armadillo 240 1.07 0.12 1.07 0.12 5




59

Table 4 - Estimates of density and biomass for each species in the Vale Natural Reserve regions between 2013 and 2018, Espirito Santo, Brazil (to
be continued).

Species Mass (kg) Iz;(g;or()j Region  Group Iig?};t Density St%‘i?}ﬁ@;mr Biomass St?tr)\idoar;dassr)ror P?ﬁgg?g
2016-2017 south armadillo 235 1.04 0.07 1.04 0.07 6
2017-2018 south armadillo 235 1.11 0.11 1.11 0.11 5
2013-2014 west armadillo 255 0.32 0.08 0.32 0.08 10
Darzﬁ?gjfffte 1 2014-2015 west armadillo 155  0.24 0.07 0.24 0.07 12
2015-2016 west armadillo 150 0.28 0.08 0.28 0.08 11
2016-2017 west armadillo 145 0.22 0.06 0.22 0.06 14
2017-2018 west armadillo 145 0.26 0.07 0.26 0.07 10
2013-2014 north armadillo 285 2.15 0.19 9.675 0.855 2
2014-2015 north armadillo 165 2.34 0.17 10.53 0.765 1
2015-2016 north armadillo 155 2.21 0.17 9.945 0.765 0
2016-2017 north armadillo 165 2.38 0.14 10.71 0.63 0
2017-2018 north armadillo 150 2.36 0.19 10.62 0.855 1
2013-2014 south armadillo 365 1.36 0.12 6.12 0.54 5
2014-2015 south armadillo 245 1.28 0.14 5.76 0.63 5
E“pg‘irnacctfj“sssex 45  2015-2016 south armadillo 240 131 0.15 5.895 0.675 5
2016-2017 south armadillo 235 1.25 0.11 5.625 0.495 6
2017-2018 south armadillo 235 1.15 0.14 5.175 0.63 5
2013-2014 west armadillo 255 0.54 0.08 2.43 0.36 10
2014-2015 west armadillo 155 0.38 0.07 1.71 0.315 12
2015-2016 west armadillo 150 0.36 0.05 1.62 0.225 11
2016-2017 west armadillo 145 0.39 0.07 1.755 0.315 14
2017-2018 west armadillo 145 0.41 0.08 1.845 0.36 10
Cabassoustato 53 50132014 north armadillo 285 115 0.12 6.095 0.636 2

uay
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Table 4 - Estimates of density and biomass for each species in the Vale Natural Reserve regions between 2013 and 2018, Espirito Santo, Brazil (to

be continued).

Species Averagema  Period Region  Group Effort Density Standarq BITOr 5. s Stan_dard error anching
ss (kg) (year) (km) (density) (biomass) index

2014-2015 north armadillo 165 0.98 0.14 5.194 0.742 1

2015-2016 north armadillo 155 1.21 0.13 6.413 0.689 0

2016-2017 north armadillo 165 1.17 0.15 6.201 0.795 0

2017-2018 north armadillo 150 1.25 0.11 6.625 0.583 1

2013-2014 south armadillo 365 0.98 0.09 5.194 0.477 5

2014-2015 south armadillo 245 0.58 0.11 3.074 0.583 5

Cabassoustato 53 2015-2016 south armadillo 240 0.78 0.14 4.134 0.742 5
uay ' 2016-2017 south armadillo 235 0.65 0.08 3.445 0.424 6
2017-2018 south armadillo 235 0.82 0.06 4.346 0.318 5

