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The structure of the fauna of aquatic insects in lotic envi-
ronments is directly related to geomorphology, hydrology, qual-
ity of water, quality and availability of food resources, domi-
nant substratum, temperature and dissolved oxygen (VANNOTE et
al. 1980, RICHARDS et al. 1993, ZAMORA-MUÑOZ et al. 1993, ZAMORA-
MUÑOZ & ALBA TERCEDOR 1996, BISPO et al. 2006). Those character-
istics vary in time and space; therefore, it is expected that those
variation determine the spatial and temporal alteration of di-
versity and of structure of fauna in the aquatic communities.

Among the aquatic insects, Ephemeroptera, Plecoptera
and Trichoptera, usually known as EPT, comprise a rich assem-
blage of taxa in low and medium order cobble streams. These
organisms are sensitive to environmental perturbations and
occur, mainly, in clean and well-oxygenated waters. Due to

those characteristics, these organisms are frequently consid-
ered as good indicators of water quality (ROSENBERG & RESH 1993).
According to MARCHANT et al. (1995), patterns found for EPT
represent the same patterns found for the macroinvertebrate
fauna as a whole; for this reason, studies could be restricted to
that fauna. BISPO et al. (2006) have investigated the effect of
environmental factors over the distribution of EPT and have
concluded that precipitation, stream order and altitude were
the main factors that determine distribution and fauna abun-
dance. The present work aimed to evaluate the effect of spatial
variation, including the effects of stream size, anthropic ac-
tion, and seasonality (dry and rainy seasons) over diversity and
structure of Ephemeroptera, Plecoptera and Trichoptera assem-
blages.
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ABSTRACT. The diversity and structure of Ephemeroptera, Plecoptera and Trichoptera (EPT) assemblages in
streams of Central Brazil (Serra dos Pireneus, Pirenópolis, State of Goiás) was investigated. Abundance data of
EPT were obtained in Central-West Brazilian streams in order to evaluate the effect of spatial variability, includ-
ing the effect of size of the stream and anthropic action, and seasonality (dry and rainy seasons) on faunal
diversity and structure. The immatures were collected with circular sieves (0.5 mm mesh) during one hour at
five collection stations over 14 months. From a spatial point of view, the data showed that anthropic action
determined the patterns of diversity whereas the size of streams (1st and 3rd-4th orders) determined the faunistic
composition. In addition, environmental seasonality was an important factor for structuring the EPT fauna.
KEY WORDS. Aquatic insects; EPT; immatures; lotic environments.

RESUMO. DivDivDivDivDivererererersidadesidadesidadesidadesidade eeeee estrestrestrestrestruturuturuturuturuturaaaaa dedededede comcomcomcomcomunidadesunidadesunidadesunidadesunidades dedededede EphemerEphemerEphemerEphemerEphemeropteropteropteropteropteraaaaa, PlecopterPlecopterPlecopterPlecopterPlecopteraaaaa eeeee TTTTTrrrrrichopterichopterichopterichopterichopteraaaaa (Insecta)(Insecta)(Insecta)(Insecta)(Insecta) ememememem
rrrrriachosiachosiachosiachosiachos dedededede montanhamontanhamontanhamontanhamontanha dododododo BrBrBrBrBrasilasilasilasilasil CentrCentrCentrCentrCentral.al.al.al.al. A diversidade e a estrutura de comunidades de Ephemeroptera, Plecoptera
e Trichoptera (EPT) em riachos do Brasil Central (Serra dos Pireneus, Pirenópolis, Estado de Goiás) foi investigada.
Dados de abundância de EPT foram obtidos em trechos de corredeira de riachos do Centro Oeste Brasileiro com
o objetivo de avaliar o efeito da variabilidade espacial, incluindo o efeito do tamanho do riacho e da ação
antrópica, e da sazonalidade (seca e chuva) sobre a diversidade e a estrutura faunística. Os imaturos foram
coletados mensalmente com redes circulares (0,5 mm de malhas) por uma hora em cinco pontos de coleta durante
14 meses. Do ponto de vista espacial, os dados do presente trabalho mostraram que a ação antrópica determinou
os padrões de diversidade, enquanto que o tamanho dos riachos (1ª e 3-4ª ordens) determinou a composição
faunística. Aliado a isso, a sazonalidade ambiental foi um fator importante para a estruturação da fauna de EPT.
PALAVRAS-CHAVE. Ambientes lóticos, EPT; imaturos; insetos aquáticos.
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MATERIAL AND METHODS

Study area
The present study was conducted in the basin of the Rio

das Almas (Almas River), in Pirenópolis, State of Goiás. The Rio
das Almas originates in Serra (mountain chain) dos Pireneus,
and its many headwaters are steep streams with stony and sandy
bottoms and some pools with leaf debris. These tributaries flow
along the western slope of the chain and are part of the hydro-
graphic network of the Amazon Basin.

