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The vectors represent the following habitat-structure variables: CANOPY = canopy cover,



DBH = tree diameter, TREES = tree abundance, PALMS = palm abundance, and FRUITS =

biomass of fruits available on the ground.
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RESUMO
Mamiferos de grande porte sdo vulneraveis a extingdo e respondem diretamente a gradientes
ecoldgicos ao longo da floresta e a intensidade dos produtos florestais utilizados pelas
populagdes humanas. Neste estudo, avaliamos os efeitos da estrutura da floresta e do
historico de ocupagdo humana na composi¢do das assembleias de mamiferos de médio e
grande porte na floresta de terra-firme do Parque Nacional de Anavilhanas, um dos mais
oligotroficos ecossistemas amazonicos. Os censos dos mamiferos foram executados ao longo
de 11 transectos lineares de 4 km, seis deles localizados em areas com histérico passado de
ocupac¢do humana, cessado desde a criacdo da unidade de conservacdo (ha 30 anos), e 4 deles
localizados em areas onde ndo ha registro de histdrico de ocupagdo humana. Detectamos 469
individuos de 26 espécies durante os censos diurnos e noturnos, e 11 espécies adicionais fora
dos transectos. O histérico de ocupacdo humana esteve consideravelmente relacionado aos
componentes da estrutura da floresta. A biomassa de frutos, a cobertura do dossel e o
tamanho das arvores apresentaram forte associa¢do com areas ndo habitadas, e influenciaram
a estrutura das assembleias de mamiferos. Uma relagdo direta entre a categoria de dieta e 0
tamanho das espécies foi observada. Grandes frugivoros-herbivoros e carnivoros estiveram
mais associados com &reas com maior biomassa de frutos, arvores de maior porte e maior
cobertura do dossel. Por sua vez, pequenos frugivoros-onivoros arboricolas estiveram mais
associados com areas de dossel mais aberto e arvores de menor porte. Este estudo indicou que
os efeitos do historico de ocupagdo humana na estrutura da floresta ainda sdo evidentes trés
décadas apos a desocupacgédo dos moradores locais do Parque Nacional de Anavilhanas. Este
efeito de longo prazo pode ser explicado pela baixa resiliéncia dos ambientes de Anavilhanas,
demonstrando a fragilidade das assembleias de mamiferos frente as alteracdes antropogénicas

nos ecossistemas oligotroficos da bacia do Rio Negro.



INTRODUCAO GERAL

Os mamiferos possuem varias caracteristicas peculiares que os tornam relevantes na
conservacdo dos ecossistemas e biomas em que ocorrem. Estas espécies sdo importantes
dispersores de sementes, auxiliam no processo sucessional da floresta e comumente figuram
como espécies bandeiras em atividades de educacéo e sensibilizacdo ambiental (Eisenberg et
al., 1979; Gittleman et al., 2000; Normandie, 2002; Cullen et al., 2003).

Uma das abordagens centrais dos estudos ecoldgicos e de diversidade é entender a
distribuicdo, riqueza e abundancia das espécies e 0S mecanismos que geram 0s padrdes
observados (Begon et al., 2005), porém este conhecimento ainda é escasso (Wilson, 1997),
principalmente nas regides tropicais, onde existem muitas areas ndo estudadas (Myers, 1997).

As espécies nao se distribuem aleatoriamente, sendo que fatores ambientais podem
determinar ndo sé os limites da distribuicdo, mas também a composicdo ou abundéncia das
comunidades (Martin et al., 2001; Silva et al., 2005).

A estrutura da floresta € o arranjo espacial e temporal dos elementos de um sistema,
como a abertura do dossel, o diametro e densidade das arvores, abundancia de palmeiras, ou
ainda a disponibilidade de frutos e sementes. Cada um destes fatores da estrutura estd
fortemente relacionado a processos ecoldgicos na floresta, como a producdo e decomposi¢édo
de matéria organica, crescimento primario de plantas, migracdo de espécies, entre outros.
Estes atributos do ambiente podem afetar direta ou indiretamente a composicdo das
comunidades, a abundancia das populacdes e a ocorréncia das espécies (Franklin, 1988;
Noss, 1990, 1999; Franklin et al., 2002).

O conhecimento sobre quais e como os fatores da estrutura da floresta influenciam na
ocorréncia e abundancia das espécies de mamiferos ainda é incipiente, sendo a maioria destas
pesquisas com primatas (Rylands, 1986; Peres, 1992, 1993, 1997; Rylands e Faria, 1993;

Kasecker, 2006; Vidal e Cintra, 2006).
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Os limites de distribuicdo geografica das espécies sdo muitas vezes dificeis de serem
identificados (Taylor e Taylor, 1979; Cerqueira, 1985). O conhecimento da relacdo da
estrutura da floresta com as populacdes de mamiferos pode ser, portanto, mais importante do
que o proprio limite da distribuicdo das espécies, ja que ele permite a construcdo de modelos
preditivos que auxiliem atividades de conservacdo, possibilitando o estudo das mudancas na
distribuicdo geogréafica e a resposta das populacdes de mamiferos as alteracdes antropicas em
cenarios pretéritos e futuros (McElhinny, 2002; Grelle e Cerqueira, 2006; Kasecker, 2006).

O Parque Nacional de Anavilhanas (PARNA Anavilhanas) é uma Unidade de
Conservacdo Federal de Protecdo Integral localizada no Baixo Rio Negro, no Estado do
Amazonas e considerada pela Unesco como um Sitio do Patriménio Natural da Humanidade.
Compdbe também o Corredor Ecoldgico Central da Amazonia (IBAMA, 2002). Anavilhanas
esta inserida no platé das Guianas, em regido extremamente oligotrofica, sugerindo que seus
ecossistemas sdo mais sensiveis a impactos antropicos e menos eficientes na regeneragéo e
recomposicdo natural em comparacdo com outros ecossistemas amazonicos (Goulding,
1988).

Apesar de sua relevante oligotrofia, o Parque Nacional de Anavilhanas recebe
importante carga de sedimentos e nutrientes, sobretudo em sua margem esquerda,
provenientes de um Unico rio em especial: 0 Rio Branco, localizado a montante da unidade de
conservacdo. Destarte, a contribuicdo do Rio Branco para os ecossistemas oligotroficos de
Anavilhanas é imprescindivel para a estruturacdo de uma série de processos ecoldgicos
responsaveis pela manutencdo da diversidade local. A retomada do projeto de construgédo da
Usina Hidrelétrica do Bem Querer no Rio Branco poderar reduzir drasticamente os regimes
de vazéo e o aporte de sedimentos ao Parque Nacional de Anavilhanas, tornando ainda mais

sensiveis 0s ambientes de terra-firme desta unidade de conservacao.
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A vegetacdo de Anavilhanas € alvo de atividades ilegais, principalmente nas ilhas. Na
terra-firme, area de estudo deste trabalho, a extracdo madeireira ocorria com maior
intensidade antes da criacdo da Unidade de Conservacdo, quando havia ocupacdo humana de
baixa densidade em algumas pequenas comunidades. Hoje, a extracdo seletiva de madeira no
interior da area de terra-firme do Parque é inexpressiva. No entanto, considerando a
fragilidade dos ecossistemas de Anavilhanas, ndo ha conhecimento disponivel elucidando se
0s impactos gerados pela ocupagdo humana antes da criacdo da unidade de conservacéo,
ainda que de reduzida expressividade, permanecem relevantes na configuracdo da estrutura
da floresta e na composicao das assembleias de mamiferos.

Com a recém categorizacdo de Anavilhanas para Parque Nacional, o 6rgdo gestor
deverd estruturar a Unidade de Conservacdo para a atividade turistica educativa e recreativa.
Assim sendo, sera necessario elaborar um novo zoneamento com regras especificas de uso.
Esta nova perspectiva de gestdo, deixa mais flexivel o uso publico do territorio do PARNA
Anavilhanas, podendo este afetar também a mastofauna local.

O conhecimento atual sobre os mamiferos de Anavilhanas é superficial (IBAMA,
2002). A revisdao do Plano de Manejo desta area teve inicio em 2008, e dessa forna o
conhecimento maior sobre as espécies de mamiferos que ocorrem na regido e dos fatores que
afetam a composicdo das comunidades e a ocorréncia das espécies € oportuno, podendo
subsidiar a tomada de decisdo para conservacdo e o manejo da mastofauna nesta UC e no
Baixo Rio Negro.

