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RESUMO 

 

As florestas tropicais sustentam a maior parte da biodiversidade terrestre e proporcionam 

inúmeros serviços ecossistêmicos. Entretanto, essas florestas têm sido impactadas por 

atividades humanas, devido às crescentes demandas por recursos para atender às necessidades 

humanas. Por exemplo, a Amazônia brasileira é a maior floresta tropical remanescente e, 

atualmente, tem uma área de aproximadamente 60 milhões de hectares convertidos em 

pastagens, e outros 50 milhões de hectares sob concessão madeireira. No intuito de avançar 

em direção a usos mais sustentáveis nessa região, devemos compreender as respostas da 

biodiversidade às atividades humanas, e os mecanimos através dos quais essas respostas são 

determinadas. Essa tese objetiva abordar essa lacuna de conhecimento através da 

quantificação da resposta de besouros rola bosta a mudanças antropogênicas no estado do 

Pará, Amazônia brasileira. No Capítulo 2, meus objetivos foram investigar respostas dos 

besouros rola bosta a distúrbios como corte seletivo e queimadas, e identificar características 

ambientais e/ou históricas influenciando os padrões observados. O Capítulo 3 avalia os 

impactos da conversão florestal em pastagens sobre comunidades de rola bostas, identificando 

os principais direcionadores da ocorrência de espécies nesse tipo de uso da terra. Finalmente, 

no Capítulo 4, eu avaliei a escolha de variáveis para estudos sobre besouros rola bosta e 

mudanças antropogênicas em paisagens tropicais, identificando lacunas entre a importância 

de variáveis e seu uso na literatura. Para essa tese, eu usei dados de besouros rola bosta 

amostrados em 273 sítios independentes, ao longo de múltiplas escalas e abrangendo florestas 

primárias sem distúrbio detectado, florestas primárias sob corte seletivo, florestas primárias 

sob corte seletivo e com registro de queimadas, florestas secundárias e pastagens introduzidas 

(Capítulo 2 e Capítulo 3). No total, eu amostrei 74.926 besouros rola bosta pertencentes a 149 

espécies. Eu também utilizei dados de uma revisão de literatura e um questionário estruturado 

aplicado a 25 pesquisadores (Capítulo 4). De forma geral, eu demonstro que distúrbios 

antropogênicos promovem empobrecimento de comunidades de rola bostas em florestas 

tropicais, acompanhando as mudanças na abertura de dossel e biomassa das florestas, e 

também uma forte dependência de hábitats naturais abertos para servir como fontes de 

populações para as pastagens introduzidas. Eu também mostro que existem algumas 

discrepâncias em relação à importância de variáveis e seu uso nos estudos de rola bostas sobre 

as consequências de modificações em florestas tropicais. Por fim, eu uso os resultados dessa 

tese para discutir os impactos de atividades humanas em florestas tropicais, apresentando 

alternativas para pesquisa futura e iniciativas de manejo aplicado. 

 

Palavras-chave: Rola bostas. Amazônia. Desmatamento. Distúrbios antropogênicos. Seleção 

de variáveis. Cerrado. Estocasticidade. Dossel. Biomassa sobre o solo. 

 

 

  



 

ABSTRACT 

 

Tropical forests sustain most of Earth‟s biodiversity and provide numerous ecosystem 

services. However, these forests have long been impacted by human activities, following the 

growing demands for resources to satisfy human needs. For instance, the Brazilian Amazon is 

the largest tropical forest remaining and currently has approximately 60 million ha of forests 

converted to pastures, and other 50 million ha under timber concession. In order to move 

towards a more sustainable use of this tropical forest region, we need to understand 

biodiversity responses to human activities, and the underlying mechanisms that determine 

those responses. This thesis aims to address this knowledge gap by quantifying dung beetle 

responses to anthropogenic changes in the Amazonian state of Pará, Brazil. In Chapter 2, my 

objectives were to investigate dung beetle responses to disturbances such as selective logging 

and wildfires, and identify environmental and/or historical characteristics influencing the 

observed patterns. Chapter 3 assess the impacts of forest conversion to pastures on dung 

beetle communities, identifying the main drivers of species occurrence in this open land-use. 

Finally, in Chapter 4 I assess the choice of variables for dung beetle studies on anthropogenic 

changes in tropical landscapes, identifying gaps between variables importance and use in the 

literature. For this thesis, I used data on dung beetles sampled across 273 independent sites, 

across multiple scales and encompassing undisturbed primary forests, logged primary forests, 

logged and burnt primary forests, secondary forests and introduced pastures (Chapter 2 and 

Chapter 3). In total, I sampled a total of 74,926 dung beetles belonging 149 species. I also, 

used data from a literature review and a structured survey of 25 authors (Chapter 4). Overall, 

this thesis demonstrate that anthropogenic disturbances promote impoverishment of dung 

beetle communities in tropical forests, following changes in forest canopy openness and 

biomass, and a strong dependence of natural open habitats to serve as source of populations 

for the introduced pastures. This work also shows that there are some discrepancies in relation 

to variables importance and use in the dung beetle studies on consequences of tropical forest 

modification. I use the findings from this thesis to discuss the impacts of human activities in 

tropical forests, presenting alternatives for future research and applied management 

initiatives. 

 

Keywords: Dung beetles. Amazon. Deforestation. Anthropogenic disturbances. Variables 

selection. Cerrado. Stochasticity. Canopy. Aboveground biomass. 
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transects; TOAGB – total aboveground biomass; UNDEN – 

density of understory stems.  In black, all models within ΔAICc 

< 4 and in grey all other models…………………………………. 
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Table S   6 - AICc-based model selection for transect dung beetle species 

abundance in introduced pastures at Santarém (Brazil). Here are 

listed all possible variables in the models with ΔAICc < 4, 

followed by model R
2
, degrees of freedom (df), model log-

likelihood (logLik), AICc, ΔAICc, model weight (ω) and 

cumulative model weight. COARSE – percentage of soil coarse 

sand; FOREST – percentage of primary forest surrounding 

transects; DEFOR – deforestation curvature profile; PCNM1 – 

spatial variable, PCNM2 – spatial variable; PCNM3 – spatial 

variable; SLOPE – transects slope……………………………….. 
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Table S   7 - AICc-based model selection for transect dung beetle community 

composition in introduced pastures at Paragominas (Brazil). 

Here are listed all possible variables in the models with ΔAICc < 

4, followed by model R
2
, degrees of freedom (df), model log-

likelihood (logLik), AICc, ΔAICc, model weight (ω) and 

cumulative model weight. COARSE – percentage of soil coarse 

sand; FOREST – percentage of primary forest surrounding 

transects; DEFOR – deforestation curvature profile; PCNM1 – 

spatial variable, PCNM2 – spatial variable; PCNM3 – spatial 

variable; SLOPE – transects slope……………………………….. 
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Table S   8 - AICc-based model selection for transect dung beetle community 

composition in introduced pastures at Santarém (Brazil). Here 

are listed all possible variables in the models with ΔAICc < 4, 

followed by model R
2
, degrees of freedom (df), model log-

likelihood (logLik), AICc, ΔAICc, model weight (ω) and 

cumulative model weight. COARSE – percentage of soil coarse 

sand; FOREST – percentage of primary forest surrounding 

transects; DEFOR – deforestation curvature profile; PCNM1 – 

spatial variable, PCNM2 – spatial variable; PCNM3 – spatial 

variable; SLOPE – transects slope……………………………….. 
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Table S   9 - AICc-based model selection for transect dung beetle community 

structure in introduced pastures at Paragominas (Brazil). Here 

are listed all possible variables in the models with ΔAICc < 4, 

followed by model R
2
, degrees of freedom (df), model log-

likelihood (logLik), AICc, ΔAICc, model weight (ω) and 

cumulative model weight. COARSE – percentage of soil coarse 

sand; FOREST – percentage of primary forest surrounding 

transects; DEFOR – deforestation curvature profile; PCNM1 – 

spatial variable, PCNM2 – spatial variable; PCNM3 – spatial 

variable; SLOPE – transects slope……………………………….. 
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Table S   10 - AICc-based model selection for transect dung beetle community 

structure in introduced pastures at Santarém (Brazil). Here are 

listed all possible variables in the models with ΔAICc < 4, 

followed by model R
2
, degrees of freedom (df), model log-

likelihood (logLik), AICc, ΔAICc, model weight (ω) and 

cumulative model weight. COARSE – percentage of soil coarse 

sand; FOREST – percentage of primary forest surrounding 

transects; DEFOR – deforestation curvature profile; PCNM1 – 

spatial variable, PCNM2 – spatial variable; PCNM3 – spatial 

variable; SLOPE – transects slope……………………………….. 
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CHAPTER 4   

Table S   1 -    Summary of the response and explanatory variables used in the 

48 studies surveyed regarding the effects of land-use change on 

dung beetle communities in tropical forests. Variables presence 

or absence in each paper is indicated by “1” or “0” respectively. 

When it is not applicable (e.g. the presence in studies performed 

only in forested habitats of a variable recommended for studies 

on agricultural lands), columns were filled with “-”……………..  
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1 BACKGROUND 

 

 Tropical forests cover only 7–10% of the global land area, and are located mainly in 

the Amazon Basin, Congo Basin and Southeast Asia (MAYAUX et al., 2005). These forests 

are one of the most diverse and important ecosystems on Earth‟s surface (MAYAUX et al., 

2005). They host approximately 50% of described species and are estimated to host an even 

larger number of undescribed species (DIRZO & RAVEN, 2003), providing essential 

ecological services to humans across the planet, including biodiversity conservation, carbon 

sequestration and storage, regulation of water and air quality, provision of freshwater, food 

and shelter, and pest and disease control (FOLEY, 2005; KLEMICK, 2011; BACCINI et al. 

2012; FAO, 2020; BERENGUER et al., 2014). 

 Nevertheless, despite their importance, tropical forests are being deforested and 

degraded rapidly as the human population and global consumption levels increase (GEIST & 

LAMBIN, 2002; WRIGHT, 2005; LEWIS, 2009). The population of tropical regions has 

grown from 1.8 billion in 1950 to 4.9 billion people in 2000. Moreover, to meet burgeoning 

demands of a larger and more affluent population in an increasingly globalized world, large 

areas of rainforest have been cleared and converted to other land use systems (FOLEY et al., 

2005). These human-driven land use and cover changes have accelerated over the last three 

centuries, and particularly in the last three decades (LAMBIN & GEIST, 2006). Indeed, 

tropical deforestation is one of the primary causes of global environmental change driven 

mainly by the expansion of agriculture, cattle-ranching and forestry, urbanization and 

expansion of infrastructure (GEIST & LAMBIN, 2002), and combined with the widespread 

degradation of remaining forests has severely compromised the provision of ecosystem 

services at local, regional and global scales (PARROTTA et al., 2012). 

 

1.1 Tropical Forests 

 

 Deforestation is a process that occurs when the entire plant biota of an area is cleared 

(FAHRIG, 2003). The negative environmental effects resulting from deforestation include 

biodiversity loss (FOLEY et al., 2005; TURNER et al., 2007), reduction of genetic potential, 

scarcity of timber and firewood, climate change, reduction of soil fertility, increased soil 

erosion, changes in the water regime (FEARNSIDE, 2005) and exotic species invasions 

(PUIG, 2009).  
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 In the early twentieth century, almost half of the world´s tropical forests were 

deforested (WRIGHT, 2005), driven overwhelmingly by agricultural expansion (ACHARD, 

2002; GEIST & LAMBIN, 2002; MAYAUX et al., 2005). Between 2000 and 2005, over 

27,461,500 ha were lost, representing 1.4% of humid tropical forests in the world (ASNER et 

al., 2009). Other estimates show that between 2000 and 2012 around 80 millions ha of humid 

forests were lost across the tropics, half from South America (HANSEN et al., 2013). These 

changes have altered the identity of landscapes across the tropics (FOLEY et al., 2005; 

TURNER et al., 2007). 

 In addition to direct forest clearance a major consequence of deforestation is forest 

fragmentation (FAHRIG, 2003), which refers to the degree of disruption of an originally 

continuous landscape unit (METZGER, 2004) and the changes in the habitat configuration as 

a result of habitat subdivision and isolation (FAHRIG, 2003). Fragmentation of forests has 

facilitated loggers and settlers to access previously remote forested areas, intensifying the 

pressure on remaining forests (WRIGHT, 2005; BARLOW et al., 2016)  

 The combination of deforestation and forest fragmentation has left large swathes of 

the tropics as human-modified landscape mosaics containing remnants of tropical forest 

immersed in a matrix of anthropogenic systems, ranging from secondary forests to introduced 

land uses without canopy cover (WRIGHT, 2005; LEWIS 2009). Many scholars suggest that 

the combination of these changes is driving a similar number of extinctions as those 

associated with mass extinction events in Earth‟s geological history (e.g. DIRZO & RAVEN, 

2003; LAURANCE, 2007). In addition to biodiversity loss the clearance of tropical forests 

has also resulted in massive additions of carbon dioxide to the atmosphere, contributing to the 

acceleration of climate change (SALA et al., 2000). 

 

1.1.1 Tropical Forest Conversion into Pastures 

 

 Forest clearance for agriculture is the main driver of tropical deforestation. Only in 

Brazil, more than 150 million hectares are covered by pastures, from which ca. 60 million ha 

are in the Brazilian Amazon (ALMEIDA et al., 2016). In this fact, Brazil plays a categorical 

role being responsible for the highest rates of global deforestation, while sustaining the largest 

and most diverse tropical forest (FAO, 2010). Recently, it has been demonstrated that this 

country alone could meet world‟s increasing demands for beef consumption without 

promoting further forest clearance. This would be achieved by improving its typically low-
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productive pasturelands, raising from 32–34% to 49–52% its potential productivity 

(STRASSBURG et al., 2014). Although land-sparing appears as a practical and intuitive 

solution for reducing tropical deforestation and improve food security (PHALAN et al., 2011, 

2016), it also could make deforestation more economically attractive and result in opposite 

results (BYERLEE et al., 2014). The undeniable socio-economic and ecological importance 

of exotic pastures, together with its long-term persistence in tropical landscapes, lead 

researchers to suggest it as novel ecosystems (HOBBS et al., 2006) that should no longer be 

neglected or considered a threat to biodiversity. Although it is still a very controversial 

definition (MURCIA et al., 2014; HOBBS et al., 2014; MORSE et al., 2014), it is fact that 

understanding the consequences of the tropical forest conversion to pastures is imperative. 

 

1.1.2 Tropical Forest Degradation 

 

 Forest degradation can be characterized as the continuing decline or impairment in the 

delivery of ecosystem services due to increasing levels of unsustainable human impacts 

(PARROTTA et al., 2012). Degradation is a pervasive process across the tropics, driven by 

disturbances such as fragmentation, timber extraction, fragmentation and over-hunting, 

contributing to global anthropogenic carbon emissions (PARROTTA et al., 2012), and 

reductions in biodiversity (BARLOW et al., 2016; SOLAR et al., 2016). Estimates indicate 

that 2.3 million hectares of tropical forests were degraded between 1990 and 1997 

(ACHARD, 2002). In Borneo, a recent study found that around 80% of forests were disturbed 

by high-impact logging or clearing operations from 1990 to 2009, while in the Brazilian 

Amazon, degradation processes impacted twice the area deforested in 2008 (INPE, 2016a, b). 

The impact of forest disturbance by human activities on biodiversity in one state of the 

Brazilian Amazon (Pará) corresponds to biodiversity estimated to be lost from the clearance 

of 13.9 million ha of intact forest (BARLOW et al., 2016), which is also equivalent to all 

deforestation identified in this state since 1988, the year in which the official monitoring of 

the National Institute for Space Research (INPE) started (INPE 2016b). 

 Although natural disturbances such as landslides and hurricanes may also contribute 

with forest degradation (GARWOOD et al., 1979; TANNER et al., 2014), two of the major 

causes of forest degradation in the tropics are logging and fire. As can be seen in Figure 1, 

besides contributing to biodiversity loss, forest degradation makes forests more vulnerable to 

edge effects, with warmer conditions and more intense winds, facilitating the occurrence of 
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forest fires, which often lead to the spread of wildfires lit on farmlands (EDWARDS, 2016; 

BARLOW et al., 2016). 

 

Figure 5- Major disturbances driving conservation losses. 
 

 

Source: Reproduced from Edwards 2016. 

 

 Recently a greater focus has been given to conservation programs, such as REDD +, 

which supports actions such as sustainable forest management (selective and reduced impact 

logging) trying to avoid the consequences of forest degradation in tropical forests (PANFIL e 

HARVEY, 2016). However, contrary to deforestation that can be easily recognized in remote 

sensing imagery, forest degradation is much harder to be detected remotely (Berenguer et al. 

2014) (Asner et al. 2009). For this reason, the degradation of tropical forest ecosystems has 

historically received much less attention than the deforestation processes, and has 

subsequently been overlooked by major conservation programmess (PANFIL e HARVEY, 

2016). 

 

1.1.3 The Brazilian Amazon 

 
 The Amazon is the largest remaining tropical forest in the world, occupying an area of 

approximately 6.9 million km2 along nine countries (BARTHEM et al., 2004). It is crucial for 

the conservation of biodiversity (FAO, 2011) and ecosystem services at local, regional and 

global scales (TRIVEDI et al., 2009). For instance, the Amazon hosts a quarter of the world‟s 

biodiversity (DIRZO & RAVEN, 2003), has a profound influence on Earth‟s temperature and 

rainfall patterns (LAWRENCE & VANDECAR, 2014), and provides substantial amounts of 

timber and non-timber (e.g. fruits, bush-meat and shelter) products for more than 31 million 

people (FAO, 2011). 
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1.2 Dung Beetles 

 
 Dung beetles are detritivorous insects from the Scarabaeinae subfamily (Coleoptera: 

Scarabaeidae) that rely on resources from other organisms for feeding, breeding and nesting 

(SPECTOR, 2006; HALFFTER & EDMONDS, 1982). They feed predominantly in feces, 

carcasses and decaying fruits (HALFFTER & MATTHEWS, 1966; HANSKI & 

CAMBEFORT, 1991). Because of their strong dependence on such resources, dung beetles 

communities often respond to variations in other organisms‟ populations, such as mammals 

(NICHOLS et al., 2009; CULOT et al., 2013). They play a key role in a number of ecological 

functions, such as nutrient cycling, secondary seed dispersal and parasite suppression  

(NICHOLS et al.; 2008) associated with their characteristic habit of making balls from food 

resources and burying them underground (HANSKI & CAMBEFORT, 1991). A recent study 

suggests that dung beetles also have a potential effect in reducing the emission of methane gas 

from cattle feces (PENTTILÄ et al., 2013; SLADE et al., 2016). 

 

1.2.1 Responses to Tropical Forest Conversion and Degradation 

 

 Over the past 15 years, there has been increasing attention given to the impacts of 

tropical forest modification on dung beetles. These insects are highly sensitive to forest 

conversion to production systems, such as Eucalyptus plantations (GARDNER et al., 2007; 

BARLOW et al., 2007), cattle ranches (HORGAN, 2008) and agricultural systems in general 

(NICHOLS et al., 2007; QUINTERO, I.; HALFFTER et al., 2009; KORASAKI et al., 2013). 

Moreover, they respond to subtle changes in forest quality, such as those resultant from 

selective logging activities (SLADE et al., 2011; FRANÇA et al. in press), wildfires 

(ANDRADE et al., 2011; BARLOW et al., 2012) and hunting activities (NICHOLS et al., 

2009). Overall, variations in dung beetle communities in response to tropical forest 

modification include reduction in species richness, changes in abundance distributions – with 

less and smaller species becoming hyper-abundant (NICHOLS et al., 2007), reduction in 

species turnover (SOLAR et al., 2015), loss of functional guilds and changes in the provision 

of ecosystem functions (NICHOLS et al., 2008, BRAGA et al., 2013). Despite a 

predominance of small-scale studies addressing this subject (NICHOLS et al., 2007), recent 

large-scale and highly replicated researches corroborates such general patterns of dung beetle 

response to forest modification (BRAGA et al., 2013; SOLAR et al., 2015; BARLOW et al., 

2016). 
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1.2.2 Use as indicator of Environmental Changes 

 

 The use of dung beetles to indicate environmental changes and measure their potential 

impacts on biodiversity is a growing research field, mainly due to beetles‟ high diversity, 

widespread distribution, sensitivity to habitat modifications, and low costs of sampling 

(GARDNER et al., 2008; NICHOLS & GARDNER, 2011). For instance, dung beetles have 

recently been used in a multi-taxa assessment of the consequences of Amazonian forest 

degradation, and contributed to the identification of strong negative impacts of selective 

logging and wildfires in primary forests (BARLOW et al., 2016). Although the usefulness of 

these insects to indicate environmental changes is verified, some of the mechanisms 

underlying variations in dung beetle communities are not well known. For instance, it is still 

not clear which are the specific drivers (i.e. environmental, historical and spatial) of their 

diversity, and how these drivers influence dung beetles at local, landscape and regional scales. 

In part, this may be due to a lack of clear information about studies‟ scales, and a general 

absence of environmental measures, reducing the potential for extrapolating studies‟ results 

(NICHOLS et al. 2007).  

 

1. 3 The Sustainable Amazon Network 

 

 This thesis was written as part of the Sustainable Amazon Network (RAS, 

http://www.redeamazoniasustentavel.org), a multidisciplinary research initiative focused on 

understanding the environmental and socio-economic trade-offs in the Brazilian Amazon 

(GARDNER et al., 2013). The RAS network collected ecological and socioeconomic data 

along broad gradients of human land use, allowing comparisons of environmental impacts and 

land-use sustainability at local, landscape and regional scales. An international and diverse 

group of research and non-research partners actively collaborates in the network. For this 

reason, the three papers to be submitted from this thesis will include other co-authors, mainly: 

my supervisor Dr Jos Barlow (Lancaster University), my co-supervisors Dr Julio Louzada 

(UFLA) and Dr Toby Gardner (Stockholm Environment Institute), and my research partners 

Dr Ricardo Solar (UFMG), Dr Rodrigo Braga (UFLA), Dr Erika Berenguer (Lancaster 

University) and Dr Joice Ferreira (EMBRAPA) for their significant contributions to RAS and, 

more specifically, to this thesis since my initial work during my MSc thesis, also conducted 

under RAS, since 2009. 
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1.4 Data sampling 

 

 Most of the data supporting this thesis was collected during field work conducted in 

2010 and 2011. In each region, we sampled dung beetles in 18 catchments (landscapes scale) 

along the main land-use and cover classes (including. undisturbed and disturbed primary 

forests, secondary forests and introduced pastures). The number of transects (local scale) 

sampled per land-use and cover classes was proportional to their cover in each catchment 

(GARDNER et al., 2013). Dung beetle samples were conducted using pitfall traps baited with 

a mix of human:pig dung at 1:4 ratio. 

 The environmental predictors used in this thesis were measured following the same 

study design highlighted in Gardner et al., 2013. Methodological details of environmental 

measurements are provided by Berenguer et al., 2014 and Carvalho et al., 2016. 

 

1.5 Thesis Aim and Structure 

 

 My main goal in this thesis is the quantification of dung beetle responses to 

anthropogenic changes in tropical forests. I address this topic in three data chapters that have 

been written for publication, constituting in stand-alone and multi-authored pieces of work 

focused on different aspects of a central theme. I intend to submit Chapter 2 and 3 for review 

and publication. Chapter 4 is currently under revision for Basic and Applied Ecology 

following receipt of initial reviewer comments. 

 Chapter 2 focuses on beetle responses to tropical forests disturbance. I use samples of 

dung beetles and measurements of eight environmental variables from 112 transects of 

undisturbed, logged and burnt forests and secondary forests regenerating on cleared land, to 

answer two main questions: (1) How do dung beetle communities respond to a gradient of 

anthropogenic forest disturbance? (2) Which environmental variables related to forest 

disturbance best predict dung beetle species richness, abundance, composition and structure? 

 Chapter 3 is focussed on assessing dung beetle assemblages in introduced pastures on 

deforested areas, a major human land use associated with deforestation across the tropics. In 

this chapter, I use data sampled in 261 introduced pastures and forests of two tropical human-

modified regions to answer four questions: (1) To what extent are dung beetle communities in 

pastures different from the surrounding forests communities? (2) What is the provenance of 

dung beetle species that are significant and consistent indicators of pastures? (3) To what 

extent is the richness, abundance, species composition and structure of dung beetle 
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communities in pastures determined by local, landscape or spatial factors? (4) Are the 

patterns observed while answering all these questions consistent between two discrete study 

regions? 

 Chapter 4 is based on information compiled from a literature review and a structured 

survey of the authors of 48 studies concerning dung beetle responses to anthropogenic 

changes in tropical landscapes. In this chapter, I ask two main questions regarding variables 

choice for dung beetle studies: (1) To what extent are the response and explanatory variables 

deemed most appropriate by researchers actually being selected in published studies? (2) To 

what extent is the variable choice and study design processes clearly justified, and, if so, what 

kind of justification is presented in published work? I address these questions separately for 

studies on forests and open agricultural lands because these systems are structurally divergent 

and host significantly different dung beetle communities determined by different factors (see 

Chapter 2 and Chapter 3). 

 I summarise the main findings from the three data chapters in Chapter 5 and discuss 

their importance for tropical biodiversity conservation and research. Finally, I present other 

outcomes from the data and ideas hereafter discussed - all of which I made significant 

contributions - including two multi-taxa published papers on biotic homogenisation 

(Appendix 1) and biodiversity loss (Appendix 2) from anthropogenic disturbances in tropical 

forests. I also present three published papers (Appendices 5) providing extra details on the 

sampling methods and variables used for analyses in Chapter 2 and Chapter 3.  
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CHAPTER 2 

 

QUANTIFYING DUNG BEETLE COMMUNITY RESPONSES TO TROPICAL 

FOREST DISTURBANCE IN THE EASTERN AMAZON 
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ABSTRACT 

 

Context: Tropical forests around the world are under continuous and increasing pressures 

from human activities. Although the biodiversity consequences of forests clearance are well 

studied, historically little attention has been given to the impacts of less evident human 

activities (e.g. selective logging) promoting forests degradation.  

Objectives: We investigated the impact of anthropogenic forest disturbances on dung beetle 

communities in the Brazilian Amazon. 

Methods: We used data on dung beetles and eight disturbance related environmental 

predictors sampled across 112 transects encompassing undisturbed primary forests, logged 

primary forests, logged and burnt primary forests and secondary forests regenerating from 

previous agricultural use. Dung beetles were sampled using baited pitfall traps. 

Results: We sampled a total of 17,260 dung beetles from 83 species. Dung beetle 

communities were highly sensitive to human disturbances, with disturbed primary forests and 

secondary forests presenting reduced diversity and differences in composition and structure in 

comparison to undisturbed forests. Changes in dung beetle communities were mainly 

associated to variations in forests canopy openness and biomass. 

Conclusions: Our study demonstrate that dung beetles are sensitive to anthropogenic 

disturbances in tropical forests, even at finer scales (i.e. within primary forests). Our findings 

highlight the need to incorporate the monitoring of tropical forest degradation to conservation 

initiatives aiming at protecting the Amazonian biodiversity. We suggest that, at least for dung 

beetles, it could be possible to assess forests quality by remotely measuring forests canopy 

openness and biomass. 

 

Keywords: Degradation. Amazon. Biodiversity loss. Canopy. Aboveground biomass. Forest 

productivity. Dung beetles.  
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1 INTRODUCTION 

 

 The world‟s remaining tropical forests are increasingly disturbed by human activities 

such as selective logging, wildfires, edge effects and extraction of non-timber products (e.g. 

bush meat). There is mounting evidence that the combined effect of these can be as harmful to 

biodiversity as deforestation when assessed across large spatial scales: a recent study carried 

out in the Brazilian Amazon showed that the number of species of dung beetles, birds and 

plants lost to disturbances such as fire and logging is comparable to the expected loss of 

species to deforestation across the study region (BARLOW et al., 2016). In providing the first 

robust comparison of the effects of deforestation and forest disturbances this study 

conclusively demonstrated that, to effectively protect biodiversity, conservation initiatives 

must move beyond simply preventing clearances and strive to prevent and reverse the effects 

of degradation. This is particularly important given that much of the world´s existing tropical 

forests are subject to anthropogenic disturbances (GARDNER et al., 2009). 

 However, forest disturbance is more difficult to measure than deforestation (e.g. 

PERES et al., 2006), and is neglected in many conservation programmes (PANFIL & 

HARVEY, 2016). Thus, many forms of disturbance such as selective logging may take a long 

time to be detected in satellite images, demanding meticulous investigation of images and 

field confirmation to be qualified and quantified (BERENGUER et al., 2014). Also, forest 

disturbance is not necessarily correlated with deforestation (ARAGAO & SHIMABUKURO, 

2010; MORTON et al., 2013). For instance, within the same time frame it was registered a 

decrease of 22% of deforestation in the Brazilian Amazon and an increase of 213% of forest 

degradation (HAYASHI et al., 2010).  