2013-2014 west armadillo 255 0.21 0.08 1.113 0.424 10

2014-2015 west armadillo 155 0.32 0.04 1.696 0.212 12

2015-2016 west armadillo 150 0.18 0.06 0.954 0.318 11

2016-2017 west armadillo 145 0.22 0.07 1.166 0.371 14

2017-2018 west armadillo 145 0.19 0.05 1.007 0.265 10

2013-2014 north  ungulate 285 8.25 2.06 140.25 35.02 2

2014-2015 north  ungulate 165 8.59 2.12 146.03 36.04 1

2015-2016 north  ungulate 155 7.48 1.98 127.16 33.66 0

2016-2017 north  ungulate 165 7.25 1.89 123.25 32.13 0

Mazg&??;“az 17 2017-2018 north ungulate 150  7.65 2.02 130.05 34.34 1
2013-2014 south  ungulate 365 5.98 1.86 101.66 31.62 5

2014-2015 south  ungulate 245 6.02 1.54 102.34 26.18 5

2015-2016 south  ungulate 240 4.58 1.21 77.86 20.57 5

2016-2017 south  ungulate 235 5.64 1.32 95.88 22.44 6
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Table 4 - Estimates of density and biomass for each species in the Vale Natural Reserve regions between 2013 and 2018, Espirito Santo, Brazil (to
be continued).

Species Averagema  Period Region  Group Effort Density Standarq BITOr 5. s Stan_dard error anching

ss (k) (year) (km) (density) (biomass) index

2017-2018 south  ungulate 235 5.12 1.28 87.04 21.76 5

2013-2014 west  ungulate 255 3.12 1.12 53.04 19.04 10

Mazamagouaz 17 2014-2015 west  ungulate 155 2.95 0.89 50.15 15.13 12

oubira 2015-2016  west  ungulate 150 2.48 0.92 42.16 15.64 11

2016-2017 west  ungulate 145 2.65 0.82 45.05 13.94 14

2017-2018 west  ungulate 145 2.72 0.93 46.24 15.81 10

2013-2014 north  ungulate 285 6.25 1.12 131.25 23.52 2

2014-2015 north  ungulate 165 6.12 1.56 128.52 32.76 1

2015-2016 north  ungulate 155 5.98 1.48 125.58 31.08 0

2016-2017 north  ungulate 165 6.02 1.32 126.42 27.72 0

2017-2018 north  ungulate 150 5.89 1.54 123.69 32.34 1

2013-2014 south  ungulate 365 4.56 0.98 95.76 20.58 5

2014-2015 south  ungulate 245 4.25 1.12 89.25 23.52 5

a'\r:g‘fﬁ‘:r;‘ga 21 2015-2016 south ungulate 240  4.12 0.89 86.52 18.69 5

2016-2017 south  ungulate 235 4.02 1.25 84.42 26.25 6

2017-2018 south  ungulate 235 4.09 1.12 85.89 23.52 5

2013-2014 west  ungulate 255 2.35 0.89 49.35 18.69 10

2014-2015 west  ungulate 155 2.56 0.92 53.76 19.32 12

2015-2016 west  ungulate 150 1.89 0.78 39.69 16.38 11

2016-2017 west  ungulate 145 2.05 0.82 43.05 17.22 14

2017-2018 west  ungulate 145 2.32 0.78 48.72 16.38 10

- 2013-2014 north  ungulate 285 7.85 1.35 133.45 22.95 2
Pecari tajacu 17

[EEN

2014-2015 north  ungulate 165 7.65 1.65 130.05 28.05
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Table 4 - Estimates of density and biomass for each species in the Vale Natural Reserve regions between 2013 and 2018, Espirito Santo, Brazil (to
be continued).

