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Abstract

The diversity and composition of drift invertebrate assemblages were evaluated along a longitudinal gradient
of an altitudinal stream in southeastern Brazil. The main goal of this study was to evaluate the influence of
seasonality, stream order, and some abiotic factors on invertebrate drift and the use of drifting invertebrate
assemblages to assess aquatic invertebrate diversity. Drift samples were collected over a 24 h period using
nets (open area of 0.08 m2; mesh 0.250 mm), partially submerged (60%) in the water column. Taxonomic
richness, Pielou evenness (J), Shannon–Wiener diversity (H0), and total density of drift invertebrate
assemblages were used in unpaired t-tests, Kruskal–Wallis and stepwise multiple regression analysis. The
results showed a high taxonomic richness of aquatic invertebrates, with 91 taxa found. Chironomidae and
Ephemeroptera represented together c. 80% of the total density of drift organisms. The drift approach
allowed the collection of new and rare taxa, besides the knowledge of pupae stage of several chironomid
genera. Significant differences in the taxonomic richness and diversity of drift invertebrate assemblages were
found between the rainy and dry periods, indicating a significant influence of seasonality. An increase in
water flow and electrical conductivity were associated with the increase in the taxonomic richness and
diversity in the rainy period. No significant differences were found among the other abiotic variables among
the stream orders.

Introduction

Lotic ecosystems present unidirectional and con-
tinuum water movement responsible for the
maintenance of several processes, such as organic
matter transport, sediment deposition and forma-
tion of longitudinal gradients within drainage ba-
sins (Vannote et al., 1980; Allan, 1995). Those
factors influence directly or indirectly the resident
biological communities (Ward et al., 1995). This
fluvial continuity allows the dispersion of imma-
ture stages of aquatic invertebrates, and thus, the
colonization of river reaches downstream from
their original habitats. This dispersion process
occurs through the downstream transport of these
invertebrates (by means of passive or active enter

in the water column), in a phenomenon known as
drift (Brittain & Eikeland, 1988).

Drift of invertebrates is a common phenome-
non in aquatic ecosystems (Allan, 1995), and can
be the result of various factors, such as: (1) in-
creased flow and water velocity, leading to a dis-
lodgment of the resident benthic fauna caused by
physical disturbance of the substrate (Poff &
Ward, 1991); (2) presence of benthic predators,
causing the entry of benthic prey in the water
column for predator avoidance (Huhta et al.,
2000); (3) modifications in water physical and
chemical characteristics (Brittain & Eikeland,
1988); and (4) redistribution of invertebrates
populations in function of competitive pressures
(Brittain & Eikeland, 1988).
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Several authors have reported that there is not
a pattern of taxonomic composition, and the most
common organisms found in drift are derived from
the benthic communities and belong to immature
forms of Chironomidae and Simuliidae (Diptera),
Trichoptera, Ephemeroptera and Plecoptera
(Matthaei et al., 1998; Pringle & Ramirez, 1998).
Various studies have focused on the taxonomic
composition and determinant factors of inverte-
brate drift in the temperate region, but those
concerning tropical regions are scarce (e.g.,
Ramirez & Pringle, 1998, 2001).

The major aim of this study was to evaluate the
diversity and composition of drift invertebrate
assemblages along a longitudinal gradient in a
Neotropical stream, in southeastern Brazil. The
following questions were addressed: (1) Are there
differences in the diversity and composition of drift
invertebrate assemblages among the river reaches
(2nd up to 5th order)? (2) Does the seasonality
(rainy and dry periods) influence the diversity and
composition of these assemblages? (3) What are
the main abiotic factors related to invertebrate
drift? (4) Can the evaluation of drifting inverte-
brate assemblages be used as tool in the assessment
of aquatic invertebrate diversity?

