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Sinopse: 

Estudamos o efeito da transformação de hábitats naturais em áreas de Campinaranas, 

localizadas nos municípios de Manaus, Itacoatiara e Manacapuru, Amazonas, Brasil. 

Comparamos o efeito do tipo do hábitat (conservado e degradado) sobre a diversidade, estrutura 

da assembleia, abundância, biomassa e espécies indicadoras de besouros rola bosta. 

Palavras chaves: Campinarana perturbada, florestas tropicais chuvosas, mineração de areia, 

Scarabaeinae 
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RESUMO 

 

As Campinaranas consistem em um frágil ecossistema Amazônico de solo arenoso, no qual 

as atividades de mineração se destacam como um importante promotor de transformações 

das paisagens naturais, ameaçando a manutenção da biodiversidade. Através de dados de 

diversidade taxonômica, grupos funcionais e biomassa, os besouros rola bosta tem sido 

utilizados como uma excelente ferramenta para compreender as consequências das 

transformações ambientais sobre a biodiversidade nos trópicos. O objetivo deste estudo foi 

analisar os impactos da transformação do habitat em Campinaranas, proveniente de 

atividades de mineração de extração de areia, sobre as assembleias de besouros rola bosta, 

bem como de seus grupos funcionais. Os besouros rola bostas foram amostrados em dois 

habitats: Campinaranas conservadas (12 áreas) e Campinaranas degradadas (11 áreas). 

Avaliamos o efeito do tipo do habitat sobre a abundância, diversidade, estrutura da 

assembleia e biomassa de rola bostas. No total, foram coletados 1.592 indivíduos e 43 

espécies nas Campinaranas conservadas, enquanto nas Campinaranas degradadas foram 

coletados 459 indivíduos identificados em 11 espécies. As Campinaranas conservadas 

apresentaram assembleias mais abundantes, diversificadas, com maior biomassa e 

estruturalmente distintas quando comparadas as Campinaranas degradadas. Os besouros 

roladores foram os únicos que não tiveram sua abundância afetada pelo tipo de habitat. 

Nossos resultados demonstraram que as áreas naturais de Campinaranas são compostas por 

comunidades ecológicas sensíveis a alterações ambientais intensas, como as atividades de 

mineração. A distinta estrutura da assembleia entre os hábitats estudados sugere que existe 

um sub-grupo da assembleia regional que é especializado a ocupar áreas abertas. 

Considerando a atual expansão do desmatamento em florestas Amazônicas, é de extrema 

importância traçar estratégias que visem mitigar os efeitos deletérios de novos mosaicos 

sobre as comunidades ecológicas. 
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ABSTRACT 

 

Campinarana is a fragile white-sand Amazonian ecosystem, in which mining activities 

highlight as an important driver of landscape transformation that challenges biodiversity 

maintenance. Through taxonomic diversity, functional-group approaches, and species 

biomass, the dung beetles have been successfully used as proxies to understand the 

consequences of habitat transformation on ecological communities in the tropics. The aim 

of this study was to assess the effects of habitat transformation in Campinaranas on the dung 

beetle assemblages, by analyzing their total data and its functional groups. Dung beetles 

were sampled in two habitat types: conserved Campinaranas (12 sites), and disturbed ones 

(11 sites), which were deforested due to mining activities. A total of 1,592 beetles from 43 

species were collected in conserved Campinaranas and 459 beetles from 11 species were 

collected in disturbed Campinaranas. Conserved Campinaranas encompassed higher 

abundance, diversity, biomass, and their dung beetle assemblages were structurally distinct 

from disturbed Campinaranas. The abundance of roller dung beetles was not affected by 

habitat type. Our results suggest that conserved Campinaranas dwell sensitive ecological 

communities, with most of the species being unable to colonize mining sites. The distinct 

assemblage observed between the two studied Campinaranas suggest that a subset of species 

of the regional pool are specialized in inhabiting open areas. Under the current alarming 

deforestation rates in Amazon, it is urgent to unravel how tolerant are the ecological 

communities towards novel variegated landscape to mitigate the negative effects of human 

activities on biodiversity. 
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INTRODUÇÃO GERAL 

 

Uma das ameaças mais alarmantes para a biodiversidade tropical advém das atividades 

humanas que transformam as paisagens naturais (Laurance, 1999; Carreno-Rocabado et al., 

2012; Vijay et al., 2018; Cruz et al., 2021). A distribuição de espécies tende a ser modificada 

com estas transformações e consequentemente as comunidades ecológicas são contrastantes 

quando comparadas às dos ecossistemas originais (Suazo‐Ortuno et al., 2008; Senior et al., 

2013; Philip et al., 2017; Rurangwa et al., 2021). Essa mudança de comunidades acarreta numa 

diminuição do número de espécies (Gibson et al., 2011; Barlow et al., 2016; Alroy, 2017; Luther 

et al., 2020), devido à incapacidade de espécies nativas colonizarem habitats tropicais 

modificados. Nos trópicos, as florestas úmidas destacam-se como um dos biomas mais 

ameaçados, devido à expansão de urbanização e extrativismo que vem ocorrendo nos últimos 

séculos (Myers et al., 2000; Hill & Hamer, 2004). Com isso, ressalta-se que muitos 

ecossistemas de florestas tropicais estão desaparecendo sem que saibamos sequer a sua 

importância (Gardner et al., 2009; Ter Steege et al., 2015; Edwards et al., 2019). Conhecendo 

os níveis de resiliência das espécies à perturbação ambiental, é possível elaborar estratégias que 

estabeleçam níveis de perturbação antrópica que permitam a manutenção de comunidades 

saudáveis e que mantenham o funcionamento dos ecossistemas (Stork et al., 2009; Cole et al., 

2014; Berenguer et al., 2018).  

Embora a Amazônia seja reconhecida como uma floresta tropical relativamente 

conservada, esse ecossistema tem enfrentado ameaças antrópicas alarmantes que desafiam a 

manutenção da biodiversidade (Barlow et al., 2016; Nobre et al., 2016). Entre as diversas 

fitofisionomias Amazônicas, as Campinaranas são caracterizadas por serem vegetações 

singulares, com diversidade biológica adaptadas a solos constantemente encharcados, com uma 

florística dominada por alguns gêneros endêmicos e espécies raquíticas (IBGE, 2012; Ferreira 

et al., 2013; Demarchi et al., 2019; Demarchi et al., 2022). A expansão das atividades pecuárias, 

plantações, mineração e exploração madeireira se destacam como as principais atividades que 

transformam as paisagens naturais das Campinaranas (Ferreira et al., 2013; Adeney et al., 2016; 

Demarchi et al., 2019). Estudos recentes têm apresentado sinais indicando que as Campinaranas 

são um ecossistema frágil e com baixa resiliência a perturbações ambientais (Adeney et al., 

2016; Demarchi et al., 2019; Capurucho et al., 2020). As comunidades biológicas de 

Campinarana são pouco estudadas, com tendências ainda incipientes quanto à sua dinâmica 

ecológica, ou seja, ainda não se compreende claramente de que forma responderão as 
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transformações ambientais relativas as atividades humanas (Borges et al., 2016; Demarchi et 

al., 2022). Neste sentido, devido às constantes e atuais perdas e transformações da vegetação 

natural das Campinaranas, estudos sobre a biodiversidade desse ecossistema são necessários e 

urgentes. Para entender melhor como a comunidade de Campinaranas respondem à perturbação 

ambiental, é crucial avaliar como habitats naturais e alterados moldam a diversidade das suas 

comunidades ecológicas. 

