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RESUMO 

 

Os ecossistemas lóticos são heterogêneos e complexos. As condições físicas 

variam da nascente à foz, incluindo características da largura, profundidade, 

declividade, velocidade de fluxo, temperatura e energia.  Estas variações e dinâmica 

de nutrientes contribuem para determinar a composição funcional e distribuição de 

macroinvertebrados. Os objetivos desta tese foram avaliar o quanto as variáveis 

ambientais de habitats físicos explicam (i) a riqueza e distribuição de Ephemeroptera, 

Plecoptera e Trichoptera (EPT) e (ii) os itens alimentares encontrados no conteúdo 

estomacal de larvas de Phylloicus (Plecoptera: Calamoceratidae). Foram amostradas 

comunidades de macroinvertebrados bentônicos, quantificados os habitat físicos e 

mensurados parâmetros físicos e químicos de qualidade de água em 80 sítios 

amostrais selecionados aleatoriamente em duas bacias hidrográficas no Cerrado (alto 

rio Araguari e alto rio São Francisco), sudeste do Brasil. Métricas de habitats como 

largura do leito sazonal, porcentagem de seixos, proporção de abrigos, declividade, 

porcentagem de trechos com fluxo lento, largura média da área molhada e oxigênio 

dissolvido foram selecionadas por modelos de regressão múltipla (MLR) e contribuíram 

significativamente para explicar a riqueza de EPT em ambas as bacias. Métricas de 

habitats físicos foram mais importantes do que parâmetros de qualidade de água na 

estruturação de gêneros de EPT nas duas bacias. Foi estudada a dieta de Phylloicus 

considerando cinco instares e seis categorias de itens alimentares no trato digestivo 

(CPOM - partículas grossas de matéria orgânica, FPOM - partículas finas de matéria 

orgânica, algas, tecido animal, tecido vegetal e material mineral). Foi evidenciado, 

dentre nossas análises estatísticas, que CPOM no conteúdo foi maior nas das larvas 

de Phylloicus nos riachos na bacia do alto São Francisco e este variou entre os riachos 

e entre os instares nas duas bacias; FPOM foi maior nas larvas nos riachos na bacia 
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do alto rio Araguari e variou entre riachos e entre instares nas duas bacias; material 

mineral foi maior no conteúdo das larvas nos riachos na bacia alto rio Araguari e variou 

entre riachos nas duas bacias. As principais métricas de habitats físicos relacionadas 

aos itens alimentares foram largura média do leito sazonal, largura média x 

profundidade, porcentagem de matéria orgânica total, cobertura ripária e presença de 

abrigo como pedaços de madeira grande. As larvas de Phylloicus apresentaram 

diferentes estratégias de alimentação nas duas bacias. Esta tese evidenciou a 

importância dos habitats físicos na distribuição da riqueza de EPT e as relações dos 

habitats com o conteúdo do trato digestivo de larvas de Phylloicus. Os resultados desta 

tese contribuem com informações das influências de habitats físicos para estruturação 

de comunidades de macroinvertebrados bentônicos e grupos tróficos funcionais em 

ecossistemas aquáticos.   

 

Palavras-chave: bacia hidrográfica, EPT, itens alimentares, matéria orgânica 

particulada grossa, matéria orgânica particulada fina, Phylloicus. 
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ABSTRACT 

 

Stream ecosystems are heterogeneous and complex. The physical conditions 

vary from headwater to mouth, including characteristics of width, depth, slope, flow 

velocity, temperature and energy. These variations and nutrient dynamics contribute to 

determine the functional composition and distribution of macroinvertebrates. The 

objectives of this thesis were to assess how environmental variables of physical habitats 

explain (i) the richness and distribution of Ephemeroptera, Plecoptera and Trichoptera 

(EPT) and (ii) the food items found in the stomach contents of larvae of Phylloicus 

(Plecoptera: Calamoceratidae). We sampled benthic macroinvertebrates cummunities, 

quantified physical habitats an measured physicochemical variables of water quality in 

80 randomly selected sampling sites in two watersheds in the Cerrado (Upper Araguari 

River Basin and Upper São Francisco River Basin), southeastern Brazil. Habitat metrics 

bankfull width, percentage of pebbles, proportion of shelters, slope, percentage of slow 

flow, wetted area width and dissolved oxygen were selected by multiple regression 

models (MLR) and contributed significantly to explain the EPT richness in both basins. 

Physical habitats metrics were more important than water quality variables in the 

structuring EPT genera in the two basins. We studied the diet of Phylloicus considering 

five instars and six categories of food items in the gut content (CPOM - coarse 

particulate organic matter, FPOM - fine particulate organic matter, algae, animal tissue, 

plant tissue and mineral material). We showed through our statistical analyses that 

CPOM content was higher in the Phylloicus larvae of streams of Upper São Francisco 

River Basin, and it varied between streams and between instars larval in the two basins. 

FPOM was higher in the larvae of streams of Upper Araguari River Basin and varied 

between streams in the two basins; mineral material content was higher in the larvae of 

streams of upper Araguari and varied between streams in the two basins. The main 



 
 

4 
 

physical habitat metrics related to food items were mean bankfull width, mean width x 

depth, percentage of total organic matter, riparian cover and shelter as the presence of 

large wood debris. Phylloicus larvae showed different feeding strategies in the two 

basins. This thesis showed the importance of physical habitats in the distribution of EPT 

richness and relations of habitats with the gut contents of Phylloicus larvae. The results 

of this thesis contribute with information regarding the influences of physical habitat for 

structuring benthic macroinvertebrate communities and functional trophic groups in 

aquatic ecosystems. 

 

Key-words: watershed, EPT, gut contents, coarse particulate organic matter, fine 

particulate organic matter, Phylloicus. 
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INTRODUÇÃO 

 

Ecossistemas lóticos, habitats físicos e macroinvertebrados bentônicos 

Os ecossistemas lóticos são heterogêneos e complexos e apresentam 

condições físicas que variam da nascente à foz, incluindo largura, profundidade, 

declividade, velocidade de fluxo, temperatura e energia (Vannote et al. 1980; Covich et 

al. 1999; Kovalenko et al. 2012). Os diferentes rios e a organização de seus 

componentes estruturais de habitats físicos (ex. tipos de substratos, largura, 

profundidade, declividade), que caracterizam os tipos de fluxos lentos e rápidos, são 

determinadas pelas características geomorfológicas e clima nas distintas latitudes e 

biomas por onde percorrem (Allan & Castillo 2007).  

O conceito de continuo fluvial (RCC) proposto por Vannote et al. (1980) postulam 

que as variações nas características estruturais dos habitats físicos e a dinâmica de 

nutrientes são fatores que contribuem para determinar a composição funcional e 

distribuição da biota aquática. Desta forma, os macroinvertebrados são distribuídos de 

acordo a disponibilidade de recursos alimentares e habitats necessários ao seu 

estabelecimento ao longo de um rio. Os macroinvertebrados tendem a se distribuir 

funcionalmente de forma a obter o melhor aproveitamento dos recursos alimentares, 

como por exemplo a matéria orgânica particulada grossa (MOPG) e fina (MOPF) 

disponível ao longo do rio.  

Estudos têm mostrado que além da distribuição funcional, a riqueza e 

abundância de macroinvertebrados bentônicos são influenciados pela complexidade 

estrutural e heterogeneidade dos habitats (Garcia et al. 2012). A a variedade de 

substratos, variação hidráulica e regime de fluxo por proveem uma ampla variedade de 

condições físicas (Statzner & Higler 1986; Hughes et al. 2010; Ligeiro et al. 2012; 
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Kovalenko et al. 2012; Kaufmann & Faustini 2012). Assim, os macroinvertebrados 

bentônicos são os organismos indicados para avaliar as mudanças nos habitats 

(Maddock 1999; Bonada et al. 2006; Dohet et al. 2008) porque exibem preferencias 

hidráulicas (fluxos lentos e rápidos) e são encontrados de forma exclusiva em habitats 

físicos específicos, por exemplo em corredeiras e poças (Silveira et al. 2006; Mérigoux 

et al. 2009). 

Os ecossistemas tropicais possuem rica biodiversidade (Dudgeon, 2000). 

Entretanto, os rios tropicais estão entre os ecossistemas mais ameaçados do mundo 

(Dudgeon et al. 2006). Nestes, a perda de diversidade de organismos bentônicos ocorre 

em um ritmo alarmante (Allan & Castillo 2007). As principais ameaças são: poluição da 

água, alterações nas características físicas e químicas, modificação de fluxos, 

degradação de hábitats (Dudgeon et al. 2006).  

As variáveis físicas e químicas, independentemente dos habitats físicos, também 

são fatores estruturadores da biota aquática (Jowett 1997). A poluição da água e 

degradação de hábitats são marcantes, principalmente em áreas urbanas e industriais 

(Klein 1979; Rosenberg & Resh 1993; Souza & Tundisi 2003; Moreno & Callisto 2006; 

Ferreira et al. 2011). O crescimento populacional desordenado, a industrialização nas 

cidades e as atividades de agricultura e pecuária na transformação de áreas naturais, 

aumentam a pressão antrópica sobre os ecossistemas aquáticos (Diniz-Filho et al. 

2009). Diariamente são lançados nos rios e córregos, esgotos domésticos, pesticidas 

e efluentes industriais sem tratamento adequado alterando a química da água e 

diminuindo drasticamente a integridade ecológica nesses ecossistemas (Ferreira et al. 

2011). Como resultado, observa-se a morte dos organismos sensíveis e a simplificação 

das comunidades de macroinvertebrados bentônicos (Chapman & Chapman 2002; 
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Moreno & Callisto 2006; Feio et al. 20013) e são os principais problemas que têm 

afetado a qualidade dos corpos d’água no Brasil.   

Papel funcional de macroinvertebrados bentônicos 

Os invertebrados aquáticos são predominantes na estrutura trófica de riachos e 

o conhecimento de seu papel funcional é fundamental para o entendimento do 

funcionamento desses ecossistemas, incluindo o processamento da matéria orgânica 

(Motta & Uieda 2004; Cummins et al. 2005). Além disso fornecem importantes serviços 

ambientais, como ciclagem de nutrientes e fluxo de energia participando das cadeias 

alimentares (Covich et al. 1999) e de detritos (Graça 2001). 

As atividades funcionais de alimentação de macroinvertebrados e as estratégias 

utilizadas para adquirir o alimento refletem as adaptações desses organismos às 

condições ambientais (Tomanova et al. 2006). Muitas espécies exploram de maneira 

semelhante um mesmo conjunto de recursos e são definidas como fazendo parte de 

uma mesma guilda trófica (Begon et al. 2007) e o seu reconhecimento baseia-se 

principalmente no tipo de dieta apresentada pelos taxa e, em alguns casos, no 

comportamento alimentar associado ao substrato no qual o alimento está disponível 

(Cummins 1973; Callisto & Esteves 1998; Silva et al. 2008). Além disso, a estratégia 

alimentar pode ser usada como uma forma de avaliação de condições ambientais 

(Tomanova et al. 2006; Cummins et al. 2005).  

 Os macroinvertebrados bentônicos fragmentadores reduzem o tamanho da 

matéria orgânica particulada grossa (MOPG) disponibilizando a porção fina (MOPF) 

para outros organismos detritívoros (Wallace & Webster 1996; Boyero et al. 2011). Os 

raspadores alimentam-se de algas aderidas a superfícies, chamadas de perifíton. Os 

coletores-catadores utilizam como recurso alimentar a MOPF depositada nos 

sedimentos. Os coletores-filtradores possuem estruturas anatômicas especializadas 
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(cerdas no aparelho bucal em forma de leque ou escova) ou constroem uma rede de 

seda para coletar a MOPF em suspensão na coluna d’água transportada pela 

correnteza. Por fim, os predadores capturam e consomem presas vivas inteiras ou suas 

partes ou perfuram e sugam o conteúdo de seus corpos (Wallace & Webster 1996; 

Cummins et al. 2005). 

A classificação dos grupos tróficos funcionais com base nos mecanismos morfo-

comportamentais deve ser analisada com cuidado, uma vez que muitos 

macroinvertebrados bentônicos possuem dieta generalista e a escolha do alimento 

pode estar associada ao estágio de vida (instar) e à disponibilidade de recursos no 

ambiente (Merritt & Cummins 1996; Wallace & Webster 1996). Então a avaliação de 

itens alimentares no conteúdo estomacal de macroinvertebrados bentônicos auxilia na 

classificação mais precisa em grupos tróficos funcionais em riachos tropicais (Motta & 

Uieda 2004). 