Methods

Study area

Serra do Cipó is located in the central part of the
Minas Gerais State (19�–20� S; 43�–44� W),
dividing two important watersheds: São Francisco
River and Doce River. The vegetation is com-
posed of savanna (locally called ‘‘cerrado’’) in the
lower altitudes (from 700 m a.s.l, up to 1000 m
a.s.l.), rock fields (locally called ‘‘campos rupes-
tres’’) in the highest zone (above 1000 m a.s.l. up
to the highest elevations, at 1860 m a.s.l.), and
riparian forest in the humid valleys along the
rivers. The typical soil in the region is latosoil,
deep and low fertility (Giulietti et al., 1987). The
climate is classified as ‘‘Cwb’’ (Köppen, 1931),
with rainy summers and dry winters, and an an-
nual median of precipitation about 1500 mm
(Galvão & Nimer, 1965). The Serra do Cipó
National Park is located in the southern part of

Espinhaço Cordillera, enclosing an area of about
33.800 ha and 154 km perimeter.

Samples were collected during the dry (June
and August) and rainy (October and December)
periods of 2001, from 2nd to 5th order river
reaches of Indaiá Stream. This stream belongs to
the headwaters of the Doce River basin (Fig. 1),
situated inside the limits of the Serra do Cipó
National Park and is practically in ‘‘pristine’’
condition (Galdean et al., 2000). Indaiá Stream
has good water quality (dissolved oxygen of 9.0–
10.7 mg/l, >90% saturation; specific conductivity
<15.0 lS/cm; total alkalinity <10.0 lEq/lCO2;
low concentration of total and dissolved nutrients
(total-P: 1.32 up to 27.95 lg/l; total-N: 145.1
up to 589.9 lg/l; P-PO4 <10lg/l; N-NH4

+ <970
lg/l) and high diversity and density of benthic
macroinvertebrates (H0 3.36–3.66; �60,000 ind/
m2) (Galdean et al., 2000). This stream has bed-
rock along its extension, with gravel/sand and
fine/coarse particulate organic matter deposits,
presence of filamentous algae and small macro-
phytes in the pools; mosses (Andreaea – An-
dreaeaceae), angiosperms (Eriocaulaceae) and
algae biofilm over bedrock in rapid reaches.
This situation is clearly observed on the 2nd
and 5th order reaches, while in the 3rd and 4th
orders, the streambed is covered by cobbles
and pebbles. The riparian vegetation has an open
canopy in the 2nd and 5th orders reaches, being
composed mainly by rock field elements (e.g.,
Vellozia spp.). On the other hand, in the 3rd
and 4th reaches the canopy covers the river bed
since a forest is formed and composed mainly by
Miconia chartacea Triana (Melastomataceae) and
Podocarpus sellowii Klozsch ex Endl (Podocarp-
aceae).

Physical and chemical variables in the
water column

The following variables were measured in situ
using a multiprobe HORIBA�: temperature (�C),
dissolved oxygen (mg/l), specific conductivity (lS/
cm), pH and water turbidity (NTU). Water cur-
rent velocity (m/s) was measured with a Global-
water fluxometer before and after net fixing, and
flow (m3/s) was calculated by multiplying the net
submerged area, water current velocity and total
sampling time.
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Drift samples

The drift samples were collected using nets (open
area of 0.08 m2; mesh 0.250 mm), partially sub-
merged (60%) in the water column. One net was
set in each studied reach, and removed after a 24-h
period.

The entire collected material was fixed in 10%
formalin, and washed under 0.250 mm sieve in the
laboratory, sorted and the identified organisms
(Wiggins, 1977; Merritt & Cummins, 1988; Pérez,
1988; Dominguez et al., 1992) deposited in the
Reference Collection of Benthic Macroinverte-
brates of the Institute of Biological Sciences in the
Federal University of Minas Gerais, according to

Callisto et al. (1998). The Chironomidae larvae
(Diptera) were identified according to Wiederholm
(1983), Cranston (2000b), Epler (2001), and
Trivinho-Strixino & Strixino (1995), using an
optical microscope (400 ·), after being previously
treated with 10% lactophenol solution (Wieder-
holm, 1983).

Data analysis

Taxonomic richness was estimated as the total
number of different taxa found in each sample.
The assemblage diversity and evenness were cal-
culated using the Shannon–Wiener and Pielou
indices, respectively (Magurran, 1991). The

Figure 1. Map of the study area.
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Kruskal–Wallis test was applied to test for dif-
ferences in the diversity, taxonomic richness,
evenness and total density of the drift inverte-
brate assemblages.

