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Abstract: Aim: The aim of this paper was to study the spatial distribution 
and functional feeding structure of aquatic insect communities of 18 streams at 
different altitudes in Mambucaba River Basin, Serra da Bocaina, Southeastern Brazil; 
Methods:  Samples were collected in two consecutive dry periods (August of 2003 
and 2004) being sampled four substrate types in each stream: litter from riffles, litter 
from pools, rocks and gravel; Results: We identified 75,581 aquatic insect individuals 
belonging to 201 taxa. Most of the fauna was found in litter substrates (64%), and 
riffle litter substrate had the majority of the specimens (32,572 individuals). Gravel was 
the substrate with highest values of richness (29.84 taxa expected for 187 individuals; 
rarefaction method) and Shannon’s diversity (H’ = 2.370). Rock substrate showed the 
lowest richness (20.24 taxa). Distribution of taxa across substrates shows that only 
28 taxa are restricted to a single substrate, while 78 taxa occurred in all substrates. The 
indicator analysis showed that 20 taxa were characteristic of pool litter, 25 of riffle litter, 
22 of gravel and only nine to rock. In relation to organic and inorganic substrates, 29 
taxa were characteristic of litter, and 17 of inorganic substrates. Cluster analysis based on 
Bray-Curtis dissimilarity index and UPGMA linkage method showed that aquatic insects 
were distributed according to substrate and food resource. In all substrates, the main 
functional feeding group was collector-gatherer (40.64%), and the least representative 
was shredder (6.67%). ANOVA and Tukey HSD tests showed that collector-gatherers 
and shredders were predominant in pool substrates, collector-filters in riffle substrate and 
scrapers in hard substrates; Conclusion: Ours results show that independently of stream 
or altitude, substrate of the same type have similar faunal assemblages. The abundance 
and relative proportion of the functional feeding group showed variation across habitats.

Keywords: distribution, habitats, substrates, benthic macroinvertebrates.

Resumo: Objetivo: O objetivo deste artigo foi estudar a distribuição espacial e a 
categorização funcional trófica da comunidade de insetos aquáticos de 18 riachos em 
diferentes altitudes na Bacia do Rio Mambucaba, Serra da Bocaina, Sudeste do Brasil; 
Métodos: As amostras foram coletadas em dois períodos secos consecutivos (agosto de 
2003 e 2004), sendo coletados em quatro tipos de substratos: folhiço em correnteza, 
folhiço de fundo, pedras e cascalho; Resultados: Foram identificados 75.581 indivíduos 
de insetos aquáticos pertencentes a 201 táxons. Os substratos com folhiço concentraram 
a maior parte da fauna (64%), sendo o folhiço em correnteza o substrato com maior 
abundância de indivíduos (32.572). O cascalho apresentou os maiores valores de riqueza 
(29,84  táxons esperado em 187 indivíduos; método da rarefação) e diversidade de 
Shannon (H’ = 2,370). A menor riqueza (20,24 táxons) foi observada no substrato pedra. 
A distribuição dos táxons entre os substratos mostrou 28 táxons restritos a um tipo de 
substrato, enquanto 78 táxons ocorreram em todos os substratos. Vinte táxons foram 
indicativos para folhiço de fundo, 26 para folhiço em correnteza, 22 para cascalho e nove 
táxons para pedra. Em relação aos substratos orgânicos e inorgânicos, 29 táxons foram 
característicos de folhiço, e 17 de substratos inorgânicos. A análise de classificação baseada 
no índice de Bray-Curtis e método de ligação UPGMA indicou que os insetos aquáticos 
se distribuíram em relação ao tipo de substrato e disponibilidade de alimento. Em todos 
os substratos, a principal categoria funcional foi coletor-catador (40,64%), enquanto 
fragmentador (6,67%) a menor abundância. ANOVA e Teste HSD de Tukey mostraram 
que os coletor-catadores e fragmentador foram predominantes nos substratos de folhiço 
em depósitos, coletores-filtradores nos substrates de correnteza e raspadores nos substratos 
duros; Conclusões: Nossos resultados mostraram que independentemente do rio ou 
altitude, os substratos de um mesmo tipo apresentam assembléias similares. A abundância 
e a proporção relativa dos grupos funcionais tróficos mostrou variação entre os habitats. 

Palavras-chave: distribuição, habitat, substratos, macroinvertebrados bentônicos.
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matter (CPOM, > 1 mm) being composed by leaves 
and wood from riparian vegetation and macrophytes; 
fine particulate organic matter (FPOM, 0.5 µm 
< 1 mm) originated from a great variety of resources, 
including CPOM fragmentation, periphyton, algae, 
and microorganisms; and dissolved organic matter 
(DOM, < 0.5 µm), found in suspension in the water 
column. The availability of food is an obvious factor 
controlling the occurrence and abundance of species. 
Generally, species occur, or are common, only where 
their food is readily available, although few running-
water invertebrates are very specialized in their diets 
(Hynes, 1970). In relation to functional feeding 
groups, invertebrates can be classified as: collectors 
(gatherers or filterers), shredders, scrapers, and 
predators (Cummins and Klug, 1979; Merritt and 
Cummins, 1996). Collectors feed on fine particulate 
organic matter (FPOM), and can be classified in 
collector-filter, feeding on suspension particles of 
FPOM or collector-gatherer, acquiring FPOM from 
interstices in the bottom sediments. Shredders are 
macroinvertebrates whose mouthparts allow them 
to consume leaf litter effectively and, therefore, 
perform an important role in the transformation of 
CPOM material to FPOM in lotic systems, which 
in turn can used as food by collector-gatherers and 
filter-feeders. Scrapers harvest attached algae from 
substrate surface and predators are defined as those 
invertebrates that capture and consume live prey 
(Cummins and Klug, 1979; Wallace and Webster, 
1996; Graça et al., 2001; Merritt et al., 2005).

