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palavras-chave 

 

 

Armadilhagem fotográfica, Bolívia, taxa de ocupação, presas, 
jaguar, castanha-do-Pará 

	

resumo 

 

 

A América do Sul está a perder as suas florestas a um passo 
alarmante, tal como os respectivos habitats estão a ser 
rapidamente degradados ou convertidos para outros usos, e a 
Bolívia não é excepção. A castanha-do-Pará, o fruto da 
castanheira-do-Pará (Bertholletia excelsa), é colhida na Amazónia 
Boliviana durante um período de três meses consecutivos. Durante 
este período, as pessoas migram para a floresta e lá se 
estabelecem, dependendo exclusivamente dos recursos que esta 
fornece. Este estudo, desenvolvido no território indígema Tacana, 
tem o objectivo de avaliar o impacto desta actividade na respectiva 
comunidade faunística, como por exemplo, no jaguar (Panthera 
onca), um importante predador de topo. Para avaliar este efeito 
foram utilizadas armadilhas fotográficas antes e depois da colecta 
da castanha, o que permitiu obter estimativas de ocupação e 
índices de abundância relativa para cada espécie, tendo sido feita 
a comparação entre períodos. Também foram tidos em conta 
factores que poderiam afectar a ocupação e a detecção das 
espécies. Um dos factores que limitou a ocupação foi a actividade 
humana, sendo que a maioria das espécies reagiu negativamente a 
este factor. O número de câmaras influenciou a probabilidade de 
detecção, com algumas espécies a ser mais frequentemente 
detectadas quando se utilizavam armadilhas com uma câmara ou 
com duas. Espécies cinegéticas apresentaram uma descida mais 
acentuada nos IAR no período após colecta. Estes resultados 
ilustram o possível efeito negativo de uma actividade sustentável, a 
colecta da castanha-do-Pará, na respectiva comunidade faunística. 
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abstract  South America is experiencing rapid forest loss and habitat 
conversion and degradation, and Bolivia is not an exception. The 
Brazil nut is harvested in the Bolivian Amazon, where this activity 
represents a significant source of income for thousands of rural 
households. The Brazil nut is the fruit of the Brazil nut tree 
(Bertholletia excelsa) and is harvested annually during a 
consecutive 3-month period. During this period, people migrate to 
the forests and create establishments, depending exclusively on 
forest resources for their livelihood. The purpose of this study is to 
verify if the Brazil nut harvesting in the Tacana II indigenous 
territory constitutes an importante source of disturbance for local 
wildlife, such as the jaguar (Panthera onca), an important apex 
predator. To evaluate this, camera traps were deployed before and 
after the nut collection and species’ site occupancy estimates and 
relative abundance indexes were generated and compared. Factors 
that could affect occupancy and detection were also evaluated. 
Human activity was an important factor limiting occupancy, and 
most species reacted negatively to this factor. Detection probability 
was affected by the number of cameras applied per trapping 
station, with some species being more likely detected when two 
cameras were deployed, and other reacting negatively to the 
presence of two cameras/site. Most commonly hunted species by 
people were the ones whose RAI most decreased after the nut 
collection period. These results provide new insights on the effect of 
a theoretical sustainable activity, the Brazil nut harvesting, on the 
respective wildlife community. 
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1. INTRODUCTION 

1.1. THESIS BACKGROUND 

Rainforests represent one of the most biodiversity-rich ecosystems on Earth, but 

also one of the most threatened, presently covering only about 6% of the planet’s surface 

(half of what it used to in the recent past). According to the World Wildlife Fund (WWF), 14 

million ha of rainforests are annually being lost to logging and farming. As reported by 

WWF in 2007 (Nepstad, 2007), 55% of the Amazon rainforest – the largest rainforest, 

covering about 0.6 billion ha – could be decimated by 2030. Besides causing extreme 

biodiversity loss, this fact can have severe impacts on the climate due to the release of 

previously stored carbon dioxide into the atmosphere (Houghton et al., 2000), deeply 

accelerating global warming.  

Billions of people depend on forests: directly, using forests’ resources for their needs 

(e.g. food, housing, medicines, energy source), or indirectly, benefiting from 

environmental services provided by forests. According to FAO’s 2014 report State of the 

World’s Forests, the forest sector totalled about US$ 600 billion in 2011, representing 

0.9% of the global economy and employing over 13 million people worldwide (FAO, 2014). 

Moreover, forest resources are vital for many forest-dwelling peoples, particularly in 

remote rainforests of the tropics (Ros-Tonen, 2000). Of these fundamental resources 

provided by forests, non-timber forest products (NTFPs) – all biological material retrieved 

from forests, excluding timber - have recently been brought to attention due to their 

potential conservation purpose, as by generating income (US$ 88 billion in 2011 

worldwide, according to the State of the World’s Forests 2014 report (FAO, 2014)) and 

potentially having little impact on forests, NTFPs can create a stimulus for sustainable 

forest management (Ros-Tonen, 2000).  

According to a study by d’Annunzio, Sandker, Finegold, & Min (2015), global forest 

loss will continue for the next 14 years, although at a slower pace. The tropics exhibit the 

highest risk of forest conversion, with South American countries expecting to lose 34 

million ha of their current forest area (Bolivia is the country that expects to lose the highest 

percentage of forest cover: 84%). Deforestation is a major problem in the Amazon 

rainforest; in contrast, Brazil nut collection is considered to be a sustainable method of 

forest management (Cronkleton et al., 2012; Duchelle et al., 2012).  



	

	

	

4	

Human population is rapidly expanding, as is its demand for resources, leading to 

habitat loss and fragmentation, and also aggravating the conflict with wildlife due to 

competition for territory and sources of food (Treves & Karanth, 2003; Kissui, 2008). Since 

the world’s population will tend to increase at least until 2100 – reaching approximately 11 

billion people (United Nations, 2015) – so does this conflict if preventive measures are not 

taken. Therefore, it is crucial both to understand how animal populations react to these 

threats, and also people’s perceptions of them, to engage in specific and case-oriented 

actions before these species are completely lost.  

Wildlife’s conservation and management heavily rely upon accurate knowledge of 

wildlife populations’ status and trends. Therefore, monitoring programs, through 

evaluating population abundance, density and distribution over space and time, are crucial 

to effectively apply conservation measures. Camera trapping techniques represent a cost-

effective, non-invasive monitoring strategy for sampling wildlife over large areas 

(Sarmento et al., 2011; Rich et al., 2014). Camera trapping was first applied to large 

mammal conservation in the 1990s to focus on tiger (Panthera tigris) populations in India 

(Karanth, 1995; Karanth and Nichols, 1998), and has since been applied to several other 

species, such as large (jaguar [Panthera onca]:  Wallace et al., 2003; Maffei et al., 2004; 

Silver et al., 2004; Soisalo and Cavalcanti, 2006; snow leopard [Uncia uncia]: Jackson et 

al., 2006) and medium-sized felids (ocelot [Leopardus pardalis]: Trolle & Kéry, 2003; 

Maffei et al., 2005; Maffei and Noss, 2008), and more recently small-sized felids as well, 

such as the Andean cat (Leopardus jacobita) (Reppucci et al., 2011). Camera trapping 

represents a cost-effective method to obtain information on rare and cryptic species that 

live in densely forested habitats, as well as nocturnal species and those highly sensitive to 

human presence and species with large home ranges (Trolliet et al., 2014; Boron et al., 

2016) which are usually hard to capture or detect. Information can be gathered to estimate 

population size, species richness, site occupancy or relative abundance indices 

(O’Connell and Nichols, 2010), to study specific behaviors and activity and patterns, plant-

animal interactions, or to detect the presence of a species in a given area (Trolliet et al., 

2014). Its robust capture-recapture statistical framework was based on the premise that 

animals were individually distinguishable. When individual identification is not possible, 

site occupancy represents and accurate alternative for estimating population trends and 

status (Connell et al., 2006). 