 Despite recent advances on biodiversity consequences of forest degradation 

(BERENGUER et al., 2014; SOLAR et al., 2015; BARLOW et al., 2016), more studies are 

needed since previous assessments were mostly conducted at local scale (TABARELLI et al., 

2012) or focused on one type of disturbance. As such, these studies may limit our 

understanding of disturbance across human-modified tropical forest landscapes, and 

preventing us to evaluate the effectiveness of current policy interventions, particularly for the 

conservation of biodiversity at larger scales.  

 Here, we examined the implications of anthropogenic disturbance by undertaking a 

multi-scale diversity assessment in 112 transects of variable forest quality (i.e. from 

undisturbed primary forests to secondary forests) of a large (ca. 20,000 km2) human-modified 

region of the Brazilian Amazon. This biome corresponds to a third of Earth‟s tropical forests, 
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hosts one quarter of the described terrestrial species (DIRZO & RAVEN, 2003) and is being 

threatened by agricultural expansion, cattle ranching activities, selective logging and building 

of dams (FEARNSIDE, 2015). Many of these activities leave the forests vulnerable to fires 

which are become increasingly prevalent in the severe dry seasons being faced by the 

Amazon (ARAGÃO et al., 2014) (e.g. EL NIÑO, see ALENCAR et al., 2015).  

 We used dung beetles as our focal study taxon because of their cost-effective 

responses to environmental changes (GARDNER et al., 2008) and high importance in nutrient 

cycling, soil aeration, soil fertilization and other ecological processes (NICHOLS et al., 

2008). We address two specific questions: First, how do dung beetle communities respond to 

a gradient of anthropogenic forest disturbance? Second, which environmental variables 

related to forest disturbance best predict dung beetle species richness, abundance, 

composition and structure? Taken together, these analyses provide a quantitative 

understanding of the environmental drivers of dung beetle communities in one of the most 

species-rich areas of the planet, and can help provide a basis for predicting the biodiversity 

consequences across the human-modified forest landscapes of the future. 
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2 MATERIAL AND METHODS 

 

 We conducted our study in the municipality of Paragominas. We sampled 112 forest 

transects, comprising the following gradient of forest degradation: 

 

(a) Undisturbed primary forests (UPF, n = 9): well preserved primary forests with no 

detectable evidence of past anthropogenic disturbance. 

(b) Logged primary forests (LPF, n = 44): primary forests subject to logging activities 

but with no detectable evidence of wildfire. 

(c) Logged and burnt primary forests (LBPF, n = 42): primary forests subject to 

logging activities and fire events evidenced by scars on trees and/or by satellite 

images (Gardner et al. 2013). 

(d) Secondary forests (N = 17): regenerating forests after complete clearance for 

agriculture. 

 

2.1 Sampling Design 

 

 We used the Soil and Water Assessment Tool (SWAT) for ArcGIS to divide the 

studied region in 18 landscapes of ca 5000 hectares. We set 300 m long transects in forests 

within each landscape, at a maximum density of 1 transect / 400 hectares. The number of 

transects in each forest class was proportional to the overall area occupied by them within 

each catchment (Fig.1). Further details on the study sites are available in (GARDNER et al., 

2013). 
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Figure 1 -  Studied region of Paragominas (ca. 1.9 million ha) (Pará state, Brazil). Map of the 

sampling design for dung beetles and predictor variables in primary and 

secondary forests. We stratified our sampling in catchment and transect scales. 

 

Source: Author 

 

2.2 Sampling of Dung Beetles 

 

 We sampled dung beetles between April and June in 2010, using baited pitfall traps 

active in the field for 48 hours. This method is widely used in assessments of land use 

changes effects on dung beetles around the world. Each trap was made of plastic (diameter: 

18 cm; height: 15 cm) and covered by a lid – to protect from the rain. We used 50 g of a 

mixture of 20:80 human:pig dung ratio as bait, which is ideal for dung beetle studies in the 

Amazon (MARSH et al., 2013). Each pitfall was filled with 250 ml of a saline solution (w/ 

detergent) in order to kill the insects and preserve their body parts while they were trapped. 

We sorted and identified all sampled dung beetles to the lowest taxonomic levels possible. A 

specialist in taxonomy of dung beetles, Dr Fernando Vaz de Mello, validated our 

identifications. Voucher specimens are deposited at the Coleção de Escarabeíneos 
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Neotropicais at the Universidade Federal de Lavras (BRA) and at the Zoological Collection 

of the Universidade Federal do Mato Grosso (BRA). 

 

2.3 Sampling of Predictor Variables 

 

 We measured 08 environmental variables that represent a broad range of the changes 

that can take place after anthropogenic forest disturbance (Table 1). Data about forest 

structure (e.g. canopy openness, total aboveground biomass) was obtained from 

measurements made within transects (for more details, see BERENGUER et al., 2014). 

Deforestation curvature profile (DEFOR) was calculated in 500 m buffers by analysing time-

series of satellite images (FERRAZ et al., 2009) (for more details, see GARDNER et al., 

2013). Mean dry weight of duff samples (DUFF) and total aboveground biomass in leaf litter 

(AGBLT) were highly correlated with canopy openness (CANOPY) (Pearson ρ = 0.62) and 

total aboveground biomass (TOAGB) (Pearson ρ = 0.97) (Fig S1), respectively.  The former 

variables were removed from the analyses (ZUUR et al., 2010) leaving six predictor variables 

(Table 1). 

 

Table 1 -   Selected environmental variables representing anthropogenic forest disturbance in 

primary and secondary forests of Paragominas (Pará, Brazil). For more details, see 

Gardner et al. (2013). 
 

Variable Description 

PFCOV Percentage of undisturbed primary forest in 1km buffer 

DEFOR Deforestation curvature profile in 500m buffer 

CANOP Mean canopy openness at the transect level 

TOAGB Total aboveground biomass at the transect level 

AGBFW Total aboveground biomass in fine wood debris at the transect level 

UNDEN 
Average density of understory stems (> 2 < 10 cm dbh) dead or alive, all life 

forms, at the transect level 

Source: Author 

2.4 Statistical Methods 

 
 We followed three steps to assess dung beetle communities‟ responses to 

anthropogenic forest disturbance. First, we used generalised linear mixed models (GLMM; 

BOLKER et al., 2009) with forest classes (i.e. UPF, LPF, LBPF, SEF) as the explanatory 

variables, the 18 catchments as the random factor, and dung beetle species richness and 
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abundance (logabundance+1) as response variables. We submitted the models to contrast 

analysis, combining statistically similar classes (CRAWLEY, 2013). Second, we compared 

richness from a rarefied curve (n = 9, the amount of transects in the least sampled forest class) 

with extrapolated sample-based curves (n = 44, the amount of transects in the most sampled 

forest class) because comparisons of regional diversity could be potentially biased by 

variations in the number of samples in each forest class. We acknowledge that extrapolation 

beyond three-times the sample size can be unreliable (COLWELL et al., 2012). We used 

presence/absence data (Hill numbers of order 0) and incidence data (Hill numbers of order 1) 

for extrapolations, in the attempt to reduce potential bias caused by rarely sampled species 

(CHAO et al., 2014). We considered non-overlapping confidence intervals as having 

accumulated different number of species. Finally, we used non-metric multidimensional 

scaling (NMDS) of individual transects to examine variation in dung beetle communities 

composition and structure, based on presence/absence (with Jaccard‟s dissimilarity index) or 

abundance (with Bray-Curtis dissimilarity index) data, respectively. NMDS was followed by 

analysis of similarity (ANOSIM) and a multivariate dispersion analysis (PERMDISP) to 

assess communities similarity and dispersion.  

 To identify the environmental variables affecting dung beetle species richness and 

abundance, and communities composition and structure, we used multi-model inference 

followed by model selection (BURNHAM et al., 2011). From derivations of a full model 

(with all explanatory variables), we averaged coefficients of all models within ΔAICc < 4, 

capturing greater uncertainty in the final set of candidate variables (VIERLING et al., 2013). 

We calculated the relative importance of each explanatory variable on the multimodel 

inference (BURNHAM et al., 2011), indicating their contribution on the possible models. We 

used Poisson distribution whenever the response variable was species richness, and 

logabundance+1 for species abundance, correcting models for over-dispersion if required. For 

communities composition and structure (NMDS Axis 01) we used Gaussian distribution. We 

performed all analyses in the platform R (R Development Core Team 2016). 
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3 RESULTS 

 

3.1 Dung Beetles Species Richness in Different LUCC 

 

 We recorded a total of 17,260 dung beetles from 83 species and 23 genera (Table S1). 

Species richness at the transect scale was significantly higher in UPF forests than in LBPF  

(x
2
 = 7.15, p = 0.03) and SEF (x

2
 = 9.38, p = 0.01), and higher in LPF than in SEF (x

2
 = 4.53, 

p = 0.09) (Fig 2.2), but did not vary within the remaining forest classes. Species abundance 

was significantly higher in UPF and LPF forests than in SEF (x
2
undisturbed = 7.06, pundisturbed = 

0.03; x
2

logged = 9.30, plogged = 0.01), but did not vary within the remaining forest classes (Fig 

2). 

 

Figure 2 -  Dung beetle mean species richness (left) and abundance (right) per forest classes,  

at the scale of individual transects, in Paragominas (Pará, Brazil). Forest classes 

grouped with the same letter are statistically similar (p>0.05). UPF – undisturbed 

primary forests; LPF – logged primary forests; LBPF – logged and burnt primary 

forests; SEF – secondary forests. 

 

 

Source: Author 

 

 Extrapolated species accumulation curves did not reveal any differences in dung 

beetle species richness among forest classes at the landscape scale (Fig 3). 
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Figure 3 - Dung beetle species richness per forest classes, considering accumulation curves 

with extrapolated values per for classes for abundance data. Shaded polygons 

around each curve represent 95% confidence intervals. Curves represent estimated 

valued for undisturbed primary forests (squares), logged primary forests (circles), 

logged and burnt primary forests (triangles) and secondary forests (diamonds). 
 

 
Source: Author 

 

3.2 Species Composition and Structure 

 

 ANOSIM and PERMDISP revealed that dung beetles differ regarding to community 

composition and structure across all the forest classes, and regarding community dispersion 

between UPF (lowest dispersion) and the remaining forest classes – which did not differ 

among themselves (Tables S2-S3).  These differences can be visually assessed in the NMDS 

plots. Plots also reveal how the dung beetle communities‟ composition and structure varies 

along Axis 1 following gradients of aboveground biomass (i.e. decreasing from UPF to SEF) 

and canopy openness (i.e. increasing from UPF to SEF) (Fig 4). 

 

Table 2 - Results of ANOSIM and PERMDISP testing for dung beetle community 

composition and dispersion among forest classes. Global R = 0.194. 
 

GROUPS 
ANOSIM PERMDISP 

R Statistic Significance t P(perm) 

Undisturbed - Logged 0.297 <0.01 30.28 <0.01 

Undisturbed - LoggedBurnt 0.436 <0.01 3.13 <0.01 

Undisturbed - Secondary 0.382 <0.01 51.67 <0.01 

Logged - LoggedBurnt 0.092 <0.01 84.50 0.99 

Logged - Secondary 0.266 <0.01 1.87 0.11 

LoggedBurnt - Secondary 0.143 0.03 1.91 0.09 

Source: Author   



37 

 

Table 3 -  Results of ANOSIM and PERMDISP testing for dung beetle community structure 

and dispersion among forest classes. Global R = 0.194. 
 

GROUPS 
ANOSIM PERMDISP 

R Statistic Significance t P(perm) 

Undisturbed - Logged 0.381 <0.01 25.80 0.03 

Undisturbed - LoggedBurnt 0.459 <0.01 39.57 <0.01 

Undisturbed - Secondary 0.485 <0.01 58.44 <0.01 

Logged - LoggedBurnt 0.091 <0.01 1.36 0.22 

Logged - Secondary 0.315 <0.01 22.84 0.06 

LoggedBurnt - Secondary 0.151 0.02 14.23 0.21 

Source: Author 

 

Figure 4 -   NMDS plots of dung beetle communities‟ composition (top) and structure 

(bottom) per forest classes (point colors) according to canopy openness (left) 

and total aboveground biomass (right). Point sizes represent the values of 

predictors in each transect. 

 
 

Source: Author 
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3.3 Environmental Predictors of Dung Beetle Diversity 

 

 Canopy openness explained variation in species richness (Best model R
2
: 0.83; 

Relative variable importance: 0.99), composition (R
2
: 0.49; 1.00) and structure (R

2
: 0.49; 

1.00) across all plots (Fig 5). Aboveground biomass explained variations in species 

abundance (R
2
: 0.74; 0.90) and structure (R

2
: 0.49; 1.00) (Fig 5). None of the four 

environmental variables remaining significantly explained differences in dung beetles across 

forest disturbance classes (i.e. the confidence intervals of the co-efficient all extend across 

zero). The complete set of models generated for all response variables is available in 

Supplementary material (Tables S2 – S5). 

 

Figure 5 - Model averaging of candidate models within ΔAICc < 4 for transect scale dung 

beetle species richness and abundance (top) and communities‟ composition and 

structure (bottom). Averaged coefficients are shown on the left side, relative 

variables importance is shown on the right side. Predictor with significant effects 

on response variables are highlighted in dark grey. AGBFW – aboveground 

biomass; CANOP – canopy openness; DEFOR – deforestation curvature profile 

around transects; PFCOV – percentage of undisturbed primary forests around 

transects; TOAGB – total aboveground biomass; UNDEN – density of understory 

stems. 

 
Source: Author 
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4  DISCUSSION 

 

 Our assessment of dung beetle responses to anthropogenic disturbances in the Amazon 

examined samples from 112 transects across a continuum of forest disturbance encompassing 

undisturbed, logged, and logged and burned primary forests, as well as secondary forests 

recovering on land previously used for agriculture. We show that dung beetle communities 

are negatively affected by primary forest degradation and conversion, reflecting changes in 

canopy openness and total aboveground biomass. We discuss these results highlighting the 

impacts of different forms of forest disturbance on dung beetles and the potential implications 

of our findings for biodiversity conservation and research on this important invertebrate group 

in tropical forests. 

 

4.1 Dung Beetle Responses to Anthropogenic Disturbances 

 

 Overall, dung beetle communities in primary forests disturbed by logging and/or 

burning and regenerating forests presented lower species richness per local (-diversity) and 

greater variation in composition and structure than undisturbed forests. Although there was no 

variation in species richness at the landscape level (ß-diversity) among the different forest 

classes (Fig 3), this may be explained by sample design and the mechanisms that underpin ß-

diversity. First, the legacy of land-use change in the region means that our undisturbed forest 

samples were inevitably restricted to a much smaller area than the disturbed forest samples. 

As such, the undisturbed sites likely captured a smaller portion of the gradient of naturally 

occurring ß-diversity than the disturbed sites, artificially reducing the overall estimate of 

gamma diversity. Second, the mechanisms that underpin ß-diversity in undisturbed forests 

highlight their higher diversity: previous analysis of these datasets revealed how ß-diversity in 

undisturbed primary forests was almost two times more determined by turnover of species 

among sites than in disturbed and regenerating forests, reflecting a trend towards biotic 

homogenisation in more disturbed forests (SOLAR et al., 2015).  

 Our results show that secondary forests contain different communities from those in 

undisturbed and disturbed primary forests (i.e. reduced dung beetle species richness and 

different community composition and structure). This reinforces evidence suggesting that 

regenerating forests provide fewer benefits for the conservation of tropical biodiversity than 

disturbed primary forests (e.g. GIBSON et al., 2011), and we show that this is applied even 
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when the latter have been both logged and burned. Clearance of forest is often followed by 

the introduction of agricultural systems that can favour local colonisation by species from 

non-forest habitats (Chapter 03) and the exclusion of forest interior species. We acknowledge 

that regenerating forests play a critical role in conserving biodiversity in many tropical 

regions (LETCHER e CHAZDON, 2009) and their importance should not be neglected. 

However, our results also underscore the importance of maintaining primary forests where 

they remain, especially those little or not impacted by human activities (BICKNELL et al., 

2014), due to their irreplaceable value for conserving tropical diversity.  

 

4.2 Environmental Drivers of Change in Dung Beetle Communities 

 

 Overall, dung beetle communities in primary forests disturbed by logging and/or 

burning and regenerating forests presented lower species richness per local (-diversity) and 

greater variation in composition and structure than undisturbed forests. Although there was no 

variation in species richness at the landscape level (ß-diversity) among the different forest 

classes (Fig 3), this may be explained by sample design and the mechanisms that underpin ß-

diversity. First, the legacy of land-use change in the region means that our undisturbed forest 

samples were inevitably restricted to a much smaller area than the disturbed forest samples. 

As such, the undisturbed sites likely captured a smaller portion of the gradient of naturally 

occurring ß-diversity than the disturbed sites, artificially reducing the overall estimate of 

gamma diversity. Second, the mechanisms that underpin ß-diversity in undisturbed forests 

highlight their higher diversity: previous analysis of these datasets revealed how ß-diversity in 

undisturbed primary forests was almost two times more determined by turnover of species 

among sites than in disturbed and regenerating forests, reflecting a trend towards biotic 

homogenisation in more disturbed forests (SOLAR et al., 2015).  

 Our results show that secondary forests contain different communities from those in 

undisturbed and disturbed primary forests (i.e. reduced dung beetle species richness and 

different community composition and structure). This reinforces evidence suggesting that 

regenerating forests provide fewer benefits for the conservation of tropical biodiversity than 

disturbed primary forests (e.g. GIBSON et al. 2011), and we show that this is applied even 

when the latter have been both logged and burned. Clearance of forest is often followed by 

the introduction of agricultural systems that can favour local colonisation by species from 

non-forest habitats (Chapter 03) and the exclusion of forest interior species. We acknowledge 

that regenerating forests play a critical role in conserving biodiversity in many tropical 
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regions (LETCHER & CHAZDON, 2009) and their importance should not be neglected. 

However, our results also underscore the importance of maintaining primary forests where 

they remain, especially those little or not impacted by human activities (BICKNELL et al., 

2014), due to their irreplaceable value for conserving tropical diversity.  
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5  CONCLUSION 

 

1. Canopy openness and total aboveground biomass seem adequate for predicting 

dung beetle diversity in disturbed forests. Because both predictors can be estimated 

using optical satellite imagery (e.g. canopy openness) and airborne LiDAR (forest 

biomass), monitoring their variation could help assist in understanding variation in 

forest condition, contributing towards the monitoring of policy effectiveness and 

the design of forest conservation strategies. 

2. While supporting the irreplaceability of primary forests (GIBSON et al., 2011) for 

the conservation of tropical biodiversity. 
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Figure S 1 -  Person correlations among the environmental variables measured in this study. 

AGBFW – aboveground biomass; CANOP – canopy openness; DEFOR – 

deforestation curvature profile around transects; PFCOV – percentage of 

undisturbed primary forests around transects; TOAGB – total aboveground 

biomass; UNDEN – density of understory stems; DUFF – mean dry weight of 

duff samples; AGBLT – aboveground biomass in leaf litter. 
 

 

Source: Author 

 

Table S 1 - List of dung beetle species collected in primary and secondary forests at 

Paragominas (Pará, Brazil) using baited pitfall traps. UPF – undisturbed 

primary forests; LPF – Logged primary forests; Logged and burnt primary 

forests; SEF – Secondary forests. 
 

SPECIES REFERENCE UPF LPF LBPF SEF 

Anomiopus aff. foveicollis 

 

0 1 0 0 

Ateuchus sp.1 

 

49 5 0 2 

Ateuchus sp.2 

 

3 11 0 1 

Ateuchus sp.3 

 

19 485 380 75 

Ateuchus sp.4 

 

3 0 0 0 

Ateuchus sp.5 

 

12 10 19 1 

Bdelyrus sp.1 

 

0 1 0 0 

Canthidium aff. lentum 

 

11 104 331 27 

Canthidium funebre  Balthasar, 1939 2 1 0 0 

Canthidium gerstaeckeri Harold, 1867 13 45 104 8 

Canthidium humerale Germar, 1813 0 1 6 0 

Canthidium semicupreum Harold, 1868 5 25 13 1 

Canthidium sp.1 

 

15 14 32 26 

Canthidium sp.10 

 

5 1 0 1 

Canthidium sp.11 

 

0 0 1 0 

Canthidium sp.12 

 

0 0 0 0 

To be continued … 
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Continuation …      

Canthidium sp.2 

 

0 7 24 3 

Canthidium sp.3 

 

1 0 0 0 

Canthidium sp.4 

 

46 99 7 15 

Canthidium sp.5 

 

13 566 508 107 

Canthidium sp.6 

 

2 20 0 0 

Canthidium sp.7 

 

1 1 0 0 

Canthidium sp.8 

 

1 0 0 0 

Canthidium sp.9 

 

24 0 0 0 

Canthon aff. sericatus 

 

0 1 1 1 

Canthon aff. simulans 

 

0 2 16 0 

Canthon coeruleus 

 

0 45 34 13 

Canthon histrio LePeletier and Serville, 1828 0 0 54 15 

Canthon lituratus Germar, 1813 0 0 90 22 

Canthon proseni Martinez, 1949 2 119 47 5 

Canthon scrutator Balthasar, 1939 0 0 35 11 

Canthon sp.1 

 

0 0 0 1 

Canthonella sp.1 

 

0 1 1 0 

Coprophaneus dardanus Macleay, 1819 6 0 3 3 

Coprophaneus degallieri Arnaud, 1997 9 6 2 0 

Coprophaneus jasius Olivier, 1789 5 1 0 2 

Coprophaneus lancifer Linnaeus, 1767 0 63 40 28 

Cryptocanthon campbellorum Howden, 1973 0 58 18 4 

Deltochilum aff. 

sextuberculatum 

 

3 18 69 7 

Deltochilum carinatum Westwood, 1837 0 4 1 0 

Deltochilum enceladus Kolbe, 1893 0 42 45 10 

Deltochilum icarus Olivier, 1789 3 10 23 3 

Deltochilum orbiculare Lansberge, 1874 0 99 47 9 

Deltochilum schefflerorum * sp. nov. 0 5 0 0 

Deltochilum sp.1 

 

10 119 224 9 

Diabroctis mimas Linnaeus, 1758 0 5 61 35 

Dichotomius aff. globulus 

 

3 1540 527 299 

Dichotomius aff. lucasi 

 

26 16 28 20 

Dichotomius boreus Olivier, 1789 13 145 144 32 

Dichotomius imitator Felsche, 1901 0 4 6 1 

Dichotomius inachus Erichson, 1847 0 85 46 54 

Dichotomius longiceps Taschenberg, 1870 0 0 0 1 

Dichotomius melzeri Luederwaldt, 1922 1 36 106 13 

To be continued … 
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   Conclusion 
Dichotomius telamon Harold, 1869 1 23 40 12 

Dichotomius worontzowi Pereira, 1942 1 16 14 2 

Digitontophagus gazella Fabricius, 1787 0 7 1 0 

Eurysternus atrosericus Génier, 2009 0 9 1 1 

Eurysternus caribaeus Herbst, 1789 11 469 644 66 

Eurysternus cavatus Génier, 2009 9 88 84 5 

Eurysternus foedus Guérin-Méneville, 1844 5 45 27 5 

Eurysternus hamaticollis Balthasar, 1939 1 37 2 5 

Eurysternus harlequin Génier, 2009 0 1 0 0 

Eurysternus howdeni Génier, 2009 0 3 1 0 

Eurysternus hypocrita Balthasar, 1939 1 4 7 0 

Eurysternus ventricosus Gill, 1990 0 13 5 2 

Eurysternus wittmerorum Martinez, 1988 3 76 26 2 

Eutrichillum sp.1 

 

1 2 1 2 

Hansreia affinis Fabricius, 1801 16 152 5 17 

Ontherus sulcator Fabricius, 1775 1 12 294 107 

Onthophagus aff. hirculus 

 

0 259 119 65 

Onthophagus onthochromus Arrow, 1913 0 23 6 4 

Ontophagus ophion Erichson, 1847 26 365 269 25 

Onthophagus rubrescens Blanchard, 1843 153 1864 841 189 

Oxysternon macleayi  Nevison, 1892 308 144 153 11 

Oxysternon silenus Castelnau, 1840 6 35 34 1 

Phanaeus chalcomelas  Perty, 1830 41 8 5 1 

Pseudocanthon aff. xanthurus 

 

0 1 12 4 

Sulcophanaeus faunus  Fabricius, 1775 1 2 1 4 

Trichillum externepunctatum Preudhomme de Borre, 1880 0 7 1 1 

Trichillum pauliani Balthasar, 1939 3 3 21 12 

Trichillum sp.1 

 

42 15 1427 226 

Uroxys sp.1 

 

1 16 10 3 

Uroxys sp.2 

 

0 11 0 0 

Uroxys sp.3 

 

0 6 3 2 

Source: Author



47 

  

Table S 2 - AICc-based model selection for transect dung beetle species richness among forest classes. Here are listed all possible variables in the 

models with  ΔAICc < 4, followed by model R
2
, degrees of freedom (df), model log-likelihood (logLik), AICc, ΔAICc, model weight 

(ω) and cumulative model weight. AGBFW – aboveground biomass; CANOP – canopy openness; DEFOR – deforestation curvature 

profile around transects; PFCOV – percentage of undisturbed primary forests around transects; TOAGB – total aboveground 

biomass; UNDEN – density of understory stems.  In black, all models within ΔAICc < 4 and in grey all other models. 
 

Intercept AGBFW CANOP DEFOR PFCOV TOAGB UNDEN R
2
 df logLik AICc ΔAICc ω Cumulative ω 

2.69 NA -0.11 NA NA NA -0.05 0.83 4 -337.8 684 0 0.13 0.13 

2.69 NA -0.09 NA NA 0.04 -0.05 0.83 5 -337.11 684.8 0.81 0.09 0.22 

2.69 NA -0.11 -0.03 NA NA -0.05 0.83 5 -337.2 685 0.99 0.08 0.3 

2.69 NA -0.1 NA NA NA NA 0.83 3 -339.54 685.3 1.32 0.07 0.37 

2.69 NA -0.1 NA 0.03 NA -0.06 0.83 5 -337.56 685.7 1.7 0.06 0.43 

2.69 NA -0.08 NA NA 0.04 NA 0.83 4 -338.78 685.9 1.95 0.05 0.48 

2.69 NA -0.09 -0.03 NA 0.04 -0.05 0.84 6 -336.63 686.1 2.08 0.05 0.53 

2.69 0 -0.11 NA NA NA -0.05 0.83 5 -337.8 686.2 2.19 0.04 0.57 

2.69 NA -0.1 -0.03 NA NA NA 0.83 4 -339.03 686.4 2.46 0.04 0.61 

2.69 NA -0.09 NA 0.02 0.04 -0.05 0.84 6 -336.99 686.8 2.8 0.03 0.64 

2.69 -0.01 -0.09 NA NA 0.04 -0.05 0.83 6 -337.08 687 2.99 0.03 0.67 

2.69 NA -0.11 -0.03 0.02 NA -0.06 0.83 6 -337.14 687.1 3.11 0.03 0.7 

2.69 0 -0.11 -0.03 NA NA -0.05 0.83 6 -337.19 687.2 3.21 0.03 0.73 

2.69 NA -0.08 -0.03 NA 0.04 NA 0.83 5 -338.38 687.3 3.36 0.02 0.75 

2.69 NA -0.1 NA 0.01 NA NA 0.83 4 -339.49 687.3 3.38 0.02 0.77 

2.69 0 -0.1 NA NA NA NA 0.83 4 -339.53 687.4 3.45 0.02 0.79 

2.69 0 -0.1 NA 0.03 NA -0.06 0.83 6 -337.55 687.9 3.93 0.02 0.81 

Source: Author 
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Table S 3 - AICc-based model selection for transect dung beetle species abundance among forest classes. Here are listed all possible variables in 

the models with ΔAICc < 4, followed by model R
2
, degrees of freedom (df), model log-likelihood (logLik), AICc, ΔAICc, model 

weight (ω) and cumulative model weight. AGBFW – aboveground biomass; CANOP – canopy openness; DEFOR – deforestation 

curvature profile around transects; PFCOV – percentage of undisturbed primary forests around transects; TOAGB – total 

aboveground biomass; UNDEN – density of understory stems.  In black, all models within ΔAICc < 4 and in grey all other models. 
 