The number of ecological studies on aquatic 
macroinvertebrates in Atlantic Forest streams 
in southeastern Brazil have been increasing 
considerably in the last decade (e.g. Baptista et al., 
2001a,b, 2007; Callisto  et  al., 2001; Roque and 
Trivinho-Strixino, 2001; Moulton and Magalhães, 
2003; Silveira  et  al., 2005, 2006; Souza and 
Moulton, 2005). The knowledge on the spatial 
distribution and functional feeding groups of 
aquatic insects constitute an important tool in 
biomonitoring programs. Besides, it provides a 
basic knowledge for the identification of policies 
and proposal for conservation and maintenance use 
of natural resources of a given area.

The aim of this study was to describe the 
composition and spatial distribution of aquatic 
insects communities of 18 streams at different 
altitudes in Mambucaba River Basin at Serra 
da Bocaina, Southeastern Brazil, and analyze 
the functional feeding trophic structure of the 
community in different habitats.

1. Introduction

Habitat preferences of benthic macroinvertebrates 
result from the balance of a variety of requirements 
of organisms (Beisel  et  al., 1998). According to 
Pardo and Armitage (1997), the nature of the 
substratum together with flow patterns result 
in a patchy distribution of mesohabitats, each 
inhabited by a particular assemblage of species. The 
habitats for aquatic insect communities in riverine 
ecosystems can be interpreted within the framework 
of various spatio-temporal scales (Subramanian and 
Sivaramakrishnan, 2005). The spatial distribution 
of some aquatic insects seems to respond to some 
environmental parameters of major influence, such 
as current, temperature, oxygen concentration, pH, 
substrate particle size and food supply (Cummins 
and Lauff, 1969).

Lotic ecosystems have a continuous and 
unidirectional water movement which is responsible 
for many processes, like organic matter transport, 
sediment deposition and longitudinal gradients 
inside the drainage basin (Vannote el al., 1980; 
Williams and Feltmate, 1994). The water flow 
influences the substrate particle size and the 
amount of available food, promoting release and/
or remotion of nutrients. Flow velocity is regarded 
as the main factor determining distribution of 
organisms in lotic systems (Minshall, 1984; Ward, 
1992). The spatial availability of substrate, at local 
scale, is represented by alternation between pools 
and riffles. Temporally, this variability is produced 
by variation of flow velocity, which can remove, mix 
and redeposit substrates (Hynes, 1970; Minshall, 
1984).

In aquatic habitats, the substrate is often a 
composite of various materials and particle sizes 
arranged in mosaics (Ward, 1992). The organic 
substrate provides protection and habitat space, 
has fundamental importance as food source, and 
in many instances may constitute a limiting factor. 
Allochthonous organic matter, mainly leaves from 
riparian vegetation, is a major energy source for 
woodland streams or streams with well developed 
riparian corridors of vegetation (Benfield, 1997). 
According to Benfield (1997), the litterfall may 
include leaves and leaf fragments, floral parts, bark, 
wood (branches and twigs), and fruits, which may 
reach streams by direct fall or lateral movement. 
Litterfall contribution is predicted to be highest in 
headwater streams and gradually diminishes at high 
order streams (Vannote et al., 1980).

Cummins (1973) classified organic matter in 
lotic systems by size - the coarse particulate organic 
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in rapid reaches, while leaf/wood accumulated in 
pool areas.

2.2. Sampling

Samples were collected in two consecutive dry 
periods (August of 2003 and 2004). Four substrate 
types were sampled in each stream: litter from riffles 
(LR), litter from pools (LP), rocks from riffles (RO) 
and gravel (GR) from areas with moderate current. 
Three samples of each substrate were collected 
using a Surber net (area of 900 cm2 and mesh of 
185 µm). The following variables were measured in 
situ: electric conductivity (µS.cm-1), pH, depth (m), 
width (m), water current velocity (m/s), and flow 
(m3/s) (Table 1). Samples were fixed and conserved 

2. Material and Methods

2.1. Study area

The study was conducted in 18 tributaries of 
Mambucaba River Basin in different altitudes at 
Serra da Bocaina National Park (22º 40’ S and 
23º 25’ S, 44º 20’ W and 45º 00’ W) in the 
municipalities of Angra dos Reis and Paraty (Rio de 
Janeiro State) and São José do Barreiro (São Paulo 
State) (Figure 1). The vegetation at all sampling 
sites is composed by primary or secondary Tropical 
Atlantic Rain Forest. All streams have forested 
catchments, clear water, riverbed with rocks, gravel, 
cobbles and sand, and are free of point pollution. 
Mosses and algae biofilm cover rocky substrates 

N
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Figure 1. Map of Mambucaba River basin, showing the eighteen () sampling sites. Mambucaba River is marked gray.
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in 80% alcohol and sorted under stereoscopic 
microscope. A single sample from each substrate 
was composed by pooling three Surber sample units 
from the same substrate per stream.

