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RESUMO GERAL 

 

Identificar áreas com alta riqueza de espécies e entender os fatores que determinam essa 

distribuição proporciona avanços teóricos e práticos para a conservação. Fatores ambientais, 

como variáveis climáticas e a disponibilidade de recursos, que variam em diferentes escalas 

espaciais, moldam a diversidade de espécies e refletem nas diferenças entre comunidades 

ecológicas. O estado do Acre, no sudoeste da Amazônia brasileira, exemplifica variação 

climática e ambiental significativa, com diversa cobertura florestal. Apesar da sua alta 

conservação, 13% da área perdeu a cobertura original devido a mudanças socioeconômicas. 

Organismos como formigas, com alta diversidade e rápida resposta a mudanças ambientais, são 

modelos ecológicos importantes devido à sua biomassa, papel na redistribuição de nutrientes e 

participação em diversas outras funções ecossistêmicas. Embora a fauna de formigas da região 

Neotropical tenha sua evolução associada a áreas de florestas, algumas espécies toleram 

variações ambientais maiores, sendo classificadas como generalistas ou especialistas em 

habitats abertos. Assim, esta tese apresenta dois capítulos originais organizados como 

manuscritos a serem enviados para revistas científicas, nos quais investigamos a diversidade e 

distribuição de formigas no sudoeste da Amazônia brasileira. Encontramos que a riqueza de 

espécies de formigas está associada ao aumento da cobertura florestal, especialmente para 

especialistas de floresta. Isso destaca a importância da conservação da cobertura florestal para 

a manutenção da biodiversidade de formigas e suas funções ecossitêmicas. A distância 

geográfica foi o principal fator determinante da composição de espécies de formigas, superando 

a influência da cobertura florestal e da precipitação, indicando a limitação na dispersão das 

formigas como um mecanismo importante na estruturação das comunidades. Os padrões de 

metacomunidade encontrados mostram que as comunidades locais são bem definidas e 

estruturadas por gradientes ambientais. Espécies com diferentes afinidades relacionadas ao uso 

de habitat apresentam mecanismos ecológicos diferentes na estruturação das metacomunidades. 

Os resultados encontrados nesta tese são úteis para orientar novos esforços de conservação e 

para entender os mecanismos que estruturam as comunidades de formigas. Ao utilizar a 

afinidade de uso de habitat das espécies de formigas, obtivemos uma visão detalhada das 

respostas específicas das espécies às mudanças ambientais. A conservação da cobertura 

florestal é necessária para manter a biodiversidade dessas espécies e os processos ecológicos 

fundamentais que elas desempenham, especialmente em áreas desmatadas e fragmentadas 

como a Amazônia. 

 

PALAVRAS-CHAVE: biodiversidade; distribuição; metacomunidades; gradientes 

ambientais; guildas de uso de habitat. 



GENERAL ABSTRACT 

 
Identifying areas with high species richness and understanding the factors that determine this 

distribution provide both theoretical and practical advancements. Factors such as temperature, 

precipitation, and forest cover, which vary geographically, shape species diversity and reflect 

differences among ecological communities. These characteristics exemplify local ecological 

constraints, influencing metacommunity dynamics. The state of Acre, in the southwestern 

Brazilian Amazon, exemplifies significant climatic and environmental variation with diverse 

forest cover. Despite conservation efforts, 13% of the area has lost its original cover due to 

socioeconomic changes. Organisms such as ants, with high diversity and rapid response to 

environmental changes, are important ecological models due to their biomass, role in nutrient 

redistribution, and participation in several other ecosystem functions. Although the ant fauna 

of the Neotropical region has evolved in forest areas, some species tolerate greater 

environmental variations, being classified as generalists or specialists in open habitats. Thus, 

this thesis presents two original chapters organized as manuscripts to be submitted to scientific 

journals. Here, we investigated the diversity and distribution of ants in the southwestern 

Brazilian Amazon. We found that ant species richness is associated with increased forest cover, 

especially for forest specialists. This highlights the importance of forest cover conservation for 

maintaining ant biodiversity. Geographic distance was the primary factor in ant species 

composition, surpassing the influence of forest cover and precipitation, indicating that dispersal 

limitation is an important mechanism in community structuring. Metacommunity patterns 

showed that local communities were well-defined and structured by environmental gradients. 

Habitat use guilds exhibited distinct responses to ecological mechanisms. The results of this 

thesis are useful for guiding new conservation efforts and understanding the mechanisms that 

structure ant communities. By using habitat use specificity or affinity, we obtained a detailed 

view of species-specific responses to environmental changes. The conservation of forest cover 

is necessary to maintain the biodiversity of ant species and the fundamental ecological 

processes they perform, especially in deforested and fragmented areas such as the Amazon. 

 

 
KEYWORDS: biodiversity; distribution; metacommunities; environmental gradients; habitat 

use guilds. 



IMPACTOS SOCIAIS, TECNOLÓGICOS, ECONÔMICOS E CULTURAIS 
 

 

 

O objetivo principal da tese foi identificar como as mudanças nas condições ambientais 

e na disponibilidade de recursos podem influenciar a diversidade de formigas em escalas 

espaciais regionais. Nesse contexto, nosso estudo representa o primeiro esforço documentado 

na região sudoeste da Amazônia brasileira para investigar os fatores que influenciam a 

diversidade de formigas em uma escala regional, considerando não apenas fatores climáticos, 

mas também o impacto da perda de cobertura florestal nos padrões de diversidade de formigas. 

Examinamos esse efeito em grupos de formigas com diferentes especificidades em relação as 

guildas de uso de habitat (especialistas de floresta, generalistas e especialistas de áreas abertas). 

Nossos achados fornecem informações valiosas sobre os padrões de diversidade e composição 

das formigas no sudoeste da Amazônia brasileira. Além disso, desenvolvemos diversos 

produtos relacionados a divulgação científica e comunicação pública da ciência, como um e- 

book intitulado “Formigas em cores”, com o objetivo de ampliar o conhecimento sobre a fauna 

de formigas brasileira e tentar desmistificar as percepções negativas associadas a elas. Até a 

presente data, 472 pessoas baixaram o livro por meio de um questionário online, e mais de 

1.295 pessoas acessaram o livro no ResearchGate (12 de julho de 2024). Participei também do 

podcast "Atiçando o Formigueiro" no episódio "Ciência para Além da Academia: 

Popularizando  o Conhecimento sobre Formigas", 

(https://open.spotify.com/episode/2NQoREmKZoJAu59sg28DsL?si=m6dN6z3IRr6zdGmsk6 

BlL), que teve um total de 54 acessos, com 92% de ouvintes do Brasil, 5% da Argentina e 2% 

da Austrália. Também contribuí para o desenvolvimento de jogos educativos, incluindo "Super 

Trunfo RESEX Chico Mendes", "Jogo da Memória - Descobrindo a Natureza", "Perfil 

Biológico – Explorando a Vida" e "Associação Ecológica – Descobrindo os Habitats". Esses 

jogos foram usados na Escola Estadual de Ensino Fundamental e Médio Rural Sandoval Batista 

de Araújo em agosto de 2022, envolvendo 150 estudantes do ensino fundamental em Assis 

Brasil, Acre. Além disso, participei do desenvolvimento do "Jogo da Memória - Formigas", 

disponível online (https://drive.google.com/file/d/1JZKeSdjHA7wOW5yLg15YtJyMPJSaq 

ChV/view), e utilizado na mesma escola, alcançando 30 estudantes do ensino fundamental. 

https://drive.google.com/file/d/1JZKeSdjHA7wOW5yLg15YtJyMPJSaqChV/view
https://drive.google.com/file/d/1JZKeSdjHA7wOW5yLg15YtJyMPJSaqChV/view


SOCIAL, TECHNOLOGICAL, ECONOMIC AND CULTURAL IMPACTS 
 

 

 

The main aim of the thesis was to identify how changes in environmental conditions and 

resource availability can influence ant diversity at regional spatial scales. In this context, our 

study represents the first documented effort in the Southwestern Amazon region of Brazil to 

investigate the factors influencing ant diversity on a regional scale, considering not only 

climatic factors but also the impact of forest cover loss on ant diversity patterns. We examined 

this effect on ant groups with different habitat guilds (forest specialists, generalists, and open- 

area specialists). Our findings provide valuable insights into the diversity and composition 

patterns of ants in the Southwestern Amazon region of Brazil. Additionally, we developed 

several products related to scientific outreach and public communication of science, such as an 

e-book entitled "Formigas em Cores," aimed at expanding knowledge about Brazilian ant fauna 

and attempting to demystify negative perceptions associated with them. To date, 472 people 

have downloaded the book via an online questionnaire, and over 1,295 people accessed the 

book on ResearchGate (July 12, 2024). I also participated in the podcast "Atiçando o 

Formigueiro" in the episode "Ciência para Além da Academia: Popularizando o Conhecimento 

sobre Formigas," (https://open.spotify.com/episode/2NQoREmKZoJAu59sg28DsL?si=m6d 

N6z3IRr6zdGmsk6BlL) which had a total of 54 accesses, with 92% of listeners from Brazil, 

5% from Argentina, and 2% from Australia. Furthermore, I contributed to the development of 

educational games, including "Super Trunfo RESEX Chico Mendes," "Jogo da Memória - 

Descobrindo a Natureza," "Perfil Biológico – Explorando a Vida," and "Associação Ecológica 

– Descobrindo os Habitats." These games were used at the Sandoval Batista de Araújo Rural 

Elementary and High School in August 2022, involving 150 elementary students in Assis 

Brasil, Acre. Additionally, I participated in the development of the "Jogo da Memória - 

Formigas,"(https://drive.google.com/file/d/1JZKeSdjHA7wOW5yLg15YtJyMPJSaqChV/vie 

w) available online, and used at the same school, reaching 30 elementary students. 
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INTRODUÇÃO GERAL 

 

Compreender padrões de diversidade e distribuição de espécies em diferentes 

escalas espaciais é um dos principais objetivos da ecologia, tanto pela sua importância 

teórica quanto para o desenvolvimento de estratégias de conservação (Blackburn and 

Gaston, 2006). Identificar áreas com alta riqueza de espécies e entender os fatores 

subjacentes que determinam essa distribuição em diferentes escalas espaciais (Arruda et al., 

2020; Deacon et al., 2020), promove um avanço teórico e prático sobre os principais 

determinantes da diferença na composição de espécies entre comunidades de uma região. 

Extensas distribuições geográficas proporcionam uma vasta gama de condições 

ambientais às quais as populações são expostas e que direcionam as diferenças entre as 

comunidades locais (Sites and Marshall, 2004). Alguns fatores climáticos, como temperatura 

e precipitação, além de disponibilidade de recursos, que variam com a extensão geográfica, 

ajudam a moldar a diversidade de espécies em escalas regionais (Hawkins et al., 2003; Solar 

et al., 2016), refletindo na diferença entre as comunidades ecológicas de ecossistemas com 

diferentes características (Andersen et al., 2015). Estas características são as restrições 

ecológicas de cada local, que podem ser exemplificadas pela quantidade e variedade de 

recursos, condições e interações entre as espécies (Loreau, 2000). 

Entender como fatores locais e regionais podem contribuir para a distribuição de 

espécies e assim influenciar na estrutura das comunidades é de extrema importância para a 

compreender a dinâmica das metacomunidades no tempo ou no espaço (Carolina et al., 2020; 

Dias-Silva et al., 2020). Dentre os diferentes processos que impulsionam a estrutura das 

metacomunidades, a filtragem de espécies (species sorting) e os efeitos de massa (mass 

effects) são os mais relatados (Cottenie, 2005), com ambos considerando a importância das 

condições ambientais. A distribuição de metacomunidades possui estreita relação com as 

condições ambientais locais e a capacidade de dispersão das espécies (Leibold et al., 2004), 

assim a heterogeneidade de uma região pode contribuir para que o ambiente molde a 

estrutura das metacomunidades locais. 

O estado do Acre, no sudoeste da Amazônia brasileira, é um exemplo de região que 

apresenta uma considerável variação climática e ambiental, com grande diversidade nos 

tipos de formações florestais (Daly and Silveira, 2008). Embora a cobertura vegetal 

permaneça bem conservada devido a um sistema integrado de Unidades de Conservação e 

terras indígenas, nos últimos anos, com o avanço das mudanças socioeconômicas, 13% da 

área total do estado não possui mais a sua cobertura florestal original (Acre, 2010). O clima 
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do estado é caracterizado por uma significativa sazonalidade, precipitação relativamente 

baixa em comparação com o padrão amazônico e solos formados por sedimentos argilosos- 

arenosos da formação Solimões, que variam de ricos a pobres em nutrientes (Bardales et al., 

2010). 

