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Abstract

Benthic macroinvertebrates constitute the link between organic matter input in streams and fishes. However, the pos-
sibility of influence of predators on the invertebrates is still a controversial issue. The possibility of alteration of the 
benthic community by the modification in predation in a stream in the South of Brazil was studied by means of an ex-
clusion experiment under semi-natural conditions. The exclusion showed an increase in the abundance of Plecoptera 
in the river where the rainbow trout was introduced, the larvae of Trichoptera also increased in abundance in the units 
of fish exclusion. This difference does not confirm the pressure applied by the trout on the benthic macro fauna due to 
differences in ichthyofauna and in the habitat of both rivers. Nevertheless, it points to the need for the development of 
studies concerning the trophic relations and the possible effects of this introduction in the aquatic biota. 

Keywords: benthic macroinvertebrates, low order streams, predation, exclusion experiment, exotic fish.

Interações entre macroinvertebrados bentônicos e peixes em um  
rio de baixa ordem nos Campos de Cima da Serra, RS, Brasil

Resumo

Os macroinvertebrados bentônicos exercem a ligação entre a entrada de matéria orgânica nos rios e os peixes. Porém, 
a possibilidade de influência dos predadores sobre os invertebrados é uma questão ainda controversa. A possibilidade 
de alteração da comunidade bentônica, pela modificação na predação em um rio no sul do Brasil, foi estudada atra-
vés de um experimento de exclusão em condições seminaturais. A exclusão resultou no aumento na abundância de 
Plecoptera no rio onde é feita a introdução de truta arco-íris; as larvas de Trichoptera também aumentaram em abun-
dância nas unidades onde se efetuou a exclusão. Essa diferença não pode ser atribuída à presença das trutas, devido 
às diferenças na ictiofauna e de habitat dos dois rios. Entretanto mostra a necessidade de desenvolvimento de estudos 
acerca das relações tróficas e possíveis efeitos desta introdução sobre a biota aquática

Palavras-chave: macroinvertebrados bentônicos, riachos de baixa ordem, predação, experimento de exclusão, peixe 
exótico.

1. Introduction

Benthic macroinvertebrates have an essential role in 
the maintenance of river communities by the linkage es-
tablished in the food chain between organic matter and 
fishes (Hauer and Resh, 1996). Aquatic biota is struc-
tured through this linkage according to the river continu-
um concept proposed by Vannote et al. (1980).

As species are not independent entities - taking 
into account that biotic and abiotic connections are es-

sential for the maintenance of integrity of the lotic 
systems - the quantification of predator impact on the 
abundance of prey has been studied by some authors 
(Thorp and Bergey, 1981; Flecker and Allan, 1984; 
Wilzbach  et  al., 1986; Rahel and Stein, 1988; Soluk 
and Collins, 1988; Lancaster, 1990; Cooper et al., 1990; 
Hanson et al., 1990; Flecker, 1992; Prejs and Prejs, 
1992; Bechara et  al., 1993; Lancaster and Robertson, 
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1995, McIntosh and Townsend, 1996; Dahl, 1998; Billy 
and Usseglio-Polatera, 2002). Amongst the factors that 
influence the response of prey to predator are: a) preda-
tor feeding characteristics, being that not all the taxa are 
affected (Billy and Usseglio-Polatera, 2002); b) size of 
prey and substrate type, presenting a higher or lower de-
gree of shelter sites (Bechara et al., 1993) and c) types of 
habitats, which may have a differentiated effect, taking 
into consideration that in habitats made up of riffles and 
rapids, colonization rates are higher than in pools, caus-
ing a lower response to predators (Cooper et al, 1990). 
Dahl (1998) considers the control of macroinvertebrate 
density in rivers and streams by fishes as a controversial 
issue, but the fish certainly exert influence on the behav-
ior of the prey, sometimes to sub-lethal levels.