According to NIMER (1989), the studied region presents a
semi-humid tropical climate, with rainy season in summer
(marked rainfall between December and February) and dry sea-
son in winter (from May to September).

Stations, sampling and taxonomical identifications
Five collection stations were established: station 1, 1st or-

der segment of Córrego do Inferno (Inferno stream); station 2,
3rd order segment of Rio das Almas in Pireneus chain; station 3,
4th order segment of Rio das Almas, in Pireneus chain, inside a
country club; station 4, 4th order segment of Rio das Almas in-
side the town; and station 5, Córrego Vagafogo (Vagafogo
Stream), a 1st order tributary of Rio das Almas downstream from
the town. Those stations were monthly sampled over a period
of 14 months (June, 1993 to July, 1994), except station 4, sampled
from August, 1993 to July, 1994. For the determination of stream
order, STRAHLER (1957) was followed. During the collections, the
following water physical and chemical characteristics were reg-
istered: air and water temperature (°C, with an alcohol thermom-
eter), water velocity (m/s, by floater method), flow (m3/s, ac-
cording to methodology in LIND 1979), electric conductivity
(µS/cm, with a CORNING OS-17 conductivimeter) and hydro-
genic potential (pH, with a CORNING PS-15 meter). Table I shows
the characterization of each station. The precipitation of the
previous month, according to FLECKER & FEIFAREK (1994), was used
in order to characterize environmental seasonality.

The immatures were collected in riffles through a sam-
pling effort of 1 hour, with circular sieves (15 cm diameter and

0.5 mm mesh). Later, the material was kept in 80% alcohol. In
laboratory, the EPT immatures were separated and identified
to genus, the level possible for the EPT immatures, according
to DOMÍNGUEZ et al. (1992) for Ephemeroptera, BENEDETTO (1974)
and FROEHLICH (1984) for Plecoptera and ANGRISANO (1995) and
WIGGINS (1998) for Trichoptera.

Data analysis
The diversity of the EPT fauna was evaluated through

curves of rarefaction and an index of diversity. The rarefaction
curves (HULBERT 1971, SIMBERLOFF 1972) were computed through
Monte Carlo permutations. In order to estimate the number of
taxa to k individuals, k individuals were randomly taken from
the samples and the number of observed taxa was registered.
That procedure was repeated 1000 times. The method of rar-
efaction was utilized to standardize richness for a given num-
ber of individuals. In the case of comparison of EPT richness of
Pirenópolis with richness of the other two regions (Campos do
Jordão and Parque Estadual Intervales, State of São Paulo), data
were standardized. For this, only data from two streams of 1st-
2nd orders (low order) and two streams of 3rd-4th orders (me-
dium order) for each of the regions were selected. Considering
data from Pirenópolis, the stations 1 and 5 were representative
of the 1st-2nd orders streams, and the stations 2 and 3 were rep-
resentative of the 3rd-4th orders streams. Only data related to
March, May and November were considered, since collections
in one of the regions were done only in those months.

The region of the Pireneus chain presented two well-de-
fined seasons: a rainy and a dry one (Fig. 1). Considering the
precipitation of the month previous to the collection (FLECKER

& FEIFAREK 1994), it was possible to characterize two periods, a
dry (precipitation < 100mm; June, July, August, September,
October and November) and a rainy one (precipitation > 100
mm; January, February, March, April, May and December). In
that sense, data grouped in dry and rainy seasons were used in
the analysis of EPT diversity in Pirenópolis. As twice samplings
were done in June and July (1993 and 1994), only the sam-
plings of 1994 were considered in the analysis of the dry sea-

Table I. Environmental characterization of the five stations in streams of the Serra dos Pireneus, Pirenópolis.

