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Resumo

Na busca por metas de reducdo da perda de diversidade € essencial que
consigamos descrever e predizer cendrios de como atividades antrdpicas podem
influenciar a biodiversidade. Parte deste desafio envolve ampliar nossa capacidade de
entender como varidveis ambientais em diferentes escalas espaciais influenciam a
diversidade e desenvolver formas de mensurar estas relacdes de forma rdpida, barata e
facilmente comunicdvel. Neste estudo investigamos se medidas simples de paisagem
podem explicar a variabilidade dos valores do indice de distincdo taxondmica na
comunidade de macroinvertebrados em corregos na Regido Neotropical, para este
objetivo foram selecionados 39 coérregos, sendo 15 cdérregos localizados em seis
unidades de conservacdo, 4 localizados em uma Reserva Municipal e 19 localizados
em regides ocupadas por monocultura extensiva de cana-de-actcar, pastagem e
eucalipto. Nossos resultados nos permitiram gerar 7 hipdteses sobre os valores obtidos
para Distincdo TaxondOmica em resposta as métricas de paisagem selecionadas, das
quais 4 ja estdo presentes na literatura: i) Gradientes ambientais naturais podem
mascarar os efeitos de perturbacdes na biodiversidade; ii) alguns gradientes ambientais
de perturbagcdo podem ndo ser fortes suficientes para imprimir respostas pelos indices de
diversidade; iii) estudos que avaliam multiplos estressores antropogénicos de forma
categérica podem expressar simplificacdes ambientais resultando em baixa resposta dos
indices; iv) as varidveis preditoras utilizadas podem ndo representar processos e
mecanismos (em escalas apropriadas) importantes para a comunidade que esta sendo
avaliada; v) a estrutura da comunidade de macroinvertebrados responde a multiplos
fatores em diferentes escalas, incluindo locais; vi) o grupo taxondmico avaliado ndo
responde previsivelmente em termos de variabilidade taxondmica (indiretamente
filogenética) a gradientes ambientais de perturbacdo antrépica; vii) o refinamento
taxondmico utilizado na quantificagdo do indice ndo € adequado para deteccdo do
gradiente ambiental, de todas as hipdteses geradas as que se enquadram e explicam de
melhor forma os resultados obtidos sdo: hipéteses iv,v, vi e vii, dentre estas, as duas
primeiras corroboram com resultados da literatura.

Palavras — chave: biomonitoramento, diversidade taxondmica e estrutura espacial.



Abstract

To reduce diversity loss, it is essential to describe and predict how anthropogenic
activities may influence the components of biodiversity. This challenge involves
understanding how environmental variables influence diversity across different spatial
scales and developing ways to measure these relationships in a fast, economic, and
easily communicative way. In this study, we investigated whether simple landscape
measures could explain the variability of a taxonomic distinctness index in
macroinvertebrate communities in Neotropical region streams. For this purpose, we
selected 39 streams. Fifteen streams were located in six protected areas (i.e.,
conservation units), five were located in a municipal reserve, and 19 were located in a
region occupied by extensive monoculture of sugarcane or eucalyptus, banana
plantations, and pastures. The results allowed us to generate seven hypotheses based on
taxonomic distinctness in response to selected landscape metrics. Four of these
hypotheses have previously been presented in the literature: 1) natural environmental
gradients can mask the disturbance effect on biodiversity; ii) some environmental
gradients may not be strong enough to imprint responses on diversity indices; iii)
studies evaluating multiples anthropogenic stressors may express environmental
simplification resulting in a low response of indices; iv) the predictor variables used
may not represent the important processes and mechanisms at appropriate scales for the
evaluation of community; and v) the structure of macroinvertebrate communities
responds to multiples factors in different scales, including local ones. The two
additional hypotheses that we generated are the following: 1) taxonomic groups assessed
do not predictably respond to environmental gradients of anthropogenic disturbance in
terms of taxonomic variability (indirectly phylogenetic) and ii) taxonomic refinement
used in index quantification is not adequate to detect environmental gradients, of all the
generated hypotheses the ones that if fit and explain of better form the gotten results are:
hypotheses IV, v, vi and vii, amongst these, the two first ones corroborate with results
of literature.

Keywords: Biomonitoring, taxonomic diversity, spatial structure.



1. INTRODUCAO

As agdes antropogénicas tém influenciado drasticamente diversos ecossistemas no
mundo, resultando em modificacbes nas comunidades, perdas de espécies e
comprometimento de fun¢des ambientais (Convention Of Biological Diversity, 1992).
Dentre os sistemas mais fortemente modificados e que demandam maiores esforcos de
conservacdo e restauracdo estdo os ambientes aqudticos de 4gua doce (Millenium
Ecossystem Assessment, 2005). Com base nesta premissa, uma série de abordagens tem
sido desenvolvida para avaliar os efeitos ecoldgicos das atividades antropogénicas

nestes sistemas (ex. Rosenberg & Resh, 1993; Bonada et al., 2006).

Almejando metas de redugdo da perda de diversidade € essencial que consigamos
descrever e predizer cendrios de como atividades antrépicas podem influenciar a
biodiversidade. Parte deste desafio envolve ampliar nossa capacidade de entendermos
como varidveis ambientais em diferentes escalas espaciais influenciam a diversidade e
formas de mensurar estas relacdes de forma rdpida, barata e facilmente comunicével.
Nesta dire¢do, o uso de métricas de paisagem derivadas de Sistemas de Informagdo
Geogréfico (GIS) (Johnson & Gage, 1996) e o uso de indices biolégicos que expressem
de forma apropriada a variabilidade na natureza sdo dois componentes relevantes para a
efetiva incorporacdo de informagdes bioldgicas em tomadas de decisdo visando

conservacao da biodiversidade.

O uso de métricas de paisagem tem sido cada vez mais usada em estudos de
ambientes aquatico (Wiens, 2002). Embora existam muitas vantagens no uso de
métricas de paisagem, por exemplo, i) baixo custo e rapidez dos cdlculos quando
comparada com varidveis locais; ii) permitem modelagem de cendrios numa escala
adequada para planejamento ambiental, e iii) podem ser usadas como representantes de
varidveis mais complexas; ainda existe forte discussio a respeito do poder explicativo e
preditivo dessas varidveis para comunidades aquéticas, desta forma vérios indices que
medem a diversidade bioldgica tem sido propostos para avaliar ambientes perturbados
antropogenicamente. Freqiientemente para se avaliar esses efeitos utiliza-se riqueza de
espécies ou indices de diversidade baseado nas distribuicdes de abundancias (ex.
Shannon) como medidas de diversidade e integridade bioldgica de habitats. Porém,
como medidas de variabilidade bioldgica, estes indices podem prover resultados
imprecisos no senso que taxonomia, filogenia e variabilidade funcional entre espécies

nao sio levados em conta quando uma comunidade € avaliada (Clarke & Warwick,



2001). Além disso, € dificil relacionar riqueza de espécies com produtividade de um
ecossistema ou com perturbacdes (Drobner et al., 1998). Esse tipo de medida também
apresenta uma profunda desvantagem ja que sua estimativa € influenciada pelo esforco
amostral (Clarke & Warwick, 2001; Marchant, Ryan & Metzeling, 2006). Frente 4 essa
problematica, Clarke & Warwick (1998) e Warwick & Clarke (1998) desenvolveram
uma medida de diversidade conhecida como “taxonomic distinctness” para calcular o
grau de relacdo entre os tdxons, incorporando assim informacdes da identidade e da
filogenia das espécies. Desde a sua criacdo o indice tem sido utilizado e testado para
diversos grupos e ambientes. Ele tem sido aplicado em estudos de distribui¢do, estrutura
e estabilidade das comunidades e respostas a gradientes ambientais (ex. Piepenburg et
al., 1997; Price et al., 1999; Ellingsen et al., 2005; Heino et al., 2005; Mouillot et al.,
2005; Warwick & Clarke, 1998; Rogers et al., 1999; Brown, 2002; Izsak et al., 2000 e
Bates et al., 2005).

O indice de distin¢@o taxondmica tem sido pouco usado para descrever comunidades
de ambientes aqudticos continentais quando comparado com sistemas marinhos, sendo
que até o momento o desempenho do indice ainda ndo havia sido avaliado para
descrever comunidade de macroinvertebrados em sistemas 16ticos tropicais.

Considerando a demanda atual por formas de avaliacdo de diversidade de cérregos
tropicais que incorporem aspectos de paisagem e medidas simples de diversidade que
funcionem como bons representantes de variabilidade biolégica (Williams et al., 2002;
Metzger, 2008), neste estudo investigamos se métricas de paisagem podem explicar a
variabilidade dos valores de distingdo taxondmica de macroinvertebrados em corregos
na regido Neotropical, incluindo desde dreas dominadas por plantios de cana-de-agucar
até areas razoavelmente bem conservadas no dominio da Mata Atlantica. Nosso foco
principal é avaliar se medidas simples de paisagem, como area de cobertura florestal,
podem ser usadas como preditores de diversidade de macroinvertebrados. Esperamos
maiores valores de distin¢cdo taxondmica em situagdes de melhor integridade ambiental,
expressas por métricas de paisagem (dreas florestadas). Além disso, esperamos que
variaveis climaticas (ex. pluviosidade) também expliquem parte da variacao dos dados,
uma vez que diversos trabalhos t€ém demonstrado a importancia de varidveis em larga
escala para entender distribuicdo de macroinvertebrados (revisdes em Vinson &
Hawkins, 1998; Heino, 2009). Finalmente discutimos algumas implicagdes dos nossos
resultados na perspectiva de incorporacdo dessas abordagens em sistemas de

biomonitoramento na regiao.



2. OBJETIVOS

Investigar se métricas de paisagem podem explicar a variabilidade dos valores de

distin¢do taxondmica de macroinvertebrados em corregos na Regido Neotropical.

3. MATERIAL E METODOS

3.1 Area de estudo

O Estado de Sdo Paulo possui uma drea de aproximadamente 248, 800 km?, e uma
populacdo cerca de 40 milhdes de humanos (22% da populagdo brasileira). A regido é
composta de quatro principais tipos de vegetacdo, a costeira ou Floresta da Mata
Atlantica, as florestas tropicais sazonais ou floresta Atlantica Semi-decidual, Mata
Atlantica Mista e Cerrado (Savana brasileira).

A Mata Atlantica e o Cerrado estdo entre as mais ameacadas florestas tropicais do
mundo, tendo sido reduzida para menos de 7% de sua cobertura original no Estado de
Sao Paulo (SOS Mata Atlantica/INPE, 1993), sendo considerados hotspots de
biodiversidade (Myers et al., 2000). A maioria dos fragmentos florestais remanescentes
¢ encontrada em encostas de montanhas ingremes.

Neste estudo, foram selecionados 39 cérregos de 1* e 2* ordens, sendo 15 cérregos
localizados em seis unidades de conservagdo: Parque Estadual de Campos do Jordao
(M1, M2, M3, M4 e M5), Estacao Estadual de Caetetus (S6), Parque Estadual Furnas do
Bom Jesus (S7 e S8), Parque Estadual do Vassununga (S9), Parque Estadual do Morro
do Diabo (S10, S11 e S12) e Parque Estadual de Intervales (D13, D14 e D15); 5
localizados na Reserva Municipal do Mandira (Canl, Can2, Can3, Can4 e Cananeia5) e
19 corregos localizados em regides ocupadas por monocultura extensiva de cana-de-
acucar (C16, C17, C18, C19 e C20), por pastagem (P21, P22, P23, P24 e P25), por
monocultura de eucalipto (E26, E27, E28 e E29) e plantacdo de banana (Banl, Ban2,
Ban3, Ban4 e Ban5).

Os corregos de baixa ordem nas dreas bem conservadas sdo tipicos de areas
florestadas, dguas com profundidade inferior a 50 cm, copa com cobertura superior a
70% do canal, auséncia de macroéfitas, alta concentracdo do oxigénio dissolvido,
condutividade baixa, e dgua ligeiramente alcalina para 4cido. A temperatura da dgua

normalmente varia de 15 a 23°C.
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3.2 Base de dados

Foram utilizados dados de macroinvertebrados fornecidos pelo grupo de pesquisa do
"Laboratério de Entomologia Aquética da Universidade Federal de Sao Carlos (SP)”, e
Projeto Biota.

Para a padronizacdo das amostras coletadas, alguns critérios foram estabelecidos
como: as coletas foram realizadas no periodo de seca ou de menor pluviosidade (maio,
junho, setembro e outubro de 2005); todos os cérregos amostrados de baixa ordem (17 e
2* ordens) cujas nascentes estavam situadas dentro da drea do uso do solo em questdo;
em cada cérrego foi escolhido um trecho de 100m e esforco amostral de seis unidades.
Para obten¢@o das amostras utilizou-se amostrador tipo Surber com édrea de contato de
30 x 30cm e rede de abertura de malha de 250pum.

Os espécimes estdao depositados na colecdo do "Laboratério de Entomologia

Aquatica e do museu de Zoologia da Universidade Federal de Sao Carlos (SP)".

3.3 Preditores ambientais: métricas de paisagem e varidveis macro-regionais

Ecologia da Paisagem baseia-se na premissa de que os padroes dos elementos da
paisagem influenciam significativamente os processos ecoldgicos (Pereira et al., 2001).
Neste estudo, foram incorporadas métricas de composi¢do e configuracdo da paisagem
como potenciais preditores dos valores dos indices de diversidade. Foram utilizadas
métricas que tem sido hipotetizadas como importantes na explicagdo de padrdes de
diversidade e modelagem de distribui¢cdes potenciais de espécies (ver Metzger et al.,
2008; Heino, 2009; Boubli & Lima, 2009).

As andlises baseiam-se em trés conjuntos de varidveis, sendo um deles derivado a
partir de um mapa de cobertura florestal, o segundo conjunto tem como base as
variaveis bioclimaticas do Worldclim (Versdo 1.3), e um terceiro grupo de variaveis diz
respeito as coordenadas geograficas em si. A seguir apresesentamos cada grupo de

varidveis, suas respectivas fontes e descri¢des detalhadas.

3.3.1 Cobertura Florestal

Porcentagem de cobertura florestal: este indice estima a porcentagem de
cobertura florestal em torno de cada ponto amostral. A propor¢do de habitat, de
ambientes preservados ou de cobertura natural, em determinada escala ou extensdo, estd
entre as principais varidveis para se explicar a distribuicdo de espécies, ocorréncia e

persisténcia de espécies, probabilidade de extin¢do e estrutura da comunidade (Fahrig,



2003; Metzger, 2006). A propor¢do de hdbitat, do ponto de vista da estrutura da
paisagem, estd diretamente relacionada ao tamanho médio das manchas (quanto mais
habitat, maior a chance de se ter maiores fragmentos), ocorréncia de dreas-fonte (quanto
mais habitat, maior a chance de se ter dreas-fonte de individuos e de propagulos),
isolamento (dreas com menos propor¢do de habitat apresentam maiores distancias
médias entre fragmentos) e conectividade (embora conectividade seja espécie-
especifica, quanto maior a propor¢do de habitat, maior a chance de ser ter mais
elementos conectados e, por sua vez, maior fluxo de individuos e fluxo génico entre as
manchas; Martensen et al., 2008; Metzger et al., 2009). A definicao da escala adequada
de andlise é uma etapa importante dos estudos, seja na delimitacio do desenho
experimental, seja no momento das andlises da paisagem (Metzger 2006; Ribeiro et al.,
2009, Boscolo & Metzger, 2009; Lyra-Jorge et al., 2008). Neste estudo, e para este
indice de paisagem, chamamos de escala a dimensdo utilizada para definir uma
paisagem virtual em torno dos pontos, com raio de 200mts. Esta mesma abordagem foi
utilizada para aves (Boscolo & Metzger, 2009), mamiferos de médio e grande porte
(Lyra-Jorge et al. 2008), mamiferos de pequeno porte (Umetsu et al., 2008) e
quironomideos (Roque et al., 2010). Foi definida uma escala com raio de 200 mts na
delimitacdo da paisagem virtual para estimar a porcentagem de cobertura no presente
estudo, por se considerar que esta escala permite capturar suficientemente a
contribuicdo da paisagem local sobre a estrutura da comunidade em andlise. A
informacdo de cobertura de terra foi provida pelo Instituto Florestal de Sdo Paulo, para a
referéncia ano 2005 (Kronka, 2005; Metzger et al., 2008). As classes de cobertura
foram obtidas por interpretacdo visual de imagem de Landsat/TM, em uma escala de
1:50,000, com uma resoluc@o espacial de 30 m, sistema de projecdo Albers e datum
Sad69. Apesar do mapa original apresentar cinco classes de vegetacdo (Floresta
Ombrofila Densa, Floresta Ombrofila Mista, Floresta Estacional, Formag¢des Savanicas
e Restinga/Mangue), para o presente estudo o mapa de cobertura foi convertido apenas
para uma classe (Vegetacdo), sendo que as demais classes (pastagem, reflorestamento,
agricultura, dgua, drea urbana etc) foram definida com uma classe genérica denominada

de matriz (Metzger et al., 2008).