Nesse contexto, o estudo de organismos que são modelo ecológico por apresentarem 

alta diversidade, ampla distribuição e responderem de maneira rápida e previsível às 

alterações ambientais e ecológicas (McGeoch, 1998) traz aplicação prática para a biologia 

da conservação. As formigas são consideradas bons modelos ecológicos, devido a sua alta 

biomassa (Wilson and Holldobler, 2005), seu papel fundamental na redistribuição de 

nutrientes (Griffiths et al., 2018) e estão envolvidas em uma ampla gama de funções 

ecossistêmicas, incluindo predação, herbivoria, dispersão de sementes e associações 

mutualísticas com outros organismos (Arnan et al., 2012). Apesar da maioria da fauna de 

formigas da região Neotropical ter sua evolução associada a áreas de florestas (Moreau and 

Bell, 2013), algumas espécies podem tolerar variações maiores nas condições ambientais, 

sendo classificadas como generalistas ou especialistas em habitats abertos (Dutra et al., 

2023; Vasconcelos et al., 2018). A classificação das guildas de formigas com base na 

afinidade ao uso do habitat proporciona uma perspectiva mais clara de como essas mudanças 

afetam a composição da comunidade de formigas. Dado que as espécies respondem 

individualmente a novas condições, espera-se que os diferentes grupos de espécies de 

formigas por uso de afinidade de habitat tenham sua diversidade e distribuição afetadas de 

maneiras distintas por mudanças ambientais, sejam elas naturais (Vasconcelos et al., 2018) 

ou antrópicas (Dutra et al., 2023). Nesse sentido, esta tese apresenta dois capítulos originais 

organizados como manuscritos a serem submetidos a revistas científicas. O primeiro capítulo 

investiga os impulsionadores da diversidade de formigas em escala regional, considerando 

não apenas fatores climáticos, mas também o impacto da perda de cobertura florestal nos 

padrões de diversidade de formigas. O segundo capítulo explora os padrões e mecanismos 

de distribuição das espécies de formigas no sudoeste da Amazônia brasileira dentro de um 

contexto de metacomunidade. Além desses capítulos, a tese inclui esta introdução geral, a 

conclusão geral e os produtos de comunicação pública gerados ao longo do meu doutorado. 
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ABSTRACT 

 
 

Understanding the factors affecting species richness and composition in local 

communities is crucial for discerning differences among communities in a specific 

region. In large regions, a variety of environmental conditions shape diversity, 

reflecting the peculiarities of each location, such as available resources and species 

interactions. While many species are associated with forest habitats, some can adapt 

to open environments, reflecting how environmental changes affect ant assemblages. 

The southwestern Brazilian Amazon stands out for significant contrasts in 

precipitation and forest cover, with the drier and deforested east compared to the 

wetter and forested west. Thus, we investigated how precipitation, forest cover and 

spatial distance influence ant species richness and composition. We conducted the 

study in the state of Acre, selecting 16 collection areas. We collected 365 species, of 

which 151 were classified based on their habitat use. We observed that increased forest 

cover is directly related to increased ant species richness, especially for forest 

specialists, highlighting the sensitivity of these species to forest habitat loss or gain. 

Additionally, we found that spatial distance between communities plays a significant 

role in explaining variance in ant diversity, surpassing the influence of forest cover. 

However, species composition is still influenced by variability in forest cover and 

precipitation, even when controlling for geographical distance. Our results provide 

important insights into ant diversity and composition in the Amazon. We emphasize 

the importance of considering the different responses of ants to environmental factors, 

using habitat use guilds, to guide effective biodiversity conservation measures in the 

region. 

 

 
KEYWORDS: Beta diversity; Habitat use guilds; Neotropical region; Precipitation. 

Species richness. 
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1. Introduction 
 

Understanding the drivers of species richness and species composition 

among local communities within a common region is a central goal of macroecology 

(Blackburn and Gaston 2006; Gotelli et al. 2009; Martins et al. 2021; Jiménez‐Alfaro 

et al. 2023). The identification of areas with high species richness and the 

identification of underlying factors influencing this distribution (Leach et al. 2016; 

Deacon et al. 2020; Arruda et al. 2020) not only offer theoretical advances in 

understanding the differences in species composition among communities but also 

provide practical insights to guide conservationstrategies, especially in the face of 

increasing habitat loss (Arantes et al. 2018; Macedo- Reis et al. 2019; Pyles et al. 2020; 

Farneda et al. 2020). 

 

While precipitation and temperature are widely recognised as primary drivers 

of localdiversity across taxa (Gotelli et al. 2009; Prather et al. 2020; Korell et al. 2021), 

their influence is not always readily apparent, especially in studies considering limited 

climaticvariation due to their reduced scale (Field et al. 2009). However, in extensive 

geographical regions, a broader array of environmental conditions exist to which 

populations are exposed, influencing differences among local communities (Sites and 

Marshall 2004). Factors, such as land cover, climatic variables, and geographical 

characteristics that vary across geographic extents, contribute to shaping species 

diversityon large spatial scales (Hawkins et al. 2003; Solar et al. 2016), reflecting 

differences among ecological communities in ecosystems with distinct characteristics 

(Andersen et al. 2015). These characteristics represent the ecological constraints of 

each location, exemplified by the quantity and variety of resources, conditions, and 

interactions amongspecies (Loreau 2000). 

 

Ants, owing to their high diversity, wide distribution, and rapid, predictable 

responseto environmental and ecological changes, have been utilised as biological 

models in studies of ecology, macroecology, biogeography, and conservation biology 

(Wilson and Holldobler 2005; Lach et al. 2010; Griffiths et al. 2018). Thus, the 

diversity of ant specieson a global scale is determined by climate and landscape 

characteristics (Arnan et al. 2015; Andersen et al. 2015; Silva et al. 2018; Castro et al. 

2020; Dantas and Fonseca 2023). In the Neotropical region (e.g., Atlantic Forest, 

Amazon forest, and Cerrado – Brazilian savanna), factors such as altitude, 
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precipitation, and temperature have been identified as drivers of ant species diversity 

at regional scales (Silva and Brandão 2010; Vasconcelos et al. 2018; Lasmar et al. 

2021a, b). 

 

Although ant diversification in the Neotropical region is primarily associated 

with forest habitats (Moreau and Bell 2013), some species can tolerate more open 

habitats, making them generalists, while a few are specialists in open habitats (BAH! 

2023). These habitat use guilds offer a clearer perspective on how environmental 

changes, whether natural (Vasconcelos et al. 2018) or anthropogenic (Martins et al. 

2022; Dutra et al. 2023),affect the composition of ant assemblages. Forest specialist 

ants are more sensitive to changes in land use and habitat opening, reducing their 

richness in areas with low forest cover (Martins et al. 2022; Dutra et al. 2023). 

However, open habitat specialists and generalists tend to increase species richness in 

environments with a lower proportion of forest cover (Martins et al. 2022). 

 

In addition to exhibiting extensive climatic and vegetation variation, the 

Brazilian Amazon, the largest continuous area of tropical rainforest globally (Artaxo 

2023), is also a landscape in constant transformation, marked by a prominent 

deforestation gradient (INPE 2023) that holds crucial implications for global climate 

change (Monteverde et al.2022; Papastefanou et al. 2022). These changes are driven 

by land-use conversion systems and the abandonment of areas previously dedicated to 

agriculture and pastures (Chaddad et al. 2022, Nunes et al. 2022). Its southwestern 

portion, specifically in the stateof Acre, is a notable example of a region with marked 

differences in both precipitation and forest cover (Acre 2010). This variation is 

notable, ranging from the east, where the region is drier, to the west, where it becomes 

more humid (Duarte 2006). The same applies to the proportion of forest cover, with 

the eastern region experiencing more pronounced deforestation than the western 

region (Acre 2010; INPE 2023). 

 

Despite being recognised as one of the most extensive and biodiverse forests, 

the Amazon harbours vast areas that remain unsampled for taxa (Carvalho et al. 2023). 

In this context, our study represents the first documented effort in the region (Schmidt 

et al.2020) to investigate the drivers of ant diversity at a regional scale, considering 

not only climatic factors but also the impact of forest cover on ant diversity patterns. 

Our objectivewas to examine the influence of precipitation and forest cover proportion 
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on ant species richness and composition. We expected a positive effect of forest cover 

and precipitationon ant species richness (Vasconcelos et al. 2018; Costa and Schmidt 

2022; Parr and Bishop 2022). Additionally, we examined this effect for habitat use 

guilds, where forest specialist richness should respond positively to increased 

precipitation and forest cover, open habitat specialists should respond negatively, and 

generalists should not exhibit a great response (Martins et al. 2022; Dutra et al. 2023). 

For ant species composition, we expected to observe differences among the sampled 

ant assemblages, driven by variations in precipitation levels and forest cover 

proportions (Costa and Schimdt 2022). However,differences in species composition 

between two assemblages may also be influenced solely by the spatial distance 

between them (Soininen et al. 2018; Martins et al. 2022). Thus, we determined whether 

the change in species composition among ant assemblageswas due to climatic and 

forest cover differences or the spatial distance among them. 

 
2. Materials and Methods 

 
 

2.1. Study site 

 
 

We conducted our study in the state of Acre, which is in the southwestern 

Brazilian Amazon. Acre exhibits considerable climatic and environmental variation, 

withits vegetation organised along this geographical gradient, providing the state with 

a widediversity of forest types (Daly and Silveira 2008; Daly et al. 2016). This 

diversity rangesfrom upland forests with bamboo and palms and dense forests with 

continuous canopiesto vegetation complexes on white sand, known as 'campinas' and 

'campinaranas' (Acre 2010, Silveira 2005). The state has an equatorial climate that is 

hot and humid, with an average annual precipitation of 2,200-2,500 mm, with January 

being the rainiest month and July the driest (Alvares et al. 2013). The soils of the state 

are predominantly clay‒ sandy sediments from the Solimões Formation, covering 

almost the territory (80%), except for the northwestern region where Palaeozoic and 

Mesozoic rocks predominate (Bardales et al. 2010, Acre 2010). The relief of Acre is 

predominantly flat, with little altitude variation throughout the state, ranging from 

approximately 300 metres at the international borders to just over 110 metres at the 

boundaries with the State of Amazonas(Acre 2010). The hydrography of the state is 

characterised by the presence of four major basins—Acre, Purus, Juruá, and 
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Tarauacá—flowing towards the Amazon (Acre 2010), which were used to guide 

collection logistics throughout the state. 

 

2.2. Sampling design 
 

The sampling areas (16) (Table 1 – Supplementary Material) were delineated 

fromeast to west in the state of Acre to achieve a geographically representative range 

(Figure1) and capture the respective bioclimatic variations and forest cover changes in 

the studyregion. 

Ant sampling was carried out from 2014 to 2019, occurring in the dry season 

(between May and August) and in the rainy season (between December and March). 

Thislogistical approach was necessary because some areas are accessible only by land, 

whichbecomes nearly impossible during the rainy season. Conversely, other areas are 

accessibleonly by rivers, and during the dry season, the river levels become too low, 

causing accessto be challenging. 

Figure 1. Geographical distribution of the sampling areas throughout the state of Acre, 

southwestern Brazilian Amazon. The samplings were carried out from 2014 to 2019. 

Area1 was the first sample, and area 16 was the last. 
 

2.3. Sampling and identification of ants 

 

The sampling areas were in a forest habitat with a high level of canopy cover 
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(previously checked in Google Earth®) and a high level of conservation (according to 

reports by residents). In each sampling area, 10 plots were distributed along a transect 

of200 m. The plots had an area of 25 m2, and they were 20 m apart. 

In each plot, we installed a pitfall trap on the ground surface, one on the tree trunks, 

and one underground (Bestelmeyer et al. 2000; Ribas et al. 2003; Schmidt and Solar 

2010) and collected a 1 m2 litter sample (Bestelmeyer et al. 2000). The pitfall traps 

consisted of 300 ml plastic containers containing a lethal solution composed of water, 

glycerol (5%), and salt (0,9%), which remained in the field for 48 hours. Ants present 

inthe litter sample were collected using a mini-Winkler extractor, involving a 48-hour 

fauna extraction period (Bestelmeyer et al. 2000). The ants collected in both the pitfall 

traps andthe litter together formed the ant sampled for each plot, while the ants 

collected in the tenplots formed the ant assemblage for each sampling area, which 

resulted in 16 sample units. 

All the sampled ants were stored in containers with 90% alcohol for sorting, 

mounting, and identification in the laboratory. Specimens of each morphospecies from 

each sample were separated for mounting, forming a physical collection and project 

voucher specimens. 

We used the taxonomic keys available in Baccaro et al. (2015) to identify the 

ants.Ants belonging to the same genus were separated into morphospecies based on 

the similarity of their external morphology. Species-level identification was conducted 

at theMuseum of Zoology, University of São Paulo – MZUSP, through comparisons 

with specimens from the Ant Collection of the Insect Ecology Laboratory, Federal 

Universityof Acre – UFAC. Species-level determinations were carried out by Mônica 

Ulysseá, LíviaPrado, Otávio Silva, Victor Nagatani, and Esperidião Santos Neto. All 

collected ants weredeposited in the Ant Collection of the Insect Ecology Laboratory at 

UFAC. 

 

2.4. Set of variables 

 
To obtain precipitation data, we selected the following bioclimatic variables: 

annual precipitation, precipitation of the wettest month, and precipitation of the driest 

month, considering that precipitation is reported as an influencing factor on ant 

richness (Vasconcelos et al. 2018; Parr and Bishop 2022) (Table 2 – Supplementary 

Material). Wemanually extracted values of bioclimatic variables from each raster 

using the "extract" function from the R package "raster" (Hijmans 2020). This process 
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involved obtaining values using the geographical coordinates of the sampling areas as 

reference points. Thebioclimatic variables consisted of sets of raster layers with a 

spatial resolution of 1 km², which are available in WorldClim (Fick and Hijmans 

2017). 

To assess the forest cover surrounding the sampling areas, we measured the 

proportion of forest cover based on land use and land cover maps provided by 

MapBiomas (2024) using the "multi.land.mtrc" function in the R package 

"spatialEco" (Evans 2021). To do this, we created a buffer with a radius of 500 metres 

from the centralpoint of the transect. This radius was chosen because it represents a 

biologically relevantgeographic area for ants to interact with landscape elements 

through alate dispersal (Hölldobler and Wilson 1990) and for the coexistence of ant 

species in the area and theirability to disperse between habitat types (Spiesman and 

Cumming 2008; Schmidt et al. 2017). The extraction of the described variables was 

performed in R version 4.3.0 (R CoreTeam 2023). 