A anélise da relacdo entre os imapctos pretéritos da ocupacdo humana na estrutura da
floresta e atual composicdo das assembleias de mamiferos poderd qualificar o grau de
sensibilidade dos ecossistemas locais as alteracdes antrdpicas, auxiliando o 6rgdo gestor da
unidade de conservagcdo em processos de licenciamento ambiental, gestdo socioambiental

junto as comunidades ribeirinhas e na estruturagdo do uso publico em Anavilhanas.
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Inicio o trabalho com esta Introducdo Geral e, em seguida, apresento dois Capitulos
em formato de artigo cientifico. Descrevo, no primeiro Capitulo, o papel da estrutura da
floresta e da ocupagdo humana na composicdo de espécies de mamiferos de médio e grande
porte. Sendo este o primeiro estudo com mamiferos terrestres nesta Unidade de Conservacao,
buscamos também avaliar a hora-atividade dos mamiferos de médio e grande porte e analisar
a relacdo entre a estrutura da floresta e a detectabilidade das espécies, com o fim de
disponibilizar informacdes relevantes para furutors estudos com os mamiferos no PARNA de
Anavilhanas. Finalizo a dissertacdo com minhas ConsideracGes Finais sobre o presente

estudo.
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CAPITULO |

THE ROLE OF FOREST STRUCTURE AND HUMAN OCCUPATION IN
STRUCTURING MAMMAL ASSEMBLAGES IN OLIGOTROPHIC
ECOSYSTEMS OF CENTRAL AMAZONIA.
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ABSTRACT

Large mammals are vulnerable to extinction, and respond directly to ecological gradients
within the forest and to the intensity of forest product use by humans. In this study, we
evaluated the effects of differences in forest structure and human occupation history on the
composition of medium- and large-sized mammal assemblages of the terra-firme forests of
the Anavilhanas National Park, one of the most oligotrophic Amazonian ecosystems.
Mammal surveys were conducted along 11 linear transects of 4 km, six of which were located
in areas once inhabited by people and managed until the year that the park was created (over
30 years ago), and five in areas that were not inhabited at that time. We detected 469
individuals of 26 species during diurnal and nocturnal sampling, and 11 additional species
outside transects. Human occupation history was considerably related to forest structure
components. Fruit biomass, canopy cover, and tree size were strongly associated with
uninhabited areas, and influenced the structure of mammal assemblages. A direct relationship
between diet category and species size was observed. Large frugivore-herbivores and
carnivores were more closely associated with areas with more fruit, larger trees, and greater
canopy cover. In contrast, small arboreal frugivore-omnivores associated more closely with
open canopy and smaller trees. Our study indicated that the effects of human occupation
history on forest structure are still evident three decades after the removal of local people
from the Park. This long-term effect can be explained by the low resilience of the
Anavilhanas environments, demonstrating the fragility of mammal assemblages in face of
anthropogenic variation in forest structure in the oligotrophic ecosystems of the Negro River

basin.

Keywords: Amazonia, Anavilhanas, forest structure, large mammals, oligotrophic

ecosystem, protected area.
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INTRODUCTION

Amazonian rainforests support 427 species of non-flying mammals, 350 of which
occur in Brazilian Amazonia, representing almost 70% of the country’s mammals (Reis et al.
2008). Of these, 20 are on the Brazilian List of Threatened and Endangered Fauna, 19 of
which are medium or large in size (Machado et al. 2008). The main threats to these species
are hunting and intensive human use of the forest for agriculture, cattle grazing, mining,
urban infrastructure, and forestry (Costa et al. 2005).

Larger mammals are generally more vulnerable to extinction than smaller ones,
because they have greater energetic demands, longer gestation periods, and fewer offspring,
which lead to low densities and reduced resilience to hunting and habitat degradation (Mace
& Balmford 2000, Grelle 2005). Additionally, greater meat yields make them preferred game
for humans (Alvard et al. 1997, Bodmer et al. 1997).

Even with increasing threats and the importance of Amazonia as a stronghold for a
wide diversity of mammals, few areas within this region have been well studied (Voss &
Emmons 1996, Patton et al. 2000). Most research effort on mammals has been done south of
the Amazon River and along some of its tributaries, usually near large urban centers. The
largest of all in discharge, the Negro River, has been little sampled (Trolle 2003).
Furthermore, most of these studies have focused on primates and diurnal sampling (Rylands
1986, Peres 1993, 19974, b, Rylands & Faria 1993).

The lack of knowledge regarding most species in the region complicates conservation
and management initiatives for mammals and their natural habitats alike (Noss 1990, 1999,
Lindenmayer et al. 2000), principally in protected areas, one of the most important
government strategies for biodiversity conservation in Brazilian Amazonia (Sanchez-

Azofeifa et al. 1999, Mittermeier at al. 2005).
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In Amazonian protected areas, most land management decisions are made at a 10 -
100 km scale (mesoscale), where large-scale environmental factors do not vary much (Costa
et al. 2005, 2008; Kinupp & Magnusson 2005, Jones et al. 2006). Nevertheless, assessing the
effects of environmental factors that vary at this scale could assist in devising conservation
strategies for these protected areas. Forest structure components vary at a mesoscale (Lahde
et al. 1999, Costa et al. 2008), and describe the spatial arrangement of the elements of a
forest system, such as canopy cover, tree spacing and diameter, and palm density (Franklin
1988, Noss 1990, 1999). These structural factors are directly related to the ecological
processes of the forest relevant for mammals, such as food production, availability of shelter
from predators, and adequate places for reproduction, locomotion, and foraging (Franklin et
al. 2002). Historical disturbances in forest structure caused by anthropogenic impacts can
alter ecological conditions (Fetcher 1985), changing ecological dynamics in ways that
directly or indirectly influence mammal species or assemblages in Amazonia (Lambert et al.
2006, Parry et al. 2007).

Forest structure variables are easy to measure, have been used as indicators of habitat
quality or diversity (Hunter 1999), and can contribute to the formulation and refinement of
mammal conservation initiatives (Spies 1998), including those designed for endemic and
threatened species (Peres 1997b). A better understanding of the relationship between
medium- and large-sized mammals and forest structure components could enable the
development of inferential models of variation in mammal species composition in ecological
gradients, and the prediction of these assemblages' behavior in face of anthropogenic
alterations in previous or future scenarios (McElhinny 2005). This knowledge could
contribute to the management of Amazonian protected areas, especially those located in
oligotrophic ecosystems with low resilience, such as the Anavilhanas National Park, in the

Negro River basin, Central Amazonia (Goulding et al. 1988).
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The Anavilhanas National Park's soils are extremely acidic and among the poorest in
the Amazonian basin (Boubli 2005). Fruit availability is quite seasonal, with a long period of
scarcity, and there is an overall low availability of fleshy fruits, leading to low densities of
large mammals (Goulding 1980, Boubli 2005). Plants of these oligotrophic ecosystems invest
heavily in chemical defenses (secondary compounds), such as tannins and alkaloids,
influencing food availability for consumption by mammals (Janzen 1974). The history of
anthropogenic impacts on forest structure can severely worsen conditions that are already
adverse for vertebrates in oligotrophic ecosystems (Goulding et al. 1988), probably
generating long-term effects on mammal assemblages

In this study, we provide the first published list of medium- and large-sized mammals
of the Anavilhanas National Park, and evaluate how their assemblages are influenced by the
history of occupation and management of the forest by local people, and by the following
forest structure parameters: (1) canopy openness, (2) diameter of larger trees, (3) number of
trees, and (4) number of palms. Due to the seasonality and low density of fleshy fruits in the
Anavilhanas terra-firme forest (Boubli 2005), mammals might be strongly attracted to trees
producing fleshy fruits or keystone resources (Haugaasen & Peres 2007). Therefore, we
included biomass of fallen fleshy fruits in the analysis to assess the partial effects of forest

structure and human occupation on the assemblages of medium- and large-sized mammals.

METHODS

Study area

The Anavilhanas National Park (ANP) is a protected area covering 350,018 ha,
located on and around the Negro River, Central Brazilian Amazonia, and managed by the

Chico Mendes Institute of Biodiversity Conservation. The park is 40 km distant from the city
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of Manaus, Amazonas, Brazil (03°03'13" S, 60°25'15" W), and extends nearly 130 km
upstream along the Negro River (02°08'06" S, 61°09'01" W), encompassing approximately
140,000 ha of terra-firme (upland) forest and one of the largest fluvial archipelagos in the
world, composed of hundreds of lakes and islands covered with freshwater swamp forests
(Fig. 1). The ANP is the most visited park of Central Amazonia, and the relative proximity to
major urban areas, namely, Manaus and Novo Airdo, makes it vulnerable to anthropogenic
disturbance.

Mean annual temperature at Anavilhanas is 25° C, and rainfall is about 2500 mm/year
(IBAMA 2002). Soils are acidic and nutrient-poor, and the river water has little suspended
solids, is acidic, and rich in humic acids. This region is considered to be in fragile equilibrium
compared with other Amazonian ecological systems (Goulding et al. 1988). Most of the few
nutrients in the Anavilhanas water come from the Branco River, an important whitewater
tributary located nearly 150 km upstream from the Anavilhanas Archipelago (Irion et al.
1997, Duncan & Fernandes 2010). The planned construction of the Bem Querer hydroelectric
power station in the Branco River (Brazil 2007) could reduce nutrient inputs, making the
ANP even more oligotrophic.

Prior to the creation of the ANP, only a few families (about 0.035/km?) lived scattered
on the park's terra-firme (IBAMA 2002). They engaged in extractive activities, such as
hunting, fishing, and constant forest management, mainly for cultivation of small manioc
fields and selective timber extraction from large trees, such as Andira spp., Calophyllum spp.,
Ocotea spp., Virola spp., Tabebuia spp., Manilkara spp., Dipteryx spp., and Mezilaurus
itauba (Gachot et al. 1966), causing forest structure simplification (IBAMA 2002). After the
creation of the park in 1981, these families were removed from the area due to legal

restrictions imposed by the National Park protected area category. The previously managed
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forest was abandoned, and three decades later has apparently returned to an advanced state of

natural regeneration.

Sampling sites

The present study was conducted at the ANP's terra-firme, along 11 linear transects 4
km in length, distant approximately 10 km from each other. Seven transects were established
on the left bank of the Negro River, and four on the left bank of the Baependi River, a
tributary of the Negro. All transects were perpendicular to the river (Fig. 1). Transects 4, 6, 9,
10, and 11 were located in areas that were inhabited and managed until the year that the park
was created (1981); the remaining transects were located in areas that were not inhabited by

people at the time of the park’s creation, and were covered by old-growth forest.