Os besouros rola bostas (Coleoptera: Scarabaeinae) constituem um responsivo grupo 

para compreender as consequências ecológicas das transformações ambientais nos trópicos 

(Navarrete & Halffter, 2008; Korasaki et al., 2013; Filgueiras et al., 2015; Moura et al., 2021). 

As modificações nos ambientes tendem a afetar negativamente, a distribuição das espécies, 

diminuindo a diversidade e abundância das assembleias de rola bostas (Filgueiras et al., 2015; 

Carrión-Paladines et al., 2021; Moura et al., 2021). Somado a isso, a biomassa destes insetos 

também pode indicar pistas sobre as consequências das transformações ambientais, tendo em 

vista que ambientes antropizados são pouco favoráveis a espécies de maior biomassa (Horgan, 

2005; Braga et al., 2013; Nependa et al., 2021). Para obter respostas mais detalhadas das 

assembleias de besouros rola bostas, estudos dos seus diferentes grupos funcionais têm sido 

utilizado nas últimas décadas (Louzada et al., 2010; Nichols et al., 2013; Gómez-Cifuentes et 

al., 2019). Como a biologia desses insetos está intimamente relacionada com o comportamento 

de localização e remoção de excremento, as estratégias de remoção de recursos têm sido 

amplamente usadas como um agrupamento de espécies de acordo com a sua função (Louzada 

et al., 2010; Latha, 2020; Hussain et al., 2021). As espécies cavadoras estruturam galerias 

abaixo ou ao lado da fonte de alimento. As espécies roladoras fazem esferas de esterco e 

posteriormente as rolam a diferentes distâncias; as espécies residentes se alimentam e nidificam 

dentro da própria fonte de alimento utilizando este recurso para alimentação e nidificação 

(Campos & Hernández, 2013; Pessoa et al., 2017; Huerta et al., 2018). Devido a essas diferentes 

estratégias de alimentação e reprodução, cada grupo funcional percebe o ambiente de uma 

forma diferente (Gómez-Cifuentes et al., 2017; Carvalho et al., 2020). Além de desempenharem 

papel fundamental como bioindicadores a humanidade, os rola bostas também prestam serviços 

ecossistêmicos importantes. Devido ao enterramento de recursos em decomposição (p.ex. 

excremento e carniça), os rola bostas aumentam a aeração e incorporação de nutrientes ao solo, 

favorecem o estabelecimento de mudas e promovem a dispersão secundária de sementes 

(Nichols et al., 2008; Beynon et al., 2012; Manning et al., 2016).  

As assembleias de rola bostas que ocorrem na floresta tropicais são sensíveis à 

transformação dos ambientes naturais devido a atividades humanas, que resultam em uma 
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redução na sua diversidade (Vulinec, 2002; Scheffler, 2005; Braga et al., 2013; Giménez-

Gómez et al., 2020). Entre as atividades que afetam a diversidade dos rola bostas estão as 

atividades de mineração, que acarretam uma redução do número de espécies quando comparado 

a habitats conservados (Davis et al., 2002; Hernández et al., 2014). Além disso, as espécies que 

toleram ambientes desmatados apresentaram hábitos generalistas e, tamanhos corporais 

reduzidos (Davis et al., 2002; Hernández et al., 2014; Giménez-Gómez et al., 2020). Com 

relação às Campinaranas Amazônicas, a incipiente quantidade de estudos sobre besouros rola 

bosta sugere que suas assembleias são relativamente pobres, especialmente quando comparadas 

a ecossistemas Amazônicos vizinhos (Silva, 2009; Filho et al., 2017; Salomão et al., 2023). 

Entretanto, até o momento não há estudos que avaliaram os efeitos das transformações humanas 

do habitat na diversidade de besouros rola bosta em Campinaranas.  
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OBJETIVOS 

 

 O objetivo deste estudo foi analisar os impactos da transformação de habitats nas 

Campinaranas (devido a atividades de extração de areia) sobre as assembleias de besouros rola 

bosta. Mais especificamente, comparamos a diversidade taxonômica, abundância, estrutura da 

assembleia (distribuição de cada espécie), biomassa e espécies indicadoras entre Campinaranas 

conservadas e perturbadas na Amazônia Central. A fim de obter respostas mais precisas, 

analisamos os rola bostas através dos dados totais, bem como por grupo funcional de acordo 

com a estratégia de remoção de recursos (rolador, cavador, residente).   
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Capítulo 1 

___________________________________________________________________________ 

 

  
FERREIRA, A. C.; CORREA, C. M. A; GORDO, M.; VAZ-DE-

MELLO, F.; CUPELLO, M., SALOMÃO, R. P. What do we lose by 

removing sand from Amazonian forests? Dung beetle diversity in 

conserved and deforested white-sand rainforests 

Manuscrito enviado à Biotropica. 
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Abstract 

Campinarana is a fragile white-sand Amazonian ecosystem, in which mining activities 

highlight as an important driver of landscape transformation that challenges biodiversity 

maintenance. Through taxonomic diversity, functional-group approaches, and species biomass, 

the dung beetles have been successfully used as proxies to understand the consequences of 

habitat transformation on ecological communities in the tropics. The aim of this study was to 

assess the effects of habitat transformation in Campinaranas on the dung beetle assemblages, 

by analyzing their total data and its functional groups. Dung beetles were sampled in two habitat 

types: conserved Campinaranas (12 sites), and disturbed ones (11 sites), which were deforested 

due to mining activities. A total of 1,592 beetles from 42 species were collected in conserved 

Campinaranas and 459 beetles from 11 species were collected in disturbed Campinaranas. 

Conserved Campinaranas encompassed higher abundance, diversity, biomass, and their dung 

beetle assemblages were structurally distinct from disturbed Campinaranas. The abundance of 

roller dung beetles was the only parameter that was not affected by habitat type. Our results 

suggest that conserved Campinaranas dwell sensitive ecological communities, with most of the 

species being unable to colonize mining sites. The distinct assemblage observed between the 

two studied Campinaranas suggest that a subset of species of the regional pool are specialized 

in inhabiting open areas. Under the current alarming deforestation rates in Amazon, it is urgent 

to unravel how tolerant are the ecological communities towards novel variegated landscape to 

mitigate the negative effects of human activities on biodiversity. 

 

Keywords: Biodiversity monitoring, Ecological indicators, Scarabaeinae, sand mining, tropical 

rainforest 
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Introduction 

 

One of the most alarming threats for tropical biodiversity comes from the human 

activities that transform natural landscapes (Carreno-Rocabado et al., 2012; Vijay et al., 2018; 

Cruz et al., 2021). Together with the transformation of native habitats into human ones, the 

species distribution and assemblage structure tend to be modified, with novel ecological 

communities that contrasts with those from the original pristine ecosystems (Suazo‐Ortuno et 

al., 2008; Senior et al., 2013; Rurangwa et al., 2021). Such communities shift comes together 

with decreased species richness (Gibson et al., 2011; Alroy, 2017; Luther et al., 2020), since 

most native species are unable to colonize and use the modified tropical habitats. In the tropics, 

the tropical rainforests are highlighted as one of the most threatened biomes (Myers et al., 

2000), which have been highly impacted in the last centuries due to natural resource extraction, 

pasturelands, and plantations (Hill & Hamer, 2004), jeopardizing tropical biodiversity. By 

analyzing different parameters of communities (e.g., taxonomic diversity, abundance, biomass, 

functional groups) it is possible to depict how these novel ecosystems drive species distribution 

(Carreno-Rocabado et al., 2012; Cruz et al., 2021). The assessment of the biological 

consequences of habitat transformation due to human activities in poorly studied tropical 

rainforests are essential for broader comprehensions of the landscape transformation in the 

tropics. 