 

2.5. Habitat-use guilds definition 

 

To classify the ant fauna according to habitat-use guilds, we considered only 

antsidentified at the species level. This decision was made because ants identified at 

the species level provided more precise information about their habitat preferences, 

enabling more reliable classification. Initially, we assessed the habitat-use guilds 

provided by the BAH (2023). For ant species whose habitat-use guilds were not 

available, we applied themethod proposed by Dutra et al. (2024). 

 

2.6. Data analysis 

 

All analyses were performed in the R program version 4.3.0 (R Core Team 

2023).Initially, we tested the normality of the data using the Shapiro‒Wilk normality 

test. Subsequently, we performed Spearman correlation tests among the three 

bioclimatic variables: annual precipitation (Bio 12), precipitation of the wettest month 

(Bio 13), andprecipitation of the driest month (Bio 14). We established a reference 

criterion of 0,7 (p<0,05) for correlation, meaning that if the correlation between 

variables exceeded this value, we opted to select the variable we considered 

biologically more capable of explaining the observed patterns and having its use 

reported in previous studies (Vasconcelos et al. 2018). 

We found a high correlation between annual precipitation (Bio 12) and 
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precipitation in the wettest month (Bio 13) (0,94). Therefore, we decided to use only 

annual precipitation, as it was reported as an explanatory variable with a large 

influence on ant diversity at the regional scale (Vasconcelos et al. 2018). Additionally, 

we considered the precipitation of the driest month as an explanatory variable in the 

models,as it weakly correlated with annual precipitation (0,64). 

To assess the influence of annual precipitation, precipitation in the driest 

month, and forest cover on total ant species richness, we constructed generalised linear 

models (GLMs). We used the total ant species richness found in each sampling area 

as the response variable and annual precipitation, precipitation of the driest month, 

and forest cover proportion as explanatory variables. This model had a Poisson error 

distribution, and due to overdispersion observed in the residual analysis, we used a 

negative binomialerror distribution (Crawley 2013). 

We utilized the backwards selection regression 

approach for model simplification. Finally, if any explanatory variable 

significantly influenced the totalspecies richness or the species richness of habitat-use 

guilds, we tested which model bestexplained this relationship: the linear model or the 

"broken stick" model with a threshold.We used Akaike's information criterion (AIC), 

obtained through the R package"AICcmodavg" (Mazerolle 2023), as the selection 

criterion. If the difference between theAICs was greater than two, we chose the model 

with the lowest AIC. If the differencewas less than two, both models explained 

equally; thus, we opted for the simpler model. 

To estimate the species composition of ants, we calculated β diversity per area 

based on differences between them using the Sørensen dissimilarity index, obtained 

through the R package “betapart” (Baselga 2010) and utilising the 'beta.pair' function. 

The Sørensen dissimilarity index is a measure that ranges from identical sets (0) to 

completely different sets (1). We also partitioned βsør into its components, turnover 

(βsim) and nestedness (βnes), through the R package 'betapart', where βsim and βsne 

range from 0 (0%) to 1 (100%), indicating their relative contributions to βsør. βsim 

refersto species replacement, and βsne refers to species gain or loss (Baselga 2010). 

We used partial Mantel tests to evaluate whether differences in forest cover, annual 

precipitation, precipitation in the driest month, and spatial distance between sampling 

areas influencedβsør diversity and its components βsim and βsne (Legendre and 

Legendre 2012). 

We individually estimated differences in annual precipitation, precipitation in 
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thedriest month, and forest cover with the Euclidean distance of these variables 

between pairs of sampling locations, generating three matrices, one for each analysed 

variable. Weestimated spatial distance as the Euclidean distance between pairs of 

sampling locations using longitude and latitude in decimal degrees. 

We ran a partial Mantel test to estimate the effect of a predictor matrix 

(differencesin annual precipitation, precipitation of the driest month, forest cover, or 

spatial distance) on a response matrix (βsør dissimilarities, βsim, or βsne) while 

controlling for the effect of a third matrix (differences in annual precipitation, 

precipitation of the driest month, spatial dissimilarity, or differences in forest cover) 

(Legendre and Legendre, 2012). We estimated the partial Mantel association with 

Pearson's coefficient and assessed its significance with 9,999 permutations. We 

calculated partial Mantel tests separately for each response matrix for βsør, βsim, or 

βsne dissimilarities. 

We used variation partitioning to assess the contributions of differences in 

annual precipitation, precipitation in the driest month, forest cover, and spatial 

distances between sampling areas to calculate the proportion of variance in the 

dissimilarity indices of multiple sites. To do this, we performed variation partitioning 

with distance-basedredundancy analysis (dbRDA; Legendre and Anderson 1999) 

using dissimilarities of multiple sites as the response matrix and differences in annual 

precipitation, precipitationof the driest month, forest cover, and longitude of the 

sampling location as explanatory matrices. Similar to the partial Mantel test described 

above, we estimated the individual effect of each explanatory matrix on the response 

matrix, controlling for the effects of theother explanatory matrix. We described spatial 

distance only with longitude to avoid collinearity between latitude and longitude in 

the dbRDA. We assessed the significance of individual fractions with 9,999 

permutations. 

 

3. Results 

 

3.1. Ant fauna and habitat-use guilds 

 

We collected 365 ant species, 41% of which were identified at the species level 

and 59% of which were morphospecies. The ant species belonged to 59 genera and 

weredistributed across eight subfamilies, with Myrmicinae being the subfamily with 

the greatest number of species (215 species), followed by Formicinae (50), Ponerinae 

https://www.sciencedirect.com/science/article/pii/S1439179122000196?via%3Dihub&bib0050
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(45), Dolichoderinae (21), Ectatomminae (17), Dorylinae (7), Pseudomyrmecinae (6), 

Amblyoponinae (2), Proceratiinae (2), and Paraponerinae (1). Among the collected 

species, Pseudomyrmex crudelis, Strumigenys longispinosa, Strumigenys gundlachi 

and Stegomyrmex connectens were recorded for the first time in Brazil (Janicki et al. 

2023). Additionally, we recorded 30 new species in the State of Acre (Table 3 – 

SupplementaryMaterial). 

We classified 151 ant species based on their habitat use, where 102 species were 

identifiedas forest specialists, 45 species were identified as generalists, and four 

species were identified as open-area specialists. However, two species could not be 

classified due to alack of available information: Apterostigma jubatum Wheeler, 1925, 

and Paratrachymyrmex diversus (Mann, 1916). 

 
3.2. Ant species richness 

 

The total species richness of ants varied from 39 to 100 species per sampling 

area (62,31 ± 20,87 species). Among the set of explanatory variables (annual 

precipitation, precipitation of the driest month, and forest cover), we found only a 

positive relationshipbetween total ant species richness and percentage of forest cover 

(ꭓ²(1,14) = 6,63; p < 0,01;Figure 2). When assessing which model, linear or “broken 

stick”, best described the relationship between forest cover and total ant species 

richness, we observed that the difference in the AIC between the two models was 

greater than two (Figure 1 – Supplementary Material). Given this difference, we opted 

for the model with the lowest AIC, which was the linear model. 
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Figure 2. Relationship between total ant species richness and forest cover proportion 

(ꭓ²(1,14) =6.63; p < 0.01; R² = 0.294). Acre, southwestern Brazilian Amazon. *S. E: 

Standardised estimate. 

 
 

Considering the 151 species classified according to their habitat-use guilds, the 

ant species richness of forest specialists ranged from 8 to 32 (19,94 ± 6,32 species), 

the generalist species richness ranged from 4 to 16 (10,12 ± 3,18 species), and the 

open-areaspecialist species richness ranged from 0 to 2 (0,62 ± 0,62 species). 

According to the model constructed to verify the effects of annual 

precipitation, precipitation in the driest month, and forest cover on the species richness 

of ant habitat- use guilds, only forest cover (F(1,46) = 4,31; p < 0,03), habitat-use guilds 

(F(2,44) = 366,59;p < 0,05) and the interaction (Ϝ(2,42) = 8,92; p < 0,01) between 

these two factors significantly affected species richness. Thus, forest ant specialists 

increased the species richness with forest cover, but open-area ants and generalists 

decreased (Figure 3). 

When evaluating which model, linear or "broken stick," best describes the 

relationship between forest cover and the species richness of habitat-use guilds (forest 

specialists, open-area specialists, and generalists), the difference in AIC between the 

models was greater than two. For forest specialist species, the AIC of the linear model 
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was 108,245, and for the "broken stick" model, it was 111,756 (Figure 2 - 

SupplementaryMaterial). For the open-area specialist species, the AIC of the linear 

model was 32,392, and for the "broken stick" model, it was 35,556 (Figure 3 - 

Supplementary Material). Based on this analysis, we opted for the model with the 

lowest AIC, which was the linearmodel. For generalist species, the difference between 

the models was less than two, withthe AIC value for the linear model being 89,092 and 

the AIC for the "broken stick" modelbeing 89.703 (Figure 4 - Supplementary Material). 

Therefore, both models explained things equally, and we chose the linear model. 

 
 

 

Figure 3. Species richness of three habitat-use ant guilds with forest cover proportions 

in the southwestern Brazilian Amazon. Effects on ant species (Ϝ(2,42) = 8,92; p < 0,01). 
*S. E: Standardised estimate. Squares: forest specialists; circles: generalists; triangles: 

open area specialists. 

 

3.3. Ant species composition 
 

The βsør diversity ranged from 0,64 to 0,92 (0,77 ± 0,06), while its turnover 

component (βsim) ranged from 0,41 to 0,86 (0,71 ± 0,08), and its nestedness 

component(βsne) ranged from zero to 0,25 (0,04 ± 0,04), suggesting that a large 
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portion of the dissimilarity was due to species turnover areas among the ant 

assemblages. We found a positive correlation between βsne and forest cover (Figure 

4 C) and between βsne and precipitation in the driest month (Figure 5 F) when 

controlling for spatial distance (Table1). This meant that the difference in species 

composition between ant assemblages due todifferences in forest cover and rainfall in 

the dry season among sampled areas occurred due to the nestedness component. We 

also found that the greater the spatial distance between sampling areas was, the greater 

the βsim (Figure 4 F) while controlling for differences in precipitation in the driest 

month (Table 1). This meant that as the distancebetween locations increased, species 

communities became more distinct from each other,driven by the species turnover 

component even when conditions of rainfall in the driest month were similar. 

Table 1. The partial Mantel test was used to evaluate the relationships between forest 

cover differences and βsør, βsim, and βsne dissimilarities across sites while 

controlling for spatial distance [r M (ForCov | Spa)] (Figure 4 A, B, and C) and between 

spatial distance and βsør, βsim, and βsne dissimilarities across sites while controlling 

for forest cover differences [r M (Spa | ForCov)] (Figure 4 D, E, and F). We also 

assessed the relationships between annual precipitation differences and differences in 

precipitation in the driest month among sites and between βsør, βsim, and βsne 

dissimilarities across sites while controlling for spatial distance [r M (Bio12 | Spa); r M 

(Bio14 | Spa)] (Figures 5 A, B, C, D, E, and F) and between spatial distance and βsør, 

βsim,and βsne dissimilarities across sites while controlling for differences in annual 

precipitation (Bio 12) and precipitation in the driest month (Bio 14). Statistically 

significant partial Mantel correlations (r M) are in bold. ForCov: forest cover and Spa: 

spatial distance. 
 

Response 

Matrix 

Forest Cover 

Difference 

 

P 
Difference in 

Bio 12 

 

P 
Difference 

in Bio 14 

 

P 

 
r M (ForCov | Spa) 

 r M (Bio12 | 

Spa) 

 
r M (Bio14 | Spa) 

 

Βsør -0,01869 0,5588 -0,000165 0,4969 -0,2016 0,9038 
       

Βsim -0,1542 0,8947 -0,07995 0,7508 -0,3211 0,9915 
       

Βsne 0,2462 0,0294 0,1396 0,1104 0,3058 0,0125 

       

 r M (Spa | ForCov)  r M (Spa| Bio12)  r M (Spa| Bio14)  

Βsør 0,04755 0,3502 0,0463 0,3347 0,17 0,06 
       

Βsim 0,02306 0,4319 0,05074 0,3251 0,2386 0,0094 

       

Βsne 0,02118 0,3871 -0,03005 0,5868 -0,1982 0,9922 
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Figure 4. Relationships between forest cover differences (A, B, C) or spatial 

distances (D, E,F) and βsør dissimilarity (A, D), βsim (B, E), and βsne (C, F). 
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Figure 5. Relationship between the difference in annual precipitation (Bio 12) (A, 

B, C) or precipitation of the driest month (Bio 14) (D, E, F) and βsør dissimilarity 

(A, D), βsim (B, E),and βsne (C, F). 
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Spatial distance explained a greater proportion of the variance in βsør diversity 

and its turnover component (βsim) than forest cover did (Table 2). We also observed 

that spatialdistance, when controlling for annual precipitation (Bio12), also explained 

a greater proportion of the variance in βsør diversity (Table 2). This suggested that the 

geographicallocation of the studied areas were more crucial in explaining changes in 

ant species composition than forest cover and precipitation. However, for the 

nestedness component (βsne), differences in forest cover, annual precipitation, 

precipitation of the driest month,and spatial distance did not explain the variance 

proportion. 