Mammal surveys

Mammal surveys were conducted in the rainy season (Ribeiro 1976), from December
2007 to May 2008. Eleven transects at the ANP were walked by a researcher and a field
assistant at an average speed of 1 km/h, stopping for two minutes every 50 m to minimize
noise and facilitate mammal detection. Each transect was walked for six consecutive days,
two time periods every day. The surveyors walked the transect from the beginning to the end
in one period, and returned in the opposite direction in the second period. Each transect was
surveyed for two days in each of the following time periods: (1) from 5 to 9 h and from 11 to
15 h, (2) from 9 to 13 h and from 15 to 19 h, and (3) from 18 to 22 h and from 0 to 5 h,
totaling 48 km walked per transect, 528 km for the study area. Probably, this effort is not
sufficient to extrapolate species richness, but is suitable to detect most species in line transect
surveys (Thoisy et al. 2008). Our sampling included diurnal and nocturnal periods, to
increase the probability of detecting mammals with different activity periods (Tardio & Da

Silveira 2012).
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Mammals were detected using direct visualization, vocalization, or signs (tracks,
feces, or burrows), according to Emmons & Feer (1997), Emmons et al. (1998), Becker &
Dalponte (1999), Eisenberg & Redford (1999), McDonough et al. (2000), and Quadros
(2002). Due to the abundance of old inactive burrows and the loud vocalizations of some
mammals, such as red howler monkeys (Alouatta seniculus) and jaguars (Panthera onca),
only active burrows and sounds perceived to have been produced nearby (in the nearest 1 km,
approximately) were recorded. Perpendicular distance to the transect of each mammal cluster
detected by direct visualization was measured according to the Distance Sampling method
(Buckland et al. 2001).

Small terrestrial mammals detected during surveys, and terrestrial or aquatic
mammals occasionally detected outside transects, were also documented to complement the

ANP's species list.

Forest structure measurement

During the three days that immediately followed mammal surveys, information on
forest structure around each transect was collected in 16 plots measuring 100 m? and placed
every 500 m on the sides of each transect, along three parallel lines distant 10, 20, and 30 m
from it (Fig. 2).

Canopy openness was estimated by analyzing high-resolution digital photographs of
the canopy taken with a Nikon D40X camera, placed on the ground and leveled horizontally
using a stand with a graduated level. One photograph of the canopy was taken at the center of
each plot and at every 100 m along the transect, which yielded 56 canopy photographs for
each transect. Images were analyzed using the Gap Light Analyzer 2.0 program (Frazer et al.
1999), which converts each photograph into a black and white image and calculates the
percentage of canopy openness as the proportion of white pixels in the image. After many

preliminary comparisons of the original photographs, taken at different times of the day, with
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black and white photographs (n = 150), we calibrated the software to assign the "open
canopy" category only to areas with pixels with a value > 130. In this manner, the program
did not count light-colored leaves as open canopy, particularly when photographs were taken
in bright light.

Tree and palm abundances were measured on each plot by counting the number of
trees with a diameter at breast height (DBH) > 10 cm and palms with height > 1 m, measured
to the top of the highest leaf, as in Costa et al. (2008).

Tree size was expressed as the DBH of the 10 thickest trees in each plot. Large trees
provide important habitat resources for mammals, and generally their DBH increases with
stand age (McElhinny 2005). In addition, large tree DBH has been used to discriminate
between old-growth and managed forests, principally in tropical forests, where local
management often removes large individuals of commercial species (Uuttera et al. 2000).
Therefore, effects of timber extraction in forest structure may be better assessed considering
the thickest trees only, rather than the entire DBH distribution.

The biomass of fleshy fruits available on the ground was measured by weighing all
the fruits detected by two collectors at each plot in a systematic effort of 20 minutes. We only
considered fruits that had fallen recently and appeared to be in adequate condition for

consumption by mammals.

Data analysis

Sampling effort

Sampling effort efficiency for mammals of ANP was evaluated by a species
rarefaction curve with 500 randomizations, constructed using the abundance data of the
medium- and large-sized mammal species observed on each day of the survey. The curve was

based on the Sobs Mao Tau function, calculated using the EstimateS Win 8.0. program. The
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number of species that would be encountered by infinite sampling of the area using the same
technique was estimated extrapolating the species rarefaction curve using the incidence-based

coverage estimator (ICE) with 500 randomizations (Colwell 2006).

Forest structure, human occupation, and spatial effects

The strength of the partial relationship between similarity of mammal assemblages
and similarity in forest structure variables, removing the portion of correlations based on
geographic distance, was tested using a Partial Mantel Test. The probability of the strength of
relationship between response and explanatory variables was based on 999 permutations.

Then, the relationship between each forest structure variable and the history of
occupation by humans with mammal species composition along the 11 transects was
evaluated using a distance-based redundancy analysis (db-RDA), performed with the
Sorensen index of dissimilarity and not correcting for negative eigenvalues (Legendre &
Anderson 1999, McArdle & Anderson 2001). The db-RDA combines interpretation of
multivariate data with hypothesis testing. In the first step, db-RDA calculates the distance
between replicates, allowing the use of non-Euclidian measures, and generates a principal
coordinate analysis (PCoA) that produces Cartesian coordinates in a multidimensional space
and preserves original distances. The second step of the db-RDA is to perform a redundancy
analysis (RDA), where the matrix of the predictive variables is related to the response
variable matrix, composed of all resulting principal coordinates of the PCoA (Legendre &
Anderson 1999). This analysis allows the splitting of treatment effects into individual factors.
It is similar to analysis of variance, which splits a factorial model into individual factors and
interactions, and then tests the significance of each separately through permutations (Reberg-
Horton et al. 2006).

In this analysis, the response variable was the matrix of mammal species presence or

absence along the transects, and the predictive variable was the matrix of average values
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taken by forest structure variables and categories of occupation by people (inhabited or
uninhabited). Due to the low number of records of mammals and to avoid double-counting
bias, only presence or absence data were used in the db-RDA analysis. Tests with 499
permutations over the resulting F* values were undertaken to test the significance of the
resulting db-RDA axes and each predictive variable in explaining the variation in mammal
species composition. We used “#” to distinguish this analogous multivariate statistics from
the univariate F statistics, as in Legendre & Anderson (1999). Mammal species - forest
structure relations were also evaluated by visually examining a db-RDA biplot.

The db-RDA analysis evaluated the partial effects of forest structure variables and
history of human occupation on mammal assemblages, but we admitted that the latter could
also exert an indirect effect by affecting the former. Therefore, we also tested for differences
between inhabited and uninhabited areas in forest structure characteristics using Multivariate
Analysis of Variance (MANOVA).

Mantel test and db-RDA and MANOVA analyses were undertaken using the software
R (R Development Core Team 2008) and the vegan package (Oksanen et al. 2011).

Differences in forest structure can influence detection probability by altering the
surveyor's sightline during surveys. Thus, the documented species list could result from
differences in detection probability rather than from the actual ecological association between
mammal assemblages and habitat structure. We used the perpendicular distances of all
mammals sighted on each transect to analyze the contribution of habitat structure on transect
effective strip width (ESW). ESW estimates were calculated from the probability density
function of the estimated detection function at zero distance (Buckland et al. 2001) using
Distance 6.0 software (Thomas et al. 2009). No truncation was required, and data were
grouped into 1.5 m intervals to allow a better model fit. The half-normal detection function,

without any expansion term, was the model with the lowest Akaike’s Information Criterion
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(AIC) value for all ESW estimates, and hence the one that best fitted the data. Finally, we
performed a multiple linear regression, in which the response variable was ESW calculated
for each transect and the predictive variables were the respective forest structure parameters.
The results of this analysis were important to evaluate if forest structure variables that
showed significant relationship with mammal assemblages were the same that affected

detection probabilities, and consequently ESW in transects.

RESULTS

Mammals recorded

We recorded 469 observations of medium- and large-sized mammals along transects,
belonging to 6 orders and 26 species (Table 1), of which 20 (77%) and 6 (23%) were
documented mainly in diurnal and nocturnal surveys, respectively. The rarefaction curve
estimated that 38 species of medium- and large-sized mammals could be detected in the
terra-firme of ANP using the methods we used, i.e., 12 more species than those that were
actually detected (Fig. 3).

In the terra-firme outside transects, we documented two individuals of Marmosops
parvidens (delicate slender mouse opossum), one individual of Myrmecophaga tridactyla
(giant anteater), one individual of Tamandua tetradactyla (Southern tamandua) and one
individual of Coendou prehensilis (Brazilian porcupine). On the islands of the Anavilhanas
Archipelago, we documented four Makalata grandis (giant tree rat) and a group of three
Hydrochaeris hydrochaeris (capybara). On the Negro River, we observed two individuals of
Lontra longicaudis (Neotropical otter), a group of 14 Pteronura brasiliensis (giant otter), one
individual of Trichechus inunguis (Amazonian manatee), and many individuals of Inia

geoffrensis (boto or pink river dolphin) and Sotalia fluviatilis (tucuxi or gray dolphin).
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Considering mammal species detected both inside and outside transects, we documented the
presence of 32 and 5 species of terrestrial and aquatic mammals, respectively, of a total of 37

non-flying mammal species known to the ANP.

Effects of forest structure and human occupation

The partial Mantel test between mammal assemblage similarity and similarity in
forest structure variables, removing the portion of correlations based on geographic distance,
yielded a statistically significant correlation (r = 0.252; p = 0.032), suggesting that forest
structure plays a role in the assembly of medium- and large-sized terrestrial mammal species.
The db-RDA model, testing for relationship between forest structure variables in transects
(Table 2) and mammal species composition, explained 75% of the variation in the matrix of
mammal species presence (F* = 2.02; P = 0.02). Furthermore, together, the first (F* = 4.657;
P = 0.025) and second (F* = 3.652; P = 0.013) axes explained nearly 69% of the variation in
mammal species composition.