No Brasil há uma lacuna no conhecimento sobre os grupos tróficos funcionais 

(GTFs) dos macroinvertebrados bentônicos devido à escassez de estudos, assim como 

em todas as regiões tropicais (Callisto et al. 2001; Fossati et al. 2001; Buss et al. 2002; 

Baptista et al. 2007; Boyero et al. 2011; Chara-Serna et al. 2012). A classificação dos 

macroinvertebrados bentônicos em GTFs na América do Sul ainda é insipiente (Motta 

& Uieda 2004) e com isso persistem incertezas relacionadas à história de vida e à 

plasticidade alimentar dos macroinvertebrados bentônicos em rios tropicais. Assim, a 

classificação dos macroinvertebrados com base na literatura americana e europeia, 

pode levar a diferenças significativas na classificação das categorias tróficas porque a 

estratégia de alimentação de macroinvertebrados em riachos tropicais pode ser 

diferente devido à disponibilidade de recursos e características de habitats físicos 

(Tomanova et al. 2006). 
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CONTEXTUALIZAÇÃO 

 

Esta tese de doutorado foi realizada no âmbito de um projeto financiado pelo 

Programa Peixe Vivo da Companhia Energética de Minas Gerais S.A. – CEMIG, 

intitulado “desenvolvimento de índices de integridade biótica para a avaliação de 

qualidade ambiental e subsidio para a restauração de habitats em áreas de soltura de 

alevinos”. Este projeto conta com a parceria das instituições de pesquisas UFMG, 

UFLA, PUC-Minas e CEFET-MG, OSU (Oregon State University) e US-EPA (Oregon).  

Esta tese utilizou os dados das campanhas de amostragens realizadas no 

período de seca em setembro de 2009 nos tributários da bacia hidrográfica do alto rio 

Araguari a montante do reservatório de Nova Ponte MG e, em setembro de 2010, nos 

tributários da bacia hidrográfica do alto rio São Francisco a montante do reservatório 

de Três Marias, MG. Foram descritas as relações de fatores ambientais de habitats 

físicos na explicação da riqueza e distribuição de macroinvertebrados bentônicos e a 

relação dos habitats físicos com o conteúdo alimentar de larvas do gênero Phylloicus 

(Trichoptera: Calamoceratidae). 

Foram elaborados dois capítulos no formato de manuscritos científicos. No 

primeiro capítulo foram avaliados quais os fatores ambientais de habitats físicos e 

parâmetros físicos e químicos de qualidade de água melhor explicam a riqueza e 

distribuição das assembleias de Ephemeroptera, Plecoptera e Trichoptera (EPT). No 

segundo capítulo foram avaliados os fatores ambientais de habitats físicos relacionados 

aos itens alimentares encontrados no trato digestivo de larvas de Phylloicus. 
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OBJETIVOS 

Objetivo Geral 

Identificar quais os fatores ambientais de habitats físicos em escala de riachos 

melhor explicam a riqueza e a distribuição de EPT e quais se relacionam com itens 

alimentares no trato digestivo de larvas de Phylloicus. 

Objetivos específicos do capítulo 1:  

Importância de fatores ambientais na riqueza e distribuição de 
macroinvertebrados bentônicos em riachos de cabeceira tropicais 

 Avaliar o estado ecológico de riachos utilizando protocolos adaptados para 

avaliação de habitats físicos; 

 Avaliar as relações de habitats físicos e parâmetros físicos e químicos de 

qualidade de água com gêneros de macroinvertebrados bentônicos das ordens 

Ephemeroptera, Plecoptera e Trichoptera; 

 Avaliar as relações de métricas de habitats físicos com a riqueza de EPT. 

Objetivos específicos do capítulo 2: 

A dieta de um típico fragmentador é relacionada com os habitats físicos em 
riachos de cabeceira no Cerrado brasileiro? 

 Avaliar a importância de itens alimentares (CPOM, FPOM, algas, tecido animal, 

tecido vegetal e material mineral) no trato digestivo de larvas de Phylloicus; 

 Avaliar as relações de métricas ambientais de habitats físicos com os itens 

alimentares.  
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ÁREA DE ESTUDO E SÍNTESE DO PROCEDIMENTO AMOSTRAL 

 

Foram estudados 40 trechos de riachos que drenam a bacia hidrográfica do alto 

rio Araguari no trecho a montante do reservatório de Nova Ponte, e outros 39 que 

drenam a bacia do alto rio São Francisco a montante do reservatório de Três Marias 

(Figura 1). A bacia do Alto Rio Araguari está localizada na mesorregião do Triangulo 

Mineiro, abrangendo os municípios de Araxá, Ituiutaba, Nova Ponte e Patrocínio. A 

paisagem é intensamente modificada na maior parte de sua extensão, sendo a 

agricultura mecanizada e irrigada a atividade predominante de uso do solo. Entre as 

principais culturas destacam-se café, cana para produção de açúcar e álcool, soja e 

milho. A bacia do Alto Rio São Francisco está localizada na mesorregião Central 

Mineira, abrangendo os municípios de Três Marias, Abaeté, Pompéu e Morada Nova 

de Minas. As principais atividades na região são a agricultura familiar e a criação de 

gado de modo extensivo em pequenas fazendas. Ambas as bacias estão inseridas no 

bioma Cerrado, um dos "hotspots" de biodiversidade definidos por Myers et al. (2000), 

possuindo elevado endemismo de espécies de flora e fauna.  

O clima no Cerrado é marcado por duas estações climáticas bem definidas: um 

período de seca que vai de maio a setembro e outro chuvoso, de outubro a abril. A 

precipitação média anual varia de 1200 a 1800 mm (Ratter et al. 1997). Embora sendo 

o segundo maior bioma brasileiro, ocupando atualmente cerca de 20% do território 

nacional, vem sendo progressivamente substituído por pastagem e agricultura 

(Wantzen et al. 2006; Diniz-Filho et al. 2009). Esse processo acelerou-se a partir da 

segunda metade do século XX em função do avanço da malha urbana e da implantação 

de empreendimentos agropastoris, grande parte deles destinados ao mercado externo. 

Em cada bacia definiu-se como a região potencial de amostragem ("buffer") a 

área de 35 km no entorno a montante dos reservatórios. A seleção dos riachos foi 
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realizada aleatoriamente seguindo a metodologia de Olsen & Peck (2008). Em cada 

trecho foi aplicado um protocolo de avaliação de habitats (Protocolos em Anexo) 

desenvolvido e utilizado pela Agencia de Proteção Ambiental Norte-Americana (US-

EPA) (Peck et al. 2006).  

  

 

Figura 1. Localização das bacias hidrográficas estudadas e dos riachos amostrados. A) Bacia do Alto 
Rio Araguari (reservatório de Nova Ponte), e B) Bacia do Alto Rio São Francisco (reservatório 
de Três Marias). 

 

O comprimento longitudinal de cada trecho amostrado foi definido como a média 

da largura molhada no ponto do trecho multiplicada por 40, tendo um comprimento 

mínimo de 150 m. Dentro de cada trecho foram definidos 11 transectos equidistantes, 

totalizando 10 seções (espaço entre transectos) em cada trecho (Figura 2). Em cada 

transecto e ao longo das seções foram sistematicamente avaliadas diversas 

características do leito dos riachos (p.ex., largura molhada, largura e altura do leito 
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sazonal, profundidade, tipo de substrato, tipo de fluxo, etc.) e da vegetação riparia 

(p.ex., alterações humanas, cobertura vegetal, cobertura do dossel no leito, etc.). Esse 

protocolo tem como objetivo descrever da forma mais detalhada possível as 

características dos habitats físicos nos riachos.  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figura 2. Desenho esquemático da metodologia amostral aplicada em campo (figura 
adaptada de Kaufmann et al. 1999). 

Seguindo o mesmo protocolo, as amostragens de macroinvertebrados em cada 

trecho foram realizadas utilizando um amostrador tipo "kicking net" (30 cm abertura, 

500 μm tamanho de abertura de malha). Esse amostrador é também conhecido como 

"D-net", em função de seu formato (Figura 3). Foram realizadas amostragens tipo 

"reach wide" e onze sub-amostras (0,09 m2
 cada) foram coletadas por trecho de riacho. 

Este método possibilita a amostragem de vários tipos de habitats e microhabitats 
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existentes no trecho, podendo assim ser chamada de "amostragem multi-habitat”. Em 

laboratório os organismos coletados foram triados em bandejas e identificados em lupa 

(aumento 32x) ao nível de família e 80x ao nível de gênero com o auxílio de chaves 

taxonômicas (Pérez 1988; Fernandez e Domingues 2001; Costa et al. 2006). Os taxa 

EPT, utilizados por apresentarem padrões gerais da comunidade total e além disso, 

considerados como eficientes bioindicadores de boa qualidade de agua, foram 

identificados ao nível de gênero com auxílio de chaves de identificação taxonômicas 

(Hamada & Couceiro 2003; Salles et al. 2004; Pés et al. 2005; Domínguez et al. 2006; 

Wiggins 1996; Lecci & Froehlich 2007; Falcão et al. 2011). 

 

 

Figura 3. Amostrador do tipo “kicking net” para coleta de macroinvertebrados bentônicos. 
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Abstract. It is essential to understand the interactions between local environmental 

factors (e.g., physical habitat and water quality) and aquatic assemblages to conserve 

biodiversity in tropical and subtropical headwater streams. Therefore, we evaluated the 

relative importance of multiple physical and chemical habitat variables influencing the 

richness of typically more sensitive Ephemeroptera, Plecoptera and Trichoptera (EPT) 

assemblages in wadeable Brazilian Cerrado (savanna) streams. To do so, we sampled 

macroinvertebrate assemblages and quantified physical and chemical habitat in 79 

randomly selected sites in two Cerrado basins in southeastern Brazil. The environmental 

variables, selected by multiple regression models (MLRs) via corrected Akaike 

Information Criteria (AICc), contributed significantly to the variation in EPT taxa richness. 

The variance explained by physical habitat variables in the Upper Sao Francisco Basin 

(adjusted r2 = 0.53) was slightly greater than in the Upper Araguari Basin (adjusted r2 = 

0.46), and both were greater than the variance explained by a combined biome model 

Capítulo 1 

“Importance of environmental factors on the richness and distribution of 

benthic macroinvertebrates in tropical headwater streams” 
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(adjusted r2 = 0.39). In our study, physical habitat variables were more important than 

water quality variables in structuring EPT genera in savanna streams with catchments 

dominated by agriculture or pasture land uses. We conclude that regional models can 

be improved by incorporating basin-specific information, in this way refining biological 

assessments and better understanding the interactions that maintain biodiversity in 

stream networks. 

Key-words: EPT assemblages, physical habitat, hydromorphology, stream 

conservation, macroinvertebrate bioindicators, Cerrado headwater streams 

Introduction 

Agriculture, pasture, and riparian deforestation hinder stream conservation 

through their effects on instream habitat conditions (Dovciak and Perry 2002, Pinto et 

al. 2006, Egler et al. 2012). Both physical habitat structure and water quality have 

received attention in recent years as important elements for assessing environmental 

quality and as agents structuring aquatic biotic assemblages (Karr and Dudley 1981, 

Sály et al. 2011; Ligeiro et al. 2013). To conserve headwater streams, it is essential to 

assess and understand the interactions among physical habitat features, water 

chemistry, and aquatic assemblages (Maddock 1999; Nerbonne and Vondracek 2001, 

Pinto et al. 2009). Site-scale research has shown that physical habitat complexity (e.g., 

structural cover, substrates, and water flow) influence assemblage composition, 

richness, and temporal stability as well as ecological processes (Hughes et al. 2010, 

Kaufmann and Faustini 2012, Kovalenko et al. 2012).  

Benthic macroinvertebrates are frequently recommended for biological 

assessments of environmental changes (Barbour et al. 1996, Lammert and Allan 1999, 

Bonada et al. 2006) because they exhibit a continuum of responses to environmental 

variables (Rosenberg and Resh 1993, Maddock 1999, Dohet et al. 2008). These 
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organisms are often used to assess water body condition in spatially extensive 

biomonitoring programs (Hering et al. 2006, Paulsen et al. 2008, USEPA 2013), through 

the use of multimetric indices (Baptista et al. 2007, Klemm et al. 2003, Stoddard et al. 

2008, Ferreira et al. 2011, Mugnai et al. 2011, Oliveira et al. 2011), and predictive 

models (Feio et al. 2009, Moya et al. 2011, Chen et al. In Press). 

Ephemeroptera, Plecoptera and Trichoptera (EPT) taxa are sensitive indicators 

of high quality ecological conditions because of their low tolerance to stressors 

(Usseglio-Polatera et al. 2000, Callisto et al. 2001, Klemm et al. 2003, Ferreira et al. 

2011). The EPT also play important roles in nutrient cycling (Righi-Cavallaro et al. 2010), 

in processing coarse organic matter (Graça et al. 2001, Boyero et al. 2011), and in the 

diet of vertebrates and other invertebrates (Ferro and Sites 2007). Altered environmental 

conditions can adversely affect EPT taxa richness and composition. For example, 

riparian vegetation removal may increase erosion, turbidity, water temperature, 

streambed sedimentation, and habitat losses (Chapman and Chapman 2002, Kaufmann 

et al. 2009). Increased fine sediments are detrimental to many EPT taxa (Bryce et al. 

2010) and reductions in wood and leaves reduce the food and shelter for EPT 

assemblages (Melody and Richardson 2007).  

The Cerrado biome (Brazilian tropical savanna) covers more than two million 

km2, mostly inside Brazil, and is considered a priority hotspot for biodiversity 

conservation on a global scale because it supports many endemic species (Myers et al. 