Although Amazonian has been recognized as a huge and relatively conserved rainforest, 

this ecosystem has been facing alarming human threats that challenge biodiversity maintenance 

(Barlow et al., 2016; Nobre et al., 2016). Among the Amazonian physiognomies, Campinaranas 

highlight due to its vegetation highly adapted to floodable soils, as well as notable endemic 

genera (e.g. Anona, Galactophora, Chaunochiton, Dendropanax, Protium) (IBGE, 2012; 

Ferreira et al., 2013; Demarchi et al., 2019; Demarchi et al., 2022). The expansion of livestock 
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activities, plantation, mining, and logging are the main human activities that transforms natural 

landscapes of the Campinaranas (Ferreira et al., 2013; Adeney et al., 2016; Demarchi et al., 

2019). Recent studies have pointed out Campinaranas as a fragile ecosystem with low resilience 

to environmental disturbances (Ferreira et al., 2013; Adeney et al., 2016; Demarchi et al., 2019). 

Campinarana communities are poorly studied, with still incipient trends regarding its ecological 

dynamics (Borges et al., 2016; Demarchi et al., 2022). To better understand how Campinaranas’ 

communities respond to environmental disturbance, it is crucial to assess how natural and non-

natural habitats shape species diversity. 

Dung beetles (Coleoptera: Scarabaeinae) comprise a noteworthy biological group to 

analyze the ecological consequences of environmental transformation in the tropics (Navarrete 

& Halffter, 2008; Korasaki et al., 2013; Filgueiras et al., 2015; Moura et al., 2021). These 

beetles are sensitive to environmental transformation, with marked and rapid shifts in species 

distribution, diversity, and abundance patterns due to the change in native habitats (Filgueiras 

et al., 2015; Carrión-Paladines et al., 2021; Moura et al., 2021). Moreover, dung beetle biomass 

is also related to environmental transformations, since the transformation of native habitats into 

human ones tends to filter large-bodied species (Horgan, 2005; Braga et al., 2013; Nependa et 

al., 2021). For a more detailed response of dung beetle assemblages, studies comprising their 

functional groups have successfully been used in the tropics (Louzada et al., 2010; Nichols et 

al., 2013; Gómez-Cifuentes et al., 2019). One of the most studied dung beetles’ functional 

groups encompass the resource removal strategies, in which species are classified as tunnellers, 

dwellers, or rollers (Louzada et al., 2010; Latha, 2020; Hussain et al., 2021). Tunnellers dig 

galleries beneath or aside from the dung pad, removing the food resource that is used for feeding 

and nesting (Halffter & Edmonds, 1982). Roller dung beetles roll dung portions that are used 

for feeding (food balls) or breeding (brood balls), while dwellers feed and nest inside dung pad 

(Campos & Hernández, 2013; Huerta et al., 2018). Due to these different feeding and breeding 
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strategies, each functional group perceive the environment in a different way (Gómez-Cifuentes 

et al., 2017; Carvalho et al., 2020). Besides their key role as bioindicators, dung beetles also 

perform key ecosystem services. By the removal and burial of decomposing resources (e.g., 

dung and carrion), dung beetles increase aeration and incorporate nutrients to the soil, favor 

seedling establishment and promote secondary seed dispersal (Nichols et al., 2008; Korasaki et 

al., 2013; Moura et al., 2021).  

Previous studies suggest that Amazon Forest harbors sensitive dung beetles assemblages 

that are sensitive to human habitat transformation, which negatively affect their species 

richness, abundance, and biomass (Vulinec, 2002; Scheffler, 2005; Braga et al., 2013). The 

currently scarce literature suggests that dung beetle assemblages from Campinaranas comprise 

relatively poor assemblages, especially when compared to neighboring Amazonian ecosystems 

(Silva, 2009; Filho et al., 2017; Salomão et al., 2023). To our knowledge, there are no studies 

that assessed the effects of human habitat transformations on dung beetle diversity in 

Campinaranas. The aim of this study was to analyze the impacts of habitat transformation of 

Campinaranas on dung beetle assemblages. More specifically, we compared dung beetle 

diversity, abundance, assemblage structure (i.e. distribution of species' abundances), biomass, 

and indicator species between conserved and disturbed Campinaranas in Central Amazon. As 

disturbed Campinaranas we used sites that were used for mining activities for sand extraction. 

To obtain finer responses regarding habitat transformation dynamics on dung beetle 

assemblage, we analyzed total data and each functional group according to resource removal 

strategy (roller, tunneller, dweller). Tropical rainforests are strongly sensitive to human habitat 

transformation, which includes mining activities (Ibrahim et al., 2020; Jordão et al., 2021; 

Chaddad et al., 2022). Since Campinaranas are sensitive ecosystems (Ferreira et al., 2013; 

Adeney et al., 2016; Demarchi et al., 2019), we expect that conserved Campinaranas will have 

higher diversity, abundance, biomass, and number of indicator species compared to disturbed 
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Campinaranas. Consequently, it is expected a distinct assemblage structure between conserved 

and disturbed Campinaranas.  

 

2. Material and methods 

2.1. Study site 

This study was carried out in three Brazilian municipalities of the Amazonas state 

(Manaus, Itacoatiara, Manacapuru) located in Central Amazonia (ranging from 2°32’ to 3°09’S, 

and from 60°45’ to 58°59’W, Fig. 1). According to Köppen-Geiger, the climate of the region 

is classified as humid equatorial (Af), with mean annual temperature of 26.7 °C and mean 

annual rainfall of 2,277 mm (Emidio da Silva et al., 2011; Souza & Alvalá, 2014). The region 

is markedly seasonal, with a dry period ranging between June and December (mean monthly 

rainfall: 100.17 mm), and the rainy period ranging from January to May (mean monthly rainfall: 

279.3 mm) (Emidio da Silva et al., 2011; Souza & Alvalá, 2014).  

In the study region, there are different native Amazonian physiognomies, with terra 

firme (non-floodable tropical rainforest) being the most widespread one. Besides, várzea and 

igapó (floodable forests), Campina and Campinarana are also widely distributed in the region 

(Hopkins, 2005; Ferreira, 2009; Carvalho et al., 2018; Demarchi et al., 2022). For this study, 

we focused on Campinaranas, which comprise a closed-canopy forest with sandy soils and 

shallow water tables (Lima, 2015; Adeney et al., 2016; Demarchi et al., 2018; Demarchi et al., 

2022). It is important to consider that Campinaranas have been recently deforested due to sand 

extraction for construction of human settlements.  

We studied dung beetle assemblages in conserved and disturbed Campinaranas. 

Conserved Campinaranas had minimum human disturbances, conserving the original 

vegetation structure of these physiognomies, with closed canopy with trees ranging from 5 to 
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15 m of height. Disturbed Campinaranas are mostly open forests, with its vegetation structure 

ranging from sites with no plants and only exposed soils to sites with a few sparse grasses and 

shrubs.  In these degraded environments, the original vegetation and most of the sand in the soil 

were removed. 