Fleshy-fruit biomass available on the ground (F* = 3.218; P = 0.011) and canopy
openness (F* = 2.655; P = 0.024) showed the strongest relationships with the composition of
medium- and large-sized mammal assemblages, and exhibited a high correlation with both
axes of the db-RDA. There was also suggestion of (F* = 2.241; P = 0.051) a relationship
between DBH and species composition. Neither number of trees (F* = 0.999; P = 0.462),
number of palms (F* = 0.926; P = 0.491), or occupation by humans (F* = 2.083; P = 0.073)
had significant effect on the composition of mammal assemblages in transects (Table 3).

Transect ESW (Table 2) varied significantly (N = 11; R? = 0.557; Fsp = 4.872; P =
0.043; Fig. 4) as a function of number of palms (p = 0.006), but not canopy openness (p =
0.739), DBH (p = 0.285), or number of trees (p = 0.064). Due to the fact that canopy

openness and DBH did not show strong associations with ESW estimates, we assumed that
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mammal assemblages in transects were directly structured by fleshy-fruit biomass available
on the ground, canopy openness, and DBH.

Although occupation by humans did not significantly affect the structure of mammal
assemblages directly, it was considerably related to forest structure components (MANOVA:
Pillai Trace = 1.249; Fg14 = 2.909; P = 0.039). A post hoc test showed that all forest
structure parameters varied significantly between sites with different histories of human
occupation. DBH of larger trees (F = 1479.947; p < 0,001) and canopy openness (F =
47.835; p < 0,001) were the forest structure parameters that most evidently differed between
inhabited and uninhabited sites, followed by number of trees (F = 26.864; p < 0,001) and
palms (F = 10.972; p = 0,004). At uninhabited areas, more closed canopy was strongly
associated with larger trees, suggesting that the history of occupation by human populations
played a role in forest structuring in the study area, indirectly influencing the assemblages of
medium- and large-sized mammals.

Based on the results of the db-RDA biplot, we identified clusters of species of similar
size and diet categories (described by Fonseca et al. 1996) aligned to forest structure in
transects (Fig. 5). Frugivore-omnivores, all arboreal species, such as Cebus olivaceus,
Chiropotes chiropotes, Saguinus midas, Saimiri sciureus, and Nasua nasua, were more
closely associated with areas with less canopy cover. Frugivore-herbivores, especially the
largest, like Tapirus terrestris, Tayassu pecari, Pecari tajacu, Mazama americana, Mazama
nemorivaga, Ateles paniscus, and Alouatta seniculus, were associated with areas with higher
availability of fleshy fruits on the ground and larger trees. The abundance of carnivores, such
as Panthera onca, Leopardus wiedii, Leopardus pardalis, and Galictis vittata, was inversely
related to canopy openness, and positively related to tree diameter. Consequently, large
frugivore-herbivores and most carnivores had a tendency to be more closely associated with

areas with no history of human occupation.
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DISCUSSION

Mammals recorded and sampling methods

In line transect sampling, we documented the presence of 26 species of terrestrial
medium- to large-sized mammals at the ANP. Three of the 12 species that we expected to
record, Myrmecophaga tridactyla, Tamandua tetradactyla, and Coendou prehensilis, were
occasionally encountered outside the transects. Other species expected at the terra-firme
forest of Anavilhanas include Cyclops didactylus, Cabassous unicinctus, Dasypus kapleri,
Bradypus tridactylus, Choloepus didactylus, Pithecia pithecia, Speothos venaticus,
Atelocynus microtis, Procyon cancrivorus, Potos flavus, and Puma concolor (Emmons &
Feer 1997, Eisenberg & Redford 1999, Fonseca et al. 1999). These species may have
remained undetected due to their cryptic habits or low natural densities (Robinson & Redford
1986). An increased sampling effort or the inclusion of complementary methods, such as
camera trapping, may allow the detection of these species.

Although nocturnal surveys provided lower detection rates than diurnal surveys at the
ANP (Tardio & Silveira 2012), they were indispensable to detect mammals that are mainly
nocturnal or crepuscular, such as Cuniculus paca, Leopardus pardalis, Leopardus wiedii,
Panthera onca, and Priodontes maximus. Nocturnal surveys provide inaccurate abundance
estimates for these species because detection of mammals at night is relatively difficult.
However, these data could be critical in qualitative studies. We documented seven mammal
species in Anavilhanas that are on the List of Threatened and Endangered Brazilian Fauna:
Myrmecophaga tridactyla, Leopardus pardalis, Leopardus wiedii, Panthera onca, Pteronura
brasiliensis, Priodontes maximus, and Trichechus inunguis (Machado et al. 2008), which
adds further importance to ANP and reinforces the need for management strategies for the

conservation of these species and their natural habitats.
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Mammal detection capacity was positively influenced by the number of palms. In
transects, canopy and subcanopy palms were often abundant in clusters along waterlogged
soils. In these areas, the low visual obstruction during mammal surveys could be explained by
the low density of leaves or branches in the surveyors' sightline.

Forest structure and mammal assemblages

At the ANP, larger trees and a more closed canopy are associated with less disturbed
environments (uninhabited sites), and generally higher fleshy fruit abundance. In primary
forests, fruit abundance supports large frugivorous-herbivorous mammals with more
restricted diets and higher energy demands (Smythe 1986, Bodmer 1989, Ahumada et al.
1998, Boubli 2005). These medium- to large-sized frugivores are extremely important to
long-distance seed dispersal and to prevent large-seed predators to become dominant on
large-seed foraging, and contribute to the recruitment of large-seeded trees and to natural
processes of primary forest regeneration (Bodmer 1991, Galetti et al. 2001, Fragoso et al.
2003, Russo & Augspurger 2004, Stoner et al. 2007). Thus, forest structure disturbance by
human occupation could promote a long-term simplification of mammal assemblage
composition and a consequent loss of functional diversity (Stoner et al. 2007) mediated by
medium- to large-sized frugivorous mammals in the oligotrophic forests of the ANP.

A similar pattern was observed, also in Amazonia, by Parry et al. (2007), who
reported similar mammal abundances between primary and secondary forests, but
considerable variation in assemblage composition. Secondary forests have younger, thinner
trees, that shelter mainly small primates. These forests are often used only by generalists that
disperse small fruits and seeds of pioneer tree species. In contrast, primary forests shelter
large primates and specialist frugivores that utilize resources from larger trees.

Canopy openness also affects mammal assemblages at the ANP. Canopy structure is

closely related to several ecological patterns and processes in the forest, such as foliage cover
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distribution, crown size and overlap, fallen trunk production, and factors such as light
permeability, temperature, humidity, and forest primary growth (Spies 1998), all of which
directly affect the distribution of mammals, particularly, arboreal (Anderson 1984, Rylands
1986, Oates 1987, McElhinny 2005). At the ANP, smaller arboreal frugivore-omnivores were
more common in forest areas with less canopy cover, higher temperature, and more light,
probably due to the abundance of suitable food (Lovejoy et al. 1986, Oates 1987,
Schwarzkopf & Rylands 1989). These environments provide more small fruits and seeds of
pioneer species, invertebrates, and small vertebrates, which are less concentrated in mature
forests with closed canopy than in areas with open canopy (Feagle & Mittermeier 1981,
Rylands 1982, Rylands & Faria 1993). In contrast, at the ANP, large-sized primates were
more common in areas with closed canopy and closer tree crowns, or with greater availability
of strong supports for locomotion, foraging, or resting (Napier 1967, Feagle & Mittermeier
1981, Anderson 1984, Warner 2002).

In conclusion, this study indicated that the effects of human occupation history on
forest structure, even if generated by a very low family density, are still evident three decades
after the removal of local people from the ANP. This long-term effect can be explained by
the low resilience of the oligotrophic ecosystems of the Negro River basin, even with the
contribution of nutrient inputs from the Branco River in the study area. The conventional
timber harvest that occurred in the past to supply house, canoe, and boat construction, or even
to sell in urban centers of the lower Negro River, focused on large trees (Kurihara 2011). This
practice, allied to deforestation for small-scale agriculture, could historically affect forest
structure and species composition (Verissimo et al. 1992, Johns et al. 1996), probably
decreasing larger tree density, modifying habitat temperature and humidity through canopy
opening, increasing mortality rates, and decreasing recruitment (Laurance et al. 1998).

Consequently, forest productivity, plant distribution, and flowering or fleshy fruit plant
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diversity and abundance could also be disturbed (Nykvist 2000, Svenning 2000, Costa et al.
2002, Costa & Magnusson 2003). These impacts modify ecological dynamics in ways that
influence resources and habitat quality, affecting mammal species, particularly large
frugivore-herbivores (Smythe 1986, Bodmer 1989, Ahumada et al. 1998, Boubli 2005) and
their natural predators (Bisbal 1986, Ripple & Beschta 2007), and altering assemblage
composition (Johns 1992, Parry et al.2007).
Recommendations for mammal conservation

Due to the fragility of Negro River ecosystems and to the observed effects of forest
structure disturbance on medium- to large-sized mammals, we suggest that protected area
authorities in the Negro River basin encourage the allocation of infrastructure and tourism
activities in areas that have already been disturbed but conserve scenic beauty, avoiding
forest structure simplification in old-growth forests. Governmental agencies should consider
the peculiar fragility of regions influenced by black-water when licensing construction and
activities, including those that could disturb nutrient input from the Branco River (e.g. Bem
Querer hydroeletric). Finally, reduction of illegal logging pressure in old-growth terra-firme
forests should also be pursued. lllegal logging is one of the most profitable activities to local
dwellers of the lower Negro because it requires no special qualification, and trade is
widespread in urban centers (Kurihara 2011). A recommended strategy is to promote
sustainable forestry programs for local people on the Negro River basin centered on light
wood species (Scabin et al. 2011). Fostering alternative traditional activities, such as fishing
or agroforestry, could reduce the impacts and provide an alternative income source to the
illegal timber extraction currently in course. Community-based tourism should also be
encouraged. The results of this study may, therefore, be useful to predict the effects of
changes in forest structure on the composition of medium- and large-sized terrestrial mammal

assemblages of the Anavilhanas National Park, and may aid develop conservation strategies
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for large mammals and their natural habitats in Central Amazonian oligotrophic forest

ecosystems.
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1  Table 1. Order, species, common name, number of individuals, and type of evidence of the presence of medium- and large-sized mammals in 11

2  transects at the Anavilhanas National Park. T = track, B = burrow, V = vocalization. Transects in areas with historical occupation by human

3 riverine populations are marked with asterisks.

