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ABSTRACT. The study of Ephemeroptera, Plecoptera and Trichoptera associated with litter in southeastern
Brazil streams aimed to answer the following questions: 1) Does richness and composition of EPT fauna differ
between riffle and pool mesohabitats despite being associated to the same substratum, litter? 2) Does the
similarity of the EPT fauna between both mesohabitats change with time? 3) Does the EPT functional feeding
structure differ between both mesohabitats (riffles–pools)? In order to answer these questions, monthly collections, from November 1999 to June 2000, were done in Ribeirão (Stream) Bocaina with a D-net (10 litter patches
in riffles and 10 in pools). The EPT fauna at Ribeirão Bocaina was more diversified and more abundant in the
litter in riffles than in the litter in pools, although, when richness was standardized for the same number of
individuals it became similar in both conditions. EPT fauna was very different between both mesohabitats in
terms of faunal composition as well as in terms of function. Probably it was due to differences in water speed, in
the time of litter residence and in the concentration of dissolved oxygen between both mesohabitats.
KEY WORDS. Aquatic insects; aquatic macroinvertebrates; EPT; lotic environments.
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RESUMO. Com
Comunidades
Ephemeropter
opteraa , Plecopter
Plecopteraa e Trichopter
ichopteraa em folhiço de um riacho de montaasil. A fauna de Ephemeroptera, Plecoptera e Trichoptera associadas
Brasil.
nha da Mata Atlântica do Sudeste do Br
ao folhiço em um riacho do sudeste do Brasil foi estudada com o objetivo de responder às seguintes questões:
1) A riqueza e a composição faunística de EPT difere entre os dois mesohabitats (corredeira-remanso) mesmo
quando associadas ao mesmo substrato, folhiço? 2) A similaridade da fauna de EPT entre os dois mesohabitas
muda temporalmente? 3) A estrutura funcional de EPT difere entre os dois mesohabitats (corredeira-remanso)?
Para responder essas questões, coletas mensais, de novembro de 1999 a junho de 2000, foram feitas no Ribeirão
Bocaina com rede D (10 acúmulos de folhas em remanso e 10 em corredeira). A fauna de EPT do Ribeirão
Bocaina foi mais diversificada e mais abundante no folhiço em corredeira do que no folhiço em remanso, no
entanto, quando a riqueza foi padronizada para o mesmo número de indivíduos essa se tornou similar para as
duas condições. A fauna de EPT foi bastante diferente entre os dois mesohabitats, tanto em termos da composição faunística quanto em termos funcionais. Isso provavelmente ocorreu devido às diferenças de velocidade da
água, no tempo de residência do folhiço e na taxa de oxigênio da água entre os dois mesohabitats.
PALAVRAS-CHAVE. Ambientes lóticos; EPT; insetos aquáticos; macroinvertebrados aquáticos.

The distribution of aquatic organisms in lotic environments is determined by many factors, which operate in different scales, from the most ample scales to the local ones. Considering local scales, mountain streams present a large variability, constituting a mosaic of habitats with different environmental characteristics. This heterogenity in each stretch of
the stream is crucial for the distribution patterns of aquatic
organisms, as many organisms show preferences for particular

characteristics of habitat (MINSHALL 1984).
In a stream, mesohabitat may be defined as visually distinct unit of habitat with an evident physical uniformity (PARDO
& ARMITAGE 1997). In mountain streams there is generally the
formation of a riffle–pool system. On the one hand, riffle
mesohabitats have high water speed and, for this reason, they
are an erosive environment, characterized by an irregular water flux and a predominance of rocky substrata. On the other
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hand, the pool mesohabitats have lower water speed, what
makes them depositional habitats. Usually they are deeper than
riffles, have a more uniform flux and a predominance of organic detritus and fine substrata.
As most benthic organisms present low mobility, local
factors have great importance for their distribution. Considering the fact that the organisms are adapted to a specific combination of environmental factors, it is expected that different
environment characteristics, represented by riffles and pools,
determine the distribution of those organisms in each part of
the stream (KOBAYASHI & KAGAYA 2002).
In this work, data from EPT associated with litter were
collected in a mountain stream with the aim of answering the
following questions: 1) Does richness and composition of EPT
fauna differ between both mesohabitats (riffles–pools) even
when associated with the same substratum, litter? 2) Does the
EPT fauna similarity between both mesohabitats change with
time? 3) Does the EPT functional feeding structure differ between both mesohabitats ?