Tabela 2. Variation partitioning assessing the individual and shared contributions of 

forest cover differences and βsør diversity and its components βsim and βsne while 

controlling for spatial distance (ForCov | Lon) and between spatial distance and βsør 

diversity and its components βsim and βsne while controlling for forest cover 

differences (Lon | ForCov). Individual and shared contributions of annual precipitation 

difference (Bio12) and βsør diversity and its components βsim and βsne while 

controlling for spatial distance (Lon | Bio12) and between spatial distance and βsør 

diversity and its components βsim and βsne while controlling for annual precipitation 

difference (Bio12 | Lon). Individual and shared contributions of the differences in the 

precipitation of the driest month (Bio14) and βsør diversity and its components βsim 

and βsne while controlling for spatial distance (Lon | Bio14) and between spatial 

distance and βsør diversity and its components βsim and βsne while controlling for 

the differences in precipitation of the driest month (Bio14 | Lon). Statistically 

significant adjusted coefficients of determination (R² adj) are in bold. ForCov: forest 

cover; Lon: spatial distance. 
 
 

Response matrix Explanatory matrix R² adj P 

Bsor (total) ForCov | Lon 0,05728 0,648 

Bsor (total) Lon | ForCov 0,08888 0,038 

Bsor (total) Shared fraction 0,14880  

Bsim (turnover) ForCov | Lon 0,03702 0,878 

Bsim (turnover) Lon | ForCov 0,10261 0,02 

Bsim (turnover) Shared fraction 0,14717  

Bsne (nestedness) ForCov | Lon 0,41119 0,08 

Bsne (nestedness) Lon | ForCov 0,04229 0,621 

Bsne (nestedness) Shared fraction 0,34008  

Bsor (total) bio12 | Lon 0,07142 0,354 

Bsor (total) Lon | bio12 0,08888 0,065 

Bsor (total) Shared fraction 0,15834  

Bsim (turnover) bio12 | Lon 0,07847 0,225 

Bsim (turnover) Lon | bio12 0,10261 0,032 

Bsim (turnover) Shared fraction 0,17982  

Bsne (nestedness) bio12 | Lon -0,04945 0,062 

Bsne (nestedness) Lon | bio12 0,04229 0,645 

Bsne (nestedness) Shared fraction -0,03210  
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To be continued… 

Bsor (total) bio14 | Lon 0,06785 0,848 

Bsor (total) Lon | bio14 0,08888 0,279 

Bsor (total) Shared fraction 0,14157  

Bsim (turnover) bio12 | Lon 0,06699 0,804 

Bsim (turnover) Lon | bio14 0,10261 0,132 

Bsim (turnover) Shared fraction 0,15183  

Bsne (nestedness) bio12 | Lon 0,13986 0,479 

Bsne (nestedness) Lon | bio14 0,04229 0,649 

Bsne (nestedness) Shared fraction 0,09443  

 

4. Discussion 
 

In this study, we determined that the increase in forest cover around the ant 

assemblages sampled is directly associated with an increase in ant species richness for 

both total species richness and forest specialist ants. This highlights the sensitivity of 

antspecies richness to forest habitat area (Ahuatzin et al. 2019; Costa & Schmidt 

2022), buthabitat-use guilds respond differently (Martins et al. 2022). 

Spatial distance is critical in explaining the variance in βsør diversity and its 

turnovercomponent (βsim), surpassing the contribution of forest cover. However, for 

the nestedness component (βsne), even when controlling for the influence of 

geographic distance, variability in forest cover and precipitation during the driest 

month directly influences the ant species composition among the ant assemblages. 

Thus, at the regional scale, the forest cover conservation level surrounding the 

ant assemblage sampled is a more crucial driving factor than precipitation-related 

variables for species richness. In turn, species composition variation among ant 

assemblages occursdue to increased geographic distance than differences in forest 

cover and precipitation. In the following sections, we present explanations and 

implications of these results. 

 

4.1. Ant fauna 

 

The collected data revealed the great diversity of ants in the southwestern 

Brazilian Amazon. Considering the number of ant species sampled (365), this study is 

themost comprehensive survey ever conducted on ant diversity in the region (Schmidt 

et al.,2020). Furthermore, it is worth noting that this study is pioneering in sampling 

ants acrossthe territory of Acre, greatly contributing to the advancement of knowledge 

about ant diversity, distribution, and ecology. By contributing to the record of 30 new 



41 
 

 

 

 

ant species for the state of Acre and four new records for Brazil, this work fills 

important gaps in antdiversity sampling in the region (Schmidt et al. 2020; Carvalho 

et al. 2023). 

 
4.2. Ant species richness, habitat-use guilds, and environmental variables 

 

Among the variables analysed (forest cover, annual precipitation, and 

precipitation of the driest month) in this study, we found a positive relationship 

betweenchanges in forest cover and ant species richness. The forest cover proportion 

has been identified as one of the major drivers of ant species diversity across spatial 

scales (Solar et al. 2016; Ahuatzin et al. 2019; Costa and Schmidt 2022; Martins et al. 

2022). This positive relationship can be attributed to the greater environmental 

heterogeneity in landscapes with greater forest cover, which implies an increase in 

habitat variations, resources and breeding sites (Ribas et al. 2003; Stein et al. 2014; 

Ortega et al. 2018) 

However, it is worth noting  that the species richness of ants is affected 

differentlydepending on the habitat-use guild. We observed that forest cover positively 

affects onlyforest specialists and not open-area specialists or generalists. This can be 

explained by the fact that the diversification of most ant species in the Neotropical 

region is associatedwith forest habitat (Moreau and Bell 2013). For the ants identified 

as generalists, we observed that they are present in all sampling areas, showing no 

crucial variations between these areas, indicating that they are less affected by changes 

in forest cover. This characteristic can be attributed to the ability of some generalist 

species to tolerate a widerange of environmental conditions, enabling them to exhibit 

plasticity that enables them to inhabit both forested and open habitats (Olden and 

Rooney 2006; Vasconcelos et al. 2018; Kramer et al. 2023). This adaptive capacity 

may give these species an advantage inthe face of changes in land use and land cover 

(Paolucci et al. 2017; Martins et al. 2022;Dutra et al. 2023). Finally, the richness of 

open area specialists remained low across sampling areas; however, this habitat-use 

guild may surpass forest specialist richness in landscapes with low forest cover (e.g., 

below 20%) (Martins et al., 2022), in forest areasdegraded by fire (Paolucci et al., 

2017), and in pasture areas (Sales and Schmidt 2023; Dutra et al. 2023). 

 

4.3. Ant species composition and environmental variables 
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We observed that the variation in ant community composition is more 

influencedby geographic location than by habitat characteristics, such as forest cover 

or variations in precipitation. Spatial distance is critical in explaining the variance in 

β diversity and its turnover component (βsim), surpassing the contribution of forest 

cover. This indicatesthat the distance between sampling areas influences dissimilarity 

more than the area of forest cover. This could be expected because we sampled ants 

exclusively from the foresthabitat; however, for species richness, the proportion of 

around-forest cover matters, andbecause the sampling areas present the same habitat 

type, forest cover is not a limiting factor for species composition. 

 

The difference in species composition among ecological communities within 

a common landscape may arise from at least three processes: i) differences in 

environmental characteristics, ii) spatial configuration of the landscape, and iii) 

limitations in the dispersal capacity of organisms (Soininen et al. 2018). Given that 

the variation in total beta diversity (βsør) and its turnover component (βsim) is 

primarily driven by spatial distance, we identified the limitation in the dispersal 

capacity of ant species (Hölldobler and Wilson 1990) as the primary mechanism for 

variation in speciescomposition among the 16 ant assemblages sampled in the region. 

Of the 365 ant species collected, 217 are restricted to one or two sample areas, 

indicating a large limitation in the geographic dispersal capacity of these species. 

Additionally, only four species exhibited a broader distribution, occurring in more 

than 10 sample areas. These four species are Neoponera apicalis, Mayaponera 

constricta, and Camponotus atriceps, which occur in 11 areas, while the species 

Odontomachus bauri is found in 12 areas. 

 

In areas characterised by forested landscapes, where there is little variation in 

tree quantity and structure and canopy opness (i.e., little environmental variation) 

among theareas, the mechanism responsible for differences in species composition 

among assemblages may be the limitation of the dispersal capacity of ant species 

(Schmidt et al. 2017). Thus, the difference in species composition among ant 

assemblages is associated with processes of ecological drift, dispersal, and random 

speciation (Soininen et al. 2007).However, the passage of four major hydrographic 

basins in the study region (Acre 2010)is also a factor that potentially contributes to 

restricting the dispersal capacity of ant species, resulting in differences in species 
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composition among assemblages. 

 
5. Conclusion 

 

Our findings provide valuable insights into the diversity and composition 

patterns of ants in the southwestern Brazilian Amazon. The association between 

increased forest cover and species richness, particularly for forest specialists, 

highlights the sensitivity ofant species to land use changes. However, geographic 

distance emerged as a primary factor in determining species composition variation, 

surpassing the influence of forest cover and precipitation variables. Moreover, we 

can assert that the limitation of ant dispersal capacity is a crucial mechanism in 

structuring the region's communities. Therefore, our results emphasise not only the 

importance of forest cover to species diversity within each habitat type but also the 

response patterns of each species group tochanges in forest cover. The use of habitat- 

use ant guilds favours a more detailed analysisand underscores the need for different 

approaches in management and conservation, considering the response dynamics of 

ants to environmental factors, which can further enhance biodiversity preservation 

strategies in the studied region. 

The richness and composition of communities are influenced by factors at both 

localand regional scales. While local forest cover is a critical determinant of richness 

at the transect scale, regional analysis revealed the importance of dispersal and 

regional variables such as distance. The potential loss of forest cover at regional scales 

may intensify these dynamics, exacerbating impacts on species composition and 

overall biological diversity. This understanding not only broadens our insight into 

underlying ecological processes but also provides valuable insights for conservation 

and ecosystem management. In summary, by recognising the interdependence 

between scales and processes, we are better equipped to develop effective 

conservation strategies that consider both local and regional aspects of biodiversity. 

Therefore, our results emphasisenot only the importance of forest cover to species 

diversity within each habitat type but also the response patterns of each species group 

to changes in forest cover. 
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SUPPLEMENTARY MATERIAL 

 

Table 1. Location and characterisation of the forest formation in the areas where 

antcollections were carried out in the state of Acre, Brazil. 

 

Area Municipality Forest formation* Geographic coordinates 

 

1 
 

Manoel Urbano 
Open Alluvial Rainforest 

with Palms 

 

09° 35'02,4"S 70°01'55,0"W 

 

2 

 

Manoel Urbano 
Open Alluvial Rainforest 

with Palms 

 

09° 22'47,5"S 69°55'45,0"W 

 

3 
 

Bujari 
Open Lowland Rainforest 

with Palms 

 

09° 58'00,7"S 68°03'47,5"W 

 

4 
 

Xapuri 
Open Lowland Rainforest 

with Bamboo 

 

10° 25'46,7"S 68°27'48,1"W 

 

5 

 

Sena Madureira 
Dense Lowland Rainforest 

with Bamboo 

 

09° 20'41,4"S 68°17'49,1"W 

 

6 

 

Cruzeiro do sul 
Campinarana: Palm-free 

Forest 

 

07° 28'48,5"S 72°54'01,5"W 

 

7 

 

Mâncio Lima 
Open Lowland Rainforest 

with Palms 

 

07° 25'27,1"S 73°39'42,4"W 

 

8 
Marechal 

Thaumaturgo 

Open Lowland Rainforest 

with Bamboo 

 

09° 04'34,5"S 72°14'46,0"W 

 

9 
 

Assis Brasil 
 

Dense Lowland Rainforest 
 

10° 40'21,5"S 69°36'02,9"W 

 

10 

 

Sena Madureira 
Open Lowland Rainforest 

with Bamboo 

 

09° 07'53,0"S 68°57'12,6"W 

 

11 
 

Jordão 
Open Alluvial Rainforest 

with Palms 

 

08° 01'39,3"S 70°40'52,5"W 

 

12 
 

Jordão 
Open Alluvial Rainforest 

with Palms 

 

08° 45'04,7"S 71°44'09,0"W 

 

13 
 

Feijó 
Open Lowland Rainforest 

with Palms 

 

08°36’48,1”S 70°31’28,9”W 

 

14 

 

Assis Brasil 
Open Alluvial Rainforest 

with Palms 

 

11°03’06,6”S 70°12’55,6”W 

 

15 
 

Envira 
Open Alluvial Rainforest 

with Palms 

 

07°30’07”S 70°03’54”W 

 

16 

 

Jordão 
Open Alluvial Rainforest 

with Palms 

 

09° 25'58,4"S 71°53'8,53"W 

* Classification according to the Brazilian Institute of Geography and Statistics 

(IBGE),2016. 
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Table 2. Forest cover variables, annual precipitation, precipitation in the rainy 

month, and precipitation in the dry month of collection areas distributed throughout 

the state ofAcre, Brazil. 