 

 

2.2. Sampling design 

We sampled dung beetles in conserved and disturbed Campinaranas. Disturbed and 

conserved Campinarana sites were spatially paired, each site being ca. 100 m apart from each 

other. In all, 12 areas were sampled, each area with a point in a conserved Campinarana and 

another point in a disturbed Campinarana. Each of the 12 areas was at least 1 km distant from 

the nearest area, to guarantee the independence of the samples (Silva et al., 2020). At each 

studied point (i.e., conserved, or disturbed Campinarana), dung beetles were sampled in a 100 

m long transect. In each transect, a set of five pitfall traps was installed, at ca. 20 m from each 

other (Silva & Hernandez, 2015). We had a total effort of 120 pitfall traps (5 pitfalls per 

Campinarana * 2 habitats [conserved Campinarana and disturbed Campinarana] * 12 areas). 

One of the disturbed Campinaranas had their pitfalls destroyed in the field, thus this sample 

was discarded. 

We made pitfall traps consisting of plastic containers (500 ml) installed at ground level. 

We partially filled each container with 250 ml of saline solution + neutral detergent (1.5%) to 

conserve the sampled dung beetles (Correa et al., 2016). We placed a plastic lid (15 cm in 

diameter) supported by three wooden sticks (25 cm) above each trap, suspending them 20 cm 

above the ground to reduce bait desiccation and prevent potential rain damage. We positioned 

the bait (ca. 25 fresh human excrement) in 50 ml plastic containers at the center of each trap 
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using a wire as a bait holder. This bait was used due to its high attractiveness for dung beetles 

(Silva et al., 2012; Correa et al., 2016). The traps were placed in the field for 48 h, and the 

beetles were collected after this interval. 

To identify the collected dung beetles, we consulted specialized literature (e.g., 

Edmonds & Zidek, 2010; Vaz-de-Mello et al., 2011; Gonzáles-Alvarado & Vaz-de-Mello, 

2021) and comparison with material deposited in the entomological collection from the Federal 

University of Mato Grosso (CEMT-UFMT). We considered as rare species only those that 

presented between one and two individuals (i.e., singleton or doubleton). We classified the 

sampled species into three functional groups related to resource removal strategies (tunneller, 

dweller, roller) (Halffter & Edmonds, 1982). 

To estimate the species average weight, the sampled beetles were first dried in an oven 

at 50° C for 72 hours, then 1 to 20 individuals of each species were weighed (depending on the 

availability of individuals) on a precision scale (model AB265 -S, FACT, 10-5 g accuracy) 

(Salomão et al., 2020). The biomass of dung beetles was estimated for each sampled site 

through the dry weight values of the species, using the total biomass (average biomass of each 

species * number of individuals of each species collected) and the average biomass (sum of the 

average biomass of each species).  

 

2.3. Data analysis 

So that the analyzes of dung beetle assemblages were properly sampled in each habitat 

type (disturbed and conserved Campinaranas), sampling coverage was estimated using 

individual-based approach in iNEXT online software (Chao, 2022). 

Dung beetle diversity was estimated by using Hill numbers. Diversity was analyzed 

under three orders: q0 (species richness), q1 (exponential of Shannon diversity), and q2 (inverse 

of Simpson) (Hill, 1973; Jost, 2006). Diversity order q0 do not consider species abundance 
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from the assemblages, thus representing species richness per se. Diversity order q1 is sensitive 

to species’ relative abundances, and this order indicates the number of abundant species from 

an assemblage. Diversity order q2 gives more weight to species abundance than q1 and indicate 

the number of dominant species. To obtain diversity numbers, we used individual-based 

approach, thus estimating diversity for each study habitat (i.e., calculating q0, q1, and q2 for 

conserved and disturbed Campinaranas). Diversity numbers were estimated for the entire 

assemblage and for each functional group (rollers, tunnellers, dwellers) separately. 

Comparisons of diversity between the conserved and disturbed Campinaranas were conducted 

based on the confidence intervals of the estimated diversity numbers, which were obtained in 

the software online iNEXT (Chao, 2022). The comparisons between habitats were analyzed 

based on confidence intervals. 

To assess the effect of habitat type on dung beetles’ abundance, total and mean biomass, 

both for the entire assemblage, and for each functional group, Generalized Linear Models with 

Mixed Effects (GLMM) and Linear Mixed Effects Models (LME) were used. Habitat type 

(conserved and disturbed Campinaranas) was the predictor variable, and abundance, total and 

mean biomass were the response variables. All the sampling sites are located near Negro river, 

which is an important biogeographic barrier for ecological communities of the region (Naka & 

Brumfield, 2018; Nazareno et al., 2019). Therefore, river margin was used as random effect in 

the models. Samples performed in Manacapuru municipality were located at the right margin 

of the Negro river, while samples located in Manaus and Itacoatiara municipalities were located 

at left margin of the river (Fig. 1). Proper models and data distribution families were used for 

each response variable, which were selected based on data normality and dispersion, 

homocedasticity, and outliers (see Supplementary material). GLMMs and LMEs were done 

with car, lme4, and MASS packages (Bates et al., 2022; Fox et al., 2022; Ripley et al., 2023) in 

R software version 4.2.0 (R Development Core Team, 2022). 
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 Nonmetric Multidimensional Scaling (NMDS) were performed to explore dung beetle 

assemblages (entire assemblage and for each functional group) sampled in conserved and 

disturbed Campinaranas. To statistically compare differences of dung beetle assemblages 

between habitat types, Permutational Analysis of Variance (PERMANOVA) were used. 

Furthermore, Permutational Analysis of Dispersion (PERMDISP) was performed to compare 

the heterogeneity of multivariate dispersion between habitat types. NMDS, PERMANOVA, 

and PERMDISP were performed using Bray-Curtis similarity matrix, which is sensitive to 

species abundance in each sample. NMDS was performed in PRIMER software version 6 

(Clarke & Gorley, 2006). PERMANOVA and PERMDISP were performed in vegan, permute, 

and lattice packages, in R software (Oksanen et al., 2022; R Development Core Team, 2022; 

Sarkar et al., 2022; Simpson et al., 2022). 

 Indicator Value method (IndVal) was used to assess the potential of each species as 

indicator of conserved or disturbed Campinaranas. This method was based on species 

abundances (specificity degree) and frequency (fidelity degree) throughout the samples. In this 

sense, species with high fidelity to one of the studied habitats (high abundance and frequency) 

were classified as indicators (Pimenta & De Marco, 2015; Gonçalves et al., 2022). IndVal was 

performed with indicspecies package in R software (Caceres et al., 2022; R Development Core 

Team, 2022). 

 

3. Results 

We collected a total of 2,051 individuals from 51 species and 16 genera of dung beetles 

(Table 1). In conserved Campinaranas, we collected 1,592 individuals (s = 43), while we 

collected 459 individuals (s = 11) in disturbed Campinaranas. In conserved Campinaranas 

Canthidium deyrollei Harold, 1867 (n = 479), Dichotomius lucasi (Harold, 1869) (n = 212), 

Hansreia grossi (Valois, Vaz-de-Mello e Silva, 2015) (n = 121), and Canthon sordidus Harold, 
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1868 (n = 112) were the most abundant species, representing 53% of the total individuals 

collected in this habitat (Fig. 2). In disturbed Campinaranas, the most abundant species were 

Pseudocanthon xanthurus (Blanchard, 1843) (n = 161), Canthon sp1 (n = 80), Canthon sp6 (n 

= 71), and Tetraechma liturata (Germar, 1822) (n = 60), which comprised 81% of the 

individuals collected in this habitat (Fig. 2). There was a total of 12 rare species (i.e., singleton 

or doubleton). Eleven rare species were exclusively found in conserved Campinaranas (Table 

1), and Canthidium cf. melanocephalum (Olivier, 1789), was the only rare species that co-

occurred in both habitat types. Sampling coverage was high for both conserved (99%) and 

disturbed (100%) Campinaranas. 