Intercept AGBFW CANOP DEFOR PFCOV TOAGB UNDEN R
2
 df logLik AICc ΔAICc ω Cumulative ω 

4.64 NA NA NA NA 0.17 NA 0.74 4 -642.13 1292.6 0 0.1 0.1 

4.64 NA NA NA NA 0.19 -0.11 0.75 5 -641.15 1292.9 0.23 0.09 0.19 

4.64 NA 0.08 NA NA 0.21 NA 0.75 5 -641.58 1293.7 1.09 0.06 0.25 

4.64 NA NA NA 0.12 0.17 -0.13 0.75 6 -640.57 1293.9 1.3 0.05 0.3 

4.65 NA NA NA 0.09 0.16 NA 0.74 5 -641.78 1294.1 1.5 0.05 0.35 

4.64 NA NA -0.06 NA 0.17 NA 0.74 5 -641.88 1294.3 1.68 0.04 0.39 

4.64 NA 0.06 NA NA 0.22 -0.1 0.75 6 -640.83 1294.5 1.83 0.04 0.43 

4.63 NA NA -0.05 NA 0.19 -0.11 0.75 6 -640.92 1294.6 2.01 0.04 0.47 

4.64 -0.01 NA NA NA 0.18 NA 0.74 5 -642.13 1294.8 2.19 0.03 0.5 

4.64 NA 0.09 NA 0.11 0.2 NA 0.75 6 -641.07 1294.9 2.29 0.03 0.53 

4.64 0 NA NA NA 0.19 -0.11 0.75 6 -641.15 1295.1 2.47 0.03 0.56 

4.64 NA 0.08 NA 0.14 0.2 -0.12 0.75 7 -640.11 1295.3 2.66 0.03 0.59 

4.64 NA NA NA NA NA NA 0.73 3 -644.63 1295.5 2.84 0.02 0.61 

4.64 NA 0.08 -0.05 NA 0.21 NA 0.75 6 -641.38 1295.6 2.92 0.02 0.63 

4.65 NA NA NA 0.14 NA NA 0.74 4 -643.73 1295.8 3.2 0.02 0.65 

4.64 0 0.08 NA NA 0.21 NA 0.75 6 -641.58 1296 3.32 0.02 0.67 

4.64 NA NA -0.03 0.11 0.17 -0.13 0.75 7 -640.49 1296.1 3.43 0.02 0.69 

4.64 NA NA -0.04 0.08 0.16 NA 0.74 6 -641.66 1296.1 3.47 0.02 0.71 

4.64 NA NA NA 0.17 NA -0.11 0.74 5 -642.79 1296.2 3.51 0.02 0.73 

4.64 -0.01 NA NA 0.12 0.17 -0.13 0.75 7 -640.56 1296.2 3.57 0.02 0.75 

4.65 -0.01 NA NA 0.09 0.16 NA 0.74 6 -641.77 1296.3 3.7 0.02 0.77 

4.63 NA 0.06 -0.05 NA 0.21 -0.1 0.75 7 -640.64 1296.4 3.73 0.02 0.79 

4.64 NA NA NA NA NA -0.09 0.73 4 -644.02 1296.4 3.77 0.02 0.81 

4.64 -0.01 NA -0.06 NA 0.18 NA 0.74 6 -641.86 1296.5 3.88 0.01 0.82 

Source: Author 
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Table S 4 - AICc-based model selection for transect dung beetle community composition among forest classes. Here are listed all possible 

variables in the models with ΔAICc < 4, followed by model R
2
, degrees of freedom (df), model log-likelihood (logLik), AICc, 

ΔAICc, model weight (ω) and cumulative model weight. AGBFW – aboveground biomass; CANOP – canopy openness; DEFOR – 

deforestation curvature profile around transects; PFCOV – percentage of undisturbed primary forests around transects; TOAGB – 

total aboveground biomass; UNDEN – density of understory stems.  In black, all models within ΔAICc < 4 and in grey all other 

models. 
 

Intercept AGBFW CANOP DEFOR PFCOV TOAGB UNDEN R
2
 df logLik AICc ΔAICc ω Cumulative ω 

0.06 NA 0.28 NA NA -0.12 NA 0.49 5 -100.52 201.5 0 0.14 0.14 

0.06 NA 0.33 NA NA NA NA 0.48 4 -100.17 202.3 0.83 0.09 0.23 

0.06 0.06 0.28 NA NA -0.13 NA 0.5 6 -101.99 202.7 1.15 0.08 0.31 

0.05 NA 0.27 -0.06 NA -0.13 NA 0.5 6 -101.93 202.7 1.22 0.08 0.39 

0.06 NA 0.28 NA -0.03 -0.12 NA 0.49 6 -102.05 203.6 2.05 0.05 0.44 

0.06 NA 0.28 NA NA -0.12 -0.02 0.49 6 -102.42 203.7 2.17 0.05 0.49 

0.06 NA 0.32 -0.05 NA NA NA 0.48 5 -101.74 203.9 2.38 0.04 0.53 

0.06 0.04 0.33 NA NA NA NA 0.48 5 -101.87 203.9 2.4 0.04 0.57 

0.06 NA 0.32 NA -0.05 NA NA 0.48 5 -101.59 204.1 2.56 0.04 0.61 

0.05 0.05 0.27 -0.05 NA -0.14 NA 0.5 7 -103.5 204.1 2.63 0.04 0.65 

0.06 NA 0.33 NA NA NA -0.01 0.48 5 -102.07 204.5 2.97 0.03 0.68 

0.05 NA 0.26 -0.07 -0.05 -0.12 NA 0.5 7 -103.32 204.5 3 0.03 0.71 

0.05 0.06 0.28 NA -0.04 -0.12 NA 0.5 7 -103.49 204.7 3.18 0.03 0.74 

0.06 0.06 0.28 NA NA -0.13 -0.02 0.5 7 -103.87 204.8 3.32 0.03 0.77 

0.05 NA 0.27 -0.06 NA -0.13 -0.02 0.5 7 -103.8 204.9 3.38 0.03 0.8 

0.06 NA 0.31 -0.06 -0.07 NA NA 0.48 6 -102.97 205.3 3.78 0.02 0.82 

Source: Author 
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Table S 5 - AICc-based model selection for transect dung beetle community structure among forest classes. Here are listed all possible variables 

in the models with ΔAICc < 4, followed by model R
2
, degrees of freedom (df), model log-likelihood (logLik), AICc, ΔAICc, model 

weight (ω) and cumulative model weight. AGBFW – aboveground biomass; CANOP – canopy openness; DEFOR – deforestation 

curvature profile around transects; PFCOV – percentage of undisturbed primary forests around transects; TOAGB – total 

aboveground biomass; UNDEN – density of understory stems.  In black, all models within ΔAICc < 4 and in grey all other models. 
 

Intercept AGBFW CANOP DEFOR PFCOV TOAGB UNDEN R
2
 df logLik AICc ΔAICc ω Cumulative ω 

0.06 NA 0.22 NA NA -0.18 NA 0.49 5 -99.31 199 0 0.23 0.23 

0.06 NA 0.22 NA -0.06 -0.17 NA 0.49 6 -100.7 200.7 1.68 0.1 0.33 

0.06 NA 0.22 -0.04 NA -0.19 NA 0.49 6 -100.96 200.7 1.69 0.1 0.43 

0.06 0.04 0.22 NA NA -0.19 NA 0.49 6 -101.08 200.8 1.74 0.1 0.53 

0.06 NA 0.22 NA NA -0.18 -0.02 0.49 6 -101.22 201.2 2.16 0.08 0.61 

0.05 NA 0.21 -0.06 -0.07 -0.18 NA 0.49 7 -102.17 202.1 3.03 0.05 0.66 

0.06 0.04 0.22 NA -0.06 -0.18 NA 0.49 7 -102.43 202.4 3.4 0.04 0.7 

0.06 0.03 0.22 -0.04 NA -0.19 NA 0.49 7 -102.77 202.6 3.58 0.04 0.74 

0.06 NA 0.21 -0.04 NA -0.19 -0.02 0.49 7 -102.84 202.9 3.85 0.03 0.77 

0.06 0.04 0.22 NA NA -0.19 -0.02 0.49 7 -102.97 202.9 3.91 0.03 0.8 

0.06 NA 0.21 NA -0.05 -0.17 -0.01 0.49 7 -102.62 203 3.94 0.03 0.83 

Source: Author 
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CHAPTER 3 

 

THE RELATIVE IMPORTANCE OF MULTIPLE SCALE FACTORS FOR DUNG 

BEETLE COMMUNITIES IN AMAZONIAN INTRODUCED PASTURES 
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ABSTRACT 

 

Context: Exotic pastures are a major threat to tropical forests, occupying most of the 

deforested areas. Despite the drastic environmental changes and biodiversity losses following 

forest clearance for pastures introduction, we have little understanding of determine the 

occurrence of the remaining species. Such information is important to help improving the 

conservation value of this land-use. 

Objectives: We investigated how tropical forest conversion to pastures impact dung beetle 

communities. 

Methods: We sampled dung beetles, and measured 10 local and three landscape 

environmental variables, as well as three spatial variables, across two different regions of the 

Brazilian Amazon. This study was conducted in 187 forest and 74 pasture transects. We used 

baited pitfall traps for the sampling of dung beetles. 

Results: Dung beetle communities showed dramatic decreases in diversity as consequence of 

forest conversion to pastures. Pasture communities were predominantly dominated by a few 

hyper-abundant species typical from Brazilian open habitats, and appeared weakly influenced 

by pastures characteristics. 

Conclusion: Our results show that the introduction of pastures in tropical forest landscapes 

drives significant reductions on dung beetle diversity, and generate communities largely 

dependent on Brazilian open habitats to serve as source of populations. 

 

Keywords: Exotic pastures. Tropical grasslands. Dung beetles. Stochasticity. Neutral theory. 

Dispersion. Land sparing. Cerrado. Intra-Amazonian savannas. 
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1 INTRODUCTION 

 

 The rapid expansion of pasturelands is one of the greatest threats to tropical forest 

biodiversity (AIDE et al., 2013), and has been linked to the disruption of ecological processes 

(e.g. nutrient cycling), increase of greenhouse gases emissions and soil compaction 

(LATAWIEC et al., 2014), biotic homogenization (RODRIGUES et al., 2013; SOLAR et al. 

2015; but see de CARVALHO et al., 2016) and the introduction of aggressive exotic grasses 

and large exotic mammals to tropical landscapes. In the Brazilian Amazon alone, introduced 

pastures cover more than 60 million hectares and occupy three out of five deforested hectares 

(Figure 1). Irrespective of whether the establishment of this system is driven by economic 

factors or for securing land ownership and for land speculation (FEARNSIDE, 2001; 

MERTENS, 2002), they continue to replace areas of native forest. Some authors argue that, 

even with the development of new techniques and strategies for land use intensification and 

land sparing (PHALAN et al., 2016), the introduction of pastures in the Amazon may 

continue due to the economic rebound effect (e.g. increase in demand for land due to increase 

in pastures profitability; see LAMBIN & MEYFROIDT, 2011). 

 

Figure 1 - Deforested area in the Brazilian Amazon (grey dots) and the area covered by 

pastures (black dots) in the years of 2008, 2010, 2012 and 2014. Data obtained 

from the Terra Class project. 

 

 

Source: ALMEIDA et al., 2016. 
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 Despite their importance as a land-use system, few studies on tropical diversity are 

dedicated to understanding the importance of introduced pastures. Researchers often neglect 

this system, or only use data for comparative purposes, reinforcing introduced pastures low 

conservation value for forest biodiversity (e.g. KORASAKI et al., 2013; SOLAR et al., 2016). 

Yet given their extent, it is important to start identifying which species are favoured by major 

agro-ecosystems, especially introduced pastures, investigating how environmental 

characteristics and land use history explain species occurrence (reviewed by SWETNAM et 

al., 1999; LUNT & SPOONER, 2005). Understanding how these variables interact to drive 

the occurrence of species in pasturelands could act as a crucial starting point helping to 

improve management approaches that minimise the ecological impact of these systems, as 

well as reclaiming some of the conservation value that was lost following the initial clearing. 

 Here, we investigate the occurrence of dung beetle species in introduced pastures 

using a large-scale assessment of 261 independent sites – 74 introduced pastures and 187 

forests transects – in two human-modified regions of the eastern Brazilian Amazon. Dung 

beetles are exceptionally diverse in the wet tropics (HANSKI & CAMBEFORT, 1991) and 

have been reported occupying introduced pastures in the Brazilian Amazon (SCHEFFLER, 

2005; LOUZADA et al,. 2010; KORASAKI et al.; 2013). They are appropriate and cost-

effective bioindicators (GARDNER et al., 2008), as they respond to both local and landscape 

level environmental changes (e.g. BARLOW et al., 2016) and have a very functional 

importance in nutrient cycling, soil aeration, soil fertilization and other ecological processes 

(NICHOLS & GARDNER, 2011). Their functional role is of particular importance in 

introduced pastures in the Brazilian Amazon, where livestock produce approximately 537 

million tons/year of manure (calculation based on SANTOS & NOGUEIRA, 2012). To put 

this in context, it is almost 3 times the weight of the entire Brazilian production of grains 

expected for 2016 (CONAB, 2016). 

 In this study, we investigate the principal environmental factors driving dung beetle 

species occurrence in Amazonian introduced pastures. Specifically, we examined: (1) To 

what extent are dung beetle communities in pastures different from the surrounding forests 

communities? (2) What is the provenance (i.e. habitat, region of Brazil) of dung beetle species 

that are significant and consistent indicators of pastures? (3) To what extent is the richness, 

abundance, species composition and structure of dung beetle communities in pastures 

determined by local, landscape or spatial factors? and (4) if the patterns observed while 

answering all these questions were consistent between two discrete study regions, in order to 

evaluate their consistency and applicability to pastures from other tropical wet regions. 
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2 MATERIAL AND METHODS 

 

2.1 Study Region 

 

 We studied two regions in the eastern Brazilian Amazon: Paragominas („PGM‟; a 

single municipality of 1.9 million hectares) and Santarém („STM‟; covering an area of ca 1 

million hectares and composed by the municipalities of Santarém, Belterra and Mojuí dos 

Campos). Both regions are located in the state of Pará (Figure 2). Nevertheless, PGM and 

STM are situated more than 800 km distant from each other, have different biophysical 

characteristics and histories of human colonisation and use. For instance, PGM has 

experienced a recent and intensive colonisation, being founded in 1959 and becoming one of 

the world leaders of timber extraction in early 90s. STM have areas densely occupied for 

more than a century by small-scale farmers and other areas that remain largely inhabited – 

although this area is likely to be colonised and explored in the near future due to the paving of 

a highway. 

 The two studies regions also share some characteristics. The properties are 

predominantly smaller than 1000 hectares, despite the increase in mechanised farming since 

2000s. Thus, differing from the other regions of the Brazilian Amazon arc of deforestation, 

such as in Mato Grosso state, where large farms were settled and are mainly focused on 

exportation of commodities (DeFRIES et al., 2013). Moreover, both PGM and STM 

experience an increase in initiatives for the establishment of practices toward sustainable 

development. 
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Figure 2 - Studied regions of Paragominas (ca. 1.9 million ha) and Santarém (ca. 1 million 

ha), in the state of Pará, eastern Brazilian Amazon. Map of the sampling design 

for dung beetles and predictor variables. We stratified our sampling in regional, 

catchment and transect scales. 

 

Source: Author 

 

2.2 Sampling Design 

 

 We used the Soil and Water Assessment Tool (SWAT) for ArcGIS to divide each 

studied region in 18 catchments (landscapes) of ca 5000 hectares, covering introduced 

pastures maintained through different management techniques, secondary forests and a 

gradient of primary forest cover (6-100%) and quality (i.e. undisturbed; logged; logged and 

burnt). We set 300 m long transects in pastures and forests within each landscape. Transects 

were distributed proportionally to pastures and forests coverage at each landscape, at a 

maximum density of 1 transect / 400 hectares. In total, we conducted our samples in a total of 
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49 / 25 pastures and 100 / 87 forest transects at PGM and STM, respectively (further details 

on the study sites are available in GARDNER et al., 2013). 

 

2.3 Sampling of Dung Beetles 

 

 We sampled dung beetles using baited pitfall traps active in the field for 48 hours. 

This method is widely used in assessments of land use change effects on dung beetles around 

the world. Each trap was made of plastic (diameter: 18 cm; height: 15 cm) and covered by a 

lid – to protect from the rain. We baited pitfall traps with a 50 g of a mixture of human:pig 

dung, at a 1:4 ratio, following (MARSH et al., 2013). Each pitfall was filled with 250 ml of a 

saline solution (w/ detergent) in order to kill the insects and preserve their body parts during 

the field exposition. We sorted and identified all sampled dung beetles to the lowest 

taxonomic levels possible. A taxonomist of dung beetles, Dr Fernando Vaz de Mello, 

validated our identifications. Voucher specimens are deposited at the Coleção de 

Escarabeíneos Neotropicais at the Universidade Federal de Lavras (BRA) and at the 

Zoological Collection of Universidade Federal de Mato Grosso (BRA). 

 

2.4 Sampling of Predictor Variables 

 

 We measured 10 local and three landscape environmental variables, and selected three 

spatial variables across each region. Local variables were mean elevation and slope per 

transect, and eight soil related variables (i.e. coarse sand, fine sand, silt, clay, P, K, Ca and 

pH). Soil data was obtained from measurements made within transects (further details on 

sampling techniques are available in BERENGUER et al., 2014; de CARVALHO et al., 

2016). The landscape variables were the percentage of primary forest cover within buffers of 

1 km and 10 km around transects, and the deforestation curvature profile (FERRAZ et al., 

2009). Both variables were obtained from Gardner et al., 2013 and based on time series of 

satellite-images. From the total set of predictor variables, we removed those highly correlated 

with other variables (Pearson ρ> 0.6, for full lists of correlation tests see Figures S1-S2) and 

filtered the remaining variables based on the literature and our expertise, leaving seven 

predictors in the final models (Table 1). Spatial variables were calculated using principal 

coordinates of neighbour matrices (PCNM) analysis (BORCARD & LEGENDRE, 2002), 

derived from geographical coordinates. This analysis generates eigenfunctions describing 

spatial patterns among the sampling areas (DRAY et al., 2006), and resulted in a total of 17 



58 

 

positive eigenfunctions. To avoid overfitting, we selected some vectors based on their higher 

correlation (P<0.05) with our response variables. For PGM, we retained PCNM1, PCNM2 

and PCNM3, and for STM, we retained PCNM1, PCNM7 and PCNM8. 

 

Table 1- Predictor variables sampled in this study. Further details of sampling methodologies 

and techniques adopted are described in Gardner et al. (2013), Berenguer et al. 

(2014) and de Carvalho et al. (2016). 
 

Variable Summary 

Coarse Percentage of soil coarse sand at transect level 

Slope Mean slope at transect level 

Elev Mean elevation at transect level 

For1k Percentage of primary forest in 1km buffer 

Defor Deforestation curvature profile in 500 m buffer around transects 

PCNM Eigenfunctions describing spatial patterns among transects 

 

Source: Author 

 
2.5 Data Analysis 

 

 For answering our questions (1) and (2), we pooled dung beetle data from introduced 

pastures and forests samples. Question (3) was answered using data only from introduced 

pastures. We undertook all analyses in in the R statistical environment (R Development Core 

Team 2016). In order to assess the extent to which observed patterns were consistent between 

regions, we analysed data separately for PGM and STM. 

 First, we compared dung beetle species richness and abundance between introduced 

pastures and forests using linear mixed effects models (GLMM), with landscapes as the 

random variable, to account for dependence among transects within landscapes (BOLKER et 

al., 2009). We used Poisson distribution for species richness and log(abundance+1) for 

species abundance (correcting for over-dispersion using Negative Binomial). 

 Second, we examined the similarities between dung beetle communities‟ composition 

(presence-absence data) and structure (square root transformed and standardised abundance 

data) between introduced pastures and forests (nPGM = 149, nSTM = 112). We used non-

metric multi-dimensional scaling (NMDS) ordination based on Bray-Curtis similarity indices 

and analysis of similarity (ANOSIM). 

 To identify species preferentially sampled in introduced pastures, we used a 

multinomial model for classification (CLAM, CHAZDON et al., 2011), using a specialization 

threshold (k) of 0.75 and a significance level of 0.05. 
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 In order to assess the extent to which local, landscape and spatial factors determine 

dung beetles occurrence in Amazonian introduced pastures we performed a multi-model 

inference, with basis on a global (full) model, followed by model selection (BURNHAM et 

al., 2011). To do so, we used GLMM for dung beetle species richness, abundance, community 

composition and structure. Models for community composition and structure were built using 

the Axis 1 of NMDS ordinations as response variables. In this case, we used Gaussian 

distribution. The relative performance of each model was assessed with basis on AICc values. 

We selected models with AICc < 4 for model averaging, for capturing greater uncertainty in 

the final set of candidate variables (VIERLING et al., 2013). Finally, we calculated the 

relative importance of each predictor variable on the multi-model inference (BURNHAM et 

al., 2011), indicating their conditional contribution (i.e. a variable is only averaged across the 

models it appears) to all models averaged by their weight and AICc value. 
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3 RESULTS 

 

 We sampled a total of 74,926 (PGM = 43,530; STM = 31,396) individuals and 149 

(PGM = 84; STM = 96) species of dung beetles, from which 36,178 individuals (PGM = 

27,503; STM = 8,675) and 48 species (PGM = 32; STM = 27) were sampled in introduced 

pastures (Table S 1 – S 2 for lists of species). The most abundant species in PGM pastures 

was Trichillum sp.1, with 19,563 individuals recorded. In STM, Trichillum externepunctatum 

was the most abundant species, accounting for 3,927 individuals. 

 

3.1 Difference Between Dung Beetle Communities from Amazonian Introduced Pastures 

and Surrounding Forests 

 

 Introduced pastures and surrounding forests exhibited different dung beetle 

communities. Although most introduced pasture species were also found in forests in each 

study region (PGM = 97%; STM = 77%), simple observation of their abundances reveals that 

these species were highly predominant in only one land cover type (Table 2). 

 The differences between introduced pastures and forest dung beetle communities were 

further confirmed by the differences in mean species richness (PGM: x
2
 = 109.93, p < 0.001; 

STM: x
2
 = 131.42, p < 0.001) and abundance (PGM: x

2
 = 12.44, p < 0.001) (Figure 3), and 

communities‟ composition and communities‟ structure (p < 0.001) (Figure 4). Introduced 

pastures and forests communities were similar only regarding species abundance at STM      

(p = 0.45). 
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Figure 3 - Mean dung beetle species richness and abundance in introduced pastures and 

forests from Paragominas (top) and Santarém (bottom) municipalities.  

 

 

Source: Author 

 

Figure 6 - Non-metric multidimensional scaling (NMDS) ordination of dung beetle 

community structure among forests (red circles) and introduced pastures (blue 

circles). NMDS was based on a matrix distance computed with Bray-Curtis 

similarity index for Paragominas (A) and Santarém (B) municipalities. 

Community composition is not presented since the observed similarity patterns 

were consistent between community composition and structure. Communities 

similarity is represented by the proximity among the symbols on the plots. 

 

Source: Author 
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3.2 Amazonian Introduced Pasture Indicator Species 

 

 CLAM tests identified introduced pasture indicator species at both studied regions 

(PGM = 7 species; STM = 16 species). Six of the pasture indicator species were the same in 

PGM and STM: Pseudocanthon aff. xanthurus, Canthon lituratus, Diabroctis mimas, 

Digitonthophagus gazella, Canthidium humerale and Canthon aff. simulans. The indicator 

species alone accounted to more than 95% of the individuals sampled in both regions, and are 

typical species from Brazilian open habitats (Table 2). 
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Table 2 - List of dung beetles specialist in Amazonian introduced pastures according to the CLAM method for species classification. Species 

with more than 90% of occurrence in introduced pastures but not abundant enough to be classified by CLAM are highlighted in grey. 

The listed species account to more than 95% of the individuals sampled at both regions. Dung beetles were sampled at Paragominas and 

Santarém municipalities (Pará, Brazil) with baited pitfall traps (mix of human-pig faeces at 1:4 proportion). % - percentage of 

occurrence in introduced pastures; MEAN – mean abundance per introduced pasture transect; TOTAL – total abundance in introduced 

pastures; PGM – Paragominas; STM – Santarém.; DISTRIBUTION – General distribution of dung beetle species, across Brazil, 

according to a non-exhaustive survey of the literature and dung beetle experts; REFERENCES – Recent studies reinforcing dung beetle 

distribution. 

SPECIES 
% MEAN TOTAL 

DISTRIBUTION REFERENCES 
PGM STM PGM STM PGM STM 

Pseudocanthon aff. 

xanthurus 
99.61 100 68.06 48.04 3335 1201 Open areas 

(Scheffler 2005, Louzada et al. 2007, 

França, Korasaki, et al. 2016)  

Digitontophagus gazella 99.07 100 17.47 0.92 856 23 Open areas 
(Matavelli & Louzada 2008, Silva et al. 

2014) 

Canthidium humerale 96.3 72.41 3.71 0.84 182 21 
Caatinga and intra-Amazonian 

savannahs 

(França et al. 2016, Campos unpublished 

data) 

Canthon aff. simulans 94.97 100 6.94 0.64 340 16 

Open areas, palm tree 

plantations and secondary 

forests 

(Costa et al. 2013, Matavelli et al. 2013, 

Silva et al. 2014)  

Diabroctis mimas 94.78 100 24.84 4.88 1217 122 
Cerrado, pastures and tropical 

dry forests 

(Almeida & Louzada 2009, Silva et al. 

2014, Neves et al. 2010)  

Canthon lituratus 88.33 100 13.9 12.16 681 304 Cerrado, Caatinga and pastures 
(Almeida & Louzada 2009, Costa et al. 

2009, Silva et al. 2014) 

Trichillum sp.1 92.85 0 399.24 0 19563 0 - - 

Canthon aff. octodentatus 100 0 0.16 0 8 0 - - 

Canthon sp.1 92.31 0 0.24 0 12 0 - - 

Canthon obscuriellus 0 100 0 5.16 0 129 Cerrado and pastures (Correa, Puker, Ferreira, et al. 2016) 

Canthon aff. acutus 0 99.76 0 16.48 0 412 - - 

Trichillum externepunctatum 0 99.75 0 158.28 0 3957 Open areas 
(Almeida & Louzada 2009, Costa et al. 

2009, Silva et al. 2014) 

Canthon aff. heyrovskyi 0 99.72 0 14.08 0 352 Cerrado and open areas IUCN 

Ontherus appendiculatus 0 99.35 0 12.32 0 308 Open areas 

(Louzada & Carvalho & Silva 2009, 

Correa, Puker, Ferreira, et al. 2016) 

 

To be continued … 
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  Conclusion 

Dichotomius nisus 0 99.15 0 23.24 0 581 Open areas 
(Koller et al. 2007, Audino et al. 2014, 

Correa, Puker, Ferreira, et al. 2016)  

Canthon aff. chalybaeus 0 97.73 0 3.44 0 86 Caatinga, Cerrado and pastures 
 (Almeida & Louzada 2009, Costa et al. 

2009, Silva et al. 2014) 

Canthidium multipunctatum 0 96.59 0 3.4 0 85 Savannahs (Spector & Ayzama 2003) 

Onthophagus aff. hirculus 0 84.62 0 3.08 0 77 Caatinga, Cerrado and pastures 
(Almeida & Louzada 2009, Costa et al. 

2009, Silva et al. 2014) 

Canthidium barbacenicum 0 82.65 0 28.4 0 710 Cerrado and tropical dry forests 

(Almeida et al. 2011, Puker et al. 2013, 

Correa, Puker, Korasaki, et al. 2016, 

Novais et al. 2016) 

Source: Author
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3.3 Influence of Local, Landscape and Spatial Factors on Dung Beetle Communities in 

Amazonian Introduced Pastures 

 

 Spatial variables explained variation in community composition across both regions 

(PGM: variable importance = 0.9, best model R
2
 = 0.32; STM: variable importance = 0.9, best 

model R
2
 = 0.43) and community structure in STM (variable importance = 1.0, best model R

2
 

= 0.39) (Figure 5). Coarse sand explained variation in dung beetle species richness and 

abundance in STM (Richness: variable importance = 1.0, best model R
2
 = 0.46; Abundance: 

variable importance = 0.7, best model R
2
 = 0.2) (Figure 5). None of the remaining variables 

significantly explained differences in dung beetle species richness, abundance and structure in 

PGM (i.e. the confidence intervals of the coefficients included zero). The complete set of 

models generated for all response variables is available in Supplementary Material (Tables S 

3 – S 10). 
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Figure 7 - Model averaging of candidate models within ΔAICc < 4 for dung beetle species 

richness, abundance, community composition and structure (from top to bottom) 

in Paragominas (left) and Santarém (right) municipalities. All averaged 

coefficients (±confidence intervals) are show on the left side, relative variables 

importance is shown on the right side. Slope – mean transect slope; Coarse – soil 

percentage of coarse sand; For1k – percentage of primary forest cover at 1km 

buffer around transects; Defor - deforestation curvature profile around transects; 

PCNM1 – spatial variation; PCNM2 – spatial variation; PCNM3 – spatial 

variation; PCNM7 – spatial variation; PCNM8 – spatial variation. 

 

 
Source: Author 

 



67 

  

4  DISCUSSION 

 

 Our large-scale assessment of 261 pasture and forest sites in two independent 

Amazonian landscapes provide novel insights into the occurrence of dung beetles in 

introduced tropical pastures. We found that dung beetle communities from introduced 

pastures appear only weakly influenced by the surrounding forests, local, landscape and 

spatial factors, and that the communities were dominated by a few species that are typical of 

other Brazilian pastures and open habitats (e.g. the Cerrado and intra-Amazonian savannahs). 

