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Resumo 

 

 

Os riachos da região Neotropical abrigam uma ictiofauna de pequeno 

porte, que frequentemente apresentam distribuições geográficas restritas 

e, em geral, são altamente dependentes da vegetação ripária para 

alimentação, abrigo e reprodução. A remoção da vegetação nativa da 

bacia hidrográfica está entre as modificações ambientais mais severas 

que afetam os ambientes aquáticos, de uma forma ainda pouco 

compreendida. Conhecer o histórico de desmatamento, em conjunto com 

a estrutura atual da paisagem, aumenta o poder das análises para avaliar 

os efeitos ecológicos do desmatamento. Além disso, os rumos distintos do 

processo de desmatamento podem afetar a composição e o 

funcionamento das comunidades de peixes de riachos. O rio Machado, 

em Rondônia, um importante tributário da bacia Amazônica, apresenta 

alta diversidade e endemismo, e um histórico recente de altas taxas de 

desmatamento e intensificação de uso do solo, que causam profundas 

alterações nos ambientes aquáticos. Sendo assim, o objetivo geral desta 

Tese foi compreender como o processo de desmatamento afeta a 

ictiofauna, usando a bacia do rio Machado como modelo. Para atingir 

esse objetivo, analizamos a relação entre a abundância das espécies de 

peixes com gradientes de tempo e extensão do desmatamento, para 

detectar quais espécies foram fortemente afetadas – positiva ou 

negativamente – pelo desmatamento (Capítulo 1). Conhecendo as 

respostas das espécies de peixes, determinamos como a composição e a 

estrutura da assembleia se relacionam com o tempo e a intensidade do 

desmatamento (Capítulo 2). E encerramos o estudo apresentando como 

os componentes ambientais influenciaram as taxas de substituição de 

espécies/atributos funcionais, considerando a idade do processo – 
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desmatamento recente ou antigo (Capítulo 3). Em suma, encontramos 

que (1.) As populações de peixes apresentaram respostas distintas ao 

tempo e à extensão do desmatamento, considerando as estruturas 

taxonômica e funcional. As respostas negativas ocorreram em baixos 

níveis de desmatamento e pouco tempo após o impacto. Os limiares de 

resposta positivos de algumas espécies ao desmatamento extremo são 

tardios, não compensam a perda de taxons sensíveis e provavelmente 

contribuem para a homogeneização biótica. (2.) As perdas de riqueza e 

abundância das espécies de peixes sensíveis ocorreram sincronicamente 

com a perda de estrutura de hábitat, mas houve um atraso temporal no 

aumento dos indicadores de homogeneização de habitat e o aumento da 

riqueza e abundância das espécies tolerantes segue esse atraso. (3.) A 

substituição de espécies/atributos funcionais foi diferente do esperado 

pelo acaso, indicando que processos determinísticos estruturam esta 

assembleia de peixes. Apesar de encontrarmos alta substituição de 

espécies, a substituição de atributos funcionais foi menor do que a 

esperada pela substituição de espécies. Significa que temos comunidades 

taxonomicamente distintas, mas funcionalmente similares, sugerindo que 

a substituição de espécies ocorre principalmente entre espécies 

funcionalmente equivalentes. Em conclusão, ao adicionar a camada 

temporal para analizar os estágios iniciais das mudanças de uso do solo 

nesta região da Amazônia, foi possível observar a extrema sensibilidade 

da assembleia de peixes ao desmatamento. Ainda, é possível considerar 

peixes de riachos como um grupo bandeira a ser incluído em 

planejamentos de conservação, com o objetivo de minimizar os efeitos da 

perda de biodiversidade em escala regional. 

 

Palavras-chave: Código Florestal Brasileiro, Ponto de mudança, Limiares 

de diversidade, Ecomorfologia, Débito de extinção, Atributos funcionais, 

Dinâmica da paisagem, Atraso temporal, Bacia Amazônica, Bacia do 

Machado.  
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Abstract 

 

 
The streams of the Neotropical region harbor a small-sized fish fauna, 

frequently with limited geographical distribution and, generally, highly 

dependent on riparian vegetation for feeding, shelter, and reproduction. 

The watershed native vegetation removal is one among several 

modifications, which effects on aquatic environments are not entirely 

understood yet. The knowledge of deforestation history along with current 

landscape structure enhances the power of analysis to evaluate ecological 

deforestation effects. Moreover, distinct ways of deforestation process 

might affect the fish community composition and functioning. The 

Machado river, in Rondônia, an important tributary of Amazon basin, 

exhibit high diversity and endemism and presents a recent history of high 

deforestation and land use intensification, which can cause profound 

changes in aquatic environments. Thus, the general aim of this Thesis is 

to comprehend how deforestation process influences the ichthyofauna. To 

reach this aim, we analyzed the relation between fish species abundance 

to environmental gradients of time and extent of deforestation, to detect 

which species were strongly affected – positively or negatively – by 

deforestation (Chapter 1). Knowing the fish species responses, we 

determined how fish assemblage composition and structure was related to 

deforestation time and intensity (Chapter 2). We end the study by 

presenting how the environmental components influenced the taxonomic 

and functional turnover rates, considering the process age – recent or old 

deforestation (Chapter 3). In Summary, we found that (1.) Stream fish 

populations present distinct responses to deforestation time and extent, 

regarding their taxonomic and functional structures, most negative 

threshold responses occurred at low levels of deforestation and soon after 

impact, so even in minimal change is expected to affect biodiversity 
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negatively. Delayed positive threshold responses to extreme deforestation 