Among the functional groups, tunnellers were the more speciose (s = 26) and abundant 

(n = 985) dung beetles in the studied Campinaranas (Table 1). All tunneller species were 

recorded in conserved Campinaranas (n = 948), and only three of them (n = 37) were recorded 

in disturbed Campinaranas (C. cf. melanocephalum, Canthidium humerale (Germar, 1813), D. 

lucasi). Roller was the second most speciose (s = 17) and abundant (n = 926) functional group. 

Eleven of the roller species were recorded exclusively in conserved Campinaranas (n = 504) 

(Table 1), while six species were exclusively recorded in disturbed Campinaranas (n = 422). 

No roller species co-occurred in conserved and disturbed Campinaranas. Dweller dung beetles 

were the least speciose and abundant group in the studied sites (s = 6, n = 280), being collected 

exclusively in conserved Campinaranas. 

Due to the absence of dweller beetles in disturbed Campinaranas, no analyses were 

performed regarding the effect of habitat type on their diversity, abundance, biomass, or 

assemblage structure. 

 



17 
 

3.1. Diversity, abundance, and biomass 

Dung beetle species richness (q0) was higher in conserved Campinaranas compared to 

disturbed ones. Such difference was found both for the entire assemblage (Fig. 3A), as well as 

for the different functional groups (tunnellers – Fig. 3B, rollers – Fig.3C). Likewise, the number 

of abundant (q1) and dominant (q2) dung species were also higher in conserved than disturbed 

Campinaranas, being such pattern observed for the entire assemblage and for each functional 

group separately (Figs. 3D-I). Dung beetle abundance, total and mean biomass were also higher 

in conserved Campinaranas than in disturbed Campinaranas (Fig. 4). The only non-significant 

group was the roller species, being its abundance similar between conserved and disturbed 

Campinaranas (X²1 = 0.09; p = 0.76).  

 

3.2. Assemblage structure and indicator species 

Of the 51 species recorded in the studied Campinaranas, 40 were exclusively recorded 

at conserved Campinaranas and seven were exclusively recorded in disturbed Campinaranas 

(Fig. 2, Table 1). Only three species (C. humerale, C. cf. melanocephalum, and D. lucasi) co-

occurred in both Campinaranas. When analyzing the entire assemblage, dung beetle 

assemblage was structurally different between conserved and disturbed Campinaranas (Fig. 

5A, PERMANOVA: F1,21 = 7.05, P < 0.01). The same pattern was observed when analyzing 

roller (Fig. 5B, F1,21 = 6.61, P < 0.01) and tunneller (Fig. 5C, F1,13 = 3.44, P < 0.01) 

assemblages. Regarding the heterogeneity of the multivariate dispersion (PERMDISP), no 

statistical difference was found for the entire assemblage (F1,21 = 1.04, P = 0.30), as well as 

for roller (F1,21 = 0.04, P = 0.84) and tunneller (F1,13 = 0.03, P = 0.85) assemblages. 

Of all the collected species, 20 of them (39%) were categorized as indicator species, 14 

of them considered as indicator of conserved Campinaranas and six as indicators of disturbed 

Campinaranas (Table 2). 
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4. Discussion 

 

Tropical rainforests are especially sensitive to environmental transformations resulting 

from human activities (Araújo et al., 2014; Stratford & Stouffer, 2015; Chamberlain et al., 2017; 

Chaddad et al., 2022). The results of our study demonstrate that the deforestation of native 

Campinarana for the sand-extraction practice results in a novel and impoverished dung beetle 

assemblage. Except for the roller beetles, all other functional groups followed this marked 

decrease of diversity and abundance with the conversion of conserved into disturbed 

Campinarana, highlighting the harmful conditions posed by the transformation of this 

ecosystem. Such results are surprising, considering that disturbed Campinaranas are surrounded 

by conserved forest, which could promote the movement of species from conserved 

Campinaranas to the deforested ones.  

Dung beetle diversity was markedly reduced in disturbed Campinaranas s, presenting 

ca. 25% of the species richness found in conserved Campinaranas. Regarding the biotic 

homogenization of dung beetles in tropical rainforests, many abiotic (e.g., temperature) and 

biotic factors (e.g., resource availability) has been proposed as key parameters that drive species 

distribution (Edwards et al., 2017; Raine et al., 2018; Beiroz et al., 2019; Correa et al., 2020a; 

Daniel et al., 2022). The reduced diversity of dung beetles in disturbed Campinaranas may 

indicate that most of the species pool in this ecosystem are unable to use open-canopy habitats.  

In other tropical rainforests, the substitution of closed-canopy cover (as the one found in 

conserved Campinarana) by open-canopy cover (e.g. herbaceous, secondary vegetation, as the 

one found in disturbed Campinarana) lead to a reduced number of dung beetle species 

(Attuquayefio et al., 2017; Rajpar, 2018; Gomez-Cifuentes et al., 2020; Noriega et al., 2021).  

According to our results, we may propose that with the spread of deforestation in Campinaranas, 
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dung beetle diversity may suffer from a regional biotic homogenization process. Such trend has 

been already observed in other Amazon phytophysiognomies (Lees & Peres, 2006; Spaniol et 

al., 2020; Borges et al., 2021), as well as in other tropical rainforests (Pavlacky Jr et al., 2015; 

Zemanova et al., 2017; Tchoumbou et al., 2020). In a functional perspective, the decrease of 

dung beetle diversity has clear negative consequences on ecosystem functioning, limiting their 

roles in seed dispersal and soil bioturbation (Campos & Hernández, 2015; Gomez-Cifuentes et 

al., 2017; Correa et al., 2020a; Noriega et al., 2021; Stanbrook et al., 2021). Thus, one of the 

main threats that the decrease dung beetle diversity in disturbed   Campinaranas may come from 

the functions provided by these insects (Feer & Boissier, 2015; Batista et al., 2016; Daniel et 

al., 2022). Since reforestation practices are uncommon in this system, it is crucial to understand 

the dynamics of forest regeneration and how the services come along through such process.  

Abundance and biomass were also markedly reduced in deforested Campinaranas 

compared to conserved ones. In the current study, the species with highest biomass 

(Coprophanaeus lancifer (Linnaeus, 1767), Coprophanaeus jasius (Olivier, 1789), 

Dichotomius boreus (Olivier, 1789)) were collected exclusively in conserved Campinaranas, 

while some of the species with lowest biomass (e.g. T. liturata, P. xanthurus, Onthophagus 

bidentatus Drapiez, 1819) were more commonly found in disturbed Campinaranas. There are 

deforested ecosystems that encompass highly-abundant arthropods assemblages compared to 

its original vegetation (Adu-Acheampong et al., 2016; Kyerematen et al., 2018; Kyerematen et 

al., 2020). Nonetheless, most ecosystems present a decrease in abundance and biomass of dung 

beetles, which comes together with deforestation in the tropics (Nichols et al., 2007), as 

observed herein. The low abundance and biomass in deforested Campinaranas could reflect the 

limiting energetical and physiological scenario for the establishment of higher populations of 

the species found in this region. This limitation may be analyzed under two interesting 

perspectives: the resource avaiability and the thermo regulation.  
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The environmental conditions posed by the deforested Campinarana potentially result 

in an ecosystem with limited food availability, since mammals (main food providers of dung 

beetle, see Feer & Boissier 2015; Bogoni et al., 2016; Chiew et al., 2022) may avoid using this 

habitat. For conserved Campinaranas, previous studies reported the presence of the following 

mammals who habit in this habitat type, such as Pecari tajacu, Tayassu pecari, Alouatta 

seniculus, Cebus apella (Endo, 2005; Pontes et al., 2012; Caramaschi et al., 2013; Andrade 

Melo et al., 2015). Furthermore, the high light incidence and temperatures found in open-

canopy habitats cause rapid drought of juicy food resources as the excrements (Costa et al., 

2013; Gomez-Cifuentes et al., 2017; Correa et al., 2020b; Latha & Thomas, 2020), causing 

them to rapidly be unavailable for dung beetles.  