Thus, changes in the autochthonous fish assemblage 
may result in unexpected variations in the biota of riv-
ers and streams. The practice of introduction of fishes 
has, therefore, still unknown effects. Brazil stands out 
among neo-tropical countries due to its higher number 
of introductions (Delariva and Augustin, 1999). Even 
though a great part of the studies concerning the effects 
of introduced fishes evaluates its consequences for na-
tive fishes (Flecker and Towsend, 1994), the negative 
impacts of invaders are not restricted to the fish assem-
blages (Gido  and Brown, 1999). Flecker and Towsend 
(1994) point to the subtlety of the effect of invaders on 
the organization of the community, which may be of an 
indirect form and in cascade through multiple trophic 
levels, which results in underestimated effects of the in-
troduction. McIntosh and Towsend (1996) reported this 
cascade effect in a stream of New Zealand under the ef-
fect of the introduction of the brown trout, in which there 
was an increase in the amount of chlorophyll-a due to 

changes in the behavior of Ephemeroptera in view of the 
presence of the trout.

The aim of this work is to verify the consequences 
of predation by fish on the benthic macroinvertebrates 
community of low order streams in the south of Brazil 
by means of an exclusion experiment, and to identify dif-
ferences between streams with presence and absence of 
the exotic rainbow trout species (Oncorhynchus mykiss 
(Walbaum, 1792)).

2. Materials and Methods

The study area is located in the municipality of São 
José dos Ausentes, in the northeast region of the State 
of Rio Grande do Sul, Brazil (Figure 1). Two streams 
belonging to the Silveira river watershed were surveyed 
in order to verify the effect of ichthyofauna on the ben-
thic macrofauna. In the studied stretch, systematic intro-
ductions of rainbow trout have been carried out for sport 
fishing since the middle of the 90’s. Near the site of the 
installation of the experiment, the margins of the stream 
present an activity of extensive cattle production, with 
occasional use of fire. The Marco stream, a tributary of 
the Silveira river, is a fourth order stream in the studied 
stretch, where no introductions were made, its margins 
are occupied for pasture areas with the same character-
istics of the Silveira stream and a Pinus sp. plantation in 
the headwater.

The autochthonous ichthyofauna of the Silveira 
stream comprises the following species: Astyanax  sp., 
Bryconamericus sp., Steindachnerina biornata 
(Braga  and Azpelicueta, 1987), Australoheros facetus 
(Jenyns, 1842), Cnesterodon brevirostratus (Rosa and 
Costa, 1993), Rhamdia quelen (Quoy and Gaimard, 
1824), Trichomycterus sp., Eurycheilichthys pantherinus 
(Reis and Schaefer, 1992) and Pareiorhaphis hystrix 
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Figure 1. Sites of location of the fish exclusion experiment are indicated by gray arrows, being S the site in Silveira stream 
and M the site in Marco stream.
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(Pereira and Reis, 2002), as well as the exotic species 
Oncorhynchus mykiss. According to Winckler-Sosinski 
(2004) the Marco stream presents the same autoch-
thonous species of the Silveira stream plus the species 
A. brachypterygium (Bertaco and Malabarba, 2001) and 
Jenynsia eirmostigma (Ghedotti and Weitzman, 1995). 
In the Silveira stream, the experiment was located near 
to arboreal vegetation promoting a shaded setting, while 
in the Marco stream, the experiment was located near to 
grassland vegetation, without shade.

An exclusion experiment was performed in situ, 
and the homogeneity of substrate composition and wa-
ter flow were observed. Thirty-two (32) experimental 
units were exposed, composed of plastic trays of 0.06 m2 
in area, sixteen (16) units of which were disposed in 
each stream. Factors like exclusion and time of colo-
nization were tested for each stream. Eight (8) exclu-
sion units were exposed in each stream, being half of 
them tested for 36 days of colonization and the others 
for 72  days. The exclusion was performed by means 
of a tray enveloped in a plastic mesh of 1 cm in order 
to allow the colonization of different organisms but to 
prevent predation by fishes. Among the fishes found 
in the stream, the mesh excluded larger size classes of 
Astyanax  sp., Bryconamericus  sp., Steindachnerina 
biornata,  Australoheros facetus, Rhamdia quelen, 
Eurycheilichthys pantherinus and Pareiorhaphis hystrix, 
as well as the exotic Oncorhynchus mykiss. In the Marco 
stream, besides the autochthonous species listed, sam-
ples of a bigger size of A. brachypterygium could also 
be excluded.