Paramaters
Stations

1 2 3 4 5

Altitude (m) 1100 780 750 730 710

Order 1st 3rd 4th 4th 1st

Degree of canopy cover High Medium Sparse None High

Water temperature (ºC) 18.607 ± 1.212 19.071 ± 1.785 20.492 ± 2.102 20.417 ± 2.601 20.643 ± 1.994

Air temperature (ºC) 20.607 ± 1.923 21.250 ± 3.756 22.607 ± 3.212 22.000 ± 4.385 22.071 ± 2.630

Water velocity (m/s) 0.295 ± 0.084 0.479 ± 0.140 0.659 ± 0.248 0.830 ± 0.250 0.376 ± 0.134

Discharge (m3/s) 0.043 ± 0.023 0.647 ± 0.382 0.786 ± 0.585 3.086 ± 2.387 0.264 ± 0.176

pH 7.409 ± 0.266 8.309 ± 0.176 8.418 ± 0.232 8.236 ± 0.211 7.545 ± 0.211

Eletrical conductivity (µS/cm) 8.636 ± 5.045 21.364 ± 5.045 29.454 ± 7.091 22.274 ± 4.671 16.818 ± 4.045
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Figure 1. Variation in rainfall (June 1993 to July 1994) for Serra dos
Pireneus, Pirenópolis.

son. Therefore, the estimates of diversity and richness were
based on samples collected in the dry and in the rainy seasons
(each comprising six months of collection) for the five stations.
The diversity for each station, considering grouped data for
dry and rainy seasons, was calculated utilizing the Diversity

Index of Shannon-Wiener (H’ = -�pilnpi) and the Eveness In-
dex of Pielou (E = H’/lnS), where pi is ni/N, ni is the abundance
of taxon i, N is total abundance and S is richness. The stan-
dardized richness through the rarefaction method was also cal-
culated for the grouped data. For the Shannon-Wiener index, a
t test was done, utilizing Hutcheson’s method (MAGURANN 1989)
to compare the diversity of the stations among themselves.
Due to the problem of multiple comparisons a Bonferroni cor-
rection (�/number of comparisons) was applied in order to
obtain the significance of the test (GOTELLI & ELLISON 2004).

Temporal and spatial structure of EPT fauna was evaluated
through multivariate methods. The matrix was submitted to an
ANOSIM (Similarity Analysis) two factors without replication,
considering the sources of spatial and temporal variation. The
ANOSIM is part of a group of analyses to test whether there are
differences in multivariate structures of previously established
groups. To ANOSIM two factors without replication, if the site
effect is responsible for community changes in consistent way,
separate matrices of similarity (among the sites) for each time
should show a high concordance. In the same way, if temporal
effect is consistent, a high concordance among the matrices of
similarity (among the times) for each site should be found. The
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Figure 2. Rarefaction curves of immatures of genera of EPT collected in the regions of Pirenópolis, Campos do Jordão and the Parque
Estadual Intervales. In each region, data correspond to four stations (2 1st-2sd orders and 2 3rd-4th orders) and samples collected in March,
May and November. Continuous line, low (1st-2sd) order stations; dashed line, medium (3rd-4th) order stations.



286 P. C. Bispo & L. G. Oliveira

Revista Brasileira de Zoologia 24 (2): 283–293, junho 2007

concordance is evaluated by global � (Spearman correlation coef-
ficient), which is the average of all pairwise correlations between
the matrix of similarity among the sites (or among the times) for
each time (or site) (Clarke & Warwick 1994). The significance is
obtained through the Monte Carlo Method. Here the ANOSIM
was based on the similarity matrix of Bray-Curtis and 1000 per-
mutations were employed (CLARKE & WARWICK 1994). The
logarithmized matrix [log (x+1)] was submitted to the Detrended
Correspondence Analysis (DCA) (GAUCH 1995). The original ma-
trix was submitted to the method of divisive classification
TWINSPAN (Two Way Indicator Species Analysis) (GAUCH 1995).

Rarefaction was done through the simulation program
Ecosim 5 (GOTELLI & ENTSMIGEN 2000). The ANOSIM was carried
through the program PRIMER 5.0 (CLARKE & GORLEY 2001), the
DCA and the TWINSPAN were done through the PCORD 4.0
(MCCUNE & MEFFORD 1999) program.