This study examines the effect of an intense NTFP extraction activity in the Bolivian 

Amazon’s wildlife (particularly on the jaguar, an important apex predator, and respective 
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prey). This thesis will be focused on assessing population trends and status before and 

after the nut collection period through camera trapping data.  

1.2. THE BOLIVIAN AMAZON: IMPORTANCE, DEFORESTATION, AND 

CONSERVATION 

Bolivia (Plurinational State of) is a landlocked country located in western-central 

South America, sharing its borders with Brazil, to the north and east, Paraguay to the 

southeast, Argentina to the south, Chile to the southwest, and Peru to the northwest. 

According to the last national census, the country has a population of 10 389 903 (Censo 

Nacional de Población y Vivienda, Instituto Nacional de Estadística de Bolívia, INE, 2012), 

distributed across nine departments. Its topography is very heterogeneous, going from the 

meandering high mountain chains of the Andes in the west, to the eastern lowlands within 

the Amazon Basin. Extreme variations in temperature and precipitations result in a high 

diversity of ecosystems, and therefore, great biodiversity. According to the INE, the most 

important sectors for the country’s economy are Mining and Quarrying (14% of Bolivia’s 

GDP in 2013); Agriculture, Forestry, Hunting and Fishing (10%); and Manufacturing 

Industries (10%). 

The Bolivian Amazon extends through the Departments of Pando, Beni, La Paz and 

Santa Cruz, across an area of 28.5 million ha (Stoian & Henkemans, 2000; Figure 1.1.). 

This region is contained within one of the World Wildlife Fund’s “Global 200” ecoregions: 

the Southwestern Amazon Moist Forests (encompassing Brazil, Bolivia and Peru), a 

global ecoregion home to the Amazonia’s highest diversity of both mammals and birds 

(257 mammal species, 11 endemic; 782 bird species, 17 endemic). Although much of this 

region’s natural habitat remains intact due to its relative isolation, low population density 

and number of protected areas, it is currently under threat due to cattle ranching 

(responsible for approximately half of total deforestation), followed by the expansion of 

mechanized agriculture (particularly soybean; 30% of total deforestation) and small-scale 

agriculture (20%), and also oil and gas exploration and increasing hunting pressure 

(Müller, Pacheco and Montero, 2014).  
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Figure 1. 1. Biographic regions of Bolivia (Amazonian region is displayed in dark green). Adapted from Meneses et 

al., 2014. 

1.2.1. DEFORESTATION DATA 
According to FAO’s 2015 Global Forest Assessment (FAO, 2015), of the country’s 

109 858 100 ha surface, about half is covered by forests – 66% of which consists of 

primary forest –, where 80%  occur in the lowlands (Müller et al., 2014). According to this 

report (FAO, 2015), between 2000 and 2010, 280 000 ha of forest cover were lost per 

year (deforestation having increased 7% in that period) – the lowlands being the most 

stricken region, with deforestation having increased from 51 100 ha a year between 1976 

and 1986 to 224 700 ha a year between 2001 and 2004 (Killeen et al., 2007).  

The Fundación Amigos de la Naturaleza (Cuéllar et al., 2012) reports a lower 

destruction of forests: 199 672 ha/year lost between 2000 and 2010 (increasing 5.6% in 

that period; with an 0.66 annual deforestation rate), having been lost 1.8 million ha in total 

in the same period (76% of these in the Department of Santa Cruz), 16% of which in the 

Amazonian region (295 787 ha in total, with an average 31 920 ha/year). According to this 

report, even the indigenous territories (Territorios Indígena Originario Campesinos 

Titulados, TIOCs) are experiencing an acceleration of the deforestation process. 
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1.2.2. DEFORESTATION EXPANSION AND PREVENTIVE MEASURES 
Deforestation rates were relatively low until mid-1980s, since the country’s economy 

relied upon mining and there wasn’t a link between agriculture and international markets 

(Müller et al., 2014). However, by that time, the tin mining industry collapsed and the 

government was forced to implement a structural reform program that, by increasing trade 

liberalization, accelerated the expansion of mechanized agriculture in forest lands, with 

production intended to exportation, in order to overcome the economic crisis. Moreover, 

the collapse of tin mining caused the migration, and subsequent settlement, of now 

unemployed miners to forests, increasing pressure on forest lands (Müller et al., 2014).  

Several measures have been taken ever since, in order to revert the program’s 

nefarious consequences, including a law passed in 1996 (implemented in 2000) – Ley 

1715, also known as Ley del Instituto Nacional de Reforma Agraria (INRA) –, which 

includes the development of land use plans at department and municipal levels, and is 

particularly aimed at acknowledging indigenous peoples’ and local communities’ rights to 

their lands and forests, giving rise to the term Tierra Comunitaria de Origen (TCO) 

(reformulated to TIOC in 2009). Furthermore, in 2006, by the action of the newly elected 

president Evo Morales, Law 1715 was amended (as Law 3545), in order to accelerate the 

land titling process designated by the previous law (until 2005, only 8.6% of the lands had 

been certified; in contrast, only four years after the law’s enactment, 51% of the lands had 

already been certified) (Fundación Tierra, 2010).  

Despite his seemingly pro-environmental course of action, president Evo Morales 

has allowed the extraction of oil and gas in 7 of the 22 national protected areas (Supreme 

Decree 2366, May 2015), including both areas of great biodiversity and areas inhabited by 

indigenous peoples, as well as the construction of a highway through the Isiboro Sécure 

Indigenous Territory and National Park (TIPNIS) – an area of phenomenal biodiversity –, 

with the territory’s inhabitants strongly opposed to the construction (Cabitza, 2011). 

1.3. THE BRAZIL NUT: SUSTAINABILITY IN A NUTSHELL? 

1.3.1. BRAZIL NUT TREE ECOLOGY  
The Brazil nut tree, Bertholletia excelsa (Humbolt & Bonpland, Lecythidaceae), is a 

large-seed canopy-emergent tree, reaching up to 50 m in height and a diameter at breast 

height (DBH) of over 3 m, which is distributed across the Amazon basin and the Guianas, 

in non-flooded ground (terra firme) (Mori and Prance, 1990; Mori, 1992; P. A. Zuidema 
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and Boot, 2002). The trees are not evenly distributed, but occur in stands of 50-100 

individuals (referred as manchales or castañales in Spanish), spaced up to 1 km apart 

from other stands (Wadt et al., 2005). This is a long lived tree, with radio-carbon dating 

identifying a 650-year-old individual (Vieira et al., 2005). The Brazil nut tree is considered 

a gap-dependent specialist (Mori and Prance, 1990), requiring abundant light to reach its 

reproductive size. 

During the flowering period (through the dry season into the wet season – 

predominantly from October to December), the tree daily produces large flowers that 

bloom and fall to the ground on the same day, and can only be pollinated by large-bodied 

bees (particularly, Euglossinae bees) and some bats, capable of lifting the flower’s inward 

bent hood to obtain the pollen and nectar inside, due to their large tongues and strength 

(Mori, 1992). These bees are restricted to primary forest conditions (Zuidema, 2003) and 

cannot be manipulated by humans, due to their non-social/semi-social nature (Mori, 

1992), which represents a major setback in artificial cultivation.  

Fruits develop after around 12-15 months, and then fall to the ground after 

maturation (primary dispersal; Figure 1.2.), mostly during January and February (Wadt et 

al., 2005; Haugaasen et al., 2010). The fruit consists of a hard round 10-16 cm diameter 

capsule (pyxidium; coco in Spanish) that contains 10-25 long angular seeds (the Brazil 

nuts), reaching up to 2,5kg (Mori and Prance, 1990). An hard seed coat (also called testa) 

sheathes the embryos, protecting them from invertebrate parasitism (Peres, 1997). The 

seeds will not fall and shall remain encased within the woody fruit until human or animal 

extraction (secondary dispersal), constituting a particular case in the Lecythidaceae (Mori, 

1992). Due to their high lipid and protein content (70-72% and 17-25%, respectively), the 

seeds are extremely attractive to seed predators (Peres, 1991).  
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Figure 1.2. Bertholletia excelsa (top right) and respective fruits (cocos; top left) and seeds (castañas, down). 