The experimental units with 36 days of coloniza-
tion were re-exposed to colonization, being withdrawn 
concomitant to the experimental units with 72 days of 
colonization. The substrate fauna was removed by light 
scrubbing, enabling the permanence of periphyton, and 
restored to the tray at its original position on the stre-
ambed. The gravel was separated in two classes, as fol-
lows: big gravel with an average perimeter of 25 cm on 
its bigger side, and small gravel with average perimeter 
of 10 cm on its bigger side.

The abiotic variables evaluated were speed of water 
and depth of location, measured in front of each tray at 
the moment of installation and withdrawal. At the same 
time, the temperature of the water, pH and electric con-
ductivity were measured for each stream studied. None 
of these variables was used for comparison since it was 
performed on different days and so might have presented 
large oscillations during this period, without produce al-
terations in the benthic macrofauna. At the moment of 
withdrawal, the samples were enveloped in a mesh of 
250 µm in order to prevent the loss of macrofauna due 
to drift. After removal, the tray, the exclusion mesh and 
the pebbles were gently scrubbed to remove fauna which 
was then preserved in alcohol (70%) for further identi-
fication.

At the lab, the organisms were assessed and iden-
tified under an estereo-microscope up to the level of 

Order, based on McCafferty (1981), Strixino and Strixino 
(1982), Merritt and Cummins (1996) and Férnandez and 
Dominguez (2001).

The congruence between the abiotic and biotic vari-
able sets of both streams was tested by means of the 
application program SYNCSA (Pillar, 2004b), using as 
similarity measure the distance of the rope. The results 
of abundance were submitted to a test of randomization 
(Pillar and Orlóci, 1996) in order to verify the differences 
between the exclusion and period of colonization factors 
and also for the verification of the differences among the 
units of 36 days of colonization repeated in the time. The 
results of each stream were analyzed separately using the 
chord distance as a similarity measure. The orders were 
tested as to the abundance, separately, to verify the dif-
ference between the exclusion and period of colonization 
factors and also for the verification of the differences be-
tween the units of 36 days of colonization repeated in the 
time using Euclidean distance as similarity measure. The 
big and small gravel number variables, mean depth and 
mean temperature were submitted to the randomization 
test to verify their similarity, using as similarity measure 
Gower’s index. The randomization tests were performed 
using the application program MULTIV (Pillar, 2004a).

3. Results

The amount of gravel of bigger and smaller size 
placed in each one of the units, as well as the speed 
of the water and its depth at the moment of installa-
tion and withdrawal of the experiment are described in 
Table 1. The abiotic variables are described in Table 2. 
The randomization test separated the streams through 
the abiotic variables (P < 0.05), being that the variable 
more correlated with taxons was speed (P < 0.05). The 
ordination showed that axle 1 had a great percentage of 
the explanation for the variation (74.5%) as shown in 
Figure 2. In this figure it is possible to verify the separa-
tion of both streams, the Marco stream being negatively 
associated to axle 1. Both streams were separated basi-
cally as to the presence of Diptera, Ephemeroptera and 
Gastropoda. Silveira stream showed the highest values 

Table 1. Characterization and quantity of gravel (big and 
small) inserted in the sampling units, mean depth and mean 
speed at the moment of the installation (day 1) and the with-
drawal (36 and 72 days) in Marco and Silveira streams. 

Silveira Marco
Gravel number Big 27.2 ± 2.8 25.5 ± 4.7

Small 12.5 ± 1.2 13.5 ± 1.5

Depth (cm) 1 34.7 ± 4.2 35.3 ± 6.1

36 28.0 ± 2.3 28.0 ± 4.7

72 32.2 ± 2.2 33.6 ± 6.9

Water speed (m/s) 1 0.19 ± 0.05 0.10 ± 0.04

36 0.15 ± 0.04 0.08 ± 0.04

72 0.20 ± 0.05 0.19 ± 0.06
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for Diptera and Gastropoda, while higher amounts of 
Ephemeroptera were associated to Marco stream. Six 
sampling units were lost in the Silveira stream due to 
trampling of cattle that occasionally enter the stretch of 
the stream, and the difficulties in sample withdrawal due 
to water flow as well. 