MATERIAL AND METHODS
Study area
This study was carried out in a stream of the Intervales
State Park. The Park is located in the Serra de Paranapiacaba,
South of São Paulo State, and includes areas of the municipalities of Ribeirão Grande, Eldorado, Guapiara, Iporanga and Sete
Barras. The Park is situated at coordinates 24º12’-24º25’S and
48º03’-48º30’W. Its area is approximately 380 km2 and it represents one of the last well-preserved areas of the Atlantic Forest.
Altitudes vary from 70 to 1000 m.
The highest ridges define the watershed between the
Ribeira de Iguape River catchment in the direction of the coast
and the Paranapanema River catchment flowing inland. Concerning the hydrological classification, within the Park, the
rivers vary from 1st to 5th order. It rains all along the year and
this promotes high air humidity.

Collection and identification
This study was carried out in the Bocaina Stream
(24º16´13”S and 48º27´09”W), which belongs to the Ribeira de
Iguape basin. The studied stretch is 2nd order (sensu STRAHLER 1957),
with a dense canopy cover, presence of riffles and pools, and
plant litter accumulations are common. During collections, the
following environmental factors were registered: air and water
temperatures (ºC, alcohol thermometer), water speed (m/s, floater
method), discharge (m3/s, according to the methodology described in LIND 1979), electric conductivity (µS/cm), hydrogenionic potential (pH), water turbidity (NTU) and dissolved oxygen (mg/l), the last four being measured with portable meters.
The characterization of the stream is presented in table I.
Aquatic macroinvertebrates were sampled monthly from
November 1999 to June 2000 in litter in riffles and in pools. In
each collection, 10 litter patches (0,01 m2 each) were sampled
in riffles and another 10 in pools with a D-net.
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Table I. Environmental characterization of the Bocaina stream
(from November 1999 to June 2000, means), Intervales State Park,
São Paulo.
Environmental factors
Air temperature (°C)

16.460

Water temperature (°C)

18.160

Water speed (m/s)

0.325

Discharge (m3/s)

0.144

Hydrogenionic potential (pH)

7.910

Electric conductivity (mS/cm)

121.500

Dissolved oxygen (mg/l)

8.550

Water turbidity (NTU)

3.720

The Ephemeroptera, Plecoptera and Trichoptera immatures
were sorted out and identified to genus. For this, the following
keys were used: DOMÍNGUEZ et al. (1992) for Ephemeroptera,
BENEDETTO (1974) and FROEHLICH (1984) for Plecoptera, and ANGRISANO
(1995) and WIGGINS (1998) for Trichoptera. The EPT genera were
included in the functional feeding categories proposed by CUMMINS
& KLUG (1979) using data from the literature (MERRITT & CUMMINS
1996, WIGGINS 1998, POLEGATTO & FROEHLICH 2003) and observations in the field. The trophic functional categories considered
were collectors, scrapers, shredders and predators.