2000). In the past 60 years, more than half the Cerrado has been deforested (Klink and 

Machado 2005, Wantzen et al. 2006), and large natural areas have been transformed 

into livestock pasture and croplands (Diniz-Filho et al. 2009). Replacement of native 

vegetation by pasture and intensive agriculture is associated with degradation of water 

quality, increased soil erosion, siltation of water bodies, and degradation of physical 
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habitat (Dovciak and Perry 2002, Wantzen et al. 2006). Thus, the objective of this study 

was to evaluate the relative importance of site-scale physical habitat and water quality 

variables driving EPT generic richness in Brazilian Cerrado streams. The aim is to use 

this information to better manage headwater streams and their catchments. Because 

two adjacent basins in the same biome can differ in land uses, ecological conditions, 

geomorphology and precipitation, we hypothesized that 1) the two studied basins would 

differ in EPT assemblage structure and composition, 2) different sets of habitat metrics 

would explain EPT richness in each basin, and 3) that a combined model would explain 

less variability.  

Methods 

Study Area  

We conducted this study in 79 1st to 3rd order (at 1:100,000 scale) wadeable stream sites 

in the Upper São Francisco and Upper Araguari River Basins, Minas Gerais, 

southeastern Brazil (Figure 1). Both basins are located in the Cerrado biome at altitudes 

between 520 and 1300 m. There is a distinct May to September dry season with rainfall 

between 10 and 55 mm/month, and a distinct October to April rainy season with rainfall 

between 100 and 300 mm/month, for a total mean annual rainfall around 1600 mm 

(Brasil 1992). In the Upper Araguari Basin, lithology is mostly metamorphic rock and its 

land use is primarily agricultural (mainly soy, coffee, corn and sugar cane). In the Upper 

São Francisco Basin, the predominant lithology consists of sedimentary rocks and the 

land use is mostly pasture and small family farms (Ligeiro et al. 2013).  
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Figure 1. Study area and site locations in the Upper Araguari (A) and Upper São Francisco (B) 
Basins. 

 

Site Selection  

We selected sites as described by Stevens and Olsen (2004) for the USA 

Wadeable Stream Assessment (Olsen and Peck 2008, USEPA 2013). Following this 

methodology, randomly selected sites are drawn from a digital hydrographic map to 

produce a spatially balanced network of sites with a minimum distance of 1 km between 

sites. We sampled 40 sites in September 2009 in the Upper Araguari Basin and 39 sites 

in September 2010 in the Upper São Francisco Basin. 

Physical Habitat 

At each site, we sampled a longitudinal distance equal to 40 times the average 

width, with a minimum distance of 150 meters. Then, eleven equidistant transects were 
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established perpendicular to the longitudinal axis of the streams, defining ten sections 

of the same length. In each transect and along the sections we measured stream 

physical habitat variables as described in Peck et al. (2006). At the eleven transects, we 

recorded channel dimensions (e. g., wetted and bankfull width and depth), bank angle, 

riparian vegetation (e.g., percent cover of tree, understory, ground layer), presence and 

proximity of human disturbances (e.g., buildings, trash, land use), and presence of fish 

cover (e.g., undercut banks, trees and fallen branches, filamentous algae, aquatic 

macrophytes). We determined bed substrate (e.g., sand, gravel, boulder) at 100 points, 

In addition, we measured flow type (e.g., pools, riffles), thalweg depths, sinuosity and 

channel slope between each transect. We generated quantitative physical habitat 

metrics as described in Kaufmann et al. (1999); however, relative bed stability was 

calculated as in Kaufmann et al. (2009). 

Water Quality 

Temperature, electrical conductivity, pH, turbidity and total dissolved solids were 

measured in situ using a multiparameter probe (Yellow Springs - YSI - 650 MDS - Probe 

6920). In the laboratory, we determined the concentrations of total phosphorus, total 

nitrogen and dissolved oxygen (APHA et al. 2005) from a water sample taken from each 

site and retained in a chilled cooler. 

Benthic Macroinvertebrates 

We collected benthic macroinvertebrates using a D-frame kick net (30 cm 

aperture, 500 µm mesh). One sample unit (0.09 m2) was taken per transect, totaling 1 

m2 of sampled area per site. The sampling followed a systematic zig-zag pattern (right, 

center, left) along the site. We preserved the composite samples with 4% formalin 

solution. In the UFMG Benthic Ecology Laboratory, we washed the samples through a 

500 µm sieve and sorted the organisms. We identified EPT individuals to genus through 
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use of a stereomicroscope (80x) with the aid of taxonomic keys (Merritt and Cummins 

1996, Wiggins 1996, Hamada and Couceiro 2003, Salles et al. 2004, Pés et al. 2005, 

Mugnai et al. 2010, Falcão et al. 2011). 

Data Analyses 

Selection of physical habitat and water quality variables 

We first analyzed the data from the two basins separately, and limited regression 

analyses to 4 predictor variables (10% of the number of sites per basin) to avoid model 

over fitting (Gotelli and Ellison, 2004). Then we analyzed all 79 sites in the two studied 

basins of Cerrado biome, restricting the number of predictor metrics to 8. In each case, 

we followed the procedures suggested by Marzin et al. (2012a) and first separated a 

total of 158 habitat metrics into six groups of metrics that describe key stream habitat 

characteristics (channel morphology, bed substrate, flow type, riparian vegetation, fish 

cover, and water quality). Then, within each group of metrics, we examined correlation 

matrices (Pearson product moment) to eliminate redundant metrics (> |0.8| correlation), 

retaining the most ecologically meaningful ones. For instance, the % pools metric was 

highly correlated with the % trench pools metric (r = |0.94|), so we chose % pools 

because we consider it a more comprehensive metric describing slowly flowing habitat 

types. After this screening step we retained a total of 83 metrics (15 in the channel 

morphology group, 15 in the bed substrate group, 6 in the flow type group, 19 in the 

riparian vegetation group, 23 in the fish cover group, and 5 in the water quality group).   

In a second metric screening step, within each metric group, we selected the 

metrics that contributed most to the dispersion of the data in the multivariate space of a 

principal components analysis (PCA). We achieved in this manner a total of 29 metrics 

(Table 1). The first axis of each PCA (PCA1) represents the clearest univariate gradient 

formed by the habitat metrics of each group. The coordinate values of the metrics 
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express the relative contribution of each individual metric to the PCA1s. For instance, 

the PCA1 performed for the channel morphology metric group in the Upper Araguari 

Basin represents a contrast between channel slope and channel size (depth and width) 

(Table 1). 
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Table 1. Description of physical habitat metrics and physical-chemical water variables. Significant results are 
followed by an asterisk (n/a: not assessed). 

Variable 

code 

 
 

  
PCA: factor coordinates - based on 

correlations 

Habitat groups and metric names 

Upper Araguari 

Basin 

Upper São 

Francisco 

Basin t-test 

Upper Araguari 

Basin 

Upper São 

Francisco Basin 

Channel morphology Mean (SD) Mean (SD) p 1st axis (23.94%) 1st axis (30.73%) 

xdepth_s Mean depth  of cross-section (cm)  20.63 (10.36) 27.77 (11.68) 0.005* -0.61 -0.54 

xwidth Mean wetted width (m) 2.54 (1.08) 3.68 (2.44) 0.005* -0.69 -0.89 

xbkf_w Mean bankfull width (m) 5.20 (1.74) 6.50 (3.61) 0.044* -0.40 -0.85 

rp100 Mean residual depth (cm) 10.27 (5.63) 23.72 (12.81) < 0.001* -0.82 0.04 

xslope Channel water surface slope – reach mean (%) 1.01 (0.62) 0.60 (0.59) 0.003* 0.45 -0.28 

Sinu Channel sinuosity (m/m) 3.53 (15.48) 1.05 (0.07) 0.314 0.04 0.54 

 Bed substrate     (32.09%)  (35.13%) 

xembed Mean embeddedness of channel & margin (%) 64.08 (19.67) 58.38 (24.81) 0.259 0.56 0.79 

vembed 
Standard deviation of embeddedness in channel 

+ margin (%) 
35.77 (9.73) 35.63 (11.22) 0.955 -0.27 -0.48 

lrbs Relative bed stability  -2.52 (0.86) -2.06 (1.33) 0.070 -0.78 -0.59 

lsub_dmm 
Substrate - log10 (geometric mean diameter 

mm) 
-0.76 (0.87) -0.64 (1.47) 0.645 -0.92 -0.96 

pct_cb Substrate % cobbles  (diameter 64 – 250 mm) 0.05 (0.07) 0.06 (0.1) 0.618 -0.69 -0.45 

 Riparian     (25.32%)  (34.73%) 

xcdenmid Mean mid-channel canopy density (%) 77.06 (21.54) 73.03 (24.83) 0.440 0.70 -0.32 

vcdenmid 
Standard deviation – mid-channel canopy 

density (%) 
13.35 (10.50) 14.16 (8.59) 0.708 -0.57 0.21 

xcmg 
Riparian vegetation canopy+mid+ground cover 

(%)  
102.59 (30.81) 94.28 (43.19) 0.325 -0.31 -0.78 

 Flow type    (37.16%) (49.21%) 

pct_gl Glide (% of reach) 0.12 (0.17) 0.38 (0.31) < 0.001* 0.45 0.76 

pct_pool Pools – all types (% of reach) 0.28 (0.16) 0.52 (0.37) < 0.001* 0.61 0.86 

pct_slow Slow water habitat (% glide + pool) 0.40 (0.20) 0.89 (0.12) < 0.001* 0.88 -0.80 

 Shelter     (20.22%)  (29.32%) 

pct_bf Coarse litter (%) 0.001 (0.01) 0.07 (0.15) 0.006* n/a -0.17 

c1w_msq 
Large wood debris in bankfull channel 

(number/m2 – all sizes) 
0.07 (0.013) 0.05 (0.07) 0.296 -0.74 -0.77 

xfc_brs Brush and small debris (areal proportion) 11.98 (0.0, 87.5) 7.01 (9.49) 0.088 0.14 -0.81 

xfc_ucb Undercut banks (areal proportion) 5.06 (5.41) 3.65 (5.28 0.242 0.54 -0.40 

xfc_ant Anthropogenic fish cover (areal proportion) 5.66 (17.02) 6.71 (11.82) 0.749 -0.39 0.22 

 Water quality     (31.54%)  (33.09%) 

DO Dissolved oxygen (mg/L) 7.47 (1.16) 7.67 (2.86) 0.694 0.62 -0.71 

pH Negative log hydrogen ion concentration  6.90 (0.46) 7.67 (0.49) < 0.001* 0.82 -0.12 

Turbidity Material in suspension ( NTU) 7.56 (10.52) 8.22 (14.55) 0.816 -0.56 0.88 

N-total Total nitrogen (mg/L) 0.05 (0.01) 0.24 (0.98) 0.236 0.23 0.07 

Cond. Electrical conductivity (µS/cm) 23.2 (17.7) 76.1 (92.3) < 0.001* - - 

TDS Total dissolved solids (mg/L) 15.2 (11.8) 41.1 (33.5) < 0.001* - - 

T 0C Temperature of water 20.3 (1.8) 17.2 (1.8) < 0.001* - - 
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To identify the best predictor variables for explaining EPT generic richness, we 

performed a multiple linear regression (MLR) for each basin and for all 79 studied sites 

combined. Because the predictors were measured over a variety of numerical scales 

they were mean centered and standardized before performing the analyses. We used 

the best-subsets procedure (Harrell and Frank 2001) for creating MLR models, including 

a maximum of four explanatory variables in the models made for each individual basin 

and eight explanatory variables in the model made for the two basins combined, in this 

way avoiding model overfitting. We used the corrected Akaike Information Criteria 

(AICc) values for searching for the best models (Burnham and Anderson 2002). The 

AICc is suitable for small datasets like ours. We also checked if the models could be 

simplified, i.e., if the number of explanatory variables could be reduced in each case. 

When the difference between the AICc values of two models (ΔAICc) is ≤ 2, the reduced 

model can be considered equivalent and, in this manner, preferable. For these analyses, 

we used Statistica for Windows (StatSoft, Inc. 1984-2004, version 7). 

For each basin we also used the PCA1s coordinate values as surrogate variables 

representing each of the dimensions of habitat quantified by the “habitat groups” (table 

1) in a canonical correspondence analysis (CCA) to assess EPT assemblage 

composition relative to the site environmental conditions. The CCAs were performed 

using just EPT genera with counts greater then 10 individuals, to avoiding 

misinterpretation of the results. Invertebrate abundances were square root transformed 

because of the wide range in abundances. The CCAs were performed in R version 

2.15.1 (Team 2012), package vegan (Oksanen et al. 2012). 

To evaluate dissimilarities in the taxonomic composition of benthic assemblages 

between the two basins we performed a MDS (Metrical Multidimensional Scaling) 

ordination. To perform the MDS we used the altered Gower distance based on relative 
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abundances, with log2 X + 1 transformed data (following Anderson et al. 2006), and the 

Jaccard dissimilarity on presence/absence data. We also conducted t-tests to detect 

significant differences (p < 0.05) in EPT richness, density, and habitat and water quality 

metrics between the two basins. We used PERMANOVA tests (Permutational 

Multivariate Analysis of Variance, Anderson 2001), with 10,000 simulations, to test the 

difference in EPT assemblage composition between the two basins. The t-tests, the 

MDS, and the PERMANOVAS were also performed in R version 2.15.1.  