RESULTS

EPT diversity
The EPT taxa collected in five streams of Serra dos

Pireneus are listed in table II. The EPT standardized richness
(450 individuals) of Pirenópolis region was intermediate when
compared to faunas of other sites (Fig. 2); richness was also

greater in sites of 1st order than in sites of 3rd-4th orders (Fig. 2).
It was observed that in the dry season the values of the Shan-
non-Wiener index were significantly greater in stations 1, 2
and 5, and they were smaller in stations 3 and 4 (t test of
Hutcheson with correction of Bonferroni) (Fig. 3). In the rainy
season, the values of the Shannon-Wiener index had the fol-
lowing sequence: Station 1 > Station 2 > Station 3 = Station 5 >
Station 4 (t test of Hutcheson with correction of Bonferroni)
(Fig. 4). The values of eveness varied between 0.74 and 0.78 in
the dry season. In the rainy season, eveness varied between
0.65 and 0.80, stations 1 and 2 being those that presented the
greater values, followed by station 3 and station 5; station 4
was the one with the smallest eveness (Figs 5 and 6). As for
richness, stations 1 and 2 were those that presented the great-
est values, followed by station 5 and, at last, by stations 3 and
4 (Figs 7 and 8). The estimation above may have a bias due to
the different number of individuals collected in each station,
for which reason rarefaction was used. The standardized rich-
ness by rarefaction for 250 individuals shows that stations 1, 2
and 5 were the ones that presented the greatest richness (Fig.
9). In general, the number of collected individuals was greater
in the dry than in rainy, except at station 4 (Fig. 9). Results
showed that, when the same number of individuals is consid-
ered, richness did not vary between the two seasons (Fig. 9).

Table II. Immatures of EPT genera collected from June 1993 to July 1994 in five stations in streams of the Serra dos Pireneus, Pirenópolis.

Taxons
Stations

N
 1 2 3 4 5

Ephemeroptera
Baetidae

Baetis s.l. Leach, 1815 X X X X X  662

Aff. Bernerius Waltz & McCafferty, 1987 X X X X X  83

Camelobaetidius Demoulin, 1966 X X X X  130

Euthyplociidae

Campylocia Needham & Murphy, 1924 X  28

Leptohyphidae

Leptohyphes Eaton, 1882 X X X X X  821

Leptophlebiidae

Aff. Dactylophlebia Pescador & Peters, 1980 X  2

Aff. Demoulinellus Pescador & Peters, 1982 X X X  6

Farrodes Peters, 1971 X X X X  13

Hermanella Needham & Murphy, 1924 X  2

Hylister Dominguez & Flowers, 1989 X X X  12

Massartella Lestage, 1930 X  123

Needhanmella Dominguez & Flowers, 1989 X X X X X  81

Aff. Nousia Navás, 1918 X X X X X  118

Thraulodes Ulmer, 1920 X X X X X  144

Traverella Edmunds, 1948 X  3

Oligoneuriidae

Lachlania Hagen, 1868 X  3

Continue
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Table II. Continued.