Data analysis
Richness was evaluated by rarefaction curves (HURLBERT
1971, S IMBERLOFF 1972) using a Monte Carlo permutation
method. To estimate the number of taxa for k individuals, k
individuals were randomly withdrawn from the sample and
the observed number of taxa was recorded. That procedure was
repeated 1000 times. The procedures were carried out using
the Ecosim 5 simulation program (GOTELLI & ENTSMINGER 2000).
The logarithmized abundance matrix [log (x + 1)] was submitted to the Detrended Correspondence Analysis (DCA). DCA
was carried out using the PC-ORD 4.0 program (MCCUNE &
MEFFORD 1999). The logarithmized matrix was also used to calculate a similarity matrix among the samples (Q mode), using the
Morisita-Horn Index (HORN 1966, KREBS 1999). Visualization of
that matrix was obtained through an agglomerative cluster analysis (ROMESBURG 1984). UPGMA was used to obtain the dendrogram (Krebs 1999). The dendrogram distortion was evaluated
by the cophenetic correlation index (CCI) (Romesburg 1984).
That index was obtained correlating the original similarity matrix with the matrix obtained from the dendrogram; r ⱖ 0.8 is
considered a good value (ROHLF 2000). The cluster analysis was
carried out using the NTSYS 2.1 program (ROHLF 2000).
The indicator taxa analysis employed in this study followed the method described by DUFRÊNE & LEGENDRE (1997). This
method is known as ISA that stands for Indicator Species Analysis. According to this technique, there are groups, in the data
set, which can be indicated by some taxa. These groups are established a priori; in our case, groups were defined as samples
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The totals of EPT collected in Ribeirão Bocaina from
November 1999 to June 2000, in litter in riffles and litter in
pools and its respective functional feeding categories are presented in table II. The richness and the number of individuals
were greater in litter from riffles (29 taxa, 2555 individuals)
than in litter from pools (21 taxa, 811 individuals). Nevertheless, the EPT richness between the litter from riffles and those
from pools were similar when richness was standardized
through the rarefaction method (Fig. 1), in other words, the
richness of EPT fauna did not differ between riffle and pools
mesohabitats when the same number of individuals was considered. Richness standardized through rarefaction for 800 individuals had 21.62 EPT taxa (18.15-25.09, 95% confidence
interval) for litter from riffles and 20.96 EPT taxa (20.56-21.34,
95% confidence interval) for litter in pools.
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Figure 2. Scores of Detrended Correspondence Analysis (DCA) for
EPT assemblages collected monthly in litter in riffles and in pools
from November 1999 to June 2000 in Bocaina Stream, Intervales
State Park, São Paulo.

samples with greater scores being those collected in pools. The
second DCA axis explained only 4.3% of variance. Considering the first DCA axis, the scores of EPT fauna in litter in both
mesohabitats maintained approximately the same similarity
during the study period, despite the variation in discharge (Fig.
3). Therefore, the similarity of the EPT fauna between riflles
and pools did not change clearly with time.
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Figure 1. Rarefaction curves of immatures of genera of EPT collected
monthly from November 1999 to June 2000 in Bocaina Stream,
Intervales State Park, São Paulo. Dashed line, litter in pools;
continuous litter in riffles.

Figure 3. Temporal variation of the discharge (m3/s) and of the
scores (according DCA I) of the EPT assemblages collected monthly
in litter in riffles and in pools from November 1999 to June 2000
in Bocaina Stream, Intervales State Park, São Paulo.

The results of this study showed that the composition of
EPT fauna differed between riffle and pools mesohabitats. According to the first DCA axis (84.9% of variance), the dispersion of samples shows that there was a clear separation between the litter fauna of riffles and that of pools (Fig. 2), the

The dendrogram in figure 4 confirms a clear separation
of the fauna of both substrata. Thraulodes, Hylister, Leptonema,
Smicridea, Nectopysche, Atopsyche, Anacroneuria and Kempnyia
were the taxa that indicated riffles. Massartella, Campylocia,
Phylloicus and Triplectides were the indicators of pools (Tab. II).
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Figure 4. Dendrogram obtained by UPGMA representing the
similarity among EPT fauna (Morisita-Horn) collected monthly in
litter in riffles (R) and in pools (P) from November 1999 to June
2000 in Bocaina Stream, Intervales State Park, São Paulo. CCI (0.929).