 

Results 

Physical & Chemical Variables  

In general, sites in the two basins had good quality water, with low values for 

TDS, nitrogen and phosphorus, and high concentrations of dissolved oxygen. The 

largest differences in water quality between the two basins were observed for electrical 

conductivity (t(1, 77) = -3.55, p < 0.001), total dissolved solids (t(1, 77) = -4.63, p < 0.001), 

and water temperature (t(1, 77) = 7.75, p < 0.001). Sites in the Upper São Francisco Basin 

had higher mean electrical conductivity (76.1 μS cm-1) and total dissolved solids (41.1 

mg L-1) whereas Upper Araguari sites had higher mean water temperature (20.3 °C) 

(Table 1). 

The site physical habitats in the two basins differed also. Regarding channel 

morphology, the Upper Araguari sites had higher mean slopes and sinuosities, whereas 

the Upper São Francisco sites had greater depths and larger cross-section widths. The 

highest average amount of cover (coarse litter) and flow types (glide, pools) were 

observed in the Upper São Francisco Basin (Table 1). 
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EPT Assemblages  

In the Upper Araguari Basin we collected 5,463 individuals distributed in 19 

families and 61 genera and in the Upper São Francisco Basin 15,133 individuals 

distributed in 20 families and 65 genera (Table 2). We observed a non-significant 

difference in the total richness of EPT genera between the basins. The Upper São 

Francisco Basin had fewer sites with EPT richness between 1 and 10 (15%) and more 

sites with taxa richness between 20 and 30 (36%). The Upper Araguari Basin had more 

sites (48%) with taxa richness between 10 and 20 and both basins had the same number 

of sites (5%) with taxa richness between 30 and 37 (Figure 2a). Upper São Francisco 

sites supported significantly higher EPT densities than Upper Araguari sites (t(1,77) = -

3.54, p = 0.001) (Figure 2b).  
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Table 2. EPT taxa list from sites of the Upper Araguari and Upper São Francisco Basins. Genera collected from only one basin are indicated in bold 
italic. 

Upper Araguari Basin  Upper São Francisco Basin 

Ephemeroptera Individual Plecoptera Individual Trichoptera Individual  Ephemeroptera Individual Plecoptera Individual Trichoptera Individual 

Americabaetis 211 Anacroneuria 288 Alisotrichia 1  Americabaetis 1761 Anacroneuria 210 Alisotrichia 3 
Apobaetis 10 Gripopteryx 33 Atopsyche 5  Apobaetis 84 Gripopteryx 1 Anchitrichia 3 
Askola 49 Kempnyia 57 Austrotinodes 9  Askola 16 Macrogynoplax 1 Atopsyche 48 
Aturbina 26 Paragrypopteryx 278 Barypenthus 34  Asthenopus 56   Austrotinodes 5 
Baetodes 87 Tupiperla 215 Chimarra 25  Aturbina 365   Chimarra 749 
Caenis 116   Grumicha 2  Baetodes 190   Cyrnellus 27 
Callibaetis 4   Helicopsyche 4  Caenis 1156   Helicopsyche 33 
Camelobaetidius 19   Hydroptila 4  Callibaetis 1438   Hydroptila 145 
Campylocia 9   Itaura 12  Camelobaetidius 84   Leptonema 41 
Cloeodes 167   Leptonema 42  Campsurus 88   Macronema 86 
Criptonympha 64   Macronema 12  Campylocia 31   Macrostemum 7 
Farrodes 151   Macrostemum 9  Cloeodes 1117   Marilia 99 
Hagenulopsis 33   Marilia 100  Criptonympha 33   Metrichia 71 
Hydrosmilodon 2   Metrichia 4  Farrodes 757   Mortoniella 6 
Hylister 1   Mortoniella 185  Hagenulopsis 38   Nectopsyche 80 
Leptohyphes 71   Nectopsyche 81  Hermanella 32   Neotrichia 2 
Massartella 37   Neotrichia 2  Hexagenia 6   Ochrotrichia 2 
Miroculis 52   Ochrotrichia 3  Hydrosmilodon 353   Oecetis 48 
Needhamella 1   Oecetis 22  Latineosus 20   Oxyetira 68 
Paracloeodes 64   Oxyetira 7  Leptohyphes 26   Phylloicus 44 
Rivudiva 1   Phylloicus 53  Massartella 43   Polycentropus 116 
Terpides 6   Polycentropus 3  Miroculis 317   Polyplectropu

s 
95 

Thraulodes 786   Polyplectropus 35  Needhamella 1   Protoptila 3 
Traverella 1   Protoptila 5  Paracloeodes 184   Smicridea 591 
Traverhyphes 589   Smicridea 526  Paramaka 6   Taraxitrichia 1 
Tricorythodes 60   Triplectides 116  Simothraulopsis 40   Triplectides 18 
Tricorythopsis 468      Spiritiops 8   Wormaldia 1 
Ulmeritoides 104      Terpides 1     
Varipes 15      Thraulodes 631     
Waltzoyphius 21      Traverhyphes 2729     
Zelusia 67      Tricorythodes 200     
       Tricorythopsis 45     
       Ulmeritoides 267     
       Waltzoyphius 339     
       Zelusia 67     
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Figure 2. Distribution of (A) EPT richness and (B) individual densities in sites of the Upper 
Araguari Basin and Upper São Francisco Basin. 

 

Based on the AICc, the best model selected for the Upper Araguari Basin had 

three predictor variables, achieving an adjusted R2 = 0.46, and the best model for the 

Upper São Francisco Basin had four, for an adjusted R2 = 0.53 (Table 3). The best 

model selected for the combination of sites of the two basins had four predictor 

variables, achieving an adjusted R2 = 0.39. The best models selected for both basins 

included stream bottom substrate (% cobble, log relative bed stability) and channel 

size (mean bankfull width, mean width) variables. Additionally, brush cover was 
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important in the Upper Araguari Basin, and the percent of slow water and dissolved 

oxygen were important in the Upper São Francisco Basin. The combined model again 

included size (mean bankfull width) and substrate (% cobble) variables, together with 

mean slope and the variation (SD) in mid-channel canopy density. We analyzed 

regression residuals to evaluate the validity of model assumptions. 

 
Table 3. Best subsets multiple linear regression (MLR) models of environmental variables explaining 

EPT richness. 

Sites Model Metrics Beta  Beta Std. Err.  AICc ∆AICc 

Upper 

Araguari Basin 

Four 

variables 

xbkf_w 0.40 0.13 

271.65 

1.16 

pct_cb 0.43 0.12 

xfc_brs 0.29 0.12 

xslope -0.28 0.13 

R2 adj. = 0.51; F (4.38) = 11.19; p < 0.001 

Three 

variables 

Metrics Beta Beta Std. Err. 

272.81 

xbkf_w 0.51 0.12 

pct_cb 0.32 0.12 

xfc_brs 0.23 0.19 

R2 adj. = 0.46; F (4.38) = 12.19; p < 0.001 

Upper São 

Francisco 

Basin 

Four 

variables 

 

Metrics Beta Beta Std. Err.  

256.04 - 

pct_slow -0.64 0.14 

lrbs 0.33 0.11 

xwidth 0.34 0.13 

DO -0.36 0.14 

R2 adj. = 0.53; F (4.39) = 13.15; p < 0.001 

Combined 

Upper 

Araguari and 

Upper São 

Francisco 

Basins 

Eight 

variables 

Metrics Beta Beta Std. Err. 

530,932 

0,005 

xbkf_w 0.44 0.10 

vcdenmid -0.16 0.10 

Pct_cb 0.21 0.10 

xslope -0.22 0.10 

xembed -0.17 0.10 

pct_pool 188.87 71.34 

Pct_gl 168.18 63.50 

Pct_slow -180.64 68.20 

R2 adj. = 0.44; F (8.79)  = 8.69; p < 0.001 

Four 

variables 

Metrics Beta Beta Std. Err. 

530,927 

xbkf_w 0.53 0.10 

xslope -0.19 0.10 

Pct_cb 0.26 0.10 

vcdenmid -0.20 0.10 

R2 adj. = 0.39; F (8.79)  = 13.96; p < 0.001 
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 The CCA axes accounted for little of the variability of EPT assemblages in both 

basins, achieving a total explanation of only 21% in the Upper Araguari Basin (8% and 

4% for axes 1 and 2, respectively, Figure 3a). In this basin, Hagenulopsis, 

Camelobaetidius and Varipes abundances were correlated with the channel 

morphology PCA axis. The abundances of those organisms were higher in streams 

having lower average depths, lower average widths, lower average bankfull widths, 

and higher slopes and sinuosities. Cloeodes and Polyplectropus abundances were 

associated with the riparian PCA1 axis and Chimarra, Leptohyphes, and Phylloicus 

abundances were associated with the flow type PCA1 axis. Bed substrate and water 

quality PCA1 were associated with Itaura and Leptonema abundances.   

In the Upper São Francisco Basin, the CCA axes explained 24% of the total 

variability in EPT assemblages (axes l and 2 explaining only 9% and 4% of the 

variability, respectively, Figure 3b). The abundances of Cyrnellus, Campsurus, and 

Macronema were associated with the channel morphology and water quality PCA1s. 

Those results indicate that those genera were associated with streams of smaller 

widths, depths and slopes; lower dissolved oxygen concentrations; and higher 

sinuosities and turbidities. Triplectides and Asthenopus abundance was associated 

with the bed substrate PCA1 axis; Hermanella, Camelobaetidius, and Leptohyphes 

were associated with the flow type PCA1 axis; and Helicopsyche and Massartella was 

associated with the shelter PCA1 axis. Although there was considerable overlap in 

genera occurrences in the two basins (Table 2), we observed no common correlations 

between individual genera abundances and physical and chemical habitat predictors.  
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Figure 3. Multivariate relationships (CCAs) between EPT genera and environmental 
axes in sites of (A) the Upper Araguari Basin and (B) the Upper São 
Francisco Basin. 

 

The MDS indicated dissimilarity in the composition of EPT genera. The MDS 

performed on the Jaccard index in the two basins revealed clear dissimilarity (Figure 

4a). This separation was confirmed by the PERMANOVA test (F (1, 77) = 9.91, p < 

0.001). The MDS performed with the modified Gower distance (Figure 4b) indicated 
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greater overlap of stream sites of the two basins, although the separation of the basins 

was also confirmed by the PERMANOVA test (F(1, 77) = 7.99, p < 0.001). 

 

Figure 4. Dissimilarities of Upper Araguari Basin and Upper São Francisco Basin sites 
in MDS ordinations of (A) Jaccard and (B) altered Gower dissimilarities. 
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Discussion 

Despite significantly greater EPT densities and fewer genera-depauperate sites 

in the Upper São Francisco Basin (Figure 2), the two basins had similar total EPT 

generic richness. Nonetheless we found some distinct genera in each basin (Table 2) 

and the dissimilarity indices revealed differences between the two basins in the 

structure and composition of their EPT assemblages (Figure 4). The significance of 

those differences were confirmed in the MDS plots and the PERMANOVA tests, 

thereby supporting our first hypothesis (EPT assemblage structure and composition 

differed between basins).  

In both basins individually and in the combined model, channel size, streambed 

substrate, and slope/flow metrics were significant predictors of EPT genera richness, 

as found by Klemm et al. (2003). However, the specific metrics explaining taxa richness 

in each of those categories differed slightly between basins: log relative bed stability 

versus percent cobble, and mean width versus mean bankfull width for the Upper São 

Francisco Basin versus the Upper Araguari Basin, respectively. In addition, dissolved 

oxygen was an important predictor in the Upper São Francisco Basin and brush cover 

was an important predictor in the Upper Araguari Basin. Although the explanatory 

variables were similar, they differed enough to accept our second hypothesis that 

different basins would yield different predictors of EPT genera richness. The combined 

model selected by the AICc, containing four predictor variables, explained a little less 

of the EPT genera richness than the models of the individual basins according to the 

adjusted R2 values, supporting our third hypothesis. This suggests that general 

regional models can be improved somewhat by incorporating basin-specific 

information, and is in agreement with Stoddard et al. (2008) and USEPA (2013) who 

reached similar conclusions for national versus ecoregional models.  
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The importance of the many naturally varying metrics we analyzed in our models 

supports the use of such variables or their surrogates in predictive models used in 

bioassessments. If natural variables in minimally disturbed sites are not incorporated 

in developing model expectations for macroinvertebrate assemblage condition in 

disturbed or test sites, the biological assessments will be confounded and inaccurate. 

For this reason the effects of natural variability on various biological metrics are 

incorporated in predictive multimetric models to assess the effects of anthropogenic 

disturbances on assemblages (e.g., Pont et al. 2009, Moya et al. 2011, Marzin et al. 

2012a, b, Chen et al. In Press). Future studies should include these approaches, 

combining field data with laboratory experiments (Woodward et al. 2012) and 

predictive modeling. 