by a few species do not offset the loss of sensitive taxa and likely 

contribute to biotic homogenization; (2.) The sensitive fish richness and 

abundance lost occurred synchronically to the habitat structure loss, but 

there was a time-lag response for habitat homogenization indicators, and 

tolerant fish richness and abundance increase followed this time-lag; and 

(3.) Species/functional traits turnover was different than expected by 

chance, indicating that deterministic processes are structuring this stream 

fish community. Although we found a high species turnover, functional 

traits turnover was lower than the expected by the species turnover. It 

means that taxonomically dissimilar, but functionally similar, suggesting 

that the species turnover is occurring mainly among functionally 

equivalents species. In conclusion, by adding the temporal layer to 

analyze the initial stage of land use changes in this portion of Amazon, 

was possible to verify the extreme sensitivity of fish assemblages to 

deforestation. And there is possible to consider stream fish as a flag group 

to be included on conservation plannings, aiming to reduce the effects of 

biodiversity loss on a regional scale. 

 

Key-words: Brazil Forest Code, Change point, Diversity thresholds, 

Ecomorphology, Extinction debt, Functional traits, Landscape dynamics, 

Time lag, Amazon basin, Machado basin. 
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General Introduction 
The most diverse fish fauna from neotropics are found in Brazilian inland 

waters (Azevedo et al. 2010). In a recent review, Pelicice et al. (2017) called the 

attention to the severe threats to Neotropical freshwater fish diversity and pointed 

out the agribusiness as one of the primary drivers of deforestation, habitat loss and 

degradation in the region. In 2012, a new Forest Code (Federal Law 12.651) 

started to rule in Brazil, and, despite some advances in law control and 

implementation systems (Brancalion et al. 2016), it has reduced the protected area 

around streams. Before the code alteration, landowners should maintain a 

minimum riparian buffer of 30 meters measured from the largest seasonal stream 

bed of from water bodies up to 10 m wide (Brancalion et al. 2016). After code 

alteration depending on property size the landowners would maintain 5, 8, 15, 20 

or 30 meters of riparian buffer from the center of the permanent channel, it 

implicates in an average reduction in streams protection by riparian buffers of 

47.8 ± 33.1% (Brancalion et al. 2016). Rivers and streams in Brazil harbor high 

rates of endangered fish (Casatti 2010) and are being hardly attacked by 

agribusiness expansion over pristine regions that were stimulated by the relaxation 

of the law. This harsh scenario of fast habitat destruction brings a significant 

challenge to the conservation researchers and decision makers: it is crucial to 

detect ecological patterns while also identifying and understanding processes and 

presenting solutions. All these tasks together demand a stellar effort without 

enough information on fish assemblages and instream variables. Notwithstanding, 

it is possible to rescue fish dataset on museums and establish preterit baselines 
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that can be indirectly used to compose the original species pool from impacted 

watercourses. Also, historical landscape analyses can represent the land-use 

change dynamics including their accumulated effects (Ferraz et al. 2009). For 

example, actual agripasture landscapes can face distinct historical processes of 

deforestation, like a fast and aggressive forest clearance, in the human settlement 

beginning or recently, or a continuous forest removal process along the time. In 

all situations, the side effects of forest removal on streams – habitat loss and 

homogenization – does not occur immediately after the deforestation event, and 

the aquatic community state change will face a time lag response, which sensitive 

species [to deforestation] could be being lost together with allochthonous structure 

loss while tolerant species has favored by habitat homogenization. 

Past species occurrences and land-use history together are significant, but 

still limited without information that reveals how the essential instream features 

were. Complete stream inventories (fish + local variables) that will give snapshots 

along deforestation gradients can, therefore, reconstruct the history of diversity 

loss, ecological integrity and, by modeling techniques, predict what could happen 

inside the water in future scenarios of deforestation. 

Dias et al. (2016) have identified important gaps in Brazilian stream 

studies and recommended the “… need of focusing on recently developed 

ecological theories and frameworks and expanding the temporal and spatial 

scales of studies”. The authors also pointed out about Brazilian founding agencies 

policies that favor short-term projects (1-3 years) due to long-term projects, which 

could “… help to produce long-term monitoring data, sound ecological results 
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and more comprehensive conservation plans”. We agree with the authors, but 

considering the actual crisis surrounding the Brazilian Science, that is facing 

several budget cuts (Angelo 2016), this sponsoring strategy probably will 

continue. 