 

The most important natural seed disperser and predator is the agouti (Dasyprocta 

spp.), one of the few animals that can pry open the woody capsule (Peres, 1997; 

Haugaasen et al., 2010). The agouti is a diurnal caviomorph rodent that can weigh up to 

6kg and occurs throughout the geographic range of B. excelsa (Haugaasen et al., 2010). 

The seeds can either be consumed by seed predators, or buried intact in the forest for 

future consumption, usually no further than 20 m from the tree trunk (Mori, 1992; Peres 

and Baider, 1997; Haugaasen et al., 2010), which may be the explanation behind the 

clumped distribution of Brazil nut trees (Zuidema, 2003). Those seeds that are not 

consumed and buried in the soil may germinate after 12 to 18 months later (Müller, 1981). 

This scatter hoarding behaviour is characteristic of agoutis and, to a lesser extent, 

acouchis (Myoprocta spp.), which store the seeds in order to consume them in periods of 

food scarcity - almost exclusively relying upon those reserves (Zuidema, 2003; 
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Haugaasen et al., 2010). The seeds can be stolen, relocated and buried again (tertiary 

dispersal) (Zuidema, 2003). Seeds left intact inside the pyxidium often succumb to fungal 

pathogens, such as those of the genus Aspergillus, with almost 100% mortality (Peres 

and Baider, 1997). Therefore, agoutis are crucial to the Brazil nut tree natural 

regeneration.  

1.3.2. SOCIOECONOMIC IMPORTANCE  
The Brazil nut represents one of the most economically important NTFPs being 

traded and its collection is carried out by agroextractive and indigenous communities, and 

also by temporary workers who move to the forest for three consecutive months during 

the wet season (from January to March), with this activity employing over 22 000 workers 

(Bojanic, 2001; Cronkleton et al., 2012; Duchelle et al., 2012). In the Bolivian Amazon, 

Brazil nut collection and processing – a major part of Northern Bolivia’s rural economy – 

represent an important source of income for thousands of impoverished households 

(Stoian, 2005). 

Harvesting begins after most cocos have fallen, for safety and practical reasons. 

Collectors seek cocos near the tree crown and then open them with a machete to retrieve 

the seeds. The seeds are then carried in bags to a nearby house or settlement, where 

they will be cleaned, dried and stored until further transport to processing plants. Nut 

collectors can also act as dispersers by unintentionally dropping seeds on the ground. 

Commercial extraction occurs in lowland rainforests of Bolivia (Departments of 

Pando and parts of the Departments of Beni and La Paz), Brazil (States of Pará, 

Amazonas, Acre and Rondônia) and Peru (Department of Madre de Dios), with Bolivia 

being the key exporter (26 521 tons, resulting in US$ 175 million in 2014 (Instituto 

Boliviano de Comercio Exterior, IBCE)), immediately followed by Brazil, with Peru 

occupying a smaller share in the market. The Brazil nut is one of the edible nuts being 

internationally traded, consisting of 2% of the annual US$ 2.5 billion market. Half of the 

world’s Brazil nut production is destined to Europe (especially the United Kingdom, 

Germany and the Netherlands), followed by the United States of America and the rest 

mainly to Australia, South Africa and some countries in Latin America (Bojanic, 2001). 

According to the ICBE, from 2005 to 2014, Brazil nut exports generated US$ 1 085 million 

and have grown 133% in the last 10 years. 
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1.3.3. SUBSISTENCE HUNTING BY FOREST DWELLERS  
Wildlife is extremely valuable to forest-dwelling communities, either as a food, 

medicinal or spiritual resource, and as a source of income (Nasi et al., 2008). In rural 

populations of the Brazilian Amazon alone, about 23.5 million vertebrates (89 224 tons of 

biomass, valued over US$ 190.7 million) are annually hunted and consumed (Peres, 

2000). Forest-dwelling people of the Neotropics rely upon wildlife meat and fish as a 

protein source (Redford and Robinson, 1987), and nut collectors are no exception, 

particularly during the nut gathering period, where they remain relatively isolated within 

the forest.  

Common hunted mammals for bush meat in the Amazon basin include rodents (e. g. 

agouti, Dasyprocta spp.; paca, Cuniculus paca; capybara, Hydrochoerus hydrochaeris), 

ungulates (e. g. brocket deer, Mazama spp.; tapir, Tapirus terrestris; collared peccary, 

Pecari tajacu; white-lipped peccary, Tayassu pecari), primates (e. g. spider monkey, 

Ateles spp.; howler monkey, Alouatta spp.), edentates (e.g. armadillo, Dasypus spp.; giant 

armadillo, Priodontes maximus), and carnivores (e.g coati, Nasua spp); birds include 

guans (e.g. Penelope spp.), curasows (e.g. Mitu tuberosum; Crax spp.) and trumpeters 

(Psophia spp.); reptiles include tortoises (e.g. Chelonoidis spp.), turtles (e.g. Platemys 

spp.; Podocnemins spp.) and caimans (Caiman spp.) (Redford & Robinson, 1987; Nasi, 

Taber, & Van Vliet, 2011).  

One of the ten most hunted mammals by nut collectors in Bolivia is the agouti that 

disperses Brazil nut seeds (Dasyprocta spp.) (Zuidema, 2003). This can be harmful for the 

natural regeneration of the trees, since it can be inferred that a decrease in the number of 

agoutis will cause a decrease in seed recruitment, as less fruits are opened.  However, 

the remaining agoutis would have a larger number of available seeds, rapidly becoming 

satiated and dispersing more seeds (Zuidema, 2003). An increase in the number of 

agoutis would have the opposite effect, increasing competition for food and thus seed 

consumption, decreasing nut dispersal.  Even where hunting is common, agouti densities 

can remain high as a result of a decrease in the agouti’s predators, either by hunting or by 

the presence of people (Ortiz, 2002). This could be explained by the population’s specific 

biology and ecological adaptability, which could be the reason behind the difference in 

vulnerability to hunting pressure between species (for instance, primates and carnivores, 

which have slower life cycles, are more vulnerable to increases in hunting pressure and 

less able to recover from population declines, than rodents or small to medium-sized 

ungulates), and also explain why some population densities can remain high or even be 
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enhanced despite hunting pressure (Nasi, Taber and Van Vliet, 2011). Hunters seeking 

animal protein preferably select large-bodied animals, which can be more profitable in 

terms of value/unit of time (Peres, 1990; Nasi et al., 2011). This can be critical, since 

large-bodied birds and mammals are crucial to maintaining tropical forest dynamics, and 

their decline/eradication can have severe consequences on plant communities, such as 

disruption of seed dispersal and competitive interactions (Peres, 2000), and in the long 

run, biodiversity loss. Bush meat hunting as subsistence hunting also causes predator 

prey depletion, having severe consequences on predator populations and ultimately on 

the whole ecosystem. 

According to Ortiz (2002), several species of large monkeys and medium-sized 

vertebrates have been completely eliminated in areas of Bolivia and Peru where the nut is 

harvested due to widespread hunting pressure by nut collectors. In Brazil, which holds the 

world’s highest primate diversity, primates are one of the most threatened animal species 

(constituting 40% of all threatened taxa), largely due to subsistence hunting (Peres, 1990; 

Costa et al., 2005). 

1.4. GENERAL AND SPECIFIC AIMS 

1.4.1. MOTIVATIONS 
Apex predators play a crucial role in the ecosystem: they are responsible for 

regulating their preys’ populations, although their impact extends beyond predation: they 

also affect mesopredators’ populations, influencing the ecosystem’s structure and 

function, as well as several other species along their vast home ranges (Miller et. al, 2001; 

Treves and Karanth, 2003; Michalski et al., 2006; Ripple et al., 2014). Therefore, their 

removal from the ecosystem can have severe impacts, affecting species along several 

trophic levels. Apex predators also represent an important source of income in developing 

countries, for the part they play in hunting and tourism (Western and Henry, 1979). 