Order Transect
Species Common name 1 2 4* 5 6* 8 9* 10* 11*
Primates
Alouatta seniculus Red howler monkey 5 5 0 7 0 0 0 \/ \Y/
Ateles paniscus Black spider monkey 2 \ 0 2 0 0 0 0 0
Sapajus apella Brown capuchin monkey 22 4 0 17 30 52 0 0 0
Cebus olivaceus Wedge-capped capuchin 0 0 0 0 0 0 0 30 3
Chiropotes chiropotes Northern bearded saki monkey 0 0 0 0 0 0 0 0 2
Saguinus niger Black-handed tamarin 0 0 0 0 0 0 39 6 0
Saimiri sciureus Common squirrel monkey 0 0 18 0 10 0 21 44 0
Carnivora
Nasua nasua South American coati 0 0 0 0 0 0 1 0 0
Panthera onca Jaguar 1 1 \Y/ T 0 0 0 0 0
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Eira barbara
Galictis vitata
Puma yaguaroundi
Leopardus pardalis

Leopardus wiedii

Rodentia

Cuniculus paca
Coendou melanurus
Dasyprocta leporina
Dasyprocta fuliginosa

Myoprocta acouchy

Cetartiodactyla

Mazama americana
Mazama nemorivaga
Pecari tajacu

Tayassu pecari

Tayra
Grison
Jaguarondi
Ocelot

Margay

Paca

Black-tailed hairy dwarf
Red-rumped agouti
Black agouti

Red acouchy

Red brocket deer
Brown brocket deer
Collared pecari

White-lipped pecari

10

10

22
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Cingulata
Dasypus novencinctus
Priodontes maximus
Perissodactyla

Tapirus terrestris

Nine-banded armadillo

Giant armadillo

Brazilian tapir
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Table 2. Average values of percent canopy openness, tree diameter (DBH), number of trees,

number of palms, fleshy-fruit biomass, and effective strip width (ESW) in 11 linear transects

at the Anavilhanas National Park.

Transect % canopy DBH (cm) N°trees N°palms  Fruits(g) ESW (m)
1 94 22.648 21.5 25.65 495.437 18.197
2 6.37 24.322 20.562 11.6875 516.25 17.164
3 13.27 21.507 52.7 0.15 92.8 13.038
4 17.31 19.328 32.85 18.25 478.5 16.794
5 9.47 23.676 65.05 0.15 89.6 12.303
6 16.97 20.723 48.15 19.25 173.25 18.109
7 15.58 24.858 42.05 19.7 120.95 21.686
8 16.875 21.339 24.85 16.15 62.85 13.575
9 20.97 21.418 15.625 7.5 578.25 6.616
10 6.875 21.039 26.7 8.55 232.35 7.692
11 15.6 22.621 38.3 8.15 209.3 8.612
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Table 3. Results of the db-RDA model for the variables canopy openness, tree diameter

(DBH), number of trees, number of palms, fleshy-fruit biomass, and human occupation

category at the Anavilhanas National Park.

Predictor variable

db-RDA result

F* P
Canopy 2.655 0.024
DBH 2.241 0.051
N° trees 0.999 0.462
N° palms 0.926 0.491
Fruits 3.218 0.011
Human occupation 2.083 0.073
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Figure 1. Limits of the Anavilhanas National Park and location of the 11 linear transects on

terra-firme forest. Four transects were laid out on the Baependi River bank, and seven on the

Negro River bank.

55



Okm 0.5 km 1 km 1.5 km 2 km 2.5 km 3 km 3.5 km 4 km

o | |

Figure 2. Schematic representation of one of the 4 km transects used for the mammal survey

and the adjoining 16 plots (black squares) used for forest structure measurement.
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Figure 3. Rarefaction curve of medium- and large-sized mammal species observed during
surveys conducted along transects. Filled circles represent the relationship between number of
days spent surveying and number of species observed. Open circles indicate the upper and

lower 95% confidence limits for the rarefaction curve.
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Figure 4. Partials of multiple linear regressions of effective strip width variation in relation to
canopy openness, larger tree diameter (DBH), number of trees, and number of palms in the 11

linear transects.
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Figure 5. Distance-based redundancy analysis biplot with the 26 species of medium- and
large-sized mammals recorded. Species names are abbreviated with the first three letters of
latin binomials. Vectors represent the following habitat-structure variables: CANOPY =
canopy openness, DBH = larger tree diameter, TREES = tree abundance, PALMS = palm
abundance, and FRUITS = biomass of fleshy fruits available on the ground. History of human

occupation is represented by the Uninhabited and Inhabited categories.
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CAPITULO 1l

OCORRENCIA E HORA-ATIVIDADE DE MAMIFEROS TERRESTRES NO
PARQUE NACIONAL DE ANAVILHANAS, AMAZONIA BRASILEIRA.
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ABSTRACT

Mammals are not randomly distributed, but respond directly to ecological gradients, to
circadian rhythms or to the intensity of natural resource use by human populations. We
measured the diversity, patterns of activity, and influence of forest structure on the occurrence
of terrestrial-mammal species in the Anavilhanas National Park in Central Amazonia. Diurnal
and nocturnal sampling was conducted in terra-firme forest to detect mammal species. Forest
structure was measured as the number of trees, number of palms, canopy openness and
diameter at breast height (DBH) of trees. Biomass of fleshy fruits found on the ground was
used as an index of rood resources. We detected 469 individuals of 26 species of medium- and
large-sized mammals. Diurnal rodents were more commonly encountered during the early
morning or late afternoon, with the exception of Cuniculus paca, which was more common at
night. Primates were usually encountered during the day, especially early in the morning.
Ungulates were more commonly encountered between 3 and 7 h, with exception of deer,
which were more frequently encountered in the late afternoon. The occurrence of Myoprocta
acouchy was positively associated with canopy openness and DBH of trees. The occurrence
of Dasyprocta agouti was positively associated with the DBH of trees. The occurrence of C.
paca was positively associated with biomass of fleshy fruits and DBH of trees. Canopy
openness was positively associated with the occurrence of Saimiri sciureus but negatively
associated with occurrence of Sapajus apella. Mazama nemorivaga was positively associated
with the number of trees, but it was not associated with the biomass of fruits. Medium- and
large-sized mammals where associated forest-structure components that are affected by
human activities, which indicates their abundance or behavior will change with changes in

human activities within the Anavilhanas National Park.
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INTRODUCAO

A relacdo entre os processos ecoldgicos e o padrdo de distribuicdo e abundéncia das
espécies € importante na avaliacdo da diversidade bioldgica (Begon et al. 2005). Essa
abordagem é ainda mais relevante em mamiferos de médio e grande porte, pois a maioria
destas espécies realiza algum servico ambiental ecossistémico importante, como a polinizacédo
e a dispersdo de frutos e de sementes de arvores de grande porte (Bodmer 1991; Galetti et al.
2001; Fragoso et al. 2003; Russo e Augspurger 2004), auxiliando na regeneracao da floresta
(Stoner et al. 2007). Varios mamiferos também séo predadores de topo de cadeia alimentar
(Gittleman et al. 2000), ou figuram como espécies-bandeira da educacdo ambiental e na
sensibilizacdo da opinido pablica para captacdo de recursos para a pesquisa e a conservagao
(Cullen et al. 2003).

A estrutura da floresta afeta a distribuicdo e a abundancia das espécies de mamiferos
tropicais (McElhinny 2002). Essa representa o arranjo espaco-temporal dos atributos da
vegetacdo, incluindo componentes como a altura e a abertura do dossel, o didmetro das
arvores, a densidade de espécies arboreas ou de palmeiras, a disponibilidade de frutos e de
sementes, dentre varias outras caracteristicas da formacao vegetal. Essas varidveis de estrutura
também estdo fortemente relacionadas aos processos de producdo e decomposicao de matéria
organica, crescimento primario, entre outros, que por sua vez também influenciam na
ocorréncia da mastofauna no ambiente (Franklin 1988; Noss 1990, 1999; Franklin et al.
2002).

O conhecimento da relacdo entre a estrutura da floresta e a ocorréncia de mamiferos
ainda é incipiente no neotropico, onde a maioria dos esforcos foi centrada em primatas
(Rylands 1986; Peres 1992, 1993, 1997; Rylands e Faria 1993; Vidal e Cintra 2006). Sendo a
maioria das espécies de primatas facilmente detectadas durante o dia (Peres 1997; Haugaasen

e Peres 2005; Munari 2008), a técnica de levantamento diurno foi a mais empregada na
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Amazobnia, resultando em poucos estudos focados nas demais ordens de mamiferos
neotropicais, que em sua maioria possui habito crepuscular ou noturno (Emmons 1997).