Species Averagema  Period Region  Group Effort Density Standarq BITOr 5. s Stan_dard error anching
ss (kg) (year) (km) (density) (biomass) index
2015-2016 north  ungulate 155 6.98 1.42 118.66 24.14 0
2016-2017 north  ungulate 165 7.05 1.38 119.85 23.46 0
2017-2018 north  ungulate 150 6.89 1.12 117.13 19.04 1
2013-2014 south  ungulate 365 5.25 1.32 89.25 22.44 5
2014-2015 south  ungulate 245 6.02 1.25 102.34 21.25 5
2015-2016 south  ungulate 240 5.89 1.12 100.13 19.04 5
Pecari tajacu 17 2016-2017 south  ungulate 235 6.12 1.14 104.04 19.38 6
2017-2018 south  ungulate 235 5.45 1.18 92.65 20.06 5
2013-2014  west  ungulate 255 3.56 1.05 60.52 17.85 10
2014-2015 west  ungulate 155 4.02 0.98 68.34 16.66 12
2015-2016  west  ungulate 150 3.65 1.12 62.05 19.04 11
2016-2017 west  ungulate 145 4.65 0.98 79.05 16.66 14
2017-2018 west  ungulate 145 3.58 1.08 60.86 18.36 10
2013-2014 north  ungulate 285 5.98 1.05 131.56 23.1 2
2014-2015 north  ungulate 165 5.55 0.98 122.1 21.56 1
2015-2016 north  ungulate 155 6.02 1.12 132.44 24.64 0
2016-2017 north  ungulate 165 6.12 1.25 134.64 27.5 0
Tayassu 29 2017-2018 north  ungulate 150 6.45 1.15 141.9 25.3 1
pecari 2013-2014 south  ungulate 365 4.25 1.23 93.5 27.06 5
2014-2015 south  ungulate 245 4.12 0.98 90.64 21.56 5
2015-2016 south  ungulate 240 4.36 1.05 95.92 23.1 5
2016-2017 south  ungulate 235 4.85 1.08 106.7 23.76 6
2017-2018 south  ungulate 235 4.02 1.32 88.44 29.04 5
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Table 4 - Estimates of density and biomass for each species in the Vale Natural Reserve regions between 2013 and 2018, Espirito Santo, Brazil (to

be continued).

Species Averagema  Period Region  Group Effort Density Standarq BITOr 5. s Stan_dard error anching
ss (k) (year) (km) (density) (biomass) index

2013-2014  west  ungulate 255 2.56 0.98 56.32 21.56 10

2014-2015 west  ungulate 155 3.12 0.89 68.64 19.58 12

ng’(f‘;rslu 22 2015-2016 west ungulate 150  2.85 0.95 62.7 20.9 11
2016-2017 west  ungulate 145 2.42 1.05 53.24 23.1 14

2017-2018 west  ungulate 145 3.04 0.98 66.88 21.56 10

2013-2014 north  ungulate 285 2.25 0.82 382.5 139.4 2

2014-2015 north  ungulate 165 1.89 0.89 321.3 151.3 1

2015-2016 north  ungulate 155 2.35 0.98 399.5 166.6 0

2016-2017 north  ungulate 165 2.05 0.92 348.5 156.4 0

2017-2018 north  ungulate 150 1.98 0.78 336.6 132.6 1

2013-2014 south  ungulate 365 1.55 0.81 263.5 137.7 5

. 2014-2015 south  ungulate 245 1.05 0.39 178.5 66.3 5
Tap'”:isste”e“ 170 2015-2016 south ungulate 240  1.12 0.42 190.4 714 5
2016-2017 south  ungulate 235 0.98 0.32 166.6 54.4 6

2017-2018 south  ungulate 235 1.15 0.29 195.5 49.3 5

2013-2014 west  ungulate 255 0.55 0.15 93.5 25.5 10

2014-2015 west  ungulate 155 0.65 0.12 110.5 20.4 12

2015-2016  west  ungulate 150 0.52 0.18 88.4 30.6 11

2016-2017 west  ungulate 145 0.48 0.15 81.6 25.5 14

2017-2018 west  ungulate 145 0.51 0.12 86.7 20.4 10

2013-2014 north  carnivore 285 8.65 1.58 34.60 6.32 2

Nasuanasua 4 2014-2015 north  carnivore 165 8.12 1.43 32.48 5.72 1
2015-2016 north  carnivore 155 8.15 1.52 32.60 6.08 0
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Table 4 - Estimates of density and biomass for each species in the Vale Natural Reserve regions between 2013 and 2018, Espirito Santo, Brazil (to
be continued).

