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Abstract – Invertebrate drift results from several factors, including accidental dislodgement from the
substratum, interaction with other invertebrates and predators, and changes in water quality, discharge and
current velocity. We evaluated the degree to which ﬂow ﬂuctuations from dam releases altered the daily and
seasonal invertebrate drift patterns in a tropical river. We collected macroinvertebrates during ﬁxed ﬂow rates
(323 m3.sx1 in the wet season and 111 m3.sx1 in the dry season) and when peak ﬂows ﬂuctuated (378–481
m3.sx1 in the wet season and 109–173 m3.sx1 in the dry season) in 2010. Of the 31 924 organisms collected,
8872 individuals and 43 taxa were collected in the wet season and 23 052 and 32 taxa were collected during
the dry season. Seasonality had a strong inﬂuence on invertebrate assemblage composition and structure in
the drift. During ﬁxed ﬂow periods, drift densities were greatest in the dry season and drift taxonomic richness
was greatest in the wet season. In the wet season, ﬂuctuating ﬂows increased nocturnal drift density and
richness, but decreased diurnal richness; in the dry season, ﬂuctuating ﬂows decreased drift densities and
diurnal richness. In conclusion, the daily and seasonal invertebrate drift patterns are inﬂuenced by dam
operations that alter ﬂows and this knowledge can be used to reduce the downstream eﬀects of dams.
Key words: Hydropeaking / aquatic insects / dams / ﬂow changes

Introduction
Macroinvertebrate drift is the downstream transport of
aquatic invertebrates by the current (Brittain and
Eikeland, 1988). The entry of invertebrates into the water
column may result from several factors (Cowell and
Carew, 1976), including accidental dislodgement from the
substratum (Poﬀ and Ward, 1991), interaction with other
invertebrates and predators (Huhta et al., 2000), and
changes in water quality, discharge and current velocity
(Brittain and Eikeland, 1988).
Seasonal patterns in invertebrate drift can result from
changes in benthic density, species life cycles and seasonal
changes in water temperature and ﬂow (Elliott, 1968;
Hildebrand, 1974; Brittain and Eikeland, 1988). Diel drift
periodicity is usually related to the presence of predators
and the circadian rhythms of invertebrates (Waters, 1972;
Flecker, 1992; Ramı́rez and Pringle, 2001).
Some studies suggest that drift dynamics in tropical
streams are similar to those in temperate regions (Ramı́rez
and Pringle, 1998), such as the nocturnal diel periodicity in
*Corresponding author: diegobiouﬂa@gmail.com

streams where diurnal predators are present (Flecker,
1992). In contrast to temperate regions, tropical drift
is generally non-seasonal (Ramı́rez and Pringle, 2001;
Jacobsen and Bojsen, 2002), but does increase with high
ﬂow events (Rı́os-Touma et al., 2012). Recent studies have
focused on tropical stream drift (Callisto and Goulart,
2005; Lobón-Cerviá et al., 2012; Rı́os-Touma et al., 2012),
but drift studies are scarce in large rivers, especially
regarding the eﬀects of ﬂuctuating discharges.
The inﬂuence of ﬂow ﬂuctuations downstream of
reservoirs is a major challenge for the conservation and
management of freshwater ecosystems (Acreman and
Ferguson, 2010). During the period of highest energy
demand, power is generated and water is rapidly released
producing much higher and faster ﬂows that ﬂuctuate
daily (Jones, 2013). These ﬂuctuating discharges below
impoundments may alter benthic invertebrate assemblages
downstream, as a result of higher velocities, increased bed
instability, and altered water temperature and quality,
leading to higher invertebrate drift rates (Troelstrup and
Hergenrader, 1990; Bruno et al., 2009; Smokorowski et al.,
2011). Flows created by dam operations modulate natural
seasonal extremes, and reduce ﬂood frequency, duration
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Fig. 1. Study area and drift sampling location in the Rio Grande downstream of Itutinga Hydroelectric Power Plant, Minas Gerais,
Brazil.

and predictability (Poﬀ et al., 1997; Bunn and Arthington,
2002), aﬀecting aquatic biological conditions downstream
of dams (Poﬀ and Zimmerman, 2010).
Therefore, the objective of this study was to investigate
the degree to which ﬂow ﬂuctuations alter daily and
seasonal invertebrate drift patterns in a tropical river. We
hypothesized that ﬂuctuating discharges would (1) increase drift density and richness, and (2) alter invertebrate
taxonomic composition between periods of ﬁxed and
ﬂuctuating ﬂows in both seasons.