Our MLRs explained nearly half the variation in EPT genera richness. Marzin et 

al. (2012b), using partial constrained redundancy analyses, reported that reach-scale 

environmental variables explained only 11% of the variability in macroinvertebrate 

taxonomic composition of 301 French stream sites. These results may indicate the 

value of obtaining multiple quantitative physical habitat measurements versus the 

qualitative observations commonly used in stream surveys (Marzin et al. 2012a, b; 

Barbour et al. 1999). According to Kaufmann and Faustini (2012) streams with 

minimally disturbed riparian forest contribute branches and large wood to channels, 

thereby increasing habitat complexity and habitats that favor increased abundance of 

macroinvertebrates. Ligeiro et al. (2013) reported that the Upper São Francisco Basin 

experienced lower levels of agriculture and general anthropogenic disturbance than 

the Upper Araguari Basin. The small towns and agriculture in the Upper Araguari Basin 

may be affecting EPT taxa via increased erosion, stream sedimentation, and the 

resulting degradation of physical habitats and water quality. This, combined with 
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physicochemical parameters (e.g., electrical conductivity, total dissolved solids) and 

different flow types (Table 1), may have affected site level EPT richness and 

abundance.  

Streambed sediment size is a major factor governing macroinvertebrate 

richness and abundance. Bryce et al. (2010) described the importance of sediment 

size for structuring benthic macroinvertebrate assemblages and recommended levels 

of fine sediments that would protect sediment-sensitive macroinvertebrate and fish 

taxa in mountain streams of the western USA. Duan et al. (2008) reported a positive 

relationship between benthic macroinvertebrates, pebbles, and cobbles, which are 

more stable substrates than sand and fine sediments.  

Water quality and the relative occurrence of stream habitat types also affect 

macroinvertebrate assemblage composition.  For example, Hydroptila (Trichoptera: 

Hydroptilidae), are more frequently found in slowly flowing waters and pools (Dolédec 

et al. 2007). In the case of water quality, the distribution and composition of benthic 

assemblages is affected by dissolved oxygen (Baptista et al. 2007, Ferreira et al. 

2011), and conductivity (Kennedy et al. 2004; Pond 2010).  

Our site-scale physical habitat measurements explained little of the distribution 

and abundance variability of EPT genera composition through use of CCAs. On the 

other hand, MLR models were better able to explain relationships between taxonomic 

richness and habitat variables. We stress that MLR models are developed to analyze 

the variability of a single response variable (in our case, taxonomic richness), whereas 

CCA analyzes the variability of the whole assemblage composition. Clearly, it is easier 

to explain the variability of a single response variable than to explain simultaneously 

the variability of multiple species, which partly explains the differing performances of 

MLR models versus CCA. Both analyses offer important and complementary insights 
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that help us understand assemblage structure, independently of which analysis 

explains the greater amount of variability.    

In summary, our study showed the importance of site-scale physical habitat 

factors in understanding differences in EPT assemblage richness of headwater 

Cerrado streams. Because we used a randomized and spatially balanced survey 

design, we can confidently assume that the ecological data were representative of the 

studied region (Stevens and Olsen 2004).  We believe that the information contained 

in this study may be useful for suggesting improved ecological assessment programs, 

watershed management practices, aquatic ecosystem rehabilitation measures, and 

protection strategies for Brazilian Cerrado aquatic biota, especially those that limit the 

amount of sand and fine sediments entering streams.  
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Abstract. Macroinvertebrates are important for processing leaf detritus in temperate 

streams, but their role in tropical streams has been less frequently studied and with 

conflicting results.  We assessed the diet of five instars of Phylloicus (Trichoptera: 

Calamoceratidae) larvae via stomach content analyses, and classified food items into 

six categories (CPOM – coarse particulate organic matter; FPOM – fine particulate 

organic matter, algae; animal tissue; vascular plant tissue, and mineral material). Next, 

we related food categories to stream physical habitat variables (e.g., riparian 

vegetation, organic matter availability, and morphological characteristics). We sampled 

sites in two river basins of the Cerrado (Brazilian savanna) with differing types and 

intensities of land use. We hypothesized that Phylloicus larvae from the different river 

basins would have different feeding strategies and that their diets would be related to 

the physical habitat. We found that CPOM content was higher in Phylloicus larvae of 

Upper São Francisco sites, and it varied between instars in the two basins. Mineral 

matter and FPOM were higher in larvae of Upper Araguari sites. FPOM, mineral 

material, and animal tissue were best explained by multiple linear regression (MLR) 

models between food items and physical habitat metrics, and plant tissue had the 

lowest variance. The key physical habitat metrics were mean bankfull height, mean 

Capítulo 2 

“Is the diet of a typical shredder related to the physical habitat of headwater 

streams in the Brazilian Cerrado?” 
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width times mean depth, percentage of total organic matter, average riparian cover, 

and presence of twigs and snags. We found greater biomass of Phylloicus larvae in 

the Upper São Francisco Basin. We concluded that the larvae had different feeding 

strategies and fed on different foods in the two river basins. Therefore, trusting in 

published classifications may be inaccurate, and regional studies of feeding habits are 

needed for a precise classification of the invertebrate groups in trophic guilds. 

 

Keywords: Savanna, gut contents, hotspot, trophic guilds, tropical river basin. 
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Introduction 

Organic matter from riparian vegetation is the main energy source for 

detritivorous aquatic organisms of headwater streams and this processing is important 

for nutrient cycling (Mathuriau and Chauvet, 2002; Gonçalves et al., 2006; Rincon and 

Martinez, 2006; Davies and Boulton, 2009). The riparian vegetation of Neotropical 

rivers is rich in plant species, which generate an input of leaf detritus throughout the 

year (Cheshire et al., 2005; Carvalho and Uieda, 2009; Gonçalves and Callisto, 2013). 

Leaf decomposition in aquatic ecosystems occurs gradually through the actions of 

chemical, physical, and biological agents (Gonçalves et al., 2007; França et al., 2009). 

Detritivorous invertebrates play an important role in the decomposition of leaves 

that fall and are transported and accumulated in stream bottoms. Shredder 

macroinvertebrates feed on these leaves (also known as coarse particulate organic 

matter - CPOM) and reduce their size, making them available in the form of fine 

particulate organic matter (FPOM) to other detritivorous organisms and decomposers 

(Boyero et al., 2011). Usually, shredders exhibit preferences for certain types of leaves 

according to leaf lignification, nutritional quality, conditioning by microorganisms, and 

presence of secondary toxic compounds (Graça and Cressa, 2010; Jabiol et al., 2013). 

The importance of shredder macroinvertebrates in the decomposition of CPOM 

in temperate regions has been well documented (Graça, 2001; Graça et al., 2001; Li 

and Dudgeon, 2008). Some authors have considered the abundance and diversity of 

shredders higher in temperate streams than in tropical streams because of a stronger 

adaptation of these organisms to low temperatures (Yule et al., 2009; Boyero et al., 

2011) and to the higher nutritional quality and palatability of CPOM in temperate 

regions (Graça, 2001; Davies and Boulton, 2009; Jabiol et al., 2013). 
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In contrast, studies of the importance of shredder macroinvertebrates in tropical 

streams are scarce (e. g. Gonçalves et al., 2006; Becker et al., 2009; Moretti et al., 

2009; Boyero et al., 2011; Chara-Serna et al., 2012) and have conflicting results. Some 

authors emphasized the importance of shredder invertebrates in the dynamics of 

organic matter in tropical ecosystems (e. g. Motta and Uieda, 2004; Cheshire et al., 

2005; Motta and Uieda, 2005). Chará-Serna et al. (2012), who studied tropical streams 

in Colombia, highlighted the importance of stomach content analysis to assess the 

ecological dynamics of shredder macroinvertebrates. On the other hand, there are 

studies that point to the scarcity of shredders in tropical streams (Wantzen and 

Wagner, 2006; Gonçalves et al., 2007; Boyero et al., 2011), where bacteria and fungi 

are likely more important in the decomposition process (Graça, 2001; Mathuriau and 

Chauvet, 2002; Gonçalves et al., 2006). 

The Cerrado (Brazilian savanna) is the second largest biome in Brazil and 

harbors considerable animal and plant biodiversity , with a high incidence of 

endemism; at a global scale the Cerrado is considered a biodiversity hotspot (Myers 

et al., 2000). However, for over six decades, much of the natural Cerrado vegetation 

has been replaced by pastures and crops (Diniz-Filho et al., 2009). The removal of the 

riparian vegetation increases erosion, turbidity, temperature, bed sedimentation and 

the abundance of aquatic macrophytes, leads to habitat loss, and affects the 

distribution, richness, and abundance of aquatic invertebrates (Chapman and 

Chapman, 2002; Kaufmann et al., 2009; Hughes et al., 2010; Kaufmann and Faustini, 

2012). For these reasons, shredder diets also can be affected by the availability of 

CPOM and FPOM. 

We assessed the diet of a typical shredder, the Phylloicus larvae (Trichoptera: 

Calamoceratidae), through analysis of stomach contents, aiming at unveiling the 
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relationship between the composition of food items and physical habitat metrics in 

Cerrado headwater streams. We studied sites in two river basins that differ in land use 

and disturbance. The main activity in the Upper Araguari River Basin is agriculture, 

whereas in the Upper São Francisco River Basin the main activity is livestock ranching 

on small farms (Ligeiro et al., 2013). We hypothesized that Phylloicus larvae in different 

river basins have different feeding strategies and that their diets are related to 

characteristics of the physical habitat, which in turn are related to riparian vegetation, 

organic matter availability, and stream morphology. Therefore, we sought to test 

whether prior trophic classifications long-accepted by invertebrate researchers were 

dependent on the environmental context.  

Methods 

Study area 

We studied 80 sites in wadeable first to third order streams (Strahler, 1957), in 

the basins of the Upper São Francisco River (44030’0”W - 4600’0”W; 1700’0”S - 

19030’0”S) and the Upper Araguari River (46030’0”W - 4800’0”W; 1900’0”S - 2000’0”S), 

state of Minas Gerais, southeastern Brazil (Figure 1). Both regions are located within 

the Cerrado biome and have similar climates (humid tropical and high-altitude 

temperate). Their elevations vary from 520 to 1,300 m a.s.l. The dry season lasts from 

May to September, with monthly rainfall between 10 and 55 mm, and the rainy season 

lasts from October to April, with monthly rainfall between 100 and 300 mm. The 

average annual rainfall is 1,600 mm (Brasil, 1992). The Cerrado is dominated by four 

major vegetation types (woodland savanna, grassy-woody savanna, savanna park, 

wetland palm swamps).  
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Figure 1. Study area and location of sampling sites in the Upper Araguari River (A) and Upper 
São Francisco River (B) basins, southeastern Brazil. 

 

Site selection  

We selected sites following the method used in the USEPA-EMAP West 

Wadeable Stream Survey (Olsen and Peck, 2008). This method is based on random 

selection of sampling points, with a minimum distance of 1 km between points, from a 

digitized hydrographic network map (master sample). We selected 40 sites in each 

river basin. We sampled during the dry season, in September 2009 and 2010, in the 

Upper Araguari River and Upper São Francisco River Basins, respectively. 
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Physical habitat 

We measured physical habitat structure of the stream sites as described by 

Peck et al. (2006). The length of each site was defined as the average width multiplied 

by 40, with 150 m the minimum length sampled. In each site, we established 11 

transversal transects, which were equidistant and perpendicular to the stream and 

defined 10 longitudinal sections of the same length. In each transect, and along the 

sections, we assessed physical habitat characteristics, such as channel dimensions 

(e.g., wetted width and depth, bankfull width and depth), riparian forest conditions (e.g., 

presence and cover of arboreal canopy and understory), presence of cover in the 

channel (e.g., undercut banks, fallen trees and twigs, filamentous algae, macrophytes), 

sediment (e.g., fine and coarse sediments), surface flow types (e.g., fine and coarse 

sediments, pools, glides and riffles), and presence of organic material (e.g., plant 

detritus, leaf pack). The calculation of metrics based on physical habitat characteristics 

measured in the field followed Kaufmann et al. (1999). 

Collection of benthic macroinvertebrates 

In each of the 11 transects we sampled benthic macroinvertebrates with a D-

frame net (30 cm wide, 500 µm mesh) in an area of 0.09 m2, totaling 1 m2 of sampled 

area per site. We fixed the samples in the field in 4% formalin. In our laboratory, we 

washed the samples through a 500-µm sieve and sorted the organisms. 

Determination of size classes of Phylloicus larvae 

We related larval size classes to development instars, considering the width of 

the head capsule (mm), following Oliveira and Froehlich (1997). We measured the 

head capsules under a Leica magnifier (Model MSV266) with a magnification of 50x. 
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We examined and measured Phylloicus larvae under low magnification (5x), and each 

micrometric unit (MU) was equal to 0.18 mm. The results were expressed in mm. We 

classified five larval instars (Oliveira and Froehlich 1997): I = 2.52 to 3.06 mm; II = 3.07 

to 5.76 mm; III = 5.77 to 8.46 mm; IV = 8.47 to 11.34 mm; and V ≥ 11.35 mm. 