Identification of organisms was performed to the 
lower taxonomic level possible, except for Diptera 
(only identified at family level), with aid of keys 
and taxonomic descriptions (Carvalho, 1989; Belle, 
1992; Angrisano, 1995; Merritt and Cummins, 
1996; Nieser and Melo, 1997; Carvalho and Calil, 
2000; Carvalho et. al., 2002; Da-Silva et al., 2003; 
Olifiers et al., 2004; Salles et al., 2004; Pes et al., 
2005; Dias et al., 2006) and with the aid taxonomic 
specialists. Functional feeding groups of aquatic 
insects were based on Merritt and Cummins (1996), 
Merritt et al. (2005) and Baptista et al. (2006).

2.3. Data analysis

Species diversity was calculated using the 
Shannon-Wiener index (Elliott, 1977; Ludwig and 
Reynolds, 1988), and the taxonomic richness values 
in the different substrates were compared using 
a rarefaction method. The rarefied taxa richness 
expected was calculated to occur in 187 individuals, 
the total abundance obtained in the smallest 
sample. The species Indicator Value analysis (IV) of 
Dufrêne and Legendre (1997) was used to identify 
taxa or functional feeding group characteristic of 
each substrate or groups of substrates (organic or 
inorganic). The significance of the statistics was 
assessed using Monte Carlo tests (McCune and 
Mefford, 1999). We used classification analysis to 
assess similarities among substrate samples. Groups 
were obtained using the Bray-Curtis dissimilarity 
index and the UPGMA linkage method. The 
analysis was obtained using the program NTSYS 
version 1.70 (Rohlf, 1992). In order to assess 
whether functional feeding group abundances were 
different among substrates, an Analysis of Variance 
(ANOVA) was performed, followed by Tukey HSD 
test (Statsoft, 2001).

3. Results

3.1. Environmental features

Water temperature values varied according to the 
altitude (Table 1). The streams located above 1250 m 
a.s.l. present temperatures lower than 14.5 °C, while 
those located below 200 m present temperatures 
higher than 19.0 °C. The streams S14 (located at 
318 m a.s.l) and S8 (located at 940 m a.s.l) showed 
the lowest pH values 5.0 and 5.1 respectively, and 
the highest pH values were measured at streams 

S11 (8.1) (located at 586 m a.s.l) and S17 (8.2) 
(located at 68 m a.s.l). Electric conductivity values 
were higher at site S5 (0.90  µS.cm-1), located at 
1.200 m a.s.l, and the lower values were measured 
at S1 (0.03 µS.cm-1), located at 1675 m a.s.l.

3.2. Spatial distribution and faunal composition

A total of 75,581 aquatic insect individuals 
were identified, belonging to 201 taxa, distributed 
among the orders Ephemeroptera, Odonata, 
Plecoptera, Blattodea, Hemiptera, Megaloptera, 
Coleoptera, Trichoptera, Lepidoptera, and Diptera 
(Table 2). About 64% of the aquatic insect fauna 
occurred in organic substrates, including both riffle 
and pool litter (32,572 and 17,752 individuals 
respectively.). Riffle litter presented the highest 
abundance, corresponding to 41.92% of the 
total. Paragripopteryx sp. (6.32%), Smicridea sp.1 
(4.16%), Nectopsyche sp.1 (4.19%), Grumicha sp.2 
(3.34%), and Anacroneuria sp. (3.30%) were the 
most abundant taxa in this substrate. Besides that, 
some caddisfly taxa were observed preferentially in 
this substrate, such as Atopsyche sp., Chimarra sp., 
Contulma sp., and Phylloicus sp.2. The highest 
richness (29.84 taxa expected to occur with 
187 individuals) and Shannon’s diversity (H’ = 2.370) 
were found in gravel substrate, which also showed 
the lowest amount of individuals (10,640 ind.). 
Rock substrate showed the lowest richness (20.24 
taxa) and presented 14,617 individuals (Figure 2). 
In this substrate, scrapers like Grumichella sp. 
(12.58%), Baetodes sp. (6.34%) and Hydroptilidae 
taxa presented their highest abundances.

Distribution of taxa across substrates shows that 
only 28 taxa were restricted to a single substrate, 
while 78 taxa occurred in all substrates. In fast 
flowing areas, Camelobaetidius sp., Leucotrichia sp., 
Metrichia sp.5 and Rhyacopsyche sp.2 were found 
exclusively in rock. Guaranyperla sp., Suphisellus 
sp., Enocchrus sp., Oocyclus sp., Hydrophilidae 
sp.1 and Ochrotrichia sp. only occurred in 
riffle litter. Cyanogomphus sp., Epigomphus sp., 
Limnocoris intermedius, Berosus sp., Phylloicus sp.4, 
Austrotinodes sp. and Macronema sp. occurred 
only in pool litter. Askola sp.2, Macrothemis sp., 
Coleopterocoris hungerford, Plactynectes sp., Stegoelmis 
sp., Marilia sp.2, Marilia sp.5, Polycentropodidae 
sp.1 and Sericostomatidae sp. 1 were found 
exclusively in gravel. The results of Indicator Value 
analysis performed by each substrate or groups 
of substrates are in Table 3. Riffle litter was the 
substrate with highest number of characteristics 
taxa (25) and rock substrate had only nine indicator 
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Table 2. Taxa and functional feeding groups (FFG) found to each substrates at Serra da Bocaina streams.
Taxa FFG LP LR GR RO

Ephemeroptera Baetidae Americabaetis CG 7 91 10 21
Baetodes SC 9 58 76 747
Camelobaetidius SC - - - 39
Cloeodes CG 12 2 11 30
Paracloeodes SC 14 4 1 -
Zelusia principalis Lugo-Ortiz &
McCafferty, 1995