 

The jaguar (Panthera onca, Linnaeus) is the largest felid in the Americas and the 

third largest worldwide, after the tiger (Panthera tigris) and lion (Panthera leo). Being an 

apex predator, the jaguar is essential for maintaining the ecosystem’s function and 

structure, for instance, by controlling herbivore populations and consequently their 

pressure on plants, being considered a keystone species (Miller et al., 2001).   

Historically distributed from the southern United States of America to southern 

Argentina in the 1900s, the occupied range of the jaguar has contracted 64%, especially 
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in the most southern areas of the United States, southern Argentina and northern Brazil 

(Sanderson et al., 2002). The largest contiguous remaining population occurs in the 

rainforests of the Amazon basin. 

Jaguars are solitary animals and exhibit preference for dense forest cover, even 

though it is distributed along a plethora of habitats, and requires a water supply, as well as 

sufficient prey (Seymour, 1989). More than 85 prey species have been reported, with 

peccaries (Tayassu pecari and Pecari tajacu), capybaras (Hydrochoerus hydrochaeris), 

pacas (Cuniculus paca), agoutis (Dasyprocta spp.), armadillos (Dasypus spp.), caimans 

(Caiman spp.), and turtles (Podocnemis spp.) representing jaguars’ preferable prey  

(Seymour, 1989; Polisar et al., 2003; Soisalo & Cavalcanti, 2006), although jaguars are 

opportunistic eaters and their diet may adapt to prey abundance and availability 

(Rabinowitz and Nottingham, 1986). Jaguars are commonly considered nocturnal, but are 

often active during the day, with activity peaks around dawn and dusk (Schaller and 

Crawshaw, 1978;  Nowell and Jackson, 1996).  

Home range sizes and population densities vary extremely across different 

populations (Nowell and Jackson, 1996), although jaguars can be considered an umbrella 

species due to their large area requirements, encompassing several other species in their 

range and therefore, protection of jaguars should ultimately protect those species as well 

(Kelly, 2003). 

The jaguar is currently categorized as Near Threatened on the IUCN Red List since 

2002  and listed under Appendix I of CITES (Convention on International Trade in 

Endangered Species) since 1973 (IUCN, 2013), mostly due to habitat loss and 

fragmentation, human persecution and prey depletion (Silver et al., 2004).  

Regardless of being legally protected over most of their range, legislation is often 

ignored and jaguars continue to be shot on sight. In Brazil, Costa Rica, Guatemala, 

Mexico and Peru, ‘problem animals’ can be eliminated; trophy hunting is permitted in 

Bolivia and there is no legislation in Ecuador or Guyana (Nowell and Jackson, 1996). 

Large carnivores are often perceived negatively, commonly because people fear 

being attacked and/or having their livestock predated (Treves & Karanth, 2003; Michalski 

et al., 2006; Kissui, 2008) , and the jaguar is no exception (Conforti & Azevedo, 2003; 

Zimmermann et al., 2005; Porfírio, Sarmento, Leal, & Fonseca, 2014) in spite of being the 

least likely Panthera cat to attack man (Seymour, 1989). 
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1.4.2 OBJECTIVES AND STRUCTURE OF THE THESIS 
The Asociación Boliviana para la Investigación y Conservación de Ecosistemas 

Andino Amazónicos (ACEAA) has long been focused on the Bolivian Amazonian 

ecosystems’ conservation by encouraging local communities’ participation, both 

enhancing their quality of life and sustainably managing biodiversity. By carrying out this 

research in cooperation with ACEAA, I aim to aid jaguar and jaguar habitat conservation 

in Bolivia and in general. In order to achieve this purpose, I will focus on the Brazil nut 

collection potential impact on northern Bolivia’s wildlife communities. To evaluate this, I 

will resort to camera-trapping techniques to estimate species’ site occupancy –  

particularly jaguar’s prey – in an area where the nut is commonly extracted, before and 

after nut extraction. Thus, the specific objective of this study is to estimate jaguar prey 

relative abundance and occupancy in the area (including factors that may influence their 

occupancy), before and after the Brazil nut harvesting season in order to provide data for 

future conservation programs. Consequently, I want to have the following question 

answered: what is the Brazil nut collection’s impact on jaguar conservation in the 

Bolivian Amazon?  

This study will be developed under the project ‘Mapping Human-Wildlife Conflicts in 

the Bolivian Amazon: A participatory Approach to Change Attitudes and Behaviours’, 

sponsored by Prince Bernhard Nature Fund, and coordinated by Dr. Nuno Negrões 

Soares of ACEAA. 

This thesis is divided into 5 chapters. The first chapter (Chapter I) is a literary review 

of topics relevant to the understanding of the thesis, and intends to bring a light on both 

deforestation and Brazil nut extraction (a potential strategy to sustainably exploit the 

forest) in Bolivia. This chapter also includes the thesis’ objectives and detailed structure. 

The manuscript is contained within the second chapter (Chapter II) and explores the effect 

of the Brazil nut collection on potential jaguar prey populations, assessing population 

status through camera trapping techniques. The main conclusions and future perspectives 

of this study are included in Chapter III. Chapter IV is a list of the works cited during the 

development of this thesis. 
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2. THE BRAZIL NUT: IMPACT OF HARVEST ON JAGUAR 
CONSERVATION IN THE BOLIVIAN AMAZON 

2.1. ABSTRACT 
South America is experiencing rapid forest loss and habitat conversion and 

degradation, and Bolivia is not an exception. The Brazil nut is harvested in the Bolivian 
Amazon, where this activity represents a significant source of income for thousands of 
rural households. The Brazil nut is the fruit of the Brazil nut tree (Bertholletia excelsa) and 
is harvested annually during a consecutive 3-month period. During this period, people 
migrate to the forests and create establishments, depending exclusively on forest 
resources for their livelihood. The purpose of this study is to verify if the Brazil nut 
harvesting in the Tacana II indigenous territory constitutes an important source of 
disturbance for local wildlife, such as the jaguar (Panthera onca), an important apex 
predator. To evaluate this, camera traps were deployed before and after the nut collection 
and species’ site occupancy estimates and relative abundance indexes were generated 
and compared. Factors that could affect occupancy and detection were also evaluated. 
Human activity was an important factor limiting occupancy, and most species reacted 
negatively to this factor. Detection probability was affected by the number of cameras 
applied per trapping station, with some species being more likely detected when two 
cameras were deployed, and other reacting negatively to the presence of two 
cameras/site. Most commonly hunted species by people were the ones whose RAI most 
decreased after the nut collection period. There results provide new insights on the effect 
of a theoretical sustainable activity, the Brazil nut harvesting, on the respective wildlife 
community. 

Keywords 

Camera trapping, Bolivia, occupancy rate, prey, jaguar, Brazil nut   

2.2. INTRODUCTION 
Human population is rapidly expanding, as is its demand for resources, leading to 

habitat loss and fragmentation, and also aggravating the conflict with wildlife due to 

competition for territory and sources of food (Treves and Karanth, 2003; Kissui, 2008). As 

a result, forested areas are progressively being converted to other land uses, such as 

farming and pasture or logging areas. This deforestation is a major source of biodiversity 

loss, particularly in tropical forests – key reservoirs of terrestrial biodiversity (Brook et al., 

2003). In contrast, non-timber forest products (NTFPs) – all biological material retrieved 

from forests, excluding timber – have a potential conservation purpose, due to their 

expected little impact on forests. One of the most valuable NTFPs in the Amazon is the 
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fruit of the Brazil nut tree (Bertholletia excelsa, Lecythidaceae; classified as Vulnerable on 

the IUCN Red List (IUCN, 2016)). This canopy emergent tree is distributed across the 

Amazon basin and the Guianas and can reach a height of up to 50m and a trunk diameter 

of over 3m (Mori and Prance, 1990; Mori, 1992; Zuidema and Boot, 2002). This tree 

requires specific pollinators (large-bodied bees, predominantly Euglossinae bees, capable 

of lifting the flowers’ inward bent hood) and seed dispersers (the agouti, Dasyprocta spp., 

capable of prying open the hard woody fruit) that only occur in relatively undisturbed 

forests – therefore being particularly sensitive to deforestation and forest degradation 

(Mori, 1992; Peres, 1997; Haugaasen et al., 2010). Brazil nuts are predominantly 

harvested by indigenous people during a consecutive 3-month period (January - March), 

representing an important source of income for thousands of impoverished households in 

the Bolivian Amazon (Stoian, 2005). Little is known about the impact of these human 

settlements on the respective wildlife community. Local apex predators, such as the 

jaguar (Panthera onca; classified as Near Threatened in the IUCN Red List (IUCN, 2016)), 

are especially vulnerable to their particular requirements, such as large home range, slow 

life cycle, low population density, complex social structure and large body size based on a 

protein-rich diet (Treves and Karanth, 2003; Patterson et al., 2004; Michalski et al., 2006; 

Kissui, 2008).  