Besides the potential food limitation for dung beetles in deforested Campinarana, the 

higher temperatures found in open habitats compared to closed ones (Gomez-Cifuentes et al., 

2017; Correa et al., 2020a; Giménez-Gómez et al., 2020) work as a physiological barrier for 

larger dung beetles, which may not properly thermoregulate in warmer habitats (Gomez-

Cifuentes et al., 2017; Correa et al., 2020a; Giménez-Gómez et al., 2020). The scenario drawn 

by the dung beetle assemblages in deforested Campinarana are worrysome, in which we observe 

a decrease of both diversity, abundance, and biomass. As well as diversity, biomass and 

abundance are key factors for the provision of dung beetle services (Campos & Hernández, 

2015; Gomez-Cifuentes et al., 2017; Correa et al., 2020b; Noriega et al., 2021; Stanbrook et al., 

2021). With less and lower-biomass individuals, lower amounts of ecological services are 

performed (Campos & Hernández, 2015; Salomão et al., 2018; Correa et al., 2020a; Noriega et 

al., 2021). Under this rationale, our study reinforces the scenario of decreases of dung beetle 

activity with the loss of native vegetal cover in the tropics. Moreover, compared to other tropical 

rainforests (e.g. Carpio et al., 2009; Costa et al., 2013; França et al., 2018) Amazonian 
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ecological communities seems to be more sensitive, which may be a result of the still conserved 

status of its vegetation. 

While tunnellers and dwellers presented marked lower diversity and abundances in 

disturbed Campinaranas than conserved Campinaranas, roller beetles showed similar 

abundances in both studied habitats. This pattern was observed by the dominant species in each 

habitat type, with disturbed Campinaranas being dominated by roller species (Canthon species 

and P. xanthurus), while conserved Campinarana was dominated by species from different 

functional groups (tunneller – C. deyrollei, roller – C. sordidus, and dweller – Eurysternus 

atrosericus Génier, 2009). The relative small body size, high tolerance to sunlight exposure, 

and rapid resource removal are some aspects often inherent to roller dung beetles (Quintero & 

Roslin, 2005; Vieira et al., 2008; Peyras et al., 2013; Ribeiro et al., 2022). The roller species 

found in disturbed Campinaranas of the current study comprise some of the smallest dung 

beetles of the regional pool of species. It is important to consider that two of the most abundant 

roller species found in disturbed Campinaranas (P. xanthurus and T. liturata) are widespread 

species, being highly abundant in pastures of the different South American ecosystems (Silva 

et al., 2014; Rangel-Acosta et al., 2020; Nazare-Silva & Silva, 2021), which indicates that they 

are tolerant to open and anthropogenic sites. This could suggest that the abundant roller dung 

beetles found in disturbed Campinaranas comprise species that tolerate different environmental 

conditions, including the limiting ones found in deforested habitats of this study. By the 

functional approach used in this study, we presented trustworthy data indicating that although 

overall diversity and abundance is reduced in disturbed Campinaranas, there are a few roller 

species that thrive in this habitat type, presenting a relatively high abundance. This result seems 

to indicate that few widespread species allow the maintenance of a similar abundance of roller 

species between conserved and deforested habitats. 
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Assemblage structure was markedly distinct between conserved and disturbed   

Campinaranass, with only three of the 51 recorded species co-occurring in both studied habitats. 

Furthermore, the number of indicator species of conserved Campinaranas were higher than 

those of disturbed Campinaranas. Such pattern is in accordance to those observed in 

neighboring tropical ecosystems of South America. For example, the conversion of native 

tropical forests into plantation matrices (e.g. sugarcane), livestock, and urban ecosystems 

structured novel and markedly distinct dung beetle assemblages compared to those observed in 

conserved habitats (Farias & Hernández, 2017; Salomão et al., 2019; Correa et al., 2020b; 

Correa et al., 2021). Two possible dynamics may explain the patterns found herein, which come 

from the ecological dynamics of the Campinaranas, or from the expansion of deforestation of 

South American ecosystems. Since there are natural open habitats in tropical rainforests (e.g. 

forest clearings), there are dung beetle species that are adapted (and even specialized to dwell 

in such sites (Costa et al., 2013). Another hypothesis is that the expansion of deforestation, 

consequently increasing the amount of open habitats, results in the dispersal of species from 

neighboring savannah-like ecosystems (e.g. Cerrado and Tepuis) (Maldaner et al., 2021). These 

two hypotheses need to be carefully tested in order to present a clear assessment of the impacts 

of Campinarana habitat transformation. In spite of that, the distinct dung beetle assemblage and 

indicator species found in each Campinarana suggest that a species substitution process is the 

one that drives assemblage heterogeneity in this Amazonian mosaic of conserved and disturbed 

ecosystems.  

 

4.1. Conclusions and conservation implications 

 

The transformation of native forests due to human activities in the tropics is an example 

of the challenging issues for the establishment of sustainable land uses worldwide (Myers et 
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al., 2000). Amazon forest highlight due to the recent alarming growth of deforestation practices, 

which threatens its ecological communities (Fearnside, 2005; Garrett et al., 2021; López, 2022). 

Our findings demonstrate that Campinaranas are composed by sensitive dung beetle 

assemblages, which have low tolerance to the novel habitats that come from the deforestation 

practices. The disturbed   Campinaranas showed a marked turnover in species composition, 

with a drastic decrease of key species groups (e.g. tunnellers, dwellers, and large-bodied 

species). With this transformation of the original dung beetle assemblage, our results suggest 

that the structure and ecological functioning of Campinaranas are constrained after the removal 

of the original forest cover. Considering the imminent expansion of deforestation practices in 

tropical rainforests, it is of utmost importance to design strategies aiming to decrease the 

deleterious effects of deforestation in sensitive ecosystems as the Campinaranas.  

Finally, environmental restauration programs in deforested areas for mining activities, 

as well as studies of landscape ecology and long-term effects of habitat loss may be crucial for 

biodiversity conservation of Campinarana political scenario (Haddad et al., 2015; Arroyo-

Rodríguez et al., 2020; Fahrig, 2020).  In a study performed in a temperate ecosystem, Dulias 

(2010) provided cues indicating how the management and restoration of mining sites can 

promote biodiversity recovery. Thus, considering the alarming scenario of Campinarana 

deforestation, studies on ecological impacts of anthopic activities on biodiversity may assist to 

provide information that support public policies to mitigate ecological lossess causes by 

deforestation in this Amazonian ecosystem.  
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Figure captions 

Fig. 1. Map showing the 23 study sites (12 conserved Campinaranas and 11 disturbed 

Campinaranas) located in the municipalities of Manaus, Itacoatiara, and Manacapuru, in 

Central Amazon, Brazil. 