CG 69 9 2 -

Caenidae Caenis CG/SC 120 1 2 1
Euthyplociidae Campylocia CF/SH 4 - 29 -
Leptohyphidae Leptohyphes CG 33 76 53 5

Leptohyphodes CG 511 7 122 2
Traverhyphes CG 52 36 110 4
Tricorytopsis CG 18 4 144 49
Tricorythodes CG 13 7 40 2

Leptophlebiidae Askola froehlichi Peters, 1969 CG/SC 50 - 47 -
Askola sp.1 CG/SC 160 - 6 -
Askola sp.2 CG/SC 48 - - -
Farrodes carioca Domínguez, Molineri & 
Peters, 1996

CG/SC 257 101 344 10

Hagenulopsis diptera Ulmer, 1920 CG/SC 137 88 299 14
Homothraulus CG/SC 2 4 3 -
Hylister plaumanni Domínguez & 
Flowers, 1989

CG/SC - 25 2 4

Massartela alegrettae Ulmer, 1945 CG/SC 11 - 1 -
Massartela brieni Lestage, 1920 CG/SC 13 - 2 -
Massartela sp.1 CG/SC 5 3 - -
Massartela sp.2 CG/SC 1 3 - -
Miroculis froehlichi Savage & Peters, 1983 CG/SC 630 18 81 3
Needhamella CG/SC 15 4 - 3
aff. Perissophlebiodes CG/SC 2 - 1 -
Thraulodes itatiajanus Traver & 
Edmunds, 1967

CG/SC 6 46 271 24

Thraulodes sp.1 CG/SC - 1 21 1
aff. Thraulodes CG/SC 11 5 52 1
Ulmeritoides sp.1 CG 238 - 2 -
Ulmeritoides sp.2 SC 42 1 5 -

Melanemerellidae Melanemerella brasiliana Ulmer, 1920 SH 45 17 5 -
Odonata Aeshnidae Limnetron debile Karsch, 1891 P 11 - 1 -

Limnetron sp.1 P 7 2 - -
Calopterygidae Hetaerina P 42 25 15 3
Coenagrionidae Argia P 2 - 14 -
Corduliidae Neocordulia P 25 - 3 -
Gomphidae Cyanogomphus P 1 - - -

Epigomphus P 1 - - -
Progomphus gracilis Hagen in Selys, 1854 P 13 1 11 -
Progomphus sp. 1 P 2 1 9 -

Libellulidae Brechmorrhoga P 2 3 18 -
Macrothemis P - - 1 -

Megapodagrionidae Heteragrion P 44 7 11 -
Blattodea Blattidae CG 1 20 3 -
LP = litter from pool, LR = litter from riffle, GR = gravel and RO = rocks. CG = collector-gatherers, CF = collector-
filterers, SC = scrapers, SH = shredders, P = predators.
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Taxa FFG LP LR GR RO
Plecoptera Gripopterigydae Gripopteryx CG/SC 4 67 20 191

Guaranyperla CG - 3 - -
Paragripopteryx CG/SH 297 1504 361 329
Tupiperla CG 184 230 57 10

Perlidae Anacroneuria P 40 811 177 71
Kempnyia P 45 148 16 5
Macrogynoplax P 4 1 1

Hemiptera Helotrephidae Neotrephes jackzewskii China, 1940 P 60 4 25 1
Naucoridae Cryphocricos P - 14 21 2

Limnocoris asper Nieser & Lopez-Ruf, 
2001

P 4 - - 1

Limnocoris brasiliensis De Carlo, 1941 P 9 - 3 -
Limnocoris intermedius Nieser & 
Lopez-Ruf, 2001

P 8 - - -

Limnocoris pauper Montandon, 1897 P 2 2 9 -
Limnocoris siolii De Carlo, 1966 P - 1 - 3

Notonectidae Enithares brasiliensis Spínola, 1836 P 5 - 3 -
Potamocoridae Coleopterocoris hungerford De Carlo, 1968 P - - 1 -

Megaloptera Corydalidae Corydalus sp.1 P 1 14 12 -
Corydalus sp.2 P 2 1 6 -

Coleoptera Curculionidae SH 2 1 1 -
Dryopidae SH 59 29 4 -
Dytiscidae Laccophilus ovatus Sharp, 1882 P 1 1 - -

cf. Laccornelus P 22 - 8 -
Platynectes P - - 1 -
Suphisellus P - 2 - -

Elmidae Austrolimnius formosus (Sharp, 1882) SC - 3 10 14
Austrolimnius laevigatus (Grouvelle, 1888) SC 2 6 23 11
Austrolimnius pilulus (Grouvelle, 1888) SC - 4 3 1
aff. Cylloepus CG 4 3 1 1
Cylloepus SC 1 18 7 4
Gyrelmis CG 2 1 2 5
Heterelmis sp.1 CG 272 522 51 10
Heterelmis sp.2 CG 273 332 37 15
Heterelmis sp.3 CG 4 37 12
Heterelmis sp.4 SC 1 316 6 23
Heterelmis sp.5 SC - 93 6 3
Heterelmis sp.6 SC 1 17 2 2
Hexacylloepus SC 34 - 1 1
aff. Hexacylloepus CG 2 30 8 1
Hexanchorus sp.1 CG - - 1 4
Hexanchorus sp.2 SC - 1 - 1
Macrelmis granosa (Grouvelle, 1896) SC - 10 2 1
Macrelmis sp.1 SC - 17 2 1
Macrelmis sp.2 SC 16 61 20 1
Macrelmis sp.3 CG 2 43 9 1
Microcylloepus sp.1 CG 1 7 4 16
Microcylloepus sp.2 SC 5 22 14 13
Microcylloepus sp.3 CG - 2 1 10
Neoelmis sp.1 CG 17 18 114 6
Neoelmis sp.2 SC 8 34 34 4

LP = litter from pool, LR = litter from riffle, GR = gravel and RO = rocks. CG = collector-gatherers, CF = collector-
filterers, SC = scrapers, SH = shredders, P = predators.