 

Watershed Watershed 

portion 

Municipality Forest 

Cover 

(%) 

Bio12 

(Annual 

Precipitation 
- mm) 

Bio13 (Rainy 

Month 

Precipitation 
- mm) 

Bio14 (Dry 

Month 

Precipitation 
- mm) 

Tarauacá High Jordão 73,71 1700 260 39 

Tarauacá Low Jordão 76,92 2115 321 46 

Tarauacá Medium Jordão 89,44 1690 250 40 

Juruá Low Cruzeiro do sul 91,78 2263 290 61 

Juruá Medium Mâncio Lima 90,73 2585 338 87 

Juruá High Marechal 

Thaumaturgo 

80,57 1762 268 40 

Acre Low Bujari 63,19 1892 283 38 

Acre Medium Xapuri 93,49 2115 339 28 

Acre High Assis Brasil 96,17 1686 240 17 

Acre High II Assis Brasil 99,57 1530 220 18 

Purus High Chandless 85,20 1376 222 27 

Purus Medium Chandless 96,80 1455 236 29 

Purus Low I Sena 

Madureira 

53,39 1773 261 31 

Purus Low II Sena 

Madureira 

90,73 1956 273 33 

Envira High Feijó 93,69 2034 320 38 

Envira Low Envira 56,40 2263 340 39 
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Table 3. List of ant species and habitat use guilds collected in the southwestern 

Brazilian Amazon. *First record of the species in the state of Acre (Janicki et al., 

2023). 
Species Habitat Affinity 

Amblyoponinae (2)  

Prionopelta aff. amabilis - 

Prionopelta aff. dubia - 

Dolichoderinae (21)  

Azteca sp.1 - 

Azteca sp.2 - 

Azteca sp.3 - 

Azteca sp.4 - 

Azteca sp.5 - 

Dolichoderus attelaboides (Fabricius, 1775) Forest Specialist 

Dolichoderus bidens (Linnaeus, 1758) Forest Specialist 

Dolichoderus bispinosus (Olivier, 1792) Forest Specialist 

Dolichoderus decollatus Smith, 1858 Generalist 

Dolichoderus diversus Emery, 1894 Generalist 

Dolichoderus imitator Emery, 1894 Generalist 

Dolichoderus inermis MacKay, 1993 Forest Specialist 

Dolichoderus laminatus* (Mayr, 1870) Generalist 

Dolichoderus lutosus (Smith, 1858) Generalist 

Dolichoderus mesonotalis Forel, 1907 Open Area Specialist 

Dolichoderus rugosus (Smith, 1858) Forest Specialist 

Dolichoderus septemspinosus Emery, 1894 Forest Specialist 

Dolichoderus sp.1 - 

Linepithema sp.1 - 

Linepithema sp.2 - 

Tapinoma melanocephalum (Fabricius, 1793) Generalist 

Dorylinae (7)  

Eciton burchellii (Westwood, 1842) Generalist 

Eciton rapax Smith, 1855 Forest Specialist 

Labidus coecus (Latreille, 1802) Generalist 

Labidus praedator (Smith, 1858) Forest Specialist 

Labidus sp.1 - 

Neivamyrmex sp.1 - 

Nomamyrmex hartigii (Westwood, 1842) Generalist 

Ectatomminae (17)  

Acanthoponera mucronata (Roger, 1860) Generalist 

Alfaria falcifera (Kempf, 1967) Forest Specialist 

Alfaria minuta Emery, 1896 Forest Specialist 

Ectatomma edentatum Roger, 1863 Generalist 

Ectatomma lugens Emery, 1894 Forest Specialist 
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To be continued...  

Ectatomma tuberculatum (Olivier, 1792) Generalist 

Gnamptogenys acuminata (Emery, 1896) Generalist 

Gnamptogenys cf. continua - 

Gnamptogenys haenschi (Emery, 1902) Forest Specialist 

Gnamptogenys kempfi* Lenko, 1964 Forest Specialist 

Gnamptogenys regularis Mayr, 1870 Forest Specialist 

Gnamptogenys sp.1 - 

Gnamptogenys sp.2 - 

Holcoponera moelleri Forel, 1912 Generalist 

Holcoponera relicta* (Mann, 1916) Forest Specialist 

Holcoponera striatula (Mayr, 1884) Forest Specialist 

Poneracantha triangularis (Mayr, 1887) Forest Specialist 

Formicinae (50)  

Acropyga sp.1 - 

Acropyga sp.2 - 

Brachymyrmex cavernicola Wheeler, 1938 Forest Specialist 

Brachymyrmex coactus* Mayr, 1887 Forest Specialist 

Brachymyrmex sp.1 - 

Brachymyrmex sp.2 - 

Brachymyrmex sp.3 - 

Brachymyrmex sp.4 - 

Camponotus ager (Smith, 1858) Forest Specialist 

Camponotus atriceps (Smith, 1858) Generalist 

Camponotus bidens Mayr, 1870 Forest Specialist 

Camponotus blandus (Smith, 1858) Generalist 

Camponotus cacicus Emery, 1903 Forest Specialist 

Camponotus cf. bidens - 

Camponotus depressus Mayr, 1866 Forest Specialist 

Camponotus femoratus (Fabricius, 1804) Generalist 

Camponotus latangulus Roger, 1863 Forest Specialist 

Camponotus mirabilis Emery, 1903 Forest Specialist 

Camponotus rufipes (Fabricius, 1775) Generalist 

Camponotus sp.1 - 

Camponotus sp.2 - 

Camponotus sp.3 - 

Camponotus sp.4 - 

Camponotus sp.6 - 

Camponotus sp.7 - 

Camponotus sp.8 - 

Camponotus sp.9 - 

Camponotus sp.10 - 

Camponotus sp.12 - 
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Camponotus sp.13 - 

Camponotus sp.14 - 

Camponotus sp.15 - 

Camponotus sp.16 - 

Camponotus sp.17 - 

Camponotus sp.18 - 

Camponotus sp.19 - 

Camponotus sp.20 - 

Camponotus sp.21 - 

Camponotus sp.22 - 

Camponotus sp.23 - 

Camponotus sp.24 - 

Camponotus sp.25 - 

Camponotus sp.26 - 

Gigantiops destructor (Fabricius, 1804) Forest Specialist 

Nylanderia sp.1 - 

Nylanderia sp.2 - 

Nylanderia sp.3 - 

Nylanderia sp.4 - 

Nylanderia sp.5 - 

Nylanderia sp.6 - 

Myrmicinae (215)  

Acromyrmex coronatus (Fabricius, 1804) Forest Specialist 

Acromyrmex hystrix* (Latreille, 1802) Generalist 

Acromyrmex sp.1 - 

Acromyrmex sp.2 - 

Acromyrmex subterraneus (Forel, 1893) Open Area Specialist 

Apterostigma aff. peruvianum - 

Apterostigma auriculatum Wheeler, 1925 Forest Specialist 

Apterostigma ierense* Weber, 1937 Forest Specialist 

Apterostigma jubatum Wheeler, 1925  

Apterostigma pilosum* Mayr, 1865 Generalist 

Apterostigma sp.1 - 

Apterostigma sp.2 - 

Apterostigma sp.3 - 

Apterostigma sp.4 - 

Apterostigma urichii* Forel, 1893 Forest Specialist 

Atta laevigata (Smith, 1858) Open Area Specialist 

Atta sexdens (Linnaeus, 1758) Generalist 

Atta sp.1 - 

Atta sp.2 - 

Carebara sp.1 - 
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Carebara sp.2 - 

Carebara sp.3 - 

Carebara sp.4 - 

Cephalotes atratus (Linnaeus, 1758) Generalist 

Cephalotes clypeatus (Fabricius, 1804) Generalist 

Cephalotes complanatus (Guérin-Méneville, 1844) Forest Specialist 

Cephalotes laminatus (Smith, 1860) Forest Specialist 

Cephalotes opacus Santschi, 1920 Forest Specialist 

Cephalotes pallidus* De Andrade, 1999 Open-area Specialist 

Cephalotes pavonii (Latreille, 1809) Forest Specialist 

Cephalotes placidus (Smith, 1860) Generalist 

Cephalotes spinosus (Mayr, 1862) Forest Specialist 

Cephalotes umbraculatus (Fabricius, 1804) Generalist 

Crematogaster brasiliensis Mayr, 1878 Forest Specialist 

Crematogaster flavosensitiva Longino, 2003 Forest Specialist 

Crematogaster nigropilosa Mayr, 1870 Generalist 

Crematogaster sp.1 - 

Crematogaster sp.2 - 

Crematogaster sp.3 - 

Crematogaster sp.4 - 

Crematogaster sp.5 - 

Crematogaster sp.6 - 

Crematogaster sp.7 - 

Crematogaster sp.8 - 

Crematogaster sp.9 - 

Crematogaster sp.10 - 

Crematogaster sp.11 - 

Crematogaster sp.12 - 

Crematogaster sp.13 - 

Crematogaster sp.14 - 

Crematogaster sp.15 - 

Crematogaster sp.16 - 

Crematogaster sp.17 - 

Crematogaster sp.18 - 

Crematogaster sp.19 - 

Crematogaster sp.20 - 

Crematogaster sp.21 - 

Crematogaster sp.22 - 

Crematogaster sp.23 - 

Crematogaster sp.24 - 

Crematogaster sp.25 - 

Crematogaster sp.26 - 
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Crematogaster stollii Forel, 1885 Generalist 

Cyphomyrmex costatus* Mann, 1922 Forest Specialist 

Cyphomyrmex hamulatus* Weber, 1938 Forest Specialist 

Cyphomyrmex laevigatus Weber, 1938 Forest Specialist 

Cyphomyrmex rimosus (Spinola, 1851) Generalist 

Cyphomyrmex sp.1 - 

Cyphomyrmex sp.2 - 

Cyphomyrmex sp.3 - 

Cyphomyrmex sp.4 - 

Cyphomyrmex sp.5 - 

Cyphomyrmex sp.6 - 

Cyphomyrmex sp.7 - 

Hylomyrma blandiens Kempf, 1961 Forest Specialist 

Hylomyrma immanis Kempf, 1973 Forest Specialist 

Hylomyrma marielleae Ulysséa, 2021 Forest Specialist 

Lachnomyrmex pilosus* Weber, 1950 Forest Specialist 

Leptogenys sp.1 - 

Megalomyrmex ayri Brandão, 1990 Forest Specialist 

Megalomyrmex drifti* Kempf, 1961 Forest Specialist 

Megalomyrmex incisus* Smith, 1947 Forest Specialist 

Megalomyrmex leoninus Forel, 1885 Forest Specialist 

Megalomyrmex sp.n - 

Megalomyrmex wallacei* Mann, 1916 Forest Specialist 

Monomorium pharaonis (Linnaeus, 1758) Generalist 

Mycetomoellerius farinosus (Emery, 1894) Forest Specialist 

Mycetophylax faunulus (Wheeler, 1925) Forest Specialist 

Mycocepurus smithii (Forel, 1893) Generalist 

Myrmicocrypta sp.1 - 

Myrmicocrypta sp.2 - 

Myrmicocrypta sp.3 - 

Nesomyrmex sp.n - 

Ochetomyrmex neopolitus Fernández, 2003 Forest Specialist 

Ochetomyrmex semipolitus Mayr, 1878 Generalist 

Octostruma balzani (Emery, 1894) Forest Specialist 

Octostruma betschi Perrault, 1988 Forest Specialist 

Octostruma iheringi (Emery, 1888) Forest Specialist 

Octostruma obtusidens* Longino, 2013 Forest Specialist 

Octostruma pexidorsum* Longino, 2013 Forest Specialist 

Octostruma sp.1 - 

Paratrachymyrmex mandibularis* (Weber, 1938) Forest Specialist 

Paratrachymyrmex diversus (Mann, 1916)  

Pheidole astur Wilson, 2003 Forest Specialist 
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Pheidole bufo Wilson, 2003 Forest Specialist 

Pheidole cataractae Wheeler, 1916 Forest Specialist 

Pheidole fimbriata Roger, 1863 Forest Specialist 

Pheidole lancifera Wilson, 2003 Forest Specialist 

Pheidole leonina Wilson, 2003 Forest Specialist 

Pheidole lovejoyi Wilson, 2003 Forest Specialist 

Pheidole radoszkowskii Mayr, 1884 Generalist 

Pheidole sensitiva Borgmeier, 1959 Forest Specialist 

Pheidole sp.2 - 

Pheidole sp.3 - 

Pheidole sp.4 - 

Pheidole sp.5 - 

Pheidole sp.6 - 

Pheidole sp.8 - 

Pheidole sp.10 - 

Pheidole sp.12 - 

Pheidole sp.13 - 

Pheidole sp.16 - 

Pheidole sp.17 - 

Pheidole sp.18 - 

Pheidole sp.19 - 

Pheidole sp.20 - 

Pheidole sp.21 - 

Pheidole sp.23 - 

Pheidole sp.25 - 

Pheidole sp.26 - 

Pheidole sp.28 - 

Pheidole sp.29 - 

Pheidole sp.31 - 

Pheidole sp.32 - 

Pheidole sp.33 - 

Pheidole sp.34 - 

Pheidole sp.35 - 

Pheidole sp.36 - 

Pheidole sp.38 - 

Pheidole sp.39 - 

Pheidole sp.40 - 

Pheidole sp.41 - 

Pheidole sp.42 - 

Pheidole sp.43 - 

Pheidole sp.44 - 

Pheidole sp.45 - 
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Pheidole sp.46 - 

Pheidole sp.47 - 

Pheidole sp.48 - 

Pheidole sp.49 - 

Pheidole sp.50 - 

Pheidole sp.51 - 

Pheidole sp.52 - 

Pheidole sp.53 - 

Pheidole sp.54 - 

Pheidole sp.55 - 

Pheidole sp.56 - 

Pheidole sp.57 - 

Pheidole sp.58 - 

Pheidole sp.60 - 

Pheidole sp.61 - 

Pheidole sp.62 - 

Pheidole sp.63 - 

Pheidole sp.64 - 

Pheidole vorax (Fabricius, 1804) Forest Specialist 

Rogeria blanda* (Smith, 1858) Forest Specialist 

Rogeria scobinata* Kugler, 1994 Forest Specialist 

Rogeria sp.1 - 

Rogeria sp.2 - 

Sericomyrmex bondari Borgmeier, 1937 Forest Specialist 

Sericomyrmex mayri Forel, 1912 Generalist 

Sericomyrmex parvulus Forel, 1912 Generalist 

Sericomyrmex saussurei Emery, 1894 Forest Specialist 

Sericomyrmex sp.1 - 

Sericomyrmex sp.2 - 

Solenopsis geminata (Fabricius, 1804) Forest Specialist 

Solenopsis gr. brevicornis - 

Solenopsis sp.1 - 

Solenopsis sp.2 - 

Solenopsis sp.3 - 

Solenopsis sp.4 - 

Solenopsis sp.5 - 

Solenopsis sp.6 - 

Solenopsis sp.7 - 

Solenopsis sp.8 - 

Solenopsis sp.9 - 

Solenopsis sp.10 - 

Solenopsis sp.11 - 
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Solenopsis sp.12 - 