Material and methods
Study area

The study site was 5 km downstream of the Itutinga
Hydroelectric Power Plant (IHPP) in a 150 m wide reach
of the upper Rio Grande, Minas Gerais, Brazil. The Rio
Grande rises in the Serra da Mantiqueira, on the border of
the states of Minas Gerais and São Paulo, ﬂows 1300 km
to the Rio Paranaı́ba (Fig. 1), and much of the river’s
ﬂow is used to generate hydropower. The river ﬂows
through cerrado (savanna) vegetation where average
annual temperature is 19–21 xC and the climate is semihumid, with 4–5 months of drought, a 6-month rainy
season, and mean annual rainfall of 1200–1500 mm
(Pompeu et al., 2009).

Hydraulic experiments

For the hydraulic experiments and drift sampling
we considered four diﬀerent treatments in 2010: wet
season with ﬁxed ﬂow (323 m3.sx1), wet season with

ﬂuctuating ﬂow (378–481 m3.sx1), dry season with ﬁxed
ﬂow (111 m3.sx1), and dry season with ﬂuctuating ﬂow
(109–173 m3.sx1). The Companhia Energética de Minas
Gerais (CEMIG) manipulated IHPP ﬂows based on the
historical monthly average for the river in the 20 years
before dam construction. In each sampling period,
ﬂows were held constant for 34 consecutive days at the
historical monthly average for the river (323 m3.sx1 for the
wet season and 111 m3.sx1 for the dry season). After
the constant ﬂow periods, IHPP ﬂuctuated peak ﬂows for
4 days. The onset of increased ﬂows began at 17:00, and
reached a maximum at 18:30. At 21:00, ﬂows began being
reduced, returning to the average monthly ﬂows described
above at 23:00. This range of increased ﬂows was chosen
because it is the time of highest energy demand when the
plant is working at full capacity.
Drift sampling

We collected daily invertebrate drift samples during
the last 4 days of the constant ﬂow periods and during the
4 days of peaking ﬂows through use of 3 nets (40 r 40 cm
opening; 1 m length, 250 mm mesh) placed in areas
with laminar ﬂow. The nets were ﬁxed on the substrate
through use of steel bars and remained in place 24 h.dx1
with individual samples removed every 8 h (23:00–07:00,
07:00–15:00, 15:00–23:00). In total, we collected 3 nets r 3
times/day r 4 days r 4 treatments = 144 samples. Days
were our replicates for seasonal variation and samples
taken at the same hours in diﬀerent days were our
replicates for daily drift variation.
The material retained in the nets was removed, washed
through a 250 mm sieve, placed in vials with 70% alcohol,
and returned to the laboratory for sorting. We identiﬁed
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Table 1. Water quality (mean ¡ SD) during the wet (January) and dry (July) seasons in the Rio Grande, downstream of Itutinga
Hydroelectric Power Plant, Minas Gerais, Brazil.

Water temperature ( xC)
pH
Electrical conductivity (mS.cmx1)
Turbidity (NTU)
Dissolved oxygen (mg.Lx1)
Total nitrogen (mg.Lx1)
Total phosphorus (mg.Lx1)

Fixed ﬂow
25.10 ¡ 0.10
7.24 ¡ 0.30
13.25 ¡ 0.50
51.68 ¡ 6.31
7.73 ¡ 0.26
0.07 ¡ 0.01
0.06 ¡ 0.02