 

Fig. 2. Distribution of collected dung beetle species based on their abundance transformed in 

log (X + 1). Species recorded exclusively in one of the habitats are shown in black bars; species 

recorded in both habitats are shown in grey bars for the disturbed Campinaranas, and in white 

bars for the conserved Campinaranas. 

Fig. 3. Hill numbers of orders q0 (A-C), q1 (D-F), and q2 (G-I) comparing dung beetle diversity 

between conserved and disturbed Campinaranas, considering the entire assemblage and from 

each functional group (tunnellers and rollers). 

Fig. 4. Statistically significant effect of habitat type (conserved and disturbed Campinarana) on 

dung beetle abundance (A-B), total biomass (C-E), and mean biomass (F-H). 

Fig. 5. NMDS of dung beetle assemblages found in conserved in disturbed Campinaranas, 

considering the total assemblage (A), rollers (B), and tunnellers (C). 
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Table 1. Abundances, species mean biomass, and sample coverage of dung beetle species 

collected in conserved and disturbed Campinaranas in Central Amazon, Brazil. 

Species Mean 

biomass 

(g) 

Conserved 

Campinaranas  

Disturbed 

Campinaranas 

Total 

Ateuchus cereus (Harold, 

1868) 

0.015 

 

1 0 1 

Ateuchus globulus 

(Boucomont, 1928) 

0.004 

 

4 0 4 

Ateuchus murrayi (Harold, 

1868) 

0.007 

 

1 0 1 

Ateuchus pygidialis (Harold, 

1868) 

0.010 

 

4 0 4 

Canthidium aff. depressum 

(Boucomont, 1928) 

0.019 

 

4 0 4 

Canthidium cf. 

melanocephalum (Olivier, 

1789) 

0.012 

 

1 1 2 

Canthidium deyrollei Harold, 

1867 

0.009 

 

479 0 479 

Canthidium dohrni Harold, 

1867 

0.033 

 

2 0 2 

Canthidium humerale 

(Germar, 1813) 

0.004 

 

2 30 32 

Canthidium gr lentum 

Erichson, 1847 

0.020 

 

13 0 13 

Canthidium sp1 Erichson, 

1847 

0.019 

 

3 0 3 

Canthon quadrigutattus 

(Olivier, 1789) 

0.011 

 

84 0 84 

Canthon aff. subcyanaeus 

Erichson, 1848 

0.009 

 

 

0 8 8 

Canthon sp1 Hoffmannsegg 

1817 

0.006 

 

0 64 64 
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Species Mean 

biomass 

(g) 

Conserved 

Campinaranas  

Disturbed 

Campinaranas 

Total 

Canthon sp3 Hoffmannsegg 

1817 

0.007 

 

0 39 39 

Canthon sp6 Hoffmannsegg 

1817 

0.007 

 

0 67 67 

Canthon sordidus Harold, 

1868 

0.018 

 

129 0 129 

Canthon triangularis (Drury, 

1770) 

0.050 

 

8 0 8 

Coprophanaeus jasius 

(Olivier, 1789) 

0.724 

 

4 0 4 

Coprophanaeus lancifer 

(Linnaeus, 1767) 

2.852 

 

18 0 18 

Cryptocanthon peckorum 

Howden, 1973 

0.005 

 

7 0 7 

Deltochilum aspericolle Bates, 

1870 

0.046 

 

1 0 1 

Deltochilum femorale Bates, 

1870 

0.096 

 

4 0 4 

Deltochilum guyanense 

Paulian, 1933 

0.105 

 

29 0 29 

Deltochilum submetallicum 

(Castelnau, 1840) 

0.107 

 

6 0 6 

Dichotomius aff robustus 

(Lüederwaldt, 1935) 

0.163 

 

1 0 1 

Dichotomius boreus (Olivier, 

1789) 

0.715 

 

51 0 51 

Dichotomius lucasi (Harold, 

1869) 

0.060 

 

250 3 253 

Dichotomius mamilatus 

(Felsche, 1901) 

0.753 

 

2 0 2 
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Species Mean 

biomass 

(g) 

Conserved 

Campinaranas  

Disturbed 

Campinaranas 

Total 

Dichotomius quadrilobatus 

Chamorro, Lopera e Rossini, 

2021 

0.608 

 

6 0 6 

Dichotomius robustus 

(Lüederwaldt, 1935) 

0.076 

 

2 0 2 

Eurysternus atrosericus 

Génier, 2009 

0.008 

 

91 0 91 

Eurysternus cayennensis 

Castelnau, 1840 

0.024 

 

7 0 7 

Eurysternus caribaeus (Herbst, 

1789) 

0.081 

 

20 0 20 

Eurysternus foedus Guérin-

Ménéville, 1844 

0.114 

 

6 0 6 

Eurysternus gracilis Génier, 

2009 

0.017 

 

4 0 4 

Eurysternus hypocrita 

Balthasar, 1939 

0.137 

 

12 0 12 

Hansreia grossii Valois, Vaz-

de-Mello e Silva, 2015 

0.030 

 

128 0 128 

Isocopris nitidus 

(Luederwaldt, 1922)  

0.106 

 

1 0 1 

Ontherus aff appendiculatus 

(Mannerheim, 1829) 

0.038 

 

2 0 2 

Onthophagus bidentatus 

(Drapiez, 1819) 

0.008 

 

0 3 3 

Onthophagus rubrescens 

Blanchard, 1846 

0.003 

 

1 0 1 

Onthophagus sp Latreille, 

1802 

0.009 

 

13 0 13 
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Species Mean 

biomass 

(g) 

Conserved 

Campinaranas  

Disturbed 

Campinaranas 

Total 

Oxysternon festivum 

(Linnaeus, 1758) 

0.500 

 

14 0 14 

Phanaeus chalcomelas (Perty 

1830) 

0.209 

 

1 0 1 

Pseudocanthon xanthurus 

(Blanchard, 1845) 

0.003 

 

0 161 161 

Sylvicanthon proseni 

(Martínez, 1949) 

0.090 

 

81 0 81 

Sylvicanthon seag Cupello e 

Vaz-de-Mello, 2018 

0.036 

 

27 0 27 

Tetraechma liturata (Germar, 

1822) 

0.007 

 

0 83 83 

Uroxys sp1 Westwood, 1842 0.002 

 

59 0 59 

Uroxys sp2 Westwood, 1842 0.002 

 

9 0 9 

Total abundance  1.592 459 2.051 

Total species richness 

Sample coverage (%) 

 44 

99 

10 

100 

51 
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Table 2. Indicator Vale of dung beetle indicators of conserved and disturbed Campinaranas in Central 

Amazon. All species had its IndVal statistically distinct between habitat types (p < 0.05). 

Indicator species 

 

Conserved  

Campinaranas 

Disturbed 

Campinaranas 

Canthidium gr lentum  81.6  

Canthidium deyrollei   86.6  

Canthon quadrigutattus  81.6  

Canthon sordidus  81.6  

Canthon sp1  90.5 

Canthon sp2  

 

 60.3 

Canthon sp3   73.9 

Canthon sp6   67.4 

Coprophanaeus lancifer  76.4  

Deltochilum guyanense  64.5  

Dichotomius boreus  76.4  

Dichotomius lucasi  95.1  

Eurysternus atrosericus  81.6  

Eurysternus caribaeus  

 

76.4  

Hansreia grossii  81.6  

Oxysternon festivum  70.7  

Pseudocanthon xanthurus   85.3 

Sylvicanthon seag  64.5  

Tetraechma liturata   73.9 

Uroxys sp1  70.7  
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Supplementary material 

S1. Models used for GLMM and LME to assess the effects of habitat type on abundance, 

mean and total biomass. NA = model not performed. 