O Parque Nacional (PARNA) de Anavilhanas é a unidade federal de protecéo integral
mais emblematica do baixo Rio Negro, inserida em uma das regibes menos estudadas da
Amazonia brasileira (Trolle 2003). A informacdo disponivel sobre mamiferos no Plano de
Manejo do PARNA Anavilhanas € incipiente, limitando-se ao registro da ocorréncia de duas
espécies de primatas, uma de carnivoro e duas de cetaceos. Inventérios e pesquisas ecoldgicas
sobre a mastofauna foram considerados prioritarios para a gestdo mais efetiva da
biodiversidade em Anavilhanas (IBAMA 2002).

Nesse Capitulo apresentamos a fauna de mamiferos terrestres de médio a grande porte
que detectamos durante levantamentos visuais diurnos e noturnos, em transectos lineares na
terra firme do Parque Nacional de Anavilhanas. Também inferimos o padrdo de hora-
atividade das espécies, e analisamos a ocorréncia das seis espécies mais abundantes em
funcdo da abertura do dossel, diametro das arvores, abundancia de arvores ou palmeiras e a

massa de frutos carnosos disponiveis no solo.

METODOS

Area de estudo

O Parque Nacional (PARNA) de Anavilhanas localiza-se no baixo Rio Negro no
Estado do Amazonas, na Amazonia Central brasileira. O extremo leste do PARNA
Anavilhanas situa-se a cerca de 40 km (03°03'13" S, 60°25'15" W) de Manaus e estende-se
até 130 km (02°08'06" S, 61°09'01" W) a montante do Rio Negro. Essa unidade de
conservacao federal de protecdo integral possui 350.018 ha, abrangendo 140.000 ha de

floresta de terra firme (ndo inundavel) e o restante compreende um dos maiores arquipélagos
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fluviais do mundo, composto por ilhas que delimitam centenas de lagos e canais. As ilhas séo
cobertas por floresta inundavel de igap6 (Figura 1).

O clima no PARNA Anavilhanas € do tipo Tropical Chuvoso Af de Képpen, onde as
minimas variam entre 22 e 23,3 °C e maximas de 31,4 a 31,7 °C. A precipitacdo média anual
na regido é de 2.286 mm, concentrando-se no primeiro semestre do ano (IBAMA 2002).

O PARNA Anavilhanas situa-se em plat6 de solo acido e pobre em nutrientes. A &gua
superficial é preta com pouco material sélido em suspensdo, pH acido e concentracdo elevada
de acido hamico, caracterizando ambiente com oligotrofia acentuada e de equilibrio fragil em

relacdo aos demais ecossistemas amazonicos (Goulding et al. 1988).

Levantamento da mastofauna

A amostragem de mamiferos na terra firme foi realizada em 11 transectos lineares de 4
km cada, estabelecidos com distancia minima de 8 km entre si e dispostos perpendicularmente
ao rio mais proximo. Quatro transectos estavam na margem esquerda do Rio Baependi, e sete
na margem esquerda (norte) do Rio Negro, entre os rios Apuau e o Baependi (Figura 1). O
levantamento dos mamiferos foi realizado entre 12/2007 e 05/2008, que corresponde ao
periodo de menor variacdo da precipitacdo e da temperatura na regido do baixo Rio Negro
(IBAMA 2002).

Os transectos foram percorridos pelo autor sénior e um auxiliar de campo na
velocidade média de 1,5 km/h, com paradas de dois minutos a cada 50 m. As paradas visaram
minimizar o ruido do deslocamento e facilitar a deteccdo dos mamiferos. Cada transecto foi
percorrido durante seis dias consecutivos, sendo que em cada dia o levantamento foi realizado
em dois periodos distintos, sendo o primeiro referente a ida até o final do transecto e o
segundo periodo referente ao retorno ao ponto inicial (rumo ao rio mais proximo). Os

levantamentos em cada transecto foram realizados em cada um dos seguintes horarios: (a) das
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5as9hedasl1las15h, (b)das9as13hedas15as19h,(c)das18as22he(d)de0as5 h.
Foi registrado o horério da visualizacdo de cada mamifero durante os levantamentos.

Uma parcela de 10 x 10 m foi montada no local exato da visualizagdo de cada
mamifero, onde foram mensurados os seguintes aspectos da estrutura da floresta: abertura do
dossel, abundancia de arvores e de palmeiras, didmetro das &rvores e a massa de frutos
carnosos disponiveis no solo.

Na tentativa de representar os locais de ndo observacdo das espécies-alvo, foram
aleatoriamente estabelecidas no mesmo transecto parcelas de mesmas dimenses em pontos
onde a espécie-alvo ndo foi visualizada, em nimero igual aos de parcelas de ocorréncia da
espécie-alvo. Nestas parcelas foram mensurados os mesmos fatores da estrutura da floresta
avaliados nas parcelas de ocorréncia da espécie-alvo. Na aleatorizacdo dos locais das parcelas
de auséncia foi utilizado como premissa Unica que os locais selecionados estivessem distantes
> 500 m das respectivas parcelas onde individuos da espécie-alvo foram observados durante

os levantamentos.

Estrutura da floresta

A estimativa da abertura do dossel foi obtida através de fotografias digitais de alta
resolucdo obtidas com camera Nikon D40X. A camera foi disposta horizontalmente sobre
solo, e foi nivelada com um suporte de nivel graduado. Uma fotografia do dossel foi tomada
no centro de cada parcela e a cada 100 m sobre o transecto, resultando em 56 fotografias do
dossel por transecto. No Gap Light Analyser 2.0 (Frazer et al. 1999), cada fotografia foi
convertida em preto e branco para o calculo da porcentagem de abertura do dossel atraves da
proporcdo de pixels brancos nas imagens. Mediante inimeras comparacGes entre as
fotografias originais capturadas em horarios diferentes do dia e as em preto e branco (N =

150), o programa foi calibrado para considerar como &rea aberta do dossel apenas os pixels de
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valor > 130. Essa calibragem foi necesséria para que o programa ndo considerasse as folhas
mais claras como area aberta do dossel, principalmente para as fotografias que foram retiradas
em horarios de maior exposicéo a luz.

As abundancias de arvores e de palmeiras em cada parcela foram representadas pelo
namero de &rvores com diametro a altura do peito > 10 cm, e 0 de palmeiras pelo nimero
daquelas de altura > 1 m, medida até a tltima folha. O didmetro das arvores foi expresso pela
média do didmetro a altura do peito (DAP) das dez &rvores mais espessas de cada parcela.

A massa de frutos carnosos caidos no solo foi mensurada através da pesagem de todos
os frutos recolhidos em cada parcela por dois coletores durante dez minutos. Foram
considerados apenas os frutos recentes, aparentemente em bom estado para consumo por

mamiferos.

Hora-atividade das espécies

As espécies de mamiferos foram agrupadas em roedores, primatas e ungulados, que
juntos representaram 65% das espécies registradas. O padrdo de hora-atividade de cada um
desses grupos foi obtido dividindo o nimero de encontros pela duracdo do levantamento
realizado em cada horério do ciclo circadiano. A distribuicdo das taxas de avistamentos por
unidade de esforco no decorrer do ciclo circadiano foi demonstrada por grafico de barra de

eixo circular.

Ocorréncia das espécies

A associagdo entre as variaveis de estrutura da floresta foi avaliada pela matriz de
correlacdo de Pearson. Modelos de regressao logistica simples ou multipla foram utilizados
para avaliar o efeito das variaveis da estrutura da floresta na presenca ou auséncia das
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espécies de mamiferos mais abundantes visualizados durante os levantamentos. Os dados
sobre a estrutura da floresta obtidos nas parcelas de presenca e de auséncia de cada espécie
foram analisados conjuntamente, independentes do transecto. Varidveis de estrutura com grau
de associacéo alto (r > 0,60) ndo foram utilizadas num mesmo modelo de regresséo.

O numero de variveis independentes testadas em um mesmo modelo de regressdo
dependeu do numero de detecgBes dos individuos de cada espécie. Por exemplo, se 20
individuos de uma mesma espécie foram observados, 20 outras parcelas onde a espécie ndo
ocorreu foram incluidas na analise, de forma que o tamanho amostral para esta espécie foi
igual a 40. Para a sele¢do das varidveis independentes a serem incluidas em cada modelo

foram consideradas informacdes prévias sobre a biologia e a ecologia de cada espécie.

RESULTADOS

Detectamos 469 individuos pertencentes a seis ordens e 26 espécies de mamiferos de
médio a grande porte na terra firme do Parque Nacional (PARNA) de Anavilhanas. Sete
dessas eram espécies de carnivoros, sete de primatas, cinco de roedores, quatro de
artiodatilos, dois de cingulados e um perissodatilo (Tabela 1). A grande maioria (91%) das
deteccBes individuais ocorreu no periodo diurno. Registramos 11 espécies nos periodos
diurno e noturno, dez somente durante o dia e cinco somente nos levantamentos noturnos.

A cutia-vermelha (Dasyprocta agouti), a cutia-preta (Dasyprocta fuliginosa) e a
cutiara-vermelha (Myoprocta acouchy) apresentaram atividade bimodal, com a maior parte
dos encontros ocorrendo principalmente no inicio da manha (7h) e no final da tarde (16h),
sendo raro o encontro desses roedores durante a noite. Em oposicdo, a maioria (67%) dos

encontros noturnos com roedores a partir das 19h foi com pacas (Cuniculus paca),
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principalmente nos horarios proximos as 21h. Os demais roedores registrados durante a noite
foram vistos principalmente entre as 18 e 19h30 (Figura 2A).