Table 2. Continued...
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Taxa FFG LP LR GR RO
Coleoptera Elmidae Neoelmis sp.3 CG 1 5 - -

aff. Neoelmis CG 1 1 3 -
Phanocerus clavicornis Sharp, 1882 SC 27 256 10 7
Promoresia sp.1 CG/SC 7 24 4 28
Promoresia sp.2 CG 3 3 3 7
Stegoelmis SC - - 9 -
Xenelmis sp.1 SC - 4 3 13
Xenelmis sp.2 CG 63 35 93 116
Xenelmis sp.3 CG 11 - 2 1
Elminae sp. 1 CG 5 3 125 14
Elminae sp. 2 CG - 39 1 -
Elminae sp. 3 CG 30 4 5 -
Elminae sp. 4 CG - 1 2 -

Gyrinidae Gyretes P 21 1 3 -
Hydraenidae Hydraena P 1 19 1 1
Hydrophilidae Berosus P 1 - - -

Chasmogenus P 6 1 - -
Derallus P 13 - - -
Enochrus P - 4 - -
Oocyclus P - 1 - -
Hydrophilinae sp. 1 P - 6 - -

Lutrochidae Lutruchus CG/SC 20 19 1 1
Psephenidae SC 7 4 100 10
Ptilidae - 3 1 - 1
Ptylodactilidae SH 4 - 2 -
Scirtidae CG 1 14 26 2
Staphilinidae P 4 24 8 1

Trichoptera Anomalopsychidae Contulma SC 4 20 8 8
Calamoceratidae Phylloicus sp. 1 SH 741 101 16 3

Phylloicus sp. 2 SH 59 107 2 8
Phylloicus sp. 3 SH 28 5 1 -
Phylloicus sp. 4 SH 8 - - -

Ecnomidae Austrotinodes CF 1 - - -
Glossosomatidae SC 18 14 120 40
Hydrobiosidae Atopsyche P 4 163 33 27
Helicopsychidae Helicopsyche sp. 1 SC 23 18 137 27

Helicopsyche sp. 2 SC - 5 14 24
Helicopsyche sp. 3 SC 5 7 61 6
Helicopsyche sp. 4 SC - 7 153 62
Helicopsyche sp. 5 SC 1 - 3 6

Hydroptilidae Alisotrichia P 1 41 28 224
Leucotrichia SC - - - 4
Metrichia sp. 1 CG/SC 1 4 - 60
Metrichia sp. 2 CG/SC 6 9 4 129

Hydroptilidae Metrichia sp. 3 CG/SC - 5 5 84
Metrichia sp. 4 CG/R 3 5 2 142
Metrichia sp. 5 CG/R - - - 1
Neotrichia sp. 1 R 60 124 52 19
Neotrichia sp. 2 R 35 2 1
Neotrichia sp. 3 R 40 37 35 3
Ochrotrichia (?) CG - 1 - -
Rhyacopsyche sp. 1 CG/R - 1 - 13

LP = litter from pool, LR = litter from riffle, GR = gravel and RO = rocks. CG = collector-gatherers, CF = collector-
filterers, SC = scrapers, SH = shredders, P = predators.

Table 2. Continued...
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Taxa FFG LP LR GR RO
Rhyacopsyche sp. 2 CG/R - - - 6

Hydropsychidae Blepharopus CF 2 31 11 6
Smicridea sp. 1 CF 51 1010 364 341
Smicridea sp. 2 CF - 59 27 189
Smicridea sp. 3 CF - 5 4 68
Smicridea sp. 4 CF - 5 2 1
Leptonema sp. 1 CF - 9 9 7
Leptonema sp. 2 CF - - 2 1
Leptonema sp. 3 CF - - 1 2
Macronema CF 31 - - -

Leptoceridae Atanatolica R 1 6 5 57
Grumichella R 38 68 39 1483
Nectopsyche sp.1 CG 525 996 20 14
Nectopsyche sp.2 CG/SH 29 11 4 -
Nectopsyche sp.3 CG/SH 8 5 2 2
Nectopsyche sp.4 CG/SH - - 2 1
Nectopsyche sp.5 CG/SH - 8 - 1
Nectopsyche sp.6 CG/SH 49 - 1 -
Notalina SH 694 2 11 -
Oecetis sp.1 P 105 3 12 3
Oecetis sp.2 P 21 1 6 -
Triplectides SH 1839 42 73 4
Leptoceridae sp. 1 CG - 1 1 2

Odontoceridae Anastomoneura guahybae Huamantinco & 
Nessimian, 2004

P - 2 - -

Barypenthus concolor Burmeister, 1839 P 16 - 24 1
Marilia sp.1 P/R 44 8 17 2
Marilia sp.2 P/R - - 10 -
Marilia sp.3 P/R 5 1 6 -
Marilia sp.4 P/R 1 5 2 -
Marilia sp.5 P/R - - 1 -