3.3.2 Bioclimdticas
Varidveis biocliméaticas tem sido intensivamente utilizadas em estudos para

Modelos de Distribuicao de Espécies (Graham et al., 2004; Hijmans et al., 2005). Tais



modelos buscam associar padrdes biogeograficos a ocorréncia potencial de espécies
com base em registros de presenca ou presenca/auséncia de espécies, e por meio de
conceitos de nicho ecoldgico (Peterson, 2001; Loiselle ef al., 2008; Elith & Graham,
2009). WORLDCLIM ¢é um projeto reconhecido na comunidade cientifica por
disponibilizar um conjunto de 19 varidveis bioclimaticas destinada a modelos de
distribuicao de espécies (http://biogeog.berkeley.edu; Hijmans et al., 2005). Os mapas
bioclimaticos foram gerados a partir da interpolacdo de uma série histérica de médias
mensais de temperatura distribuidas em torno do globo. Tais dados referem-se ao
periodo de 30 anos, e sua resolucdo espacial é de 900 x 900m, disponibilizada em
coordenadas geograficas, com datum WGS84. Para o presente estudo, foi selecionado o
seguinte conjunto de varidveis para andlise:

. Temperatura Minima no Més mais Frio (Bio 01, figura 01-B), que foi
selecionada pelo seu potencial de influenciar dindmicas de populagdes de insetos
aquéticos;

. Precipitacdo Anual (Bio 02, figura 01-C), selecionada principalmente pela
literatura apresentar estudos que tem demonstrado a importincia de chuvas para
entender a dindmica de macroinvertebrados em corregos tropicas (ex. Bispo, 2001).

. Precipitacdo sazonal - coeficiente de variagdo (Bio 03, figura 01-D), que pode
ser considerada uma medida indireta de variabilidade ambiental hidroldgica no sistema.
. Posicao Geogréfica: Latitude e longitude.

O uso das posicoes geografica como uma medida de estrutura ou preditor
espacial tem sido explorada na literatura (Diniz-Filho ef al, 2003), em especial em se
tratando de dreas de andlise com grandes extensodes (dezenas ou centenas de kms; Fortin
& Dale 2005). A posi¢do geogrifica pode contribuir com entender o padrio de
distribuicao ou organizacdo da espécie, por meio de sua estruturacdo espacial que pode
ser medida com base em auto-correlagdo espacial, e ser utilizada como indicativo de
"filtro espacial ecoldgico" (Diniz-Filho et al., 2003; Fortin & Dale, 2005; Roque et al.,
2010).

As coordenadas geogréficas foram obtidas diretamente em campo com auxilio
de um aparelho GPS e incluidas nas andlises como preditores espaciais. A precisdao

nominal das varidveis é da ordem de 10 metros.

3.4 Andlise dos dados

Calculo das métricas de diversidade de macroinvertebrados



Os tradicionais indices utilizados para se medir a diversidade bioldgica, como
Shannon e Simpson resumem as informag¢des de abundancia de espécies sem considerar
a diferenca de cada uma (Ricotta, 2004), acarretando em falhas por ndo absorverem as
caracteristicas genéticas e ecoldgicas numa avaliagdo de diversidade bioldgica.

Warwick & Clarke, (1995) e Clarke & Warwick, (1998), propuseram indices que
avaliam todo histérico taxondmico de um grupo, levando em consideracdo a identidade
de cada espécie, esse indice descreve a distancia taxonomica média (o comprimento do
caminho entre dois individuos diferentes escolhidos aleatoriamente em uma
classificacdo taxondmica entre todas as espécies de uma comunidade), os indices
empregados neste estudo sdo:

Indice de distin¢io taxondmica:

Distincao taxonOmica: € uma medida pura da relacdo taxondmica, uma vez que
avalia a distancia taxondmica entre duas espécies diferentes. Segundo Price et al,

(1999), uma virtude exclusiva deste indice é a sua falta de dependéncia do esforco

amostral.

A* = [22i<j(Dinin]

22i<inXj
Indice de diversidade taxondmica:
Diversidade taxonOmica: considera a abundancia das espécies e a relacdo
taxondmica entre elas, desse modo, o seu valor expressa a distancia taxonOmica média

entre quaisquer dois individuos, escolhidos ao acaso numa amostra.
A= [22,~<j(0,-jxixj]
[n(n—-1)/2]

A diferenca entre os dois indices € que um avalia pura e simplesmente a relacao

taxondmica entre duas espécies diferentes e o outro avalia a abundancia + a relagdo
taxondmica entre espécies diferentes.

Os dados equacionais expressam as seguintes informdes:

x; denota a abundancia de ith das espécies s; n (=ZiX,-) € o numero total de

individuos em uma amostra, e ;j ¢ o peso dado para o comprimento do caminho que

une as espécies i e j na taxonomia.



O simbolo ® (peso) representa o valor atribuido para a mudanga de cada nivel

hierdrquico, e se distribui numa analise da seguinte forma:
¢ Pesol: espécies diferentes pertencentes a0 mesmo género;
¢ Peso 2: diferentes géneros na mesma familia;
e Peso 3: familias da mesma ordem:;
® Peso 4: ordens de mesma classe;
® Peso 5: diferentes classes;
¢ Peso 6: diferentes divisoes.

De forma complementar também calculamos outras medidas usualmente usadas
para avaliar biodiversidade 1) indice de diversidade de Shannon (Shannon & Weaver,
1949), riqueza de espécies e abundancia. Para o calculo de todos os indices foi utilizado
o programa estatistico Past, um software livre disponivel na internet no endereco
http://folk.uio.no/ohammer/past/.

Para avaliar o grau de associacdo entre as medidas de diversidade, foi aplicado
andlise de correlacdo de Pearson. Considerando que dados espacializados geralmente
apresentam autocorrelagdo (Legendre & Legendre, 1998) e, portanto, o grau de
liberdade pode ser inflado gerando valores de P para os r subestimados, nds calculamos
o efetivo grau de liberdade para cada correlagdo e reportamos os valores de P ajustados
de acordo com o método de Dutilleul (Dutilleul, 1993).

Nos determinamos quanto da variacdo de cada medida de diversidade € explicada
por varidveis de paisagem e espacgo através da técnica de particdo de varidncia baseada
em analise de regressdo multipla (Legendre & Legendre, 1998). Particdo da variancia
para regressOes multiplas usando 2 conjuntos de preditores (espaco e ambiente) €
baseada em 3 analises de regressdo. O componente espacial foi incluido como um
polindmio de primeira ordem (Legendre & Legendre, 1998), portanto expressando
variabilidade em larga escala.

A variagdo total de cada indice de diversidade entre os corregos foi divida nos
seguintes componentes:

e [E], variacao ambiental;

e [S], variacdo espacial;

e [E + S], total da variagao;

e [E I S] ¢ a fracdo da variagdo que pode ser explicada pelo ambiente

independentemente de qualquer estrutura espacial;
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e [S | E] ¢ a fracio da variacdo que pode ser explicada por varidveis
espaciais (ex. dispersao) independentemente de qualquer fator ambiental;

e [E N S]é afracdao comum compartilhada por espagco e ambiente;

e 1-[E+ 8], ¢ a fracdo residual ndo explicada. (Para detalhes, ver Legendre
& Legendre, 1998; Anderson & Gribble, 1998).

Durante a analise de parti¢dao alguns destes componentes ndo sao evidentes isso se
deve a o fato de seus valores serem extremamente baixos, desta forma ndo aparecem nas
figuras geradas pela analise.

As andlises estatisticas foram realizadas no pacote estatistico disponivel

livremente Spatial Analysis Macroecology v. 2.0, SAM (Rangel et al., 2006).

4. RESULTADOS

Das 5 métricas de diversidade avaliadas, exceto as métricas Distingdo Taxondmica
X Abundincia, Diversidade taxondmica X Abundincia, Diversidade de Shannon X
Abundancia ndo apresentaram correlacdes significativamente positivas. Para Distin¢ao
TaxonOmica, destacamos que os valores de r sdo menores que 60% indicando

correlacoes moderadas, (Tabela O1).

Tabela O1. Correlagdo de Pearson entre as cinco métricas de diversidade. *PbC=
Probabilidade corrigida.

Indices analisados Correlacao
Pearson’sr PbC*
Disting@o Taxonomica X Diversidade_Taxonomica 0,908 <0,001
Disting@o Taxonomica X Riqueza 0,502 0,019
Distin¢do Taxonémica X Diversidade_Shannon 0,526 0,008
Disting@o Taxonémica X Abundéncia 0,188 0,32
Diversidade_taxonomica X Riqueza 0,605 0,006
Diversidade_taxonomica X Diversidade_Shannon 0,801 <0,001
Diversidade taxonomica X Abundancia 0,123 0,524
Riqueza X Diversidade_Shannon 0,748 <0,001
Riqueza X Abundancia 0,584 0,002
Diversidade Shannon X Abundancia 0,078 0,672

Os indices de Disting¢do e Diversidade taxondmica ndo responderam aos preditores
ambientais e espaciais utilizados (Tabela 2). Riqueza apresentou relacdo significativa
com temperatura minima no més mais frio (Bio 01), precipitacdo anual (Bio 02) e

longitude. Precipitacdo anual teve um efeito significativo nos valores do indice de
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Diversidade de Shannon enquanto que longitude esteve relacionada a Abundancia

(Tabela 03).

Tabela 02. Resumo das andlises de regressdes multiplas entre os indices de diversidade

e varidveis ambientais e espaciais como preditoras (valores de r e P).

Indice Diversidade_taxonémica Riqueza Diversidade_Shannon Abundincia
delta*

n: 39 39 39 39 39

r: 0,467 0,561 0,751 0,677 0,652

r? 0,218 0,315 0,564 0,458 0,425

réadj 0,042 0,16 0,466 0,336 0,295

F: 1,235 2,035 5,732 3,741 3,276

P: 0,314 0,082 <0,001 0,005 0,001

Tabela 03. Andlises de regressdes multiplas para os indices de diversidade com
varidveis ambientais e espaciais como preditoras (padronizacdo de erro, valores de 7).

Indice delta* (A*)

Variavel Coeficiente Coeficiente  Erro t Valor de P
padronizado padronizado
Constante 10,46 0 13 0,798 0,431
Bio_01 0,004 0,256 0,008 0,456 0,652
Bio_02 <0,001 0,235 <0,001 0,653 0,518
Bio_03 -0,025 -0,763 0,027  -0,92 0,364
% mata 0,001 0,106 0,003 0,336 0,739
Altitude <0,001 0,401 <0,001 0,649 0,521
Longitude 0,102 0,383 0,166 0,616 0,543
Latitude 0,123 0,383 0,209 0,589 0,561
Diversidade Taxonomica
Variavel Coeficiente Coeficiente  Erro t Valor de P
padronizado padronizado
Constante 9,498 0 15 0,652 0,519
Bio_01 0,002 0,119 0,009 0,226 0,823
Bio_02 <0,001 0,458 <0,001 1,361 0,184
Bio_03 -0,019 -0,489 0,03 -0,63 0,533
% mata 0,002 0,18 0,004 0,609 0,547
Altitude <0,001 0,215 <0,001 0,373 0,712
Longitude 0,089 0,28 0,185 0,482 0,633
Latitude 0,159 0,417 0,232 0,685 0,499
Riqueza
Variavel Coeficiente Coeficiente Erro t Valor de P
padronizado padronizado
Constant -580,923 0 332 -1,751 0,09
Bio_01 -0,539 -1,065 0,212 -2,539 0,017
Bio_02 0,046 0,976 0,013 3,638 0,001
Bio_03 0,863 0,789 0,677 1,28 0,212
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J%omata 0,057 0,165 0,081 0,701 0,489
Altitude -0,009 -0,277 0,015 -0,602 0,552
Longitude -10,91 -1,203 4209 -2,592 0,015
Latitude -1,274 -0,117 5,294  -0,241 0,811
Diversidade_Shannon
Variavel Coeficiente Coeficiente  Erro t Valor de P
padronizado padronizado
Constante 0,88 0 15 0,058 0,954
Bio_01 -0,006 -0,301 0,001 -0,643 0,525
Bio_02 0,002 0,793 <0,001 2,649 0,013
Bio_03 0,005 0,122 31 0,18 0,861
% mata 0,003 0,245 0,004 0,934 0,358
Altitude <0,001 -0,135 <0,001 -0,262 0,795
Longitude -0,061 -0,165 0,191 -0,318 0,753
Latitude 0,144 0,325 0,24 0,599 0,553
Abundéancia
Variavel Coeficiente Coeficiente Erro t Valor de P
padronizado padronizado
Constante -13836,131 0 9,505 -1,456 0,156
Bio_01 -10,49 -0,832 6,076  -1,726 0,095
Bio_02 0,467 0,395 0,365 1,281 0,21
Bio_03 19,024 0,697 19,38 0,98 0,334
Jomata 0,454 0,053 2,313 0,196 0,846
Altitude -0,209 -0,265 0,417 -0,501 0,62
Longitude -275,186 -1,216 120,559 -2,283 0,03
Latitude -17,159 -0,063 151,637 -0,113 0,911

As andlises de particdo da variincia evidenciaram que as varidveis ambientais ([E]),
explicaram maior parcela da variabilidade dos dados de Riqueza e Diversidade de
Shannon, embora espaco também explique parte dos resultados (figura 02). No caso da
Abundancia, varidveis ambientais ([E]) e espaciais ([S]) explicaram propor¢des
semelhantes da variabilidade do padrdo. Os indices de Distincdo e Diversidade
taxonOmica tiveram grande parcela de sua variabilidade ndo explicada por nenhuma das

varidveis aqui utilizadas (1 - [E + S]).
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Distin¢do taxondmica (A*)

[E] [E+S] |[S] 1- [E+S]
Varidvel preditora= 20,69%
Espaco 8,12 - Variagdo total 100%
Diversidade taxondmica
[E] [E+S]\[S 1- [E+S]
Variavel preditora= 30,442
Espaco 8,66% - Variacdo total 100%
Riqueza
[E] [E+S] 1- [E+S]
Variavel preditora= 42.,209%
Variagdo total 100%
Diversidade de Shannon
E 1- [E+S
[E] E+S] [S] [ ]
Variavel preditora= 43,714%
Espaco =5.7% Variacéo total 100%
Abundancia
1- [E+S
[E] [E+S] [s] [E+S]

Varidvel preditora= 27.186%

Espago =24,865% Variagéo total 100%

Figura 02. Resultados das andlises de particdo da varidncia para os indices de diversidade, tendo

varidveis ambientais e espaciais como preditores.
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5. DISCUSSAO

Indices de diversidade tém sido amplamente utilizados em programas de
avaliacdo ambiental e estudos de padrdes de diversidade (Magurran, 2004). O grau de
concordancia entre eles e as suas respostas frente a gradientes ambientais constitui num
importante critério para selecao de métricas em avaliacdo ambiental, biomonitoramento,
e dreas prioritdrias para conservacao (Hering et al., 2004). A maioria dos indices de
diversidade apresenta pouca congruéncia em suas respostas em relacdo a gradientes
ambientais e seu uso tem sido sugerido de forma complementar (Heino et al., 2007).
Nosso estudo demonstra que os indices de Diversidade Taxon6mica e de Distin¢ao
TaxonO6mica ndo respondem da mesma forma que indices amplamente utilizados em
estudos de biodiversidade, como riqueza, Shannon e abundancia, fortalecendo a visao
de necessidade de complementacdo (Heino et al., 2007). Vale destacar que os indices
riqueza, Shannon e abundincia, responderam a varidveis ambientais e espaciais em
consonancia com outros estudos realizados na regido (Suriano, 2008; Roque et al., in
2010). Estes resultados sugerem que as respostas da diversidade taxondmica (como um
representante de variabilidade taxonomica e de identidade ou mesmo de filogenia)
podem ser mais complexas que aquelas medidas por indices baseados principalmente na
abundancia e riqueza de tdxons e que desconsideram a identidade e ligacdo dos grupos.

