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Resumo

Colonizacao de substratos artificiais por macroinvertebrados aquaticos em cérregos de baixa ordem.
A natureza do substrato ¢ um dos fatores que determina a presenga e o estabelecimento da biota bentonica
nos ecossistemas aquaticos. A colonizacdo de substratos artificiais por macroinvertebrados em avaliagdes das
comunidades tem sido frequentemente utilizada como ferramenta pelas facilidades operacionais que oferece.
O presente estudo teve por finalidade verificar se ha, ou ndo, seletividade da macrofauna por diferentes tipos de
substratos artificiais. Recipientes de colonizag@o contendo diferentes substratos foram imersos em trés pequenos
corregos da regido de Sdo Carlos — SP por 30 dias. Para avaliar a seletividade de cada tipo de substrato uma
comparagdo foi feita entre a fauna colonizadora e a fauna residente em cada corrego. A analise dos dados indicou
que todos os substratos artificiais utilizados apresentaram diferentes seletividades nos corregos estudados. Os
resultados apontam para a necessidade de prévio conhecimento das caracteristicas do corpo d’agua objeto de
estudo (por ex. tipo de substratos do leito, vegetagdo do entorno, etc.) para a escolha do tipo de substrato artificial
que serda mais bem colonizado por determinado grupo de macroinvertebrados.

Palavras-chave: Colonizagao; Insetos Aquaticos; Sistemas Loticos; Substratos artificiais

Abstract

One of the factors that determine the presence and establishment of the benthic biota in aquatic ecosystems
is the nature of the available substrate. The colonization of artificial substrates for macroinvertebrates has often
been used as a tool in environmental assessments by operating facilities it provides. The present study aimed to
determine whether or not macrofauna exhibit selectivity for different types of artificial substrates. Colonization
recipients containing different substrates were immersed in three small streams in the region of Sao Carlos, Sdo
Paulo, for 30 days. To evaluate selectivity for each substrate type, a comparison was made between the colonizing
and resident fauna in each stream. Data analysis indicated that macroinvertebrate fauna exhibited selectivity for
different artificial substrate types in the streams studied. These results point to the need for knowledge of water
body characteristics prior to study (e. g., types of substrates in stream beds and surrounding vegetation, etc.) in
order to choose the types of artificial substrates that are better colonized by specific groups of macroinvertebrates.
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Introduction

The type of substrate present in river and stream
beds is one of the factors that determines the nature
and structure of the resident benthic community
(RIERADEVAL et al., 1999; MOLOZZI et al., 2011).
Colonization experiments have been used in river and
stream biomonitoring programs (OLOMUKORO:;
TOCHUKWU, 2006), and analyses of lotic system
communities with varying habitat characteristics
or under the influence of human impacts have been
conducted through experiments measuring colonization
on both natural and artificial substrates (CARVALHO;
UIEDA, 2004; JANKE; TRIVINHO-STRIXINO,
2007; SOUZA et al., 2008, PEREIRA et al., 2010;
LEITE-ROSSI; TRIVINHO-STRIXINO, 2012).
Among the substrates commonly used are mineral,
organic, and manufactured material (BENOIT et al.,
1998; CZERNIAWSKA-KUSZA, 2004; RIBEIRO;
UIEDA, 2005; CORREIA; TRIVINHO-STRIXINO,
2005; OLOMUKORU; TOCHUKWU, 2006; SAITO;
MAZAO, 2012).

The use of artificial substrates for experimental
purposes has the advantage of allowing more accurate
data collection via standardizing the sampling area and
the substrate material, as well as the time of the initial
colonization process (SANSEVERINO; NESSIMIAN,
1998; CARVALHO; UIEDA, 2004). Furthermore,
this technique offers low economic cost, rapid sample
processing in the laboratory, and the ability to obtain
samples in environments where data collection is difficult
for conventional samplers (WANTZEN; PINTO-SILVA,
2006). However, there is little knowledge of colonization
dynamics and the ideal time of exposure, and artificial
samples are often subject to losses due to flooding
and vandalism (ALVES; STRIXINO, 2003; SOUZA
et al., 2008). In addition, the selectivity that artificial
substrates promote can bias the sampling to the particular
taxonomic groups with affinity toward them (MACKAY,
1992; ORTELI; LACHAVANNE, 1995).