Differences in the composition and diversity of
the drift invertebrate assemblages were evaluated
through t-tests, using taxonomic richness, diver-
sity, evenness and total density of invertebrates as
dependent variables. The same test was used to
evaluate seasonal differences in physical and
chemical variables. A stepwise multiple regression
was performed in order to determinate the main
variables related to invertebrate drift. The statis-
tical program used in all analyses was Statistica
(version 5.0, Statsoft 1997).

Results

Abiotic features

The studied stream reaches were characterized by
low depths (0.05–0.28 m, in the dry period and
0.09–0.35 m, in the rainy period), slightly acid
waters, with the pH varying between 5.31–6.58
(dry period) and 3.87–4.28 (rainy period). High
concentrations of dissolved oxygen (6.67–9.71
mg/l, in the dry period and 6.96–9.82 mg/l, in the
rainy period) and low values of specific conduc-
tivity (<20.0 lS/cm in the dry period and
<40.0 lS/cm in the rainy period) were also found.
The temperature was significantly different be-
tween the two sampling periods (t(14; 0.05) ¼
3.3333; p < 0.005), varying between 14.09–19.5
�C in the dry period and 17.0–23.31 �C in the rainy
period. Regarding the water flux, strong seasonal
differences were found in relation to water current
velocity (t(14; 0.05) ¼ 4.6440; p < 0.0004) and water
flow (t(14; 0.05) ¼ 6.3173; p < 0.00002), with higher
values of both variables in the rainy period.

Drift invertebrates

The drift invertebrate assemblages along the lon-
gitudinal gradient in Indaiá Stream were basically
composed of aquatic insects (the raw data are
available from the authors on request). Among the
91 identified taxa, Chironomidae-Diptera (33
genera), Trichoptera (18 genera) and Ephemerop-

tera (13 genera) showed the highest taxonomic
richness values. Besides that, 8 Heteroptera gen-
era, 5 families of Coleoptera, 2 families of Ple-
coptera and 6 Diptera families were also identified.

Comparing with previous benthic collections in
the study area (Galdean et al., 1999, 2000, 2001),
several taxa identified in this study represent new
records for the local biodiversity (e.g., within the
chironomids, 15 new genera were added).

Chironomidae and Ephemeroptera represented
together c. 80% of the total density of drift
organisms. Among the other taxa, the Trichoptera
(7.95%), Heteroptera (3.81%) and Simuliidae-
Diptera (3.81%) also presented high densities.
Regarding the longitudinal distribution of drift
invertebrates, the chironomids predominated in all
river reaches in both periods, except by the 2nd
order in the dry season, that was dominated by
mayfly nymphs, mainly baetids (Fig. 2).

Variations in taxonomic richness, evenness and
invertebrate diversity were observed along the
longitudinal gradient in Indaiá Stream (Fig. 3).
The taxonomic richness and invertebrate diversity,
represented by the Shannon–Wiener diversity
index, showed a marked difference between the
sampling seasons, with higher values being found
in the rainy season, especially in October (Fig. 3).
Taxonomic richness varied between one taxon
(2nd order reach, dry period, June) and 64 taxa
(3rd order reach, rainy period, October). Inverte-
brate diversity index varied between H0 ¼ 0 (2nd
order reach, dry period, June), and H0 ¼ 3.361 (5th
order reach, October).

On the other hand, density values showed little
variations between the sampling seasons, except by
the 2nd order reach, which presented a very low
value in June, followed by a peak inAugust (Fig. 3).
The densities varied between 1276 ind/cm3 (2nd
order reach, dry period, June) up to 162,490 ind/
cm3 (2nd order reach, dry period, June).

Determinant factors of diversity and
total density of drift invertebrates

Seasonality strongly influenced the diversity of the
drift invertebrate assemblages along the longitu-
dinal gradient in Indaiá Stream. Significant
differences were found between the dry and rainy
periods in the taxonomic richness (t(14; 0.05) ¼
3.724721; p < 0.003) and Shannon–Wiener diversity
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index (t(14; 0.05) ¼ 2.05453; p < 0.05), with higher
values found in the rainy period. However, no
significant differences were found in the Pielou
evenness values (t(14; 0.05) ¼ 0.517377; p ¼ 0.61297)
and total density values (t(14; 0.05) ¼ 1.415617;
p ¼ 0.17875).