Wet season
Fluctuating ﬂow
25.16 ¡ 0.09
7.11 ¡ 0.12
13.00 ¡ 0.82
57.23 ¡ 7.49
7.30 ¡ 0.82
0.07 ¡ 0.02
0.06 ¡ 0.04

aquatic individuals to family through use of Pérez (1988),
Merritt and Cummins (1996), and Mugnai et al. (2010).
Average current velocity (m.sx1) was measured with a
Global Flow Probe at each net mouth at the beginnings
and ends of the three daily 8 h sampling periods, every day.
The ﬁltered volumes (m3) through each of the three nets
were calculated by multiplying the net submerged area
by the average water velocity by the sampling time. The
densities of organisms in the drift were recorded as the
number of invertebrates per 100 m3 ﬁltered water (Allan
and Russek, 1985).
To assess the propensity of invertebrates to drift, we
applied the formula: drift density/benthic density
(McIntosh et al., 2002) using the mean values of drift
density and benthic density for each day between the
seasons. The benthic mean densities were obtained from a
simultaneously study conducted at the same location
during the same period of this work. Sediment samples
were collected with a Petersen dredge in three diﬀerent
habitats upstream the drift nets. For the calculation, we
excluded Chaoboridae larvae, because these organisms are
lentic and probably carried from upstream Itutinga
Reservoir.

Water quality

During the four treatment periods, we measured water
quality variables daily at the drift nets. Water temperature
( xC), electrical conductivity (mS.cmx1), pH, and turbidity
(NTU) were measured through use of a YSI 6600 multiprobe. We determined total phosphorus (mg.Lx1), total
nitrogen (mg.Lx1), and dissolved oxygen (mg.Lx1) in the
laboratory following standard methods (APHA, 1992).

Fixed ﬂow
17.94 ¡ 0.05
7.52 ¡ 0.11
15.50 ¡ 1.00
2.01 ¡ 0.14
8.90 ¡ 0.14
0.05 ¡ 0.01
0.03 ¡ 0.00

Dry season
Fluctuating ﬂow
17.99 ¡ 0.12
7.33 ¡ 0.06
16.00 ¡ 0.82
1.95 ¡ 0.11
8.83 ¡ 0.15
0.05 ¡ 0.01
0.03 ¡ 0.00

performed with PRIMER 6.0 + PERMANOVA software
(Clarke and Warwick, 2001).
Diﬀerences in richness and density values between the
wet and dry seasons and between the daily sample times
within each season were compared by one-way ANOVAs.
We used the Tukey post-hoc test to identify diﬀerences
between the factors when tests were signiﬁcant (P < 0.05).
We also evaluated diﬀerences in water quality variables
and diﬀerences in drift propensity between and within the
wet and dry seasons through use of one-way ANOVAs.
Data were square root transformed when necessary to
meet assumptions of normality (Kolmogorov–Smirnov)
and homogeneity of variances (Zar, 1996). We conducted
these tests with Statistica 8.0 software.

Results
Water quality

All the water quality variables measured were signiﬁcantly diﬀerent between wet and dry seasons.
Temperature (ANOVA, F1,14 = 2656.50, P < 0.001), turbidity (F1,14 = 441.42, P < 0.001), total-N (F1,14 = 8.92,
P = 0.009) and total-P (F1,14 = 9.01, P = 0.009) were
signiﬁcantly higher in the wet season (Table 1). Electrical
conductivity (F1,14 = 46.07, P < 0.001), dissolved oxygen
(F1,14 = 37.69, P < 0.001), and pH (F1,14 = 7.53, P = 0.016),
were signiﬁcantly higher in the dry season (Table 1). Those
variables showed no signiﬁcant diﬀerences between periods of ﬁxed and ﬂuctuating ﬂow in the wet season;
however, pH was signiﬁcantly lower during periods of
ﬂuctuating ﬂows in the dry season (F1,6 = 9.54, P = 0.021).