Visualizamos primatas durante quase todo o periodo diurno. No entanto, a maioria dos
encontros ocorreu no final da madrugada ou inicio da manhd (4-8h), sendo raramente
visualizados no inicio da noite, com apenas um encontro com um grupo de macaco-de-cheiro
(Saimiri sciureus) as 18h15 (Figura 2B).

Os encontros com ungulados, principalmente caititu (Pecari tajacu), queixada
(Tayassu pecari) e anta (Tapirus terrestris), concentraram-se no alvorecer (4-6h30). Os
encontros com ungulados durante o final da tarde (16-17h30) foram representados
principalmente pelo veado-roxo (Mazama nemorivaga) e pelo veado-vermelho (Mazama

americana; Figura 2C).

Ocorréncia das espécies

A associagdo entre as varidveis estruturais da floresta foi reduzida, exceto na relacéo
entre 0 nimero de arvores e a massa de frutos carnosos no solo (r = - 0,708; Tabela 2). Dessa
forma, excluimos das analises seguintes o numero de arvores da modelagem de regressdo
logistica multipla em que a massa de frutos foi incluida.

A M. acouchy teve 68 amostras (34 presencas e 34 auséncias) possibilitando a analise
simultdnea de quatro pardmetros de estrutura da floresta. A ocorréncia desta espécie
apresentou relacdo (McFadden’s Rho-Squared = 0,175; P = 0,037) negativa com a abertura
do dossel (p = 0,030; Figura 3A) e positiva com o DAP médio das arvores (p = 0,008; Figura
3B). No entanto, o nimero de palmeiras (p = 0,668) e a massa de frutos (p = 0,606) nédo
tiveram efeito significativo na ocorréncia desta espécie.

A D. agouti (N = 30) e a C. paca (N = 28) atingiram numero suficiente de amostras

para uso de duas variaveis independentes. Nesses casos utilizamos as variaveis DAP médio
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das arvores e a massa de frutos. O DAP representa de forma indireta o estagio sucessional da
floresta (Spies 1998; Ziegler 2000) e os frutos sdo essenciais na dieta das duas espécies
(Hallwachs 1986; Smythe et al. 1996; Laska et al. 2003). A ocorréncia de D. agouti
apresentou relacdo (McFadden’s Rho-Squared = 0,532; P < 0,001) positiva com o DAP
médio das arvores (p = 0,013; Figura 4), mas ndo com a massa de frutos (p = 0,124). A C.
paca apresentou relacdo (McFadden’s Rho-Squared = 0,511; P < 0,001) positiva com 0 DAP
médio das arvores (p = 0,046; Figura 5A) e com a massa de frutos (p = 0,044; Figura 5B).

O macaco-prego (Sapajus apella) e o S. sciureus apresentaram nimero pequeno de
amostras (N = 14 e 12, respectivamente), o que limitou a analise a somente uma variavel de
estrutura da floresta. Utilizamos a abertura do dossel por estar diretamente ligado a
locomocdo, o forrageio e a protecdo contra predadores desses primatas arboricolas (Oates
1987; Rylands 1986; Anderson 1984; Vidal e Cintra 2006; Kasecker 2008). O S. sciureus
apresentou tendéncia de relacdo positiva (McFadden’s Rho-Squared = 0,435; p = 0,047;
Figura 6A), enquanto o S. apella teve relacdo negativa (McFadden’s Rho-Squared = 0,258; p
= 0,025; Figura 6B) com a abertura do dossel.

A amostra pequena (N = 14) de M. nemorivaga permitiu a modelagem com somente
uma varidvel de estrutura da floresta. Inicialmente tratamos esse cervideo como
essencialmente frugivoro-herbivoro (Emmons 1997; Eisenberg e Redford 1999). No entanto,
0s nossos dados ndo resultaram em relacdo entre a ocorréncia desta espécie e a massa de
frutos carnosos disponiveis no solo (McFadden’s Rho-Squared = 0,280; p = 0,169). A seguir,
substituimos a massa de frutos pelo nimero de arvores como variavel independente, pois na
escassez de frutos M. nemorivaga alimenta-se também de folhas jovens, caules finos e brotos
(Richard et al. 1995; Richard e Julia 2001; Richard e Rada 2006). A relacdo entre a
ocorréncia de M. nemorivaga apresentou relacdo positiva com o numero de arvores

(McFadden’s Rho-Squared = 0,628; p = 0,043; Figura 7).
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DISCUSSAO

O decréscimo na riqueza de espécies de mamiferos no sentido oeste-leste na Amazonia
(Emmons 1984) ndo foi evidente em meso-escala ao longo da margem direita (sul) do Rio
Negro, na Amazonia Central. No extremo oeste dessa regido, no alto Rio Negro, foram
identificadas 24 espécies de mamiferos de médio a grande porte (Endo 2005) e no Rio
Jauaperi, mais a leste na calha do médio Rio Negro, foram registradas 21 espécies (Trolle
2003), enquanto que no extremo leste do Baixo Rio Negro, localizamos 26 espécies de
mamiferos na terra firme do Parque Nacional (PARNA) de Anavilhanas.

Vale destacar ainda que o nosso esforco de amostragem da mastofauna em
Anavilhanas foi centrado somente em levantamentos visuais, enquanto nas outras duas areas
do Rio Negro foram utilizadas também as técnicas de armadilha fotografica ou de pegada,
além de entrevista (Trolle 2003; Endo 2004). Incluindo todas estas informacdes, o nimero de
mamiferos de médio a grande porte no alto Rio Negro sobe para 36 e no médio vai para 42. O
acréscimo de espécies nessas areas sugere que a inclusdo dessas técnicas de amostragem em
Anavilhanas poderd aumentar consideravelmente a riqueza de espécies no baixo Rio Negro.

O maracaja-acu (Leopardus pardalis), o gato-maracaja (Leopardus wiedii), o veado-
vermelho (Mazama americana), o tatu-canastra (Priodontes maximus) € 0 ouri¢o-cacheiro
(Sphigurus melanurus) foram detectados no Parque Nacional (PARNA) de Anavilhanas
somente nos levantamentos noturnos. Essas ocorréncias ratificaram a relevancia da técnica
para inventariar espécies cripticas de habito noturno, possibilitando estimativas mais acuradas
da composicdo de assembleias de mamiferos (Cullen Jr. 2003; Munari 2008). Em
contrapartida, os levantamentos realizados no alvorecer ou entardecer (crepusculo) foram
ideais para a deteccdo da maioria das espécies de roedores de médio porte, como a cutia-
vermelha (Dasyprocta agouti), a cutia-preta (Dasyprocta fuliginosa) e a cutiara-vermelha

(Myoprocta acouchy).
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A taxa de encontro com primatas foi maior ao amanhecer (4-8 h), destacando a
importancia de que a amostragem desses vertebrados seja iniciada previamente ao alvorecer.
Os ungulados apresentaram padréo de atividade similar aos primatas, sendo mais visualizados
antes e no inicio do amanhecer (3-7h), com exce¢do dos cervideos que foram visualizados
com frequiéncia no final da tarde (16-18 h).

A ocorréncia de M. acouchy no PARNA Anavilhanas foi mais relacionada aos locais
com &rvores mais grossas, corroborando a ocorréncia da cutiara-vermelha principalmente em
florestas primérias, sendo incomum em florestas secundarias (Dubost 1988; Emmons 1997).
Esse roedor ocorre principalmente em ambientes sombreados pelo dossel mais fechado
(Dubost 1988), assim como verificamos em Anavilhanas. Florestas com dossel mais fechado
estdo geralmente associadas com abundancia maior de troncos caidos no solo, que sdo
utilizados como locais para protecdo e dormida de M. acouchy (Dubost 1988; Emmons 1997;
Eisenberg e Redford 1999). Este tipo de ambiente também proporciona maior durabilidade
aos frutos e sementes estocados (Smythe 1986; Emmons 1997; Eisenberg e Redford 1999;
Rose 2000; Jansen et al. 2006), além de proporcionar maior perenidade aos cotilédones de
arvores climax da floresta, recursos estes muito utilizados na dieta desse roedor (Emmons
1997).

O diametro das arvores também teve efeito positivo sobre a ocorréncia de D. agouti e
de C. paca em Anavilhanas, o que ratifica a relevancia do servigo ambiental desses roedores
como importantes dispersores de frutos e sementes, principalmente de arvores de grande porte
(Hallwachs 1986; Forget e Milleron 1991; Smythe et al. 1996; Peres e Balder 1997; Wenny
1999; Enzo 2004).

Varios autores sugeriram associacdo entre a abundancia de frutos carnosos e a
ocorréncia de C. paca e de D. agouti (Smythe 1986; Peres 1997; Silvius e Fragoso 2003). Em

Anavilhanas, essa relacédo foi evidente apenas para C. paca, que se alimenta principalmente da
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polpa de frutos e parece ser incapazes de abrir frutos de casca muito rigida (Laska et al.
2003). A disponibilidade deste tipo de fruto pode, portanto, afetar diretamente a distribuicdo
desta espécie, uma vez que na escassez deste tipo de fruto esse roedor limita sua area de uso
as proximidades das poucas arvores em frutificacdo (Perez 1992; Laska et al. 2003). A baixa
oferta de frutos carnosos na regido do Rio Negro (Boubli 2005) pode, portanto, ter afetado a
ocorréncia de C. paca, que aparentemente concentrou-se nas areas onde havia abundéncia de
frutos carnosos no PARNA Anavilhanas.