Philopotamidae Chimarra CF - 66 27 3
Wormaldia CF - 21 12 -

Polycentropodidae Cyrnellus CF 2 10 - -
Polycentropus CF/P 26 2 6 1
Polyplectropus CF 2 8 16 1
Polycentropodidae sp. 1 - - - 1 -

Sericostomatidae Grumicha sp.1 R 106 554 44 28
Grumicha sp.2 R 76 796 133 24
Sericostomatidae sp. 1 - - - 4 -

Xiphocentronidae Xiphocentron CF 1 3 12 9
Lepidoptera Pyralidae SH 2 6 15 16
Diptera Blephariceridae SC - - 1 9

Ceratopogonidae CG/P/SC 592 527 58 49
Chironomidae CG/CF/

SC/P
7780 14462 4958 2757

Culicidae CF - - - 1
Dixidae CG 12 47 25 16
Dolichopodidae - - 2 - -
Empididae CG 78 327 54 20
Ephydridae CG - 2 - 1
Psychodidae CG/SC 9 277 26 248

LP = litter from pool, LR = litter from riffle, GR = gravel and RO = rocks. CG = collector-gatherers, CF = collector-
filterers, SC = scrapers, SH = shredders, P = predators.

Table 2. Continued...
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pool; predator (IV = 31.5) was indicative for 
gravel substrates, and collector-filter and scrapers 
(IV  =  40.5 and IV = 34.4, respectively) were 
indicatives for rock substrates.

There were differences in abundance and 
proportion of the functional feeding groups among 
substrate types. Collector-gatherers (F3.68 = 33.961, 
P < 0.001) showed differences between litter from 
pool and riffles and rock and the other substrates 
(Tukey Test, p < 0.05; Figure 4a). Chironomidae, 
Elmidae larvae and some Ephemeroptera genera 
were the main representatives of this group. 
Collector-filterers (F3.68 = 25.608; P < 0.001) 
showed differences between litter from pools and 
riffles, litter from riffles and gravel, and rock and 
other substrates (Tukey Test; p < 0.05; Figure 4b). 
Collector-filterer fauna was composed mainly by 
Simuliidae and some Tanytarsini (Chironomidae). 
Predators (F3.68 =  7.2880; P < 0.001) showed 
differences between rock, litter from pool and 
gravel (Tukey Test, p < 0.05; Figure 4c). This 
group was poorly represented in the studied 
streams, reaching its highest representation in 

taxa. In relation to groups of substrates, 27 taxa 
were characteristic of organic substrates, and 17 of 
inorganic substrates.

Cluster Analysis showed the aquatic insects 
are distributed mainly in relation to substrate type 
and food availability, forming characteristic habitat 
assemblages (Figure 3). Group A was formed by the 
inorganic substrates, mainly rocks in riffle areas, 
and group B formed by all remaining substrates. 
Group B was divided in two groups: B1 – formed 
by some pool litter and gravel samples, found mainly 
in pool areas, and B2 – formed by the majority litter 
samples independent of current velocity.

3.3. Functional feeding groups

Collector-gatherer was the main functional 
feeding group (40.64%), followed by collector-
filterer (26.04%), scraper (18.20%), predator 
(8.45%) and shredder (6.67%) of the total 
abundance of individuals. The results of Indicator 
Value analysis (p < 0.05) showed that collector-
gatherers and shredders (IV = 30.4; IV = 68.6, 
respectively) were indicatives for litter from 

Taxa FFG LP LR GR RO
Diptera Simuliidae CF 143 6837 199 6408

Stratiomyidae CG 2 1 - -
Tabanidae P 1 - 4 1
Tipulidae CG/SH/P 110 103 388 16

LP = litter from pool, LR = litter from riffle, GR = gravel and RO = rocks. CG = collector-gatherers, CF = collector-
filterers, SC = scrapers, SH = shredders, P = predators.

Table 2. Continued...

Figure 2. Mean (Min-Max) rarefaction and Shannon’s Diversity found to substrates studied in the streams at Serra 
da Bocaina.
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Shredders (F3.68 = 47.454; P = 0.000787) showed 
significant differences between litter from pools 
and the other substrates (Tukey Test; p < 0 .05; 
Figure 4e). They were represented mainly by genera 
Notalina, Nectopsyche, Phylloicus, Triplectides, 
Melanemerella and Paragripopteryx.

gravel, where the main representatives were 
Hemiptera and Odonata. Scrapers (F3.68 = 6.2899; 
P = 0.000261) showed differences between 
rock and litter substrates (Tukey  Test; p <  0.05; 
Figure 4d). The main representatives were 
Grumichella sp., Grumicha sp., Helicopsyche sp., 
Elmidae (adults) and some ephemeropterans. 

Table 3. Taxa indicators found to each substrate type and organic/inorganic susbtrates found at the Serra da Bocaina 
streams. (p < 0.05).
Pool Litter Riffle Litter Gravel Rock
Gyretes Americabaetis Argia Alisotrichia
Hetaerina Anacroneuria Austrolimnius laevigatus Baetodes
Hexacylloepus Chimarra Barypenthus Grumichella
Leptohyphodes Chironomidae Brechmorrhoga Gripopteryx
Limnetron debile Contulma Campylocia bocainensis Metrichia sp.1
Limnetron sp.1 Cyrnellus Corydalus Metrichia sp.2
Massartela alegrettae Empididae Cryphocricos Metrichia sp.3
Massartela brieni Grumicha sp.1 Elminae sp.1 Rhyacopsyche sp.1
Miroculis froehlich Heterelmis sp.1 Glossosomatidae Smicridea sp.2
Neocordulia Heterelmis sp.4 Helicopsyche sp.1
Neotrephes jackzewskii Heterelmis sp.5 Helicopsyche sp.4
Notalina Heterelmis sp.6 Limnocoris pauper
Oecetis sp.1 aff. Hexacylloepus Marilia sp.2
Phylloicus sp.1 Hydraena Neoelmis
Phylloicus sp.3 Hylister plaumanni Polyplectropus
Polycentropus Leptohyphes Psephenidae
Triplectides Lutruchus Thraulodes itatiajanus
Ulmeritodes sp.1 Macrelmis sp.1 Thraulodes sp.1
Xenelmis sp.2 Macrelmis sp.2 Tipulidae
Zelusia principalis Macrelmis sp.3 Traverhyhes