We discuss these results assessing consequences for dung beetles of tropical forests 

conversion to pastures, highlighting the potential implications of our findings for the 

conservation of Amazonian biodiversity. 

 

4.1 Dung Beetle Communities in the Amazonian Introduced Pastures 

 

 The high number of species (32 in PGM, 27 in STM, 48 in total) occurring in these 

introduced pastures is much higher than those reported in previous studies (12 species, 

KLEIN, 1989; 15 species, SCHEFFLER, 2005; 11 species, QUINTERO, I.; HALFFTER, 

2009; 5 species, KORASAKI et al., 2013). Moreover, although introduced pastures had fewer 

species than forests in both studied regions, their total diversity exceeds that recorded in many 

other natural or human-modified habitats in the tropics, such as the intra-Amazonian savannas 

(15 species, LOUZADA et al., 2010), tropical dry forests (15 species, MEDINA & LOPES, 

2014) Restinga (13 species, VIEIRA et al., 2008), Caatinga (13 species, LIBERAL et al., 

2011) and agro-ecosystems (SHAHABUDDIN et al., 2005; NEITA & ESCOBAR, 2012).  

 There are two reasons that can help explain the high number of species relative to 

these other systems. The first may be a sampling artefact: our study had a much larger sample 

size (261 sites) and was spread out over very large (>1 Million hectare) regions, so our 

measure of gamma diversity in introduced pastures is likely to be both closer to the asymptote 

than other studies with small sample sizes (KLEIN, 1989; SCHEFFLER, 2005; QUINTERO, 

I.; HALFFTER et al., 2009) could also include a much larger contribution from beta diversity. 

Second, there may be a genuine biological explanation relating to dung beetle colonization 

opportunities in our study region. Most of the previous dung beetle studies in the Amazonian 

introduced pastures were conducted in areas surrounded by forest, which represents a nearly 

impermeable matrix for open-area dung beetles. This was supported by the communities they 

recorded, which were composed of a few forest dung beetles at very low abundances and very 
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few (or none) species from open habitats (see KLEIN, 1989; SCHEFFLER, 2005). In 

contrast, the movement of species already adapted to the environmental conditions of the 

Brazilian pastures and open habitats would have been facilitated in our study regions, which 

present some of the highest levels of Amazonian deforestation and are located much closer to 

naturally open savanna enclaves (in the case of Santarem) or the Cerrado itself (in the case of 

Paragominas).   

 The dominance of a few species in Amazonian introduced pastures is characteristic of 

human modified habitats and introduced pastures elsewhere (NICHOLS et al., 2007; 

QUINTERO, I.; HALFFTER et al., 2009; ALMEIDA et al., 2011) and, in this case, may 

reflect the higher ability of a few species to feed in cattle dung and nest in the highly 

compacted pasture soils (HALFFTER et al., 1992). The long tail of rare species could be 

result of the presence of transient occasional species (FAGAN et al., 1999; ALMEIDA et al., 

2011) from the surrounding forests, which are thought to influence biodiversity assessments 

in the human-modified tropics (BARLOW, GARDNER et al., 2010). Although it is unlikely 

that such species will be capable of colonising these systems, due to physiological limitations 

(VERDÚ et al., 2006; HALFFTER & EDMONDS, 1982), they may occasionally pass 

through to colonise new forest patches, or use resources in pastures during night times, when 

microclimatic conditions are less severe. 

 

4.2 Drivers of Dung Beetle Communities in the Amazonian Introduced Pastures 

 

 We found that local, landscape and spatial factors do not determine dung beetle 

communities in Amazonian introduced pastures. Although local factors (i.e. coarse sand) and 

spatial variation influenced communities‟ attributes in some cases, the explanation power of 

our models was low, especially considering the number of predictor variables recorded and 

the high number of sample sites. Our results therefore suggest that neither pastures‟ 

environmental heterogeneity nor the locally-applied management practices are strong 

determinant of dung beetle communities in Amazonian introduced pastures. 

 To explain this surprising result, we suggest that drivers of dung beetle communities 

in Amazonian introduced pastures can be divided in three stages, based on the influence of 

different ecological filters. In the first stage, radical reductions in the pool of species capable 

of colonising pastures are imposed by environmental changes following the forest clearance. 
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 Forest clearance acts as a deterministic ecological filter, producing biotic 

homogenization (SOLAR et al., 2015) and allowing only species that are capable to colonise 

the new environmental scenario to persist in pastures. The environmental changes resultant 

from forest clearance includes local decreases in air temperature, luminosity and soil 

compaction, as well as local decreases in air humidity (LAURANCE, 2004). Such changes 

may elevate forest dung beetles body temperature beyond their regulating capacity (VERDÚ 

et al., 2006), hamper their nesting behaviour (HALFFTER & EDMONDS, 1982; SOWIG, 

1995) and promote resources desiccation (KLEIN 1989; LAURANCE et al., 2011), therefore 

negatively impacting their populations (NICHOLS et al., 2007). Forest clearance – often 

followed by fencing – may also promote local exclusion of many mammals, jeopardizing the 

provision of resources for several dung beetle species. As a result, most forest dung beetles 

are prevented from colonising introduced pastures (SILVA et al., 2014) creating marked and 

highly consistent differences between communities of forested and open land cover classes. 

 In the second stage of community structuring, a reduced pool of species composed 

predominantly by open habitat specialist species (e.g. Pseudocanthon xanthurus, Diabroctis 

mimas, Canthon lituratus, Canthidium humerale, Canthon aff. simulans, Digitonthophagus 

gazella) will be filtered by a combination of dispersal opportunities. Thus, the chance of 

colonisation of a introduced pasture is influenced by its distances from sources of species, as 

well as beetles‟ dispersal abilities (BENGTSSON, 2009). For instance, this could explain the 

notorious presence of Digitontophagus gazella in our samples. This African dung beetle was 

introduced in Brazil for the first time in 1989 to control horn fly (Haematobia irritans) 

populations and improve pastures‟ soil productivity. In the present study, it was the most 

abundant pasture indicator species, contrary to the low abundances previously documented for 

the Amazonian region (MATAVELLI & LOUZADA, 2008). Due to subsequent re-

introduction events and for being good dispersers and competitors, D. gazella is rapidly 

colonising Brazilian pastures and open habitats. 

 In the third stage, when beetles finally reach the introduced pastures, their 

establishment will depend on complex arranges of factors related to pastures local conditions 

(e.g. soil texture) and management (e.g. intervals for alternating with crops; intensive versus 

extensive use). For instance, variations in coarse sand explained variations in dung beetle 

species richness (best model R2 = 0.46) and abundance (best model R2 = 0.2) in introduced 

pastures of one of our studied regions, but not in the other. While such difference might be in 

part reflecting two distinct categories of soil present in Santarém (i.e. soils with low or high 

percentage of soil) as opposed to those present in Paragominas introduced pastures (see 



70 

 

Figure S3), several lines of evidence demonstrate the importance of soil structure as a 

determinant of beetle activities: the percentage of soil sand has recently been reported as an 

important driver of seed burial rates by dung beetles (GRIFFITHS et al., 2015), increases in 

abundance and body weight of dung beetles and functional guilds were attributed to increases 

in coarse sand in Amazonian forests (BEIROZ et al., 2016 in prep.), while digging tunnels 

and nesting can be favoured by the soil looseness (HANSKI & CAMBEFORT, 1991) and 

reduced humidity in sandy soils (HALFFTER & EDMONDS, 1982). 

 Finally, these filters are modified by important stochastic processes, such as 

alternations between pastures and crops (e.g. soya plantations), or severe climatic events such 

as the 2015-16 El Nino, which will drastically reduce populations‟ sizes and cause local 

extinctions, allowing the reorganisation of dung beetle communities from new starting points. 
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5  CONCLUSION 

 

1. The Amazonian introduced pastures host dung beetle species poor and 

homogenized communities in comparison to the surrounding forests. 

2. The Amazonian introduced pastures host uneven dung beetle communities 

dominated by dung beetle species from Brazilian pastures and open habitats, and 

with the presence of transient species. 

3. Dung beetle diversity in the Amazonian introduced pastures is dependent on 

stochastic factors. Therefore, the maintenance of species sources is important to 

allow species to persist in this system. The conservation of natural open habitats 

that could serve as source, such as intra-Amazonian savannahs and the Cerrado and 

Caatinga biomes, may be determinant to guarantee diversity of these systems. 
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Figure S 1 - Association between environmental metrics measured in introduced pastures in 

Paragominas: bivariate plots (lower panels), distribution (diagonal) and 

Pearson‟s ρ (upper pannels). 

 
Source: Author 
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Figure S 2 - Association between environmental metrics measured in introduced pastures in 

Santarém: bivariate plots (lower panels), distribution (diagonal) and Pearson‟s ρ 

(upper pannels). 

 
Source: Author 
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Figure S 3 -  Percentage of soil coarse sand in transects of introduced in Paragominas (left) 

and Santarém (right). 

 

Source: Author 

 

Table S 1 - List of dung beetle species collected in Amazonian introduced pastures (PAS) and 

forests (FOR) at Paragominas (Pará, Brazil) using baited pitfall traps. 
 

SPECIES REFERENCE PAS FOR 

Anomiopus aff. foveicollis 

 

0 1 

Ateuchus sp.1 

 

0 63 

Ateuchus sp.2 

 

0 13 

Ateuchus sp.3 

 

0 914 

Ateuchus sp.4 

 

0 3 

Ateuchus sp.5 

 

0 41 

Bdelyrus sp.1 

 

0 1 

Canthidium aff. lentum 

 

26 446 

Canthidium funebre  Balthasar, 1939 0 3 

Canthidium gerstaeckeri Harold, 1867 1 162 

Canthidium humerale Germar, 1813 182 7 

Canthidium semicupreum Harold, 1868 1 43 

Canthidium sp.1 

 

3 62 

Canthidium sp.10 

 

0 14 

Canthidium sp.11 

 

2 3 

Canthidium sp.2 

 

0 34 

Canthidium sp.3 

 

0 1 

Canthidium sp.4 

 

0 152 

Canthidium sp.5 

 

4 1096 

Canthidium sp.6 

 

0 20 

Canthidium sp.7 

 

0 2 

Canthidium sp.8 

 

0 1 

Canthidium sp.9 

 

0 24 

To be continued … 
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Continuation … 

Canthon aff. octodentatus 

 

8 0 

Canthon aff. sericatus 

 

13 2 

Canthon aff. simulans 

 

340 18 

Canthon coeruleus 

 

6 87 

Canthon histrio LePeletier and Serville, 1828 113 54 

Canthon lituratus Germar, 1813 681 90 

Canthon proseni Martinez, 1949 0 172 

Canthon scrutator Balthasar, 1939 239 36 

Canthon sp.1 

 

12 1 

Canthonella sp.1 

 

0 2 

Coprophaneus dardanus Macleay, 1819 1 9 

Coprophaneus degallieri Arnaud, 1997 49 17 

Coprophaneus jasius Olivier, 1789 0 6 

Coprophaneus lancifer Linnaeus, 1767 0 107 

Cryptocanthon campbellorum Howden, 1973 0 78 

Deltochilum aff. sextuberculatum - 0 93 

Deltochilum carinatum Westwood, 1837 0 5 

Deltochilum enceladus Kolbe, 1893 0 95 

Deltochilum icarus Olivier, 1789 0 38 

Deltochilum orbiculare Lansberge, 1874 0 153 

Deltochilum schefflerorum * sp. nov. 0 5 

Deltochilum sp.1 

 

0 354 

Diabroctis mimas Linnaeus, 1758 1217 67 

Dichotomius aff. globulus 

 

4 2133 

Dichotomius aff. lucasi 

 

1 69 

Dichotomius boreus Olivier, 1789 0 318 

Dichotomius imitator Felsche, 1901 0 10 

Dichotomius inachus Erichson, 1847 1 174 

Dichotomius longiceps Taschenberg, 1870 0 2 

Dichotomius melzeri Luederwaldt, 1922 0 153 

Dichotomius telamon Harold, 1869 0 68 

Dichotomius worontzowi Pereira, 1942 0 32 

Digitontophagus gazella Fabricius, 1787 856 8 

Eurysternus atrosericus Génier, 2009 0 10 

Eurysternus caribaeus Herbst, 1789 1 1138 

Eurysternus cavatus Génier, 2009 0 175 

Eurysternus foedus Guérin-Méneville, 1844 0 81 

Eurysternus hamaticollis Balthasar, 1939 0 45 

Eurysternus harlequin Génier, 2009 0 1 

Eurysternus howdeni Génier, 2009 0 4 

Eurysternus hypocrita Balthasar, 1939 0 12 

To be continued … 

  



77 

  

Conclusion    

Eurysternus ventricosus Gill, 1990 0 19 

Eurysternus wittmerorum Martinez, 1988 0 117 

Eutrichillum sp.1 

 

0 26 

Hansreia affinis Fabricius, 1801 0 187 

Ontherus sulcator Fabricius, 1775 287 318 

Onthophagus aff. hirculus 

 

486 392 

Onthophagus onthochromus Arrow, 1913 9 30 

Ontophagus ophion Erichson, 1847 11 651 

Onthophagus rubrescens Blanchard, 1843 48 2927 

Oxysternon macleayi  Nevison, 1892 0 594 

Oxysternon silenus Castelnau, 1840 0 77 

Phanaeus chalcomelas  Perty, 1830 0 54 

Pseudocanthon aff. xanthurus 

 

3335 13 

Sulcophanaeus faunus  Fabricius, 1775 0 4 

Trichillum externepunctatum Preudhomme de Borre, 1880 1 8 

Trichillum pauliani Balthasar, 1939 0 27 

Trichillum sp.1 

 

19563 1507 

Uroxys sp.1 

 

0 28 

Uroxys sp.2 

 

2 11 

Uroxys sp.3   0 9 

Source: Author 
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Table S 2 - List of dung beetle species collected in Amazonian introduced pastures (PAS) and 

forests (FOR) at Santarém (Pará, Brazil) using baited pitfall traps. 
 

SPECIES REFERENCE PAS FOR 

Anomiopus aff. latistriatus 

 

0 1 

Anomiopus aff. pictus 

 

1 2 

Anomiopus batesi Waterhouse, 1891 0 1 

Anomiopus brevipes Waterhouse, 1891 0 3 

Anomiopus parallelus Harold, 1862 0 1 

Ateuchus aff. candezei 

 

0 340 

Ateuchus aff. murrayi 

 

0 1256 

Ateuchus aff. romani 

 

0 15 

Ateuchus connexus Harold, 1868 0 90 

Ateuchus sp.1 

 

0 92 

Ateuchus sp.2 

 

0 67 

Bdelyrus paraensis Cook, 1998 0 8 

Canthidium aff. deyrollei 

 

0 1511 

Canthidium aff. gerstaeckeri 

 

0 202 

Canthidium aff. lentum 

 

0 29 

Canthidium barbacenicum Preudhomme de Borre, 1886 710 149 

Canthidium multipunctatum Balthasar, 1939 85 3 

Canthidium sp.1 

 

2 406 

Canthidium sp.2 

 

53 80 

Canthidium sp.3 

 

0 19 

Canthidium sp.4 

 

0 143 

Canthidium sp.7 

 

1 9 

Canthidium aff. ardens 

 

225 695 

Canthidium aff. collare 

 

0 169 

Canthidium aff. funebre  

 

0 4 

Canthidium sp.5 

 

0 68 

Canthidium sp.6 

 

0 6 

Canthidium sp.8 

 

0 37 

Canthidium humerale Gemar, 1813 21 8 

Canthon aff. acutus 

 

412 1 

Canthon aff. angustatus 

 

0 78 

Canthon aff. chalybaeus 

 

86 2 

Canthon aff. heyrovskyi 

 

352 1 

Canthon aff. quadrimaculatus 

 

0 242 

Canthon aff. sericatus 

 

0 82 

Canthon aff. simulans 

 

16 0 

Canthon fulgidus Redtenbacher, 1867 0 3571 

Canthon histrio 

Lepelletier de Saint Fargeau e Audinet-

Serville, 1828 3 263 

Canthon lituratus Germar, 1813 304 0 

To be continued … 
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Continuation … 

Canthon obscuriellus Schmidt, 1922 129 0 

Canthon proseni Martinez, 1949 0 1153 

Canthon semiopacus Harold, 1868 0 14 

Canthonella sp.1 

 

0 1 

Canthonella sp.2 

 

0 1 

Coprophanaeus degallieri Arnaud, 1997 0 3 

Coprophanaeus jasius Olivier, 1789 0 10 

Coprophanaeus lancifer Linnaeus, 1767 0 118 

Cryptocanthon peckorum Howden, 1973 0 90 

Deltochilum amazonicum Bates, 1887 0 36 

Deltochilum carinatum Westwood, 1837 0 1 

Deltochilum enceladus Kolbe, 1893 0 111 

Deltochilum orbiculare Lansberge, 1874 0 70 

Deltochilum sp.1 

 

0 154 

Deltochilum sp.2 

 

0 818 

Diabroctis mimas Linnaeus, 1758 122 0 

Dichotomius aff. fortestriatus 

 

0 743 

Dichotomius aff. lucasi 

 

1 1309 

Dichotomius boreus Olivier, 1789 0 1 

Dichotomius carinatus Luederwaldt, 1925 0 166 

Dichotomius imitator Felsche, 1901 0 37 

Dichotomius mamillatus Felsche, 1901 0 4 

Dichotomius melzeri Luederwaldt, 1922 1 81 

Dichotomius nisus Olivier, 1789 581 5 

Dichotomius robustus Luederwaldt, 1935 0 12 

Dichotomius worontzowi Pereira, 1942 0 144 

Digitonthophagus gazella Fabricius, 1787 23 0 

Eurysternus arnaudi Génier, 2009 0 61 

Eurysternus atrosericus Génier, 2009 0 1694 

Eurysternus balachowskyi Halffter e Halffter, 1976 0 61 

Eurysternus caribaeus Herbst, 1789 1 2190 

Eurysternus cayennensis Castelnau, 1840 0 266 

Eurysternus cyclops Génier, 2009 0 7 

Eurysternus hamaticollis Balthasar, 1939 0 39 

Eurysternus howdeni Génier, 2009 0 1 

Eurysternus hypocrita Balthasar, 1939 0 18 

Eurysternus plebejus Harold, 1880 0 85 

Eurysternus vastiorum Martinez, 1988 0 10 

Eurysternus wittmerorum Martinez, 1988 0 1088 

Eutrichillum sp.1 

 

0 3 

Ontherus appendiculatus Mannerheim, 1829 308 2 

To be continued … 
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Conclusion    

Ontherus carinifrons Luederwaldt, 1930 0 41 

Onthophagus aff. clypeatus 

 

0 1 

Onthophagus aff. hirculus 

 

77 14 

Onthophagus aff. onorei 

 

0 2 

Onthophagus onthochromus Arrow, 1913 0 1 

Onthophagus sp.1 

 

1 2167 

Oxysternon macleayi Nevinson, 1892 0 222 

Oxysternon silenus Castelnau, 1840 0 9 

Phanaeus alvarengai Arnaud, 1984 0 2 

Pseudocanthon aff. xanthurus 1201 0 

Scybalocanthon sp.1 

 

0 21 

Sylvicanthon sp.1 

 

0 84 

Trichillum externepunctatum Borre, 1880 3957 10 

Uroxys sp.1 

 

2 155 

Uroxys sp.2 

 

0 17 

Uroxys sp.3 

 

0 14 

Source: Author 
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Table S  3 - AICc-based model selection for transect dung beetle species richness in introduced pastures at Paragominas (Brazil). Here are listed 

all possible variables in the models with ΔAICc < 4, followed by model R
2
, degrees of freedom (df), model log-likelihood (logLik), 

AICc, ΔAICc, model weight (ω) and cumulative model weight. COARSE – percentage of soil coarse sand; FOREST – percentage of 

primary forest surrounding transects; DEFOR – deforestation curvature profile; PCNM1 – spatial variable, PCNM2 – spatial variable; 

PCNM3 – spatial variable; SLOPE – transects slope. 
 

Intercept COARSE FOREST DEFOR PCNM1 PCNM2 PCNM3 SLOPE df logLik AICc ΔAICc ω Cumulative ω 

1.88 NA NA NA NA NA -1.79 NA 3 -117.32 241.2 0 0.08 0.08 

1.89 NA NA NA NA NA -1.67 0.09 4 -116.35 241.6 0.43 0.06 0.14 

1.9 NA NA NA NA NA NA 0.1 3 -118.01 242.6 1.38 0.04 0.18 

1.9 NA NA NA NA NA NA NA 2 -119.18 242.6 1.43 0.04 0.22 

1.87 NA NA NA -0.61 NA -1.85 NA 4 -117.08 243.1 1.89 0.03 0.25 

1.88 -0.05 NA NA NA NA -1.83 NA 4 -117.1 243.1 1.93 0.03 0.28 

1.89 -0.07 NA NA NA NA -1.71 0.09 5 -115.92 243.2 2.06 0.03 0.31 

1.88 NA 0.04 NA NA NA -1.66 NA 4 -117.21 243.3 2.15 0.03 0.34 

1.87 NA NA NA NA -0.48 -1.8 NA 4 -117.21 243.3 2.15 0.03 0.37 

1.88 NA NA NA -0.65 NA -1.74 0.09 5 -116.07 243.5 2.35 0.03 0.4 

1.88 NA NA 0 NA NA -1.79 NA 4 -117.32 243.6 2.38 0.02 0.42 

1.88 NA NA NA NA -0.66 -1.68 0.09 5 -116.13 243.7 2.48 0.02 0.44 

1.89 NA 0.1 NA NA NA NA NA 3 -118.63 243.8 2.61 0.02 0.46 

1.89 NA NA 0.02 NA NA -1.73 0.09 5 -116.34 244.1 2.89 0.02 0.48 

1.89 NA 0 NA NA NA -1.68 0.09 5 -116.35 244.1 2.92 0.02 0.5 

1.9 -0.06 NA NA NA NA NA 0.1 4 -117.75 244.4 3.24 0.02 0.52 

1.89 NA NA -0.08 NA NA NA NA 3 -118.99 244.5 3.34 0.02 0.54 

1.89 NA NA NA NA -0.6 NA 0.1 4 -117.87 244.6 3.47 0.01 0.55 

1.9 NA 0.05 NA NA NA NA 0.08 4 -117.87 244.7 3.48 0.01 0.56 

1.9 -0.03 NA NA NA NA NA NA 3 -119.09 244.7 3.53 0.01 0.57 

1.9 NA NA -0.06 NA NA NA 0.09 4 -117.92 244.7 3.57 0.01 0.58 

1.89 NA NA NA NA -0.42 NA NA 3 -119.11 244.8 3.57 0.01 0.59 

1.9 NA NA NA -0.4 NA NA 0.1 4 -117.93 244.8 3.58 0.01 0.6 

1.89 NA NA NA -0.33 NA NA NA 3 -119.12 244.8 3.6 0.01 0.61 

1.87 NA 0.06 NA -0.73 NA -1.7 NA 5 -116.89 245.2 3.99 0.01 0.62 

Source: Author 
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Table S   4 - AICc-based model selection for transect dung beetle species richness in introduced pastures at Santarém (Brazil). Here are listed all 

possible variables in the models with ΔAICc < 4, followed by model R
2
, degrees of freedom (df), model log-likelihood (logLik), 

AICc, ΔAICc, model weight (ω) and cumulative model weight. COARSE – percentage of soil coarse sand; FOREST – percentage 

of primary forest surrounding transects; DEFOR – deforestation curvature profile; PCNM1 – spatial variable, PCNM2 – spatial 

variable; PCNM3 – spatial variable; SLOPE – transects slope. 
 

Intercept COARSE FOREST DEFOR SLOPE PCNM1 PCNM7 PCNM8 df logLik AICc ΔAICc ω Cumulative ω 

9.64 2.29 NA NA NA NA NA NA 4 -57.33 125.6 0 0.29 0.29 

9.64 1.96 NA NA NA 2.88 NA NA 5 -54.87 128 2.38 0.09 0.38 

9.64 2.28 NA NA NA NA NA 1.28 5 -55.34 128.5 2.94 0.07 0.45 

9.64 2.21 NA NA NA NA -1.17 NA 5 -55.32 128.6 2.97 0.07 0.52 

9.64 2.28 -0.1 NA NA NA NA NA 5 -57.03 128.8 3.15 0.06 0.58 

9.64 2.3 NA NA 0.07 NA NA NA 5 -57 128.8 3.19 0.06 0.64 

9.64 2.28 NA 0.02 NA NA NA NA 5 -56.96 128.8 3.24 0.06 0.7 

Source: Author
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Table S   5 - AICc-based model selection for transect dung beetle species abundance in introduced pastures at Paragominas (Brazil). Here are 

listed all possible variables in the models with ΔAICc < 4, followed by model R
2
, degrees of freedom (df), model log-likelihood 

(logLik), AICc, ΔAICc, model weight (ω) and cumulative model weight. COARSE – percentage of soil coarse sand; FOREST – 

percentage of primary forest surrounding transects; DEFOR – deforestation curvature profile; PCNM1 – spatial variable, PCNM2 

– spatial variable; PCNM3 – spatial variable; SLOPE – transects slope. 
 

Intercept COARSE FOREST DEFOR PCNM1 PCNM2 PCNM3 SLOPE df logLik AICc ΔAICc ω Cumulative ω 

4.75 -0.37 NA NA NA NA -5.34 NA 5 -83.66 182.2 0 0.06 0.06 

4.78 -0.36 NA NA NA NA NA NA 4 -87.04 182.3 0.14 0.06 0.12 

4.79 NA NA NA NA NA NA NA 3 -87.72 182.6 0.43 0.05 0.17 

4.76 NA NA NA NA NA -5.33 NA 4 -84.41 182.7 0.52 0.05 0.22 

4.77 -0.38 0.27 NA NA NA NA NA 5 -86.96 183.8 1.6 0.03 0.25 

4.68 -0.34 NA NA -2.98 NA -5.46 NA 6 -81.13 184 1.8 0.03 0.28 

4.68 NA NA NA -3.74 NA -5.44 NA 5 -81.7 184 1.83 0.03 0.31 

4.72 NA NA NA -3.36 NA NA NA 4 -85.09 184.1 1.94 0.02 0.33 

4.66 -0.35 NA NA NA -3.6 -5.68 NA 6 -80.96 184.2 2.02 0.02 0.35 

4.74 -0.38 0.2 NA NA NA -4.95 NA 6 -83.8 184.3 2.07 0.02 0.37 

4.73 -0.34 NA NA -2.56 NA NA NA 5 -84.58 184.3 2.1 0.02 0.39 

4.78 NA 0.23 NA NA NA NA NA 4 -87.78 184.3 2.11 0.02 0.41 

4.79 -0.4 NA NA NA NA NA 0.13 5 -87.52 184.3 2.11 0.02 0.43 

4.76 -0.4 NA NA NA NA -5.24 0.12 6 -84.19 184.3 2.12 0.02 0.45 

4.71 -0.34 NA NA NA -2.95 NA NA 5 -84.44 184.4 2.22 0.02 0.47 

4.66 NA NA NA NA -4.16 -5.77 NA 5 -81.58 184.5 2.3 0.02 0.49 

4.71 NA NA NA NA -3.38 NA NA 4 -85.03 184.5 2.32 0.02 0.51 

4.78 -0.35 NA 0.27 NA NA -5.91 NA 6 -83.21 184.7 2.46 0.02 0.53 

4.76 NA 0.17 NA NA NA -5.02 NA 5 -84.64 184.9 2.66 0.02 0.55 

4.8 NA NA NA NA NA NA 0.06 4 -88.41 184.9 2.69 0.02 0.57 

4.78 -0.35 NA 0 NA NA NA NA 5 -86.73 184.9 2.71 0.02 0.59 

To be continued … 
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Conclusion 
4.8 NA NA 0.34 NA NA -6.03 NA 5 -83.85 185 2.76 0.02 0.61 

4.8 NA NA 0.06 NA NA NA NA 4 -87.36 185.1 2.89 0.02 0.63 

4.77 NA NA NA NA NA -5.27 0.05 5 -85.13 185.1 2.9 0.01 0.64 

4.7 -0.35 0.29 NA -3.1 NA NA NA 6 -84.38 185.7 3.48 0.01 0.65 

4.69 NA 0.26 NA -3.88 NA NA NA 5 -85.02 185.7 3.53 0.01 0.66 

4.58 NA NA NA -3.83 -4.3 -5.87 NA 6 -78.85 185.9 3.68 0.01 0.67 

4.67 -0.36 0.23 NA -3.33 NA -5.03 NA 7 -81.17 186.1 3.87 0.01 0.68 

4.63 NA NA NA -3.43 -3.57 NA NA 5 -82.37 186.1 3.9 0.01 0.69 

4.59 -0.32 NA NA -3.08 -3.8 -5.82 NA 7 -78.39 186.1 3.91 0.01 0.7 

4.71 -0.36 0.26 NA NA -2.55 NA NA 6 -84.4 186.1 3.92 0.01 0.71 

4.67 NA 0.2 NA -4.08 NA -5.07 NA 6 -81.83 186.2 3.98 0.01 0.72 

Source: Author
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Table S   6 - AICc-based model selection for transect dung beetle species abundance in introduced pastures at Santarém (Brazil). Here are listed 

all possible variables in the models with ΔAICc < 4, followed by model R
2
, degrees of freedom (df), model log-likelihood (logLik), 

AICc, ΔAICc, model weight (ω) and cumulative model weight. COARSE – percentage of soil coarse sand; FOREST – percentage 

of primary forest surrounding transects; DEFOR – deforestation curvature profile; PCNM1 – spatial variable, PCNM2 – spatial 

variable; PCNM3 – spatial variable; SLOPE – transects slope. 
 