Seasonal changes in invertebrate drift
Data analyses

Taxonomic richness was estimated as the total number
of diﬀerent taxa per sample. Similarity Analysis
(ANOSIM) was performed to test diﬀerences in taxonomic composition between wet and dry seasons with
ﬁxed and ﬂuctuating ﬂows. We used Nonmetric multidimensional scaling (NMDS) to plot results from a BrayCurtis dissimilarity matrix on square root transformed
abundance data. Both NMDS and ANOSIM were

Season had a strong inﬂuence on drifting invertebrate
assemblage composition and structure. Of the 31 924
organisms collected, 8872 individuals and 43 taxa were
collected in the wet season and 23 052 individuals and 32
taxa were collected during the dry season. Hydropsychidae
(30.4%), Chaoboridae (25.1%), Simuliidae (17.1%),
Chironomidae (11.1%), Leptohyphidae (4.2%) and
Polycentropodidae (3.7%) were the most abundant taxa
in the wet season drift. During the dry season, the most
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Fig. 2. NMDS of the taxonomic composition of drifting macroinvertebrates comparing the seasons with ﬁxed ﬂow (A) and seasons
with ﬂuctuating ﬂow (B) treatments. Wet season, squares; dry season, triangles.

Fig. 3. Density (A) and taxonomic richness (B) diﬀerences (means, standard errors, 95% conﬁdence intervals) of drifting
macroinvertebrates comparing wet and dry season with ﬁxed ﬂow.

abundant taxa in the drift were Simuliidae (90.1%),
Chironomidae
(2.9%),
Chaoboridae
(1.7%),
Leptophlebiidae (1.66%) and Hydropsychidae (1.0%).
The NMDS and similarity analysis showed signiﬁcant
diﬀerences in drift taxonomic composition between the
dry and wet seasons both for ﬁxed ﬂows (ANOSIM,
R = 0.969, P < 0.001) (Fig. 2(A)) and for ﬂuctuating ﬂows
(ANOSIM, R = 0.955, P < 0.001) (Fig. 2(B)). This indicates changes in the taxonomic composition in the drift
assemblages between seasons, both for ﬁxed and ﬂuctuating ﬂows.
During the ﬁxed ﬂows, drift densities were greatest
in the dry season (ANOVA, F1,22 = 10.34, P = 0.004)
(Fig. 3(A)) and taxonomic richness (F1,6 = 8.11,
P = 0.029) was signiﬁcantly higher in the wet season
(Fig. 3(B)). During ﬂuctuating ﬂows, we found no
signiﬁcant diﬀerences in observed richness or density
between dry and rainy seasons.
The drift propensity values did not show signiﬁcant
diﬀerences between ﬁxed and ﬂuctuating ﬂows in or
between the wet and dry seasons although the composition
of benthos and drift samples diﬀered. In the wet season, 20
of the 43 taxa present in drift samples were absent from
benthic samples, and in the dry season, 12 of the 32 taxa

present in the drift samples were absent from benthic
samples (Table 2).

Daily drift variation

Drift densities and richness varied with the time of day
in both seasons. In the wet season with ﬁxed ﬂow, there
were no signiﬁcant diﬀerences in invertebrate densities or
richness between sampling times (Fig. 4). However, during
ﬂuctuating ﬂows density (one-way ANOVA, F2,9 = 15.670,
P = 0.001) and richness (F2,9 = 10.311, P = 0.0047) were
higher in samples from 23:00 to 7:00 h than in the 7:00–
15:00 h and 15:00–23:00 h sampling periods (Fig. 4). In the
dry season with ﬁxed ﬂow (Fig. 5), invertebrate densities
were higher in the 23:00–7:00 h and 15:00–23:00 h samples
(one-way ANOVA, F2,9 = 7.802, p = 0.011) and richness
was greater in the 23:00–7:00 h samples (one-way
ANOVA, F2,9 = 5.257, P = 0.031). With ﬂuctuating
ﬂows there were no signiﬁcant diﬀerences in invertebrate
densities between sampling times (F2,9 = 3.057, P = 0.097)
(Fig. 5(A)); however, richness was higher in the 23:00–7:00
h and 15:00–23:00 h samples (F2,9 = 5.626, P = 0.026)
(Fig. 5(B)).
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Table 2. Benthos and drift densities and drift propensity of taxa present in both wet and dry seasons.
Taxa
Amphipoda*
Baetidae
Caenidae**
Canacidae**
Ceratopogonidae
Chironomidae
Chrysomelidae**
Coenagrionidae**
Collembola**
Culicidae**
Elateridae**
Elmidae
Empididae
Gelastocoridae*
Gerridae
Gomphidae
Gripopterygidae**
Gyrinidae**
Hidracarina
Hirudinea**
Hydrophilidae
Hydropsychidae
Hydroptilidae
Lampyridae**
Leptoceridae
Leptohyphidae
Leptophlebiidae
Libellulidae
Lutrochidae**
Muscidae**
Naucoridae**
Nematoda
Notonectidae**
Odontoceridae**
Oligochaeta
Ostracoda*
Perlidae**
Philopotamidae**
Polycentropodidae
Polymitarcyidae
Psychodidae**
Pyralidae
Simuliidae
Staphylinidae**
Sysiridae**
Tabanidae
Tipulidae
Vellidae