Therefore, how can we work around these problems? How can we turn 

species inventories in ecological integrity assessments? Recently, advances in GIS 

tools and the availability of high-quality land-use and climatic datasets (i.e., 

MapBiomas and WorldClim) already allow us to recover temporal and spatial 

scales information. However, we need to establish standardized protocols to 

assess instream variables that are even respecting sampling nature (e.g., 

inventories or ecological diagnostics), allows researchers to expand the scale of 

analysis and at the same time permit them to understand accurately how the 

agribusiness advance is imperiling Neotropical freshwater fish. 

The Rondônia State, especially the Machado river basin, presents high 

rates of recent deforestation (Ferraz et al. 2005). This is a consequence of the 

human occupation, which has begun with the Federal Highway BR-364 

construction at the end of the 1960’s, strengthened in the early 1980’s with the 

expansion of adjacent roads (Numata et al. 2009). Consequently, the region 

presents a unique model for studies with the aim of investigating the 

communities’ ecological attributes variation. 

Considering this, the general aim of this Thesis is to comprehend how 

deforestation process influences the ichthyofauna. To reach this aim, we analyzed 

the relation between fish species abundance to environmental gradients of time 
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and extent of deforestation, to detect which species were strongly affected – 

positively or negatively – by deforestation (Chapter 1). Knowing the fish species 

responses, we determined how fish assemblage composition and structure was 

related to deforestation time and intensity (Chapter 2). We end the study by 

presenting how the environmental components influenced the taxonomic and 

functional turnover rates, considering the process age – recent or old deforestation 

(Chapter 3). All chapters were prepared according to Conservation Biology 

journal rules. 

In 2015, the Division for Sustainable Development of United Nations 

proposed the 2030 Agenda, a new plan of action for people, planet, and 

prosperity, with 17 Sustainable Development Goals and 169 associated targets at 

its core (UN 2017). In this sense, the present Thesis fits on the SDG 15, Life on 

Land, which preconizes "Protect, restore and promote sustainable use of 

terrestrial ecosystems, sustainably manage forests, combat desertification, and 

halt and reverse land degradation and halt biodiversity loss." The first target of 

this SDG, expect "... by  2020, ensure the conservation, restoration and 

sustainable use of terrestrial and inland freshwater ecosystems and their services, 

in particular forests, wetlands, mountains, and drylands, in line with obligations 

under international agreements." Inside this, the proportion of important sites for 

terrestrial and freshwater biodiversity that are covered by protected areas, by 

ecosystem type, is one indicator (# 15.1.2) to evaluate this target. Therefore, we 

expect that this Thesis also can contribute to a framework to quantify this 

indicator, considering the freshwater biodiversity. 
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Synthesis 

 In Amazon, the deforestation is the primary environmental filter driving 

habitat loss and fragmentation affecting terrestrial and aquatic ecosystems. 

However, the effects of this impact on neotropics are commonly assessed through 

community and landscape snapshots (a single measure in the present time), 

missing the historical legacy-effects of land use changes on stream fish 

communities. 

The effects of deforestation accumulate over the time since its beginning, 

affecting fish populations in distinct ways. The time and the direction of each 

species response to this impact will define the community integrity evaluated on 

the snapshot. Therefore, the information given only by these snapshots offers a 

narrow contribution for conservation plannings. By being able to measure the 

legacy-effects of impact, it may be possible to project if the environment has 

already reached a new stable state, or if it still is in the adjustment of richness and 

abundance process. To drive the communities back to a stable state, resembling 

the pristine conditions, is necessary much time and energy. However, if the 

disturbance is in progress and the community is unstable, facing the adjustment 

processes, it may be possible to decelerate the process of state change (i.e., which 

can be from a diverse and equitable to a homogeneous and dominant community) 

through ecological restoration. 

However, the effects of deforestation, even occurring in low intensity (i.e.,  

reduced impact logging projects), can promote immediate changes in fish 

communities richness and abundance, and these changes remain by years after the 
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impact. The main deforestation mode in Amazon is the typical slash-and-burn in 

extensive areas. Therefore, the effects of such deforestation on the fish 

communities structure are very intense and interfere in the way which 

deforestation dynamics is structuring the diversity patterns of the fish 

assemblages. 

Including the time scale as a variable in stream ecology research is 

essential to better comprehend the legacy effects of land use changes on fish 

assemblages and instream habitat structure. Notwithstanding, it is indispensable to 

maintain, on a regional scale, forest remnants that may reflect this history. Even if 

large areas are converted into production systems, these remnants can make it 

possible to recover the past scenarios. Without this minimum, what is remaining 

allows us only tell a very poorly understood story. 

By adding the temporal layer to analyze the initial stage of land use 

changes in this portion of Amazon, it was possible to verify the extreme 

sensitivity of fish assemblage to deforestation. With our results, it is reasonable to 

consider stream fish as a flag group to be included on conservation plannings 

aiming to reduce the effects of biodiversity loss on a regional scale. 