Species Averagema  Period Region  Group Effort Density Standarq BITOr 5. s Stan_dard error anching
ss (k) (year) (km) (density) (biomass) index

2016-2017 north  carnivore 165 7.52 1.49 30.08 5.96 0

2017-2018 north  carnivore 150 7.98 1.39 31.92 5.56 1

2013-2014 south  carnivore 365 6.98 1.42 27.92 5.68 5

2014-2015 south carnivore 245 7.15 1.32 28.60 5.28 5

2015-2016 south  carnivore 240 8.12 1.36 32.48 5.44 5

Nasuanasua 4 2016-2017 south carn?vore 235 7.58 1.42 30.32 5.68 6
2017-2018 south  carnivore 235 7.69 1.55 30.76 6.2 5

2013-2014 west  carnivore 255 7.52 1.29 30.08 5.16 10

2014-2015 west carnivore 155 6.58 1.25 26.32 5.00 12

2015-2016  west  carnivore 150 7.12 1.32 28.48 5.28 11

2016-2017 west  carnivore 145 6.89 1.42 27.56 5.68 14

2017-2018 west  carnivore 145 7.15 1.36 28.6 5.44 10

2013-2014 north rodent 285 8.12 1.28 24.36 3.84 2

2014-2015 north rodent 165 7.89 1.26 23.67 3.78 1

2015-2016 north rodent 155 8.05 1.56 24.15 4.68 0

2016-2017 north rodent 165 8.12 1.38 24.36 4.14 0

Dasyprocta 3 2017-2018 north rodent 150 8.36 1.52 25.08 4.56 1
leporina 2013-2014 south rodent 365 7.55 1.42 22.65 4.26 5
2014-2015 south rodent 245 7.35 1.36 22.05 4.08 5

2015-2016 south rodent 240 7.89 1.28 23.67 3.84 5

2016-2017 south rodent 235 7.05 1.12 21.15 3.36 6

2017-2018 south rodent 235 7.58 1.38 22.74 4.14 5
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Table 4 - Estimates of density and biomass for each species in the Vale Natural Reserve regions between 2013 and 2018, Espirito Santo, Brazil

(continuation).

Species Averagema  Period Region  Group Effort Density Standarq BITOr 5. s Stan_dard error anching
ss (k) (year) (km) (density) (biomass) index
2013-2014  west rodent 255 6.58 1.25 19.74 3.75 10
2014-2015  west rodent 155 7.05 1.18 21.15 3.54 12
Dlzi)yg’rri‘r’]‘;ta 3 2015-2016 west  rodent 150  6.89 1.25 20.67 3.75 11
2016-2017  west rodent 145 7.52 1.36 22.56 4.08 14
2017-2018  west rodent 145 7.26 1.25 21.78 3.75 10
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3.2.2 Multi-species Occupancy Models

Our complete data set included a total survey effort of 32,175 camera days across five camera
trap surveys (825 working days), with a total of 25,254 records of 27 non-volant mammals
(Table 5; Table 6). The total numbers of detections per species were very heterogeneous and
varied from 3 for the lesser grisonGalicitiscuja to 823 for the lowland tapir Tapirusterrestris
for the 5-day pooled data (Figure 14, Table 6).We did not found a significant difference on
mammalian detections over the 5-years sampled (one-way ANOVA; Detections = F=0.77,
df=131; p=0.56).

Table 5 — Total effort and success of capture from 39 camera traps over the years of monitoring
at Vale Nature Reserve, Linhares, Espirito Santo, Brazil.

Surveyperiod Workingdays Total effort ffe?q%cc)errffy
April 2013 — March 2014 180 7020 5192
April 2014 — March 2015 150 5850 5077
April 2015 — March 2016 165 6435 5031
April 2016 — March 2017 170 6630 5012
April 2017 — March 2018 160 6240 4942

Total 825 32,175 25,254
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Table 6 - List of recorded species and frequency per year of photographic records obtained from
the 39 camera traps during monitoring at Vale Nature Reserve, Linhares, Espirito Santo,

Brazil (to be continued).