Intercept COARSE FOREST DEFOR SLOPE PCNM1 PCNM7 PCNM8 df logLik AICc ΔAICc ω Cumulative ω 

5.04 0.68 NA NA NA NA NA NA 4 -41.47 91.1 0 0.15 0.15 

5.04 NA NA NA NA 2.81 NA NA 4 -40.81 93.1 2.01 0.06 0.21 

5.04 NA -0.49 NA NA 3.83 NA NA 5 -39.76 93.3 2.16 0.05 0.26 

5.04 0.52 NA NA NA 1.4 NA NA 5 -39.71 93.4 2.24 0.05 0.31 

5.04 0.74 NA NA 0.21 NA NA NA 5 -41.55 93.6 2.48 0.04 0.35 

5.04 0.68 NA NA NA NA NA 0.84 5 -40.09 93.8 2.68 0.04 0.39 

5.04 0.67 -0.13 NA NA NA NA NA 5 -41.77 94 2.89 0.04 0.43 

5.04 0.64 NA NA NA NA -0.55 NA 5 -40.16 94.1 2.97 0.03 0.46 

5.04 0.68 NA 0 NA NA NA NA 5 -41.81 94.3 3.16 0.03 0.49 

5.04 NA NA NA NA NA NA NA 3 -44.13 94.7 3.58 0.03 0.52 

5.04 NA NA NA NA 2.81 -1.57 NA 5 -38.9 94.7 3.6 0.03 0.55 

5.04 NA NA 0.51 NA 4.78 NA NA 5 -40.02 94.7 3.62 0.03 0.58 

Source: Author 
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Table S   7 - AICc-based model selection for transect dung beetle community composition in introduced pastures at Paragominas (Brazil). Here 

are listed all possible variables in the models with ΔAICc < 4, followed by model R
2
, degrees of freedom (df), model log-likelihood 

(logLik), AICc, ΔAICc, model weight (ω) and cumulative model weight. COARSE – percentage of soil coarse sand; FOREST – 

percentage of primary forest surrounding transects; DEFOR – deforestation curvature profile; PCNM1 – spatial variable, PCNM2 – 

spatial variable; PCNM3 – spatial variable; SLOPE – transects slope. 
 

Intercept COARSE FOREST DEFOR PCNM1 PCNM2 PCNM3 SLOPE df logLik AICc ΔAICc ω Cumulative ω 

0 NA NA NA -1.14 -1.39 -1.59 NA 6 -46.55 107.1 0 0.19 0.19 

0.01 NA NA NA NA -1.37 -1.58 NA 5 -48.48 108.4 1.25 0.1 0.29 

0.02 NA NA NA -1.11 NA -1.59 NA 5 -48.91 109.2 2.11 0.07 0.36 

0 -0.2 NA NA NA -1.12 -1.55 NA 6 -47.76 109.5 2.41 0.06 0.42 

0 -0.16 NA NA -0.75 -1.17 -1.56 NA 7 -46.63 110 2.88 0.05 0.47 

0.03 NA NA NA NA NA -1.55 NA 4 -50.58 110.1 2.96 0.04 0.51 

0 NA NA NA -1.12 -1.73 -1.5 0.15 7 -46.78 110.3 3.18 0.04 0.55 

0.02 NA NA NA -1.09 -1.35 NA NA 5 -49.51 110.4 3.31 0.04 0.59 

0.01 -0.22 NA NA NA NA -1.56 NA 5 -49.61 110.6 3.51 0.03 0.62 

0.03 NA NA NA NA -1.32 NA NA 4 -51.1 111.1 3.99 0.03 0.65 

Source: Author 
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Table S   8 - AICc-based model selection for transect dung beetle community composition in introduced pastures at Santarém (Brazil). Here are listed all 

possible variables in the models with ΔAICc < 4, followed by model R
2
, degrees of freedom (df), model log-likelihood (logLik), AICc, ΔAICc, 

model weight (ω) and cumulative model weight. COARSE – percentage of soil coarse sand; FOREST – percentage of primary forest surrounding 

transects; DEFOR – deforestation curvature profile; PCNM1 – spatial variable, PCNM2 – spatial variable; PCNM3 – spatial variable; SLOPE – 

transects slope. 
 

Intercept COARSE FOREST DEFOR SLOPE PCNM1 PCNM7 PCNM8 df logLik AICc ΔAICc ω Cumulative ω 

0.04 NA NA NA NA -2.6 NA NA 4 -21.51 53.5 0 0.21 0.21 

0.04 NA NA NA -0.1 -2.59 NA NA 5 -22.37 55.7 2.23 0.07 0.28 

0.05 NA -0.13 NA NA -2.34 NA NA 5 -22.14 56 2.53 0.06 0.34 

0.03 NA NA -0.24 NA -3.36 NA NA 5 -21.47 56.1 2.59 0.06 0.4 

0.04 0.02 NA NA NA -2.66 NA NA 5 -22.7 56.6 3.09 0.05 0.45 

0.04 NA NA NA NA -2.59 NA -0.1 5 -21.06 56.6 3.09 0.05 0.5 

0.04 NA NA NA NA -2.59 -0.01 NA 5 -21.32 56.6 3.1 0.05 0.55 

0 NA NA NA NA NA NA NA 3 -25.3 56.8 3.31 0.04 0.59 

Source: Author 
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Table S   9 - AICc-based model selection for transect dung beetle community structure in introduced pastures at Paragominas (Brazil). Here are listed all 

possible variables in the models with ΔAICc < 4, followed by model R
2
, degrees of freedom (df), model log-likelihood (logLik), AICc, ΔAICc, 

model weight (ω) and cumulative model weight. COARSE – percentage of soil coarse sand; FOREST – percentage of primary forest surrounding 

transects; DEFOR – deforestation curvature profile; PCNM1 – spatial variable, PCNM2 – spatial variable; PCNM3 – spatial variable; SLOPE – 

transects slope. 
 

Intercept COARSE FOREST DEFOR PCNM1 PCNM2 PCNM3 SLOPE df logLik AICc ΔAICc ω Cumulative ω 

0.02 NA NA NA NA NA NA NA 3 -55.21 117 0 0.07 0.07 

0.03 NA NA NA NA NA 0.51 NA 4 -54.08 117.1 0.11 0.07 0.14 

0.02 NA NA NA NA -0.01 NA NA 4 -54.09 117.1 0.12 0.07 0.21 

0.03 NA NA NA NA -0.02 0.53 NA 5 -52.91 117.2 0.25 0.06 0.27 

0.02 NA NA NA -0.02 NA NA NA 4 -54.2 117.3 0.36 0.06 0.33 

0.02 NA NA NA -0.02 -0.04 NA NA 5 -53.02 117.4 0.49 0.06 0.39 

0.03 NA NA NA 0.01 NA 0.53 NA 5 -53.03 117.5 0.5 0.06 0.45 

0.03 NA NA NA 0.01 -0.04 0.55 NA 6 -51.8 117.6 0.64 0.05 0.5 

0.02 NA -0.19 NA NA NA NA NA 4 -55.15 119.2 2.24 0.02 0.52 

0.02 NA -0.2 NA NA -0.16 NA NA 5 -54.05 119.5 2.54 0.02 0.54 

0.03 NA -0.21 NA 0.4 NA NA NA 5 -54.08 119.6 2.61 0.02 0.56 

0.03 NA -0.19 NA NA NA 0.06 NA 5 -54.12 119.6 2.67 0.02 0.58 

0.02 NA NA NA NA NA NA -0.17 4 -55.37 119.7 2.7 0.02 0.6 

0.02 NA NA NA NA 0.37 NA -0.17 5 -54.14 119.7 2.73 0.02 0.62 

0.03 NA -0.21 NA 0.39 -0.19 NA NA 6 -52.94 119.9 2.92 0.02 0.64 

0.02 NA NA NA NA NA 0.4 -0.17 5 -54.25 119.9 2.93 0.02 0.66 

0.03 NA -0.19 NA NA -0.19 0.08 NA 6 -52.96 119.9 2.97 0.02 0.68 

0.03 NA NA NA NA 0.36 0.43 -0.17 6 -52.98 120 3 0.02 0.7 

0.03 NA -0.2 NA 0.4 NA 0.08 NA 6 -53.01 120 3.07 0.02 0.72 

0.02 NA NA NA -0.02 NA NA -0.17 5 -54.32 120 3.09 0.02 0.74 

0.02 NA NA NA -0.01 0.34 NA -0.18 6 -53.06 120.1 3.16 0.02 0.76 

To be continued … 
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Conclusion 

0.02 NA NA NA 0 NA 0.42 -0.17 6 -53.15 120.3 3.35 0.01 0.77 

0.04 NA -0.2 NA 0.4 -0.22 0.1 NA 7 -51.8 120.3 3.38 0.01 0.78 

0.03 NA NA NA 0.02 0.33 0.44 -0.18 7 -51.84 120.4 3.45 0.01 0.79 

0.04 NA NA 0.14 NA 0.39 NA NA 5 -54.6 120.6 3.64 0.01 0.8 

0.03 NA NA 0.12 NA NA NA NA 4 -55.85 120.6 3.64 0.01 0.81 

0.03 NA NA 0.11 NA NA 0.22 NA 5 -54.72 120.8 3.87 0.01 0.82 

0.04 NA NA 0.12 NA 0.32 0.22 NA 6 -53.43 120.9 3.9 0.01 0.83 

Source: Author 

 

 

Table S   10 - AICc-based model selection for transect dung beetle community structure in introduced pastures at Santarém (Brazil). Here are listed all 

possible variables in the models with ΔAICc < 4, followed by model R
2
, degrees of freedom (df), model log-likelihood (logLik), AICc, ΔAICc, 

model weight (ω) and cumulative model weight. COARSE – percentage of soil coarse sand; FOREST – percentage of primary forest 

surrounding transects; DEFOR – deforestation curvature profile; PCNM1 – spatial variable, PCNM2 – spatial variable; PCNM3 – spatial 

variable; SLOPE – transects slope. 
 

Intercept COARSE FOREST DEFOR SLOPE PCNM1 PCNM7 PCNM8 df logLik AICc ΔAICc ω Cumulative ω 

0.02 NA NA NA NA -2.39 NA NA 4 -22.2 53.9 0 0.21 0.21 

0 NA NA -0.32 NA -3.47 NA NA 5 -21.84 55.1 1.24 0.11 0.32 

0.01 NA NA NA NA -2.39 NA -0.67 5 -21.23 55.7 1.82 0.08 0.4 

0.02 NA NA NA 0.11 -2.42 NA NA 5 -22.98 56.1 2.21 0.07 0.47 

0.01 NA 0.08 NA NA -2.56 NA NA 5 -23.01 56.8 2.9 0.05 0.52 

0.02 NA NA NA NA -2.42 -0.21 NA 5 -21.79 56.9 2.97 0.05 0.57 

0.02 0.04 NA NA NA -2.5 NA NA 5 -23.21 56.9 3.07 0.04 0.61 

0 NA NA -0.38 NA -3.73 -0.47 NA 6 -21.15 57.8 3.92 0.03 0.64 

Source: Author 
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CHAPTER 4 

 

DO WE SELECT THE BEST METRICS FOR ASSESSING LAND USE EFFECTS ON 

BIODIVERSITY 
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ABSTRACT 

 

Biased and subjective choices in the variable selection processes used in ecological studies 

commonly lead researchers to reach misleading conclusions regarding patterns of biodiversity 

response to disturbances. Nevertheless, little attention has been given to these processes in the 

majority of studies published to date. Here, we assess the extent to which variables commonly 

employed in ecological studies correspond to those deemed to be most important by 

researchers of the same studies. Specifically, we examined both biodiversity (response) and 

environmental (explanatory) metrics from a comprehensive literature review and compared 

their use with their relative importance, according to a survey with the studies‟ authors. We 

used the literature concerning land use change effects on dung beetles as our study case. Our 

results highlight marked disparities between researchers opinion and their choice of variables 

in published papers. We suggest that these disparities are due to the high costs of sampling 

and processing some variables, as well as to logistical constraints and researchers own bias. If 

current practices and these discrepancies persist then our understanding of the biodiversity 

consequences of land-use change will remain compromised, while further undermining our 

confidence in the results of ecological studies. 

 

Keywords: Agricultural expansion. Conversion. Dung beetles. Inference. Research scope. 

Variables selection. 
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1 INTRODUCTION 

 

 Over the last few hundred years humans have significantly altered the surface and 

functioning of the biosphere, heralding what is now widely recognised as the start of the 

Anthropocene (ELLIS, 2015). Agricultural systems such as croplands and pastures already 

encompass more than one third of the Earth´s land surface (ASNER et al., 2004; 

RAMANKUTTY & FOLEY, 1999) and continue to expand to meet burgeoning human 

needs. This unprecedented modification of natural landscapes includes habitat loss and 

fragmentation, land-use intensification, and habitat degradation. The ecological impacts of 

these changes include biodiversity loss and species extinctions, turnover in species 

composition, and a loss of the critical ecosystem services provided by biodiversity 

(MILLENNIUM ECOSYSTEM ASSESSMENT, 2005; SUKHDEV et al., 2014). These 

events are particularly important in the tropics, which hold both the highest levels of 

biodiversity and the highest rates of land-use change (HANSEN et al., 2013). 

 Despite recent advances in our understanding of environmental change and 

biodiversity responses to human disturbance, there are widespread uncertainties about the 

quality and reliability of information produced by ecological studies, which can be strongly 

influenced by (among other things) variable selection processes, inadequate sampling 

methods and biases in data analysis and interpretation (GUISAN & ZIMMERMANN, 2000; 

MAC NALLY, 2005; VAUGHAN & ORMEROD, 2003). In particular, studies may fail to 

find significant effects if they focus on inappropriate response metrics (BARLOW et al., 

2007; SU et al., 2004), while interpretation of results can be confounded if researchers fail to 

capture the components of environmental variability that have the strongest influence on the 

biodiversity of interest. In both cases, such studies could easily reach misleading conclusions 

about the distribution and dynamics of biodiversity in human-modified landscapes, which in 

turn may have important consequences for policies and management recommendations 

aiming to safeguard the availability of ecosystem services  and biodiversity. 

 Here we are interested in investigating researcher‟s choices of environmental 

explanatory and biodiversity response variables using dung beetle research papers and 

researchers as our study system. Dung beetles have been increasingly used to assess and 

monitor environmental changes in tropical forest ecosystems (BICKNELL et al., 2014; 

FAVILA & HALFFTER, 1997; GARDNER et al., 2008; HALFFTER & FAVILA, 1993; 

LEE et al., 2009) and have been considered good ecological disturbance indicators 

(BARLOW; LOUZADA et al., 2010; NICHOLS & GARDNER, 2011). Their sensitivity to 
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alterations in habitat structure, (micro) climate and natural environmental gradients is well 

documented in the literature through studies conducted worldwide (MENÉNDEZ et al., 2014; 

NICHOLS et al., 2007) and across habitats under several different management regimes 

(BEIROZ et al., 2014; HARVEY et al., 2006; KORASAKI et al., 2013; NEITA & 

ESCOBAR, 2012; SPECTOR & AYZAMA, 2003; VIEIRA et al., 2008). Dung beetles also 

play important ecological roles (NICHOLS et al., 2008), present different morphological and 

behavioural traits and a relatively stable taxonomy (PHILIPS et al., 2004). We restric our 

analysis to the forested regions of the tropics, because (1) they have suffered some of the most 

severe land-use changes in recent decades (HANSEN et al., 2013), (2) they are the richest 

reservoirs of the world‟s terrestrial biodiversity and hold the highest diversity of dung beetles 

(NICHOLS & GARDNER, 2011), and (3) they are where the majority of dung beetle studies 

have been conducted (NICHOLS & GARDNER, 2011). 

 We examined the choices researchers make by assessing the degree of correspondence 

between theory and practice in studies of the effects of land-use change on dung beetle 

communities in the tropics. To do so, we compiled information from a literature review and a 

structured survey of the authors of 48 different studies. This allowed us to compare the 

response and explanatory variables considered by researchers as most appropriate for 

understanding dung beetles‟ responses to land-use change with those variables actually 

selected and used by the same researchers in their published work. Variable selection 

processes were assessed separately for forested habitats and open agricultural lands because 

these systems are structurally divergent, host significantly different dung beetle communities 

and therefore should be driven by different environmental predictor variables. We also 

assessed justifications given for selecting certain variables and study design choices by 

researchers. We used this information to address the following questions: (1) To what extent 

are the response and explanatory variables deemed most appropriate by researchers actually 

being selected in published studies? (2) To what extent is the variable selection and study 

design processes clearly justified, and, if so, what kind of justification is presented in 

published work? We use our results to discuss some of the systemic problems in drawing 

ecological inferences from biodiversity and land-use change studies. 
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2  MATERIAL AND METHODS 

 

 We compiled information through a two-stage process. First, we undertook a literature 

review to identify the variables commonly selected in published studies, and to assess studies‟ 

justification level. Second, we surveyed the authors of the reviewed studies to identify the 

relative importance of variables according to researchers‟ opinions. Because dung beetle 

communities exhibit marked differences between forested habitats (e.g. primary and 

secondary forests, Eucalyptus sp. plantations and shaded coffee) and open agricultural lands 

(e.g. soya plantations and pasturelands) and are unlikely to present similar responses to a 

single factor (NICHOLS et al., 2007), the information was analysed separately for both land-

use types. 

 

2.1 Literature Search and Papers Selection Criteria 

 

 We searched ISI Web of Knowledge and Science Direct (accessed on 15 November 

2013) using the following keywords: ((„Tropical Forest‟ OR „Rainforest‟ OR „Deciduous 

Forest‟ OR „Dry Forest‟) AND („Dung Beetles‟ OR „Scarab*‟)). The search returned a total 

of 815 studies. From this total, we retained the papers addressing variations in dung beetle 

communities‟ attributes (e.g. richness, abundance, composition and biomass) between two or 

more land-uses. Therefore, we excluded those focused on single species, on a single land-use 

(e.g. forest fragments of different sizes) or not focused on dung beetle communities‟ 

responses to land-use change (e.g. NUMMELIN, 1998). We also excluded studies not 

conducted on tropical forests. 

 In order to avoid pseudo replication and maintain independence between studies, 

where two or more papers were based on the same dataset, we considered only the study 

published in the journal with the highest impact factor. We assume these studies represented 

the main findings of the work, and higher impact journals should also help ensure careful peer 

review and greater scientific influence. Finally, we disregarded papers on functional ecology 

(i.e. studies focused on seed dispersal and burial, flight activity, feeding behaviour) because 

the response variables usually are generally attributed to the functional groups (e.g. richness 

and abundance of traits of group x, y and z) rather to the entire community. Following all the 

criteria above, we selected 48 papers for analysis (Table S 1). 
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2.2 Variables Identification and Grouping 

 
 Each paper was carefully revised for the identification and categorization of the 

response and explanatory variables presented. For each habitat type, variables were grouped 

into different categories to reflect their main use. For example, „total species richness‟ and 

„average species richness‟ were grouped into the category „Species richness‟, while „basal 

area of large trees‟ and „canopy cover‟ were grouped into „Forest structure‟. Explanatory 

variables were grouped in a way that there were different categories according to their use for 

providing indirect measurements of resources availability (e.g. mammal abundance and 

biomass) or for describing environmental conditions at local (e.g. forest structure and local 

disturbance history), landscape (e.g. amount of forest in the surrounding landscape) or 

temporal (e.g. temporal pattern of forest loss in the surrounding landscape) scales. In total, we 

evaluated seven different categories of explanatory variables for open agricultural lands and 

eleven categories for forested habitats, due to a higher diversity of variables selected in these 

habitats. For response variables, we used seven categories for both habitat types. The full list 

of categories is presented in the Table S 1. 

 

2.3 Study Design Choices 

 

 We reviewed the papers to identify information about study design choices that can 

affect the reliability of ecological data collected. The evaluated choices were related to 

information about study area, sampling effort and sampling methods (Appendix A, 

Supplementary material). 

 

2.4 Assessment of Studies Justification Level 

 

 We reviewed the 48 published papers to identify any justifications for variable and 

study design choices, providing a conservative measure of the description of the reasons 

underpinning these choices. Justifications were quantified based on presence-absence, and 

were considered as present when authors provided at least a justification for at least one of the 

variables or study design choices, irrespective of how detailed it was. Therefore, there was no 

distinction between studies that justified all the response and explanatory variables choices 

and studies where only one or few of the response and explanatory variables choices were 

justified. Justifications were categorised as follows: (1) available literature – when authors 
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provided references to support their choices, (2) methodological constraints – when authors 

use the lack of logistical/financial resources, inadequacy of methods or impossibility of 

performing a specific choice as justification, and (3) researcher experience – when authors 

justify their choices based on previous research experience. 

 

2.5 Survey of Dung Beetle Researchers 

 

 The authors of the 48 focal studies were emailed a short survey containing a list of 

response and explanatory variables. Presented variables were selected based on their use in 

studies of the effects of land-use change on dung beetles and/or for being expected by experts 

to exert influence on dung beetle communities in modified habitats. Respondents were asked 

to rank the variables according to their relative importance. Variables were ranked separately 

for forested and open agricultural lands, and the ranks ranged from one (least important) to 

seven or 11 (most important), depending on the number of variables considered in each land 

use (seven in open lands, 11 in forests). For our purposes, we calculated the mean of rank 

values attributed to each variable by respondents. Two specific questions were asked: (1) “In 

your opinion, what are the response variables that are likely to most adequately capture the 

effects of land-use change on dung beetle communities?” And (2) “In your opinion, what are 

the explanatory variables that most adequately describe variability in habitat quality (due to 

land-use change) for dung beetles?” Respondents were allowed to add and rank additional 

variables that may have been missed from the list. In order to avoid possible bias, variables 

were randomised in the lists and presented in a different order for each respondent. The full 

survey is available in the Appendix B (Supplementary material). 
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3 RESULTS 

 

3.1 Variable Selection in Publication 

 

The 48 studies selected for review encompassed 21 different countries, with the 

highest number in Brazil and Mexico (11 and 10 studies, respectively) (Fig 1). In total, we 

reviewed 48 studies that presented data sampled on forested habitats. The highest ranked 

response variables selected in these studies were: „Species richness‟ (included in 94% of 

papers), „Community composition and/or community structure‟ (70%), „Evenness and/or 

dominance‟ (32%), „Biomass‟ (30%) and „Diversity‟ (30%), „Species-level abundance‟ (10%) 

and „Body size‟ (9%) (Fig 2). The explanatory variables selected in studies in forested 

habitats were: „Forest structure‟ (19%), „Landscape connectivity‟ (9%) and „Patch size‟ (9%), 

„Topography‟ (6%), „Leaf litter‟ (4%) and „Understory structure‟ (4%), „Local disturbance 

history‟ (2%) and „Mammal abundance and biomass‟ (2%) and „Mammal diversity‟ (2%). No 

paper presented variables related to either „Landscape history‟ or „Soil‟, that featured in the 

author survey of variable importance for being expected to exert influence on dung beetle 

communities in modified habitats. 

 

Figure 1 -  Studies occurrence by country. From light grey (no study) to dark grey (11 studies), colours 

correspond to the amount of studies about the effects of land-use change on dung beetles 

communities in tropical forests that were reviewed in this study. 
 

Source: Author  
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 In total, we reviewed 29 studies that presented data sampled on open agricultural 

lands. The response variables selected in studies were: „Species richness‟ (97%), „Community 

composition and/or community structure‟ (72%), „Biomass‟ (31%) and „Diversity‟ (31%) and 

„Evenness and/or dominance‟ (31%), „Species-level abundance‟ (21%) and „Body size‟ (3%). 

The explanatory variables selected in studies in open agricultural lands were: „Land cover 

class‟ (100%) and „Vegetation structure‟ (3%). No paper presented variables related to any of 

„History of use‟, „Intensity of use‟, „Landscape connectivity‟, „Topography‟ or „Soil‟ (Fig 2). 

 One fifth of the studies reviewed did not present any justification at all for either the 

variables or study design choices used. Only 28 percent of studies presented some 

justification for at least one of the response variables, and only 10 percent in the case of 

explanatory variables. A total of 72 percent of studies presented some justification for at least 

one of the study design choices. When presented, justifications were mainly based on 

available literature (64%), followed by researcher experience (22%) and methodological 

constraints (10%). 

 

3.2 Variable Importance Assessed by Authors 

 

 More than half (25/48) of the authors we approached responded to our survey.  The 

highest ranked response variables in terms of their importance for studies in both habitat types 

were „Community composition and/or community structure‟, followed by „Species richness‟. 

„Evenness and/or dominance‟ received the lowest rank (Fig 2). The highest ranked 

explanatory variables for studies in forested habitats were „Mammal abundance and biomass‟, 

„Forest structure‟, „Local disturbance history‟, „Patch size‟ and  „Landscape connectivity‟; for 

studies in open agricultural lands, highest ranked variables were: „Land cover class‟, 

„Intensity of use‟ and „Vegetation structure‟. According to respondents, „Leaf litter‟ and 

„Topography‟ are the least important explanatory variables (Fig 2). 
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Figure 2 - The relative importance of response and explanatory variables according to both dung 

beetle researchers‟ opinions and the occurrence of the same variables in the literature 

published by the same authors regarding the effects of land-use change on dung beetle in 

tropical forests. The rank of importance attributed to the explanatory (A, B) and response 

(C, D) variables relating patterns of dung beetle diversity to environmental change 

(boxplots), and the percentage of studies that actually selected each of the recommended 

variables for use (bar-plots) are represented for both forested habitats (A, C) and open 

agricultural lands (B, D). 

 

 

Source: Author 
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4  DISCUSSION 

 

 To our knowledge, this is the first study to compare response and explanatory 

variables importance according to experts‟ opinions with the use of these same variables in 

studies about land-use consequences for biodiversity in the tropics. We used data from the 

tropical forest dung beetles literature as our test case and found that researchers 

overwhelmingly do not select the explanatory variables that they themselves deem to be most 

important for answering the questions they are trying to address, although they do commonly 

select what are perceived to be the most important response variables. We also show that 

published studies commonly lack any justification regarding the variable selections and study 

design choices made by the authors. These findings undermine our ability to explain the 

patterns of biological communities responses to land use change that are reported in many 

dung beetles studies, and, assuming that there is no a priori reason why dung beetle studies 

should be systematically different to the treatment of other taxa, on biodiversity studies of 

land use change in general. The shortcomings we have identified reveal some important 

concerns about the adequacy of the design, implementation and publication of ecological 

studies about the consequences of land-use change to biodiversity. 

 

4.1 Why are Researchers Failing to Include in Their Studies the Most Important 

Explanatory Variables? 

 

 We identified three main reasons for this. First, obtaining information about some 

variables and/or processing these data in the appropriate way may be too expensive and/or too 

time consuming for projects‟ budgets and schedules. Despite the fact that dung beetles 

surveys are usually quick and cheap to conduct, measuring some of the explanatory variables 

deemed to be important can require either a relatively high investment of resources (e.g. 

acquiring remote sensing data to asses patch size, local disturbance history, landscape 

connectivity and intensity of use) or long periods of time for data processing, for example due 

to the difficulties in assessing specialists necessary to the study (e.g. plant species 

identification, GARDNER et al., 2008). As such, unless researchers have access to sufficient 

resources and time, they end up having to choose between using inadequate measures (e.g. 

using gross measurements or categories, poor quality image or less field expeditions) or 

disregarding important variables. 
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 Second, the use of land cover classes as the primary explanatory variable of interest 

offers an appealing “quick fix” to a study of land-use change effects. Making simple 

comparisons of species diversity between major land-use types allows comparison with the 

vast majority of published works, and allows researchers to use categorical variables as 

proxies for the whole suite of changes that may be too numerous to measure. Furthermore, it 

is much easier to find significant statistical differences between categories of land-use that are 

markedly different, than to understand what is happening within any given land-use in 

response to changes in more fine-scale predictor variables. In keeping with this, the majority 

of the studies we examined did not explicitly attempt to understand the processes that may be 

linked to finer-scale patterns of environmental heterogeneity, but were largely concerned with 

understanding broad patterns. 