The strong attraction or preference of some
macroinvertebrate groups for certain substrates may be
related to resource use; they can feed on the substrates,
search them for prey, or use them as a place of refuge

or settlement, and interactions between these factors are
also possible (DUDGEON; WU, 1999; GRACA, 2001).
Mining and shredding groups, for example, are easily
found in colonization experiments that use plant detritus
as substrate (CLAPCOTT; BUNN, 2003; GONCALVES
et al., 2012; LEITE-ROSSI; TRIVINHO-STRIXINO,
2012). Organisms such as Simuliidae larvae and pupae
have a habit of attaching to hard substrates, and are
found only in experiments using material such as stones,
strips of polyethylene, and expanded clay (PEPINELLI;
TRIVINHO-STRIXINO, 2002). These observations are
consistent with studies reporting a strong relationship
between the distribution of macroinvertebrates in streams
and the natural microhabitats formed (FENOGLIO et al.,
2002; CZERNIAWSKA-KUSZA, 2004).

The goal of this study was to describe and evaluate
the colonization of different substrates in three low-
order streams, comparing the colonizing fauna with
the resident community at each site. The main goal
was to investigate whether macroinvertebrates exhibit
substrate selectivity in this these environments. Among
the substrates used were two inorganic types (gravel and
expanded clay), and three organics (a kind of vegetable
sponge known as loofah, plant detritus, and pine bracts).
The streams selected are located in areas with extensive
riparian vegetation cover and thus stream beds contain
large amounts of leaves and branches. We hypothesized
that the artificial substrate containing vegetation debris
will present lower macroinvertebrate selectivity.

Material and Methods

Three stream sites were chosen in areas of
preserved vegetation in the region of Sdo Carlos, Sdo
Paulo, Brazil. All streams have sandy substrate, covered
with plant debris in different stages of decomposition.
The Canchim stream (21°54°S, 47°58°W) is a second
order stream with gravel and rock fragments on the bed.
The surface water velocity is near 0.25 m.s™', with a
depth of 0.12 m and maximum width of 1.1 m (PAULA;
FONSECA-GESSNER, 2010). The Espraiado stream
(21°53°S, 47°52°W) has a slightly sinuous area near the
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mouth that is relatively narrow, with width and depth not
exceeding 1 m, and current velocity less than 1.5 m.s™!
(CORBI; TRIVINHO-STRIXINO, 2008). The Fazzari
stream (21°58’S, 47°53’W) has a velocity of 0.28 m.s™,
and a maximum depth and width of 0.60 m and 1.50 m,
respectively (ROQUE et al., 2005).

Experimental procedures

The experiment took place over the dry season,
using previously perforated cylindrical polyethylene
bottles (~230 holes; @ = 5 mm, 75 mm diam x 138
mm height, 500 mL) as colonization artifacts. Three
colonization containers were completely filled with
five types of substrate (Figure 1): gravel, expanded
clay, plant detritus, loofah sponge (Luffa sp.) and
pine bracts, for a total of 15 samples per stream. The
gravel used was similar to small crystals (~5 mm x
3 mm) used for fish aquarium substrates. The expanded
clay is a small sphere (@ = ~20 mm), and the detritus
consisted of random leaves and small branches (70:30
leaves:branches). The loofah plant has a format similar
to the container in which it was placed into. Only the
bracts were used from pinecones, which were removed
from the body of the strobilus. The containers were
placed on stream beds at a distance of 1 m between
them, tethered using bricks. Containers remained for 30
days prior to sampling, a period of time considered ideal
for colonization by macroinvertebrates (STOCKLEY
et al., 1998). Additionally, three samples of natural
substrate were taken from each stream using a hand net D
(© = 0.25 mm). This scan covered a stretch of 2 m, for

1 minute, and was carried out in order to explore the
various natural stream habitats.

Data collection

Collected samples were washed in the laboratory
using a 0.25 mm mesh sieve. For better preservation,
Oligochaeta were placed in vials containing 4%
formaldehyde. The retained material was then sorted on
an illuminated tray and preserved in 70% ethanol. The
specimens were examined under a stereomicroscope
and identified to the lowest possible taxonomic level.
Identification was carried out using specific literature
(BRINKHURST; MARCHESE, 1989; NIESER; MELO,
1997; DOMINGUEZ; FERNANDEZ, 2004; COSTA et
al., 2004; PES et al., 2005; DOMINGUEZ et al., 2006,
LECCI; FROEHLICH, 2007; PASSOS et al., 2007;
TRIVINHO-STRIXINO, 2014).

Data analysis

The macroinvertebrate fauna were analyzed
according to richness, abundance and dominance
according to the Kownacki dominance index
(KOWNACKI, 1971).