The proportion of each functional feeding category is
presented in figure 5. For taxa belonging to more than one
category, only the main feeding behaviour was considered. In
this study, the EPT functional feeding structure differed between
both mesohabitats (riffles–pools). Shredders were dominant in
the litter substratum of riffles (38.19%), followed by predators
(23.12%), scrapers (19.90%) and collectors (18.77%). In the litter substratum of pools, shredders (44.51%) were also the dominant category, followed by scrapers (40.57%) and, with a lower
percentage, predators (9.37%) and collectors (5.55%).
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Figure 5. Relative abundance (%) of the functional feeding
categories of EPT collected monthly in litter in riffles and in pools
from November 1999 to June 2000 in Bocaina Stream, Intervales
State Park, São Paulo.
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A common pattern in comparative studies among mesohabitats in streams is the greater abundance and richness in
riffle mesohabitats in relation to those of pools (UIEDA & GAJARDO
1996, BAPTISTA et al. 2001, BUSS et al. 2004). In the present study,
which only considered EPT in litter, the obtained results corroborated the mentioned works. Neverthless, it is necessary
to consider that the greater the number of collected individuals, the greater the number of registered taxa (GOTELLI & G RAVES
1996); this fact may have introduced a bias, since different
numbers of individuals were sampled in both mesohabitats.
Here, when EPT richness, considering the same substratum litter, was standardized, it became similar between both
mesohabitats. In general, works that compare richness between
riffles and pools do not make standardization for the same
number of collected individuals, so, it was not possible to evaluate whether the results found in the present work are a general
pattern or only a characteristic of the studied fauna.
Riffles and pools are two of the most conspicuous mesohabitats in mountain streams. One of the most important factors that differentiate these two habitats is water speed and
this may be a limiting factor for colonization of many aquatic
macroinvertebrates. In order to colonize leaves in riffles, the
macroinvertebrates need adaptations that enable them to remain adhered to the substratum in conditions of strong flow
(KOBAYASHI & KAGAYA 2002). HOOVER et al. (2006) verified a higher
rate of decomposition of litter in pools and suggested that litter in riffles may be accessible only for a limited group of
detritivorous macroinvertebrates, a situation that could lead
to a decrease in the rates of biological fragmentation in riffles.
The smaller oxygenation rates in pools, however, may inhibit
the colonization by taxa with high oxygen requirements
(KOBAYASHI & K AGAYA 2002). Besides these, another important
factor is that litter, in riffles and in pools, is submitted to different hydraulic conditions, which may cause it to present different characteristics (KOBAYASHI & KAGAIA 2002). Therefore, factors as speed, oxygen supply and the litter characteristics may
arise as possible explanatory factors for the different EPT assemblages registered in the two different mesohabitats considered in this work.
An important observation during the present study was
that the taxa indicators of litter in riffles were taxa usually associated with rocky substratum. Therefore, many EPT, indicators of litter in riffles must have used the litter only as substratum, redistributing themselves among the rocks and leaves.
Nectopsyche, a small shredder that hold itself on to firm substrata, was an exception to that rule and it was the only shredder which indicated regions of riffles. On the other hand, taxa
associated with litter in pools were scrapers or shredders that
are characteristics of the accumulation of plant debris.
The functional delimitation between riffle and of pool
mesohabitats may change seasonally as an answer to the varia-
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Table II. Numbers of immatures and functional feeding categories of genera of Ephemeroptera, Plecoptera and Trichoptera collected
monthly in litter in riffles (R) and in pools (P) from November 1999 to June 2000 in Bocaina Stream, Intervales State Park, São Paulo.
Functional feeding categories (FFC): (C) collectors, (Pr) predators, (Sc) scrapers, (Sh) shredders; (IV) indicator value; p to 1000
permutations.
Genera
Leptohyphes Eaton, 1882
Gr. Traverhyphes Molineri, 2001

Litter in Riffles Litter in Pools
53

2

2

IV (%)