Recentemente estudos vém testando o desempenho dos indices de diversidade
taxondmica e de distin¢cdo taxondmica em diversos sistemas e grupos taxondmicos. Em
ambientes marinhos, os indices tém respondido claramente a perturbacdes antropicas no
ambiente (Hall & Grenstreet, 1998; Warwick & Clarke, 1998; Warwick & Light, 2002;
Leonard et al., 2006). J4 em ambientes aquéticos continentais, estudos t€m demonstrado
resultados contraditérios em relacdo a avaliagdo de impactos de origem antropogénica
(Johnson & Hering, 2009). Abelldn er al, (2006) mostram em seu estudo com
assembléias de besouros aqudticos que o indice de distingdo taxondmica nao indica
qualquer sinal de degradacao antropogénica em varios tipos de sistemas aqudticos. Bhat
& Magurran, (2006), também ndo detectaram respostas previsiveis de comunidades de
peixes em gradientes de impactos antrépicos. Heino et al., (2007, 2008) avaliando num
contexto de paisagem, demonstraram fraca resposta do indice em relacdo a métricas de
paisagem.

Nesse estudo, nés ndo encontramos qualquer evidencia que os valores de

Diversidade Taxondmica e de Distingdo Taxondmica respondem previsivelmente a
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métricas de paisagem. Nosso estudo estende para regido Neotropical, o padrdo
evidenciado em estudos prévios que demonstram fraco poder preditivo e explicativo de
varidveis de paisagem para entender estrutura de comunidade de macroinvertebrados em
corregos (Heino et al., 2007; Pyne et al., 2007). Varias razdes tem sido hipotetizadas
para explicar a baixa performance de indices de diversidade taxon6mica e de distin¢do
taxondmica frente a gradientes ambientais de paisagem em ambientes aqudticos
continentais: 1) Gradientes ambientais naturais podem mascarar os efeitos de
perturbacdes na biodiversidade (Heino et al., 2007); 11) alguns gradientes ambientais de
perturbacdo podem ndo ser fortes suficientes para imprimir respostas pelos indices de
diversidade (Heino et al., 2007); iii) estudos que avaliam multiplos estressores
antropogénicos de forma categérica (exemplo divisdo de ambientes em referencia X
impacto) podem expressar simplificacOes ambientais resultando em baixa resposta dos
indices (Heino et al., 2007); iv) as varidveis preditoras utilizadas podem ndo representar
processos € mecanismos (em escalas apropriadas) importantes para a comunidade que
esta sendo avaliada (Heino et al., 2007; Pyne et al., 2007); v) a estrutura da comunidade
de macroinvertebrados responde a muiltiplos fatores em diferentes escalas, incluindo
locais; vi) o grupo taxondmico avaliado ndo responde previsivelmente em termos de
variabilidade taxondOmica (indiretamente filogenética) a gradientes ambientais de
perturbacdo antrdpica; vii) o refinamento taxondmico utilizado na quantificacdo do
indice ndo é adequado para deteccao do gradiente ambiental.

Dentre as potenciais razdes listadas acima, consideramos que as hipoéteses ii e 1ii
devem ser descartadas nesse estudo, uma vez que o trabalho incluiu forte gradiente
ambiental cobrindo dreas com elevada cobertura vegetal natural até areas fortemente
dominadas por plantacOes de cana de agucar e pastagem. Além disso, as medidas de
caracterizardo ambiental utilizadas neste estudo ndo expressam categorizacao discreta a
priori das dreas (ex. dreas de referencia vs. impactadas). No caso da explicacdo i,
poderiamos esperar que o espaco ou varidveis em larga escala como Bio 01 e Bio 02
explicassem parte da variabilidade (como um representante de gradiente ambiental
natural em larga escala — como ocorreu com riqueza por exemplo), mas esta falta de
relacdo indica fraca resposta dos valores de Distin¢do (A*) e Diversidade taxondmica ao
gradiente ambiental natural em larga escala, corroborando os resultados de Heino et al.,
(2007). As demais explicagdes necessitam de testes empiricos, desta forma ndo
rejeitamos as hipoteses iv, v, vi e vii, ressaltamos que as hipéteses iv e vi tem recebido

fortes evidencias de trabalhos realizados em regides temperadas (Heino et al., 2007;
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Pyne et al., 2007) e provavelmente devem explicar parte dos resultados em regides
tropicais também, a hipétese vii € reforcada pela prépria necessidade dos indices de

distingdo e diversidade taxonOmica exigirem um refinamento taxondmico ao maior
nivel hierdrquico possivel, podendo ser aplicado entdo os maiores pesos (() que estes

indices atribuem a analise.

Do ponto de vista aplicado, a despeito da potencial utilidade de métricas de
paisagem para predizer niveis de diversidade além das dreas amostradas e para predizer
cendrios futuros de acdes antropicas (Johnson & Hering, 2009; Wiens, 2002) e da
necessidade de utilizacdo de medidas simples de diversidade que expressem
variabilidade bioldgica (ex. A*) para se avaliar integridade ambiental num contexto de
tomada de decisdo, nossos resultados juntamente com outras evidéncias (Heino et al.,
2007; Pyne et al., 2007) apontam para a ineficiéncia de tal simplificacdo. De modo
geral, isso indica a necessidade do uso de indices complementares e incorporacdo de

preditores de multiplas escalas em estudos desse tipo.
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Abstract

To reduce diversity loss, it is essential to describe and predict how anthropogenic
activities may influence the components of biodiversity. This challenge involves
understanding how environmental variables influence diversity across different spatial
scales and developing ways to measure these relationships in a fast, economic, and
easily communicative way. In this study, we investigated whether simple landscape
measures could explain the variability of a taxonomic distinctness index in
macroinvertebrate communities in Neotropical region streams. For this purpose, we
selected 39 streams. Fifteen streams were located in six protected areas (i.e.,
conservation units), five were located in a municipal reserve, and 19 were located in a
region occupied by extensive monoculture of sugarcane or eucalyptus, banana
plantations, and pastures. The results allowed us to generate seven hypotheses based on
taxonomic distinctness in response to selected landscape metrics. Four of these
hypotheses have previously been presented in the literature: 1) natural environmental
gradients can mask the disturbance effect on biodiversity; i) some environmental
gradients may not be strong enough to imprint responses on diversity indices; iii)
studies evaluating multiples anthropogenic stressors may express environmental
simplification resulting in a low response of indices; iv) the predictor variables used

may not represent the important processes and mechanisms at appropriate scales for the
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evaluation of community; and v) the structure of macroinvertebrate communities
responds to multiples factors in different scales, including local ones. The two
additional hypotheses that we generated are the following: 1) taxonomic groups assessed
do not predictably respond to environmental gradients of anthropogenic disturbance in
terms of taxonomic variability (indirectly phylogenetic) and ii) taxonomic refinement
used in index quantification is not adequate to detect environmental gradients.

Keywords: Biomonitoring, taxonomic diversity, spatial structure.

1. INTRODUCTION

Anthropogenic actions have drastically influenced several ecosystems in the world
and have resulted in the modification in communities, the loss of species, and the
decrease of environmental functions (Convention on Biological Diversity, 1992).
Among the most modified systems, freshwater environments require the greatest effort
for conservation and restoration (Millennium Ecosystem Assessment, 2005). Therefore,
several approaches have been made to evaluate the ecological effects of anthropogenic

activities in freshwater systems (e.g., Rosenberg & Resh, 1993; Bonada et al., 2006).

To reduce diversity loss, it is fundamental to describe and predict scenarios where
anthropogenic activities could influence biodiversity components. Part of this challenge
involves understanding how environmental variables influence diversity across different
spatial scales and developing ways to measure these relationships in a fast, economic,
and easily communicative way. Thus, the use of landscape metrics derived from
Geographic Information System (GIS) (Johnson & Gage, 1996), and the uses of
biological indices that express nature’s variability are two relevant components for
effective incorporation of biological information in decision-making for biodiversity

conservation.

The landscape ecology approach, especially with the use of landscape metrics, has
been increasingly used in aquatic environment studies (Wiens, 2002). There are several
advantages in the use of landscape metrics: i) low cost and speed in calculation, when
compared to local variables; ii) the allowance of modeling scenarios at an adequate
scale for environmental planning; and iii) a representation of more complex variables.
However, there is a strong debate about the explanatory and predictive characteristics of

these variables in aquatic communities.
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Several indices have been proposed to measure biological diversity in
anthropogenically disturbed environmental gradients (Magurran, 2004). The use of
species richness or diversity indices based on abundances distribution (e.g., Shannon) is
often used to evaluate these effects as measures of diversity and biological integrity of
habitats. However, as measures of biological variability, these indices may provide
inaccurate results because taxonomy, phylogeny, and functional variability among
species are not considered when a community is evaluated (Clarke & Warwick, 2001).
Moreover, it is difficult to relate species richness to ecosystem productivity or
disturbance (Drobner et al., 1998). This kind of measurement also has a disadvantage
because its estimative ability is influenced by sampling effort (Clarke & Warwick,

2001; Marchant et al., 2006).
To address this issue, Clarke & Warwick (1998) and Warwick & Clarke (1998)

developed a biodiversity index known as ‘“taxonomic distinctness.” This index
calculates the degree of relationships among taxa by incorporating information on the
identity and phylogeny of species.

Since its creation, the taxonomic distinctness index has been used and tested for
several groups and habitats. It has been applied to studies of distribution, structure of
communities, stability of communities, and the responses to environmental gradients
(e.g. Piepenburg et al., 1997; Price et al., 1999; Ellingsen et al., 2005; Heino et al.,
2005; Mouillot et al., 2005; Warwick & Clarke, 1998; Rogers et al., 1999; Brown,
2002; Izsak et al., 2000; Bates et al., 2005).

The taxonomic distinctness index has rarely been applied to describe communities
in continental aquatic environments in comparison to marine systems. Currently, the
index performance has not been evaluated to describe communities of
macroinvertebrates in tropical lotic systems.

Considering the current demand for the evaluation of tropical stream diversity,
which incorporates landscape aspects and simples measures of diversity acting as
reliable representatives of ecological variability (Williams et al., 2002; Metzger, 2008),
this study evaluated whether landscape metrics can explain the variability of taxonomic
distinctness values of macroinvertebrates in Neotropical streams. This study included
areas ranging from those dominated by sugarcane plantations to areas reasonably
preserved inside the Atlantic forest domain. The main focus was to evaluate whether

simple landscape measures, such as forest cover area, could be used as predictors of
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macroinvertebrate diversity. We expected higher taxonomic distinctness values in areas
of better environmental integrity (e.g., forested areas) to be expressed by landscape
metrics.

Furthermore, we expected that climate variables (e.g., rainfall) could explain
some data variability because several studies have demonstrated the importance of
large-scale variables in understanding macroinvertebrate distribution (Vinson &
Hawkins, 1998; Heino, 2009). Finally, in this paper we discuss the implications of our
results with ideas for incorporating these approaches into biomonitoring systems in the

study area.

2. METHODS

2.1 Study area

The Sao Paulo state has an area of approximately 248,800 km? and a population
of approximately 40 million people, comprising 22% of the Brazilian population. The
region consists of four main types of ecosystems: coastal or Atlantic forests, seasonal
tropical forests or semi-deciduous Atlantic forests, humid mixed Atlantic forests, and
tropical savannas. Atlantic forests are found in low and medium elevations (< 1.000 m
above sea level) on the eastern foothills of the southern coast to northeastern Brazil.
Semi-deciduous Atlantic forests and savannas extend across the plateau (generally >
600 m above sea level) and are located in central and southeastern Brazilian. Sao Paulo
climate ranges from tropical to subtropical. Atlantic forests and humid mixed Atlantic
forests have a hot and humid climate without a dry season. Semi-deciduous Atlantic
forests and the savannas present a more seasonal climate with a severe dry season from
April to September.

The Atlantic forests and savannas are among the most threatened tropical forests in
the world, with their area reduced to less than 7% of the original coverage in Sdo Paulo
state (SOS Mata Atlantica/INPE, 1993). Both ecosystems are considered biodiversity
hotspots (Myers et al., 2000). Most of forest remnant fragments are located on the steep
slopes of mountains.

In this study we selected 39 first and second order streams. Fifteen streams were
chosen in six protected areas as follows: Campos do Jordao State Park (M1, M2, M3,
M4, and M5); Caetetus State Station (S6); Furnas do Bom Jesus State Park (S7 and S8);
Vassununga State Park (S9); Morro do Diabo State Park (S10, S11, and S12); and
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Intervales State Park (D13, D14, and D15). Five streams were selected inside the
Mandira Municipal Reserve (Cal, Ca2, Ca3, Ca4, and Ca5). Nineteen streams were
located in regions occupied by extensive sugarcane monocultures (C16, C17, C18, C19,
and C20), by pastures (P21, P22, P23, P24, and P25), by eucalyptus monoculture (E26,
E27, E28, and E29), and by banana plantations (B1, B2, B3, B4, and B5) (Figure 1-A,
according to codes proposed by Suriano (2008) and Kleine (2007)).

Streams of low order located in well-preserved sites are typical of forested areas
that have water depths of < 50 cm, canopy presenting coverage for more than 70% of
the channel, the absence of macrophytes, high concentration of dissolved oxygen, low
conductivity, and slightly alkaline or acid water. Water temperature usually ranges from

15 to 23°C.
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Figure 1-A: Forest cover map of Sdo Paulo state and the sampled sites.
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Figure 1-B: Map of the minimum temperature of the coldest month (Bio 01) during data

sampling in Sdo Paulo state.
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Figure 1-C: Map of annual precipitation (Bio 02) in Sao Paulo state.
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Figure 1-D: Map of seasonal precipitation (Bio 03) in Sdo Paulo state.

2.2 Bata base

Data were collected by a macroinvertebrate research group from the Laboratory
of Aquatic Entomology at the Universidade Federal de Sao Carlos (SP). For more
details, see Suriano (2008) and Kleine (2007) (Table in Appendix).

To standardize the samples we established the following criteria: 1) samples were
collected during the dry period or during the lowest rainfall period (May, June,
September, and October of 2005); ii) all sampled streams were low order (first or
second order) whose sources were located within the area of used soil; and iii) each
stream was divided into sections of 100 m and six of these units were sampled. A
Surber sampler with a 30 x 40 cm open frame and 250 um mesh was used to collect
samples. All collected specimens were deposited in the collection of the Laboratory of

Aquatic Entomology, Universidade Federal de Sao Carlos (SP).

2.3 Environmental predictors: landscape metrics and macro-regional variables
Landscape ecology is based on the premise that landscape element patterns

significantly influence ecological processes (Pereira et al., 2001). In this study, metrics

of landscape composition and configuration were incorporated as potential predictors of

diversity index values. We used metrics that have been hypothesized to be important in
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explaining patterns of diversity and modeling the potential distribution of species
(Metzger et al., 2008; Heino, 2009; Boubli & Lima, 2009).

Analyses were based on three variables: the first variable was derived from a forest
cover map; the second variable was based on bioclimatic variables from WorldClim 1.3;

and the third variable was geographic coordinates of the study site.

2.4 Forest cover

The index “percentage of forest cover” estimates the percentage of forest cover
around each sample site. The proportion of habitats, preserved environments, or natural
cover at a particular scale is considered to be one of the main variables that explain
species distribution, occurrence and persistence of species, extinction probabilities, and
community structure (Fahrig, 2003; Metzger, 2006).

Habitat proportion in relation to landscape structure is directly related to the average
size of remnants (i.e., the more habitat, the greater chance to have more fragments), the
occurrence of source areas (the more habitat, the greater chance to have source areas of
individuals and propagules), and isolation (areas with less habitat proportion present
higher average distance between fragments). Habitat proportion is also related to
connectivity and, although connectivity is species-specific, with higher habitat
proportion there is a greater chance to have more elements connected and increase the
flow of individuals and genes between patches (Martensen et al., 2008; Metzger et al.,
2009).

The definition of an adequate scale for analysis is an important stage in
experimental design for landscape analysis (Metzger 2006; Ribeiro et al., 2009; Boscolo
& Metzger, 2009; Lyra-Jorge et al., 2008).

In this study, scale was used to define the radius of a virtual landscape around
sampling sites. This same approach has previously been used for birds (Boscolo &
Metzger, 2009), mammals (Lyra-Jorge et al., 2008; Umetsu et al., 2008) and
chironomids (Roque et al., 2010). A 200 m radius was used to delimit virtual landscape
in order to estimate the percentage of forest cover. This scale allowed for the
consideration of the effect of the local landscape on the structure of the community in
question. Sdo Paulo Forest Institute provided information on land cover for 2005
(Kronka, 2005; Metzger et al., 2008). Cover classes were obtained through visual
interpretation of Landsat/TM images at a scale of 1:50,000 with a spatial resolution of

30 m. An Albers projection system and Sad69 datum were used.
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Although the original map had five classes of ecosystems (dense humid forest,
mixed humid forest, semi-deciduous forest, savanna formations and restinga/mangrove),
the cover map was converted in to just one class (vegetation) for this study and the
remaining classes (e.g., pasture, reforestation, agriculture, water, urban area) were

defined in a generic class matrix (Metzger et al., 2008).