Species 2013- 2014- 2015- 2016- 2017-
2014 2015 2016 2017 2018

Didelphimorphiaorder

DidelphidaeFamily

Didelphisaurita (Wied-Neuwied, 1826) 115 126 141 133 145

Rodentiaorder

CuniculidaeFamily

Cuniculus paca (Linnaeus, 1766) 356 340 325 333 312

SciuridaeFamily

Guerlinguetusingrami(Thomas, 1901) 45 42 38 39 34

DasyproctidaeFamily

Dasyprocta leporina (Linnaeus, 1758) 425 418 405 407 398

CaviidaeFamily

Hydrochoerushydrochaeris(Linnaeus, 42 47 38 40 33

1766)

Lagomorphaorder

LeporidaeFamily

Sylvilagus brasiliensis (Linnaeus, 1758) 52 58 51 42 47

Cingulataorder

DasypodidaeFamily

Cabassoustatouay(Desmarest, 1804) 8 11 6 9 12

Dasypusnovemcinctus Linnaeus, 1758 203 195 192 189 178

DasypusseptemcinctusLinnaeus, 1758 13 11 15 9 10

Euphractussexcinctus (Linnaeus, 1758) 205 198 183 185 178

Pilosa order

MyrmecophagidaeFamily

Tamanduatetradactyla (Linnaeus, 1758) 110 98 105 112 91
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Table 6 -List of recorded species and frequency per year of photographic records obtained from
the 39 camera traps during monitoring at Vale Nature Reserve, Linhares, Espirito

Santo, Brazil (continuation).

Species 2013- 2014- 2015- 2016- 2017-
2014 2015 2016 2017 2018

Cetartiodactylaorder

CervidaeFamily

Mazama americana (Erxleben, 1777) 328 315 308 305 299

Mazamagouazoubira (Fischer, 1814) 425 455 433 412 441

TayassuidaeFamily

Tayassu pecari Link, 1814 402 399 391 385 382

Pecari tajacu Linnaeus, 1758 521 505 512 498 503

Perissodactylaorder

TapiridaeFamily

Tapirusterrestris Linnaeus, 1758 826 833 821 812 803

Carnivoraorder

CanidaeFamily

Cerdocyonthous (Linnaeus, 1766) 256 238 241 233 249

FelidaeFamily

Leoparduspardalis (Linnaeus, 1758) 89 82 91 85 93

Leoparduswiedii (Schinz, 1821) 7 5 9 8 10

LeopardusguttulusHensel, 1872 11 8 9 11 7

Pantheraonca(Linnaeus, 1758) 3 5 6 4 5

Puma concolor(Linnaeus, 1771) 6 7 5 7 6

Puma yagouaroundi (E. Geoffory, 1803) 55 62 52 58 57

MustelidaeFamily

Eira barbara (Linnaeus, 1782) 112 98 104 91 107

Galictis cuja (Molina, 1782) 5 7 4 3 0

ProcyonidaeFamily

Nasuanasua (Linnaeus, 1766) 520 442 491 541 485

Procyon cancrivorus(G.[Baron] Cuvier, 52 72 55 61 57

1798)
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Figurel4- Distribution of the total number of detections for 5-day pooled data (20 occasions),
mean per-individual detection probabilities and mean naive occupancy for five camera
trap surveys in the Vale Natural Reserve, Espirito Santo state, Brazil.
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Source: Author, 2019.
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We estimated a negative effect of poaching index on all-species richness through the built multi-
species occupancy model (Figure 15). However, when we separated the 27 recorded species
into two distinct groups of poached and non-poached, only the richness of poached species was
negatively affected by the increased VNR poaching index (Figure 15). While the richness of
non-poached species was not affected by poaching.