Taxons
Stations

N
 1 2 3 4 5

Plecoptera

Gripopterygidae

Gripopteryx Pictet, 1841 X  16

Tupiperla Froehlich, 1969 X  13

Perlidae

Anacroneuria Klapálek, 1909 X X X X X  858

Kempnyia Klapálek, 1914 X X X  30

Macrogynoplax Enderlein, 1909 X X  17

Trichoptera

Calamoceratidae

Phylloicus Müller, 1880 X X X X  135

Glossosomatidae

Protoptila Banks, 1904 X X X X X  552

Hydrobiosidae

Atopsyche Banks, 1905 X X X X X  144

Helicopsychidae

Helicopsyche Siebold, 1856 X X X X  87

Hydropsychidae

Leptonema Guérin, 1843 X X X X X  639

Macronema Pictet, 1836 X X X  27

Smicridea McLachlan, 1871 X X X X X  498

Hydroptilidae

Hydroptila Dalman, 1819 X X  9

Dicaminus Müller, 1879 X  4

Oxyethira Eaton, 1873 X X X  14

Leptoceridae

Atanatolica Mosely, 1936 X X X  7

Grumichella Müller, 1879 X X X  136

Nectopsyche Müller, 1879 X X X X  54

Oecetis McLachlan, 1877 X X X X X  82

Odontoceridae

Barypenthus Burmeister, 1839 X X  108

Marilia Müller, 1880 X X X  100

Philopotamidae

Chimarra Stephens, 1829 X X X X X  409

Polycentropodidae

Polycentropus Curtis, 1835 X  6

Xiphocentronidae

Xiphocentron Brauer, 1870 X X X  20

Genus Number  31  28  23  19  27

Total of Ephemeroptera nymphs  268  516  821  239  387  2231

Total of Plecoptera nymphs  286  221  93  22  312  934

Total of Trichoptera larvae  425  901  843  435  427  3031

Total  979  1638  1757  696  1126  6196
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Spatial and Temporal Structure of EPT Fauna
A two factors ANOSIM without replication was applied

in order to check whether there was modification in the multi-
variate structure under spatial and temporal points of view.
Both variation sources were important for the organization of
the EPT fauna, the source of spatial variation (� = 0.467; p <
0.001 for 1000 permutations) and the source of temporal varia-
tion (� = 0.221; p < 0.001 for 1000 permutations) (Tab. III).
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Figures 3-8. Diversity and richness of immatures of genera of EPT in five stations in streams of the Serra dos Pireneus, Pirenópolis. The
stations linked by the line (Figs 3a and 3b) showed no significative differences, t test of Hutcheson with Bonferroni correction (�/10 =
0.005). Dry season (June-November); rainy season (December-May).

Table III. Results of the ANOSIM two factors without replication
considering the sources of spatial and temporal variation of the
EPT assemblages collected from June 1993 to July 1994 in five
stations in streams of the Serra dos Pireneus, Pirenópolis.

Factors Global � (observed) Number of permutations p

Spatial 0.467 1000 0.001

Temporal 0.221 1000 0.001

3 4

5

7

6

8



289Diversity and structure of Ephemeroptera, Plecoptera and Trichoptera assemblages...

Revista Brasileira de Zoologia 24 (2): 283–293, junho 2007

The dispersion of samples in two dimensions space, ac-
cording to DCA, is presented in figure 10. The first axis (47.2%
of the variance) separated part of the samples collected in the
different streams. The samples of streams with lower flow (sta-
tions 1 and 5) tended to have greater scores, however, part of
the scores of station 5 overlapped with scores of higher order
stations. The scores of station 1 were always higher than those
of station 5. The smaller scores were from samples collected in
segments of higher order (stations 2, 3 and 4). Considering the
first axis of DCA, temporal variability (represented by the stan-

dard deviation) was similar among the scores of the different
stations. When the second axis (13.7% of the variance) was
considered, there was greater temporal variability of the scores
of the larger streams (Fig. 11).

TWINSPAN demonstrated that the structure of EPT com-
munities was modified temporally, and many samples of the
same station overlapped with samples from other stations at
different times of the studied period (Fig. 12). The first level of
dichotomy of TWINSPAN separated all the samples of station 1
together with two samples of station 5 (one collected in the dry
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season and the other, in the rainy season) (group III). The sec-
ond level of dichotomy separated groups I and II. Group I com-
prised the majority of the samples from stations 2, 3 and 4, col-
lected during dry season and group II comprised the majority of
samples from station 2, 3 and 4, collected in the rainy season,
together with most samples collected at station 5 (Fig. 12).

DISCUSSION

EPT Diversity
Patterns of abundance, richness and diversity vary un-

der different spatial and temporal scales. Input of energy, envi-
ronmental heterogeneity, environmental disturbance and bi-
otic interactions are important elements in determining the
diversity of macroinvertebrate communities in lotic environ-
ments (VANNOTE et al. 1980, HILDREW & TOWSEND 1987, MCCABE &
GOTELLI 2000, VOELZ & MCARTHUR 2000). In this work it was ob-
served that the standardized EPT richness of Pirenópolis was
intermediate when compared to the richer fauna of Campos
do Jordão (OLIVEIRA & FROEHLICH 1997, Fig. 2), and the poorer
fauna of Parque Estadual Intervales (Fig. 2). Richness of aquatic
invertebrates may change with the increase of stream size as a
reaction to longitudinal changes (VANNOTE et al. 1980, MINSHALL

et al. 1985, MELO & FROEHLICH 2001). We observed that the stan-
dardized richness of EPT fauna was greater in 1st order, sites if
compared to 3rd and 4th order streams. Data for the EPT fauna
of Campos do Jordão (OLIVEIRA & FROEHLICH 1997, Fig. 2) showed
a standardized richness slightly greater in 1st order streams than
in 3rd order ones and data for Parque Estadual Intervales (Fig.
2) showed a similar standardized richness between streams of
1st-2nd orders and 3rd-4th orders. These data demonstrate that
the highest richness in 1st-2nd orders streams (low orders) ob-
served in this study is not a general pattern to EPT data.