2.5 Bioclimatic variables

Bioclimatic variables have been intensively used in studies using species
distribution models (Graham et al., 2004; Hijmans et al., 2005). Such models search for
biogeographic patterns associated with the occurrence of species, which can be based on
records of presence or presence/absence, and through ecological niches concepts
(Peterson, 2001; Loiselle et al., 2008; Elith & Graham, 2009).

WorldClim is a recognized project in the scientific community and it offers a set
of 19 bioclimatic variables for species distribution modeling
(http://biogeog.berkeley.edu; Hijmans et al., 2005). The bioclimatic maps of WorldClim
were generated from the interpolation of a historical series of monthly average
temperatures from around the globe. These data are from a 30-year period, have a
spatial resolution of 900 x 900 m, and are available in geographic coordinates in the
WGS84 datum.

For this study, we selected a set of variables for analyses. Minimum temperature of
the coldest month (Bio 01, Figure 1-B) was selected for its potential in influencing
population dynamic in aquatic insects. Annual precipitation (Bio 02, Figure 1-C) was
selected because previous studies have demonstrated the importance of rain in the
dynamics of macroinvertebrates in tropical streams (e.g., Bispo, 2001). Seasonal
precipitation (Bio 03, Figure 1-D) can be considered an indirect measure of
hydrological environmental variables in the system.

Geographic coordinates were obtained using a GPS during fieldwork and were
included in analyses as a spatial predictor. Coordinate precision was 10 m. The use of
geographic coordinates as a measure of structure or as a spatial predictor has been
explored in the literature (Diniz-Filho et al., 2003), especially for large-scale areas (e.g.,
tens or hundreds of kilometers; Fortin & Dale, 2005). Geographic position may
contribute to our understanding of species distributions or organization patterns.

Geographic position can be measured based on spatial autocorrelation and used as an
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indicator of ecological spatial filter (Diniz-Filho et al., 2003; Fortin & Dale, 2005;
Roque et al., 2010).

2.6 Data analysis
Calculation of diversity metrics in macroinvertebrates

Taxonomic distinctness and taxonomic diversity indices, as proposed by Warwick
& Clarke (1995) and Clarke & Warwick (1998), were calculated using the following
equations:

taxonomic distinctness index:

A* = [22i<j(0inin]

22i<inXj

taxonomic diversity index:
A= [22i<j(})ijxin]
[n(n—1)/2]

where x; denotes the abundance of ith of species s, n (:EiX,-) is the total number of

individuals in a sample, and ;; is the weight given to the path length that links

taxonomically species i and j.

We also calculated other measures that are often used to assess biodiversity, such
as Shannon diversity index (Shannon & Wiener, 1949), species richness, and
abundance. We used free Past statistical software to calculate all indices

(http://folk.uio.no/ohammer/past/).

We used a Pearson’s correlation analysis to assess the degree of association
between diversity measures. Considering that spatial data generally are correlated
(Legendre & Legendre, 1998) and the degrees of freedom could be inflated, P values
could be based on underestimated values of r. Therefore, we calculated the effective
number of degrees of freedom for each correlation and reported adjusted P values based
on the Dutilleul method (Dutilleul, 1993).

We determined how much variation of each diversity measure was explained by
landscape and spatial variables through partition variance technique based on multiple
regression (Legendre & Legendre, 1998). The partition variance for multiple regression

used two sets of predictors (spatial and environment) and was based on three regression
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analyses. Spatial components were included as first order polynomials (Legendre &
Legendre, 1998) and expressed variability at a large scale. The total variability of each
diversity index between streams was divided into the following components: [E],
environmental variation; [S], spatial variation; [E+S], total variation; [E/S], the fraction
of variance that can be explained by the environment independent of any spatial
structure; [S/E], the fraction of variance that can be explained by spatial variables (e.g.,
dispersion) independently of any environmental factor; [ENS], is the common fraction
shared by space and environment; and 1-[E+S], the residual fraction not explained by
space or environment (for details see Legendre & Legendre, 1998; Anderson & Gribble,
1998).

The statistical analyses were performed using the free statistical package Spatial

Analysis Macroecology v. 2.0, SAM (Rangel et al., 2006).
3. RESULTS

Of the five diversity metrics assessed, the A* X abundance index, taxonomic
diversity X abundance, and Shannon diversity X abundance had positive correlations.

The r-values were lower than 60% for the index A*, which indicates a moderate

correlation (Table 1).

Table 1. Pearson’s correlation between five diversity metrics.

Analyzed Indices Correlation
Pearson’sr PbC*

Index A* X Taxonomic_ Diversity 0,908 <0,001
Index A* X Richness 0,502 0,019
Index A*X Shannon_Diversity 0,526 0,008
Index A* X Abundance 0,188 0,32
Taxonomic_ Diversity X Richness 0,605 0,006
Taxonomic_Diversity X Shannon_Diversity 0,801 <0,001
Taxonomic_Diversity X Abundance 0,123 0,524
Richness X Shannon_Diversity 0,748 <0,001
Richness X Abundance 0,584 0,002
Shannon_Diversity X Abundance 0,078 0,672

*PbC= Corrected Probability
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The indices of A* and taxonomic diversity did not correspond to environmental and

spatial predictors (Table 2). Richness had a positive relationship with temperature of the

coldest month (Bio Ol), annual precipitation (Bio 02), and longitude. Annual

precipitation had a significant effect on values of the Shannon diversity index, while

longitude was related to abundance (Table 3).

Table 2. Summary of multiple regressions between diversity indices and environmental
and spatial variables as predictors.

Index delta* Taxonomic_Diversity = Richness
: 39 39 39
: 0,467 0,561 0,751
r2 0,218 0,315 0,564
r2adj 0,042 0,16 0,466
F: 1,235 2,035 5,732
P: 0,314 0,082 <0,001

Shannon_Diversity Abundance

39

0,677
0,458
0,336
3,741
0,005

39

0,652
0,425
0,295
3,276
0,001

Table 3. Multiple regression analysis for diversity indices using environmental and
spatial variables as predictors.

Index delta* (A*)

Variable

Constant
Bio_01
Bio_02
Bi_03
%oforest
Altitude
Longitude
Latitude

Taxonomic Diversity

Richness

Variable

Constant
Bio_01
Bio_02
Bio_03
Yoforest
Altitude
Longitude
Latitude

Coefficient

10,46
0,004
<0,001
-0,025
0,001
<0,001
0,102
0,123

Coefficient

9,498
0,002
<0,001
-0,019
0,002
<0,001
0,089
0,159

Standardized
Coefficient
0

0,256
0,235
-0,763
0,106
0,401
0,383
0,383

Standardized
Coefficient
0

0,119
0,458
-0,489
0,18
0,215
0,28
0,417

Standardized

Error

13
0,008

<0,001

0,027
0,003

<0,001

0,166
0,209

Standardized

Error

15
0,009

<0,001

0,03
0,004

<0,001

0,185
0,232

t

0,798
0,456
0,653
-0,92
0,336
0,649
0,616
0,589

0,652
0,226
1,361
-0,63
0,609
0,373
0,482
0,685

P value

0,431
0,652
0,518
0,364
0,739
0,521
0,543
0,561

P Value

0,519
0,823
0,184
0,533
0,547
0,712
0,633
0,499
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Variable

Constant
Bio_01
Bio_02
Bio_03
Yoforest
Altitude
Longitude
Latitude

Shannon_Diversity

Abundance

Variable

Constant
Bio_01
Bio_02
Bio_03
%oforest
Altitude
Longitude
Latitude

Variable

Constant
Bio_01
Bio_02
Bio_03
Yoforest
Altitude
Longitude
Latitude

Coefficient

-580,923
-0,539
0,046
0,863
0,057
-0,009
-10,91
-1,274

Coefficient

0,88
-0,006
0,002
0,005
0,003
<0,001
-0,061
0,144

Coefficient

-13836,131
-10,49
0,467
19,024
0,454
-0,209
-275,186
-17,159

Standardized
Coefficient
0

-1,065
0,976
0,789
0,165

-0,277

-1,203

-0,117

Standardized
Coefficient
0

-0,301
0,793
0,122
0,245

-0,135

-0,165
0,325

Standardized
Coefficient
0

-0,832
0,395
0,697
0,053

-0,265

-1,216

-0,063

Standardized
Error
332

0,212
0,013
0,677
0,081
0,015
4,209
5,294

Standardized
Error
15

0,001
<0,001
31
0,004
<0,001
0,191
0,24

Standardized
Error
9,505
6,076
0,365
19,38
2,313
0,417
120,559
151,637

t

-1,751
-2,539
3,638
1,28
0,701
-0,602
-2,592
-0,241

0,058
-0,643
2,649
0,18
0,934
-0,262
-0,318
0,599

t

-1,456
-1,726
1,281
0,98
0,196
-0,501
-2,283
-0,113

P Value

0,09
0,017
0,001
0,212
0,489
0,552
0,015
0,811

P Value

0,954
0,525
0,013
0,861
0,358
0,795
0,753
0,553

P Value

0,156
0,095
0,21
0,334
0,846
0,62
0,03
0,911

Variance partitioning analysis showed that environmental variables explained most

variability in the richness data and Shannon diversity data, although space also

explained some of the results (Figure 2).

Index delta* (A*)

[E]

Predictor Variable= 20,69%

[E+S] |[S]

1- [E+S]

Space 8,12 - Total variation 100%
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Taxonomic Diversity

[E] [E+S] (S 1- [E+S]

Predictor variable= 30,442 %
Space 8,66% - Total variation 100%

Richness

[E] [E+S] 1- [E+S]

Predictor variable= 42.209%

Total variation 100%

Shannon Diversity

(E] E+S] [S] 1- [E+S]
Predictor variable= 43,714%
Space =5,7% Total variation 100%

Abundance

[E] [E+S] [S] I-[E+5]

Predictor variable= 27 186%
Space =24,865% Total variation 100%

Figure 2. Results of partitioning variance analysis for diversity indices with environmental and spatial
analysis as predictors.

4. DISCUSSION

Diversity indices have been widely used in programs of environmental
evaluation and studies of diversity patterns (Magurran, 2004). The degree of agreement
between them and their responses to environmental gradients is important in the
selection of metrics for environmental evaluation, biomonitoring, and conservation of
priority areas (Hering et al., 2004). Many diversity indices show low consistency in
their responses to environmental gradients and their use has been suggested as a

complementary method (Heino et al., 2007).
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Our study demonstrates that taxonomic diversity and taxonomic distinctness do
not respond similarly to other indices that are widely used in biodiversity studies, such
as the richness, Shannon, and abundance indices. This finding supports the need for
complementary methods (Heino et al., 2007). The richness, Shannon, and abundance
indices responded to environmental and spatial variables. This supports the results of
other studies conducted in the region (Suriano, 2008; Roque et al., in press). Our results
suggest that taxonomic diversity responses (as a representative of taxonomic variability,
identity, or phylogeny) could be more complex than what is measured by indices based
only on taxa abundance and richness because those indices disregard the identity and
relationship of groups.

Recent studies have tested the performance of taxonomic diversity and
taxonomic distinctness indices in several systems and taxonomic groups. In marine
environments, the indices have been clearly responding to human disturbance to the
environment (Hall & Grenstreet, 1998; Warwick & Clarke, 1998; Warwick & Light,
2002; Leonard et al., 2006). In continental aquatic environments, studies have found
contradictory results in regards to the evaluation of impacts with anthropogenic origins
(Johnson & Hering, 2009). Abellan er al. (2006) demonstrated that taxonomic
distinctness indices do not show any signal of anthropogenic degradation in aquatic
beetles in many types of aquatic environments. Bhat & Magurran (2006) also did not
detect predictable responses in fish communities experiencing gradients of
anthropogenic impact. Heino et al. (2007, 2008) demonstrated weak index response to
landscape metrics.

In this study, we did not find any evidence that taxonomic diversity and
taxonomic distinctness values responded predictably to landscape metrics. Our study
extends the known pattern of weak predictive and explanatory power of landscape
variables in understanding macroinvertebrates community structure in streams to
Neotropical regions, where a pattern was previously unknown (Heino et al., 2007; Pyne
et al., 2007). There have been several hypotheses to explain the low performance of
taxonomic diversity and distinctness indices in terms of landscape environmental
gradients in continental habitats: 1) natural environmental gradients can mask
disturbance effects in biodiversity (Heino et al., 2007); ii) some environmental gradients
may not be strong enough to imprint responses by diversity indices (Heino et al., 2007);
iii) studies evaluating multiples anthropogenic stressors categorically (e.g., division of

environments in reference vs impact) may express environmental simplifications
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resulting in a low response of indices (Heino et al., 2007); iv) the predictor variables
used may not represent important processes and mechanisms (at an appropriate scale) of
the assessed community (Heino et al., 2007; Pyne et al., 2007); v) the structure of
macroinvertebrate communities may respond to multiple factors at different scales,
including local ones; vi) the assessed taxonomic groups do not respond predictably in
terms of taxonomic variability (indirectly phylogenetic) to environmental gradients of
anthropogenic disturbance; and vii) taxonomic refinement used to quantify the index
may not be appropriate to detect environmental gradients.

Among the potential reasons listed above, we think that hypotheses ii and iii do not
explain the low performance of indices in this study. The research included a strong
environmental gradient that covered areas with high vegetation cover to areas strongly
dominated by sugarcane plantations and pasture. Moreover, the measures of
environmental characterization used do not express discrete a priori characterization of
the areas (e.g., reference areas vs. impacted areas).

Regarding hypothesis i, we might expect that space or large-scale variables, such
as Bio 01 and Bio 02, could explain some variability, but this lack of relationship
indicates a weak response of A and A* values to natural environmental gradients on a
large scale, supporting the results of Heino er al. (2007). The remaining hypotheses
require empirical tests and we emphasize that hypotheses iv and vi present strong
evidence for studies conducted in temperate regions (Heino et al., 2007; Pyne et al.,
2007) and probably would explain a portion of the results for tropical regions.

There is the potential utility of landscape metrics to predict levels of diversity
beyond sampled areas and to predict future scenarios of human actions (Johnson &
Hering, 2009; Wiens, 2002). There is also the need for the use of simple diversity
measurements, which express biological variability (e.g., A*), to assess environmental
integrity in a decision-making context. The results obtained by this study, together with
other evidence (Heino et al., 2007; Pyne et al., 2007) indicate the inefficiency of such
simplification. Overall, these results indicate the need for complementary indices and

the incorporation of multiple scales of predictors in this type of study.
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Tabela 04. Métricas de paisagem utilizadas no respectivo estudo.

Cérregos
Banl
Ban2
Ban3
Ban4
Ban5
Cananéial
Cananéia2
Cananéia3
Cananéia4
Cananéia5
Cl6

C17

Cl18

C19

C20

D13

D14

D15

E26

E27

E28

E29

M1

M2

M3

M4

M5

P21

P22

P23

P24

P25

S10

S11

S12

S6

S7

S8

S9

Longitude
-48,2453
-48,2489
-48,0931
-48,0919
-48,1106
-48,0419

-48,07
-48,9981
-48,0039
-48,0036
-48,1361
-48,0481
-48,2247
-47,6142
-48,1103
-48,4175

-48,455
-48,4236
-46,7739
-46,8622
-46,8503
-46,8903
-45,4653
-45,4617
-45,4839
-45,4889
-45,4886
-47,6706
-47,6525
-47,9625

-47,78
-47,7528
-52,3006
-52,2464
-52,3428
-49,6861
-47,4161
-47,4603
-48,0481

Latitude

-24,835
-24,8372
-24,8617
-24,8578
-24,8661
-24,9967
-25,0031
-24,9522
-24,9622
-24,9675
-21,8489
-21,9106
-21,9069
-22,5642
-21,8675
-24,2967
-24,2728
-24,2722
-23,4183
-23,3447
-23,3242
-23,3536
-22,6925
-22,6914
-22,6981
-22,6975
-22,6989
-22,3033
-22,2386
-22,2744
-22,0375
-22,3906
-22,6044
-22,5986
-22.4761
-22,3864
-20,2019
-20,2294
-21,7206

Bio_01
109
109
131
128
128
138
139

78
137
137
101
101
107

98
102

85

76

77

95

89

87

88

36

35

38

38

38

99
100

99
102
101
114
114
117

92
117
115
106

Bio_02
1767
1767
1843
1831
1835
2232
2213
1520
2223
2245
1362
1395
1318
1298
1361
1374
1383
1386
1365
1345
1346
1347
1780
1799
1761
1761
1761
1326
1322
1361
1433
1333
1192
1188
1173
1305
1526
1568
1343

Bio_03

42
42
46
46
46
45
45
31
46
46
70
70
71
69
70
45
45
45
61
62
62
62
69
69
70
70
70
71
71
70
70
71
41
42
43
59
78
77
71

9Mata_raio0200m

76
14

22

69
42
100
100
76

[e=NeoNoNeNe]

100

100

S O O

95
90
40

75

S OO OO

100
100
100
100

42
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Tabela 05. Numero de individuos e participagdo relativa dos tdxons nos cérregos préximos as plantacdes de Banana localizados na regido

sudeste do Estado de Sao Paulo.