Assessment of stomach contents and quantification of food items in Phylloicus 

larvae 

We extracted the digestive tract of 72 larvae collected in both river basins at 15 

sites with a scalpel under a stereoscopic microscope. We diluted and distributed the 

food items homogeneously on a Sedgewick Rafter counting cell. Next, we separated 

and quantified the items (count per field) under the microscope at a magnification of 

100x. We quantified the items using 20 random fields (Chara-Serna et al., 2012), which 

corresponded to 40% of the counting cell, and classified them into six categories 

following Cheshire et al. (2005). The categories were; CPOM (> 50 µm) mainly from 

leaves, FPOM (< 50 µm), algae, vascular plant tissue including roots, animal tissue 

(carapaces, cerci, legs), and mineral material. 

Biomass assessment 

 We estimated the dry biomass (DM) of Phylloicus larvae following Becker et al 

(2009). This methodology uses the coefficients (a, b) obtained from the regression of 

dry mass of larvae and Phylloicus body length (L). Then the biomass is estimated by 

the formula (DM = a + bL). We used the values of the regression coefficients obtained 

by Becker et al. (2009) for Phylloicus larvae. Larval length was determined by 

measuring the distance between the abdominal end to the end of the head through 

use of a millimetric graduated plate.       
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Data analysis 

Stomach contents of Phylloicus larvae 

To test for differences in the composition of food items of Phylloicus larvae 

among size classes and between the two river basins, we carried out a factorial two-

way ANOVA, followed by a post-hoc Tukey test. For each food item, we arcsine-

transformed data on the proportion of food items counted in the twenty random fields 

analysed. We analyzed differences in each food item among sites and size classes, 

as well as the interaction between sites and size classes. 

Physical habitats and stomach contents 

We used the Pearson product-moment correlation coefficient with 52 physical 

habitat metrics. We excluded redundant metrics (r > 0.8) and retained the metrics that 

were ecologically more meaningful. For example, average percent canopy density at 

mid-stream (xcdenmid) was strongly correlated with average percent canopy density 

at the bank (xcdenbk) (r = 0.88). Therefore, we chose the metric xcdenbk, because it 

was considered more comprehensive. Hence, we selected 20 physical habitat metrics 

for each river basin (Table 1). We used multiple linear regressions to test for a 

relationship between each proportion of food item (arcsine-transformed data) and the 

physical habitat predictor variables, considering sites in both river basins. As Phylloicus 

larvae were found only in 15 sites, we limited the final model to two predictor variables 

to avoid overfitting. We used the procedure top sub (Harrell, 2001) for creating MLR 

models. We used the Akaike information criteria corrected values ( AICc ) to search for 

the best models (Burnham and Anderson, 2002) and to verify whether the models 

could be simplified by reducing the number of explanatory variables in each case. 

When the difference between the values of two models AICC (ΔAICc) was ≤ 2, the 
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reduced model was considered equivalent and thus preferable. For these analyses, 

we used Statistica for Windows (StatSoft, Inc. from 1984 to 2004 , version 7) and Systat 

for Windows (version 13.00.05, 2009). 

Table 1. Physical habitat metrics. Metrics selected by the MLR model are marked with an asterisk. 

Code Physical habitat 

Range: mean (SD) 

Upper         

Araguari 

Upper                         

São 

Francisco 

xbkf_w Mean bankfull width (m) 5.11 (1.36) 7.29 (3.36) 

xbkf_h Mean bankfull height (m)* 0.79 (0.17) 0.93 (0.37) 

xinc_h Mean height incision (m) 2.61 (1.38) 3.22 (0.89) 

xwxd Mean width x mean depth (m)* 0.37 (0.22) 1.14 (0.29) 

xslope Channel water surface slope – reach mean (%) 1.19 (0.26) 0.63 (0.65) 

sinu Channel sinuosity (m/m) 11.9 (32.6) 1.02 (0.01) 

pct_org Total organic matter (%)*  0.001 (0.002) 0.22 (0.35) 

xcdenmid Mean mid-channel canopy density (%) 86.5 (6.61) 81.7 (9.98) 

xcdenbk Middle riparian canopy (%)* 91.7 (3.74) 89.7 (7.40) 

xmh Riparian meddle layer herbaceous – cover* 7.57 (2.52) 11.9 (6.50) 

xgh Riparian ground layer herbaceous - cover 19.1 (8.99) 18.0 (5.79) 

xgb Mean exposed soil 34.3 (31.7) 43.1 (13.1) 

xc Riparian canopy (>5 m high) cover 27.2 (16.0) 17.8 (13.3) 

xm Media riparian cover – ground layer intermediary* 34.0 (12.5) 32.1 (8.46) 

xg Media riparian cover – ground layer cover* 34.8 (11.3) 25.3 (6.52) 

xcmg Total riparian cover (%) (all vegetation layers)  96.2 (26.6) 75.3 (15.2) 

xpcan Riparian canopy  presence (> 5m high) 0.97 (0.02) 0.85 (0.09) 

xpmid Riparian meddle layer present (fraction reach)* 0.98 (0.02) 0.98 (0.03) 

xfc_brs Brush and small debris (areal proportion) 20.0 (26.9) 3.90 (4.97) 

pfc_brs Brush and small debris presence* 0.85 (0.17) 0.43 (0.42) 

xfc_nat Natural cover in the stream (all) 54.8 (33.6) 65.4 (24.2) 

 

Results 

In the Upper Araguari River Basin, we collected 23,348 macroinvertebrates; 

shredders represented 5.4% of the sample (1,258 individuals). In the Upper São 

Francisco River Basin, we collected 72,973 macroinvertebrates; shredders 

represented 1% of the sample (760 individuals). Trophic guilds were classified 

according to Merritt and Cummins (1996), Cummins et al. (2005), and Chara-Serna et 
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al. (2012). We analyzed 96 larvae: 50 (2.8% of all shredders) from nine Upper Araguari 

River Basin sites and 46 (6%) from six Upper São Francisco River Basin sites. We 

found food in the digestive tract of 72 (75%) of the Phylloicus larvae; in 25% of the 

larvae either there was no food or the digestive tract was damaged.  The body length 

range of the larvae was 3.0 - 18 mm and the dry biomass average was of 71.35 mg in 

the Upper Araguari River Basin. In the Upper São Francisco River Basin, the body 

length range was 2.5 - 18 mm and the dry biomass average was 96.17 mg (Table 2). 

FPOM and CPOM were the predominant food items, and together represented over 

90% of the total. 

Table 2. Estimated average dry biomass of Phylloicus. 

Site 
Body length 
range (mm) 

Regression 
coefficient Dry mass (mg) 

n 
Dry mass total 

(mg) a b mean (range) 

Upper Araguari Basin 3.0 – 18.0 
-20.24 1.93 

13.96 (3.55 – 32.50) 50 71.35 

Upper São Francisco Basin 2.5 – 18.0 11.54 (2.59 – 32.50) 46 96.17 

 

FPOM was the main food of larvae of all instars collected from Upper Araguari 

River Basin sites, followed by CPOM (Figure 2). The lowest percentage of FPOM 

(86%) was found in instar II and the highest percentage (94%), in instar I. The highest 

percentage of CPOM was found in instar III (7.4%) and the lowest, in instar I (3.6%). 

The highest percentage of algae was found in instar II (7.3%) and the lowest, in instar 

IV (0.6%). Fragments of animal tissue, plant tissue, algae, and mineral material were 

rare (< 0.2%) in the digestive tracts of Phylloicus larvae. 

In the Upper São Francisco River Basin sites, FPOM predominated in all larval 

instars in terms of items per field observed under the microscope, followed by CPOM 

(Figure 2). The highest percentage of FPOM was found in instar I (90.5%) and the 

lowest (50.5%), in instar IV. The highest percentage of CPOM was found in instar IV 
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(42.4%) and the lowest, in instar I (5.6%). Other food items and mineral material were 

rare in the digestive tract of Phylloicus larvae (< 6.0 %). 

There was no significant interaction between instars and basins, but there were 

significant differences between basins. CPOM was more common in the Upper São 

Francisco River Basin (F(1:14) = 22.76; p < 0.001) and differed among instars (F(4:72) = 

3.33; p = 0.016) (Figure 2). FPOM differed among sites of the two river basins (F(1:14) 

= 29.71; p < 0.001) and among instars  (F(4:72) = 4.24; p = 0.004). Mineral material 

differed among sites of the two river basins (F(1:14) = 13.37; p = 0.001). There was no 

significant differences in algae, plant tissue, or animal tissue between basins (Figure 

2). 
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Figure 2. Average proportion and standard error of the food items (proportion of fields in the counting 
cell that presented each item) for different Phylloicus larval instars in the Upper Araguari River 
and Upper São Francisco River basins. Note the different scales in the Y-axes. 

 

Based on the Akaike criteria (AICc), the best model selected for explaining 

CPOM  had one predictor variable, achieving an adjusted (R2 adj.) = 0.48; FPOM had 

one variable (R2 adj. = 0.50); algae had two predictor variables (R2 adj. = 0.49); plant 

tissue had one variable (R2 adj. = 0.05); animal tissue had one variable (R2 adj. = 

0.23) and mineral material had two variables (R2 adj. = 0.40) (Table 3). The best 

models selected for food items of Phylloicus included channel morphology (mean 

bankfull height, mean width x mean depth), organic matter (% total organic matter), 
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riparian cover, and shelter in the channel (instream brush and small debris presence) 

(Table 3). 

Table 3. Multiple linear regressions (best subsets) that explain the composition of food items of 
Phylloicus larvae in the Upper Araguari River Basin and the Upper São Francisco River Basin. 

See Table 1 for metric definitions. 

Sites 

food 

content Model 

Predictor 

metrics Beta 

Beta Std. 

Err. AICc ∆AICc 

 

 

Combined 

model of the 

Upper 

Araguari  and 

Upper São 

Francisco 

Basins 

CPOM 

Two 

variables 

xg -0.32 0.19 

-20.51 

0.78 

pfc_brs -0.58 0.19 

 R2 aj. = 0.54 F(2, 14) = 9.2 

One 

variable 

pfc_brs -0.29 -0.71 
-19.73 

 

R2 adj. = 

0.48 

F(2, 14) = 

13.95 

FPOM 

Two 

variables 

xwxd -0.36 0.17 

-17.71 

0.76 

xg 0.63 0.17 

 R2 aj. = 0.59 

F(2, 14) = 

11.46 

One 

variable 

xg 0.12 0.73 
-16.95 

 R2 aj. = 0.50 

F(2, 14) = 

14.88 

Algae 

 

Two 

variables 

xmh 0.46 0.19 

-20.66 - xg -0.51 0.19 

 R2 aj. = 0.49 F(2, 14) = 7.78 

Plant 

tissue 

Two 

variable 

xcdenbk 0.54 0.24 

-89.40 

1.3 

xm -0.54 0.24 

 R2 aj. = 0.26 

F(2, 14 ) = 

3.56 

One 

variable 

xcdenbk 0,013 0.34 
-88.10 

 R2 aj. = 0.05 F(2, 14) = 1.73 

Animal 

tissue 

Two 

variables 

xbkf_h -0.62 0.21 

-20.31 

1.4 

xwxd 0.46 0.21 

 R2 aj. = 0.40 F(2, 14) = 5.81 

One 

variable 

xbkf_h -0.43 -0.53 
-18.92 

 R2 aj. = 0.23 F(2, 14) = 5.09 

Mineral 

material 

 

Two 

variables 

pct_org 1.038 0.22 

-67.74 - xpmid 0.660 0.22 

 R2 aj. = 0.40 F(2, 14) = 7.78 
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Discussion 

Food items and instars 

Our study showed the importance of assessing Phylloicus diets of different 

instars to understand changes in the composition and proportion of food items in 

different instars in headwater streams of the Brazilian Cerrado. As Phylloicus larvae 

are typical shredders, we expected to find significant differences in the composition of 

items at different larval stages with a predominance of CPOM at the most advanced 

stages. However, it is usually accepted that tropical stream invertebrates usually 

exhibit a high plasticity in their feeding habitats, being considered generalists in most 

cases (Moretti et al., 2007).  We found that among the six food items assessed, FPOM 

predominated in all instars, which makes it possible to relate feeding strategy to 

physical characteristics of the streams.  

Feeding strategies and availability of food resources 

The relative proportions of FPOM and CPOM in the digestive tracts suggest that 

Phylloicus larvae of the Upper Araguari River Basin were collector-gatherers, whereas 

those in the Upper São Francisco River Basin were collector-shredders.  FPOM is 

abundant in small streams of both basins and represents an important food for 

consumers (Callisto and Graça, 2013). Carvalho and Graça (2007), in a laboratory 

experiment, showed that larvae of Seriscotoma vitatum (Trichoptera) have feeding 

plasticity according to the availability of CPOM and FPOM. Tomanova et al. (2006) 

observed that the availability of CPOM and FPOM in a tropical Bolivian stream was 

influenced by physical abrasion and microbial activity. In those environments, it was 

observed that rapid processing of organic matter resulted in increased availability of 

FPOM relative to CPOM. The shredder Adensiops (Ephemeroptera: Baetidae) was 
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considered a collector-gatherer because of the high proportion of FPOM in its digestive 

tract, similar to the Phylloicus larvae from the Upper Araguari River Basin in our study. 