Among the studied variables the water flow
(b ¼ 0.52039; p < 0.02) and the specific conduc-
tivity (b ¼ 0.43259; p < 0.04) were the main fac-
tors that influenced the taxonomic richness of drift
invertebrates. Significant positive relations were
found between these variables (R2 ¼ 0.7572;
p < 0.0007), indicating that an increase in water
flow and specific conductivity was associated with
an increase in taxonomic richness of drift inverte-
brates (Fig. 4). However, only the water flow
(b ¼ 0.48455; p < 0.05) affected the diversity of
drift invertebrates. Significant positive relations
between these two variables were found
(R2 ¼ 0.23479; p < 0.05), being observed only a
slight increase in the Shannon–Wiener diversity

index values with the increase of water flow
(Fig. 4). No significant relations were found be-
tween the values of total density and Pielou
evenness and abiotic variables (p > 0.05).

Discussion

Drift invertebrates

The dominant organisms in the drift invertebrate
assemblages were the chironomids and the baetids.
Several studies about the composition of the drift
fauna in tropical (Pringle & Ramirez, 1998;
Ramirez & Pringle, 1998, 2000) and temperate
regions (Allan, 1987; Koetsier et al., 1996;
Gayraud et al., 2000) have found the same results
regarding the dominance of these two groups.

The large density and taxonomic richness of
chironomids in drift may be related with pheno-
logical factors (life cycle stage), life habit, and
body morphology. In contrast to most aquatic

Figure 2. Invertebrate drift composition (%) in dry and rainy seasons along the longitudinal gradient in Indaiá Stream, Serra do Cipó

National Park.
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insects, these organisms have the tendency to leave
the sediment and enter the water column during
their pupae phase being dragged by the water
current several meters along the surface, until
adult emergence (Cranston, 2000a). The Chiro-
nomidae pupae are also characterized by low
mobility (Vergon & Bourgeois, 1993), and by the
absence of morphological adaptations to water

flow increase, thus, being more prone to the dis-
placement from the substrate (Gayraud et al.,
2000). Some larvae also live in the water surface
layer, attaching themselves to the surface by a thin
silk filament (Ward, 1992), and are susceptible to
the downstream dislodgment as a function of
water flow variation. Gayraud et al. (2000) suggest
that the absence of morphological adaptations for
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Figure 3. Total density, taxonomic richness, Shannon–Wiener diversity and Pielou evenness of the drift invertebrate assemblages

along the longitudinal gradient in Indaiá Stream, during the dry (June and August) and rainy (October and December) seasons in the

Serra do Cipó National Park (MG).
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resistance to hydraulic stress in the free-living
Chironomidae expose them to a high probability
of dislodgment during water flow disturbance.

The drift of Baetidae nymphs seems to be
related to behavioral rather than catastrophic
events. In adverse situations (e.g., predators

present), these organisms detach rapidly from the
substrate and enter the water column (McIntosh
et al., 2002). This drift habit is also related to the
life cycle stage, being frequent in mature nymphs
(Corkum & Pointing, 1979) and during foraging
activities (Pescador, 1997).
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On the other hand, these two groups are ex-
tremely abundant in the Serra do Cipó aquatic
ecosystems, specially in Indaiá Stream, where they
can account together for c. 38% of the total den-
sity of the benthic macroinvertebrate communities
(Callisto et al., 2004). Considering that the drift
habit can be viewed as a active phenomenon of
populations redistribution, as pointed out by other
authors, we assumed that the dominance of these
groups is possibly related to their benthic densities.
However, it must be outstanding that new studies,
with simultaneous benthic and drift samples col-
lections are needed in order to confirm that
information.

Major factors affecting taxonomic richness and
diversity of aquatic invertebrate drift assemblages

Seasonality had a major influence on the diversity
and taxonomic richness of these assemblages. The
rainy period in the Serra do Cipó region is char-
acterized by strong storms that influence the whole
aquatic biota, with a rapid increase of water cur-
rent velocity and flow, raising the water level up to
5 m above the regular values in some areas.