Classe

Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Ordem

Diptera
Odonata
Odonata
Ephemeroptera
Ephemeroptera
Coleoptera
Plecoptera
Coleoptera
Odonata
Ephemeroptera
Megaloptera
Odonata
Ephemeroptera
Trichoptera
Trichoptera
Coleoptera
Coleoptera
Trichoptera
Ephemeroptera
Ephemeroptera
Trichoptera
Trichoptera
Diptera
Hemiptera
Coleoptera
Coleoptera
Trichoptera
Trichoptera
Trichoptera
Odonata
Odonata
Ephemeroptera

Familia

Chironomidae
Gomphidae
Gomphidae
Baetidae
Baetidae
Hydrophilidae
Perlidae
Curculionidae
Gomphidae
Baetidae
Corydalidae
Coenagrionidae
Leptophlebiidae
Leptoceridae
Hydrobiosidae
Elmidae
Elmidae
Ecnomidae
Baetidae
Baetidae
Odontoceridae
Odontoceridae
Chironomidae
Belostomatidae
Hydrophilidae
Dytiscidae
Hydropsychidae
Hydropsychidae
Leptoceridae
Libellulidae
Gomphidae
Caenidae

ID

Ablabesmyia
Perigomphus_aff
Agriogomphus
Americabaetis
Americabaetis_aff
Anacaena
Anacroneuria
Anchytarsus
Aphylla

Apobaetis
Archichauliodes
Argia

Askola
Atanatolica
Atopsyche
Austrolimnius_sp1
Austrolimnius_sp2
Austrotinodes
Baetidaessp
Baetodes
Barypenthus_spl
Barypenthus_sp2
Beardius
Belostomatidae_sp1
Berosus
Bidessonotus
Blepharopus
Blepharopus_aff
Brachysetodes
Brechmorhoga
Cacoides

Caenis

Bananal
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Banana

2
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Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Ephemeroptera
Odonata
Ephemeroptera
Ephemeroptera
Odonata
Odonata
Coleoptera
Diptera
Trichoptera
Trichoptera
Trichoptera
Diptera
Diptera
Diptera
Coleoptera
Diptera
Diptera
Ephemeroptera
Diptera
Odonata
Megaloptera
Diptera
Diptera
Diptera
Ephemeroptera
Diptera
Coleoptera
Odonata
Coleoptera
Coleoptera
Odonata
Coleoptera
Coleoptera
Diptera
Diptera
Diptera

Baetidae
Calopteryidae
Polymitarcyidae
Polymitarcyidae
Libellulidae
Aeshnidae
Dytiscidae
Ceratopogonidae
Polycentropodidae
Philopotamidae
Philopotamidae
Chironomidae
Chironomidae
Chironomidae
Chrysomelidae
Chironomidae
Chironomidae
Baetidae
Chironomidae
Coenagrionidae
Corydalidae
Chironomidae
Chironomidae
Chironomidae
Baetidae
Culicidae
Curculionidae
Coenagrionidae
Elmidae
Helodidae
Libellulidae
Hydrophilidae
Dytiscidae
Chironomidae
Dixidae
Chironomidae

Callibaetis
Calopterygidae_spp
Campylocia_spl
Campylocia_sp2
Cannaphila
Castoraeschna
Celina
Ceratopogonidae_sp1
Cernotina
Chimarra_spl
Chimarra
Chirodiferente
Chironomini_sp1
Chironomus_spp
Chrysomelidae_sp
Cladotanytarsus
Clinotanypus
Cloeodes
Coelotanypus
Coenagrionidae_sp
Corydalus
Corynoneura
Cricotopus
Cryptochironomus
Cryptonympha
Culicidae_sp
Curculionidae_sp
Cyanallagma
Cylloepus

Cyphon
Dasythemis
Derallus
Desmopachria
Dicrotendipes
Dixidae_sp
Djalmabatista_sp
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Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Diptera
Diptera
Coleoptera
Odonata
Coleoptera
Coleoptera
Coleoptera
Diptera
Diptera
Diptera
Diptera
Odonata
Ephemeroptera
Ephemeroptera
Diptera
Diptera
Hemiptera
Trichoptera
Odonata
Odonata
Plecoptera
Plecoptera
Trichoptera
Trichoptera
Diptera
Coleoptera
Coleoptera
Coleoptera
Ephemeroptera
Diptera
Coleoptera
Trichoptera
Coleoptera
Hemiptera
Ephemeroptera
Coleoptera

Dolichopodidae
Dryopidae
Elmidae
Libellulidae
Psephenidae
Elmidae
Elmidae
Empididae
Empididae
Chironomidae
Ephydridae
Libellulidae
Leptophlebiidae
Leptophlebiidae
Chironomidae
Chironomidae
Gerridae
Glossomatidae
Gomphidae
Gomphidae
Gripopterygidae
Gripopterygidae
Sericostomatidae
Leptoceridae
Chironomidae
Gyrinidae
Gyrinidae
Gyrinidae
Leptophlebiidae
Chironomidae
Dryopidae
Helicopsychidae
Hydrophilidae
Helotriphidae
Leptophlebiidae
Elmidae

Dolichopodidae_sp
Dryopidae_sp
Dubiraphia
Dythemis
Ectopria
Elmidae_spl
Elmidae_sp2
Empididae_spl
Empididae_sp2
Endotribelos_spp
Ephydridae_sp
Erythrodiplax
Farrodes_spl
Farrodes_sp2
Fissimentum
Fittkauimyia
Gerridae_sp
Protoptilinae
Gomphidae_sp
Gomphoides
Gripopterygidae_sp
Gripopteryx
Grumicha
Grumichella
Gymnometriocnemus
Gyretes
Gyrinidae_sp
Gyrinus
Hagenulopsis
Harnischia
Helichus
Helicopsyche
Helocombus
Helotriphidae_sp
Hermanella
Heterelmis
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Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Ephemeroptera
Ephemeroptera
Coleoptera
Plecoptera
Diptera
Coleoptera
Coleoptera
Diptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Trichoptera
Trichoptera
Ephemeroptera
Odonata
Odonata
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Plecoptera
Ephemeroptera

Elmidae
Elmidae
Dytiscidae
Hydraenidae
Hydraenidae
Noteridae
Hydrophilidae
Hydrophilidae
Hydropsychidae
Hydroptilidae
Hydroptilidae
Hydroscapidae
Leptophlebiidae
Leptophlebiidae
Dytiscidae
Perlidae
Chironomidae
Hydrophilidae
Dytiscidae
Chironomidae
Leptohyphidae
Leptohyphidae
Leptohyphidae
Hydropsychidae
Hydropsychidae
Leptophlebiidae
Libellulidae
Aeshnidae
Dytiscidae
Dytiscidae
Limnichidae
Limnichidae
Limnichidae
Limnichidae
Perlidae
Hydropsychidae

Hexacylloepus
Huleechius
Hydaticus
Hydraena
Hydraenidae_sp
Hydrocanthus
Hydrochus
Hydrophilidae_sp
Hydropsyche
Leucotrichini
Hydroptilidae_sp
Hydroscaphidae_sp
Hylister_spl
Hylister_sp2
Ilybius

Kempnyia
Labrundinia_sp
Laccobius
Laccophilus
Larsia_spp
Leptohyphes
Leptohyphidae_sp
Leptohyphodes
Leptonema
Leptonema_aff
Leptophlebiidae_sp
Libellulidae_sp
Limnetron
Liodessus
Lopescladius
Lutrochus_spl
Lutrochus_sp2
Macrelmis_spl
Macrelmis_sp2
Macrogynoplax
Macronema
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Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Coleoptera
Diptera
Odonata
Trichoptera
Trichoptera
Ephemeroptera
Ephemeroptera
Trichoptera
Diptera
Coleoptera
Ephemeroptera
Diptera
Hemiptera
Coleoptera
Trichoptera
Ephemeroptera
Odonata
Coleoptera
Trichoptera
Odonata
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Diptera
Coleoptera
Odonata
Diptera
Diptera
Diptera
Diptera
Diptera
Odonata
Trichoptera
Odonata
Diptera

Elmidae
Chironomidae
Libellulidae
Odontoceridae
Odontoceridae
Leptophlebiidae
Melanemerellidae
Hydroptilidae
Chironomidae
Elmidae
Leptophlebiidae
Chironomidae
Naucoridae
Corduliidae
Leptoceridae
Leptophlebiidae
Corduliidae
Elmidae
Hydroptilidae
Aeshnidae
Leptoceridae
Hydroptilidae
Odontoceridae
Leptoceridae
Chironomidae
Elmidae
Libellulidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Coenagrionidae
Hydroptilidae
Megapodagrionidae
Chironomidae

Macronychus
Macropelopini
Macrothemis
Marilia_spl
Marilia_aff
Massartella
Melanemerella
Metrichia
Metriocnemus
Microcylloepus
Miroculis
Nanocladius
Naucoridae_sp
Navicordulia
Nectopsyche
Needhamella
Neocordulia
Neoelmis
Neotrichia
Neuraeschna
Notalina
Ochrotrichia
Odontoceridae_sp1
Oecetis
Onconeura
Ordobrevia
Orthemis
Orthocladiinae_sp1
Orthocladiinae_sp2
Orthomentumdif
OrthoY
Oukuriella
Oxyagrion
Oxyethira
Oxystygma
Parachironomus
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Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Ephemeroptera Baetidae

Coleoptera
Plecoptera
Diptera
Diptera
Diptera
Diptera
Diptera
Coleoptera
Diptera
Plecoptera
Diptera
Coleoptera
Coleoptera
Odonata
Trichoptera
Trichoptera
Odonata
Hemiptera
Diptera
Trichoptera
Coleoptera
Diptera
Odonata
Coleoptera
Trichoptera
Trichoptera
Diptera
Diptera
Coleoptera
Coleoptera
Diptera
Diptera
Diptera
Coleoptera
Diptera

Hydrophilidae
Gripopterygidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Dryopidae
Chironomidae
Perlidae
Chironomidae
Elmidae
Elmidae
Gomphidae
Calamoceratidae
Calamoceratidae
Libellulidae
Pleidae
Chironomidae

Polycentropodidae

Helodidae
Chironomidae
Gomphidae
Elmidae
Glossosomatidae
Glossosomatidae
Chironomidae
Chironomidae
Psephenidae
Psephenidae
Chironomidae
Chironomidae
Psychodidade
Dytiscidae
Chironomidae

Paracloeodes
Paracymus
Paragripopteryx
Parametriocnemus_sp1
Paraphaenocladius_sp1
Parasmittia
Paratendipes_spl
Pelomus

Pelonomus

Pentaneura
Perlidae_spl
Phaenopsectra
Phanocerus_spl
Phanocerus_sp2
Phyllocycla
Phylloicus_spl
Phylloicus_sp2
Planiplax

Pleidae_sp
Polypedilum
Polyplectropus
Prionocyphon
Procladius
Progomphus
Promoresia

Protoptila
Protoptilinae
Psedouchironomini_sp1
PsedouchironominiX
Psephenidae_sp
Psephenus
Pseudochironomini
Pseudofuronamandibula
Psychodidae_sp
Ranthus
Rheocricotopus_spl
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Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Diptera
Coleoptera
Coleoptera
Diptera
Trichoptera
Coleoptera
Coleoptera
Diptera
Diptera
Diptera
Diptera
Coleoptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Ephemeroptera
Odonata
Diptera
Odonata
Ephemeroptera
Trichoptera
Ephemeroptera
Ephemeroptera
Trichoptera
Coleoptera

Chironomidae
Scirtidae
Scirtidae
Simuliidae
Hydropsychidae
Staphylinidae
Elmidae
Chironomidae
Chironomidae
Chironomidae
Stratiomyidae
Noteridae
Tabanidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Leptophlebiidae
Gomphidae
Tipulidae
Libellulidae
Leptohyphidae
Hydroptilidae
Leptohyphidae
Leptohyphidae
Leptoceridae
Hydrophilidae

Rheotanytarsus_spl
Scirtes

Scirtidae_sp
Simuliidae_spp
Smicridea
Staphylinidae_sp
Stegoelmis
Stempellina_spl
Stempellinella_sp1
Stenochironomus_spp
Stratiomyidae_sp
Suphisellus
Tabanidae_sp
Tanypus
Tanytarsus_Caladomyia
Thienemaniolla
Thienemanniella_sp1
Thienenanimyia
Thraulodes
Tibiogomphus
Tipulidae_sp

Tramea
Traverhyphes
TriboLeucotrichinii
Tricorythodes
Tricorythopsis
Triplectides
Tropisternus
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Tabela 06. Numero de individuos e participacdo relativa dos tdxons nos cérregos Cananéial a4 5 do Estado de Sao Paulo.

Classe

Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Ordem

Diptera
Odonata
Odonata
Ephemeroptera
Ephemeroptera
Coleoptera
Plecoptera
Coleoptera
Odonata
Ephemeroptera
Megaloptera
Odonata
Ephemeroptera
Trichoptera
Trichoptera
Coleoptera
Coleoptera
Trichoptera
Ephemeroptera
Ephemeroptera
Trichoptera
Trichoptera
Diptera
Hemiptera
Coleoptera
Coleoptera
Trichoptera
Trichoptera
Trichoptera
Odonata
Odonata
Ephemeroptera
Ephemeroptera
Odonata

Familia
Chironomidae
Gomphidae
Gomphidae
Baetidae
Baetidae
Hydrophilidae
Perlidae
Curculionidae
Gomphidae
Baetidae
Corydalidae
Coenagrionidae
Leptophlebiidae
Leptoceridae
Hydrobiosidae
Elmidae
Elmidae
Ecnomidae
Baetidae
Baetidae
Odontoceridae
Odontoceridae
Chironomidae
Belostomatidae
Hydrophilidae
Dytiscidae
Hydropsychidae
Hydropsychidae
Leptoceridae
Libellulidae
Gomphidae
Caenidae
Baetidae
Calopteryidae

1D

Ablabesmyia
Perigomphus_aff
Agriogomphus
Americabaetis
Americabaetis_aff
Anacaena
Anacroneuria
Anchytarsus
Aphylla

Apobaetis
Archichauliodes
Argia

Askola
Atanatolica
Atopsyche
Austrolimnius_sp1
Austrolimnius_sp2
Austrotinodes
Baetidaessp
Baetodes
Barypenthus_spl
Barypenthus_sp2
Beardius
Belostomatidae_spl
Berosus
Bidessonotus
Blepharopus
Blepharopus_aff
Brachysetodes
Brechmorhoga
Cacoides

Caenis

Callibaetis
Calopterygidae_spp

Cananeial
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Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Ephemeroptera
Ephemeroptera
Odonata
Odonata
Coleoptera
Diptera
Trichoptera
Trichoptera
Trichoptera
Diptera
Diptera
Diptera
Coleoptera
Diptera
Diptera
Ephemeroptera
Diptera
Odonata
Megaloptera
Diptera
Diptera
Diptera
Ephemeroptera
Diptera
Coleoptera
Odonata
Coleoptera
Coleoptera
Odonata
Coleoptera
Coleoptera
Diptera
Diptera
Diptera
Diptera
Diptera

Polymitarcyidae
Polymitarcyidae
Libellulidae
Aeshnidae
Dytiscidae
Ceratopogonidae
Polycentropodidae
Philopotamidae
Philopotamidae
Chironomidae
Chironomidae
Chironomidae
Chrysomelidae
Chironomidae
Chironomidae
Baetidae
Chironomidae
Coenagrionidae
Corydalidae
Chironomidae
Chironomidae
Chironomidae
Baetidae
Culicidae
Curculionidae
Coenagrionidae
Elmidae
Helodidae
Libellulidae
Hydrophilidae
Dytiscidae
Chironomidae
Dixidae
Chironomidae
Dolichopodidae
Dryopidae