Successful wildlife conservation and management strongly depend on accurate 

knowledge of animal populations’ distribution and densities over space and time (Rich et 

al., 2014). As such, developing cost-effective strategies to sample and monitor wildlife is 

essential to the long-term success of any conservational efforts. Camera trapping has 

proven to be a popular noninvasive cost-effective method to survey wildlife populations 

over large areas (Rich et al., 2014). 

When individually identifying animals is not possible, site occupancy – the proportion 

of sites occupied by a given species – represents a reliable and cost-effective method to 

gather information on state and change, which can be extremely useful for the 

development of long-term multispecies monitoring programs (Connell et al., 2006). 

According to this model, site occupancy is correlated with population size, and therefore 

population status could be assessed by detecting/non-detecting changes in occupancy 

estimates. 

In this study, camera trapping data was used to evaluate species site occupancy – 

specifically, jaguar prey – before and after Brazil nut collection, in order to assess the 

impact of this activity on this wildlife community, and particularly on jaguars, with the 
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ultimate goal of providing data for future conservation programs, which can be essential to 

the long-term management of these species, and also to the Brazil nut harvesting. 

2.3. STUDY AREA 
The Tacana II territory is located in the southwestern Amazon, in the northmost part 

of the Department of La Paz, adjacent to Madidi National Park and the Manuripi Reserve 

– two vital protected areas in the Bolivian Amazon – in the province of Abel Iturralde, 

municipality of Ixiamas. The territory encompasses four communities: Las Mercedes, 

Puerto Pérez, Toromonas and El Tigre, and is located alongside the rivers Madre de Dios, 

Asunta and Toromonas. Most of the territory consists of Amazonian terra firme, and this is 

the home of the last natural great Amazonian savannas, known as Pampas del Heath. 

Here, typical Amazonian wildlife species occur, such as the jaguar (Near Threatened), 

giant otter (Pteronura brasiliensis; Endangered), pacarana or Count Branick’s rat 

(Dinomys branickii; Vulnerable), white-fronted capuchin monkey (Cebus albifrons, Least 

Concern), Madidi titi monkey (Callicebus aureipalatii, Least Concern) and black caiman 

(Melanosuchus niger, Least Concern); and also rare species, as the maned wolf 

(Chrysocyon brachyurus; Near Threatened) and marsh deer (Blastocerus dichotomus; 

Vulnerable). The Tacana people are guardians of 343 000 ha of this section of Amazonian 

forest and savanna, which constitutes them major stakeholders, being extremely 

important for them to be supported to manage and protect their territory. Here, the Brazil 

nut harvest (the fruit of Bertholletia excelsa) represents a major source of income for local 

people, who also take part in subsistence agriculture, hunting and fishing. 

This study was developed in the territory belonging to the community of Toromonas 

(12º22’01’’S 68º13’32’’W), which is located by the river Toromonas, a tributary of the river 

Madre de Dios (Figure 2.1.). This community mainly consists of people that migrated from 

nearby cities, such as Cobija and Riberalta, especially in the 90s, and settled there in 

order to exploit the Brazil nut. 
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Figure 2.1. Location of the study area. 

 

According to the Mancomunidad de Municipios del Norte Paceño Tropical 

(MMNPT), the climate in the municipality of Ixiamas is classified as tropical monsoon, with 

an annual average temperature of 27°C (maximum in October and December: >33°C; 

minimum in July: 23°C), with a pronounced dry season from April to October and rainy 

season from November to March (February experiencing the highest level of precipitation, 

307mm). 

2.4. METHODS 

DATA COLLECTION 
 

Sampling was divided into two stages: one before the Brazil nut collection, and one 

after this activity ceased. Before the nut collection took place (18th-20th October 2015), a 

total of 34 infrared and white flash cameras (26 Cuddeback C model and 8 Bushnell 

Trophy Cam) was set along 34 established locations (Figure 2.2.). The cameras operated 

continuously for approximately 37 days, having been retrieved between 25-28th November 

2015. The method was repeated a few months later, after the cessation of the Brazil nut 

collection period. The second sampling phase took place during two periods: April-May 

and June-July, where cameras were set from the 14th-15th April to the 30th May, and then 

rotated to other locations on the second period (14th June to 26th July) to facilitate greater 

spatial coverage (Figure 2.3.). In this case, since 6 more cameras were available, two 

camera traps were placed per camera station in order to increase detection probability 
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(Negrões et al., 2012). In that case, cameras were placed facing each other and could 

capture both flanks of the animals, and as a safeguard against camera malfunction. Also, 

14 new stations were placed. To avoid flash interference, camera pairs were placed with a 

slight lateral offset (Karanth, 1995). Cameras were placed in specific areas in order to 

maximize the number of animals photographed, such as near human trails/roads, 

riverbeds and salt licks. Cameras were retrieved for the last time on the 26th July. The 

survey’s total effort (the sum of all trap nights – the number of days a single 

camera/camera duo was operational – over all cameras) was 3000 trap nights over 49 

locations.  

 
Figure 2.2. Camera location during the first sampling session. 
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Figure 2.3. Camera location during the last sampling session. 

 

Before camera placement, vegetation around attachment points was cleared in 

order to have a clear field of view. Cameras were then tightly strapped to trees 

approximately 30-60 cm above ground (Figure 2.4.) and at least 2 m from the trail were 

the animals where expected to stroll, preferably so that the camera was perpendicular to 

the expected animal travel path. Cameras were programmed to take one (all white flash 

cameras) or 3/5 photographs (in the case of infrared cameras; depending on the model) 

with a 5-minute interval, after movement/heat detection. Most cameras were programmed 

to function 24h per day and recorded time and date. However, some cameras were 

positioned under direct sunlight and thus were programmed to work only during the night, 

in order to avoid triggering the sensor due to sunlight, instead of animal presence. Some 

cameras from the first trapping session exhibited rust damage both on the outer case and 

inside the batteries’ compartment. Therefore, for the second session, a hard-plastic cover 

was placed over the camera top, so that water (e.g. from rain) would not fall directly onto 

the camera; additionally, a tampon was positioned inside the batteries’ compartment 

(replacing two of the eight batteries) in order to absorb humidity.  Insecticide was sprayed 

onto the cameras to avoid damage from insects, such as ants, that nibbled the rubber 

cover on the first trapping session. 
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Figure 2.4. Camera settlement (focus on the strapping and insecticide spraying). 

 

Cameras were placed less than 1 km apart, so that the trapping area was contained 

within the limits of the community, in order to avoid the risk of having cameras stolen by 

people outside of the community. As a result, cameras could be safeguarded by members 

of the community during the sampling period.  

Camera settings were verified before placement, such as date, time, camera and 

memory card number, and photo settings. After each camera was placed, notes were 

taking regarding the placement date, location (brief description of the site and coordinates 

retrieved from a GPS receiver), camera and memory card number, and people 

responsible for placing the camera.  