Relationships between physical habitat and food items 

Previous studies have shown that the complexity of the physical habitat, at the 

site scale, influences the composition, biomass and richness of benthic 

macroinvertebrates, the temporal stability of assemblages, and several ecological 

processes (Hughes et al., 2010; Kaufmann and Faustini, 2012; Kovalenko et al., 2012; 

Quinn and Hickey, 1990). We believe that physical habitat characteristics, such as 

morphology, flow, and substrate types, influence the availability of organic matter and, 

therefore, influence the diet of macroinvertebrates and biomass. Hence, the different 

proportions of FPOM and CPOM in the digestive tracts of larvae and biomass 

differences found in the present study were probably related to environmental 

differences in disturbance and physical habitat in the Upper Araguari River Basin and 

the Upper São Francisco River Basin (Ligeiro et al., 2013).Regarding biomass, Quinn 

and Hickey (1990) observed higher biomass of shredders in streams with greater 

riparian vegetation densities. Regarding feeding guilds,  Tomanova et al. (2006) stated 

that, in order to save energy, shredder larvae tend to change their feeding strategy in 

streams that are naturally more disturbed, for example, by increased flows resulting 

from increased rainfall.  

Other factors related to human alterations in the physical habitat, for example 

removal of riparian vegetation, also affect the diet of macroinvertebrates and affect 

their feeding strategies in response to resource availability. Yule et al. (2010) observed 

that grazing macroinvertebrates exhibited a collector-gatherer behavior given higher 

FPOM availability in Indonesian streams with physical habitats altered by mining. Our 
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multiple regression analysis showed that FPOM had a close relationship with average 

stream width and depth, as well as with the presence of riparian vegetation. CPOM 

showed a close relationship with riparian vegetation and with the availability of cover, 

such as brush and small debris on the streambed, which are also sites for accumulation 

of organic matter. Our results corroborate those of Cummins et al. (2005) on food and 

attributes of the physical habitat in streams of southern Brazil. 

Abundance of macroinvertebrates shredders in the Cerrado 

The relatively low abundance of typical shredders (< 5%) in the two river basins 

corroborates the literature (Wantzen and Wagner, 2006; Gonçalves et al., 2007; 

Boyero et al., 2011). However, Brazil is a country with a wide variety of biomes, such 

as Atlantic Forest, Amazon Forest, Caatinga, Pampa, Cerrado, and Pantanal. Hence, 

the abundance and importance of shredders likely differs among biomes. Oliveira et 

al. (1999) observed a high abundance of Trichoptera shredders in Amazon Basin 

streams with dense riparian vegetation. Baptista et al. (2007), in an assessment of 

environmental quality in Atlantic Forest streams, developed a benthic multimetric index 

and concluded that shredder abundance was important and related to the physical 

habitat. In contrast, Ferreira et al. (2011) observed a low abundance of shredders; 

collector-gatherers had a stronger relationship with physical habitat in Cerrado 

streams. 

Although Phylloicus is often considered a typical shredder, our hypothesis was 

corroborated because the larvae exhibited different collector-gatherer strategies in the 

two river basins and the food items showed different relationships with physical habitat. 

We recommend that classification of benthic macroinvertebrates into feeding guilds 

should be made on the basis of an analysis of digestive tract contents and from studies 
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of streams experiencing differing degrees of disturbance in multiple biomes or 

ecoregions.  Such studies would reduce the number of misclassifications because 

aquatic organisms change their feeding strategies according to local environmental 

characteristics and food availability. We also recommend trophic studies of multiple 

macroinvertebrate genera in multiple tropical aquatic ecosystems to assess the 

importance of shredders and collector-gatherers in tropical aquatic food webs relative 

to those in temperate ecosystems. 
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CONCLUSÕES 

 

 Os valores de riqueza taxonômica foram semelhantes nas duas bacias. 

Entretanto, a densidade de organismos foi pelos menos três vezes maior na 

bacia do alto rio São Francisco, devido ao melhor estado de conservação dos 

riachos. 

 Os modelos estatísticos aplicados foram importantes na explicação da 

distribuição e abundância dos gêneros de EPT. Entretanto, o modelo de 

regressão múltipla apresentou os maiores valores de explicação da riqueza do 

que o modelo CCA para ambas as bacias estudadas. 

  Em ambas as bacias a riqueza de EPT foi explicada principalmente por 

métricas de habitats físicos relacionadas aos componentes estruturais 

morfológicos das bacias como tipos de fluxos rápidos e lentos, profundidade, 

largura e declividade, mas os valores diferiram entre as duas bacias.  

 Os parâmetros físicos e químicos de coluna d’água apresentaram baixo 

potencial de explicação de riqueza de EPT, com exceção do oxigênio dissolvido 

que foi importante na bacia do alto rio São Francisco. O baixo potencial de 

explicação pode ser devido aos baixos valores encontrados mesmo nas áreas 

mais perturbadas que apresentaram valores abaixo dos limites estabelecidos 

pela Resolução CONAMA 357/2005 para águas de classe 2, com exceção dos 

poucos riachos localizados dentro das cidades e que recebem esgotos sem 

tratamento adequado. 

 Larvas de Phylloicus foram mais abundantes na bacia do alto rio São Francisco, 

devido às melhores condições ecológicas dos riachos. 

 Os Phylloicus apresentaram estratégias alimentares diferentes na duas bacias 

devido à maior disponibilidade de MOPF na bacia do alto rio Araguari.        
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PERSPECTIVAS FUTURAS 

 

 Os resultados desta tese são frutos de um grande esforço na busca do melhor 

entendimento das relações de macroinvertebrados aquáticos com os habitats físicos. 

Entender os processos e padrões ecológicos em ecossistemas aquáticos e como os 

organismos interagem com o ambiente pode ser fundamental no processo decisório e 

na proposição de medidas de conservação desses ecossistemas. 

 Futuros estudos devem considerar: 

 Avaliar influências das características dos habitas físicos na riqueza, 

distribuição e abundância de macroinvertebrados nas diferentes escalas 

espaciais levando em conta desde a microescala (micro-habitat) a escalas 

maiores (escala de bacia), considerando métodos de partição de 

diversidade e modelos nulos. 

 Ampliar a abordagem de análises de conteúdos alimentares que levem em 

conta os grupos tróficos funcionais evitando assim classificações 

imprecisas tendo em vista que os macroinvertebrados em diferentes 

ambientes podem exibir estratégias alimentares distintas. 

 Relacionar a integridade de zonas ripárias com a abordagem de grupos 

tróficos funcionais de macroinvertebrados bentônicos em riachos de 

cabeceira no Cerrado.  
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Tabela 7. Macroinvertebrados coletados em riachos (Nova Ponte Master Sample -  NPMS) na bacia 

do alto rio Araguari a montante do reservatório de Nova Ponte, MG. 

  
Taxa 

NPMS 

8 12 16 28 47 52 54 55 75 92 95 96 97 100 108 110 112 128 132 139 

Annelida                     

   Hirudinea    4 2      1 1     2 1  2 

   Oligochaeta 3 1   56 16 14 2 12 2 26 1 254 12 30  16 10 2 108 

Arthropoda                     

   Arachnida                     

    Hidracarina    2 2  4         1  1   

   Crustacea                     

    Ostracoda                     

   Insecta                     

     Coleoptera                     

        Dryopidae     5      1       1  1 

Dytiscidae 2 2 4    2  2     5   2  1  

Elmidae 44 19 90 2 2 16 333 26 115 1 193 22 77 130 9 7 14 19 27 267 

Gyrinidae 1  1     1 2   1  2      1 

Hydrophilidae  1 3  1 1 55  2    4 3   64 1   

Lutrochidae           2    3   1   

Psephenidae  10 8    2  8   1 5 10 1 5 6   2 

Ptilodactilidae                   1  

Scirtidae      1               

Staphylinidae                    1 

Diptera                     

Ceratopogonidae 1 2 3 2 3  5 1 9  5   24 3 1 10 7 1 8 

Chironomidae 47 141 305 106 20 44 325 393 463 51 492 64 231 597 145 14 249 254 65 592 

Dolichopodidae     3    3     7       

Empididae  13  2  5 3 2 8  6   5 9  3 5 2 12 

Muscidae     1                

Psychodidae           1          

Simuliidae 15 1 4 1 1 3 6 10 2 4 3 7 57 36 56 35  5  72 

Syrphidae     2                

Tabanidae   2  1   6 1     1   4  1  

Tipulidae 3  52   1 99 6 43  2 10  8 3  1  1 3 

Ephemeroptera                     

Baetidae 5 6 10  1 10 26 1 206  2 7 31 99 22 18  1 6 41 

Caenidae 1 2 9    1 2 4 8 19 1 6 53   1 2 5  

Euthyplociidae  1 2           1       

Leptohyphidae 17 13 52 3  12 12 9 165  61 12 226 150 18 23 2  42 12 

Leptophlebiidae  8 206    107 1 447 3 73 5 60 179   4  9 123 

Heteroptera                     

Belostomatidae  1            1   1    

Mesoveliidae                  1   

Naucoridae  6 6  8  7  14 6 2 2  24  1  4 2 10 

Notonectidae                  1  1 

Pleidae  1 3      10  28  1 2       

Veliidae 1 3  1 1  1  5    12 1 2     1 

Lepidoptera                     

Pyralidae 1   1       1  1 1 2  2  2  

Megaloptera                     

Corydalidae 1  8  1 1 2 1 3    1  3    1 1 

Sialidae 3       2   4          
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Continuação da Tabela 7. 

Odonata                     

Aeshnidae  1 1                  

Calopterygidae  1    4 2 1 4   1 2 6 1  7 1 3 1 

Coenagrionidae 2 4 12 3  2 11 2 11   1 12 9   7  1 8 

Corduliidae      1               

Gomphidae    11 8   2 5  4  5 1 2 1 4 5  13 

Libellulidae 1 1 2 2 7 5 4  2 1 1  8 14 2  4   1 

Megapodagrionidae   1    3  1  1  5 3     1  

Plecoptera                     

Perlidae 9 5 16   7 14  22   1 28 25 3 1 1  16 70 

Grypopterygidae      212   9  66  15 2 22 10 1  1  

Trichoptera                     

Calamoceratidae  1  2    1 4  1   1     3  

Ecnomidae 1        11   1 1 4       

Glossosomatidae  3 3    97  3    7 11 30 3    3 

Helicopsychidae   1    2  3     2       

Hydrobiosidae   1    2      1 1       

Hydropsychidae  3 11  10 12 30 2 43  1 9 45 29 45 8 2  1 14 

Hydroptilidae   1    2  2     3       

Leptoceridae 8 1 3   21 4  11  47 1 7 11   3  18  

Odontoceridae 10 5 3   2 4 6 4  8 1 1 11 3  1 2 1 11 

Philopotamidae         5    23        

Polycentropodidae  1 6      24          3  

Mollusca                     

Bivalvia     61  1 2 2  6  2 1       

Nemathelminthes                     

Nematoda     2              2  

Platyhelminthes                     

Turbellaria                     

Planariidae                                   1  11 

Total/Indivíduos 176 257 829 142 198 376 1180 479 1690 76 1057 149 1128 1485 414 128 411 323 218 10716 
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Continuação da Tabela 7. 

 
Taxa 

NPMS 

144 187 192 203 228 240 251 287 368 375 443 511 1524 2991 5612 7308 9611 9757 12892 15048 

Annelida                     

Hirudinea      2    1        4  1 

Oligochaeta 5 1 4 14 1 11 6 8 11 16 6 3 11 14 16 13 2 66 11 39 

Arthropoda                     

Arachnida                     

    Hidracarina  1     1 2   1 9    1  1 2  

Entognatha                     

    Collembola 1 1                   

Crustacea                     

    Ostracoda                  3   

Insecta                     

Coleoptera                     

Curculionidae          1           

Dryopidae       1              

Dytiscidae 1 5  10  1 4 1 1 2    6  1  1  1 

Elmidae 30 25 77 27 10 6 39 144 53 70 80 117 394 59 28 21 11  17 22 

Gyrinidae  4     1 2   2 3 2 1    1 1  

Hydrophilidae 1 1  5      5 2    1 1 1  1  

Lutrochidae           2     2    1 

Noteridae        1             

Psephenidae 1 4 8 9   4  17 3  1     4    

Ptilodactilidae       1              

Scirtidae    3         7        

Staphylinidae                 1    

Diptera                     

Ceratopogonidae  2  5  2  6 4 25 5 1 1 1 1 13  1 2  

Chironomidae 170 108 29 358 97 665 113 370 312 407 98 275 132 573 98 279 71 144 154 125 

Dixidae          2      2     

Dolichopodidae    1                 

Empididae  4  4 3  4 17 3 10 1 12 2 10 1 8 1 18 7 2 

Muscidae  1       2            

Phoridae        1             

Psychodidae  1                   

Simuliidae 66 14  37 123 3 20 98 24 1 13 7 486 45 42 43 15 760 59 238 

Stratiomyidae          2           

Tabanidae 4      3   2   1        

Tipulidae 2 1 5 10 2 7  4 13 10 4 3 7  6 4 5  6  

Ephemeroptera                     

Baetidae 24 15  89 18  18 5 3 3 6 6 60 37 2 8 12  29 34 

Caenidae 15 3     3  2  2     3     

Euthyplociidae    3   1         1     

Leptohyphidae 62 10 2 17 59 6 97 18 34 36 15 66  59 3 50 23  4 43 

Leptophlebiidae 29 7  88  5 22 7 18  2 1  81  11   7  
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Continuação da Tabela 7. 