Nowadays, anthropic influence is one of the factors that
most interferes in richness and diversity of aquatic insects

(ROSENBERG & RESH 1993, ZAMORA-MUÑOZ & ALBA-TERCEDOR 1996,
SHIEH et al. 1999, MOORE & PALMER 2005). In disturbed streams, a
decrease of sensitive taxa and an increase in importance of tol-
erant taxa is expected, reducing the diversity. This study con-
firms this assumption since the sites with greater anthropic
impact, stations 3 (country club) and 4 (Pirenópolis town) pre-
sented clearly smaller values for richness and Shannon-Wiener
diversity index when compared to the stations with better en-
vironmental conditions (stations 1, 2 and 5). Nevertheless, in
the rainy season, the value of the Shannon-Wiener index of
station 3 (disturbed site) was similar to the value of station 5
(good environmental condition). In this case, the similar di-
versity between two stations with different environmental con-
ditions in the rainy season could be explained by a possible
redistribution of aquatic insects provoked by spates (BISPO et al.
2006) that could disorder the spatial patterns of EPT distribu-
tion and diversity (BISPO & OLIVEIRA 1998, DINIZ-FILHO et al. 1998).
Station 4, located in Pirenópolis town, the site with the great-
est anthropic action, had smaller values of richness and of di-
versity. The EPT fauna is very sensitive to environmental dis-
turbances (ROSENBERG & RESH 1993); in this work it was observed
that the anthropic action observed in some stations, although
relatively small when compared with other regions, was an
important factor in the decrease of richness and diversity of
the EPT fauna.

We have observed, in this study, that the standardized
richness of EPT taxa (rarefaction method) was greater in sta-
tions 1, 2 and 5 in relation to stations 3 and 4, which confirms
the effect of anthropic action over that attribute. In general,
the standardized richness did not differ between both seasons
for the same station. Therefore, the differences of richness ob-
served between both seasons, before standardization, may be
considered only a product of the greater number of individu-
als collected in the dry season. That pattern may be due to the
smaller intensity and lesser frequency of disturbances, and to
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Figures 10-11. (10) Scores of Detrended Correspondence Analysis (DCA) for EPT assemblages collected from June 1993 to July 1994 in
five stations in streams of the Serra dos Pireneus, Pirenópolis; (11) Standard deviation of the scores corresponding to the first two DCA
axes for EPT assemblages collected from June 1993 to July 1994 in five stations in streams of the Serra dos Pireneus, Pirenópolis.

10 11
Stations

S
ta

n
d

a
rd

D
e

v
ia

ti
o

n
o

f
th

e
D

C
A

s
c
o

re
s

0

8

16

24

32

40

48

1 5 2 3 4 1 5 2 3 4

DCA I

DCA II

1
st

order

3
rd

-4
th

order



291Diversity and structure of Ephemeroptera, Plecoptera and Trichoptera assemblages...

Revista Brasileira de Zoologia 24 (2): 283–293, junho 2007

EPT fauna (Tab. III). According to DCA I, the scores representa-
tive of the samples collected in 1st order streams tended to have
greater values than those of samples collected in sites of 3rd and
4th orders. Therefore, stream size and factors related to it were
important for structuring the EPT fauna (BISPO et al. 2006). It is
important to highlight that subjacent to variation in stream size
are the changes in the predominant inputs of energy, the daily
variation of temperature and hydraulics (VANNOTE et al. 1980,
STATZNER & HIGLER 1986). DCA I results show that there is, from
the spatial point of view, a gradient of EPT fauna from low to
medium order stations, which indicates that local factors were
important determinants in the faunal structure.