 Finally, potential mismatches between the spatial scale of a given study and the spatial 

scales that describe much of the heterogeneity in explanatory variables may limit the variables 

that are selected. In particular, it could be challenging to link small-scale variation in the 

occupancy and abundance of dung beetles to the distribution and activity patterns of mammal 

communities that play out at much larger spatial scales (NICHOLS et al., 2009). 

 As a result of the combined effect of these three reasons, researchers opted to use only 

land cover classes to explain observed variability in biodiversity patterns in 80 percent of the 

studies reviewed. This dependence on land cover classes as the main explanatory factor 

means that we are lacking important information about variables that are very likely to exert a 

strong influence on dung beetles communities – a limitation that is also common to other taxa 

(e.g. amphibians and reptiles, GARDNER; BARLOW & PERES, 2007). 

 Neglecting such variables could lead researchers to risk drawing misleading or 

spurious conclusions about species environment relationships, even when using meaningful 

response variables. For instance, changes in dung beetles diversity as a consequence of 

changes in mammal populations (e.g. due to overhunting) – and hence the availability and 

composition of dung resources – may have been erroneously attributed to a direct effect of 

habitat fragmentation (NICHOLS et al., 2009). Declines in mammal populations could also 

help explain the low levels of dung beetle species diversity in relatively un-fragmented areas 

of forest. Moreover, it could help explain observations of similar dung beetles communities 

between different land-uses (e.g. ESTRADA & COATES-ESTRADA, 2002). In spite of the 

potential confounding influence of changes to mammal populations in disturbed and non-

disturbed habitats on dung beetle communities, we found only two papers where authors 

attempted to sample differences in the diversity of both groups of organisms (i.e. BARLOW 



102 

 

et al., 2010; ESTRADA & COATES-ESTRADA, 2002) – both of which were suggestive of a 

strong link between mammals and dung beetles. 

 The worrying implications of the inconsistencies we have observed between the stated 

importance of different variables and their occurrence in the literature are further exacerbated 

by the general lack of any form of justification for study design choices and variable 

selections in published papers. Almost all researchers failed to provide a biological or 

methodological explanation for their selection of response and explanatory variables, and 

provided justification for only a few of their study design choices. This lack of explicit 

justification prevents readers from understanding whether the choices made by researchers 

were based on biological and/or statistical understanding, projects constraints or simply based 

on arbitrary decisions (JACKSON & FAHRIG, 2015). 
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5  CONCLUSIONS 

 

 While exposing some of the problems and difficulties of performing reliable 

assessments of land-use effects on biodiversity we reinforce the importance of careful study 

design and variable selection, and the need for constructive spaces to exchange ideas on 

methods and approaches between researchers. We believe that the number and reliability of 

inferences from studies on land-use change could be improved if researchers follow a few 

basic recommendations for good practice. Perhaps most obviously, researchers should assess 

what they consider to be the most important variables based on their personal experience, 

theory and familiarity with other work on the subject (see Fig 2). Wherever possible, 

researchers should also use and test the relative importance of these variables in their own 

research, or provide a careful explanation of why certain variables were included and others 

were excluded. Shared protocols would be useful to standardise research, and make it easier 

for newcomers to sample key variables of interest. 
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Table S   1 -   Summary of the response and explanatory variables used in the 48 studies surveyed regarding the effects of land-use change on dung beetle 

communities in tropical forests. Variables presence or absence in each paper is indicated by “1” or “0” respectively. When it is not applicable 

(e.g. the presence in studies performed only in forested habitats of a variable recommended for studies on agricultural lands), columns were 

filled with “-”. * PART I of IV 
 

Reference 

Categories of response variables 

Body size Biomass 
Composition / 

structure 
Diversity 

Evenness / 

dominance 

Species-level 

abundance 

Species 

richness 

Aguilar-Amuchastegui e Henebry 2007 0 0 1 1 1 0 1 

Andresen 2008 0 0 1 1 1 0 1 

Arellano et al. 2005 0 1 1 0 0 0 1 

Arellano et al. 2008 0 0 1 1 1 0 1 

Arellano et al. 2013 0 0 1 0 1 0 1 

Avendano-Mendonza et al. 2005 0 0 1 0 0 0 1 

Barlow et al. 2010 0 0 1 0 0 1 1 

Barlow et al. 2012 0 0 1 0 0 0 1 

Barraza et al. 2010 0 0 1 0 0 0 1 

Botes et al. 2006 0 0 1 0 0 0 1 

Braga et al. 2013 0 1 0 0 0 0 1 

Davis & Philips 2009 0 0 1 0 0 0 1 

Davis et al. 1999 0 0 0 1 0 0 1 

Davis et al. 2001 0 0 1 0 1 0 1 

De Andrade et al. 2011 0 0 1 0 1 0 1 

Edwards et al. 2012 0 0 1 0 1 0 1 

Estrada e Coates-Estrada 2002 0 0 0 1 1 1 1 

Halffter & Arellano 2002 0 1 0 1 1 0 1 

Harvey et al. 2006 0 0 1 0 0 0 1 

Harvey et al. 2006 0 0 1 0 0 0 1 

Hayes et al. 2009 0 0 0 1 0 0 1 

Hill 1996 0 0 0 0 0 1 1 

Horgan 2005 0 1 1 0 0 0 1 

Horgan 2008 0 1 0 0 0 0 1 

To be continued … 
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Horgan 2009 0 1 1 0 0 0 1 

Janzen 1983 0 0 0 0 0 1 0 

Larsen 2012 0 0 0 0 0 1 0 

Lee et al. 2009 1 1 0 0 0 0 1 

Liberal et al. 2011 0 0 1 1 1 0 1 

Navarrete & Halffter 2008 0 0 1 0 0 0 1 

Neita & Escobar 2012 0 1 1 0 1 0 1 

Neves et al. 2010 0 0 1 0 0 0 1 

Nielsen 2007 0 1 1 0 1 0 1 

Nyeko 2009 0 0 1 0 0 0 1 

Oldekop et al. 2012 0 0 0 0 0 0 1 

Pineda et al. 2005 0 0 0 1 1 0 1 

Quintero & Roslin 2005 1 0 1 1 0 0 1 

Ros et al. 2012 0 0 0 1 0 0 1 

Scheffler 2005 1 1 1 1 0 0 1 

Schulze et al. 2004 0 0 1 0 0 0 0 

Shahabuddin 2010 0 0 1 0 0 1 1 

Shahabuddin et al. 2010 0 1 1 0 0 0 1 

Silva et al. 2010 0 0 1 1 0 1 1 

Slade et al. 2011 1 1 0 0 0 0 1 

Spector & Ayzama 2003 0 1 1 0 0 0 1 

Verdu et al. 2007 0 0 1 1 1 0 1 

Vieira et al. 2008 0 0 1 0 0 0 1 

Vulinec 2002 0 1 1 0 0 1 1 

Source: Author 
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* PART II of IV 

Reference 

Categories of explanatory variables 

Soil Topography 
Forest 

structure 

Landscape 

connectivity 

Landscape 

history 

Local disturb. 

history 
Leaf litter 

Aguilar-Amuchastegui e Henebry 2007 0 1 1 1 0 1 0 

Andresen 2008 0 0 0 0 0 0 0 

Arellano et al. 2005 0 0 0 0 0 0 0 

Arellano et al. 2008 0 0 0 0 0 0 0 

Arellano et al. 2013 0 0 1 0 0 0 0 

Avendano-Mendonza et al. 2005 0 0 0 0 0 0 0 

Barlow et al. 2010 0 0 1 1 0 0 0 

Barlow et al. 2012 0 0 0 0 0 0 0 

Barraza et al. 2010 0 0 0 0 0 0 0 

Botes et al. 2006 0 0 0 0 0 0 0 

Braga et al. 2013 0 0 0 0 0 0 0 

Davis & Philips 2009 0 0 0 0 0 0 0 

Davis et al. 1999 0 1 0 0 0 0 0 

Davis et al. 2001 0 0 0 0 0 0 0 

De Andrade et al. 2011 0 0 1 0 0 0 1 

Edwards et al. 2012 0 0 0 0 0 0 0 

Estrada & Coates-Estrada 2002 0 0 0 0 0 0 0 

Halffter & Arellano 2002 0 0 0 0 0 0 0 

Harvey et al. 2006 0 0 0 0 0 0 0 

Harvey et al. 2006 0 0 0 0 0 0 0 

Hayes et al. 2009 0 0 1 0 0 0 0 

Hill 1996 0 0 0 0 0 0 0 

Horgan 2005 0 0 0 0 0 0 0 

Horgan 2008 0 0 0 0 0 0 0 

Horgan 2009 0 0 0 0 0 0 0 

Janzen 1983 0 0 0 0 0 0 0 

Larsen 2012 0 1 0 0 0 0 0 

Lee et al. 2009 0 0 0 0 0 0 0 

Liberal et al. 2011 0 0 0 0 0 0 0 

Navarrete & Halffter 2008 0 0 1 0 0 0 0 

To be continued … 
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Neita & Escobar 2012 0 0 0 0 0 0 0 

Neves et al. 2010 0 0 0 0 0 0 0 

Nielsen 2007 0 0 0 0 0 0 0 

Nyeko 2009 0 0 1 0 0 0 1 

Oldekop et al. 2012 0 0 1 1 0 0 0 

Pineda et al. 2005 0 0 0 0 0 0 0 

Quintero & Roslin 2005 0 0 0 0 0 0 0 

Ros et al. 2012 0 0 0 1 0 0 0 

Scheffler 2005 0 0 0 0 0 0 0 

Schulze et al. 2004 0 0 0 0 0 0 0 

Shahabuddin 2010 0 0 0 0 0 0 0 

Shahabuddin et al. 2010 0 0 0 0 0 0 0 

Silva et al. 2010 0 0 0 0 0 0 0 

Slade et al. 2011 0 0 1 0 0 0 0 

Spector & Ayzama 2003 0 0 0 0 0 0 0 

Verdu et al. 2007 0 0 0 0 0 0 0 

Vieira et al. 2008 0 0 0 0 0 0 0 

Vulinec 2002 0 0 0 0 0 0 0 

Source: Author 
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* PART III of IV 

Reference 

Categories of explanatory variables 

Mammal abund. / 

biomass 

Mammal 

diversity 

Patch 

size 

Understory 

structure 

History 

of use 

Intensity of 

use 

Land cover 

class 

Aguilar-Amuchastegui e Henebry 2007 0 0 0 0 - - - 

Andresen 2008 0 0 0 0 0 0 1 

Arellano et al. 2005 0 0 0 0 0 0 1 

Arellano et al. 2008 0 0 0 0 0 0 1 

Arellano et al. 2013 0 0 0 0 0 0 1 

Avendano-Mendonza et al. 2005 0 0 0 0 0 0 1 

Barlow et al. 2010 0 0 0 0 - - - 

Barlow et al. 2012 0 0 0 0 - - - 

Barraza et al. 2010 0 0 0 0 0 0 1 

Botes et al. 2006 0 0 0 0 - - - 

Braga et al. 2013 0 0 0 0 0 0 1 

Davis & Philips 2009 0 0 0 0 0 0 1 

Davis et al. 1999 0 0 0 0 0 0 1 

Davis et al. 2001 0 0 0 0 - - - 

De Andrade et al. 2011 0 0 0 1 - - - 

Edwards et al. 2012 0 0 0 0 - - - 

Estrada & Coates-Estrada 2002 1 1 0 0 0 0 1 

Halffter & Arellano 2002 0 0 0 0 0 0 1 

Harvey et al. 2006 0 0 0 0 0 0 1 

Harvey et al. 2006 0 0 0 0 0 0 1 

Hayes et al. 2009 0 0 0 0 - - - 

Hill 1996 0 0 1 0 0 0 1 

Horgan 2005 0 0 0 0 - - - 

Horgan 2008 0 0 0 0 0 0 1 

Horgan 2009 0 0 0 0 - - - 

Janzen 1983 0 0 0 0 0 0 1 

Larsen 2012 0 0 0 0 - - - 

Lee et al. 2009 0 0 0 0 - - - 

Liberal et al. 2011 0 0 0 0 0 0 1 

Navarrete e Halffter 2008 0 0 0 0 0 0 1 

To be continued … 
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  Conclusion 
Neita e Escobar 2012 0 0 0 0 - - - 

Neves et al. 2010 0 0 0 0 0 0 1 

Nielsen 2007 0 0 0 0 0 0 1 

Nyeko 2009 0 0 1 0 - - - 

Oldekop et al. 2012 0 0 0 0 - - - 

Pineda et al. 2005 0 0 0 0 - - - 

Quintero & Roslin 2005 0 0 1 0 - - - 

Ros et al. 2012 0 0 0 0 - - - 

Scheffler 2005 0 0 0 0 0 0 1 

Schulze et al. 2004 0 0 0 0 0 0 1 

Shahabuddin 2010 0 0 0 0 0 0 1 

Shahabuddin et al. 2010 0 0 0 0 0 0 1 

Silva et al. 2010 0 0 0 0 0 0 1 

Slade et al. 2011 0 0 0 1 - - - 

Spector & Ayzama 2003 0 0 1 0 0 0 1 

Verdu et al. 2007 0 0 0 0 0 0 1 

Vieira et al. 2008 0 0 0 0 0 0 1 

Vulinec 2002 0 0 0 0 0 0 1 
Source: Author 
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* PART IV of IV 

Reference 
Category of explanatory variables 

Landscape connectivity Vegetation structure 

Aguilar-Amuchastegui e Henebry 2007 - - 

Andresen 2008 0 0 

Arellano et al. 2005 0 0 

Arellano et al. 2008 0 0 

Arellano et al. 2013 0 1 

Avendano-Mendonza et al. 2005 0 0 

Barlow et al. 2010 - - 

Barlow et al. 2012 - - 

Barraza et al. 2010 0 0 

Botes et al. 2006 - - 

Braga et al. 2013 0 0 

Davis & Philips 2009 0 0 

Davis et al. 1999 0 0 

Davis et al. 2001 - - 

De Andrade et al. 2011 - - 

Edwards et al. 2012 - - 

Estrada & Coates-Estrada 2002 0 0 

Halffter & Arellano 2002 0 0 

Harvey et al. 2006 0 0 

Harvey et al. 2006 0 0 

Hayes et al. 2009 - - 

Hill 1996 0 0 

Horgan 2005 - - 

Horgan 2008 0 0 

Horgan 2009 - - 

Janzen 1983 0 0 

Larsen 2012 - - 

Lee et al. 2009 - - 

Liberal et al. 2011 0 0 

Navarrete & Halffter 2008 0 0 

Neita & Escobar 2012 - - 

                                                                                                                                                                                                      To be continued … 
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Neves et al. 2010 0 0 

Nielsen 2007 0 0 

Nyeko 2009 - - 

Oldekop et al. 2012 - - 

Pineda et al. 2005 - - 

Quintero & Roslin 2005 - - 

Ros et al. 2012 - - 

Scheffler 2005 0 0 

Schulze et al. 2004 0 0 

Shahabuddin 2010 0 0 

Shahabuddin et al. 2010 0 0 

Silva et al. 2010 0 0 

Slade et al. 2011 - - 

Spector & Ayzama 2003 0 0 

Verdu et al. 2007 0 0 

Vieira et al. 2008 0 0 

Vulinec 2002 0 0 

Source: Author 
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APPENDIX A - Studies information assessment 

 

We summarize below the categories of study design choices selected for assessing to what 

extent studies about the effects of land use change on dung beetle communities in tropical 

forests are informative.  

 

1 Information about study area 

1.1 Natural vegetation type 

1.2 Main soil type 

1.3 Geographical coordinates 

1.4 Climate zone 

1.5 Altitude 

1.6 Quality of the reference habitat 

1.7 Estimative of size of the study area 

1.8 Distance between treatments 

 

2 Information about sampling effort 

2.1 Distance among sites 

2.2 Number of treatments (replicates) 

2.3 Number of replicates within treatments 

2.4 Number of sampling events 

 

3 Information about sampling methods 

3.1 Trap spacing 

3.2 Sampling technique 

3.3 Bait type 



115 

  

APPENDIX B – Survey of dung beetle researchers 

 

The survey was sent to the authors of the revised papers. We divided the survey in three 

sections (A, B and C) with six questions each, as listed below. In order to avoid possible bias 

questions‟ alternatives were shuffled and presented in a different order for each respondent. 

 

Section A 

 

The following SIX (1-6) questions are related to the selections of explanatory and response 

variables in studies assessing the effects of land cover change on dung beetle communities in 

FORESTED HABITATS. Please answer the questions according to your opinion and 

experience in this research area. 

 

Question 1  

What EXPLANATORY VARIABLES best describe habitat QUALITY for forest dwelling 

dung beetles? (Rank the variables below in order of importance, with 1 being the most 

important). 

 

a) Mammal diversity 

b) Landscape connectivity (e.g. amount of forest in the surrounding landscape, distance to the 

nearest source population) 

c) Landscape history (e.g. temporal pattern of forest lost in surrounding landscape) 

d) Forest structure (e.g. basal area of large trees, canopy cover) 

e) Soil (e.g. nutrient status, structure and humidity) 

f) Leaf litter (e.g. leaf litter depth) 

g) Mammal abundance and biomass 

h) Topography (i.e. altitude and slope) 

i) Patch size (e.g. patch area, distance to the edge) 

j) Local disturbance history (e.g. logging and fire history) 

k. Understory structure (e.g. density of small stems) 

 

Question 2 
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IF you consider that the previous list is missing and important variable, please IDENTIFY 

THE VARIABLE and attribute a RANK number to the variable in the box below. 

 

Question 3  

Please, describe in the box below WHY you have ranked the variables in that order. 

 

Question 4  

What RESPONSE VARIABLES best reflect the EFFECTS of land cover change on forest 

dwelling dung beetles? (Rank the variables below in order of importance, with 1 being the 

most important). 

 

a) Community composition and/or structure (e.g. community similarity based on Jaccard, 

Bray-Curtis or other indices) 

b) Biomass (e.g. total biomass, average biomass) 

c) Body size (e.g. average body length) 

d) Species-level abundance 

e) Diversity (e.g. Shannon or Simpsons‟ indices) 

f) Evenness and/or dominance (e.g. Pielou‟s evenness) 

 

Question 5  

IF you consider that the previous list is missing and important variable, please IDENTIFY 

THE VARIABLE and attribute a RANK number to the variable in the box below. 

 

Question 6  

Please, describe in the box below WHY you have ranked the variables in that order. 

 

Section B 

 

The following SIX (7-12) questions are related to the selection of adequate explanatory and 

response variables for studies addressing the effects of land cover change on dung beetle 

communities in OPEN AGRICULTURAL LANDS (e.g. pastures, mechanised agriculture). 

Please answer the questions according to your knowledge and experience in this research 

area. 
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Question 7 

What EXPLANATORY VARIABLES best describe habitat QUALITY for all dung beetles? 

(Rank the variables below in order of importance, with 1 being the most important). 

a) Land cover class (e.g. agriculture, pasture) 

b) Vegetation structure (e.g. density of shrubs or weeds) 

c) Landscape connectivity and proximity to natural features (e.g. distance to the nearest 

source population) 

d) History of use (e.g. time since deforestation or clear cut, previous uses) 

e) Soil (e.g. nutrient status, structure and humidity) 

f) Intensity of use (e.g. if mechanised agriculture or received chemical inputs) 

g) Topography (i.e. altitude and slope) 

 

Question 8  

IF you consider that the previous list is missing and important variable, please IDENTIFY 

THE VARIABLE and attribute a RANK number to the variable in the box below. 

 

Question 9  

Please, describe in the box below WHY you have ranked the variables in that order. 

 

Question 10  

What RESPONSE variables best reflect the EFFECTS of land cover changes on all dung 

beetles? (Rank the variables below in order of importance, with 1 being the most important). 

a) Biomass (e.g. total biomass, average biomass) 

b) Body size (e.g. average body length) 

c) Community composition and/or structure (e.g. community similarity based on Jaccard, 

Bray-Curtis or other indices) 

d) Species richness (e.g. total species richness, average species richness) 

e) Species-level abundance 

f) Evenness and/or dominance (e.g. Pielou‟s evenness) 

g) Diversity (e.g. Shannon or Simpsons‟ indices) 

 

Question 11 
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IF you consider that the previous list is missing and important variable, please IDENTIFY 

THE VARIABLE and attribute a RANK number to the variable in the box below. 

 

Question 12  

Please, describe in the box below WHY you have ranked the variables in that order. 

 

Section C 

 

Almost there!!! We would love if you answer the following questions about your scientific 

career. This information would help us to interpret the results of the survey. 

 

Question 13 

Where did you get your PhD? (Please write down at least the NAME AND COUNTRY of the 

university. IF you do NOT have a PhD degree, please write „NONE‟ in the box below) 

 

Question 14 

When did you get your PhD? 

a) 2011-2013 

b) 2006-2010 

c) 2001-2005 

d) 1996-2000 

e) 1991-1995 

f) 1985-1990 

g) I do not have a PhD 

h) Other (please specify) 

 

Question 15  

What is your current position? 

a) Professor/Lecturer 

b) Researcher 

c) PhD student 

d) Other (please specify) 

 

Question 16  
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How many dung beetles related papers have you published in the last two years? 

a) None 

b) 1 

c) 2 

d) 3 

e) 4 

f) 5 

g) 6 

h) 7 

i) 8 

j) 9 

k) ≥ 10 

 

Question 17  

What is your current university? 

 

Question 18  

Can I contact your for further enquiries? (Please, type your preferred email in the box below 

if you agree to be contacted later – if necessary) 

a) No 

b) Yes 
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CHAPTER 5 

 

GENERAL DISCUSSION 
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 The broad aim of this thesis was to provide a better understanding of how 

anthropogenic impacts influence biodiversity in tropical forest regions. Using dung beetles as 

a focal taxon I assessed changes in in species community attributes (e.g. species richness, 

species abundance, composition, structure) along a gradient of tropical forest degradation and 

in areas where forest has been converted to pastures. To do so, I sampled dung beetles in 272 

forests and introduced pastures across two regions that together make up approximately 3 

million ha. I employed a wide range of environmental, historical and spatial variables to help 

identify possible mechanisms by which anthropogenic impacts influence biodiversity. In 

addition, I conducted a thorough review of the dung beetle literature on this topic and 

surveyed the authors of published studies to better understand the choices made in designing 

field sampling and data analysis, thus helping to identify key gaps and limitations in current 

research practices and contribute to the improvement of future biodiversity assessments. 

Below, I summarise the main findings from each chapter. 
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1  KEY FINDINGS 

 

1.1 Quantifying Dung Beetle Community Responses to Tropical Forest Disturbances in 

the Eastern Amazon (Chapter 2) 

 

Research questions: (1) How do dung beetle communities respond to a gradient of 

anthropogenic forest disturbance? (2) Which environmental variables related to forest 

disturbance best predict dung beetle species richness, abundance, composition and structure? 

 

 A major finding in Chapter 2 was the negative impacts, across multiple scales, on 

dung beetle communities of disturbances affecting tropical forest canopy and biomass, at 

multiple scales.  Decreasing canopy openness and forest biomass was associated with an 

impoverishment of dung beetle communities. Reductions in species richness were followed 

by changes in composition and structure, due to a loss of several forest-interior species 

(BARLOW et al., 2016). Biotic homogenisation (SOLAR et al., 2016) raises concern about 

the fate of biodiversity in human-modified landscapes and in the remaining areas of degraded 

forest that exist in these landscapes. The strong relationship found between dung beetles 

assemblage diversity and structure and canopy openness and forest biomass highlights the 

potential to predict a forests' conservation value using both optical satellite imagery and 

airbone LiDAR techniques. Such approaches would make it easier to monitor impacts of 

anthropogenic changes in tropical forests and to identify priority areas for conservation. These 

results also demonstrated that conserving the least disturbed primary forest remnants is still an 

effective and crucial strategy for maintaining tropical diversity (BICKNELL et al., 2014), due 

to the comparatively lower conservation value of disturbed or secondary forests. These 

findings provide useful insights that could help assist the development of strategies for 

monitoring and reducing the biodiversity impacts of human activities in tropical forests. 

 

1.2 The Relative Importance of Multiple Scale Factors for Dung Beetle Communities in 

Amazonian Introduced Pastures (Chapter 3) 

 

Research questions: (1) To what extent are dung beetle communities in pastures different 

from the surrounding forest communities? (2) What is the provenance of dung beetle species 

that are significant and consistent indicators of pastures? (3) To what extent is the richness, 
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abundance, species composition and structure of dung beetle communities in pastures 

determined by local, landscape or spatial factors? (4) Are the observed patterns of dung beetle 

diversity consistent between two discrete study regions? 

 

 In Chapter 3, I provide the first large-scale assessment of dung beetle diversity in 

exotic pastures on cleared tropical forest land. A key finding of this chapter was the 

importance of natural open habitats – savannahs, grasslands and other open formations -  in 

providing source populations for dung beetle assemblages in pastures. I observed that dung 

beetle communities in introduced Amazonian pastures are radically different and simplified in 

comparison with those from the surrounding forests. A few species typical from Brazilian 

open habitats accounted for more than 95% of pastures communities at both studied regions. 

These are: Pseudocanthon aff. xanthurus, Digitonthophagus gazella, Canthidium humerale, 

Canthon aff. simulans, Diabroctis mimas, Canthon lituratus, Trichilum sp.1, Canthon aff. 

octodentatus, Canthon sp.1, Canthon obscuriellus, Canthon aff. acutus, Trichillum 

externepunctatum, Canthon aff. heyrovskyi, Ontherus appendiculatus, Dichotomius nisus, 

Canthon aff. chalybaeus, Canthidium multipunctatum, Onthophagus aff. hirculus and 

Canthidium barbacenicum. Neither local environmental nor historical factors appeared to 

exert significant influence on dung beetle communities. These results demonstrate that, even 

when surrounded by extensive and megadiverse forests, tropical introduced pastures rely on 

the conservation of natural open habitats (e.g. the Cerrado, intra-Amazonian savannahs and 

the Caatinga) for being colonised. Moreover, the results of Chapter 3 challenge researchers 

and stakeholders to move beyond closed biome-based conservation strategies, but rather, 

integrate initiatives that promote ecosystems functioning by recognising their 

interdependence. 

 

1.3 Do We Select the Best Metrics for Assessing Land Use Effects on Biodiversity? 

(Chapter 4) 

 

Research questions: (1) To what extent are the response and explanatory variables deemed 

most appropriate by researchers actually being selected in published studies? (2) To what 

extent is the variable selection and study design processes clearly justified, and, if so, what 

kind of justification is presented in published work? 
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 In Chapter 4, I examined researcher choices of variables in the assessment of dung 

beetle responses to anthropogenic disturbances in the tropics, looking for discrepancies in the 

importance assigned to variables used to describe both forest and non-forest habitat and the 

variables actually used in published studies. I demonstrate that the explanatory variables 

deemed as most important by researchers are in fact little used in their own studies, although 

the commonly selected response variables seem appropriate for such assessments. These 

findings suggest that information is being lost due to an inadequacy of the predictors selected, 

resulting in incomplete conclusions about dung beetle responses to human disturbance. 

Alternatively, researchers may reach misleading conclusions based on spurious relationships 

between the response and explanatory variables selected, undermining current knowledge 

about dung beetle communities-environment relationships. In conclusion, the study presents a 

comprehensive assessment of current attempts to understand the consequences of human 

activities on tropical forest dung beetle biota, and offers a list of variables to be considered in 

future studies, ranked by their relative importance according experts. 

 

2 Implication of Research Findings for the Management of Human-Modified 

Amazonian Landscapes 

 

 The Amazon is a megadiverse tropical forest covering almost 7 million km
2
 across 

nine South American countries (BARTHEM et al., 2004). This forest has great and 

undeniable ecological and socio-economic importance at local, regional and global scales 

(TRIVEDI et al., 2009). Increasing human pressures, however, are threatening the Amazonian 

biodiversity and compromising the provision of several ecosystem services (GARDNER et 

al., 2009). The worrying implications of human impacts on Amazonian forests have fuelled a 

wide-ranging debate debate the most fective strategies for reducing its historically high levels 

of deforestation, largely determined by the expansion of agricultural activities (GEIST & 

LAMBIN, 2002). In this scenario, Brazil has played a prominent role, since it hosts most of 

the Amazonian territory (FOLEY et al., 2007) and exerts international influence on 

conservation initiatives (FERREIRA et al., 2014). At the same time, it is responsible for most 

of the deforestation and degradation happening in the Amazon, for instance, with over 60 

million ha converted to pastures (ALMEIDA et al., 2016) and 50 million ha of forests under 

timber concession (MACPHERSON et al., 2010). 