After retrieving the cameras between periods, camera funcionality was verified, 

batteries were changed and memory cards were formatted (after downloading the 

information to a hard drive) before placing the cameras at the next locations.  

Human traffic was also recorded (villagers on foot or on motorbikes), as well as 

domestic dogs. 

DATA ANALYSIS 
As for data analysis (comparison of both collection periods), only those camera 

locations which were sampled during both periods were taken into account (a total of 34 
locations).	
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Animal detections and relative abundance indexes (RAIs – the number of 

photographs of a given species per 100 trap nights) were reported for each species over 

all camera stations, as well as for human activity. Animal detections were considered 

independent if photos of conspecifics were taken at least 1h apart. Also, if one photograph 

exhibited more than one individual of the same species, only one detection for the species 

was counted.  

Occupancy was modeled following the maximum likelihood statistical approach by 

MacKenzie et al. (2002) in program PRESENCE v11.7 ((Proteus Wildlife Research 

Consultants, Dunedin, New Zealand; http://www.proteus.co.nz). The single-season model 

used for this purpose considers two fundamental processes: occupancy and detection. 

Occupancy (ψ) denotes the probability of a sample unit being occupied by the target 

species, whereas detection (p) denotes the probability of encountering the target species 

on a specific journey to that same sample unit. Although there are no false detections 

(misidentification of species), false absences could occur (in the case of a species being 

present but not detected). Therefore, factors that may influence occupancy were also 

evaluated to correct eventual detection issues. These factors include: the distance from 

camera sites to the River Toromonas and the community itself, and reported human 

activity (derived from the combined RAIs of people on foot or on motorbikes, as well as 

domestic dogs’), in addition to season (before and after nut collection). As for factors that 

may influence detection probability, selected factors include the trapping effort (since 

there were differences in trapping effort due to camera malfunction or logistical issues) 

and number of cameras per camera station (one or two). To distinguish occupancy from 

detection, repeated journeys within the season are required. In order to achieve this, 

camera-trapping duration at each camera station was divided into 8-day segments and 

detection histories were created following the instructions of Otis et al. (1978). A species 

was considered ‘detected’ if photographed, or ‘not detected’ otherwise.  

A combination of models was fitted for each target species and models were ranked 

in terms of Akaike’s Information Criterion (AIC; Akaike, 1974), a measure of relative model 

quality. ΔAIC is the relative difference in AIC values between each model and the top-

ranked model (most suitable models have a ΔAIC value <2, which represent the models 

with lowest information loss; the best model has the lowest ΔAIC score). Akaike weights 

represent the relative likelihood of a model (the probability of a model being the most 

adequate model) (Burnham and Anderson, 2002). 
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2.5. RESULTS 
Over all camera stations, a total of 17892 photographs and 1526 videos was 

produced, having been identified 40 animal species (25 mammals, 14 birds and one 
reptile; Table 2.5.1.). 

Most frequently detected species include the Central American agouti, red brocket, 

spotted paca, collared peccary and South American tapir (Table 2.5.2.; Figure 2.5.), 

which are also commonly hunted for food (by people and jaguars). Detecting the giant 

armadillo, giant anteater, pacarana, South American tapir, grey tinamou and white-

throated toucan is especially important, since all these species are considered vulnerable 

to extinction by the IUCN, as well as the green-thighed parrot, currently classified as 

endangered (IUCN, 2016). 

Central American agoutis occupied the largest proportion of sites, exhibiting an 

approximate 80% occupancy rate, followed by collared peccaries (which occurred at 

~73% of sites), jaguars (~67%), ocelots (~60%), spotted pacas and red brockets (~55%), 

and spix’s guans (54%) (Table 2.5.3., Figure 2.6.). South American tapirs and pumas 

exhibited the lowest occupancy rates (~37 and ~26%, respectively). Detection was 

highest for Central American agoutis (p=0.65), red brockets (p=0.44) and South American 

tapirs (p=0.42), and lowest for pumas (p =0.14), jaguars (p=0.18) and spix’s guans 

(p=0.22). 

 

Table 2. 5. 1. List of animal species recorded during the survey and respective Index of Relative Abundance (“-“ indicates 
the non-detection of the species; green arrows indicate a RAI increase after nut collection, red arrows indicate the opposite) 
on each sample period and conservation status (LC= Least Concern, NT= Near Threatened, VU= Vulnerable, EN= 
Endangered, DD= Data Deficient). The lizard species’ RAI is not displayed due to it having been detected in a new camera 
site. 

  

FAMILY SPECIES COMMON NAME 

 
CONSERVATION 

STATUS 

 
RAI 

IUCN 
2016 

Libro rojo de 
vertebrados 
de Bolivia 

2009 
(Ministerio de 

Medio Ambiente y 
Agua, 2009) 

Before 
harvest 

After 
harvest 

Trend 

M
A

M
M

A
LS

 Dasypodidade 

Dasypus sp. Long-nosed armadillo LC LC 0,98 0,52 ▼ 
	

Priodontes maximus Giant armadillo VU VU 0,74 0,58 ▼	

Myrmecophagidae 

Myrmecophaga tridactyla Giant anteater VU NT 0,08 0,29 ▲	

Tamandua tetradactyla Southern tamandua LC LC - 0,06 ▲	
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FAMILY SPECIES COMMON NAME 

 
CONSERVATION STATUS 

 
RAI 

IUCN 
2016 

Libro rojo de 
vertebrados de 

Bolivia 2009 
(Ministerio de Medio 

Ambiente y Agua, 2009) 

Before 
harvest 

After 
harvest 

Trend 

M
A

M
M

A
LS

 

Cebidae 
Cebus albifrons White-fronted capuchin LC LC - 0,23 ▲	

Atelidae 
Alouatta sara Bolivian red howler LC NT 0,08 0,23 ▲	

Canidae 
Atelocynus microtis Short-eared dog NT NT 0,16 1,67 ▲	

Felidae 

Leopardus wiedii Margay NT NT 0,16 0,69 ▲	

Leopardus pardalis Ocelot LC LC 1,55 2,53 ▲	

Puma yagouaroundi Jaguarundi LC  0,25 0,35 ▲	

Puma concolor Puma LC LC 0,16 0,98 ▲	

Panthera onca Jaguar NT VU 1,63 1,32 ▼	

Mustelidae 
Eira barbara Tayra LC LC - 0,17 ▲	

Procyonidae 
Nasua nasua South American coati LC LC 0,08 0,23 ▲	

Tayassuidae 
Pecari tajacu Collared peccary LC NT 8,09 5,12 ▼	

Cervidae 
Mazama americana Red brocket DD LC 22,88 8,11 ▼	

 
Mazama gouazoubira Gray brocket LC LC 0,41 0,29 ▼	

Sciuridae 
Sciurus sp. Squirrel - - 0,98 1,15 ▲	

Erethizontidae 
Coendou sp. Porcupine LC LC 1,39 1,55 ▲	

Cuniculidae 
Cuniculus paca Spotted paca LC LC 6,21 4,77 ▼	

Dasyproctidae 
Dasyprocta punctata Central American agouti LC LC 11,52 17,02 ▲	

Dinomyidae 
Dinomys branickii Pacarana VU VU - 0,06 ▲	

Tapiridae 
Tapirus terrrestris South American tapir VU VU 3,43 3,34 ▼ 

B
IR

D
S 

Columbiidae 

Geotrygon montana Ruddy quail-dove LC LC - 0,06 ▲ 

Patagioenas speciosa Scaled pigeon LC LC - 0,06 ▲ 

Patagioenas plumbea Plumbeous pigeon LC LC 0,33 0,17 ▼ 

Cracidae 

Penelope jacquacu Spix's guan LC LC 1,14 2,65 ▲ 

Mitu tuberosum Razor-billed curassow LC LC - 0,17 ▲ 
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B
IR