Solenopsis sp.13 - 

Solenopsis sp.14 - 

Solenopsis virulens (Smith, 1858) Forest Specialist 

Stegomyrmex connectens Emery, 1912 Forest Specialist 

Strumigenys beebei (Wheeler, 1915) Forest Specialist 

Strumigenys denticulata Mayr, 1887 Forest Specialist 

Strumigenys eggersi Emery, 1890 Generalist 

Strumigenys elongata Roger, 1863 Generalist 

Strumigenys godmani* Forel, 1899 Forest Specialist 

Strumigenys gr. hyphata sp.n - 

Strumigenys gundlachi (Roger, 1862) Forest Specialist 

Strumigenys interfectiva Lattke & Goitía, 1997 Forest Specialist 

Strumigenys longispinosa Brown, 1958 Forest Specialist 

Strumigenys perparva* Brown, 1958 Forest Specialist 

Strumigenys schulzi* Emery, 1894 Forest Specialist 

Strumigenys trudifera Kempf & Brown, 1969 Forest Specialist 

Strumigenys urrhobia* (Bolton, 2000) Forest Specialist 

Trachymyrmex sp.1 - 

Trachymyrmex sp.2 - 

Trachymyrmex sp.3 - 

Trachymyrmex sp.4 - 

Trachymyrmex sp.5 - 

Trachymyrmex sp.6 - 

Wasmannia auropunctata (Roger, 1863) Generalist 

Wasmannia iheringi* Forel, 1908 Forest Specialist 

Wasmannia scrobifera* Kempf, 1961 Forest Specialist 

Paraponerinae (1)  

Paraponera clavata (Fabricius, 1775) Forest Specialist 

Ponerinae (45)  

Anochetus diegensis Forel, 1912 Forest Specialist 

Anochetus mayri* Emery, 1884 Forest Specialist 

Hypoponera sp.1 - 

Hypoponera sp.2 - 

Hypoponera sp.3 - 

Hypoponera sp.4 - 

Hypoponera sp.5 - 

Hypoponera sp.6 - 

Hypoponera sp.7 - 

Hypoponera sp.8 - 

Hypoponera sp.9 - 

Hypoponera sp.10 - 
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Hypoponera sp.11 - 

Hypoponera sp.12 - 

Hypoponera sp.13 - 

Hypoponera sp.14 - 

Hypoponera sp.15 - 

Hypoponera sp.16 - 

Hypoponera sp.17 - 

Hypoponera sp.18 - 

Hypoponera sp.19 - 

Mayaponera constricta (Mayr, 1884) Forest Specialist 

Mayaponera arhuaca (Forel, 1901) Forest Specialist 

Neoponera apicalis (Latreille, 1802) Forest Specialist 

Neoponera carinulata (Roger, 1861) Forest Specialist 

Neoponera globularia (MacKay & MacKay, 2010) Generalist 

Pachycondyla lenkoi* Kempf, 1962 Forest Specialist 

Neoponera moesta (Mayr, 1870) Forest Specialist 

Neoponera sp.1 - 

Neoponera sp.2 - 

Neoponera oberthueri*(Emery, 1890) Generalist 

Neoponera unidentata (Mayr, 1862) Forest Specialist 

Neoponera verenae Forel, 1922 Generalist 

Odontomachus bauri Emery, 1892 Generalist 

Odontomachus caelatus Brown, 1976 Forest Specialist 

Odontomachus haematodus (Linnaeus, 1758) Generalist 

Odontomachus meinerti Forel, 1905 Generalist 

Odontomachus sp.1 - 

Pachycondyla crassinoda (Latreille, 1802) Forest Specialist 

Pachycondyla harpax (Fabricius, 1804) Generalist 

Pachycondyla sp.1 - 

Platythyrea angusta Forel, 1901 Forest Specialist 

Rasopone sp.1 - 

Thaumatomyrmex aff. atrox - 

Proceratiinae (2)  

Discothyrea neotropical* Bruch, 1919 Forest Specialist 

Probolomyrmex dentinodis* Oliveira & Feitosa, 2019 Forest Specialist 

Pseudomyrmecinae (6)  

Pseudomyrmex crudelis Ward, 1999 Forest Specialist 

Pseudomyrmex sp.1 - 

Pseudomyrmex sp.2 - 

Pseudomyrmex sp.3 - 

Pseudomyrmex sp.4 - 

Pseudomyrmex tenuis (Fabricius, 1804) Generalist 
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Figure 1. Broken stick model revealing the relationship between forest cover and the 

richness of ant species (AIC: 146,923). 

 

Figure 2. Broken stick model revealing the relationship between forest cover and the 

richness of forest specialist ant species (AIC: 111,756). 
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Figure 3. Broken stick model revealing the relationship between forest cover and the 

richness of open area specialist ant species (AIC: 35,556). 
 
 

 
 

Figure 4. Broken stick model revealing the relationship between forest cover and the 

richness of generalist ant species (AIC: 89,703). 
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ABSTRACT 

 
Metacommunity consists of local communities that exchange species within a common region. 

There are two main approaches: one focused on distribution patterns and the other on the 

mechanisms explaining this distribution. The Amazon is a major focus of conservation as it 

faces an alarming increase in forest loss due to conversion to agricultural and livestock areas. 

Ants are an excellent model for conservation studies, and their classification by habitat affinity 

helps understand how environmental changes affect their composition. Therefore, 

understanding the patterns and mechanisms governing the distribution of ant species at regional 

scales, which present environmental gradients, can provide valuable information for the 

management and conservation of biodiversity in the Amazon. We investigated the distribution 

of ants in the southwestern Brazilian Amazon to understand patterns and mechanisms, 

considering that habitat use influences these aspects. Sixteen areas were chosen in the state of 

Acre, where we collected 365 species, of which 151 were classified based on their habitat 

affinity. The coherence analysis revealed significant results for all groups of ant species, 

indicating that local communities are well-defined units within the metacommunity and that 

environmental gradients structure these metacommunities in the southwestern Brazilian 

Amazon. The structuring patterns vary according to different species sets, with Clementsian 

patterns evident for forest specialist ants but not for the total species set and generalist species. 

The analysis by habitat use guilds allowed for identifying clearer patterns, especially for forest 

specialist ants. For the total species set, the mass effect was the predominant mechanism, 

suggesting that immigration and emigration dynamics are crucial. For forest specialists, neutral 

theory was the structuring mechanism, indicating that stochastic processes dominate 

metacommunity dynamics. For generalist species, latitude was the significant variable, 

suggesting that patch dynamics is the predominant mechanism. Our study highlights the 

importance of investigating how anthropogenic impacts can affect the patterns and mechanisms 

of ant assemblages in the Amazon, reinforcing the need to consider the response of habitat use 

guilds to climate change and land use. 

 

 
KEYWORDS: Conservation. Environmental gradients. Habitat use guilds. Species 

Distribution. Tropical Forest. 
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1. Introduction 

 
A metacommunity is a set of local communities that exchange individuals of multiple 

species within a common region (Leibold et al., 2004; Leibold & Chase, 2018). This concept 

has been essential in describing alternative patterns of species distribution among local 

communities. Two interrelated and complementary pathways of investigation have been 

developed at the metacommunity scale (Presley et al., 2010): one focused on patterns (Leibold 

& Mikkelson, 2002) and the other on mechanisms (Cottenie, 2005). 

The pattern-based approach describes possible configurations of species distributions, 

such as random patterns where community species do not respond to the same environmental 

gradient (Leibold & Mikkelson, 2002); checkerboard patterns, with a higher number of species 

substitutions between locations than expected (Diamond, 1975); nested subsets, where less rich 

communities are subsets of richer ones (Patterson & Atmar, 1986); evenly spaced, where 

species are more spaced along the environmental gradient than expected (Tilman, 1982); 

Gleasonian patterns, with species exhibiting independent distributions suggesting different 

environmental and resource requirements (Gleason, 1926)); and Clementsian patterns, where 

species have similar environmental requirements (Clements, 1916). 

Understanding how local and regional factors can contribute as determining processes 

for species distribution and thus influence community structure is of utmost importance for 

comprehending metacommunity dynamics over time or space (Brasil et al., 2017; Carolina et 

al., 2020). This knowledge allows for identifying priority areas for protection, developing more 

effective management strategies, and predicting the impacts of environmental changes. The 

mechanism-based approach (Cottenie, 2005) presents possible explanations for species 

distribution, considering the roles of patch dynamics, species sorting, mass effects, and 

neutrality (Leibold et al., 2004; Holyoak et al., 2005). Among the different mechanisms that 

determine metacommunity structure, species sorting and mass effects are the most reported 

(Cottenie, 2005), both considering the importance of environmental conditions and niche 

dynamics (Göthe et al., 2013), representing species-environment relationships, with differences 

occurring in the dispersal abilities of the species pool (Vieira et al., 2020). Patch dynamics and 

neutrality involve analysing the relationships between the species pool and regional 

environmental conditions, often expressed by the geographic distance between communities 

(Cottenie, 2005). 

In general, studies conducted at the metacommunity scale tend to address pattern 

descriptions (Leibold & Mikkelson, 2002) or mechanisms (Cottenie, 2005) in isolation. 
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However, the rare studies that simultaneously address both patterns and mechanisms (Meynard 

et al., 2013) offer a more integrative and conclusive approach to species distribution at the 

metacommunity scale. This integrated approach is crucial for advancing our understanding of 

community ecology at multiple spatial scales and for providing effective guidelines for 

ecosystem conservation. Studies that combine species distribution with underlying mechanisms 

can identify essential areas for the connectivity of local communities within a region. 

One of the world's focal points for conservation is the Amazon rainforest, the largest 

continuous tropical forest in the world (Artaxo, 2023), considered the most species-rich 

subcontinental-scale ecosystem (Albert et al., 2023). However, the region faces an alarming 

increase in forest loss (INPE, 2023), with an expansion from 4,600 km² in 2012 to 13,000 km² 

in 2021 (INPE, 2023) due to forest conversion into agricultural and livestock areas (Carvalho 

et al., 2017; Chaddad et al., 2022; Moutinho & Azevedo-Ramos, 2023). Although the Amazon 

is a major centre of ant diversity, there is a lack of studies on diversity patterns and their 

structuring mechanisms (Wilkie et al., 2010; Vasconcelos et al., 2010). To date, there remains 

significant ignorance about the patterns and mechanisms of ant species distribution in the region 

on a metacommunity scale, which is essential for their conservation. 

Ants are an excellent model for conservation studies and other ecological research, as 

they represent a biomass four times greater than that of vertebrates (Wilson & Holldobler, 

2005), are responsible for 52% of nutrient redistribution in tropical forests (Griffiths et al., 

2018), and are involved in various other ecosystem functions (predation, herbivory, seed 

dispersal, mutualistic associations with other organisms) (Lach et al., 2010). Additionally, ants 

can be classified according to their habitat use, as forest specialists, open area specialists, and 

generalists (Dutra et al., 2023). Habitat use classification offers a clearer perspective on how 

environmental changes (Dutra et al., 2023; Martins et al., 2022; Vasconcelos et al., 2018) affect 

ant assembly composition. Although numerous studies address the diversity patterns of ant 

species at different spatial scales (e.g., (Ahuatzin et al., 2019; Costa & Schmidt, 2022; Economo 

et al., 2018; Lasmar et al., 2021; Paolucci et al., 2012; Fernando A. Schmidt et al., 2017), there 

is a significant lack of studies addressing issues related to ant species distribution among local 

communities within a metacommunity (Schmidt et al., 2022). This knowledge gap highlights 

the need for further research exploring the dynamics of ant communities on a broader scale, 

considering not only local diversity patterns but also how these communities interact, and their 

species distribute in a regional context, along environmental and gradient. 

The southwestern Brazilian Amazon, specifically in the state of Acre, exemplifies a 

region with considerable environmental variation. This variation is evident: the eastern region 
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is drier, while the western region is wetter (Duarte, 2006). The same trend is observed in forest 

cover, with the east showing more significant deforestation compared to the west (Acre, 2010; 

INPE, 2023). Therefore, understanding the patterns and mechanisms governing the distribution 

of ant species at regional scales, which present environmental gradients, can provide valuable 

information for the management and conservation of biodiversity in the Amazon. 

To contribute to the knowledge related to metacommunities, we investigated the 

patterns and mechanisms of ant species distribution in the southwestern Brazilian Amazon. We 

hypothesize that the distribution pattern of ant species will be random, indicating no 

deterministic factor in ant distribution within the metacommunity. Alternatively, if coherence 

in distribution patterns is diagnosed, we predict it to be positive, indicating a Clementsian 

pattern (species assemblages respond similarly to a gradient of resources and conditions). 

Regarding mechanisms, we expect ant assemblages to be primarily structured by species 

sorting, one of the most commonly reported mechanisms in metacommunity studies (Vazquez 

et al., 2019). Additionally, we verify if patterns and mechanisms are influenced by ant habitat 

use. We expect forest specialists to be mainly shaped by species sorting, while open-area 

specialists and generalists are structured by mass effects. 