 The findings in this thesis could help to improve current assessments and strategies for 

monitoring and reducing the biodiversity impacts of human activities in tropical forest 
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regions. The most significant conclusion of this thesis is the need to integrate ongoing efforts 

to combat deforestation with initiatives to prevent forest disturbance and the suppression of 

habitats that could serve as population sources for the already modified landscapes. This 

general conclusion is based on the following specific findings: 

 

 i) Anthropogenic disturbances in tropical forests (e.g. selective logging and 

wildfires) promote reductions in forest canopy openness and biomass, leading to an 

impoverishment of dung beetle communities at local and landscape scales (Chapter 

2). This highlights the value of remote sensing assessments of forest canopy 

openness and biomass in monitoring and management programs, to evaluate 

patterns of conservation value in remaining forests and provide more accurate 

measures of human impacts on biodiversity.  

 ii) In comparison to undisturbed primary forests, disturbed primary forests and 

secondary forests regenerating after agricultural use have low conservation value 

for tropical forest dung beetles (Chapter 2). The maintenance of least disturbed 

primary forests should be a priority in programs focused on the conservation of 

tropical forest biodiversity. 

 iii) Forest conversion to pastures result in the loss almost all forest dung beetle 

species (Chapter 3). 

 iv) The colonisation of introduced pastures by dung beetles appears to be dependent 

on pastures proximity to natural open habitats and species dispersal abilities. A 

well-defined group of species that dominates pasture communities is composed by 

dung beetles typical from Brazilian open habitats, such as the Cerrado, intra-

Amazonian savannahs and Brazilian native grasslands (Chapter 3). 

 

3 Implications for Future Research 

 
 This thesis offers scientific advances that could increase the quality and reliability of 

information produced by ecological assessments of human impacts on biodiversity. In 

Chapter 5, I identified potentially important variables that have been little or not used in dung 

beetle studies to describe forest and non-forest habitats. In Chapter 3 and Chapter 4, I 

assessed the influence of some of these variables on dung beetle communities in human-

modified landscapes of the Brazilian Amazon. Taken together, the findings of the three data 

chapters provide valuable guidance for the design of future research programs, especially the 
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selection of key environmental variables in species-environment models. Based on these 

findings, I suggest that future works focused on dung beetle responses to human modification 

of tropical forests include at least: 

 

 i) Measures of mammal abundance and biomass: because most dung beetles depend 

on mammals for obtaining their feeding, breeding and nesting resources (Halffter e 

Edmonds 1982, Hanski e Cambefort 1991), their occurrence in tropical forests will 

likely vary according to mammal abundance and biomass (Nichols et al. 2009, 

Culot et al. 2013). However, these measures are almost absent from dung beetle 

studies of forests degradation. Although I have not used data on mammals for this 

thesis, according to the surveyed dung beetle researchers these are among the most 

important measures that should be included in forest assessments (Chapter 5). 

 ii) Measures of forest structure: while its known that dung beetles are sensitive to 

changes in forest structure (Nichols et al. 2007, Audino et al. 2014) few studies 

have measured forest structural variables to help explain changes in dung beetle 

communities in response to anthropogenic disturbances in tropical forests. In 

Chapter 3, I show that two variables describing forest structure (i.e. forest canopy 

openness and biomass) were strong related to variations in dung beetle species 

richness, abundance, composition and structure. 

 

 Importantly, the conclusions of Chapter 4 suggest that future work should separately 

address dung beetle communities from forest and non-forest habitats. Both habitat types are 

radically different in terms of physical and environmental conditions (LAURANCE, 2004), 

reflected in contrasting dung beetle communities. In Chapter 4, I show that forest dung beetles 

do not to colonise pastures that have replaced tropical forests, and are weakly influenced by 

pastures environmental characteristics. In fact, this system is dominated by species already 

adapted to the environmental conditions of open habitats, and are therefore unlikely to 

respond to environmental changes in the same way as forest beetles. 

 Finally, irrespective of the focus given to future works, researchers should dedicate 

extra attention to the justification of their selection of variables, clarifying whether their 

choices were based on biological and/or statistical reasons, projects constraints or arbitrary 

decisions (JACKSON & FAHRIG, 2015). The provision of this kind of information will 

certainly improve the reliability of ecological studies, facilitate the identification of 

appropriate predictors and provides a guide for future studies. 
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4  CONCLUSION 

 

 In summary, the results presented in this thesis indicate that anthropogenic 

disturbances highlight the significant impoverishment of dung beetle communities in tropical 

forests, exclusion of the forest dung beetle species from cleared areas, and a strong 

dependence of natural open habitats to serve as source populations for such areas. I provide 

evidence that forest canopy openness and biomass are important predictors of forest quality 

for dung beetles, and that dung beetle communities in pastures in previously forested areas are 

highly dependent on stochastic dispersal. Finally, I identify discrepancies between variable 

importance and their use in studies on dung beetle responses to anthropogenic disturbances in 

tropical forest regions, highlighting the need for measures of mammal populations and forest 

structure in future works. 



128 

  

REFERENCES 

 
ACHARD, F. 2002. Determination of Deforestation Rates of the World‟s Humid Tropical 

Forests. Science (80-. ). 297: 999–1002. 

 

 

AIDE, T. M., M. L. CLARK, H. R. GRAU, D. LÓPEZ-CARR, M. A. LEVY, D. REDO, M. 

BONILLA-MOHENO, G. RINER, M. J. Andrade-Núñez, and M. Muñiz. 2013. Deforestation 

and Reforestation of Latin America and the Caribbean (2001-2010). Biotropica 45: 262–271. 

 

 

ALENCAR, A. A., P. M. BRANDO, G. P. ASNER, and F. E. Putz. 2015. Summary for 

Policymakers. In Intergovernmental Panel on Climate Change (Ed.) Climate Change 2013 - 

The Physical Science Basis. pp. 1–30, Cambridge University Press, Cambridge. 

 

 

ALMEIDA, C. A. DE, A. C. COUTINHO, J. C. D. M. ESQUERDO, M. ADAMI, A. 

VENTURIERI, C. G. DINIZ, N. DESSAY, L. DURIEUX, and A. R. Gomes. 2016. High 

spatial resolution land use and land cover mapping of the Brazilian Legal Amazon in 2008 

using Landsat-5/TM and MODIS data. Acta Amaz. 46: 291–302. 

 

 

ALMEIDA, S. da S. P. de, and J. N. C. LOUZADA. 2009. Estrutura da comunidade de 

Scarabaeinae (Scarabaeidae: Coleoptera) em fitofisionomias do cerrado e sua importância 

para a conservação. Neotrop. Entomol. 38: 32–43. 

 

 

ALMEIDA, S., J. LOUZADA, C. SPERBER, and J. BARLOW. 2011. Subtle Land-Use Change 

and Tropical Biodiversity: Dung Beetle Communities in Cerrado Grasslands and Exotic 

Pastures. Biotropica 43: 704–710. 

 

 

ANDRADE, R. B. de, J. BARLOW, J. LOUZADA, F. Z. VAZ-DE-MELLO, M. SOUZA, J. 

M. SILVEIRA, and M. A. Cochrane. 2011. Quantifying Responses of Dung Beetles to Fire 

Disturbance in Tropical Forests: The Importance of Trapping Method and Seasonality N. 

Chaline (Ed.). PLoS One 6: e26208. 

 

 

ARAGÃO, L. E. O. C., B. POULTER, J. B. BARLOW, L. O. ANDERSON, Y. MALHI, S. 

SAATCHI, O. L. PHILLIPS, and E. Gloor. 2014. Environmental change and the carbon 

balance of Amazonian forests. Biol. Rev. 89: 913–931. 

 

 

ARAGAO, L. E. O. C., and Y. E. SHIMABUKURo. 2010. The Incidence of Fire in 

Amazonian Forests with Implications for REDD. Science (80-. ). 328: 1275–1278. 

 

 

ASNER, G. P., A. J. ELMORE, L. P. OLANDER, R. E. MARTIN, and  A. T. HARRIS. 

2004. GRAZING SYSTEMS, ECOSYSTEM RESPONSES, AND GLOBAL CHANGE. 

Annu. Rev. Environ. Resour. 29: 261–299. 



129 

ASNER, G. P., T. K. RUDEL, T. M. AIDE, R. DEFRIES, and R. EMERSON. 2009. A 

Contemporary Assessment of Change in Humid Tropical Forests. Conserv. Biol. 23: 1386–

1395. 

 

 

AUDINO, L. D., J. LOUZADA, and L. COMITA. 2014. Dung beetles as indicators of 

tropical forest restoration success: Is it possible to recover species and functional diversity? 

Biol. Conserv. 169: 248–257. 

 

 

BACCINI, A., S. J. GOETZ, W. S. WALKER, N. T. LAPORTE, M. SUN, D. SULLA-MENASHE, J. 

HACKLER, P. S. A. BECK, R. DUBAYAH, M. A. FRIEDL, S. SAMANTA, and R. A. HOUGHTON. 

2012. Estimated carbon dioxide emissions from tropical deforestation improved by carbon-

density maps. Nat. Clim. Chang. 2: 182–185. 

 

 

BARLOW, J. ET AL. 2007. Quantifying the biodiversity value of tropical primary, secondary, 

and plantation forests. Proc. Natl. Acad. Sci. 104: 18555–18560. 

 

 

BARLOW, J. ET AL. 2016. Anthropogenic disturbance in tropical forests can double 

biodiversity loss from deforestation. Nature 535: 144–147. 

 

 

BARLOW, J., T. A. GARDNER, J. LOUZADA, and C. A. PERES. 2010. Measuring the 

Conservation Value of Tropical Primary Forests: The Effect of Occasional Species on 

Estimates of Biodiversity Uniqueness J. Chave (Ed.). PLoS One 5: e9609. 

 

 

BARLOW, J., J. LOUZADA, L. PARRY, M. I. M. HERNÁNDEZ, J. HAWES, C. A. PERES, F. Z. VAZ-

DE-MELLO, and T. A. GARDNER. 2010. Improving the design and management of forest strips 

in human-dominated tropical landscapes: a field test on Amazonian dung beetles. J. Appl. 

Ecol. 47: 779–788. 

 

 

BARLOW, J., and C. A. PERES. 2006. Effects of Single and Recurrent Wildfires on Fruit 

Production and Large Vertebrate Abundance in a Central Amazonian Forest. Biodivers. 

Conserv. 15: 985–1012. 

 

 

BARLOW, J., J. M. SILVEIRA, L. A M. MESTRE, R. B. ANDRADE, G. CAMACHO D‟ANDREA, J. 

LOUZADA, F. Z. VAZ-DE-MELLO, I. NUMATA, S. LACAU, and M. A COCHRANE. 2012. Wildfires 

in Bamboo-Dominated Amazonian Forest: Impacts on Above-Ground Biomass and 

Biodiversity B. Bond-Lamberty (Ed.). PLoS One 7: e33373. 

 

 

BARTHEM, R. B., P. CHARVET-ALMEIDA, L. F. A. MONTAG, and A. E. LANNA. 2004. Global 

International Waters Assessment Amazon Basin, GIWA Regional assessment 40b. University 

of Kalmar on behalf of United Nations Environment Programme. 

 



130 

 

BEIROZ, W., L. D. AUDINO, A. C. M. QUEIROZ, A. M. RABELLO, I. A. BORATTO, Z. SILVA, and 

C. R. RIBAS. 2014. Structure and composition of edaphic arthropod community and its use as 

bioindicators of environmental disturbance. Appl. Ecol. Environ. Res. 12: 481–491. 

 

 

BENGTSSON, J. 2009. Applied (meta)community ecology: diversity and ecosystem services at 

the intersection of local and regional processes. In Community Ecology. pp. 115–130, Oxford 

University Press. 

 

 

BERENGUER, E., J. FERREIRA, T. A. GARDNER, L. E. O. C. ARAGÃO, P. B. DE CAMARGO, C. E. 

CERRI, M. DURIGAN, R. C. DE OLIVEIRA, I. C. G. VIEIRA, and J. BARLOW. 2014. A large-scale 

field assessment of carbon stocks in human-modified tropical forests. Glob. Chang. Biol. 20: 

3713–3726. 

 

 

BICKNELL, J. E., S. P. PHELPS, R. G. DAVIES, D. J. MANN, M. J. STRUEBIG, and Z. G. DAVIES. 

2014. Dung beetles as indicators for rapid impact assessments: Evaluating best practice 

forestry in the neotropics. Ecol. Indic. 43: 154–161. 

 

 

BOLKER, B. M., M. E. BROOKS, C. J. CLARK, S. W. GEANGE, J. R. POULSEN, M. H. H. 

STEVENS, and J.-S. S. WHITE. 2009. Generalized linear mixed models: a practical guide for 

ecology and evolution. Trends Ecol. Evol. 24: 127–135. 

 

 

BORCARD, D., and P. LEGENDRE. 2002. All-scale spatial analysis of ecological data by means 

of principal coordinates of neighbour matrices. Ecol. Modell. 153: 51–68. 

 

 

BRAGA, R. F., V. KORASAKI, E. ANDRESEN, and J. LOUZADA. 2013. Dung Beetle Community 

and Functions along a Habitat-Disturbance Gradient in the Amazon: A Rapid Assessment of 

Ecological Functions Associated to Biodiversity N. Chaline (Ed.). PLoS One 8: e57786. 

 

 

BURNHAM, K. P., D. R. ANDERSON, and K. P. HUYVAERT. 2011. AIC model selection and 

multimodel inference in behavioral ecology: some background, observations, and 

comparisons. Behav. Ecol. Sociobiol. 65: 23–35. 

 

 

BYERLEE, D., J. STEVENSON, and N. VILLORIA. 2014. Does intensification slow crop land 

expansion or encourage deforestation? Glob. Food Sec. 3: 92–98. 

 

 

DE CARVALHO, T. S., E. DA C. JESUS, J. BARLOW, T. A. GARDNER, I. C. SOARES, J. M. TIEDJE, 

and F. M. DE S. MOREIRA. 2016. Land use intensification in the humid tropics increased both 

alpha and beta diversity of soil bacteria. Ecology 97: 2760–2771. 

 

 

  



131 

CHAO, A., N. J. GOTELLI, T. C. HSIEH, E. L. SANDER, K. H. MA, R. K. COLWELL, and A. M. 

ELLISON. 2014. Rarefaction and extrapolation with Hill numbers: a framework for sampling 

and estimation in species diversity studies. Ecol. Monogr. 84: 45–67. 

 

 

CHAZDON, R. L., A. CHAO, R. K. COLWELL, S.-Y. LIN, N. NORDEN, S. G. LETCHER, D. B. 

CLARK, B. FINEGAN, and J. P. ARROYO. 2011. A novel statistical method for classifying 

habitat generalists and specialists. Ecology 92: 1332–1343. 

 

 

COLWELL, R. K., A. CHAO, N. J. GOTELLI, S.-Y. LIN, C. X. MAO, R. L. CHAZDON, and J. T. 

LONGINO. 2012. Models and estimators linking individual-based and sample-based 

rarefaction, extrapolation and comparison of assemblages. J. Plant Ecol. 5: 3–21. 

 

 

CONAB. 2016. Acompanhamento da Safra Brasileira de Grãos. Safra 2015/2016 3: 1–82. 

CORREA, C. M. A., A. PUKER, V. KORASAKI, K. R. FERREIRA, and A. R. ABOT. 2016.  

 

 

Attractiveness of baits to dung beetles in Brazilian savanna and exotic pasturelands. Entomol. 

Sci. 19: 112–123. 

 

 

CORREA, C. M. DE A., A. PUKER, K. R. FERREIRA, C. M. CRISTALDO, F. N. F. FERREIRA, A. R. 

ABOT, and V. KORASAKI. 2016. Using dung beetles to evaluate the conversion effects from 

native to introduced pasture in the Brazilian Pantanal. J. Insect Conserv. 20: 447–456. 

 

 

COSTA, C. M. Q. DA, F. A. B. SILVA, Â. I. DE FARIAS, and R. DE C. DE MOURA. 2009. 

Diversidade de Scarabaeinae (Coleoptera, Scarabaeidae) coletados com armadilha de 

interceptação de vôo no Refúgio Ecológico Charles Darwin, Igarassu-PE, Brasil. Rev. Bras. 

Entomol. 53: 88–94. 

 

 

COSTA, F. C., K. K. T. PESSOA, C. N. LIBERAL, B. K. C. FILGUEIRAS, R. P. SALOMÃO, and L. 

IANNUZZI. 2013. What is the importance of open habitat in a predominantly closed forest area 

to the dung beetle (Coleoptera, Scarabaeinae) assemblage? Rev. Bras. Entomol. 57: 329–334. 

 

 

CRAWLEY, M. J. 2013. The R Book. Chichester, UK. 

 

 

CULOT, L., E. BOVY, F. ZAGURY VAZ-DE-MELLO, R. GUEVARA, and M. GALETTI. 2013. 

Selective defaunation affects dung beetle communities in continuous Atlantic rainforest. Biol. 

Conserv. 163: 79–89. 

 

 

DEFRIES, R., M. HEROLD, L. VERCHOT, M. N. MACEDO, and Y. SHIMABUKURO. 2013. Export-

oriented deforestation in Mato Grosso: harbinger or exception for other tropical forests? 

Philos. Trans. R. Soc. B Biol. Sci. 368: 20120173–20120173. 



132 

 

DENT, D. H., and S. JOSEPH WRIGHT. 2009. The future of tropical species in secondary forests: 

A quantitative review. Biol. Conserv. 142: 2833–2843. 

 

 

DIRZO, R., and P. H. RAVEN. 2003. Global State of Biodiversity and Loss. Annu. Rev. 

Environ. Resour. 28: 137–167. 

 

 

DRAY, S., P. LEGENDRE, and P. R. PERES-NETO. 2006. Spatial modelling: a comprehensive 

framework for principal coordinate analysis of neighbour matrices (PCNM). Ecol. Modell. 

196: 483–493. 

 

 

EDWARDS, D. P. 2016. Conservation: The rainforest‟s “do not disturb” signs. Nature 535: 44–

45. 

 

 

ELLIS, E. C. 2015. Ecology in an anthropogenic biosphere. Ecol. Monogr. 85: 287–331. 

 

 

ESTRADA, A., and R. COATES-ESTRADA. 2002. Dung beetles in continuous forest, forest 

fragments and in an agricultural mosaic habitat island at Los Tuxtlas, Mexico. Biodivers. 

Conserv. 11: 1903–1918. 

 

 

FAGAN, W. F., R. S. CANTRELL, and C. COSNER. 1999. How Habitat Edges Change Species 

Interactions. Am. Nat. 153: 165–182. 

 

 

FAHRIG, L. 2003. Effects of Habitat Fragmentation on Biodiversity. Annu. Rev. Ecol. Evol. 

Syst. 34: 487–515. 

 

 

FAO. 2010. Global Forest Resources. Main Report. FAO Forestry Paper. Food and 

Agriculture Organization (2010). 

 

 

FAO. 2011. The State of Forests in the Amazon Basin, Congo Basin and Southeast Asia. 

Rome: UN Food and Agriculture Administration. 

 

 

FAVILA, M. E., and G. HALFFTER. 1997. The use of indicator groups for measuring 

biodiversity as related to community structure and function. Acta Zool. Mex. 72: 1–25. 

 

 

FEARNSIDE, P. M. 2001. Land-Tenure Problems As Factors in Environmental Destruction in 

Brazilian Amazonia: The Case of Southern Pará. Solutions 29: 1361–1372. 

 

 

  



133 

FEARNSIDE, P. M. 2005. Deforestation in Brazilian Amazonia: History, Rates, and 

Consequences. Conserv. Biol. 19: 680–688. 

 

 

FEARNSIDE, P. M. 2015. Amazon dams and waterways: Brazil‟s Tapajós Basin plans. Ambio 

44: 426–439. 

 

 

FEER, F. 2008. Responses of Dung Beetle Assemblages To Characteristics of Rain Forest 

Edges. Ecotropica 14: 49–62. 

 

 

FERRAZ, S. F. DE B., C. A. VETTORAZZI, and D. M. THEOBALD. 2009. Using indicators of 

deforestation and land-use dynamics to support conservation strategies: A case study of 

central Rondônia, Brazil. For. Ecol. Manage. 257: 1586–1595. 

 

 

FERREIRA, J., L. E. O. C. ARAGAO, J. BARLOW, P. BARRETO, E. BERENGUER, M. 

BUSTAMANTE, T. A. GARDNER, A. C. LEES, A. LIMA, J. LOUZADA, R. PARDINI, L. PARRY, C. 

A. PERES, P. S. POMPEU, M. TABARELLI, and J. ZUANON. 2014. Brazil‟s environmental 

leadership at risk. Science (80-. ). 346: 706–707. 

 

 

FOLEY, J. A., G. P. ASNER, M. H. COSTA, M. T. COE, R. DEFRIES, H. K. GIBBS, E. A. 

HOWARD, S. OLSON, J. PATZ, N. RAMANKUTTY, and P. SNYDER. 2007. Amazonia revealed: 

forest degradation and loss of ecosystem goods and services in the Amazon Basin. Front. 

Ecol. Environ. 5: 25–32. 

 

 

FOLEY, J. A., R. DEFRIES, G. P. ASNER, C. BARFORD, G. BONAN, S. R. CARPENTER, F. S. 

CHAPIN, M. T. COE, G. C. DAILY, H. K. GIBBS, J. H. HELKOWSKI, T. HOLLOWAY, E. A. 

HOWARD, C. J. KUCHARIK, C. MONFREDA, J. A. PATZ, I. C. PRENTICE, N. RAMANKUTTY, and 

P. K. SNYDER. 2005. Global Consequences of Land Use. Science (80-. ). 309: 570–574. 

 

 

FRANÇA, F. M., J. BARLOW, B. ARAÚJO, and J. LOUZADA. 2016. Does selective logging stress 

tropical forest invertebrates? Using fat stores to examine sublethal responses in dung beetles. 

Ecol. Evol. in press. 

 

 

FRANÇA, F. M., V. KORASAKI, J. LOUZADA, and F. Z. VAZ-DE-MELLO. 2016. First report on 

dung beetles in intra-Amazonian savannahs in Roraima, Brazil. Biota Neotrop. 16. 

GARDNER, T. A. ET AL. 2008. The cost-effectiveness of biodiversity surveys in tropical forests. 

Ecol. Lett. 11: 139–150. 

 

 

GARDNER, T. A. ET AL. 2013. A social and ecological assessment of tropical land uses at 

multiple scales: the Sustainable Amazon Network. Philos. Trans. R. Soc. B Biol. Sci. 368: 

20120166–20120166. 

 



134 

 

GARDNER, T. A., J. BARLOW, R. CHAZDON, R. M. EWERS, C. A. HARVEY, C. A. PERES, and N. 

S. SODHI. 2009. Prospects for tropical forest biodiversity in a human-modified world. Ecol. 

Lett. 12: 561–582. 

 

 

GARDNER, T. A., M. I. M. HERNÁNDEZ, J. BARLOW, and C. A. PERES. 2007. Understanding the 

biodiversity consequences of habitat change: the value of secondary and plantation forests for 

neotropical dung beetles. J. Appl. Ecol. 45: 883–893. 

 

 

GARWOOD, N. C., D. P. JANOS, and N. BROKAW. 1979. Earthquake-Caused Landslides: A 

Major Disturbance to Tropical Forests. Science (80-. ). 205: 997–999. 

 

 

GEIST, H. J., and E. F. LAMBIN. 2002. Proximate Causes and Underlying Driving Forces of 

Tropical Deforestation. Bioscience 52: 143. 

 

 

GIBSON, L., T. M. LEE, L. P. KOH, B. W. BROOK, T. A. GARDNER, J. BARLOW, C. A. PERES, C. 

J. A. BRADSHAW, W. F. LAURANCE, T. E. LOVEJOY, and N. S. SODHI. 2011. Primary forests are 

irreplaceable for sustaining tropical biodiversity. Nature 478: 378–381. 

 

 

GRIFFITHS, H. M., J. LOUZADA, R. D. BARDGETT, W. BEIROZ, F. FRANÇA, D. TREGIDGO, and J. 

BARLOW. 2015. Biodiversity and environmental context predict dung beetle-mediated seed 

dispersal in a tropical forest field experiment. Ecology 96: 1607–1619. 

 

 

GUISAN, A., and N. E. ZIMMERMANN. 2000. Predictive habitat distribution models in ecology. 

Ecol. Modell. 135: 147–186. 

 

 

HALFFTER, G., and W. D. EDMONDS. 1982. The Nesting Behaviour of Dung Beetles 

(Scarabaeinae). An Ecological and Evolutive Approach. Man and Biosphere Program 

UNESCO, México D. F. 

 

 

HALFFTER, G., and M. E. FAVILA. 1993. The Scarabaeinae an Animal Group for Analysing, 

inventorying and Monitoring Biodiversity in Tropical Rainforest and Modified Landscapes. 

Biol. Int. 27: 15–21. 

 

 

HALFFTER, G., M. E. FAVILA, and V. HALFFTER. 1992. A comparative study of the structure of 

the scarab guild in Mexican tropical rain forests and derived ecosystems. Folia Entomológica 

Mex. 84: 131–156. 

 

 

HALFFTER, G., and E. G. MATTHEWS. 1966. The natural history of dung beetles of the 

subfamily Scarabaeinae. Folia Entomológica Mex. 12–14: 1–312. 

 



135 

HANSEN, M. C., P. V POTAPOV, R. MOORE, M. HANCHER, S. A TURUBANOVA, A. TYUKAVINA, 

D. THAU, S. V STEHMAN, S. J. GOETZ, T. R. LOVELAND, A. KOMMAREDDY, A. EGOROV, L. 

CHINI, C. O. JUSTICE, and J. R. G. TOWNSHEND. 2013. High-Resolution Global Maps of 21st-

Century Forest Cover Change. Science (80-. ). 342: 850–853. 

 

 

HANSKI, I., and Y. CAMBEFORT. 1991. Dung Beetle Ecology I. Hanski and Y. Cambefort 

(Eds.). Princeton University Press. 

 

 

HARPER, K. A., S. E. MACDONALD, P. J. BURTON, J. CHEN, K. D. BROSOFSKE, S. C. 

SAUNDERS, E. S. EUSKIRCHEN, D. ROBERTS, M. S. JAITEH, and P.-A. ESSEEN. 2005. Edge 

Influence on Forest Structure and Composition in Fragmented Landscapes. Conserv. Biol. 19: 

768–782. 

 

 

HARVEY, C. A., J. GONZALEZ, and E. SOMARRIBA. 2006. Dung Beetle and Terrestrial Mammal 

Diversity in Forests, Indigenous Agroforestry Systems and Plantain Monocultures in 

Talamanca, Costa Rica. Biodivers. Conserv. 15: 555–585. 

 

 

HAYASHI, S., C. J. SOUZA, M. SALES, and A. VERÍSSIMO. 2010. Forest transparency. 

HOBBS, R. J., S. ARICO, J. ARONSON, J. S. BARON, P. BRIDGEWATER, V. A. CRAMER, P. R. 

EPSTEIN, J. J. EWEL, C. A. KLINK, A. E. LUGO, D. NORTON, D. OJIMA, D. M. RICHARDSON, E. 

W. SANDERSON, F. VALLADARES, M. VILA, R. ZAMORA, and M. ZOBEL. 2006. Novel 

ecosystems: theoretical and management aspects of the new ecological world order. Glob. 

Ecol. Biogeogr. 15: 1–7. 

 

 

HOBBS, R. J., E. S. HIGGS, and J. A. HARRIS. 2014. Novel ecosystems: concept or inconvenient 

reality? A response to Murcia et al. Trends Ecol. Evol. 29: 645–646. 

 

 

HORGAN, F. G. 2008. Dung beetle assemblages in forests and pastures of El Salvador: a 

functional comparison. Biodivers. Conserv. 17: 2961–2978. 

 

 

INPE. 2016a. DEGRAD: Mapeamento da degradação florestal na Amazônia brasileira. 

 

 

INPE. 2016b. PROJETO PRODES: Monitoramento da floresta Amazônica brasileira por 

satélite. 

 

 

JACKSON, H. B., and L. FAHRIG. 2015. Are ecologists conducting research at the optimal 

scale? Glob. Ecol. Biogeogr. 24: 52–63. 

 

 

KLEIN, B. C. 1989. Effects of Forest Fragmentation on Dung and Carrion Beetle Communities 

in Central Amazonia. Ecology 70: 1715–1725. 



136 

 

KLEMICK, H. 2011. Shifting cultivation, forest fallow, and externalities in ecosystem services: 

Evidence from the Eastern Amazon. J. Environ. Econ. Manage. 61: 95–106. 

 

 

KOLLER, W. W., A. GOMES, S. R. RODRIGUES, and P. F. I. GOIOZO. 2007. Scarabaeidae e 

Aphodiidae coprófagos em pastagens cultivadas no cerrado sul-mato-grossense. Zoociências 

9: 81–93. 

 

 

KORASAKI, V., R. F. BRAGA, R. ZANETTI, F. M. S. MOREIRA, F. Z. VAZ-DE-MELLO, and J. 

LOUZADA. 2013. Conservation value of alternative land-use systems for dung beetles in 

Amazon: valuing traditional farming practices. Biodivers. Conserv. 22: 1485–1499. 