Paragripopteryx Tricorythodes
Phanocerus Tricorytopsis
Phylloicus sp.2
Smicridea sp.1
Staphilinidae

Organic substrates Inorganic substrates
Ceratopogonidae Neocordulia Austrolimius laevigatus
Chironomidae Notalina Austrolimius formosus
Cyrnellus Phanocerus Baetodes
Dryopidae Phylloicus sp.1 Elminae sp.1
Empididae Phylloicus sp.2 Glossosomatidae
Gyretes Phylloicus sp.3 Grumichella
Hetaerina Triplectides Helicopsyche sp.2
Heterelmis sp. 1 Tupiperla Helicopsyche sp.4
Heterelmis sp. 2 Ulmeritodes sp.1 Metrichia sp.2
Heterelmis sp. 5 Zelusia principalis Metrichia sp.3
Limnetron debile Neoelmis
Limnetron sp. 1 Psephenidae
Lutruchus Rhyachopsyche sp.1
Massartela alegrettae Thraulodes itatiajanus
Melanemerella brasiliana Thraulodes sp.1
Miroculis froehlichi Tricorytopsis
Nectopsyche sp. 1 Xiphocentron
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4. Discussion

4.1. Spatial distribution

Substrate type is a useful and convenient 
predictor of the abundance and diversity of benthic 
macroinvertebrates (Minshall, 1984; Beisel et al., 
1998). Habitat structure may regulate species 
diversity at local scale, the more complex habitats 
being usually associated with greater richness values 
than simple ones (Downes  et  al., 1998). In the 
streams studied, most of the aquatic insect fauna 
was found associated to organic substrates, both 
in riffles and pools. This may be related to the 
capacity of these substrates to retain the most part of 
organic matter available inside a stream, providing 
shelter and abundant food. Leaf deposits are chosen 
preferentially in relation to mineral substrates by 
some taxa. According to Reice (1980) this choice 
is consistent with the detritivory of these groups 
and the high concentration of available resource 
in leaves. In this study, insect from riffle litters 
corresponded to 41.92% of the total sampled 
fauna. This abundance pattern in riffle mesohabitat, 
especially in litter, has been observed in several 
studies in streams from Atlantic Forest (Kikuchi 
and Uieda, 1998; Baptista  et  al., 2001a; Crisci-
Bispo et al., 2007a; Buss et al., 2004; Silveira et al., 
2006).

In riffle areas, litter is composed by large and 
relatively young leaves with little matter adhered, 
when compared with litter from pool areas. Insects 
that live in riffle areas use the current to get a 
continuous food flow and higher oxygenation, as 
in Smicridea and Chimarra, which built capture 
nets in fast flowing sites. More than 50% of the 
abundance of these genera is concentrated in such 
substrate. Although, Hylister plaumanni is reported 
by Da-Silva et al. (2010) as inhabitant in pool litter 
and sand in rithral stretches of rivers and Leptohyphes 
is reported by Francischetti et al. (2004) in litter 
from pools and gravel, these taxa were indicatives 
to riffle litter in the streams studied. As expected, 
Anacroneuria, Kempnyia and Paragripopteryx were 
indicative of riffle litter. Baptista et al (1998b) found 
that most Anacroneuria individuals preferred this 
substrate. Elmidae presented almost one half of 
the sampled individuals in riffle litter. Passos et al. 
(2003a), studying a small stream in Rio de Janeiro, 
reported this substrate as preferential to this family, 
especially to the genera Cylloepus, Heterelmis, 
Macrelmis, and Phanocerus.

Macroinvertebrate densities in streams are often 
correlated with the supply of coarse particulate 

Figure 3. Cluster Analysis based on Bray-Curtis 
dissimilarity index using assemblages fauna abundance 
in the substrates collected at Serra da Bocaina streams. 
LP = litter from pool, LR = litter from riffles, GR = gravel, 
RO = rocks. Number 1 to 18 are the streams.
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material in depositional areas of forested rivers 
(Molineri and Dominguez, 2003; Goulart and 
Callisto, 2005; Da-Silva et  al., 2010). Hetaerina, 
Heteragrion, Limnetron, and Neocordulia (Odonata) 
are reported by Carvalho and Nessimian (1998) as 
inhabitants of both erosional and depositional areas 
with presence of detritus, roots and macrophytes. 
In Serra da Bocaina streams, these taxa occurred 
mainly in pool litter.