D
S 

FAMILY SPECIES COMMON NAME 

 
CONSERVATION STATUS 

 
RAI 

IUCN 
2016 

Libro rojo de 
vertebrados de 

Bolivia 2009 
(Ministerio de Medio 

Ambiente y Agua, 2009) 

Before 
harvest 

After 
harvest 

Trend 

Tinamidae 
Crypturellus bartletti Bartlett’s tinamou LC LC - 0,06 ▼ 

 
Tinamus major Great tinamou NT LC 0,16 0,46 ▲ 

 
Tinamus tao Grey tinamou VU LC - 0,12 ▲ 

Ramphastidae 
Ramphastos tucanus White-throated toucan VU LC - 0,06 ▲ 

Psophiidae 
 

Psophia leucoptera Pale-winged trumpeter NT LC 0,33 0,52 ▲ 

Rallidae Aramides cajanea Grey-necked wood rail LC LC - 0,29 ▼	

Falconidae 
Micrastur semitorquatus Collared forest falcon LC LC 0,08 - ▼ 

Accipitridae 
Buteogallus schistaceus Slate-coloured hawk LC LC 0,08 - ▼ 

Psittacidae 
Pionites leucogaster Green-thighed parrot EN 

 0,08 - ▼ 

R
EP

TI
LE

 

- 
-	 Lizard	 -	 -	 -	 -	 -	

 

 

 

Table 2. 5. 2. Number of independent detections of the most commonly detected species during the survey. 

 BEFORE HARVEST AFTER HARVEST TOTAL 

Central American 
agouti 

141 296 437 

Red brocket 280 141 422 

Collared peccary 99 89 188 

Spotted paca 76 83 156 

South American tapir 42 58 100 

Ocelot 19 44 63 

Spix’s guan 14 46 60 

Jaguar 20 23 43 

Puma 2 17 19 
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Figure 2.5. Resulting photographs (from top right to bottom left: red brocket (M. americana), South American tapir 

(T. terrestris), spotted paca (C. paca), collared peccary (P. tajacu), Central American agouti (D. punctata) and spix’s guan 

(P. jacquacu). 
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Table 2. 5. 3. Top-ranked models for most frequently detected species from single-season occupancy modelling. 
Covariables include human activity (“act”), survey season (before or after nut harvest; “seas”), distance to community 
(“d.community”) and distance to river (“d.river”), sample occasion (t) and number of cameras/station (“cam”). “.” Indicates a 
constant parameter. “K” is the number of model parameters. Ψ was obtained by averaging each model’s site-specific 
occupancy estimate (the same applies to detection, p). To verify each model’s goodness of fit, the c-hat is reported (c-hat 
value close to 1 indicates a robust model). “*” indicates differences are not significant. 

SPECIES ΔAIC <2 MODELS ΔAIC K -2*LL Ψ±SE p±SE 
C-

HAT 
RELATION 

Ocelot 

Ψ(act)p(cam) 0,00 4 269,09 0,60±0,10 0,28±0,05 1,1266 +/+ 

Ψ(act,d.community)p(cam) 0,24 5 267,33 0,64±0,15 0,27±0,05 1,1050 +-/+ 

Ψ(act,seas)p(cam)	 0,85 5 267,94 0,56±0,13 0,30±0,05 1,0402 ++/+ 

Ψ(act,d.community,seas)p(cam)	 1,59 6 266,68 0,60±0,16 0,29±0,05 1,0754 +-*+*/+ 

Jaguar 

Ψ(d.river)p(cam) 0,00 4 247,30 0,67±0,14 0,18±0,05 2.0829 +/+ 

Ψ(d.river,d.community)p(cam)	 1,52 5 246,82 0,67±0,16 0,18±0,05 1,8173 +-*/+ 

Ψ(d.river,seas)p(cam)	 1,97 5 247,27 0,67±0,17 0,18±0,05 2,0641 ++*/+ 

Ψ(d.river,act)p(cam)	 1,97 5 247,27 0,67±0,21 0,18±0,05 1,8138 +*+*/+ 

Puma 

Ψ(seas)p(cam)	 0,00 4 105,99 0,26±0,14 0,14±0,07 0,8284 +/+* 

Ψ(seas)p(effort)	 0,17 4 106,16 0,26±0,11 0,15±0,07 0,9535 +/+* 

Ψ(seas,d.community)p(cam)	 1,44 5 105,43 0,26±0,14 0,14±0,07 0,7587 +-*/+ 

Ψ(seas)p(cam,effort)	 1,51 5 105,50 0,26±0,12 0,13±0,08 0,9184 +/+*+* 

Ψ(seas,d.community)p(effort)	 1,84 5 105,83 0,26±0,13 0,15±0,07 0,7173 +-*/+* 

Ψ(seas,d.river)p(t,cam)	 1,94 5 105,93 0,26±0,14 0,14±0,07 0,8163 +-*/+* 

South 

American 

Tapir 

Ψ(act,seas)p(t) 0,00 9 216,51 0,37±0,10 0,42±0,10 1,3013 -+/-+-*-*-+ 

Ψ(act,seas,d.river)p(t) 0,57 10 215,08 0,38±0,10 0,41±0,10 0,9118 -+-/-++*-*-- 

Ψ(act,seas,d.community)p(t) 0,87 10 216,38 0,37±0,10 0,42±0,10 1,4128 -+-*/-++*-*-- 

Collared 

peccary 

 

Ψ(act)p(cam) 0,00 4 361,00 0,72±0,09 0,37±0,05 1,3446 -/- 

Ψ(.)p(cam)	 0,80 3 363,80 0,72±0,07 0,35±0,05 1,3682 0/- 

Ψ(act,seas)p(cam)	 0,80 5 359,80 0,74±0,11 0,37±0,05 1,2476 -+/- 

Ψ(seas)p(cam) 1,37 4 362,37 0,74±0,10 0,37±0,05 1,3043 +/- 

Ψ(act,d.community)p(cam) 1,87 5 360,87 0,72±0,11 0,37±0,05 1,3729 --*/- 

Ψ(act,d.river)p(cam) 1,99 5 360,99 0,72±0,10 0,37±0,05 1,2891 -+*/- 
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SPECIES 
ΔAIC <2 MODELS ΔAIC K -2*LL Ψ±SE p±SE 

C-

HAT 
RELATION 

Red 
brocket 

Ψ(act,d.community,seas)p(cam) 0,00 6 286,08 0,55±0,12 0,44±0,05 1,0324 -++/- 

Ψ(act,d.community)p(cam) 0,56 5 288,64 0,55±0,10 0,44±0,05 1,0849 -+/- 

Ψ(act,d.community,d.river,seas)p(cam) 0,93 7 285,01 0,55±0,10 0,44±0,05 1,0003 -+-+/- 

Ψ(act,d.community,d.river)p(cam) 1,16 6 287,24 0,55±0,12 0,44±0,05 1,0669 -+-/- 

Central 
american 

agouti 

Ψ(seas,d.river,d.community)p(cam) 0,00 6 394,11 0,79±0,09 0,65±0,04 1,1107 ++-/+ 

Ψ(seas,d.river,d.community)p(effort) 0,02 6 394,13 0,80±0,09 0,65±0,04 1,1923 ++-/+ 

Ψ(seas,d.river,d.community)p(cam,effort) 0,19 7 392,30 0,80±0,09 0,65±0,05 1,1461 ++-/++ 