The organisms of benthic macrofauna found in the 
trays belong to many taxa such as: Ephemeroptera, 
Diptera, Coleoptera, Trichoptera, Hemiptera, 
Lepidoptera, Gastropoda, Plecoptera, Megaloptera (only 
in Marco stream), Aegla spp., Acarina, Oligochaeta, 
Odonata, Hirudinea, Bivalve and Collembola (only 

in Marco stream). The highest abundance was veri-
fied in decreasing order respectively for Diptera 
(49.3%), Ephemeroptera (27.8%), Gastropoda (12.0%), 
Trichoptera (4.8%), Coleoptera (2.3%) and Plecoptera 
(2.0%), for Silveira stream, while in Marco stream the 
highest abundance was of Ephemeroptera (76.3%), 
Diptera (12.4%), Coleoptera (4.8%), Trichoptera (2.4%), 
Plecoptera (1.1%) and Lepidoptera (1.0%), respectively 
(Table 3). Silveira stream showed higher amount of or-
ganisms (P < 0.05) than Marco stream.

When all taxa in Silveira stream were analyzed, there 
was no difference neither between the opened units and 
the exclusion units, among the units of 36 days of colo-
nization repeated over time, nor among the different pe-
riods of colonization (P > 0.05). Marco stream presented 
differences (P < 0.05) when the units of 36 days of colo-
nization placed in the first period were compared to the 
ones placed in the second period.

Analyzing taxons separately in Silveira stream, 
Trichoptera and Plecoptera presented significant differ-
ences (P < 0.05) between the opened units and those 
with exclusion of predators, having a higher abundance 
in the latter. Ephemeroptera and Lepidoptera showed 
significant differences when compared to the time of the 
samples withdrawal, being that the highest abundance 
of Ephemeroptera was observed when the units were re-
moved in July, while Lepidoptera occurred only in July. 
Colonization did not present significant differences for 
any of the taxons.

In Marco stream, only Plecoptera presented signifi-
cant increase on the exclusion treatment (P < 0.05). The 
withdrawal time of the units presented a statistical sig-
nificance (P < 0.05) for Ephemeroptera and Lepidoptera, 
which reached highest abundance in the units removed 
in July. Colonization presented significant differences 
(P < 0.05) for Trichoptera and Plecoptera, which reached 
higher abundance after 72 days of colonization.

4. Discussion

The use of artificial substrate may interfere in the 
dynamics of the predator-prey relationship (Flecker and 
Allan, 1984). For this reason, the natural substrate of the 
river was used for filling the sampling units. However, due 
to lack of local information regarding the time of colo-
nization of aquatic macrophytes, present in great amount 
in the riverbeds of the region, mainly Podostemaceae, 
this substrate had only its fauna removed.

The time of colonization of the artificial substrate is 
still discussed, since it will vary as to the organisms eval-
uated and substrate used, being that the lower time of ex-
position prevents problems such as vandalism (Sheldon, 
1977), or even the loss of sampling units due to increase 
in water flow. Shaw and Minshall (1980) found 64 days 
to be necessary to evaluate the colonization in pieces 
of basalt in an Idaho stream, while Roby et al. (1978) 
considered two to four weeks as the ideal period for the 
colonization of artificial substrate composed by porce-

Table 2. Temperature in (°C), electrical conductivity  
(µS.cm–1) and pH at the moment of installation and with-
drawal of the experiment, in Silveira and Marco streams.

Marco 
stream

Silveira 
stream

Day 1.00 72.00 1.0 72.0

Temperature (°C) 9.00 25.60 12.5 15.0

Conductivity (µS.cm–1) 23.20 25.60 19.9 19.1

pH 6.63 6.25 6.3 6.3

Dissolved oxygen (mg.L–1) 10.55 - 10.7 -

Gastropoda

Ephemeroptera

Diptera

Axis 1: 74.5%

A
xi

s 
2:

 1
6.