 
2. Methods 

 

2.1. Study site 

 

The study was conducted in the state of Acre, located in the southwestern Brazilian 

Amazon. This region exhibits a varied geographical gradient, resulting in considerable climatic 

and environmental diversity that influences vegetation and provides the state with a wide range 

of forest types (Daly & Silveira, 2008). These forest types range from “Terra Firme” forests 

with the presence of bamboo and palm trees to dense forests with continuous canopies and 

white-sand vegetational complexes such as “Campinas” and “Campinaranas” (Acre, 2010; 

Silveira, 2005). The equatorial climate of the state is characterized as hot and humid, with an 

annual precipitation average of 2,200-2,500 mm, with January being the wettest month and July 

the driest (Alvares et al., 2013). Most of the state's territory (80%) comprises clay-sand 

sediment soils of the Solimões formation, except for the northwestern region, where Paleozoic 

and Mesozoic rocks predominate (Bardales et al., 2010; Acre, 2010). 

 
2.2. Sampling design 
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A total of 16 areas were chosen throughout the state of Acre (Figure 1). In each of these 

areas, we established a 200 m long transect, along which we set up 10 plots of 25 m² (5x5 m), 

spaced 20 m apart. 

 

 

Figure 1. Geographical distribution of the sampling areas in the state of Acre, southwestern 

Brazilian Amazon. 

 

2.3. Sampling and identification of ants 

 
Ant sampling was conducted between November 2014 and May 2019. In each plot, we 

installed three pitfall traps: one on the soil surface, one on tree trunks, and one in the subsoil 

(Bestelmeyer et al., 2000; Ribas et al., 2003; Schmidt & Solar, 2010). Additionally, we 

collected a 1 m² sample of leaf litter. The pitfall traps consisted of 300 ml plastic containers 

containing a killing solution of water, glycerol (5%), and salt (0,9%), left in the field for 48 

hours. Ants in the leaf litter sample were collected using a mini-Winkler extractor, with a fauna 

extraction period of 48 hours (Bestelmeyer et al., 2000). The ants collected in the pitfall traps 

and leaf litter constituted the plot's ant sample, while the combined ant samples from the ten 
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plots comprised the ant assemblage of the sampling area. 

All collected material was stored in vials containing 90% alcohol for sorting, mounting, 

and identification in the laboratory. Specimens of each morphospecies from each sample were 

separated for mounting, forming a physical and reference collection for the project. For ant 

identification to the genus level, we used taxonomic keys available for the ant genera of Brazil 

(Baccaro et al., 2015). Ants belonging to the same genus were separated into morphospecies 

based on external morphology similarity. Species-level identification was conducted at the 

Museum of Zoology of the University of São Paulo (MZUSP) and through comparisons with 

specimens from the Ant Collection of the Insect Ecology Laboratory at the Federal University 

of Acre (UFAC). Species-level determinations were made by experts: Dr. Mônica Ulysseá, Dr. 

Lívia Prado, Dr. Otávio Silva, Dr. Victor Nagatani, and M.Sc. Esperidião Santos Neto. All 

collected ants were deposited in the Ant Collection of the Insect Ecology Laboratory at UFAC. 

 
2.4. Definition of habitat-use guilds 

 

To categorize the ant fauna according to habitat use, we restricted our analysis to ants 

identified to the species level. This approach was adopted because species-level identified ants 

provide more precise information about their habitat preferences, enabling a more reliable 

classification. Initially, we consulted the habitat use affinity available in the BAH! application 

(2023), which provides this information for approximately 80% of the ant fauna occurring in 

Brazil. Ant species for which habitat affinity was not available were categorized using the 

method proposed by Dutra et al., (2023), categorizing the species into three groups: forest 

specialists (with 80% or more occurrence in forests), open-area specialists (with 80% or more 

occurrence in open areas such as savannas and pastures), and generalists (without clear habitat 

affinity). 

 

2.5 Set of variables 

 
To identify the mechanisms responsible for the distribution of ant species in the 

southwestern Brazilian Amazon, we utilized environmental and spatial variables. We selected 

variables related to environmental conditions (precipitation) and available resources 

(proportion of forest cover). For precipitation data, we opted to use annual precipitation, 

precipitation of the wettest month, and precipitation of the driest month, due to their reported 

influence on ant richness (Parr & Bishop, 2022; Vasconcelos et al., 2018). Values were 

manually extracted from each raster using the "extract" function from the R package "raster" 
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(Hijmans, 2020), using the geographical coordinates of the sampling areas as reference points. 

The bioclimatic precipitation variables consist of raster layers with a spatial resolution of 1 km², 

available from WorldClim (Fick & Hijmans, 2017). 

The proportion of forest cover has been identified as one of the main drivers of ant 

species diversity across various spatial scales (Ahuatzin et al., 2019; Costa & Schmidt, 2022; 

Martins et al., 2022; Solar et al., 2016). Therefore, we delineated a buffer with a radius of 500 

meters from the central point of the transect. This radius was selected to represent a biologically 

significant spatial extent for ant interactions with landscape elements, including the dispersal 

of winged ants (Hölldobler & Wilson, 1990), and is crucial for the coexistence and dispersal of 

various ant species between different habitats (Schmidt et al., 2017; Spiesman & Cumming, 

2008). To assess forest cover around the sampling areas, we calculated this proportion based 

on land use and land cover maps provided by the MapBiomas project, using the 

"multi.land.mtrc" function from the R package "spatialEco" (Evans, 2021). 

The extraction of the above-mentioned variables was performed in R 4.3.0 (R Core Team, 

2024). 

As a spatial variable, we used the geographical coordinates of each of the 16 sampling 

areas, including both latitude and longitude, which were obtained directly in the field. 

 
2.6. Data analysis 

 
Initially, we evaluated the normality of the data using the Shapiro-Wilk normality test. 

Subsequently, we conducted Spearman correlation tests between the three precipitation 

variables: annual precipitation, precipitation of the wettest month, and precipitation of the driest 

month. We established a correlation threshold of 0,7 (p < 0,05), indicating that if the correlation 

between variables exceeded this value, we would select the variable deemed ecologically more 

important. We identified a strong correlation between annual precipitation and precipitation of 

the wettest month (0,94) and decided to use annual precipitation, as it better reflects local 

conditions. 

The determination of ant species distribution patterns was based on the analytical 

procedure described by Presley et al., (2010). For this, the data were organized in a doubly 

ordered incidence matrix, with species richness and occurrence in communities (Leibold & 

Mikkelson, 2002). This procedure grouped species by similar occurrence and communities by 

similar richness, creating a gradient within the matrix (Presley et al., 2010). The communities 

analysed included the total ant community, forest specialist ants, and generalist ants. Ant 
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species specialized in open areas were not included in the analysis due to the low number of 

species (four species). Double matrix ordering is the best procedure to identify patterns of 

species co-occurrence in the absence of an explicit gradient (Leibold & Mikkelson, 2002). 

The coherence of the communities was calculated considering the ratio between 

observed and simulated values (Vieira et al., 2020). If this ratio is not significant (p < 0,05), it 

indicates a lack of coherence in the species distribution among local communities within the 

metacommunity (Leibold & Mikkelson, 2002). If the ratio between observed and simulated 

values is significant (p ≥ 0,05), it means there is coherence in the formation of local 

communities within the metacommunity (Presley et al., 2010). A value of this ratio greater than 

one is considered coherence due to competition, forming a checkerboard pattern. If the value is 

less than one, it is considered that community coherence is due to species turnover. 

When turnover is identified as the structuring element of local communities within the 

metacommunity, two patterns are then verified: nested subsets and boundary clumping. If the 

ratio between observed and simulated values is significant and less than one (1), turnover occurs 

due to nested subsets; if greater than one (1), it occurs due to boundary clumping. If the ratio 

between observed and simulated values is not significant, turnover between communities 

occurs in a quasi-structured manner. 

Finally, we calculated the Morisita index independently of the patterns identified above. 

The Morisita index will have a specific meaning according to the turnover patterns – nested 

subsets or boundary clumping (Vieira et al., 2020). In the case of nested subsets, a non- 

significant Morisita index represents a random loss of species; a significant index greater than 

one (1) indicates aggregated species loss; and less than one (1) indicates hyper-dispersed 

species loss. Conversely, for boundary clumping, a non-significant index represents a 

Gleasonian pattern of species replacement; a significant index greater than one (1) indicates a 

Clementsonian pattern of species replacement; and less than one (1) indicates a uniformly 

spaced pattern of species replacement. 

To identify the mechanisms responsible for structuring ant communities within the 

metacommunity context in the southwestern Brazilian Amazon, we conducted Redundancy 

Analysis (RDA) to verify the relative contribution of environmental variables (precipitation and 

proportion of forest cover) and spatial variables (latitude and longitude). We then used the 

community matrix (presence/absence) of ant species, with the ant assemblage of each collection 

area composed of ants collected from the ten plots, resulting in 16 collection areas and the 

chosen predictor variables to determine the variance partitioning. To identify the predominant 

mechanism (i.e., species filtering, patch dynamics, mass effect, and neutral theory), we 
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considered the significant relative contribution (p ≥ 0,05) of environmental (precipitation or 

proportion of forest cover) and spatial (geographical) variables. We followed the decision based 

on the relative importance of environmental and spatial processes (Cottenie, 2005). Thus, if 

only environmental variables show significant values, we can infer that the predominant 

mechanism is species filtering. If only spatial variables show significant values, the 

predominant mechanism is patch dynamics. However, if both variables (environmental and 

spatial) show significant contributions, the structuring mechanism is the mass effect. If no 

variable shows a significant contribution, species distribution occurs randomly – neutral theory. 

We conducted Redundancy Analysis (RDA) for all ant species and also for groups classified 

by habitat affinity separately. 

 
3. Results 

 

3.1. Ant fauna and habitat affinity 

 
We collected a total of 365 ant species, of which 41% were identified to the species 

level, while 59% were separated into morphospecies. These ant species belong to 59 genera and 

are distributed across eight subfamilies. The Myrmicinae subfamily had the highest number of 

species, with 215 records, followed by Formicinae (50), Ponerinae (45), Dolichoderinae (21), 

Ectatomminae (17), Dorylinae (7), Pseudomyrmecinae (6), Amblyoponinae (2), Proceratiinae 

(2), and Paraponerinae (1). Among the collected species, four were recorded for the first time 

in Brazil: Pseudomyrmex crudelis Ward, 1999, Strumigenys longispinosa Brown, 1958, 

Strumigenys gundlachi (Roger, 1862), and Stegomyrmex connectens Emery, 1912 (Janicki et 

al. 2023). Additionally, 30 species were recorded for the first time in the state of Acre. 

We classified 151 ant species based on their habitat use. Of these, 102 species were identified 

as forest specialists (67,55%), 45 as generalists (29,80%), and four as open area specialists 

(2,65%) (Table 1 – Supplementary Material - Scientific paper 1). However, two species could 

not be classified due to a lack of available information: Apterostigma jubatum Wheeler, 1925 

and Paratrachymyrmex diversus (Mann, 1916). 

 
3.2. Patterns of ant metacommunity 

 
We identified different patterns in the metacommunity analyses for each set of ant 

species. For the dataset analysed using all ant species, we found significant coherence (p < 

0,001) with an observed-to-simulated ratio of 0,80839, but with non-significant turnover (p = 
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0,151) - quasi-structured with a significant Morisita's index of 1,219394 indicating a 

Clementsonian pattern (Table 1). For the dataset of forest specialist ant species, the 

metacommunity analysis showed significant coherence (p < 0,001) with an observed-to- 

simulated ratio of 0,88152, indicating turnover with a value of 1,204546 and significant (p = 

0,035), and finally, a significant Morisita's index of 1,238255 indicating a Clementsonian 

pattern. The metacommunity analysis for the group of generalist ant species indicated 

coherence with an observed-to-simulated ratio of 0,617049 and significant (p < 0,001), 

indicating turnover with a value of 1,287398 and non-significant (p = 0,052), quasi-structured 

with a Morisita's index of 1,387387 indicating a Clementsonian pattern. 

 
Table 1: Statistics of the metacommunity structure elements for ant metacommunity in the 

southwestern Brazilian Amazon. Observed: The observed value; Randomized: The value 

obtained from a randomized null model; Observed/Randomized: The ratio of observed to 

randomized values; P < 0,05; df = degrees of freedom. 

 

Element Metacommunity 

 Total Forest Specialists Generalists 

Species richness 365 102 45 

Coherence 
   

Observed 3.613 830 258 

Randomized 4.469,377 1.110,228 418,1191 

Observed/Randomized 0,80839 0,747594 0,617049 

P < 0,001 < 0,001 < 0,001 

Turnover 
   

Observed 294.747 25942 6187 

Randomized 276.697,8 21536,74 4805,818 

Observed/Randomized 1,066231 1,204546 1,287398 

P 0,151 0,035 0,052 

Boundary clumping 
   

Morisita's index 1,219394 1,238255 1,387387 

P < 0,001 < 0,001 < 0,001 

df 13 13 13 

 

 
3.3. Mechanisms of ant metacommunity 

 

In the variance partitioning for all ant species (365 species), the explanatory variables 

(latitude, longitude, proportion of forest cover, annual precipitation, and precipitation of the 
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driest month) explained about 36% of the total variability. Among the variables analysed, 

latitude (p > 0,038 – spatial variable) and annual precipitation (p > 0,016 – environmental 

variable) showed significant values (Table 1). Thus, we can infer that the structuring 

mechanism of the ant metacommunity in the southwestern Brazilian Amazon is the mass effect. 