A auséncia de relagcdo entre a massa de frutos e a ocorréncia de D. agouti em
Anavilhanas pode ser explicada por este roedor ser primariamente herbivoro-frugivoro, mas
que também pode consumir grande quantidade de sementes e, em menor propor¢édo, folhas ou
fungos, além de estocar alimento para periodos de escassez (Smythe 1986; Emmons 1997;
Eisenberg e Redford 1999; Henry 1999; Enzo 2004; Jansen et al. 2006).

A associacdo positiva que verificamos entre o S. sciureus e a abertura do dossel
corrobora a hipétese de que o macaco-de-cheiro possui preferéncia por dossel mais aberto
(Mittermeier e Coimbra-Filho 1977; Terborgh 1983; Mittermeier e van Rosmalen 1981,
Emmons 1997; Eisenberg e Redford 1999; Kasecker 2006). Esse primata é um saltador de
porte pequeno, sendo adaptado a explorar ambientes onde o dossel € menos continuo e
suporta menos peso. Aproximadamente 75% da dieta dessa espécie € composta por
invertebrados, recurso este mais abundante em locais onde o dossel é mais aberto
(Mittermeier e Coimbra-Filho 1977; Fleagle e Mittermeier 1981; Mittermeier e van Rosmalen
1981).

O S. apella apresenta locomocéo essencialmente quadrdpede, possui cauda preénsil e
explora estratos mais altos da floresta, onde o dossel € mais denso e firme para a locomocéo
(Fleagle e Mittermeier 1981). Porém, o comportamento generalista desse primata lhe permite

tambem explorar estratégias distintas de forrageio e de uso do espaco em fungdo da variagdo
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sazonal dos recursos. Kasecker (2006) concluiu que a abundancia de grupos de S. apella foi
afetada positivamente pela abertura do dossel na Reserva de Desenvolvimento Sustentavel
(RDS) Piagagu-Purus. Uma das explicacdes é que em ambientes mais abertos é maior a
abundancia de artrdpodes, recurso este consumido secundariamente por essa especie
(Mittermeier e Coimbra-Filho 1977). No entanto, em Anavilhanas houve tendéncia oposta,
sendo que a espécie foi mais frequente em locais onde o dossel era mais fechado. Estes
resultados, aparentemente contraditorios, podem ser explicados pela variacdo sazonal da
disponibilidade dos recursos na floresta. Durante o periodo seco, quando os frutos sdo mais
escassos, S. apella pode utilizar recursos disponiveis no solo e em ambientes de dossel mais
aberto, como os invertebrados (Siemers 2000). No periodo de chuva, quando a abundancia de
frutos é maior, a espécie realiza a maioria de suas atividades no estrato mais superior do
dossel, utilizando com menor frequéncia &reas mais abertas dos estratos inferiores (Siemers
2000).

Na RDS Piagacu-Purus, a relacdo positiva da abundancia de grupos de S. apella com a
abertura do dossel pode estar associada a escassez de frutos no periodo em que foi realizada a
amostragem, além da disponibilidade alta de tecidos com alto valor energético resultante do
brotamento foliar acentuado do sub-bosque ou de arvores maiores em crescimento (Kasecker
2006). Os nossos levantamentos da mastofauna concentraram-se no periodo chuvoso, quando
a abundancia de frutos nas florestas de terra firme é maior, podendo também explicar a forte
relacdo entre a ocorréncia de S. apella com areas de dossel mais fechado em Anavilhanas. O
uso de areas com o dossel mais fechado pode estar relacionado ndo s6 com a locomog&o ou a
dieta destes primatas, mas também com a maior protecdo contra predadores, como pequenos
carnivoros ou aves de rapina (Siemers 2000; Vidal e Cintra 2006).

As poucas informagGes disponiveis sobre a disponibilidade de frutos e a ocorréncia de

M. nemorivaga foram obtidas fora da Amazodnia brasileira (Stallings 1984; Branan et al.
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1985; Bodmer 1989, 1991). Quando frutos carnosos se tornam abundantes, a dieta do veado-
roxo € primariamente frugivora. No entanto, nas florestas de terra firme do Rio Negro a
abundancia de frutos carnosos € menor que a de frutos secos (Boubli 2005), o que ajuda a
explicar o fato da espécie ter ocorrido principalmente em locais do PARNA Anavilhanas onde
0 numero de arvores € maior e, consequentemente, onde ha oferta maior de outros recursos
alimentares utilizados pela espécie, pois na oferta baixa de frutos carnosos este cervideo
consome flores, folhas, gramineas, plantulas ou fungos, recursos esses com fécil
digestibilidade e teor energético alto (Emmons 1997; Richard e Julia 2001).

A realizacdo de outros estudos de longa duracdo sobre a histéria natural das espécies
de mamiferos, incluindo aplicacdo de radiotelemetria para avaliacdo da movimentacéo e ainda
modelagens mais refinadas sobre a relagdo da estrutura da floresta e a ocorréncia dos
mamiferos, possibilitard entendimento maior sobre mudangas sazonais na distribuicdo
geogréfica das espécies e sobre a resposta das populacdes de mamiferos frente as alteracGes

antropicas em cenarios pretéritos ou futuros (McElhinny 2002; Grelle e Cerqueira 2006).
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Tabela 1 - Ordem, espécie, nome popular e periodo de deteccdo dos mamiferos visualizados

nos levantamentos diurnos e noturnos no Parque Nacional de Anavilhanas. D = diurno; N =

noturno. * = espécies utilizadas nas analises de ocorréncia.

Ordem Espécie Nome popular Periodo
Primates Alouatta seniculus guariba D; N
Ateles paniscus macaco-aranha; coata D
Sapajus apella* macaco-prego D
Cebus olivaceus macaco-prego D
Chiropotes chiropotes cuxiu D
Saguinus midas niger sauim D
Saimiri sciureus* macaco-de-cheiro D; N
Carnivora Nasua nasua quati; quatipuru D
Panthera onca oncga-pintada D; N
Eira Barbara irara D
Galictis vitata furdo D
Herpailurus yaguaroundi gato-mourisco D
Leopardus pardalis maracaja-agu; jaguatirica N
Leopardus wiedii gato-maracaja N
Rodentia Cuniculus paca* paca D; N
Sphigurus melanurus ourigo-cacheiro N
Dasyprocta agouti* cutia-vermelha D; N
Dasyprocta fuliginosa cutia-preta D
Myoprocta acouchy* cutiara-vermelha D; N
Artiodactyla Mazama americana veado-vermelho N
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Cingulata

Perissodactyla

Mazama nemorivaga*
Pecari tajacu

Tayassu pecari
Dasypus novencinctus
Priodontes maximus

Tapirus terrestris

veado-roxo
caititu; cateto
queixada
tatu-galinha
tatu-canastra

anta
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Tabela 2 - Matriz de correlagdo de Pearson (r) entre os valores de abertura média do dossel,
namero de arvores, nimero de palmeiras, massa de frutos e diametro médio das &rvores a
altura do peito (DAP), nas 174 parcelas de 100 m? avaliadas ao longo dos 11 transectos

amostrados no Parque Nacional de Anavilhanas.

Variaveis Dossel Arvores Palmeiras Frutos DAP

Dossel 1,000

Arvores -0,345 1,000

Palmeiras 0,162 -0,430 1,000

Frutos 0,224 -0,708 0,292 1,000

DAP -0,301 0,162 0,393 0,041 1,000
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Figura 1 - Limites do Parque Nacional de Anavilhanas e disposi¢éo dos 11 transectos lineares
de quatro quilémetros cada na floresta de terra firme, sendo quatro dispostos na margem

esquerda do Rio Baependi e sete na margem esquerda (norte) do Rio Negro.
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(A) ROEDORES (B) PRIMATAS

(C) UNGULADOS

Figura 2 — Hora de atividade de mamiferos de médio a grande porte na floresta de terra firme
do Pargue Nacional de Anavilhanas. As barras representam a taxa de avistamento (nimero de

encontros/hora de procura) de roedores (A), primatas (B) e ungulados (C) em cada horario do
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ciclo circadiano. Os nimeros dispostos externamente representam os horérios e as linhas que

cortam os raios representam a escala das taxas de avistamento.
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Figura 3 - Relagdes logisticas parciais da abertura do dossel (A) e didmetro das arvores (B)
com a probabilidade de ocorréncia de cutiara-vermelha (Myoprocta acouchy) na terra firme

do Parque Nacional de Anavilhanas.
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Figura 4 - Relacdo logistica parcial entre o diametro das arvores e a probabilidade de
ocorréncia de cutia-vermelha (Dasyprocta agouti) na terra firme do Parque Nacional de

Anavilhanas.
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Figura 5 - Relagdes logisticas parciais do diametro das arvores (A) e massa de frutos
carnosos (B) com a probabilidade de ocorréncia de paca (Cuniculus paca) na terra firme do

Parque Nacional de Anavilhanas.

89



1,0
0,9+
0,8
0,7 —
0,6 —
0,5
0,4
0,3+

0,2

Probabilidade de ocorréncia

0,1+

0,0

T T T T
10 20 30 40

abertura do dossel (%)

1,0
0,9
0,8
0,7
0,6
0,5
0,4 —
0,3
0,2

0,1

0,0

T T T T 1
10 20 30 40 5C

abertura do dossel (%)

Figura 6 — Relacdes logisticas entre a probabilidade de ocorréncia de macaco-de-cheiro

(Saimiri sciureus - A) e macaco-prego (Sapajus apella - B) com a abertura do dossel na terra

firme do Parque Nacional de Anavilhanas.
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Figura 7 - Relacdo logistica entre a probabilidade de ocorréncia de veado-roxo (Mazama

nemorivaga) e o numero de arvores na terra firme do Parque Nacional de Anavilhanas.
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