Changes in discharge result in different
hydraulic conditions within the stream channel.
This factor may cause sediment scouring, revol-
ving the benthic substrates and causing direct
mechanical damage and removal of benthic
organisms increasing the number of invertebrate
taxa in the drift (Brittain & Eikeland, 1988; Gore,
1994). Non-scouring flood events may also cause a
large effect on benthic macroinvertebrate assem-
blages. Imbert & Perry (2000) assessed the effect of
stepwise and abrupt changes in non-scouring flow
in gravel bed experimental streams, and found
that, in both cases, there were significant increases
in taxonomic richness of drifting fauna.

Regarding the density values, we observed that
contrary to an increase in the rainy period, there
was a decrease in dry period. It should be noted
that even observing an increase in the total number
of drifting invertebrates, density values decreased
due to the increase in water flow, and thus a
dilution of the numbers.

Our results also show that most of the physical
and chemical characteristics of the water column
exert little influence in the diversity and density
of drifting invertebrate assemblages along the

longitudinal gradient in Indaiá Stream. In addition
to flow, only specific conductivity positively influ-
enced the taxonomic richness. Euliss et al. (1991)
studying an aquatic Heteroptera (water boatman)
in agricultural drainwater evaporation ponds in
California, found through regression models a
positive relationship between specific conductivity,
density and biomass. Specific conductivity in
aquatic ecosystems generally increases, as a result
of the lack of dilution and increased evaporation
and groundwater inputs (Caruso, 2002). Every
year in Serra do Cipó, with the beginning of the
rainy period, is observed an increase of the input
of allochthonous organic matter by the semi-
deciduous riparian vegetation along the streams.
The sediment runoff coming from the adjacent
drainage basin during this period carries ions to
the streams, resulting in higher values of specific
conductivity in October. We assume that the po-
sitive relationship between specific conductivity
and drift taxonomic richness values is due to the
increase of water flow in the rainy period (mainly
October).

Drift sampling as a tool in the assessment of
aquatic invertebrate diversity

Diversity assessment of aquatic invertebrate
assemblages is usually made by the collection of
benthic samples and utilization of artificial sub-
strates. Recently, Pringle & Ramirez (1998) sug-
gested the utilization of the drift technique to
evaluate aquatic invertebrate assemblages in bio-
assessment protocols in tropical streams. Accord-
ing to these authors, the utilization of this
technique aggregates several advantages. For in-
stance, they represent an integrated sample of
various habitats, and provide critical information
about the presence of migratory components in the
invertebrate assemblages.

Our results show that the use of the drift
technique is an efficient complementary tool in the
assessment of aquatic invertebrate assemblages.
This methodology allowed the collection of some
taxa that normally would not be sampled using
traditional benthic sampling techniques (e.g.
Microvelia, Rhagovelia – Veliidae; and Halobat-
opsis – Gerridae) due to their life habit (nektonic
organisms), and rare taxa, as already suggested by
other authors (e.g., Pringle & Ramirez, 1998).
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Moreover, it added several new taxa to the
invertebrate diversity in Serra do Cipó region,
especially among the Chironomidae family (e.g.,
Parametriocnemus and Onconeura). Also, it made
possible the collection of a large number of chi-
ronomid exuviae, which are normally not collected
in benthic samples. According to Cranston
(2000a), the chironomid exuviae represent impor-
tant historic records of the biodiversity of fresh-
water ecosystems and also may represent the
sampling of some taxa that were not collected in
former benthic samples (Galdean et al., 1999,
2000, 2001) and neither in the larvae drift samples.
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uáticos em um projeto de biodiversidade? IV Simpósio de

Ecossistemas Brasileiros 1: 432–439.

Callisto, M., M. Goulart, A. O. Medeiros, P. Moreno, & C. A.

Rosa, 2004. Diversity assessment of benthic macroinverte-

brates, yeasts and microbiological indicators along a longi-

tudinal gradient in Serra do Cipó, Brazil. Brazilian Journal
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