 

 

 

 

 

 

  

 

Response variable Model used Family distribution 

Variance 

structure 

Entire assemblage abundance Generalized Linear Mixed Model Negative binomial Standard 

Roller abundance Generalized Linear Mixed Model Negative binomial Standard 

Tunneller abundance Linear Mixed Effect Gaussian VarExp 

Dweller abundance NA NA NA 

Entire assemblage total biomass Linear Mixed Effect Normal VarIdent 

Roller total biomass Linear Mixed Effect Normal VarExp 

Dweller total biomass NA NA NA 

Tunneller total biomass Linear Mixed Effect Normal VarIdent 

Entire assemblage mean biomass Linear Mixed Effect Normal VarExp 

Roller mean biomass Linear Mixed Effect Normal VarExp 

Tunneller mean biomass Linear Mixed Effect Normal VarExp 

Dweller mean biomass NA NA NA 
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S2. Dung beetle species abundance in each of the 23 study sites (12 conserved and 11 disturbed Campinaranas).  

Species Conserved Campinarana Disturbed Campinarana Total 
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Ateuchus cereus         1                 1 
Ateuchus globulus          3   1             4 
Ateuchus murrayi        1                  1 
Ateuchus 

pygidialis  
2    2                    4 

Canthidium aff. 

depressum  
4                        4 

Canthidium cf. 

melanocephalum  
       1               1  2 

Canthidium 

deyrollei  
37 8 13 141   71 32 83 7 87              479 

Canthidium 

dohrni  
   

1    1 
                

2 

Canthidium 

humerale  
    1    1        7 23       32 

Canthidium gr. 

lentum  
3 1 1 1 4  1   1  1             13 

Canthidium sp1        2 1                 3 
Canthon 

quadrigutattus  
 11 2 6   17 6 17 2 23              84 

Canthon aff. 

Subcyanaeus  
             8           8 

Canthon sp1              1    4 33 3 9 3 1 10  64 
Canthon sp3                 2  7 1 1 1  27  39 
Canthon sp6             7 56 2  1 1       67 
Canthon sordidus  2 59  6   8 25 13 7 9              129 
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Species Conserved Campinarana Disturbed Campinarana Total 
Canthon 

triangularis  
 3 4 1                     

8 

Coprophanaeus 

jasius  
       1 3                

4 

Coprophanaeus 

lancifer  
 1  2 2 5 3    4 1             

18 

Cryptocanthon 

peckorum  
     6 1                  

7 

Deltochilum 

aspericolle  
 1                       

1 

Deltochilum 

femorale  
     4                   

4 

Deltochilum 

guyanense  
1 16  1  4      7             29 

Deltochilum 

submetallicum  
6                        6 

Dichotomius aff 

robustus  
  1                      1 

Dichotomius 

boreus  
9 11 2    2 12 14  1              51 

Dichotomius 

lucasi  
2 3 1 4 6 14 7 11 16 16 170     3         253 

Dichotomius 

mamilatus  
 2                       2 

Dichotomius 

quadrilobatus  
    4 2                   6 

Dichotomius 

robustus  

    1       1             2 
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Species Conserved Campinarana Disturbed Campinarana Total 
Eurysternus 

atrosericus  
1 30 15 4    8 3 3 27              91 

Eurysternus 

cayennensis 
  1  2 2      2             7 

Eurysternus 

caribaeus  
2 1 1  4 2     2 8             20 

Eurysternus 

foedus  
  3     2 1                6 

Eurysternus 

gracilis  
       3  1               4 

Eurysternus 

hypocrita  
5 4       3                12 

Hansreia grossii   8 2 11   13 77 10 4 3              128 
Isocopris nitidus 1                        1 
Ontherus aff. 

appendiculatus  
    1 1                   2 

Onthophagus 

bidentatus  
                3        3 

Onthophagus 

rubrescens  
           1             1 

Onthophagus sp 3 6 3      1                13 
Oxysternon 

festivum  
3 2 3  1 4   1                14 

Phanaeus 

chalcomelas  
1                        1 

Pseudocanthon 

xanthurus  
             82 7 1  3 10 1  3 54  161 

Sylvicanthon 

proseni  
    50 12      19             81 

Sylvicanthon seag  4 3 16   3      1             27 



48 
 

 

Species Conserved Campinarana Disturbed Campinarana Total 

Tetraechma 

liturata  
             8  1 7 19    9 39  83 

Uroxys sp1   4 1  15 2 29    8             59 
Uroxys sp2       4 1     4             9 
Total abundance 86 170 72 179 78 78 129 210 169 41 326 54 8 154 9 7 22 86 14 11 4 13 131  2.051 
Total species 

richness 
17 18 16 12 12 14 13 15 14 8 9 12 2 4 2 4 5 6 3 3 2 3 5  51 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 

 

 

  



53 
 

 

Figure 5 
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CONCLUSÕES 

 

Mudanças relativas as atividades humanas, como a extração de areia vêm ocorrendo cada vez 

mais em áreas de Campinaranas na Amazônia Central. Consequentemente, estas atividades 

impactam negativamente na biodiversidade local, o que pode acarretar no funcionamento dos 

ecossistemas. Nossa pesquisa constatou efeitos deletérios da transformação de hábitats nativos 

da Campinarana sobre a assembleia de rola bostas. Esta primeira avaliação dos impactos da 

transformação de habitats em Campinarana devido a mineração, sugerem que suas 

comunidades ecológicas são bastante sensíveis aos efeitos dessa atividade. É fundamental um 

maior planejamento para as atividades de extração de areia, incluindo a fase exploratória e pós-

exploratória, visando o acompanhamento e monitoramento destas atividades pelos órgãos 

ambientais públicos competentes. Exemplos em outros ecossistemas dentro e fora do Brasil 

(Dulias, 2010; Hernández et al., 2014) demonstram que o manejo e práticas de recuperação 

ambiental ativa e passiva em áreas de mineração podem promover o reestabelecimento de 

comunidades ecológicas equilibradas. Para alcançar uma recuperação efetiva e manutenção das 

Campinaranas, estudos espaço-temporais (e.g. estudos de cronossequencias e de ecologia de 

paisagem) necessitam ser realizados para uma compreensão mais fina das dinâmicas ecológicas 

neste ecossistema Amazônico. 

 

CONCLUSIONS 

 

Human changes, such as sand extraction activities, are increasing in Campinaranas of Central 

Amazonia. These activities impair local biodiversity and ecosystem functioning. Our research 

found deleterious effects on dung beetle assemblages, which resulted from the conversion of 

native Campinaranas into disturbed habitats. This first assessment of the impacts of habitat 

transformation in the Campinarana due to mining suggests that its ecological communities are 

quite fragile. A functional polytic planning is essential for sand extraction activities, including 

the exploratory and post-exploratory phases, following up and monitoring these activities by 

the competent public environmental agencies. Studies performed in other ecosystems (Dulias, 

2010; Hernández et al., 2014) demonstrate that the management and practices of active and 

passive environmental recovery in mining areas can promote the re-establishment of balanced 

ecological communities. To achieve an effective recovery and maintenance of the 
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Campinaranas, finer spatial and long-term studies (e.g. chronosequence and landscape ecology 

studies) need to be carried out for a finer understanding of the ecological dynamics in this 

Amazonian ecosystem. 