First, in order to verify substrate selectivity among
macroinvertebrates a Permutional Multivariate Analysis
of Variance (PERMANOVA) was performed with
10,000 permutations, and Bray-Curtis dissimilarity was
measured considering the three streams as replicates
using abundance as a response variable. To evaluate
differences in the colonization among the streams,

FIGURE 1: Substrates used in the experiment of colonization: 1 — gravel; 2 — expanded clay; 3 — organic detritus; 4 — loofah sponge;
5 — pine bracts.
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we tested two Generalized Linear Models (GLM)
using richness and abundance as response variables,
and a Detrended Correspondence Analysis (DCA)
using abundance as response variable. Streams were
considered individually in these analyses. To verify
differences among DCA clusters, we performed an
Analysis of Variance (ANOVA) with data shift from the
first axis. To test the prediction that the plant detritus is
more similar to natural bed substrate, we performed a
one-way ANOVA using species richness per substrate,
and considering the three streams as replicates.

Results

We identified 5205 macroinvertebrates in total
from 16 families and 68 taxa. Tables 1-3 show the most
dominant taxa. With the exception of Canchim stream,
detritus was the artificial substrate with the greatest
number of individuals and taxa closest to natural
bed substrate, gathering 51% and 46% of the total
individuals and 56% and 59% of the taxa in Espraiado
and Fazzari streams, respectively; detritus grouped
only 23% of the macrofauna, and 63% of the taxa of

the Canchim stream. The most prevalent group (except
Chironomidae) was the ephemerid larvae Askola and
Miroculis, the first one present in almost all collections
of the Canchim and Espraiado streams and the latter in
Espraiado and Fazzari streams. The flatworm Girardia
was also prevalent in all streams, but showed higher
dominance index on artificial substrates. Other taxa were
also dominant in most substrates, but prevailed only in
one or another stream; for example: Laccophillus in the
Espraiado stream, Barypenthus in the Canchim stream
and Glossiphoniidae in the Fazzari stream. Some taxa
stood out on certain types of substrates. For example, in
the Canchim stream Guajirolus were found on loofah,
Cernotina and Oecetis on clay, Kempnya and Cyrnelos
on gravel, Naididae on detritus, Amphipoda on gravel
and loofah; Kempnya were found on clay in the Fazzari,
and Cyrnelos on clay in the Espraiado.

Chironomidae larvae were the most representative
taxa (30) in all streams (Canchim — 62% of total
individuals; Fazzari — 68%; Espraiado — 56%). The
dominance analysis showed that each taxa presented a
different distribution. Among the tribe Tanytarsini, the
larvae of Caladomyia and Tanytarsus were the most
abundant in almost all streams and substrates. Other taxa

TABLE 1: Kownacki dominance index of the most dominant macroinvertebrate taxa in each artificial substrate and natural
bed substrate in Canchim stream. Bold values indicate dominance > 5%.

Taxa Artificial Substrate Natural bed
Detritus Loofah  Gravel Pinebracts Clay substrate
Girardia Ball 1974 2.17 1.82 4.53 8.23 2.11 0.89
Naididae 15.84 - - - 0.26 4.86
Askola Peters 1969 4.58 0.72 5.66 1.84 1.06 0.64
Miroculis Edmunds 1963 - - - - - 6.84
Barypenthus Burmeister 1839 0.1 4.89 1.01 - 1.06 5.37
Ablabesmyia Johannsen 1905 2.48 0.73 0.12 0.82 0.26 6.01
Caladomyia Sawedall 1981 5.9 9.78 9.06 6.71 13.19 4.5
Labrundinia Fittkau 1962 13.66 11.41 1.01 2.45 4.72 3.67
Larsia Fittkau 1962 4.35 2.55 4.53 6.4 1.58 3.01
Nanocladius Kieffer 1913 0.62 6.52 0.12 0.82 3.94 0.37
Pentaneura Phillipi 1865 3.54 7.61 7.92 5.18 2.11 1.92
Phaenopsectra Kieffer 1921 9.94 5.43 0.12 7.01 9.5 2.24
Rheotanytarsus Thienemann Bause 1913 0.62 - 12.45 5.49 2.64 0.02
Stempellinella Brundin 1947 4.35 5.98 - 2.13 - 0.68
Tanytarsus v. d. Wulp 1874 13.04 13.04 33.96 32.32 15.3 3.01




from this tribe were insignificant except Rheotanytarsus
and Stempellinella, which were dominant in some of
the artificial substrates in the Canchim stream. Among
the various representatives of the tribe Chironomini,
two taxa of similar life habits (mainly shredders),
Phaenopsectra and Endotribelos, showed different
distributions on plant-based substrates, the former
being dominant in Canchim stream and the second in
the Espraiado and Fazzari streams. Tanypodinae larvae
(i.e., Ablabesmyia, Labrundinia, Larsia and Pentaneura)
showed no specific preference for any substrate type.