5%

Figure 2. Biplot of the sampling units and species more cor-
related to the axes. Ephemeroptera with –0.98 with axis 1, 
Diptera with 0.98 with axis 1 and Gastropoda 0.29 with 
axis  2. The symbols mean:  = Silveira stream treatment 
of exclusion 36 days of colonization:  = Silveira stream 
treatment of exclusion 72 days of colonization;  = Silveira 
stream open treatment 36 days of colonization;  = Silveira 
stream open treatment 72 days of colonization;  = Marco 
stream treatment of exclusion 36 days of colonization; 

 = Marco stream treatment of exclusion 72 days of col-
onization;   =  Marco stream open treatment 36 days of 
colonization;  = Marco stream open treatment 72 days of 
colonization. All the circled sampling units belong to Marco 
stream.
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lain balls in a California stream. In the present work, de-
spite the substrate used already having been colonized 
by epilithon, at 72 days, the abundance of Trichoptera 
and Plecoptera was higher in Marco stream, indicating 
that a longer colonization period might be necessary for 
the evaluation of predators on these organisms.

The possibility of predators determining the benthic 
macrofauna structure and abundance has been studied by 
some authors. Allan (1982) and Flecker and Allan (1984) 
did not find influence of predators on the invertebrates, 
but Bechara et al. (1993), Flecker and Townsend (1994), 
Dahl (1998) and Billy and Usseglio-Polatera (2002) 
found susceptibility of benthic invertebrates to fish pre-
dation. Hanson et al. (1990) observed a great impact of 
macroinvertebrate predators on the structure of the ben-
thic community, the same being observed by Prejs and 
Prejs (1992). According to Sih and Wooster (1994), these 
differences are due to the way predators feed, in which 
the invertebrates cause significant local reductions to the 
amount of prey, while the vertebrates have a dubious ef-
fect, either reducing the prey density or not affecting it. 
The substrate, which provides shelter, is also considered 
by Bechara et al. (1993) as an important factor in the de-
termination of predation of invertebrates by fishes. In the 
streams studied, when individually evaluated, Plecoptera 
showed differences in abundance when the exclusion was 
promoted in both streams. In Silveira stream, Trichoptera 
also presented higher abundance in the exclusion units of 
predators. Flecker and Allan (1984) and Prejs and Prejs 
(1992) pointed out that predation either by big inverte-

brates or by fishes can affect some size classes of mac-
roinvertebrates.

The species of predator fish can also be responsi-
ble for the different results, according to Cooper et al. 
(1990), salmonids normally present less or no effect on 
the prey as compared to cyprinids, for example, since 
salmonids feed mainly on organisms adrift, causing little 
effect on epibenthos. The autochtonous ichthyofauna of 
both streams presents differences in relation to its com-
position, though, A. brachypterygium has low occur-
rence in these streams (Winckler-Sosinski, 2004), having 
as the highest differential the possibility of not excluding 
J. eirmostigma.

According to Billy and Usseglio-Polatera (2002), 
the brown trout tends to feed on vulnerable invertebrates 
such as the ones that live in exposed microhabitats with 
a high tendency to drift. The same was found by Bechara 
et al. (1993) who observed that the impact of the trout 
is higher on epibenthos of a bigger size and drift insects 
due to the trout predation habit of selecting by size and 
appearance. In this work only the epibenthos were evalu-
ated, and there were differences between the exclusion 
treatments in both streams. According to Winckler-
Sosinski (2004), Trichoptera is considered one of the 
main foods of the rainbow trout, introduced in Silveira 
stream, in all the phases and places, which indicates that 
exotic fishes can change food habits in the new environ-
ment, and cause impacts that are not foreseen.

Among the changes caused by predators, Sih and 
Wooster (1994) point to the increase of some prey by 
the reduction of emigration rates. The change in prey 

Table 3. Abundance (ind/experimental unit) and standard deviations of taxa more abundant in Marco and Silveira streams, 
being: AM3: opened unit removed in May with 36 days of colonization (n = 4 Marco and n = 3 Silveira); FM3: unit of exclu-
sion removed in May with 36 days of colonization (n = 4 Marco and n = 4 Silveira); AJ3: opened unit removed in July with 
36 days of colonization (n = 4 Marco and n = 3 Silveira); FJ3: unit of exclusion removed in July with 36 days of coloniza-
tion (n = 4 Marco and n = 4 Silveira); A6: opened unit removed in July with 72 days of colonization (n = 4 Marco and n = 2 
Silveira) and F6: unit of exclusion removed in July with 72 days of colonization (n = 4 Marco and n = 2 Silveira).