Gravel substrate had the highest taxonomic 
richness and 22 characteristic taxa. This substrate 
can represent a transition between sand and 

organic material, mainly leaf from riparian 
vegetation (Townsend and Hildrew, 1988; Dudgeon 
and Wie, 1999). Litter from pools tends to be 
colonized by species with shredder habits such as 
Notalina, Oecetis, Phylloicus, and Triplectides. These 
genera use leaf pieces or small sticks from leaf packs 
both to feeding and to build their cases. Miroculis 
froehlichi and Leptohyphodes (Ephemeroptera) were 
abundant (90% of individuals) in deposited litter. 
Askola, Massartela, Melanemerella, and Umeritoides 
were also indicators of this substrate. Several 
studies report these groups as dwellers of organic 

a b

c d

e

Figure 4. Mean (Max-Min) Tukey HSD test results found to each functional feeding groups and substrates (p < 0.05). 
LP = pool litter, LR = riffle litter, GR = gravel and RO = rock.
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The results found in this study corroborate those of 
Minshall and Petersen (1985) and Buss et al. (2004), 
which showed that macroinvertebrates assemblages 
are not random assemblages of species.

4.2. Functional feeding groups

As expected, the functional feeding group 
distribution showed variation across habitats. 
Collector-gatherers displayed higher relative 
proportion in litter from pool and gravel. Collectors-
gathers is one poorly understood functional 
feeding groups, mainly because little is known 
about the sources of FPOM (Cummins, 1974). 
This functional feeding group was predominant 
in all rivers, mainly in litter from pools. This 
result is similar to those of Baptista et al. (1998b) 
and Silveira  et  al. (2006). Collectors-filters have 
filtration mechanisms and feed on fine particulate 
organic matter (FPOM) or dissolved organic matter 
(DOM) present in suspension in water column. 
This trophic group was the second most abundant, 
being more concentrated in rock substrate and litter 
from riffle.

According Cummins (1973), scrapers cut or 
grazes the periphyton (biofilm) and fine organic 
matter deposited or attached to stones and 
vegetation. The biofilm is composed not only by 
algae, but also by bacteria, fungi and organic matter 
embedded in a mucilaginous matrix (Graça, 2001). 
Scrapers constituted the third most important 
functional feeding group in this study. They showed 
higher relative proportion in rock substrates in 
riffle area, where there are appropriate conditions 
to biofilm growth.

Predators showed low participation in the 
studied streams. In general, this guild is well 
represented in lotic and lentic environments, being 
composed mainly by Coleoptera, Hemiptera, 
Odonata, Plecoptera and some crustaceans. Crisci-
Bispo et al. (2007a) studying the EPT functional 
feeding structure in two mesohabitats (pool and 
riffles litter), found predators represented 23.12% 
in riffle litter. Although well represented in the 
neotropic region, predators guild often have few 
individuals in the streams of Southeastern Brazil. 
Silveira  et  al. (2006) found the highest predator 
abundance in fourth order stream reach with 
13.89%, and Crisci-Bispo et al. (2007b) studying 
EPT fauna found predators compound only 
8.72 and 2.21% respectively in two streams.

Baptista  et  al. (1998b), studied the River 
Continuum Concept in Macaé river basin (Rio 
de Janeiro State) and found that shredders 

rocky substrates. In our study, gravel samples 
were composed by a mix of small cobbles and 
pebbles collected in fast and moderate current. 
This variability of particle size and current velocity 
coupled with low stability of the sediment may 
have been responsible for high species richness 
and low density of individuals found in gravel 
substrates. Among the Ephemeroptera indicators of 
gravel, Thraulodes itatiajanus lives in rocky mid-size 
streams with strong current, taking shelter among 
pebbles in the streambed (Da-Silva, 2003), whereas 
Traverhyphes and Tricorytopsis are found in areas 
with strong current between rocks and litter riffle 
(Baptista et al., 2006). In this study the Thraulodes 
taxa had highest density in gravel. Although few, 
most individuals of Brechmorrhoga were sampled 
in gravel substrate, confirming their preference 
for hard substrates in riffle areas as observed by 
Assis et al. (2004) in Ubatiba River, Maricá, Rio de 
Janeiro State. Corroborating Passos et al. (2003b), 
Neoelmis larvae and adults occurred in litter from 
riffles and stones.

Several studies found that rocky substrates 
supported higher density and biomass of 
macroinvertebrates than sand and leaf packs 
(e.g. Hynes, 1970; Brown and Brussock, 1991; 
Velásquez and Miserendino, 2003). In the streams 
studied here, lower richness and abundance were 
found in rocky substrate. Rocky substrate was 
preferential for scrapers and collectors-filterers. 
Baetodes, Grypopteryx, Hydroptilidae (Alisotrichia, 
Metrichia and Rhyachopsyche sp.1), Smicridea sp.2 
and Grumichella were the major representatives of 
this substrate.

Aquatic insect distribution was influenced 
mainly by substrate type. Independently of river or 
altitude studied, substrates of same type have similar 
faunal assemblages, suggesting that availability 
and nature of substrate are the main factors which 
govern the benthic macroinvertebrate colonization 
(Hynes, 1970; Minshall, 1984). Beisel et al. (1998) 
found that nature of substrate also appeared to exert 
a strong influence on community structure. Some 
studies in Brazil have also shown that the distribution 
of macroinvertebrates was influenced primarily by 
substrate type rather than environmental integrity, 
sampling period or river order (Buss et al., 2004; 
Baptista et al., 1998a; Costa and Melo, 2008). The 
substrates are colonized by individuals that show 
similar morphological and functional characteristics 
that allow than to live in these habitats. Many 
species can colonize more than one substrate, but 
in general the substrates show distinct assemblages. 
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significant implications in understanding the spatial 
changes in stream structure communities.
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