Campylocia_spl
Campylocia_sp2
Cannaphila
Castoraeschna
Celina
Ceratopogonidae_sp1
Cernotina
Chimarra_spl
Chimarra
Chirodiferente
Chironomini_sp1
Chironomus_spp
Chrysomelidae_sp
Cladotanytarsus
Clinotanypus
Cloeodes
Coelotanypus
Coenagrionidae_sp
Corydalus
Corynoneura
Cricotopus
Cryptochironomus
Cryptonympha
Culicidae_sp
Curculionidae_sp
Cyanallagma
Cylloepus

Cyphon
Dasythemis
Derallus
Desmopachria
Dicrotendipes
Dixidae_sp
Djalmabatista_sp
Dolichopodidae_sp
Dryopidae_sp
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Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Coleoptera
Odonata
Coleoptera
Coleoptera
Coleoptera
Diptera
Diptera
Diptera
Diptera
Odonata
Ephemeroptera
Ephemeroptera
Diptera
Diptera
Hemiptera
Trichoptera
Odonata
Odonata
Plecoptera
Plecoptera
Trichoptera
Trichoptera
Diptera
Coleoptera
Coleoptera
Coleoptera
Ephemeroptera
Diptera
Coleoptera
Trichoptera
Coleoptera
Hemiptera
Ephemeroptera
Coleoptera
Coleoptera
Coleoptera

Elmidae
Libellulidae
Psephenidae
Elmidae
Elmidae
Empididae
Empididae
Chironomidae
Ephydridae
Libellulidae
Leptophlebiidae
Leptophlebiidae
Chironomidae
Chironomidae
Gerridae
Glossomatidae
Gomphidae
Gomphidae
Gripopterygidae
Gripopterygidae
Sericostomatidae
Leptoceridae
Chironomidae
Gyrinidae
Gyrinidae
Gyrinidae
Leptophlebiidae
Chironomidae
Dryopidae
Helicopsychidae
Hydrophilidae
Helotriphidae
Leptophlebiidae
Elmidae
Elmidae
Elmidae

Dubiraphia
Dythemis
Ectopria
Elmidae_spl
Elmidae_sp2
Empididae_sp1
Empididae_sp2
Endotribelos_spp
Ephydridae_sp
Erythrodiplax
Farrodes_spl
Farrodes_sp2
Fissimentum
Fittkauimyia
Gerridae_sp
Protoptilinae
Gomphidae_sp
Gomphoides
Gripopterygidae_sp
Gripopteryx
Grumicha
Grumichella
Gymnometriocnemus
Gyretes
Gyrinidae_sp
Gyrinus
Hagenulopsis
Harnischia
Helichus
Helicopsyche
Helocombus
Helotriphidae_sp
Hermanella
Heterelmis
Hexacylloepus
Huleechius
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Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Ephemeroptera
Ephemeroptera
Coleoptera
Plecoptera
Diptera
Coleoptera
Coleoptera
Diptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Trichoptera
Trichoptera
Ephemeroptera
Odonata
Odonata
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Plecoptera
Ephemeroptera
Coleoptera
Diptera

Dytiscidae
Hydraenidae
Hydraenidae
Noteridae
Hydrophilidae
Hydrophilidae
Hydropsychidae
Hydroptilidae
Hydroptilidae
Hydroscapidae
Leptophlebiidae
Leptophlebiidae
Dytiscidae
Perlidae
Chironomidae
Hydrophilidae
Dytiscidae
Chironomidae
Leptohyphidae
Leptohyphidae
Leptohyphidae
Hydropsychidae
Hydropsychidae
Leptophlebiidae
Libellulidae
Aeshnidae
Dytiscidae
Dytiscidae
Limnichidae
Limnichidae
Limnichidae
Limnichidae
Perlidae
Hydropsychidae
Elmidae
Chironomidae

Hydaticus
Hydraena
Hydraenidae_sp
Hydrocanthus
Hydrochus
Hydrophilidae_sp
Hydropsyche
Leucotrichini
Hydroptilidae_sp
Hydroscaphidae_sp
Hylister_spl
Hylister_sp2
Ilybius

Kempnyia
Labrundinia_sp
Laccobius
Laccophilus
Larsia_spp
Leptohyphes
Leptohyphidae_sp
Leptohyphodes
Leptonema
Leptonema_aff
Leptophlebiidae_sp
Libellulidae_sp
Limnetron
Liodessus
Lopescladius
Lutrochus_sp1
Lutrochus_sp2
Macrelmis_spl
Macrelmis_sp2
Macrogynoplax
Macronema
Macronychus
Macropelopini
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Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Odonata
Trichoptera
Trichoptera
Ephemeroptera
Ephemeroptera
Trichoptera
Diptera
Coleoptera
Ephemeroptera
Diptera
Hemiptera
Coleoptera
Trichoptera
Ephemeroptera
Odonata
Coleoptera
Trichoptera
Odonata
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Diptera
Coleoptera
Odonata
Diptera
Diptera
Diptera
Diptera
Diptera
Odonata
Trichoptera
Odonata
Diptera
Ephemeroptera
Coleoptera

Libellulidae
Odontoceridae
Odontoceridae
Leptophlebiidae
Melanemerellidae
Hydroptilidae
Chironomidae
Elmidae
Leptophlebiidae
Chironomidae
Naucoridae
Corduliidae
Leptoceridae
Leptophlebiidae
Corduliidae
Elmidae
Hydroptilidae
Aeshnidae
Leptoceridae
Hydroptilidae
Odontoceridae
Leptoceridae
Chironomidae
Elmidae
Libellulidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Coenagrionidae
Hydroptilidae
Megapodagrionidae
Chironomidae
Baetidae
Hydrophilidae

Macrothemis
Marilia_spl
Marilia_aff
Massartella
Melanemerella
Metrichia
Metriocnemus
Microcylloepus
Miroculis
Nanocladius
Naucoridae_sp
Navicordulia
Nectopsyche
Needhamella
Neocordulia
Neoelmis
Neotrichia
Neuraeschna
Notalina
Ochrotrichia
Odontoceridae_spl
Oecetis
Onconeura
Ordobrevia
Orthemis
Orthocladiinae_spl
Orthocladiinae_sp2
Orthomentumdif
OrthoY
Oukuriella
Oxyagrion
Oxyethira
Oxystygma
Parachironomus
Paracloeodes
Paracymus
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Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Plecoptera
Diptera
Diptera
Diptera
Diptera
Diptera
Coleoptera
Diptera
Plecoptera
Diptera
Coleoptera
Coleoptera
Odonata
Trichoptera
Trichoptera
Odonata
Hemiptera
Diptera
Trichoptera
Coleoptera
Diptera
Odonata
Coleoptera
Trichoptera
Trichoptera
Diptera
Diptera
Coleoptera
Coleoptera
Diptera
Diptera
Diptera
Coleoptera
Diptera
Diptera
Coleoptera

Gripopterygidae

Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Dryopidae
Chironomidae
Perlidae
Chironomidae
Elmidae
Elmidae
Gomphidae

Calamoceratidae
Calamoceratidae

Libellulidae
Pleidae
Chironomidae

Polycentropodidae

Helodidae
Chironomidae
Gomphidae
Elmidae

Glossosomatidae
Glossosomatidae

Chironomidae
Chironomidae
Psephenidae
Psephenidae
Chironomidae
Chironomidae
Psychodidade
Dytiscidae
Chironomidae
Chironomidae
Scirtidae

Paragripopteryx
Parametriocnemus_spl
Paraphaenocladius_sp1
Parasmittia
Paratendipes_sp1
Pelomus

Pelonomus

Pentaneura
Perlidae_spl
Phaenopsectra
Phanocerus_spl
Phanocerus_sp2
Phyllocycla
Phylloicus_sp1
Phylloicus_sp2
Planiplax

Pleidae_sp
Polypedilum
Polyplectropus
Prionocyphon
Procladius
Progomphus
Promoresia

Protoptila
Protoptilinae
Psedouchironomini_sp1
PsedouchironominiX
Psephenidae_sp
Psephenus
Pseudochironomini
Pseudofuronamandibula
Psychodidae_sp
Ranthus
Rheocricotopus_spl
Rheotanytarsus_spl
Scirtes
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Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Coleoptera
Diptera
Trichoptera
Coleoptera
Coleoptera
Diptera
Diptera
Diptera
Diptera
Coleoptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Ephemeroptera
Odonata
Diptera
Odonata
Ephemeroptera
Trichoptera
Ephemeroptera
Ephemeroptera
Trichoptera
Coleoptera

Scirtidae
Simuliidae
Hydropsychidae
Staphylinidae
Elmidae
Chironomidae
Chironomidae
Chironomidae
Stratiomyidae
Noteridae
Tabanidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Leptophlebiidae
Gomphidae
Tipulidae
Libellulidae
Leptohyphidae
Hydroptilidae
Leptohyphidae
Leptohyphidae
Leptoceridae
Hydrophilidae

Scirtidae_sp
Simuliidae_spp
Smicridea
Staphylinidae_sp
Stegoelmis
Stempellina_spl
Stempellinella_sp1
Stenochironomus_spp
Stratiomyidae_sp
Suphisellus
Tabanidae_sp
Tanypus
Tanytarsus_Caladomyia
Thienemaniolla
Thienemanniella_spl
Thienenanimyia
Thraulodes
Tibiogomphus
Tipulidae_sp

Tramea
Traverhyphes
TriboLeucotrichinii
Tricorythodes
Tricorythopsis
Triplectides
Tropisternus
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Tabela 07. Numero de individuos e participacdo relativa dos tdxons nos cérregos C16 4 D15 do Estado de Sao Paulo.

Classe

Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Ordem

Diptera
Odonata
Odonata
Ephemeroptera
Ephemeroptera
Coleoptera
Plecoptera
Coleoptera
Odonata
Ephemeroptera
Megaloptera
Odonata
Ephemeroptera
Trichoptera
Trichoptera
Coleoptera
Coleoptera
Trichoptera
Ephemeroptera
Ephemeroptera
Trichoptera
Trichoptera
Diptera
Hemiptera
Coleoptera
Coleoptera
Trichoptera
Trichoptera
Trichoptera
Odonata
Odonata
Ephemeroptera
Ephemeroptera
Odonata

Familia
Chironomidae
Gomphidae
Gomphidae
Baetidae
Baetidae
Hydrophilidae
Perlidae
Curculionidae
Gomphidae
Baetidae
Corydalidae
Coenagrionidae
Leptophlebiidae
Leptoceridae
Hydrobiosidae
Elmidae
Elmidae
Ecnomidae
Baetidae
Baetidae
Odontoceridae
Odontoceridae
Chironomidae
Belostomatidae
Hydrophilidae
Dytiscidae
Hydropsychidae
Hydropsychidae
Leptoceridae
Libellulidae
Gomphidae
Caenidae
Baetidae
Calopteryidae

ID

Ablabesmyia
Perigomphus_aff
Agriogomphus
Americabaetis
Americabaetis_aff
Anacaena
Anacroneuria
Anchytarsus
Aphylla

Apobaetis
Archichauliodes
Argia

Askola
Atanatolica
Atopsyche
Austrolimnius_sp1
Austrolimnius_sp2
Austrotinodes
Baetidaessp
Baetodes
Barypenthus_spl
Barypenthus_sp2
Beardius
Belostomatidae_spl
Berosus
Bidessonotus
Blepharopus
Blepharopus_aff
Brachysetodes
Brechmorhoga
Cacoides

Caenis

Callibaetis
Calopterygidae_spp

Cle
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Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Ephemeroptera
Ephemeroptera
Odonata
Odonata
Coleoptera
Diptera
Trichoptera
Trichoptera
Trichoptera
Diptera
Diptera
Diptera
Coleoptera
Diptera
Diptera
Ephemeroptera
Diptera
Odonata
Megaloptera
Diptera
Diptera
Diptera
Ephemeroptera
Diptera
Coleoptera
Odonata
Coleoptera
Coleoptera
Odonata
Coleoptera
Coleoptera
Diptera
Diptera
Diptera
Diptera
Diptera

Polymitarcyidae
Polymitarcyidae
Libellulidae
Aeshnidae
Dytiscidae
Ceratopogonidae

Polycentropodidae

Philopotamidae
Philopotamidae
Chironomidae
Chironomidae
Chironomidae
Chrysomelidae
Chironomidae
Chironomidae
Baetidae
Chironomidae
Coenagrionidae
Corydalidae
Chironomidae
Chironomidae
Chironomidae
Baetidae
Culicidae
Curculionidae
Coenagrionidae
Elmidae
Helodidae
Libellulidae
Hydrophilidae
Dytiscidae
Chironomidae
Dixidae
Chironomidae
Dolichopodidae
Dryopidae

Campylocia_spl
Campylocia_sp2
Cannaphila
Castoraeschna
Celina
Ceratopogonidae_sp1
Cernotina
Chimarra_spl
Chimarra
Chirodiferente
Chironomini_sp1
Chironomus_spp
Chrysomelidae_sp
Cladotanytarsus
Clinotanypus
Cloeodes
Coelotanypus
Coenagrionidae_sp
Corydalus
Corynoneura
Cricotopus
Cryptochironomus
Cryptonympha
Culicidae_sp
Curculionidae_sp
Cyanallagma
Cylloepus

Cyphon
Dasythemis
Derallus
Desmopachria
Dicrotendipes
Dixidae_sp
Djalmabatista_sp
Dolichopodidae_sp
Dryopidae_sp
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Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Coleoptera
Odonata
Coleoptera
Coleoptera
Coleoptera
Diptera
Diptera
Diptera
Diptera
Odonata
Ephemeroptera
Ephemeroptera
Diptera
Diptera
Hemiptera
Trichoptera
Odonata
Odonata
Plecoptera
Plecoptera
Trichoptera
Trichoptera
Diptera
Coleoptera
Coleoptera
Coleoptera
Ephemeroptera
Diptera
Coleoptera
Trichoptera
Coleoptera
Hemiptera
Ephemeroptera
Coleoptera
Coleoptera
Coleoptera

Elmidae
Libellulidae
Psephenidae
Elmidae
Elmidae
Empididae
Empididae
Chironomidae
Ephydridae
Libellulidae
Leptophlebiidae
Leptophlebiidae
Chironomidae
Chironomidae
Gerridae
Glossomatidae
Gomphidae
Gomphidae
Gripopterygidae
Gripopterygidae
Sericostomatidae
Leptoceridae
Chironomidae
Gyrinidae
Gyrinidae
Gyrinidae
Leptophlebiidae
Chironomidae
Dryopidae
Helicopsychidae
Hydrophilidae
Helotriphidae
Leptophlebiidae
Elmidae
Elmidae
Elmidae

Dubiraphia
Dythemis
Ectopria
Elmidae_spl
Elmidae_sp2
Empididae_sp1
Empididae_sp2
Endotribelos_spp
Ephydridae_sp
Erythrodiplax
Farrodes_spl
Farrodes_sp2
Fissimentum
Fittkauimyia
Gerridae_sp
Protoptilinae
Gomphidae_sp
Gomphoides
Gripopterygidae_sp
Gripopteryx
Grumicha
Grumichella
Gymnometriocnemus
Gyretes
Gyrinidae_sp
Gyrinus
Hagenulopsis
Harnischia
Helichus
Helicopsyche
Helocombus
Helotriphidae_sp
Hermanella
Heterelmis
Hexacylloepus
Huleechius
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Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Ephemeroptera
Ephemeroptera
Coleoptera
Plecoptera
Diptera
Coleoptera
Coleoptera
Diptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Trichoptera
Trichoptera
Ephemeroptera
Odonata
Odonata
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Plecoptera
Ephemeroptera
Coleoptera
Diptera

Dytiscidae
Hydraenidae
Hydraenidae
Noteridae
Hydrophilidae
Hydrophilidae
Hydropsychidae
Hydroptilidae
Hydroptilidae
Hydroscapidae
Leptophlebiidae
Leptophlebiidae
Dytiscidae
Perlidae
Chironomidae
Hydrophilidae
Dytiscidae
Chironomidae
Leptohyphidae
Leptohyphidae
Leptohyphidae
Hydropsychidae
Hydropsychidae
Leptophlebiidae
Libellulidae
Aeshnidae
Dytiscidae
Dytiscidae
Limnichidae
Limnichidae
Limnichidae
Limnichidae
Perlidae
Hydropsychidae
Elmidae
Chironomidae