Benthos density (ind.mx2)
Wet
Dry
0.000
0.391
6.771
0.911
0.000
0.000
0.000
0.000
0.391
4.167
175.130
1050.911
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
1.563
2.214
0.521
0.130
0.130
0.000
0.000
0.391
0.521
0.130
0.000
0.000
0.000
0.000
0.130
0.000
0.000
0.000
1.042
0.000
56.771
9.766
14.063
1.042
0.000
0.000
0.260
0.260
14.193
37.891
0.260
0.521
0.130
1.432
0.000
0.000
0.000
0.000
0.000
0.000
0.000
1.172
0.000
0.000
0.000
0.000
16.406
19.271
0.521
0.000
0.000
0.000
0.000
0.000
2.083
0.911
0.130
0.000
0.000
0.000
4.557
0.521
19.010
2.474
0.000
0.000
0.000
0.000
0.000
0.000
0.521
1.563
0.391
0.000

Drift density (ind.mx3)
Wet
Dry
0.00000
0.00000
0.00072
0.00165
0.00001
0.00002
0.00003
0.00000
0.00004
0.00023
0.01104
0.00756
0.00003
0.00000
0.00003
0.00002
0.00003
0.00014
0.00001
0.00000
0.00001
0.00000
0.00092
0.00019
0.00018
0.00015
0.00000
0.00000
0.00001
0.00001
0.00011
0.00003
0.00004
0.00001
0.00001
0.00001
0.00010
0.00003
0.00003
0.00000
0.00006
0.00000
0.03031
0.00270
0.00208
0.00061
0.00001
0.00000
0.00012
0.00025
0.00415
0.00245
0.00273
0.00432
0.00011
0.00021
0.00001
0.00000
0.00001
0.00000
0.00011
0.00001
0.00000
0.00001
0.00003
0.00001
0.00001
0.00000
0.00007
0.00006
0.00000
0.00000
0.00002
0.00000
0.00004
0.00006
0.00325
0.00039
0.00025
0.00008
0.00013
0.00002
0.00033
0.00005
0.01703
0.23420
0.00002
0.00001
0.00000
0.00002
0.00002
0.00000
0.00002
0.00000
0.00019
0.00005

Drift propensity
Wet
Dry
–
0.00000
0.00011
0.00181
–
–
–
–
0.00011
0.00005
0.00006
0.00001
–
–
–
–
–
–
–
–
–
–
0.00059
0.00009
0.00034
0.00113
0.00000
–
–
0.00003
0.00022
0.00026
–
–
–
–
0.00078
–
–
–
0.00005
–
0.00053
0.00028
0.00015
0.00058
–
–
0.00047
0.00095
0.00029
0.00006
0.01047
0.00829
0.00086
0.00015
–
–
–
–
–
–
–
0.00001
–
–
–
–
0.00000
0.00000
0.00000
–
–
–
–
–
0.00156
0.00043
0.00190
–
–
–
0.00007
0.00009
0.00090
0.09467
–
–
–
–
–
–
0.00004
0.00000
0.00049
–

*Taxa present only in benthos samples; **taxa present only in drift samples.