Analysing the ant species by habitat use, for forest specialists the explanatory variables 

explained about 34% but none of the analysed variables had significant values (Table 1). 

Therefore, the structuring mechanism for the metacommunity of forest specialist ants in the 

southwestern Brazilian Amazon is the neutral theory. For the species classified as generalists, 

the variables explained about 37% of the total variability. Among these explanatory variables, 

latitude (p > 0,022 – spatial variable) was the only one with a significant value (Table 2). 

Consequently, the metacommunity of generalist ant species in the southwestern Brazilian 

Amazon is structured by patch dynamics. 

 
 

Table 2: Redundancy Analysis and significance of explanatory variables in structuring the ant 

metacommunity grouped by habitat affinity in the southwestern Amazon region of Brazil. 

Significant values are indicated with an asterisk (*). 

 

 
Latitude 

(geographical) 
Longitude 

(geographical) 

Forest Cover 

(environmental) 

Annual 

Precipitation 

(environmental) 

Precipitation of 

Driest Month 

(environmental) 

All Ants 0,038* 0,639 0,589 0,016* 0,238 

Forest Specialist 

Ants 
0,473 0,924 0,335 0,427 0,156 

Generalist Ants 0,022* 0,599 0,652 0,814 0,116 

 

4. Discussion 

 

4.1. Ant fauna and habitat affinity 

 

We observed a wide diversity of ants in the southwestern Amazon, with the collection 

of 365 ant species. By classifying the ants into habitat use guilds, we gained a clearer 

understanding of the composition of ant assemblages. The majority of ant species were 

classified as forest specialists, likely due to the predominance of forested areas in the collection 

sites and the strong association of ants with forest habitats in the Neotropical region (Moreau 

& Bell, 2013). However, some species show the ability to tolerate more open habitats, being 

classified as generalists, while a few are specialists in open habitats (Dutra et al., 2023; Martins 

et al., 2022). These guilds respond differently to natural variation in conditions (e.g., 

precipitation) (Vasconcelos et al., 2018) and changes in land use (Dutra et al., 2023; Sales & 

Schmidt, 2023) and forest cover (Martins et al. 2022; Scientific paper 1). 
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4.2. Structuring patterns of the ant metacommunity 

 
The coherence analysis revealed significant results for all groups of ant species (total, 

forest specialists, and generalists), suggesting that local communities are well-defined units 

within the metacommunity. This pattern implies that environmental gradients structure the 

metacommunities of ant species in the southwestern Amazon (Mouquet & Loreau, 2003; 

Presley et al., 2010). 

The metacommunity structuring patterns of ant species in the southwestern Amazon 

vary according to different species sets (total, forest specialists, and generalists). The analysis 

by habitat use guilds affinity allowed for identifying which segment of the ant fauna shows 

evident metacommunity patterns, detected only for forest specialist ants. Studies adopting this 

approach provide a more accurate view of how environmental changes, both natural 

(Vasconcelos et al., 2018) and anthropogenic (Dutra et al., 2023; Martins et al., 2022), affect 

the composition of ant assemblages. Thus, applying guilds habitat use affinity in 

metacommunity analysis allowed a more conclusive identification of patterns and mechanisms. 

Forest specialist ant species demonstrated a Clementsian pattern, indicating they share similar 

environmental requirements (Clements, 1916). This can be explained by the gradient of forest 

cover, ranging from 53,39% to 99,57% in the areas and local communities. Forest specialist 

ants are responding to this gradient, as evidenced by the variation in species richness of forest 

ants at different levels of forest cover (Scientific paper 1; Martins et al., 2022). 

The lack of an evident species distribution pattern for both the total species set and the 

generalist species suggests that the communities are partially organized into clusters, 

characterized by a less evident pattern and a weak species-environment gradient relationship 

(Presley et al., 2010). This pattern can be explained, in the case of the total species set, by a 

large presence of morpho-species, generating many occurrences, making it difficult to detect a 

clear species distribution pattern. For the generalist ant species, this pattern may be due to their 

ability to tolerate a wide range of environmental conditions, thus not being specific to a 

particular habitat type (Dutra et al., 2023). 

 
4.3. Structuring mechanisms of ant species in a metacommunity 

 
The mechanisms revealed by Redundancy Analysis did not corroborate our initial 

hypotheses. For the total set of ant species, the mass effect was predominant. This suggests that 
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immigration and emigration dynamics are crucial for local population dynamics, as less 

efficient competitor species migrate to areas with better environmental conditions, where they 

become more effective competitors (Bowler & Benton, 2005; Morales et al., 2010). Thus, we 

must emphasize the importance of well-preserved areas that serve as sources of biodiversity for 

less preserved regions, reinforcing the need for conservation of these areas. 

For forest specialist ant species, none of the variables showed statistical significance, 

suggesting that the structuring of these metacommunities can be explained by neutral theory. 

Neutral theory posits that all species are ecologically similar in their competitive ability, 

dispersal, and ecological requirements, with metacommunity dynamics dominated by stochastic 

processes such as random dispersal, extinction, and colonization (Hubbell, 2001). Thus, for 

forest specialist ants, having stochastic processes as the structuring mechanism of the 

metacommunity can be explained by the fact that all ant assemblages are in forest areas, with 

all species being specialists in this habitat, facilitating unrestricted dispersal among these forest 

areas (Schmidt et al., 2017). 

For generalist ant species, latitude was the only significant variable, indicating that 

spatial distribution is an important factor in the structuring of this metacommunity. This 

suggests that the predominant structuring mechanism is patch dynamics, which assumes that 

all areas are similar and can be either occupied or unoccupied (Amarasekare & Possingham, 

2001; Wimberly, 2006). 

 
5. Conclusion 

 
This study stands out for its pioneering approach in addressing both the patterns and 

mechanisms of metacommunity in ant assemblages. The analyses conducted by habitat use 

guilds affinity provided a clear visualization of the differences in patterns and mechanisms 

within a single ant assemblage. 

Considering the increasing anthropogenic pressure on the Amazon rainforest (Flores et 

al., 2024; Lapola et al., 2023), it is important to investigate how these impacts may affect the 

patterns and mechanisms of ant assemblages. Given that habitat use guilds respond differently 

to anthropogenic impacts, our results reinforce the need to project the response of distribution 

and diversity of these guilds under future scenarios of climate change and land use in the 

Amazon. This will help identify potential tipping points for its biodiversity. 
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CONCLUSÃO GERAL 

 

Nessa tese, objetivamos fornecer informações importantes sobre como as comunidades 

de formigas são influenciadas por diferentes variáveis ambientais e desvendar quais são os 

mecanismos ecológicos envolvidos nos padrões de diversidade e distribuição das espécies de 

formigas no sudoeste da Amazônia Brasileira. Isto é extremamente importante uma vez que as 

formigas são modelos ecológicos e participam de diversas funções ecossistêmicas, podendo 

influenciar outros organismos e a conservação dos mesmos e da floresta Amazônica. 

Primeiramente, observamos que a riqueza de espécies de formigas está fortemente associada ao 

aumento da cobertura florestal. Mas, ressaltamos que esse efeito é particularmente observado 

para as espécies que são classificadas como especialistas de floresta, destacando a sensibilidade 

dessas formigas às mudanças no uso da terra. Isso sugere que a conservação da cobertura 

florestal é crucial para a manutenção da biodiversidade de formigas, especialmente em regiões 

que vastas áreas de florestas tropicais têm sido desmatadas e convertidas em paisagens 

intensamente fragmentadas, como é o caso da Amazônia brasileira. A conservação das áreas de 

floresta não apenas sustenta a diversidade das espécies, mas também mantém os processos 

ecológicos fundamentais desempenhados pelas formigas. Para a composição de espécies de 

formigas, a distância geográfica foi o principal fator determinante, superando a influência da 

cobertura florestal e da precipitação, mostrando que a limitação na capacidade de dispersão das 

formigas é um mecanismo importante na estruturação das comunidades da região. Nossos 

resultados enfatizam tanto a importância da cobertura florestal para a diversidade de espécies 

de formigas quanto os diferentes padrões de resposta de cada grupo de afinidade de habitat das 

espécies (especialistas de floresta, generalistas e especialistas de área aberta) às mudanças na 

cobertura florestal. 

Também exploramos os padrões e mecanismos de metacomunidade das espécies de 

formigas no sudoeste da Amazônia brasileira. Encontramos que, para todos os grupos de 

espécies de formigas (total, especialistas florestais e generalistas), as comunidades locais são 

unidades bem definidas dentro da metacomunidade. Isso indica que gradientes ambientais 

estruturam as metacomunidades de espécies de formigas no sudoeste da Amazônia. Além disso, 

cada grupo de as guildas por uso de habitat das formigas no sudoeste da Amazônia também 

apresentam respostas distintas a mecanismos ecológicos. 

Dessa forma, os resultados desta tese são úteis para orientar o estabelecimento de novos 

e eficientes esforços de conservação da Floresta Amazônica, além de contribuir para o 

entendimento dos mecanismos que estruturam as comunidades de formigas. Ao utilizar guildas 
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de uso de habitat, obtivemos uma visão detalhada das respostas específicas das espécies às 

mudanças ambientais. Esse achado não apenas reforça a necessidade de abordagens 

diversificadas de manejo, considerando a resposta das diferentes guildas de formigas aos fatores 

ambientais, mas também sugere que outros grupos de organismos podem apresentar respostas 

semelhantes. Portanto, seria importante investigar como essas mudanças ambientais afetam 

diferentes grupos de organismos para desenvolver estratégias de conservação e manejo mais 

abrangentes e eficazes. 

Além disso, a Comunicação Pública da Ciência teve um papel crucial na minha 

formação como doutora. Desenvolver habilidades em divulgação científica me permitiu 

transformar meu conhecimento acadêmico em conteúdo acessível e relevante para o público 

em geral e me ajudou a construir uma ponte entre o meio acadêmico e a sociedade. O sucesso 

e a aceitação do meu trabalho demonstram como a comunicação eficaz é importante para 

promover a ciência e aumentar o interesse público. 
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DIVULGAÇÃO CIENTÍFICA 

 

Durante meu doutorado, fui organizadora e participei de várias ações voltadas para a 

divulgação e popularização da ciência. Uma dessas iniciativas foi a organização de um e-book 

intitulado "Formigas em Cores", lançado em novembro de 2022 (Em anexo), a fim de 

proporcionar conhecimento sobre a fauna de formigas brasileiras e desmistificar o papel 

negativo associado a elas. Para escolha das 25 espécies de formigas que fazem parte do e-book 

seguimos alguns critérios de seleção buscando contemplar a maior diversidade morfológica 

possível entre as espécies: i) espécies popularmente conhecidas; ii) variedade nas funções 

ecológicas que desempenham; iii) espécies ameaçadas de extinção; iv) espécies com registro 

de ocorrência no Brasil; e v) espécies descritas por pesquisadoras e pesquisadores brasileiros. 

Até o momento, 472 pessoas fizeram o download por meio do questionário online, e mais de 

1.295 pessoas acessaram o e-book (ResearchGate - acesso em 12 de julho de 2024). Além disso, 

participei do podcast "Atiçando o Formigueiro" no episódio "Ciência para Além da Academia: 

Popularizando o conhecimento sobre formigas" (Figura 1), que teve um total de 54 reproduções 

(acesso em 12 de julho de 2024), com 92% dos ouvintes do Brasil, 5% da Argentina e 2% da 

Austrália. Este podcast é uma iniciativa do Laboratório de Etologia, Ecologia e Evolução dos 

Insetos Sociais (LEEEIS) da Universidade de São Paulo (USP) que visa disseminar e 

popularizar a ciência. Também participei do desenvolvimento de jogos educativos, incluindo 

"Super Trunfo RESEX Chico Mendes" (Figura 2), "Jogo da Memória - Descobrindo a 

Natureza" (Figura 3), "Perfil Biológico – Explorando a Vida" (Figura 4) e "Associação 

Ecológica – Descobrindo os Habitats" (Figura 5). Esses jogos foram aplicados na Escola 

Estadual de Ensino Fundamental e Médio Rural Sandoval Batista de Araújo em agosto de 2022, 

com a participação de 150 alunos do ensino fundamental na cidade de Assis Brasil, Acre. Além 

disso, participei também do desenvolvimento do "Jogo da Memória - Formigas" (Figura 6), 

disponível online e aplicado na mesma escola, alcançando 30 alunos do ensino fundamental. 
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Figura 1 

Descrição do episódio 

 

“Saudações ouvintes! Hoje vamos refletir sobre 

pra quê e para quem serve a divulgação científica 

com as pesquisadoras e divulgadoras Marília 

Costa (UFLA) e Mariana Rabelo (UFLA). 

Quer saber mais sobre ciência e formigas? 

acompanhe o Instagram do LEEEIS 

(@leeeisusp). Você também pode mandar 

dúvidas e sugestões para o podcast através do e- 

mail aticandoformigueiro@gmail.com. 

Para conhecer mais projetos de divulgação 

cientifica com formigas confira nossas 

recomendações ao fim do episódio.” 

 

 

Figura 2: Super Trunfo Resex Chico 

Mendes 

 

 

Figura 3: Jogo da memória – Descobrindo a 

Natureza 
 

 

Figura 4: Perfil Biológico – Explorando a 

vida 

 

 

Figure 5: Associação ecológica – 

Descobrindo os habitats 

mailto:aticandoformigueiro@gmail.com
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Figure 6: Jogo da memória – Formigas 

 

 

Download link 

https://drive.google.com/file/d/ 

1JZKeSdjHA7wOW5yLg15YtJyMPJSaqChV/ 

view 
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Formigas em cores 
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