Heteroptera                     

Belostomatidae    1  1            1   

Corixidae 1             1       

Gerridae    1          1       

Naucoridae 16 1 1    8 8 3 7 3 12 4 19  2   7  

Pleidae    1       1   6  6     

Veliidae    1  10   1  1  4        

Lepidoptera                     

Pyralidae    3 2  2 1 1 1      5 2    

Megaloptera                     

Corydalidae  1 1 2 1  1   1  1 2 1  1 1   1 

Sialidae      1  1  1           

Odonata                     

Aeshnidae    1                 

Calopterygidae 2 1  1   2 1 1 13 1 3 2 3    2 1  

Coenagrionidae 3 2  7  1  3  7 1 1 8 2  1 1  1  

Corduliidae    3  1               

Gomphidae  2    3  3  3 5 1  5  1     

Libellulidae 1   3 1   2  4    1 1   5 1 2 

Megapodagrionidae    3   1   1          1 

Plecoptera                     

Perlidae 2 8 4 8  4 28 9 2 3  9 44 18  4 10  12 1 

Grypopterygidae 13 5 9 54 43 1 5 2   15   10 4 40 9  7 1 

Trichoptera                     

Calamoceratidae 1   27  6    2      4     

Ecnomidae          1           

Glossosomatidae 2 1   8  1  1 2 2 10  18   2  6 6 

Hydropsychidae 8 1 9 19 45  15 6 13 1 2 4 131 39  3 24  13 4 

Hydroptilidae     1  4 1  2  3  3       

Leptoceridae 2 1  9 1 21  3 13  1 6    19 5    

Odontoceridae 5 3  12 7 1 5 2 5  1 1 18 4 7 9 1 1 2  

Polycentropodidae    2   2 1             

Mollusca                     

Bivalvia    1    24  2 2   2       

Nemathelminthes                     

Nematoda                  3   

Platyhelminthes                     

Turbellaria                     

Planariidae           1 1 1       9 

Total/Indivíduos 467 234 149 839 422 758 412 751 537 647 275 556 1317 1019 210 556 201 1011 350 531 
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Tabela 8. Macroinvertebrados coletados em riachos (Três Marias Master Sample -  TMMS) na bacia 

do alto rio Araguari a montante do reservatório de Três Marias, MG. 

  
Taxa 

TMMS 

3 7 9 27 28 33 40 43 58 72 82 88 90 91 106 119 126 133 134 137 

Annelida                     

Hirudinea       1  2  5         4 

Oligochaeta 27 6 32  177 13 60 19 46 11 33 42 1 43 32 15 6 16 2 49 

Arthropoda                     

Arachnida                     

Hydracarina 1       2 5      5 4 2   4 

Entognatha                     

Collembola 2  1   4      1      2   

Insecta                     

Coleoptera                     

Chrysomelidae                     

Curculionidae                1 1    

Dryopidae                1     

Dytiscidae  1 4     3 4  3 9 1 15  19 1  3 2 

Elmidae 55 23 41 12 20 49 33 26 97 104 267 70 33 137 7 184 60 28 56 656 

Gyrinidae 7 1        1    1  1    1 

Hydrophilidae 1 1    1 3  1 1  1 2      8  

Lutrochidae 11               8 12   7 

Noteridae           3          

Psephenidae     4 19 23  2   10       11  

Ptilodactylidae                2     

Scirtidae       1            2  

Diptera                     

Ceratopogonidae 7 15 52 4 73 18 34 48 121 27 18 73 22 32 16 15 33 35 36 11 

Chaoboridae         2   8   3     3 

Chironomidae 705 458 192
7 

88 107
0 

209 693 589 144
6 

309 527 211
4 

324 602 204 579 425 690 174
7 

482 

Culicidae 1 2 52   6   17  2 8 9  6 2 22 3 3 5 

Dolichopodidae     4     1           

Empididae 3          3   9  6  3 1  

Muscidae 1                   1 

Psychodidae         1            

Simuliidae 
262

1 
3  11 8   282

0 
387 120   36 742  41  229   

Tabanidae     4 1  3  1  1 1 1    1 2  

Tipulidae 24 1 4  2 1 2 1 14 3  4 3 12   1 3 9  

Ephemeroptera                     

Baetidae 75 60 178 34 151 118 603 90 649 33 5 240 284 274 34 10 98 18 27 49 

Caenidae  5 7 1 115 15 65 20 202 53  56 11 13 17 1 4 3 8 153 

Ephemeridae  4                   

Euthyplociidae       4 1     18      1  

Leptohyphidae 156  12 9 428  39 14 65 39 12 88 1 106  1 2 1 14 21 

Leptophlebiidae 401 20 10  92 66 60 59 361 30 10 83 174 224 7 7 70 5 61 39 

Polymitarcyidae          1 9     3 2   22 

Heteroptera                     

Corixidae   2   2  2 13 3  6 14       3 

Gelastocoridae              1       

Gerridae        1    1         

Hebridae    1        1         

Mesoveliidae      2               

Naucoridae  9 8      2 3  4 2 40  7 13 5 4 2 

Notonectidae    2        2  1      4 

Pleidae  1   1  11    4          

Veliidae 3   3  3 1 1 6 1    1  1     
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Continuação da Tabela 8. 

Lepdoptera                     

Pyralidae 1   1  1               

Megaloptera                     

Corydalidae    1     1 2   2 3       

Sialidae  2    1          2 1 6   

Odonata                     

Aeshnidae    1                 

Calopterygidae 1 1  25  1  2  1   1 1  4  1   

Coenagrionidae 14 6 8 5  8 4 3 18 8  1 26 12  15 4 11 24 4 

Corduliidae      2 3              

Gomphidae 6 12 12   2 6 13 3 2 21 1 2 1  19 5 1 1 11 

Libellulidae 3 1 14 17 1 6 5 9 23 1 3  7 13 1 3 4 11 2 3 

Megapodagrionidae    1   2 4     3     1   

Perilestidae     3        1        

Plecoptera                     

Perlidae 1    8 1  1 10 11   22 42  5     

Gripopterygidae     1                

Trichoptera                     

Calamoceratidae         1 1 1        24  

Ecnomidae      1       1        

Helicopsychidae       3 10 2   12         

Hydrobiosidae        2 7     1       

Hydropsychidae 135 5  2 1 1   66 91 2   32 1 72 6 1  19 

Hydroptilidae   5 4 51   2 1 5  6 5 18       

Leptoceridae 2 5   1 4 5 7 2    2 8  11 8 5  5 

Odontoceridae   12   4 2 2 5 6  3 5 1 3   4   

Philopotamidae 3 1  1     26 2    689       

Polycentropodidae 9 10  4 3 5   3 6 1  13   1 30 2 1 8 

Mollusca                     

Bivalvia 1 2  2   1 7  4 33  1   162 26 12  80 

Gastropoda                     

Ancylidae       4    6         49 

Hydrobiidae           5     37     

Physidae           1     5     

Limnaeidae   1                  

Planorbiidae    1       3    8 11  6  26 

Nemathelminthes                     

Nematoda              8  3     

Platyhelminthes                     

Turbellaria                     

Planariidae                 33                       

Total de indivíduos 4277 655 2382 230 2218 564 1668 3761 3644 881 977 2845 1027 3083 344 1258 836 1103 2047 1723 
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Continuação da Tabela 8. 

Taxa 

TMMS 

159 171 178 183 187 193 209 214 220 279 283 290 296 381 391 437 1865 3195 3962 6757 

Annelida                     

  Hirudinea       5 2     2 9 1 12 14  12  

  Oligochaeta 35 179 46 54 13 259 194 76 143 237 3 3 193 45 24 227 215 47 240 448 

Arthropoda                     

  Arachnida                     

  Hydracarina 1 2 3  24 3 2  8 2  1    7 3 11 1  

  Entognatha                     

    Collembola                     

Insecta                     

Coleoptera                     

Chrysomelidae   1                  

Curculionidae                  1   

Dryopidae            1 2        

Dytiscidae 2    9   3 1   1   2 1  6 22  

Elmidae 104 355 258 69 124 36 11 3 205 124 11 1 217 1 18 1048 958 10 96  

Gyrinidae      1   1    2     1   

Hydrophilidae        3    1  1 1  1  1  

Lutrochidae  2   1 2           5    

Noteridae              1       

Psephenidae         9    4        

Salpingidae              1       

Scirtidae        1 1   4        1 

Staphylinidae        1    1         

Diptera                     

Ceratopogonidae 37 36 67 39 50 1 38 118 22 6 12 12 75 5 66 27 8 5 44  

Chaoboridae    1             17  30  

Chironomidae 570 599 1281 1248 553 881 769 300 677 788 469 181 752 328 596 1056 249 763 1277 2751 

Culicidae    4 1  4 3 10   21 1 2   15 1 20 37 

Dolichopodidae  1       1      3      

Empididae 1 5 7 4 5 5 1  2 12 2  3   11     

Psychodidae         4    4        

Simuliidae  140 73 282 108 4   277 293 347 62 127 2 51 2153     

Stratiomyidae             1        

Tabanidae     17   1 2        2    

Tipulidae 8 5 17  3 11   2 2 1   1 3 1     

Ephemeroptera                     

Baetidae 112 216 355 14 246 20 19 9 229 124 299 35 178  45 1050 164 6 87  

Caenidae 9 1 237 4 18 1 4  72  1 1 41  1 11 21 1 39  

Ephemeridae          2           

Euthyplociidae 2 2   2        2        

Leptohyphidae 172 199 355 79 28 25   878 82 22  193  6 33 38  7  

Leptophlebiidae 17 118 94 19 157 4   273 16 34  95  9 40 20  10  

Polymitarcyidae  1   16  30      16   39 6  1  

Heteroptera                     

Belostomatidae         1   2    1 2  1 1 

Corixidae  11   11        12  1 3   18  

Gerridae 1  1          2    1 1   

Mesoveliidae         3    1  6      

Naucoridae 6 5 3  7 6   8 1 4 1 7   12 5 10 2  

Notonectidae 1  1 1                 

Pleidae 1 3   2 3   12  1          

Veliidae   1 1     1      1      
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Continuação da Tabela 8. 

Lepdoptera                     
Pyralidae  11 1      1  6  3  7 1   2  

Megaloptera                     
Corydalidae  1  1 2                
Sialidae     1  2     1     1    

Odonata                     
Aeshnidae                  1   
Calopterygidae 1    8 1          6 1  14  

Coenagrionidae  3  19 5 5 3 3 5 5 6 4 15  4 15 5 4 11  

Corduliidae                     
Gomphidae 3 2 6 4 24 1 2    2 1 2  6 7 11 4 1  

Libellulidae 10 16 3 25 3 7 1 10 27 1 4 17 16 3 13 10 5 3 21  

Megapodagrionid
ae 

    4                
Perilestidae     1                

Plecoptera                     
Perlidae  15 36  24    25 6 2  14   2     

Trichoptera                     
Calamoceratidae     17    5    1        
Ecnomidae     2    1    2        
Glossosomatidae 1  5  1        2        
Helicopsychidae  2   4      1  4        
Hydrobiosidae   20 3 3    1  11          
Hydropsychidae  50 16 1 11 4  1 56 20 33  44  14 70 10  2  

Hydroptilidae 34 8 33 4 10    4 11  2 74  4 12 3  1  

Leptoceridae 5  27 7 6 3 4  21 1   4 2 2  7  9  

Odontoceridae  1   10 2     1  2    8 3 1  

Philopotamidae  39 9      14  1  10  1      
Polycentropodida

e 
2  19 8 1 6 38  7 8 1  10  3 15 6  24  

Mollusca                     
Bivalvia  39 26 9 4 22 24   32 1  1 20 3 128 240 641 3  

Gastropoda                     
Ancylidae    3     10 1     1 1 13  1  

Thiaridae   1             8 1    
Physidae                 1  1 9 

Planorbiidae        19        17 37    
Nemathelminthes                     

Nematoda   1         1         
Platyhelminthes                     

Turbellaria                     
Planariidae 1 12 1   1               6     7 10       

Total/Indivíduos 113
6 

207
9 

300
4 

190
3 

153
7 

131
3 

115
1 

55
3 

301
9 

177
4 

127
5 

35
4 

214
0 

42
1 

89
2 

603
1 

210
3 

151
9 

199
9 

324
7 
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Protocolo de caracterização de habitats físicos desenvolvido e utilizado pela Agencia 

de Proteção Ambiental Norte-Americana (US-EPA) (Peck et al. 2006). 
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