Discussion
We found strong seasonal variations in the taxonomic
composition and density of invertebrates in the drift. Flow
ﬂuctuations inﬂuenced macroinvertebrate drift, but we did
not observe a recurring pattern of daily drift variation.
Information about drift dynamics in tropical rivers is
limited to a few geographical areas (Ramı́rez and Pringle,

1998) and small streams (Callisto and Goulart, 2005).
Studies evaluating the drift dynamics in large rivers and
hydraulic experiments are scarce in the tropics (LobónCerviá et al., 2012). The opportunity to manipulate the
ﬂow downstream of a hydroelectric plant, in which was a
unique opportunity for a large tropical river, allowed us to
evaluate the inﬂuence of daily ﬂuctuations in macroinvertebrate drift.
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Fig. 4. Density (A) and richness (B) diﬀerences (means, standard errors, 95% conﬁdence intervals) of drifting macroinvertebrates
comparing sample times between periods of ﬁxed and ﬂuctuating ﬂows in the wet season. b, signiﬁcant diﬀerence.

Fig. 5. Density (A) and richness (B) diﬀerences (means, standard errors, 95% conﬁdence intervals) of drifting macroinvertebrates
comparing sample times between periods of ﬁxed and ﬂuctuating ﬂows in the dry season. b, signiﬁcant diﬀerence.

Flow ﬂuctuations resulting from the plant operation
in both dry and rainy seasons did not cause signiﬁcant
changes in water quality downstream of the dam.
However, Naliato et al. (2009) observed limnological
diﬀerences downstream of dams associated with daily ﬂow
variation. The IHPP has a small reservoir (7 hm3 useful
volume) and water is stored for short periods. Generally,
deep and high residence time reservoirs tend to exhibit
sharp thermal and chemical stratiﬁcation (Straskraba,
1999), which was not the case for the IHPP reservoir. The
diﬀerences in water quality between seasons are directly
related to precipitation. In the warm rainy season, there is
an increased ﬂow of warmer water from tributaries feeding
the reservoir, and carrying larger concentrations of
allochthonous sediment and organic matter and leading
to increased temperature, turbidity and nutrient concentrations (Table 1).
Unlike temperate regions where drift is minimal during
the winter, seasonal variations in the drift may be less
apparent or even absent in tropical and sub-tropical
streams (Brittain and Eikeland, 1988; Ramı́rez and
Pringle 2001). However, we found higher drift densities
in the dry winter season than in the wet summer season
(Fig. 3(A)), corroborating the ﬁndings of Cowell and
Carew (1976) and Schreiber (1995). Furthermore, we