Figure 15 — Relationship between estimated species richness and poaching index for 39 camera
traps in the Vale Natural Reserve, Espirito Santo state, Brazil.
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Note:Richness estimated with a multi-species occupancy model divided into three distint groups: all species
richness, non-poached species richness (Didelphis aurita, Tamandua tetradactyla, Hydrochoerushydrochaeris,
Sylvilagusbrasiliensis, Guerlinguetusingrami, Cerdocyonthous, Galictiscuja, Eirabarbara, Procyon cancrivorus,
Leoparduspardalis, Puma yagouaroundi, Leopardusguttulus, Leoparduswiedii, Puma concolor, Panthera onca),
and poached species richness (Tapirusterrestris, Pecaritajacu, Tayassupecari, Mazama gouazoubira, Mazama
americana, Dasyproctaleporina, Cuniculus paca, Nasuanasua, Dasypushovemcinctus, Dasypusseptemcinctus,
Cabassoustatouay, Euphractussexcinctus).Species were classifed in poached and non-poached according to
Kierulff et al. (2014)

Source: Author, 2019.



71

Poaching negatively influenced 11 of the 12 species classified as poached (Figure 16). These
11 species showed positive values when estimated occupancy at site without poaching effect
(intercept values) showed high occupancy values (Figure 14A). However, the strength of the
relationship between poaching and slope values for each site was higher for these species. The
most affected species were Pecaritajacu, Tayassupecari, Cuniculus paca, and three species of
armadillos (Dasypusnovemcinctus, D. septemcinctus, and Euphractussexcinctus). Nasuanasua
was the only species with a poaching history in the VNR that was not affected by poaching
(Figure 16). The 15 species that had no history of VNR poaching, classified as non-poached,
were not affected by poaching (Figure 16).
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Figure 16— Species-specific variation in occupancy in the Vale Natural Reserve, Espirito Santo

state, Brazil.
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3.3 Discussion

Poaching negatively affected the non-volant mammals community in the VNR, reducing
overall species richness and with significant effect on the richness of species with a poaching
history in the literature (Kierulff et al., 2014; Sousa and Srbek-Araujo, 2017). We found a
negative impact of poaching on the density and biomass in nine of the 11 mammal species
evaluated in the VNR. These nine species are classified as ungulates and armadillos.Moreover,
through the multi-species occupancy model, we found a strong negative effect of poaching on
the occupancy of these same nine species belonging to these two groups. These two mammalian
groups are often identified as the most sensitive to the effects of poaching on the netropical
region.In the Atlantic Forest of Sao Paulo state, for example, Cullen et al. (2000) listed species
of armadillos and ungulates as the most poached among the vertebrates evaluated by them. In
addition, Cullen et al. (2000) mentions that colonist hunters in the region of Sao Paulo state
consider ungulates and armadillos as subsistence wildlife species as a justification for
poaching.In the semi-arid region of northeastern Brazil, Alves et al. (2009) also pointed the
armadillos as the most poached species.In fact, in VNR, Kierulff et al. (2014) described that
about 45% of the slaughtered animals were armadillos.In the Amazon, ungulates are among the
most hunted species by local communities and these populations of ungulates decline as soon
as hunting becomes a chronic process (Peres 2000b). In the Neotropical region, primates,
ungulates and armadillos are particularly vulnerable to overhunting due to their low intrinsic
rates of natural growth, high longevity, long generation time, and low population densities
(Bodmer et al., 1997; Cardillo et al., 2004).The overhunting of large forest vertebrates can
compromise important ecological processes for the maintenance of forest structure and species
composition (Dirzo and Miranda, 1991; Wright et al., 2000; Dirzo et al., 2014), reducing the
biodiversity in the long term (Terborgh, 1992, 2000). Most hunted species are frugivorous and
/ or herbivorous, (Peres, 2000a, 2000b; Townsend, 2000), which are the case of ungulate
specieswhose play an ecological role in the dynamics of natural environments (Dirzo and
Miranda, 1991; Wright et al., 2000; Stoner et al., 2007).