P

C Sc

FFC

85.2

0.003

Indicator of the Mesohabitat
R

C

25.0

0.460

R

0.001

R

Thraulodes Ulmer, 1920

172

2

Sc C

98.9

Hylister Domínguez & Flowers, 1989

178

1

C

87.0

0.001

R

C

37.5

0.180

R

Hagenulopsis Ulmer, 1919

5

Farrodes Peters, 1971

1

10

Sc C

45.5

0.185

P

Massartella Lestage, 1930

7

245

Sc C

97.2

0.001

P

Baetodes Needham & Murphy, 1924

5

Sc

50.0

0.069

R

Cloeodes Traver, 1938

3

C

37.5

0.180

R

Other Baetidae

9

14

C

22.8

0.839

P

6

C

50.0

0.067

P

1

41

Sh

85.4

0.004

P

507

22

Pr

95.8

0.001

R

Kempnyia Klapálek, 1914

57

16

Pr

78.1

0.014

R

Macrogynoplax Enderlein, 1909

12

38

Pr

66.5

0.097

P

8

C

25.0

0.459

P

C Sc

12.5

1.000

R

Caenis Stephens, 1935
Campylocia Needham & Murphy, 1924
Anacroneuria Klapálek, 1909

Tupiperla Froehlich, 1969
Gripopteryx Pictet, 1841
Paragripopteryx Enderlein, 1909

1

C Sh

50.0

0.072

R

32

1

C Pr

97.0

0.001

R

Smicridea McLachlan, 1871

167

3

C

98.2

0.001

R

Blepharopus Kolenati, 1859

6

C

12.5

1.000

R

Leptonema Guérin, 1843

Phylloicus Müller, 1880
Nectopsyche Müller, 1879
Triplectides Kolenati, 1859
Helicopsyche Siebold, 1856

7

34

90

Sh

72.6

0.046

P

938

20

Sh

85.7

0.038

R

8

207

Sh

96.3

0.001

P

326

72

Sc

71.7

0.078

R
R

Chimarra Stephens, 1829

2

C

25.0

0.467

Polycentropus Curtis, 1835

1

9

C Pr

45.0

0.177

P

Polyplectropus Ulmer, 1905

1

1

C

6.2

1.000

R

Atopsyche Banks, 1905

18

Pr

75.0

0.006

R

Grumicha Müller, 1879

1

C

12.5

1.000

R

Pr

25.0

0.456

P

?

12.5

1.000

R

Barypenthus Burmeister, 1839
Hydroptilidae
Total

3
1
2555

811

tion in flow. At periods of less flow, due to the water level,
pools could be more isolated. On the other hand, in periods of
higher flow, connectivity between both mesohabitats could
increase. In that sense, it could be expected that temporal variation in flow could lead to an increase in similarity between the
EPT fauna of both mesohabitats in periods of higher flow. The
present work did not confirm that expectation, since, along
the period of study, the EPT fauna in the two mesohabitats

maintained approximately the same similarity, considering the
first axis of DCA, in spite of variation in discharge.
Apart from the composition, the EPT fauna in litter in
both mesohabitats also varied from the functional point of view.
Shredders and scrapers represented 85% of the fauna in litter in
pools. In regions of riffles, however, these two functional categories represented less than 60% of the fauna and many individuals were represented by Nectopsyche, a shredder. In litter in
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riffles, the functional categories had an evener distribution, probably because it is a more heterogeneous environment. In litter
in pools, predators and collectors presented very low percentages, an indication that the main taxa use litter not only as a
substratum but also as an food resource, fragmenting the leaves
or scraping the periphyton of conditioned leaf tissues.
The litter accumulated in riffle mesohabitats may be considered transitory, characterizing itself by high mobility and a
short time of residence whereas the litter of pools is characterized by a longer time of residence. In that sense, litter in pools
regions may allow greater conditioning by microorganisms. So,
it is expected that organisms which employ litter, like the shredders and some scrapers of leaves, would prefer the pools while
in riffles many organisms use litter only as a substratum. Our
results confirm that expectation.
Mesohabitats of riffles and pools constitute discrete habitats with different local environmental conditions; therefore, it
is expected each to have a particular faunal and functional structure of aquatic macroinvertebrates (PARDO & ARMITAGE 1997, BUSS
et al. 2004). The data of this work confirm that expectation since
different EPT assemblages associated to litter occurred in different mesohabitats. In that sense, as the most of the anthropic
impacts leads to a homogenization of habitats, the maintenance
of structural quality of lotic environments at each scale is fundamental to the maintenance of diversity in those ecosystems.
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