observed signiﬁcant diﬀerences in taxonomic composition
between seasons (Fig. 2). We believe that diﬀerent life
history patterns related to the marked diﬀerences in
environmental conditions (e.g., temperature, photoperiod,
patterns of allochtonous input) found between the seasons
are probably responsible for the diﬀerences in seasonal
drift patterns that we observed (Cowell and Carew, 1976).
The main diﬀerence between wet and dry seasons was the
density of Simuliidae. In the dry season, they accounted
for more than 90% of macroinvertebrate individuals, but
only 17% in the wet season (Table 2). Probably these
diﬀerences are related to their life cycle, reproductive
periods, and population densities (Hamada et al., 2002).
Moreover, several studies have demonstrated a high
density of invertebrate ﬁlter feeders such as Simuliidae
downstream of reservoirs, probably as a result of the
supply of phytoplankton produced from those environments (Armitage, 1978). In general, higher phytoplankton
densities are observed in periods of greater hydrodynamic
stability in aquatic systems, usually in the dry season
(Figueredo and Giani, 2001), favoring the colonization
and persistence of ﬁlter feeding macroinvertebrate species.
On the other hand, the increased ﬂow velocities and
turbidities of the wet season would hinder Simuliidae
feeding and persistence.
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Flow ﬂuctuations inﬂuenced the macroinvertebrate
drift. When we compared the drift between seasons under
ﬁxed ﬂow conditions, density was higher in the dry season
and richness was higher in the wet season (Fig. 3).
However, when we assessed the drift between the seasons
under ﬂuctuating ﬂow conditions, no density or richness
diﬀerences were observed. The increases in ﬂow velocity
and discharge during the wet season likely displaced both
substrate and organisms (Brittain and Eikeland, 1988).
Although no signiﬁcant diﬀerences were observed in
the total drift propensity between the seasons, unlike that
observed by Rı́os-Touma et al. (2012), drift propensities
of some taxa clearly diﬀered between seasons (Table 2).
The majority of taxa showed high drift propensity
during the wet season, except Baetidae and Simuliidae
which had higher drift propensity during the dry
season. The diﬀerences in drift propensity values for
taxa between seasons suggest that the high values observed
in the wet season result from continuous displacement
of the benthic assemblage, which can be interpreted as
catastrophic drift.
The daily variation in the drift is a recurring pattern,
with numerous studies showing that drift increases at
night, especially just after sunset (Poﬀ and Ward, 1991;
Ramı́rez and Pringle, 1998; Hansen and Closs, 2007).
Nevertheless, we did not observe a recurring pattern of
daily drift in both wet and dry seasons. In the wet season
with ﬁxed ﬂow, there were no signiﬁcant diﬀerences in the
drift between the diﬀerent sample times. Lauters et al.
(1996) observed that repeated peak ﬂows from a dam
altered the natural behavior of the drift, reducing
nocturnal activity. In our wet season experiment, perhaps
the 34-day ﬂow stabilization period was not enough for the
invertebrate assemblages to colonize and begin to display
a standard daily periodicity to enter into the drift.
However, in the dry season with ﬁxed ﬂow, we observed
that density and richness drift increased at night. This may
be related to high densities of invertebrates in the
sediment, which due to intraspeciﬁc competition, tend to
enter into the current. This entry into the drift occurs
mainly at night, minimizing the chances of predation
(Flecker, 1992).
On the other hand, in the wet season with ﬂuctuating
ﬂow we observed higher densities and richness in samples
taken from 23:00 to 7:00 h, just after the ﬂood pulses.
Unlike the expected drift increase under high ﬂow
conditions (Ramı́rez and Pringle, 2001), we found that
the drift did not increase with ﬂow, but did inﬂuence the
behavior of aquatic invertebrates downstream of the dam.
In the dry season, with ﬂuctuating ﬂows there were no
diﬀerences in density between sampling times, but richness
was higher in night samples. Invertebrates responded to
the ﬂuctuating ﬂow periods with catastrophic drift,
probably as a consequence of the sudden increase in
bottom shear stress (Bruno et al., 2012). The diﬀerence in
drift richness is a consequence of the sensitivity of each
taxon to ﬂow ﬂuctuations, related to the degree of
adaptation to resist increased current velocities or to move
toward refuge habitats (Céréghino et al., 2002).
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Some groups, such as Ephemeroptera, Plecoptera
and Trichoptera, usually drift mostly at night, although
some families of those orders may drift during the day
(Brittain and Eikeland, 1988). In this study, we observed
that some groups had daily variation in drift densities, but
in no group did we observe a recurring pattern during the
entire study. Thus, we highlight the importance of longterm studies at minimally disturbed river reference sites
to better understand the behavior of invertebrates in the
river drift. Moreover, the taxa richness collected through
use of drift samples corroborates the importance of this
sampling methodology, especially in large rivers (Flecker,
1992). Drift nets yield an integrated sample of various
habitats and provide information about translocations in
invertebrate assemblages (Ramı́rez and Pringle, 1998). In
addition, drift samples typically are easier to process
than benthic samples that contain considerable organic or
inorganic materials.
Because of experimental and economic diﬃculties in
manipulating ﬂows at other hydroelectric dams, we could
not replicate this study. However, we recommended
implementing this approach to study invertebrates in drift
downstream of other dams, so that data can be compared
and impact biomonitoring methodologies can be established. A better understanding of the eﬀects of anthropogenic ﬂow ﬂuctuations on aquatic invertebrates is
needed, so that managers can reduce the downstream
eﬀects of dams on invertebrates and the ﬁshes that prey
on them.

Conclusion
The observed changes in the composition,
richness and density of drift macroinvertebrates reﬂect
the inﬂuence of ﬂuctuating ﬂows on drift patterns,
corroborating our hypotheses. These changes may
disturb the whole aquatic ecosystem, because macroinvertebrates inﬂuence important ecological processes such as
nutrient cycling and trophic exchanges. Thus, drifting
macroinvertebrates should be considered for management
actions that could help mitigate hydropower impacts
and in studies for developing environmental ﬂows,
because they may reﬂect ecological changes in biological
communities.
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