Marcos River
  Ephemeroptera Diptera Coleoptera Trichoptera Lepidoptera Plecoptera

AM3 122.75 (77.04) 22.5 (15.24) 25.25 (19.41) 8.00 (1.83) 2.00 (1.83) 1.25 (1.26)

FM3 223.25 (87.28) 53.50 (34.35) 16.50 (5.69) 7.75 (3.83) 1.75 (0.96) 1.25 (0.50)

AJ3 230.50 (58.21) 24.50 (4.12) 9.00 (6.22) 3.50 (1.73) 2.75 (0.96) 1.00 (1.15)

FJ3 362.50 (69.41) 72.00 (20.77) 18.00 (8.48) 4.50 (1.73) 3.50 (3.32) 4.25 (2.36)

A6 351.50 (248.81) 54.25 (49.41) 19.25 (8.30) 14.75 (15.56) 6.75 (3.30) 2.25 (3.20)

F6 339.50 (212.42) 48.25 (33.66) 17.5 (6.66) 15.25 (9.53) 5.50 (3.11) 14.25 (15.76)

Silveira River
  Ephemeroptera Diptera Coleoptera Trichoptera Gastropoda Plecoptera

AM3 269.67 (118.75) 213.67 (189.69) 12.67 (2.89) 28.33 (22.19) 63.67 (46.00) 4.67 (7.23)

FM3 188.75 (41.60) 249.25 (243.14) 17.75 (11.95) 33.00 (26.95) 97.75 (50.88) 6.25 (8.62)

AJ3 88.00 (25.51) 208.67 (78.05) 20.00 (8.89) 6.33 (1.53) 49.33 (19.14) 3.33 (2.08)

FJ3 144.50 (50.32) 626.50 (429.24) 10.50 (8.66) 30.75 (14.93) 84.50 (54.75) 19.50 (7.23)

A6 98.00 (59.40) 44.50 (28.99) 5.00 (5.66) 4.00 (2.83) 71.50 (19.09) 1.00 (0.00)

F6 196.50 (180.31) 219.50 (215.67) 13.50 (10.61) 72.50 (4.95) 41.50 (58.69) 44.50 (7.78)
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behavior was also reported by Dahl (1998). Silveira 
stream presented lower amounts of Ephemeroptera 
and higher amounts of Gastropoda than Marco stream. 
Ephemeroptera are, according to Allan (1995), organ-
isms more usually found in the drift.

Sih and Wooster (1994) also report that the reduc-
tion in competitors might lead to an increase in some 
organisms, when in the presence of predators. Besides 
the direct effect of the trout on the benthic communi-
ty, its consumption of small fishes (Winckler-Sosinski, 
2004) with insectivorous feeding habits such as the 
Bryconamerycus sp. (Bastos, 2002) may also lead to dif-
ferences, which were observed between the streams.

Thus, it is possible to conclude that the exclu-
sion treatment promotes an increase in the amount of 
Plecoptera in both streams, and of Trichoptera in Silveira 
stream, which shows that these organisms are influenced 
by predation. However, it is not possible to affirm that 
this difference is caused only by the presence of the trout 
once the other predators were also excluded. Disturbances 
such as differences in the use of the land also contribute 
to the difficulty in interpreting these data. However, one 
of the main items of trout diet is in the different compo-
sition in exclusion units. These differences indicate the 
changes to aquatic biota caused by introduction, as ob-
served by McIntosh and Townsend (1996), since the ex-
otic species may affect the behavior of some organisms 
and thus generate trophic effects in cascade. Therefore, 
studies must be performed on the local trophic chain, as 
well as studies on the macroinvertebrates adrift and their 
behavior when in the presence of the introduced species, 
in order to identify its effects on the community.
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