Although we provided here evidence that poaching has an impact on these species, we
did not find a difference in density, biomass, and occupancy over the 5-years study in VNR.The
fact that poaching did not affect species over time may be related to two main factors, the
constancy of poaching in certain VNR localities and the time interval in which the study was

conducted.In fact, poaching in VNR did not vary between the 5-years, only between the regions
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of the reserve. Ferreguetti et al. (2018a) showed that the poaching incidence is higher in the
western region of VNR and in the western region, we obtained the lowest density and biomass
estimates.This also may be linked to the response time of species to impact. Several studies
show a declining trend when poaching becomes a chronic activity over time (Terborgh, 1992,
2000; Peres 2000b; Wright et al., 2000; Dirzo et al., 2014). Large species, especially mammals,
would have their populations so small that vital functions for the maintenance of ecosystems
would be highly affected; thus, in the long term, the preservation of tropical forest vegetation
would not be possible if the fauna were not also preserved (Redford, 1992).In Paraguay, Hill et
al. (2003) analyzed game species encounter rates over 8 years and suggested long-term declines
in crude encounter rates for all species, indicating that species in VNR may have a tendency to
decline in the long term.

On the other hand, the two species classified as carnivores and rodents (i.e. Nasuanasua
and Dasyproctaleporina, respectively) have their density and biomass affected marginally by
poaching in the VNR.For Dasyproctaleporina, in particular, we did not expected to find this
result, as the species is identified among the most poached in the VNR region, representing
10% of all slaughtered animals recorded(Kierulff et al., 2014).However, although we did not
find a negative effect of poaching on D. leporina density and biomass, the estimated values are
lower when compared to other studies with the species in the Neotropical region (Ferreguetti et
al., 2018b).This low density estimated in the present study may be related to the poaching
pressure (Wright et al., 2000; Ferreguetti et al., 2018b). In central Panama, Wright et al. (2000)
found negative correlations between population density and poaching intensity for
Dasyproctapunctata, with density estimates ranging from 100 ind / km? in areas considered
without poaching to 20 ind / km? in areas with the highest incidence of poaching.However,
Nasuanasua had no negative effect of poaching despite having records of poaching in the VNR
(Kierulff et al., 2014). This may be due to N. nasua being a species that may have been
opportunistically killed and not being a preferred prey of poachers in the VNR (Kierulff et al.,
2014; Sousa and Srbek-Araujo, 2017).

However, poaching negatively affected the occupancy by Dasyproctaleporina in the
VNR. This result indicates that, in fact, the species is being impacted by poaching in the reserve,
although we have not detected a strong effect on its estimated density and biomass. As
mentioned earlier, the estimated density values are low and therefore indicate a poaching
pressure in the population of D. leporina. We also found a negative poaching effect for
Cuniculus paca, one of the most hunted species in the Neotropical region (Emmons, 2016).

Cuniculus pacais one of the three most poacher-slaughtered mammal species in VNR,
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representing about 40% of all recorded slaughtered animals (Kierulff et al., 2014). Poaching
represents one of the major impacts for C. paca in its entire area of occurrence (Emmons, 2016),
this rodent species represents up to 8% of all wild meat consumed (Patton, 2015). For the other
rodent speciesHydrochoerushydrochaeris, on the other hand, we did not find a poaching effect
on its occupancy in the VNR. This species, despite being a main target for poachers in other
areas in the Neotropical region (Reid, 2016), is not commonly poached in VNR (Kierulff et al.,
2014).