During the period of study, field observations showed that
the sites with smaller flow (stations 1 and 2) were more stable
environments, as sudden increases in flow provoked smaller
perturbations than the great and quick increases in flow observed
in rainy days at the larger sites (stations 2, 3 and 4). Based on
this observation, it would be expected the EPT fauna to show a
larger temporal variability in streams of larger order. The data of
this study confirm such assumption since, when considering
the second DCA axis, temporal variability of the fauna (repre-
sented by the standard deviation of the scores) was clearly smaller
in the stations with lower flow (stations 1 and 5) in relation to
those with larger flow (stations 3, 4 and 5) (Fig. 11).

The spatial variability of environmental variables in dif-
ferent scales is an important factor, which determines the or-
ganization of the communities of aquatic organisms in lotic
environments. So, it is expected that the samples collected in
the same site, in different periods of the year, would be more
similar among themselves than the samples collected in other
sites, though such assumption may not be confirmed in a highly
seasonal environment. JACOBSEN & ENCALADA (1998), when study-
ing highly seasonal streams in Ecuador, did not register very
similar samples from the same station in two seasons (dry and
rainy). In the present study, which also took place in a highly
seasonal environment with very defined dry and rainy seasons,
part of the samples collected in stations 2, 3, 4 and 5 was
grouped in group I and the other part in group II (TWINSPAN,
Fig. 12). So, the samples collected in those four stations grouped
together in two different groups, independently of the station.
This pattern could be explained by the high environmental
seasonality of the cerrado biome, that is, the seasonal variabil-
ity can conceal the effect of spatial variability on the faunal
structure. The exception was station 1, whose samples, collected
in different periods of the year, formed a group; this pattern,
according to BISPO et al. (2006), was mainly due to the presence
of taxa characteristic of higher altitudes that made up a dis-
tinctive fauna. In a general manner, from the spatial point of
view, data of the present work showed that anthropic influ-
ence determined the patterns of diversity while the size of
streams (1st and 3rd-4th orders) determined the faunistic com-
position. Seasonality was also an important factor in structur-
ing the EPT fauna.

STATION 2 JULY/93 DRY

STATION 2 AUGUST DRY

STATION 2 NOVEMBER DRY

STATION 2 JUNE/93 DRY

STATION 2 SEPTEMBER DRY
STATION 2 OCTOBER DRY
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STATION 2 JUNE/94 DRY
STATION 2 JULY/94 DRY

STATION 3 SEPTEMBER DRY

I

STATION 3 OCTOBER DRY
STATION 4 DECEMBER RAINY

STATION 4 SEPTEMBER DRY

STATION 4 OCTOBER DRY
STATION 4 NOVEMBER DRY

STATION 3 JUNE/93 DRY
STATION 3 JULY/93 DRY

STATION 3 AUGUST DRY
STATION 3 NOVEMBER DRY
STATION 3 JUNE/94 DRY

STATION 3 MARCH RAINY
STATION 3 MAY RAINY

STATION 3 JULY/94 DRY
STATION 4 JUNE/94 DRY
STATION 5 JULY/94 DRY

STATION 4 AUGUST DRY

STATION 4 MAY RAINY
STATION 4 JULY/94 DRY

STATION 3 FEBRUARY RAINY
STATION 4 JANUARY RAINY

STATION 4 FEBRUARY RAINY
STATION 4 APRIL RAINY

STATION 2 MAY RAINY
STATION 2 APRIL RAINY

STATION 3 APRIL RAINY
STATION 4 MAY RAINY
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II STATION 5 DECEMBER RAINY

STATION 5 JANUARY RAINY
STATION 5 FEBRUARY RAINY
STATION 5 MAY RAINY

STATION 2 DECEMBER RAINY
STATION 5 JUNE/93 DRY
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III
STATION 1 JULY/94 DRY
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STATION 1 NOVEMBER DRY
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Figure 12. Divisive dendrogram (TWINSPAN) obtained with EPT
assemblages collected from June 1993 to July 1994 in five stations
in streams of the Serra dos Pireneus, Pirenópolis. Pseudospecies
cut levels, 0, 2, 5, 10 and 20.

the increase in aggregation of the fauna in this season accord-
ing to BISPO et al. (2006).

Spatial and Temporal Structure of EPT Fauna
Spatial and temporal variability of environmental factors

may determine the organization of communities of aquatic in-
sects (BAPTISTA et al. 2001). In this study, both spatial and tempo-
ral sources of variation were important for the structuring of the
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