 

 

LAMBIN, E. F., and H. GEIST. 2006. Land-Use and Land-Cover Change E. F. Lambin and H. 

Geist (Eds.). Springer Berlin Heidelberg, Berlin, Heidelberg. 

 

 

LAMBIN, E. F., and P. MEYFROIDT. 2011. Global land use change, economic globalization, and 

the looming land scarcity. Proc. Natl. Acad. Sci. 108: 3465–3472. 

 

 

LATAWIEC, A. E., B. B. N. N. STRASSBURG, J. F. VALENTIM, F. RAMOS, and H. N. N. ALVES-

PINTO. 2014. Intensification of cattle ranching production systems: socioeconomic and 

environmental synergies and risks in Brazil. animal 8: 1255–1263. 

 

 

LAURANCE, W. F. 2004. Forest-climate interactions in fragmented tropical landscapes. Philos. 

Trans. R. Soc. B Biol. Sci. 359: 345–352. 

 

 

LAURANCE, W. F. 2007. Have we overstated the tropical biodiversity crisis? Trends Ecol. 

Evol. 22: 65–70. 

 

 

LAURANCE, W. F., J. L. C. CAMARGO, R. C. C. LUIZÃO, S. G. LAURANCE, S. L. PIMM, E. M. 

BRUNA, P. C. STOUFFER, G. BRUCE WILLIAMSON, J. BENÍTEZ-MALVIDO, and H. L.  

 

 

VASCONCELOS. 2011. The fate of Amazonian forest fragments: A 32-year investigation. Biol. 

Conserv. 144: 56–67. 

 

 

LAWRENCE, D., and K. VANDECAR. 2014. Effects of tropical deforestation on climate and 

agriculture. Nat. Clim. Chang. 5: 27–36. 

 

 

LEE, J. S. H., I. Q. W. LEE, S. L.-H. LIM, J. HUIJBREGTS, and N. S. SODHI. 2009. Changes in 

dung beetle communities along a gradient of tropical forest disturbance in South-East Asia. J. 

Trop. Ecol. 25: 677–680. 



137 

LETCHER, S. G., and R. L. CHAZDON. 2009. Rapid Recovery of Biomass, Species Richness, 

and Species Composition in a Forest Chronosequence in Northeastern Costa Rica. Biotropica 

41: 608–617. 

 

 

LEWIS, O. T. 2009. Biodiversity change and ecosystem function in tropical forests. Basic 

Appl. Ecol. 10: 97–102. 

 

 

LIBERAL, C. N., Â. M. I. DE FARIAS, M. V. MEIADO, B. K. C. FILGUEIRAS, L. IANNUZZI, Â. M. 

I. DE FARIAS, M. V. MEIADO, B. K. C. FILGUEIRAS, and L. IANNUZZI. 2011. How Habitat 

Change and Rainfall Affect Dung Beetle Diversity in Caatinga, a Brazilian Semi-Arid 

Ecosystem. J. Insect Sci. 11: 1–11. 

 

 

LOUZADA, J., A. P. LIMA, R. MATAVELLI, L. ZAMBALDI, and J. BARLOW. 2010. Community 

structure of dung beetles in Amazonian savannas: role of fire disturbance, vegetation and 

landscape structure. Landsc. Ecol. 25: 631–641. 

 

 

LOUZADA, J. N. C., and P. R. CARVALHO E SILVA. 2009. Utilisation of introduced Brazilian 

pastures ecosystems by native dung beetles: diversity patterns and resource use. Insect 

Conserv. Divers. 2: 45–52. 

 

 

LOUZADA, J. N. C., F. S. LOPES, and F. Z. VAZ-DE-MELLO. 2007. Structure and composition of 

a dung beetle community (Coleoptera, Scarabaeinae) in a small forest patch from Brazilian 

Pantanal. Zoociências 9: 199–203. 

 

 

LUNT, I. D., and P. G. SPOONER. 2005. Using historical ecology to understand patterns of 

biodiversity in fragmented agricultural landscapes. J. Biogeogr. 32: 1859–1873. 

 

 

MACPHERSON, A. J., D. R. CARTER, M. W. LENTINI, and M. D. SCHULZE. 2010. Following the 

Rules: Brazilian Logging Concessions under Imperfect Enforcement and Royalties. Land 

Econ. 86: 493–513. 

 

 

MARSH, C. J., J. LOUZADA, W. BEIROZ, and R. M. EWERS. 2013. Optimising Bait for Pitfall 

Trapping of Amazonian Dung Beetles (Coleoptera: Scarabaeinae) A. Wilby (Ed.). PLoS One 

8: e73147. 

 

 

MATAVELLI, R. A., and J. N. C. LOUZADA. 2008. Invasão de áreas de savana intra-amazônicas 

por Digitonthophagus gazella (Fabricius, 1787) (Insecta: Coleoptera: Scarabaeidae). Acta 

Amaz. 38: 153–158. 

 

 



138 

 

MATAVELLI, R., A. M. CAMPOS, and F. A. B. SILVA. 2013. New records of scarabaeinae 

(Coleoptera: Scarabaeidae) in a biogeographical transition zone in the state of Maranhão, 

Brazil. Check List 9: 909–911. 

 

 

MAYAUX, P., P. HOLMGREN, F. ACHARD, H. EVA, H.-J. STIBIG, and A. BRANTHOMME. 2005. 

Tropical forest cover change in the 1990s and options for future monitoring. Philos. Trans. R. 

Soc. B Biol. Sci. 360: 373–384. 

 

 

MEDINA, A. M., and P. P. LOPES. 2014. Seasonality in the Dung Beetle Community in a 

Brazilian Tropical Dry Forest: Do Small Changes Make a Difference? J. Insect Sci. 14: 1–11. 

 

 

MENÉNDEZ, R., A. GONZÁLEZ-MEGÍAS, P. JAY-ROBERT, and R. MARQUÉZ-FERRANDO. 2014. 

Climate change and elevational range shifts: evidence from dung beetles in two European 

mountain ranges. Glob. Ecol. Biogeogr. 23: 646–657. 

 

 

MERTENS, B. 2002. Crossing spatial analyses and livestock economics to understand 

deforestation processes in the Brazilian Amazon: the case of São Félix do Xingú in South 

Pará. Agric. Econ. 27: 269–294. 

 

 

METZGER, J. P. 2004. Estrutura da paisagem: o uso adequado de métricas. In L. J. Cullen, R. 

Rudran, and C. Valladares-Padua (Eds.) Métodos de estudos em biologia da conserva  o e 

manejo da vida silvestre. pp. 423–453, UFPR, Curitiba. 

 

 

MILLENNIUM ECOSYSTEM ASSESSMENT. 2005. Ecosystems and human well-being. 

MORSE, N. B., P. A. PELLISSIER, E. N. CIANCIOLA, R. L. BRERETON, M. M. SULLIVAN, N. K. 

SHONKA, T. B. WHEELER, and W. H. MCDOWELL. 2014. Novel ecosystems in the 

Anthropocene: a revision of the novel ecosystem concept for pragmatic applications. Ecol. 

Soc. 19: art12. 

 

 

MORTON, D. C., Y. LE PAGE, R. DEFRIES, G. J. COLLATZ, and G. C. HURTT. 2013. 

Understorey fire frequency and the fate of burned forests in southern Amazonia. Philos. 

Trans. R. Soc. B Biol. Sci. 368: 20120163–20120163. 

 

 

MURCIA, C., J. ARONSON, G. H. KATTAN, D. MORENO-MATEOS, K. DIXON, and D. 

SIMBERLOFF. 2014. A critique of the “novel ecosystem” concept. Trends Ecol. Evol. 29: 548–

553. 

 

 

MAC NALLY, R. 2005. Scale and an organism-centric focus for studying interspecific 

interactions in landscapes. In W. J. A. and M. R. Moss (Eds.) Issues and perspectives in 

landscape ecology. pp. 52–69, Cambridge University Press, Cambridge, UK. 

 



139 

NEITA, J. C., and F. ESCOBAR. 2012. The potential value of agroforestry to dung beetle 

diversity in the wet tropical forests of the Pacific lowlands of Colombia. Agrofor. Syst. 85: 

121–131. 

 

NEVES, F. S., V. H. F. OLIVEIRA, M. M. ESPÍRITO-SANTO, F. Z. VAZ-DE-MELLO, J. LOUZADA, 

A. SANCHEZ-AZOFEIFA, and G. F. FERNANDES. 2010. Successional and Seasonal Changes in a 

Community of Dung Beetles (Coleoptera: Scarabaeinae) in a Brazilian Tropical Dry Forest. 

Nat. Conserv. 8: 160–164. 

 

 

NICHOLS, E., T. A. GARDNER, C. A. PERES, and S. SPECTOR. 2009. Co-declining mammals and 

dung beetles: an impending ecological cascade. Oikos 118: 481–487. 

 

 

NICHOLS, E., T. LARSEN, S. SPECTOR, A. L. DAVIS, F. ESCOBAR, M. FAVILA, and K. VULINEC. 

2007. Global dung beetle response to tropical forest modification and fragmentation: A 

quantitative literature review and meta-analysis. Biol. Conserv. 137: 1–19. 

 

 

NICHOLS, E. S., and T. A. GARDNER. 2011. Dung beetles as a candidate study taxon in applied 

biodiversity conservation research. In L. W. Simmons and T. J. Ridsdill-Smith (Eds.) Ecology 

and Evolution of Dung Beetles. pp. 267–291, John Wiley e Sons, Ltd, Chichester, UK. 

 

 

NICHOLS, E., S. SPECTOR, J. LOUZADA, T. LARSEN, S. AMEZQUITA, and M. E. FAVILA. 2008. 

Ecological functions and ecosystem services provided by Scarabaeinae dung beetles. Biol. 

Conserv. 141: 1461–1474. 

 

 

NOVAIS, S. M. A., L. A. EVANGELISTA, R. REIS-JÚNIOR, and F. S. NEVES. 2016. How Does 

Dung Beetle (Coleoptera: Scarabaeidae) Diversity Vary Along a Rainy Season in a Tropical 

Dry Forest? J. Insect Sci. 16: 81. 

 

 

NUMMELIN, M. 1998. Log-normal distribution of specides abundances is not a universal 

indicator of rain forest disturbance. J. Appl. Ecol. 35: 454–457. 

 

 

PANFIL, S. N., and C. A. HARVEY. 2016. REDD+ and Biodiversity Conservation: A Review of 

the Biodiversity Goals, Monitoring Methods, and Impacts of 80 REDD+ Projects. Conserv. 

Lett. 9: 143–150. 

 

 

PARROTTA, J. A., C. WILDBURGER, and S. MANSOURIAN. 2012. Understanding Relationships 

Between Biodiversity, Carbon, Forests and People: The Key to Achieving REDD+ Objectives 

J. A. Parrotta, C. Wildburguer, and S. Mansourian (Eds.). International Union of Forest 

Research Organizations. 

 

 



140 

 

PENTTILÄ, A., E. M. SLADE, A. SIMOJOKI, T. RIUTTA, K. MINKKINEN, and T. ROSLIN. 2013. 

Quantifying Beetle-Mediated Effects on Gas Fluxes from Dung Pats D. Q. Fuller (Ed.). PLoS 

One 8: e71454. 

 

 

PERES, C. A., J. BARLOW, and W. F. LAURANCE. 2006. Detecting anthropogenic disturbance in 

tropical forests. Trends Ecol. Evol. 21: 227–229. 

 

 

PERES, C. A., and M. VAN ROOSMALEN. 2002. Patterns of primate frugivory in Amazonian and 

the Guianan shield: implications to the demography of large-seeded plants in overhunted 

tropical forests. In W. Levey, D. Silva, and M. Galetti (Eds.) Frugivory and Seed Dispersal: 

Ecological, Evolutionary and Conservation Issues. CAB International, Oxford, UK. 

 

 

PHALAN, B., R. E. GREEN, L. V. DICKS, G. DOTTA, C. FENIUK, A. LAMB, B. B. N. 

STRASSBURG, D. R. WILLIAMS, E. K. H. J. Z. ERMGASSEN, and A. BALMFORD. 2016. How can 

higher-yield farming help to spare nature? Science (80-. ). 351: 450–451. 

 

 

PHALAN, B., M. ONIAL, A. BALMFORD, and R. E. GREEN. 2011. Reconciling Food Production 

and Biodiversity Conservation: Land Sharing and Land Sparing Compared. Science (80-. ). 

333: 1289–1291. 

 

 

PHILIPS, T. K., E. PRETORIUS, and C. H. SCHOLTZ. 2004. A phylogenetic analysis of dung 

beetles (Scarabaeinae : Scarabaeidae): unrolling an evolutionary history. Invertebr. Syst. 18: 

53. 

 

 

PUIG, H. 2009. A Floresta Tropical Úmida. São Paulo UNESP. 

 

 

PUKER, A., C. M. A CORREA, V. KORASAKI, K. R. FERREIRA, and N. G. OLIVEIRA. 2013. Dung 

Beetles (Coleoptera: Scarabaeidae) Attracted to Dung of the Largest Herbivorous Rodent on 

Earth: a Comparison With Human Feces. Environ. Entomol. 42: 1218–1225. 

 

 

QUINTERO, I.; HALFFTER, G., I. QUINTERO, and G. HALFFTER. 2009. Temporal Changes in 

Community of Dung beetles (Insecta: Coleoptera: Scarabaeinae) Resulting from the 

Modification and Fragmentation of Tropical Rain Forest. Acta Zool. Mex. 25: 625–649. 

 

 

RAMANKUTTY, N., and J. A. FOLEY. 1999. Estimating historical changes in global land cover: 

Croplands from 1700 to 1992. Global Biogeochem. Cycles 13: 997–1027. 

 

 

RODRIGUES, J. L. M., V. H. PELLIZARI, R. MUELLER, K. BAEK, E. DA C. JESUS, F. S. PAULA, B. 

MIRZA, G. S. HAMAOUI, S. M. TSAI, B. FEIGL, J. M. TIEDJE, B. J. M. BOHANNAN, and K. 



141 

NUSSLEIN. 2013. Conversion of the Amazon rainforest to agriculture results in biotic 

homogenization of soil bacterial communities. Proc. Natl. Acad. Sci. 110: 988–993. 

 

 

SALA, O. E., F. S. CHAPIN, J. J. ARMESTO, E. BERLOW, J. BLOOMFIELD, R. DIRZO, E. HUBER-

SANWALD, L. F. HUENNEKE, R. B. JACKSON, A. KINZIG, R. LEEMANS, D. M. LODGE, H. A. 

MOONEY, M. OESTERHELD, N. L. POFF, M. T. SYKES, B. H. WALKER, M. WALKER, and D. H. 

WALL. 2000. Global Biodiversity Scenarios for the Year 2100. Science (80-. ). 287: 1770–

1774. 

 

 

SANTOS, I. A., and L. A. H. NOGUEIRA. 2012. Estudo energético do esterco bovino : seu valor 

de substituição e impacto da biodigestão anaeróbia. Rev. Agroambiental 4: 41–49. 

 

 

SCHEFFLER, P. Y. 2005. Dung beetle (Coleoptera: Scarabaeidae) diversity and community 

structure across three disturbance regimes in eastern Amazonia. J. Trop. Ecol. 21: 9–19. 

 

 

SHAHABUDDIN, C. H. SCHULZE, and T. TSCHARNTKE. 2005. Changes of dung beetle 

communities from rainforests towards agroforestry systems and annual cultures in Sulawesi 

(Indonesia). Biodivers. Conserv. 14: 863–877. 

 

 

SILVA, R. J., F. COLETTI, D. A. COSTA, and F. Z. VAZ-DE-MELLO. 2014. Rola-bostas 

(Coleoptera: Scarabaeidae: Scarabaeinae) de florestas e pastagens no sudoeste da Amazônia 

brasileira: Levantamento de espécies e guildas alimentares. Acta Amaz. 44: 345–352. 

 

 

SLADE, E. M., D. J. MANN, and O. T. LEWIS. 2011. Biodiversity and ecosystem function of 

tropical forest dung beetles under contrasting logging regimes. Biol. Conserv. 144: 166–174. 

SLADE, E. M., T. RIUTTA, T. ROSLIN, and H. L. TUOMISTO. 2016. The role of dung beetles in 

reducing greenhouse gas emissions from cattle farming. Sci. Rep. 6: 18140. 

 

 

SOLAR, R. R. DE C., J. BARLOW, A. N. ANDERSEN, J. H. SCHOEREDER, E. BERENGUER, J. N. 

FERREIRA, and T. A. GARDNER. 2016. Biodiversity consequences of land-use change and 

forest disturbance in the Amazon: A multi-scale assessment using ant communities. Biol. 

Conserv. 197: 98–107. 

 

 

SOLAR, R. R. DE C., J. BARLOW, J. FERREIRA, E. BERENGUER, A. C. LEES, J. R. THOMSON, J. 

LOUZADA, M. MAUÉS, N. G. MOURA, V. H. F. OLIVEIRA, J. C. M. CHAUL, J. H. SCHOEREDER, 

I. C. G. VIEIRA, R. MAC NALLY, and T. A. GARDNER. 2015. How pervasive is biotic 

homogenization in human-modified tropical forest landscapes? H. Cornell (Ed.). Ecol. Lett. 

18: 1108–1118. 

 

 

SOWIG, P. 1995. Habitat selection and offspring survival rate in three paracoprid dung beetles: 

the influence of soil type and soil moisture. Ecography (Cop.). 18: 147–154. 



142 

 

SPECTOR, S. 2006. Scarabaeine Dung Beetles (coleoptera: Scarabaeidae: Scarabaeinae): An 

Invertebrate Focal Taxon for Biodiversity Research and Conservation. Coleopt. Bull. 60: 71–

83. 

 

 

SPECTOR, S., and S. AYZAMA. 2003. Rapid Turnover and Edge Effects in Dung Beetle 

Assemblages (Scarabaeidae) at a Bolivian Neotropical Forest-Savanna Ecotone1. Biotropica 

35: 394–404. 

 

 

STRASSBURG, B. B. N., A. E. LATAWIEC, L. G. BARIONI, C. A. NOBRE, V. P. DA SILVA, J. F. 

VALENTIM, M. VIANNA, and E. D. ASSAD. 2014. When enough should be enough: Improving 

the use of current agricultural lands could meet production demands and spare natural habitats 

in Brazil. Glob. Environ. Chang. 28: 84–97. 

 

 

SU, J. C., D. M. DEBINSKI, M. E. JAKUBAUSKAS, and K. KINDSCHER. 2004. Beyond 

Species Richness: Community Similarity as a Measure of Cross-Taxon Congruence for 

Coarse-Filter Conservation. Conserv. Biol. 18: 167–173. 

 

 

SUKHDEV, P., H. WITTMER, and D. MILLER. 2014. The economics of ecosystems and 

biodiversity challenges and responses. In D. Helm and C. Hepburn (Eds.) Nature in the 

Balance. Oxford University Press, Oxford, UK. 

 

 

SWETNAM, T. W., C. D. ALLEN, and J. L. BETANCOURT. 1999. Applied historical ecology: 

using the past to manage for the future. Ecol. Appl. 9: 1189–1206. 

 

 

TABARELLI, M., C. A. PERES, and F. P. L. MELO. 2012. The “few winners and many losers” 

paradigm revisited: Emerging prospects for tropical forest biodiversity. Biol. Conserv. 155: 

136–140. 

 

 

TANNER, E. V. J., F. RODRIGUEZ-SANCHEZ, J. R. HEALEY, R. J. HOLDAWAY, and P. J. 

BELLINGHAM. 2014. Long-term hurricane damage effects on tropical forest tree growth and 

mortality. Ecology 95: 2974–2983. 

 

 

TEAM, R. D. C. 2016. R: A Language and Environment for Statistical Computing. R 

Foundation for Statistical Computing, Viena, Austria. 

 

 

TRIVEDI, M. R., A. W. MITCHELL, N. MARDAS, C. PARKER, J. E. WATSON, and A. D. NOBRE. 

2009. REDD and PINC: A new policy framework to fund tropical forests as global “eco-

utilities.” IOP Conf. Ser. Earth Environ. Sci. 8: 12005. 

 

 

  



143 

TURNER, B. L., E. F. LAMBIN, and A. REENBERG. 2007. The emergence of land change science 

for global environmental change and sustainability. Proc. Natl. Acad. Sci. 104: 20666–20671. 

 

 

VAUGHAN, I. P., and S. J. ORMEROD. 2003. Improving the Quality of Distribution Models for 

Conservation by Addressing Shortcomings in the Field Collection of Training Data. Conserv. 

Biol. 17: 1601–1611. 

 

 

VERDÚ, J. R., L. ARELLANO, and C. NUMA. 2006. Thermoregulation in endothermic dung 

beetles (Coleoptera: Scarabaeidae): Effect of body size and ecophysiological constraints in 

flight. J. Insect Physiol. 52: 854–860. 

 

 

VIEIRA, L., J. N. C. LOUZADA, and S. SPECTOR. 2008. Effects of Degradation and 

Replacement of Southern Brazilian Coastal Sandy Vegetation on the Dung Beetles 

(Coleoptera: Scarabaeidae). Biotropica 40: 719–727. 

 

 

VIERLING, L. A., K. T. VIERLING, P. ADAM, and A. T. HUDAK. 2013. Using Satellite and 

Airborne LiDAR to Model Woodpecker Habitat Occupancy at the Landscape Scale A. M. 

Merenlender (Ed.). PLoS One 8: e80988. 

 

 

WRIGHT, S. J. 2005. Tropical forests in a changing environment. Trends Ecol. Evol. 20: 553–

560. 

 

 

ZUUR, A. F., E. N. IENO, and C. S. ELPHICK. 2010. A protocol for data exploration to avoid 

common statistical problems. Methods Ecol. Evol. 1: 3–14. 



144 

  

 

 

 

 

 

 

 

 

 

 

 

APPENDIX 

 
OTHER OUTCOMES 

 

 

  



145 

 

Appendice 1 

 

Solar, R.R.C.; Barlow, J.; Ferreira, J.; Berenguer, E.; Lees, A.C.; Thomson, J.R.; Louzada, J.; 

Maués, M.; Moura, N.G.; Oliveira, V.H.F.; Chaul, J.C.M.; Schoereder, J.H.; Vieira, I.C.G.; 

Mac Nally, R.; Gardner, T.A. How pervasive is biotic homogenization in human-modified 

tropical forest landscapes? Ecology Letters (Print), 18(10):1108–1118, 2015. 

 

Abstract 

 

Land-cover change and ecosystem degradation may lead to biotic homogenization, yet our 

understanding of this phenomenon over large spatial scales and different biotic groups 

remains weak. We used a multi-taxa dataset from 335 sites and 36 heterogeneous landscapes 

in the Brazilian Amazon to examine the potential for landscape-scale processes to modulate 

the cumulative effects of local disturbances. Biotic homogenization was high in production 

areas but much less in disturbed and regenerating forests, where high levels of among-site and 

among-landscape β-diversity appeared to attenuate species loss at larger scales. We found 

consistently high levels of β-diversity among landscapes for all land cover classes, providing 

support for landscape-scale divergence in species composition. Our findings support concerns 

that β-diversity has been underestimated as a driver of biodiversity change and underscore the 

importance of maintaining a distributed network of reserves, including remaining areas of 

undisturbed primary forest, but also disturbed and regenerating forests, to conserve regional 

biota. 
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Abstract 

 

Concerted political attention has focused on reducing deforestation1–3, and this remains the 

cornerstone of most biodiversity conservation strategies4–6. However, maintaining forest 

cover may not reduce anthropogenic forest disturbances, which are rarely considered in 

conservation programmes6. These disturbances occur both within forests, including selective 

logging and wildfires7,8, and at the landscape level, through edge, area and isolation effects9. 

Until now, the combined effect of anthropogenic disturbance on the conservation value of 

remnant primary forests has remained unknown, making it impossible to assess the 

relativeimportance of forest disturbance and forest loss. Here we address these knowledge 

gaps using a large data set of plants, birds and dung beetles (1,538, 460 and 156 species, 

respectively) sampled in 36 catchments in the Brazilian state of Pará. Catchments retaining 

more than 69–80% forest cover lost more conservation value from disturbance than from 

forest loss. For example, a 20% loss of primary forest, the maximum level of deforestation 

allowed on Amazonian properties under Brazil‟s Forest Code5, resulted in a 39–54% loss of 

conservation value: 96–171% more than expected without considering disturbance effects. 

We extrapolated the disturbancemediated loss of conservation value throughout Pará, which 

covers 25% of the Brazilian Amazon. Although disturbed forests retained considerable 

conservation value compared with deforested areas, the toll of disturbance outside Pará‟s 

strictly protected areas is equivalent to the loss of 9.2 – 13.9 milion ha of primary forest. Even 

this lowest estimate is greater than the area deforested across the entire Brazilian Amazon 

between 2006 and 2015 (ref. 10). Species distribution models showed that both landscape and 

within-forest disturbances contributed to biodiversity loss, with the greatest negative effects 

on species of high conservation and functional value. These results demonstrate an urgent 

need for policy interventions that go beyond the maintenance of forest cover to safeguard the 

hyper-diversity of tropical forest ecosystems. 
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Abstract 

 

Science has a critical role to play in guiding more sustainable development trajectories. Here, 

we present the Sustainable Amazon Network (Rede Amazônia Sustentável, RAS): a 

multidisciplinary research initiative involving more than 30 partner organizations working to 

assess both social and ecological dimensions of land-use sustainability in eastern Brazilian 

Amazonia. The research approach adopted by RAS offers three advantages for addressing 

land-use sustainability problems: (i) the collection of synchronized and co-located ecological 

and socioeconomic data across broad gradients of past and present human use; (ii) a nested 

sampling design to aid comparison of ecological and socioeconomic conditions associated 

with different land uses across local, landscape and regional scales; and (iii) a strong 

engagement with a wide variety of actors and non-research institutions. Here, we elaborate on 

these key features, and identify the ways in which RAS can help in highlighting those 

problems in most urgent need of attention, and in guiding improvements in land-use 

sustainability in Amazonia and elsewhere in the tropics. We also discuss some of the practical 

lessons, limitations and realities faced during the development of the RAS initiative so far. 
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Abstract 

 

Tropical rainforests store enormous amounts of carbon, the protection of which represents a 

vital component of efforts to mitigate global climate change. Currently, tropical forest 

conservation, science, policies, and climate mitigation actions focus predominantly on 

reducing carbon emissions from deforestation alone. However, every year vast areas of the 

humid tropics are disturbed by selective logging, understory fires, and habitat fragmentation. 

There is an urgent need to understand the effect of such disturbances on carbon stocks, and 

how stocks in disturbed forests com- pare to those found in undisturbed primary forests as 

well as in regenerating secondary forests. Here, we present the results of the largest field 

study to date on the impacts of human disturbances on above and belowground carbon stocks 

in tropical forests. Live vegetation, the largest carbon pool, was extremely sensitive to 

disturbance: forests that experienced both selective logging and understory fires stored, on 

average, 40% less aboveground carbon than undis- turbed forests and were structurally 

similar to secondary forests. Edge effects also played an important role in explaining 

variability in aboveground carbon stocks of disturbed forests. Results indicate a potential 

rapid recovery of the dead wood and litter carbon pools, while soil stocks (0–30 cm) appeared 

to be resistant to the effects of logging and fire. Carbon loss and subsequent emissions due to 

human disturbances remain largely unaccounted for in green- house gas inventories, but by 

comparing our estimates of depleted carbon stocks in disturbed forests with Brazilian 

government assessments of the total forest area annually disturbed in the Amazon, we show 

that these emissions could represent up to 40% of the carbon loss from deforestation in the 

region. We conclude that conservation pro- grams aiming to ensure the long-term permanence 

of forest carbon stocks, such as REDD+, will remain limited in their success unless they 

effectively avoid degradation as well as deforestation. 
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Abstract 

 

Anthropogenic pressures on tropical forests are rapidly intensifying, but our understanding of 

their implications for biological diversity is still very limited, especially with regard to soil 

biota, and in particular soil bacterial communities. Here we evaluated bacterial community 

composition and diversity across a gradient of land use intensity in the eastern Amazon from 

undisturbed primary forest, through primary forests varyingly disturbed by fire, regenerating 

secondary forest, pasture, and mechanized agriculture. Soil bacteria were assessed by paired-

end Illumina sequencing of 16S rRNA gene fragments (V4 region). The resulting sequences 

were clustered into operational taxonomic units (OTU) at a 97% similarity threshold. Land 

use intensification increased the observed bacterial diversity (both OTU richness and 

community heterogeneity across space) and this effect was strongly associated with changes 

in soil pH. Moreover, land use intensification and subsequent changes in soil fertility, 

especially pH, altered the bacterial community composition, with pastures and areas of 

mechanized agri- culture displaying the most contrasting communities in relation to 

undisturbed primary forest. Together, these results indicate that tropical forest conversion 

impacts soil bacteria not through loss of diversity, as previously thought, but mainly by 

imposing marked shifts on bacterial community composition, with unknown yet potentially 

important implications for ecological functions and services performed by these communities. 