Poaching had no direct effect on occupancy by large felids (i.e. Panthera onca and Puma
concolor) in the VNR. However, it is noteworthy that poaching could eventually negatively
impact these species indirectly due to the extirpation of their main prey, which are the species
directly impacted by poaching in the present study.This indirect impact of poaching can be
predicted as large carnivores are especially vulnerable to low density and biomass of their
preferred prey (Carbone et al., 2011) and prey depletion is one of their major threats worldwide
(Wolf and Ripple, 2016). Overexploitation of wildlife for meat is a widespread phenomenon,
which drives populations of many species toward extinction and may in turn affect large
carnivores (Milner-Gulland et al., 2003; Ghoddousi et al., 2017). Indeed, the indirect impact of
poaching on top-predator has benn observed in othe location such as Panthera tigris, in Asia,
showed lower persistence in their populations according to high prey depletion rates (Chapron
et al., 2008). In the Golestan National Park, located in Iran, the globally endangered Persian
leopard (Panthera pardussaxicolor) showed a change in its prey preference because of the
depletion of the usually preferred prey species (Ghoddousi et al., 2017). However, despite this
change in the diet of the species, Ghoddousi et al. (2017) point out that this reduction in dietary
niche breadth may threaten the long-term survival of the species.Therefore, it is extremely
necessary to evaluate the diet of these top predators and whether poaching would be affecting
these species in VNR.

Our results bring alarming results to one of Brazil's largest Atlantic Forest remnants.
Poaching is an illegal activity constantly practiced not only in the Vale Natural Reserve (VNR)
but throughout the Atlantic Forest and other Neotropical regions. We presented the first study
in the Atlantic Forest that has estimated the long-term poaching impact on mammalian
populations, demonstrating a potential negatively effect on the density, biomass and occupancy
of species that are important to ecosystem functioning. In addition to the direct negative effects
estimated in this study, we draw attention to potential indirect impacts of poaching on other
mammalian species, such as large felids (Panthera onca and Puma concolor). We recommend

that this study serve as a basis for start monitoring other populations of vertebrates target to
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poaching, not only in the Atlantic Forest, but in other Neotropical ecosystems. We also hope
that theses results could be the first step in drawing the attention of decision makers and
enforcement officials to the importance in increasing penalties for those who engage in this
illegal activity. It is important that more stringent measures be applied and that environmental

police enforcement activities be intensified in all Atlantic Forest.
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FINAL CONSIDERATIONS

It is important to use a standardized quantitative metric to assess the impact of poaching
on populations not only limited to the mammalian group, but all animal species that may
be impacted by this illegal activity. To this end, we have proposed a feasible metric with
the current poaching scenario, an illegal activity where it is not possible to count how
many animals are being slaughtered and extracted from nature. This metric is to quantify
how much evidence of poaching, both directly and indirectly spatially, thus estimating
a density of poaching occurrence for each location.

Concurrent with the standardized quantitative metric, it is important to continue the
systematic surveillance monitoring carried out at Vale Natural Reserve. Minimally in
protected areas, frequent surveillance is required. It is recommended that such
surveillance be carried out systematically both spatially and temporally. Ideally, it is
necessary to reconcile the results obtained by surveillance monitoring in the
construction of the metric described above. These two steps will assist in creating a map
of hotspots and hotmoments, where poaching is most frequent in space and time. This
map should be updated frequently and used in surveillance planning.

We have provided alarming information on the negative impact of poaching on mammal
species evaluated here. To better understand the dimensions of this impact, it is
important to continue monitoring these species and make projections through
population viability analyzes to understand how species would be impacted in different
scenarios. These scenarios should be constructed to assess how species would respond
if the incidence of poaching remained stable, reduced or increased over time. In
addition, it is necessary to understand how the impact of this illegal activity would be
affecting ecological interactions and processes.

Last but not least, it is extremely necessary to initiate and strengthen programs for
poaching mitigation in our protected areas. It is necessary to sensitize the local
community by establishing a sense of belonging with the protected area. A continuing
environmental education program is recommended, where actions must be worked on
in different age groups of the population. Poaching is not a simple impact to solve or
mitigate, for besides being a cultural activity extremely rooted in human civilization, it

Is often an activity that generates income for local populations. Thus, multidisciplinary
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programs should be adopted, where not only the environmental issue is addressed, but
social, economic and several other important axes to mitigate this illegal activity.
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