Hydaticus
Hydraena
Hydraenidae_sp
Hydrocanthus
Hydrochus
Hydrophilidae_sp
Hydropsyche
Leucotrichini
Hydroptilidae_sp
Hydroscaphidae_sp
Hylister_spl
Hylister_sp2
Ilybius

Kempnyia
Labrundinia_sp
Laccobius
Laccophilus
Larsia_spp
Leptohyphes
Leptohyphidae_sp
Leptohyphodes
Leptonema
Leptonema_aff
Leptophlebiidae_sp
Libellulidae_sp
Limnetron
Liodessus
Lopescladius
Lutrochus_spl
Lutrochus_sp2
Macrelmis_spl
Macrelmis_sp2
Macrogynoplax
Macronema
Macronychus
Macropelopini
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Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Odonata
Trichoptera
Trichoptera
Ephemeroptera
Ephemeroptera
Trichoptera
Diptera
Coleoptera
Ephemeroptera
Diptera
Hemiptera
Coleoptera
Trichoptera
Ephemeroptera
Odonata
Coleoptera
Trichoptera
Odonata
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Diptera
Coleoptera
Odonata
Diptera
Diptera
Diptera
Diptera
Diptera
Odonata
Trichoptera
Odonata
Diptera
Ephemeroptera
Coleoptera

Libellulidae
Odontoceridae
Odontoceridae
Leptophlebiidae
Melanemerellidae
Hydroptilidae
Chironomidae
Elmidae
Leptophlebiidae
Chironomidae
Naucoridae
Corduliidae
Leptoceridae
Leptophlebiidae
Corduliidae
Elmidae
Hydroptilidae
Aeshnidae
Leptoceridae
Hydroptilidae
Odontoceridae
Leptoceridae
Chironomidae
Elmidae
Libellulidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Coenagrionidae
Hydroptilidae
Megapodagrionidae
Chironomidae
Baetidae
Hydrophilidae

Macrothemis
Marilia_spl
Marilia_aff
Massartella
Melanemerella
Metrichia
Metriocnemus
Microcylloepus
Miroculis
Nanocladius
Naucoridae_sp
Navicordulia
Nectopsyche
Needhamella
Neocordulia
Neoelmis
Neotrichia
Neuraeschna
Notalina
Ochrotrichia
Odontoceridae_sp1
Oecetis
Onconeura
Ordobrevia
Orthemis
Orthocladiinae_sp1
Orthocladiinae_sp2
Orthomentumdif
OrthoY
Oukuriella
Oxyagrion
Oxyethira
Oxystygma
Parachironomus
Paracloeodes
Paracymus
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Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Plecoptera
Diptera
Diptera
Diptera
Diptera
Diptera
Coleoptera
Diptera
Plecoptera
Diptera
Coleoptera
Coleoptera
Odonata
Trichoptera
Trichoptera
Odonata
Hemiptera
Diptera
Trichoptera
Coleoptera
Diptera
Odonata
Coleoptera
Trichoptera
Trichoptera
Diptera
Diptera
Coleoptera
Coleoptera
Diptera
Diptera
Diptera
Coleoptera
Diptera
Diptera
Coleoptera

Gripopterygidae

Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Dryopidae
Chironomidae
Perlidae
Chironomidae
Elmidae
Elmidae
Gomphidae

Calamoceratidae
Calamoceratidae

Libellulidae
Pleidae
Chironomidae

Polycentropodidae

Helodidae
Chironomidae
Gomphidae
Elmidae

Glossosomatidae
Glossosomatidae

Chironomidae
Chironomidae
Psephenidae
Psephenidae
Chironomidae
Chironomidae
Psychodidade
Dytiscidae
Chironomidae
Chironomidae
Scirtidae

Paragripopteryx
Parametriocnemus_sp1
Paraphaenocladius_sp1
Parasmittia
Paratendipes_spl
Pelomus

Pelonomus

Pentaneura
Perlidae_spl
Phaenopsectra
Phanocerus_spl
Phanocerus_sp2
Phyllocycla
Phylloicus_spl
Phylloicus_sp2
Planiplax

Pleidae_sp
Polypedilum
Polyplectropus
Prionocyphon
Procladius
Progomphus
Promoresia

Protoptila
Protoptilinae
Psedouchironomini_sp1
PsedouchironominiX
Psephenidae_sp
Psephenus
Pseudochironomini
Pseudofuronamandibula
Psychodidae_sp
Ranthus
Rheocricotopus_spl
Rheotanytarsus_spl
Scirtes
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Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Coleoptera
Diptera
Trichoptera
Coleoptera
Coleoptera
Diptera
Diptera
Diptera
Diptera
Coleoptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Ephemeroptera
Odonata
Diptera
Odonata
Ephemeroptera
Trichoptera
Ephemeroptera
Ephemeroptera
Trichoptera
Coleoptera

Scirtidae
Simuliidae
Hydropsychidae
Staphylinidae
Elmidae
Chironomidae
Chironomidae
Chironomidae
Stratiomyidae
Noteridae
Tabanidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Leptophlebiidae
Gomphidae
Tipulidae
Libellulidae
Leptohyphidae
Hydroptilidae
Leptohyphidae
Leptohyphidae
Leptoceridae
Hydrophilidae

Scirtidae_sp
Simuliidae_spp
Smicridea
Staphylinidae_sp
Stegoelmis
Stempellina_spl
Stempellinella_sp1
Stenochironomus_spp
Stratiomyidae_sp
Suphisellus
Tabanidae_sp
Tanypus
Tanytarsus_Caladomyia
Thienemaniolla
Thienemanniella_sp1
Thienenanimyia
Thraulodes
Tibiogomphus
Tipulidae_sp

Tramea
Traverhyphes
TriboLeucotrichinii
Tricorythodes
Tricorythopsis
Triplectides
Tropisternus
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Tabela 08. Numero de individuos e participagdo relativa dos tdxons nos cérregos E26 4 M5 do Estado de Sao Paulo.

Classe

Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Ordem

Diptera
Odonata
Odonata
Ephemeroptera
Ephemeroptera
Coleoptera
Plecoptera
Coleoptera
Odonata
Ephemeroptera
Megaloptera
Odonata
Ephemeroptera
Trichoptera
Trichoptera
Coleoptera
Coleoptera
Trichoptera
Ephemeroptera
Ephemeroptera
Trichoptera
Trichoptera
Diptera
Hemiptera
Coleoptera
Coleoptera
Trichoptera
Trichoptera
Trichoptera
Odonata
Odonata
Ephemeroptera

Familia
Chironomidae
Gomphidae
Gomphidae
Baetidae
Baetidae
Hydrophilidae
Perlidae
Curculionidae
Gomphidae
Baetidae
Corydalidae
Coenagrionidae
Leptophlebiidae
Leptoceridae
Hydrobiosidae
Elmidae
Elmidae
Ecnomidae
Baetidae
Baetidae
Odontoceridae
Odontoceridae
Chironomidae
Belostomatidae
Hydrophilidae
Dytiscidae
Hydropsychidae
Hydropsychidae
Leptoceridae
Libellulidae
Gomphidae
Caenidae

ID

Ablabesmyia
Perigomphus_aff
Agriogomphus
Americabaetis
Americabaetis_aff
Anacaena
Anacroneuria
Anchytarsus
Aphylla

Apobaetis
Archichauliodes
Argia

Askola
Atanatolica
Atopsyche
Austrolimnius_sp1
Austrolimnius_sp2
Austrotinodes
Baetidaessp
Baetodes
Barypenthus_spl
Barypenthus_sp2
Beardius
Belostomatidae_spl
Berosus
Bidessonotus
Blepharopus
Blepharopus_aff
Brachysetodes
Brechmorhoga
Cacoides

Caenis
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Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Ephemeroptera
Odonata
Ephemeroptera
Ephemeroptera
Odonata
Odonata
Coleoptera
Diptera
Trichoptera
Trichoptera
Trichoptera
Diptera
Diptera
Diptera
Coleoptera
Diptera
Diptera
Ephemeroptera
Diptera
Odonata
Megaloptera
Diptera
Diptera
Diptera
Ephemeroptera
Diptera
Coleoptera
Odonata
Coleoptera
Coleoptera
Odonata
Coleoptera
Coleoptera
Diptera

Bactidae
Calopteryidae
Polymitarcyidae
Polymitarcyidae
Libellulidae
Aeshnidae
Dytiscidae
Ceratopogonidae
Polycentropodidae
Philopotamidae
Philopotamidae
Chironomidae
Chironomidae
Chironomidae
Chrysomelidae
Chironomidae
Chironomidae
Baetidae
Chironomidae
Coenagrionidae
Corydalidae
Chironomidae
Chironomidae
Chironomidae
Baetidae
Culicidae
Curculionidae
Coenagrionidae
Elmidae
Helodidae
Libellulidae
Hydrophilidae
Dytiscidae
Chironomidae

Callibaetis
Calopterygidae_spp
Campylocia_spl
Campylocia_sp2
Cannaphila
Castoraeschna
Celina
Ceratopogonidae_sp1
Cernotina
Chimarra_spl
Chimarra
Chirodiferente
Chironomini_sp1
Chironomus_spp
Chrysomelidae_sp
Cladotanytarsus
Clinotanypus
Cloeodes
Coelotanypus
Coenagrionidae_sp
Corydalus
Corynoneura
Cricotopus
Cryptochironomus
Cryptonympha
Culicidae_sp
Curculionidae_sp
Cyanallagma
Cylloepus

Cyphon
Dasythemis
Derallus
Desmopachria
Dicrotendipes
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Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Diptera
Diptera
Diptera
Diptera
Coleoptera
Odonata
Coleoptera
Coleoptera
Coleoptera
Diptera
Diptera
Diptera
Diptera
Odonata
Ephemeroptera
Ephemeroptera
Diptera
Diptera
Hemiptera
Trichoptera
Odonata
Odonata
Plecoptera
Plecoptera
Trichoptera
Trichoptera
Diptera
Coleoptera
Coleoptera
Coleoptera
Ephemeroptera
Diptera
Coleoptera
Trichoptera

Dixidae
Chironomidae
Dolichopodidae
Dryopidae
Elmidae
Libellulidae
Psephenidae
Elmidae
Elmidae
Empididae
Empididae
Chironomidae
Ephydridae
Libellulidae
Leptophlebiidae
Leptophlebiidae
Chironomidae
Chironomidae
Gerridae
Glossomatidae
Gomphidae
Gomphidae
Gripopterygidae
Gripopterygidae
Sericostomatidae
Leptoceridae
Chironomidae
Gyrinidae
Gyrinidae
Gyrinidae
Leptophlebiidae
Chironomidae
Dryopidae
Helicopsychidae

Dixidae_sp
Djalmabatista_sp
Dolichopodidae_sp
Dryopidae_sp
Dubiraphia
Dythemis
Ectopria
Elmidae_sp1
Elmidae_sp2
Empididae_sp1
Empididae_sp2
Endotribelos_spp
Ephydridae_sp
Erythrodiplax
Farrodes_spl
Farrodes_sp2
Fissimentum
Fittkauimyia
Gerridae_sp
Protoptilinae
Gomphidae_sp
Gomphoides
Gripopterygidae_sp
Gripopteryx
Grumicha
Grumichella
Gymnometriocnemus
Gyretes
Gyrinidae_sp
Gyrinus
Hagenulopsis
Harnischia
Helichus
Helicopsyche
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Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Coleoptera
Hemiptera
Ephemeroptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Ephemeroptera
Ephemeroptera
Coleoptera
Plecoptera
Diptera
Coleoptera
Coleoptera
Diptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Trichoptera
Trichoptera
Ephemeroptera
Odonata
Odonata
Coleoptera
Coleoptera

Hydrophilidae
Helotriphidae
Leptophlebiidae
Elmidae
Elmidae
Elmidae
Dytiscidae
Hydraenidae
Hydraenidae
Noteridae
Hydrophilidae
Hydrophilidae
Hydropsychidae
Hydroptilidae
Hydroptilidae
Hydroscapidae
Leptophlebiidae
Leptophlebiidae
Dytiscidae
Perlidae
Chironomidae
Hydrophilidae
Dytiscidae
Chironomidae
Leptohyphidae
Leptohyphidae
Leptohyphidae
Hydropsychidae
Hydropsychidae
Leptophlebiidae
Libellulidae
Aeshnidae
Dytiscidae
Dytiscidae

Helocombus
Helotriphidae_sp
Hermanella
Heterelmis
Hexacylloepus
Huleechius
Hydaticus
Hydraena
Hydraenidae_sp
Hydrocanthus
Hydrochus
Hydrophilidae_sp
Hydropsyche
Leucotrichini
Hydroptilidae_sp
Hydroscaphidae_sp
Hylister_spl
Hylister_sp2
Ilybius

Kempnyia
Labrundinia_sp
Laccobius
Laccophilus
Larsia_spp
Leptohyphes
Leptohyphidae_sp
Leptohyphodes
Leptonema
Leptonema_aff
Leptophlebiidae_sp
Libellulidae_sp
Limnetron
Liodessus
Lopescladius
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Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Coleoptera
Coleoptera
Coleoptera
Coleoptera
Plecoptera
Ephemeroptera
Coleoptera
Diptera
Odonata
Trichoptera
Trichoptera
Ephemeroptera
Ephemeroptera
Trichoptera
Diptera
Coleoptera
Ephemeroptera
Diptera
Hemiptera
Coleoptera
Trichoptera
Ephemeroptera
Odonata
Coleoptera
Trichoptera
Odonata
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Diptera
Coleoptera
Odonata
Diptera

Limnichidae
Limnichidae
Limnichidae
Limnichidae
Perlidae
Hydropsychidae
Elmidae
Chironomidae
Libellulidae
Odontoceridae
Odontoceridae
Leptophlebiidae
Melanemerellidae
Hydroptilidae
Chironomidae
Elmidae
Leptophlebiidae
Chironomidae
Naucoridae
Corduliidae
Leptoceridae
Leptophlebiidae
Corduliidae
Elmidae
Hydroptilidae
Aeshnidae
Leptoceridae
Hydroptilidae
Odontoceridae
Leptoceridae
Chironomidae
Elmidae
Libellulidae
Chironomidae

Lutrochus_spl
Lutrochus_sp2
Macrelmis_spl
Macrelmis_sp2
Macrogynoplax
Macronema
Macronychus
Macropelopini
Macrothemis
Marilia_spl
Marilia_aff
Massartella
Melanemerella
Metrichia
Metriocnemus
Microcylloepus
Miroculis
Nanocladius
Naucoridae_sp
Navicordulia
Nectopsyche
Needhamella
Neocordulia
Neoelmis
Neotrichia
Neuraeschna
Notalina
Ochrotrichia
Odontoceridae_sp1
Oecetis
Onconeura
Ordobrevia
Orthemis
Orthocladiinae_sp1
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Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Diptera
Diptera
Diptera
Diptera
Odonata
Trichoptera
Odonata
Diptera
Ephemeroptera
Coleoptera
Plecoptera
Diptera
Diptera
Diptera
Diptera
Diptera
Coleoptera
Diptera
Plecoptera
Diptera
Coleoptera
Coleoptera
Odonata
Trichoptera
Trichoptera
Odonata
Hemiptera
Diptera
Trichoptera
Coleoptera
Diptera
Odonata
Coleoptera
Trichoptera

Chironomidae
Chironomidae
Chironomidae
Chironomidae
Coenagrionidae
Hydroptilidae
Megapodagrionidae
Chironomidae
Baetidae
Hydrophilidae
Gripopterygidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Dryopidae
Chironomidae
Perlidae
Chironomidae
Elmidae
Elmidae
Gomphidae
Calamoceratidae
Calamoceratidae
Libellulidae
Pleidae
Chironomidae
Polycentropodidae
Helodidae
Chironomidae
Gomphidae
Elmidae
Glossosomatidae

Orthocladiinae_sp2
Orthomentumdif
OrthoY
Oukuriella
Oxyagrion
Oxyethira
Oxystygma
Parachironomus
Paracloeodes
Paracymus
Paragripopteryx

Parametriocnemus_sp1
Paraphaenocladius_sp1

Parasmittia
Paratendipes_spl
Pelomus
Pelonomus
Pentaneura
Perlidae_spl
Phaenopsectra
Phanocerus_spl
Phanocerus_sp2
Phyllocycla
Phylloicus_spl
Phylloicus_sp2
Planiplax
Pleidae_sp
Polypedilum
Polyplectropus
Prionocyphon
Procladius
Progomphus
Promoresia
Protoptila
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Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Trichoptera
Diptera
Diptera
Coleoptera
Coleoptera
Diptera
Diptera
Diptera
Coleoptera
Diptera
Diptera
Coleoptera
Coleoptera
Diptera
Trichoptera
Coleoptera
Coleoptera
Diptera
Diptera
Diptera
Diptera
Coleoptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Ephemeroptera
Odonata
Diptera
Odonata
Ephemeroptera
Trichoptera

Glossosomatidae

Chironomidae
Chironomidae
Psephenidae
Psephenidae
Chironomidae
Chironomidae
Psychodidade
Dytiscidae
Chironomidae
Chironomidae
Scirtidae
Scirtidae
Simuliidae

Hydropsychidae

Staphylinidae
Elmidae
Chironomidae
Chironomidae
Chironomidae
Stratiomyidae
Noteridae
Tabanidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae

Leptophlebiidae

Gomphidae
Tipulidae
Libellulidae
Leptohyphidae
Hydroptilidae

Protoptilinae
Psedouchironomini_sp1
PsedouchironominiX
Psephenidae_sp
Psephenus
Pseudochironomini
Pseudofuronamandibula
Psychodidae_sp
Ranthus
Rheocricotopus_spl
Rheotanytarsus_spl
Scirtes

Scirtidae_sp
Simuliidae_spp
Smicridea
Staphylinidae_sp
Stegoelmis
Stempellina_sp1
Stempellinella_sp1
Stenochironomus_spp
Stratiomyidae_sp
Suphisellus
Tabanidae_sp
Tanypus
Tanytarsus_Caladomyia
Thienemaniolla
Thienemanniella_sp1
Thienenanimyia
Thraulodes
Tibiogomphus
Tipulidae_sp

Tramea

Traverhyphes
TriboLeucotrichinii
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Insecta Ephemeroptera  Leptohyphidae Tricorythodes 0 0 0 0 16 12 3 22 6

Insecta Ephemeroptera  Leptohyphidae Tricorythopsis 0 0 0 0 0 0 0 0 0

Insecta Trichoptera Leptoceridae Triplectides 0 0 0 0 15 19 11 22 7

Insecta Coleoptera Hydrophilidae Tropisternus 0 0 0 0 0 0 0 0 0

Tabela 09. Numero de individuos e participagdo relativa dos tdxons nos cérregos P21 4 S9 do Estado de Sao Paulo.