Ψ(seas,d.river)p(effort) 0,63 5 396,74 0,80±0,08 0,65±0,04 1,1537 ++/+ 

Ψ(seas,d.river)p(cam) 0,76 5 396,87 0,79±0,08 0,65±0,04 1,1131 ++/+ 

Ψ(seas)p(effort) 0,84 4 398,95 0,80±0,07 0,65±0,04 1,1901 +/+ 

Ψ(seas,d.river)p(cam,effort) 9,87 6 394,98 0,80±0,08 0,65±0,05 1,1123 ++/++ 

Ψ(seas)p(cam) 1,02 4 399,13 0,79±0,07 0,65±0,04 1,0783 +/+ 

Ψ(seas)p(cam,effort) 1,09 5 397,20 0,80±0,07 0,65±0,05 1,1084 +/++ 

Spotted 
paca 

Ψ(act)p(t) 0,00 8 298,61 0,55±0,11 0,38±0,09 1,2759 -/--*+--- 

Ψ(act,d.river)p(t) 0,78 9 297,39 0,55±0,11 0,38±0,09 1,2477 --/--*+--- 

Ψ(act,seas)p(t) 0,86 9 297,47 0,55±0,12 0,38±0,09 1,2247 -+/--*+--- 

Ψ(act,d.river,seas)p(t) 1,59 10 296,20 0,55±0,12 0,38±0,09 1,2118 --+/--*+--- 

Ψ(act,d.community)p(t) 1,78 9 298,39 0,55±0,12 0,38±0,09 1,2876 --*/--*+--- 

Spix’s 
guan 

Ψ(seas,act,d.community)p(cam) 0,00 6 159,79 0,53±0,05 0,22±0,04 1,5790 +--/- 

Ψ(seas,act,d..community,d.river)p(cam) 0,68 7 155,47 0,54±0,06 0,22±0,04 1,6828 +--/- 

Ψ(seas,act,d.river)p(cam) 1,86 6 158,65 0,54±0,07 0,22±0,04 1,5680 +--/- 
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Figure 2.6.  Occupancy and detection estimates obtained in program PRESENCE for each target species (based on the 
most parsimonious model (lowest ΔAIC value)). 

 

2.6. DISCUSSION 
	

Mammal species that exhibited a marked decrease in RAIs after the nut collection 

period were those most susceptible to hunting pressure, such as the red brocket (RAI 

decreased 65% after the nut collection period), long-nosed armadillo (47%), collared 

peccary (37% decrease), gray brocket (29%), spotted paca (23%), giant armadillo (22%) 

and tapir (3%), as well as the jaguar (19%). Species with a sharp increase in RAIs after 

the nut collection period include the short-eared dog (944% increase), puma (512,5%), 

South American coati (187,5%), spix’s guan (118%) and ocelot (63%). To harvest the 

Brazil nut, workers need to move deep into the forest during the harvesting season. Here, 

they fully rely upon forest resources, and meat is often the most desirable source of 

protein. So, humans not only disturb wildlife by conducting tasks relative to the harvest, 

but also by hunting, which could explain the marked RAI decrease in these species in 

particular.  

For each of the target species, the top-ranking models included site-specific 

covariables that influenced both occupancy and detection. As such, ocelots, jaguars, 

agoutis and, to a certain extent, pumas, were more likely detected on trapping sites that 

had two cameras operating simultaneously, as reported by Negrões et al. (2012). On the 

contrary, collared peccaries, red brockets and spix’s guans seemed to avoid these 

locations, perhaps due to perceiving the cameras as threats (camera sounds and light 

could scare the animals, as reported by Meek et al. (2014)). Also, collared peccaries and 

red brockets were more commonly found in salt licks (as opposed to trails), locations 
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where only one camera per station was applied, which could also be the reason behind 

these species’ higher occupancy in locations where only one camera was present. 

Seasonality affected all species’ occupancy, as this was a reoccurring factor in all 

target species’ top ranking models. The period following the nut extraction exhibited a 

higher proportion of occupied sites by all target species. These data combined with RAI 

data could reveal a tendency for the animals to be more dispersed, occupying a larger 

proportion of sites (hence the positive correlation with this period), as opposed to 

increasing in number. This could be explained by the fact that when people migrate to the 

forest and establish there to collect the Brazil nut, they act as a disturbance and could 

force the animals to migrate to areas previously unknown to them, to avoid that source of 

disturbance. This is particularly valid for hunted species, but also for species sensible to 

human presence.  

Human activity was an important factor present on most species’ top ranking 

models. Tapirs, peccaries, red brockets, spotted pacas and spix’s guans all reacted 

negatively to human presence. This could be explained since all these species are 

frequently shot on site (for consumption). The ocelot was the only case where its 

occupancy was positively correlated with human activity, which could be explained by the 

fact that these animals often successfully steal and eat poultry kept by people and 

therefore might try to be closer to them, or look for their presence. Also, since the ocelot is 

not commonly hunted or shot on site, this species could exhibit a higher tolerance to 

human presence. Jaguar occupancy was also positively affected by human activity, 

although not significantly, which might occur due to the fact that jaguars often roam on 

human made trails, that people also use. 

As for the distance covariables, tapirs, red brockets, spotted pacas and spix’s 

guans occupied more riverine locations, as opposed to collared peccaries, agoutis, and 

jaguars. Although the distance to the community was a frequently found covariable on top 

ranking models (with a negative correlation, except with the red brocket, whose 

occupancy estimates were higher on further locations), on most cases, differences found 

were not significant (except in the cases of ocelots, agoutis and spix’s guans). Also, after 

the cessation of the nut collection, seismic tests were being planned in the surroundings 

of the community by an oil and gas company, which could have also acted as a source of 

disturbance, forcing the animals to move to areas closer to (or further away from) the 

community. 
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As hypothesized, these results indicate that extensive human activity in the forest, 

such as required by the Brazil nut harvesting, could be detrimental to wildlife and could 

cause shifts in animal’s habitat distribution patterns. Even though this anthropogenic 

disturbance could have a negative impact on wildlife, biodiversity in the area is still high, 

with 40 animal species having been identified during the survey. Therefore, urgent action 

is needed to avoid the loss of these species (especially the ones most vulnerable to 

extinction, such as the giant armadillo and South American tapir which are frequently 

hunted for food, and the jaguar, recurrently shot on site). This is particularly important to 

jaguar conservation, since most of these species are jaguar’s elected prey, and a 

decrease in their abundance would directly affect jaguars. 

This research could be an important starting point to develop and implement 

conservation plans with the ultimate purpose of maintaining local (and global) biodiversity, 

which benefits not only the species involved, but also those who directly exploit and rely 

upon forests and respective resources for their livelihoods, and mankind in general. 
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3. CONCLUSION 

	

The main purpose of this research was to evaluate the Brazil nut harvesting impact 

on local wildlife communities and provide data for future conservation efforts. Obtained 

results suggest a negative relation between human presence/activity and wildlife. Most 

villagers take part in the nut’s harvesting, as this activity constitutes their main source of 

income, and therefore human presence in the forest is pronounced during the collection 

period. In addition, as people are confined to the forest, they exclusively rely upon its 

resources, and hunting plays an essential role in their livelihoods. This could be the 

reason behind hunted species’ particular sensitivity to human presence and activity. 

Although not being hunted for food, according to local villagers, jaguars are commonly 

killed as an act of bravery or simply as a fear-related reaction. Thus, human 

activity/presence could have a direct and indirect impact on jaguars (by direct persecution 

or by prey depletion, respectively). 

Animals can cope with this anthropogenic disturbance by shifting their habitat 

distribution patterns, such as being forced to actively move within an area. This could 

explain why every target species exhibited a positive relation between occupancy and the 

period following the nut collection, and at the same time a negative relation with human 

activity and decreased RAIs in that same period (as opposed to the period before the nut 

collection).  

A high species diversity was reported, nevertheless. The detection of threatened 

species is of particular importance and efforts should be made in order to guarantee those 

species’ persistence. 

Camera trapping has once more proved to be a successful method for obtaining 

occupancy estimates, and could rather effortlessly be applied to a wider area, depending 

on resource availability, which would be useful for monitoring programs at a landscape 

level. Nonetheless, these data are useful to understanding habitat-species interactions 

and could be the basis of helpful monitoring tools. 

Education of those involved in the Brazil nut collection (and activities as such), 

who highly depend of forests and their resources (such as indigenous communities), is of 

vital importance to decrease this activity’s impact (and human impact in general) on 

wildlife. Furthermore, local communities’ active involvement in management and 
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conservation efforts should be encouraged, as it can be crucial to those efforts’ long-term 

success. 
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