Classe Ordem Familia ID P21 P22 P23 P24 P25 S10 S11 S12 S6 S7 S8 SO
Insecta Diptera Chironomidae Ablabesmyia 1 6 2 25 12 3 1 5 14 4 0 2
Insecta Odonata Gomphidae Perigomphus_aff 0 0 0 0 0 0 0 0 1 0 0 0
Insecta Odonata Gomphidae Agriogomphus 0 0 0 0 0 2 0 0 0 0 0 0
Insecta Ephemeroptera  Baetidae Americabaetis 5 96 22 54 36 28 1 3 17 0 2 0
Insecta Ephemeroptera  Baetidae Americabaetis_aff 0 0 0 0 0 0 0 0 0 0 0 0
Insecta Coleoptera Hydrophilidae Anacaena 0 0 0 0 0 0 0 0 2 0 0 0
Insecta Plecoptera Perlidae Anacroneuria 0 0 0 2 2 36 4 0 3 28 34 19
Insecta Coleoptera Curculionidae Anchytarsus 0 0 0 0 0 0 0 0 0 9 0 2
Insecta Odonata Gomphidae Aphylla 0 0 0 0 0 0 1 2 0 0 0 0
Insecta Ephemeroptera  Baetidae Apobaetis 0 0 0 0 0 0 0 0 0 0 0 0
Insecta Megaloptera Corydalidae Archichauliodes 0 0 0 0 0 0 0 0 0 0 0 0
Insecta Odonata Coenagrionidae Argia 0 11 7 2 9 0 0 0 1 7 4 2
Insecta Ephemeroptera  Leptophlebiidae Askola 0 0 0 0 0 0 0 0 0 0 0 0
Insecta Trichoptera Leptoceridae Atanatolica 0 0 0 0 0 0 0 0 0 0 0 0
Insecta Trichoptera Hydrobiosidae Atopsyche 0 0 0 0 0 0 0 0 1 0 0 0
Insecta Coleoptera Elmidae Austrolimnius_sp1 0 0 0 0 0 0 0 0 0 0 0 0
Insecta Coleoptera Elmidae Austrolimnius_sp2 0 0 0 0 0 0 1 0 0 0 0 0
Insecta Trichoptera Ecnomidae Austrotinodes 0 0 0 0 0 0 0 0 0 1 6 1
Insecta Ephemeroptera  Baetidae Baetidaessp 0 0 0 0 0 0 0 0 0 0 0 0
Insecta Ephemeroptera  Baetidae Baetodes 0 0 0 0 0 0 0 0 13 0 0 0
Insecta Trichoptera Odontoceridae Barypenthus_sp1 0 0 0 0 0 0 0 0 0 0 0 0
Insecta Trichoptera Odontoceridae Barypenthus_sp2 0 0 0 0 0 0 0 0 0 0 0 0
Insecta Diptera Chironomidae Beardius 0 0 1 0 2 6 2 1 0 0 0 0
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Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Hemiptera
Coleoptera
Coleoptera
Trichoptera
Trichoptera
Trichoptera
Odonata
Odonata
Ephemeroptera
Ephemeroptera
Odonata
Ephemeroptera
Ephemeroptera
Odonata
Odonata
Coleoptera
Diptera
Trichoptera
Trichoptera
Trichoptera
Diptera
Diptera
Diptera
Coleoptera
Diptera
Diptera
Ephemeroptera
Diptera
Odonata
Megaloptera
Diptera
Diptera
Diptera
Ephemeroptera

Belostomatidae
Hydrophilidae
Dytiscidae
Hydropsychidae
Hydropsychidae
Leptoceridae
Libellulidae
Gomphidae
Caenidae
Baetidae
Calopteryidae
Polymitarcyidae
Polymitarcyidae
Libellulidae
Aeshnidae
Dytiscidae
Ceratopogonidae
Polycentropodidae
Philopotamidae
Philopotamidae
Chironomidae
Chironomidae
Chironomidae
Chrysomelidae
Chironomidae
Chironomidae
Baetidae
Chironomidae
Coenagrionidae
Corydalidae
Chironomidae
Chironomidae
Chironomidae
Baetidae

Belostomatidae_spl
Berosus
Bidessonotus
Blepharopus
Blepharopus_aff
Brachysetodes
Brechmorhoga
Cacoides

Caenis

Callibaetis
Calopterygidae_spp
Campylocia_sp1
Campylocia_sp2
Cannaphila
Castoraeschna
Celina

Ceratopogonidae_sp1

Cernotina
Chimarra_spl
Chimarra
Chirodiferente
Chironomini_sp1
Chironomus_spp
Chrysomelidae_sp
Cladotanytarsus
Clinotanypus
Cloeodes
Coelotanypus
Coenagrionidae_sp
Corydalus
Corynoneura
Cricotopus
Cryptochironomus
Cryptonympha
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Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Diptera
Coleoptera
Odonata
Coleoptera
Coleoptera
Odonata
Coleoptera
Coleoptera
Diptera
Diptera
Diptera
Diptera
Diptera
Coleoptera
Odonata
Coleoptera
Coleoptera
Coleoptera
Diptera
Diptera
Diptera
Diptera
Odonata
Ephemeroptera
Ephemeroptera
Diptera
Diptera
Hemiptera
Trichoptera
Odonata
Odonata
Plecoptera
Plecoptera
Trichoptera

Culicidae
Curculionidae
Coenagrionidae
Elmidae
Helodidae
Libellulidae
Hydrophilidae
Dytiscidae
Chironomidae
Dixidae
Chironomidae
Dolichopodidae
Dryopidae
Elmidae
Libellulidae
Psephenidae
Elmidae
Elmidae
Empididae
Empididae
Chironomidae
Ephydridae
Libellulidae
Leptophlebiidae
Leptophlebiidae
Chironomidae
Chironomidae
Gerridae
Glossomatidae
Gomphidae
Gomphidae
Gripopterygidae
Gripopterygidae
Sericostomatidae

Culicidae_sp
Curculionidae_sp
Cyanallagma
Cylloepus
Cyphon
Dasythemis
Derallus
Desmopachria
Dicrotendipes
Dixidae_sp
Djalmabatista_sp

Dolichopodidae_sp

Dryopidae_sp
Dubiraphia
Dythemis
Ectopria
Elmidae_sp1
Elmidae_sp2
Empididae_sp1
Empididae_sp2
Endotribelos_spp
Ephydridae_sp
Erythrodiplax
Farrodes_spl
Farrodes_sp2
Fissimentum
Fittkauimyia
Gerridae_sp
Protoptilinae
Gomphidae_sp
Gomphoides

Gripopterygidae_sp

Gripopteryx
Grumicha
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Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
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Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Trichoptera
Diptera
Coleoptera
Coleoptera
Coleoptera
Ephemeroptera
Diptera
Coleoptera
Trichoptera
Coleoptera
Hemiptera
Ephemeroptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Ephemeroptera
Ephemeroptera
Coleoptera
Plecoptera
Diptera
Coleoptera
Coleoptera
Diptera
Ephemeroptera

Leptoceridae
Chironomidae
Gyrinidae
Gyrinidae
Gyrinidae
Leptophlebiidae
Chironomidae
Dryopidae
Helicopsychidae
Hydrophilidae
Helotriphidae
Leptophlebiidae
Elmidae
Elmidae
Elmidae
Dytiscidae
Hydraenidae
Hydraenidae
Noteridae
Hydrophilidae
Hydrophilidae
Hydropsychidae
Hydroptilidae
Hydroptilidae
Hydroscapidae
Leptophlebiidae
Leptophlebiidae
Dytiscidae
Perlidae
Chironomidae
Hydrophilidae
Dytiscidae
Chironomidae
Leptohyphidae

Grumichella
Gymnometriocnemus
Gyretes
Gyrinidae_sp
Gyrinus
Hagenulopsis
Harnischia
Helichus
Helicopsyche
Helocombus
Helotriphidae_sp
Hermanella
Heterelmis
Hexacylloepus
Huleechius
Hydaticus
Hydraena
Hydraenidae_sp
Hydrocanthus
Hydrochus
Hydrophilidae_sp
Hydropsyche
Leucotrichini
Hydroptilidae_sp
Hydroscaphidae_sp
Hylister_spl
Hylister_sp2
Ilybius
Kempnyia
Labrundinia_sp
Laccobius
Laccophilus
Larsia_spp
Leptohyphes
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Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
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Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Ephemeroptera
Ephemeroptera
Trichoptera
Trichoptera
Ephemeroptera
Odonata
Odonata
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Plecoptera
Ephemeroptera
Coleoptera
Diptera
Odonata
Trichoptera
Trichoptera
Ephemeroptera
Ephemeroptera
Trichoptera
Diptera
Coleoptera
Ephemeroptera
Diptera
Hemiptera
Coleoptera
Trichoptera
Ephemeroptera
Odonata
Coleoptera
Trichoptera

Leptohyphidae
Leptohyphidae
Hydropsychidae
Hydropsychidae
Leptophlebiidae
Libellulidae
Aeshnidae
Dytiscidae
Dytiscidae
Limnichidae
Limnichidae
Limnichidae
Limnichidae
Perlidae
Hydropsychidae
Elmidae
Chironomidae
Libellulidae
Odontoceridae
Odontoceridae
Leptophlebiidae
Melanemerellidae
Hydroptilidae
Chironomidae
Elmidae
Leptophlebiidae
Chironomidae
Naucoridae
Corduliidae
Leptoceridae
Leptophlebiidae
Corduliidae
Elmidae
Hydroptilidae

Leptohyphidae_sp
Leptohyphodes
Leptonema
Leptonema_aff

Leptophlebiidae_sp

Libellulidae_sp
Limnetron
Liodessus
Lopescladius
Lutrochus_sp1
Lutrochus_sp2
Macrelmis_spl
Macrelmis_sp2
Macrogynoplax
Macronema
Macronychus
Macropelopini
Macrothemis
Marilia_sp1
Marilia_aff
Massartella
Melanemerella
Metrichia
Metriocnemus
Microcylloepus
Miroculis
Nanocladius
Naucoridae_sp
Navicordulia
Nectopsyche
Needhamella
Neocordulia
Neoelmis
Neotrichia
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Insecta
Insecta
Insecta
Insecta
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Insecta
Insecta
Insecta
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Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Odonata
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Diptera
Coleoptera
Odonata
Diptera
Diptera
Diptera
Diptera
Diptera
Odonata
Trichoptera
Odonata
Diptera
Ephemeroptera
Coleoptera
Plecoptera
Diptera
Diptera
Diptera
Diptera
Diptera
Coleoptera
Diptera
Plecoptera
Diptera
Coleoptera
Coleoptera
Odonata
Trichoptera
Trichoptera

Aeshnidae
Leptoceridae
Hydroptilidae
Odontoceridae
Leptoceridae
Chironomidae
Elmidae
Libellulidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Coenagrionidae
Hydroptilidae
Megapodagrionidae
Chironomidae
Baetidae
Hydrophilidae
Gripopterygidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Dryopidae
Chironomidae
Perlidae
Chironomidae
Elmidae
Elmidae
Gomphidae
Calamoceratidae
Calamoceratidae

Neuraeschna
Notalina
Ochrotrichia
Odontoceridae_spl
Oecetis

Onconeura
Ordobrevia
Orthemis
Orthocladiinae_spl
Orthocladiinae_sp2
Orthomentumdif
OrthoY

Oukuriella
Oxyagrion
Oxyethira
Oxystygma
Parachironomus
Paracloeodes
Paracymus
Paragripopteryx
Parametriocnemus_sp1
Paraphaenocladius_sp1
Parasmittia
Paratendipes_spl
Pelomus
Pelonomus
Pentaneura
Perlidae_spl
Phaenopsectra
Phanocerus_spl
Phanocerus_sp2
Phyllocycla
Phylloicus_sp1
Phylloicus_sp2
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Insecta
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Insecta
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Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Odonata
Hemiptera
Diptera
Trichoptera
Coleoptera
Diptera
Odonata
Coleoptera
Trichoptera
Trichoptera
Diptera
Diptera
Coleoptera
Coleoptera
Diptera
Diptera
Diptera
Coleoptera
Diptera
Diptera
Coleoptera
Coleoptera
Diptera
Trichoptera
Coleoptera
Coleoptera
Diptera
Diptera
Diptera
Diptera
Coleoptera
Diptera
Diptera
Diptera

Libellulidae
Pleidae
Chironomidae
Polycentropodidae
Helodidae
Chironomidae
Gomphidae
Elmidae
Glossosomatidae
Glossosomatidae
Chironomidae
Chironomidae
Psephenidae
Psephenidae
Chironomidae
Chironomidae
Psychodidade
Dytiscidae
Chironomidae
Chironomidae
Scirtidae
Scirtidae
Simuliidae
Hydropsychidae
Staphylinidae
Elmidae
Chironomidae
Chironomidae
Chironomidae
Stratiomyidae
Noteridae
Tabanidae
Chironomidae
Chironomidae

Planiplax

Pleidae_sp
Polypedilum
Polyplectropus
Prionocyphon
Procladius
Progomphus
Promoresia
Protoptila
Protoptilinae
Psedouchironomini_sp1
PsedouchironominiX
Psephenidae_sp
Psephenus
Pseudochironomini
Pseudofuronamandibula
Psychodidae_sp
Ranthus
Rheocricotopus_spl
Rheotanytarsus_spl
Scirtes

Scirtidae_sp
Simuliidae_spp
Smicridea
Staphylinidae_sp
Stegoelmis
Stempellina_sp1
Stempellinella_sp1
Stenochironomus_spp
Stratiomyidae_sp
Suphisellus
Tabanidae_sp
Tanypus
Tanytarsus_Caladomyia
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Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Diptera
Diptera
Diptera
Ephemeroptera
Odonata
Diptera
Odonata
Ephemeroptera
Trichoptera
Ephemeroptera
Ephemeroptera
Trichoptera
Coleoptera

Chironomidae
Chironomidae
Chironomidae
Leptophlebiidae
Gomphidae
Tipulidae
Libellulidae
Leptohyphidae
Hydroptilidae
Leptohyphidae
Leptohyphidae
Leptoceridae
Hydrophilidae

Thienemaniolla
Thienemanniella_sp1
Thienenanimyia
Thraulodes
Tibiogomphus
Tipulidae_sp
Tramea
Traverhyphes
TriboLeucotrichinii
Tricorythodes
Tricorythopsis
Triplectides
Tropisternus
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