The PERMANOVA indicated that taxa exhibited
intrinsic selectivity for all artificial substrates used in this
study, since none of the substrate types contained fauna
representative of the resident community (F = 14.47;
p = 0.004). The GLMs indicated significant differences
in richness (F, . = 4.87; p < 0.001) between different
substrate types and natural bed substrate (highest values)
for each stream. The DCA showed significant clusters
(F,,, = 12.09; p < 0.001) in relation to stream. The
natural bed substrate samples were not very distant from
each other, particularly between Espraiado and Fazzari
streams, indicating some similarity between the resident
fauna of these streams. This was not verified with the
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different substrate types. This result suggests that the
resident macrofauna colonized the artificial substrates
in a particular way in each stream (Figure 2).

FIGURE 2: DCA analysis grouping the macroinvertebrate fauna
on different artificial and natural bed substrate in
Canchim, Espraiado and Fazzari streams.
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TABLE 2: Kownacki dominance index for macroinvertebrate taxa in artificial and natural bed substrate in Espraiado stream.

Bold values indicate dominance > 5%.

- Artificial Substrate Natural bed
Detritus Loofah Gravel Pine bracts Clay substrate

Girardia Ball 1974 3.64 3.24 15.29 0.2 2.36 0.7
Ostracoda - - - 1.23 - 5.45
Askola Peters 1969 1.36 4.84 17.65 7.36 - 1.57
Miroculis Edmunds 1963 27.53 17.2 32.94 319 0.79 15.58
Laccophilus Leach 1815 4.05 5.38 0.39 3.68 - 2.34
Cyrnellus Banks 1913 - 0.72 - - 6.38 1.22
Ablabesmyia Johannsen 1905 3.64 6.45 1.58 3.07 0.79 7.53
Caladomyia Séawedall 1981 6.78 24.73 7.88 20.25 64.29 13.77
Corynoneura Winnertz 1846 1.09 1.61 5.88 1.01 - -
Endotribelos Grodhaus 1987 15.79 1.08 - - - -
Labrundinia Fittkau 1962 16.19 10.22 3.53 7.4 - -
Larsia Fittkau 1962 1.62 1.44 0.39 0.82 3.19 11.69
Pentaneura Phillipi 1865 1.63 17.74 3.53 0.82 0.79 1.82
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TABLE 3: Kownacki dominance index for macroinvertebrate taxa in artificial and natural bed substrate in Fazzari stream.
Bold values indicate dominance > 5%.

e Substrate Natural bed
Detritus  Loofah Gravel  Pine bracts  Clay substrate

Glossiphoniidae 5.92 - 0.63 1.09 2.75 0.12
Naididae - 6.84 0.63 - - 0.9
Hydracarina - - 36.54 1.63 - 11.25
Miroculis Edmunds 1963 0.11 12.24 - 17.89 2.75 12.89
Laccophilus Leach 1815 - - 11.6 - - -
Ablabesmyia Johannsen 1905 10.45 27.21 11.6 6.54 - 18.51
Caladomyia Séawedall 1981 0.7 4.08 3.87 6.5 11.17 15.25
Corynoneura Winnertz 1846 0.93 - 1.27 18.7 - 1.09
Endotribelos Grodhaus 1987 62.02 23.13 0.63 2.18 2.75 0.85
Labrundinia Fittkau 1962 1.4 9.52 - 3.27 - 6.35
Pentaneura Phillipi 1865 2.44 5.44 0.63 4.9 2.75 1.81
Tanytarsus v. d. Wulp 1874 2.57 5.44 2.58 10.57 27.92 5.26

One-way ANOVA indicated that richness on Discussion
artificial substrates was lower than for natural bed
substrate (F, . =33.4; p <0.001). The organic artificial The benthic macrofauna living in small streams
substrates showed greater macroinvertebrate richness generally display intimate relationships with the natural
than inorganic substrates in Espraiado and Fazzari Substrate (FENOGLIO et al., 2002; CZERNIAWSKA-

streams; in Canchim stream this result was not observed ~KUSZA, 2004) and some taxa show clear selectivity
(Figure 3). for certain types of substrates. For example, Phylloicus

FIGURE 3: Mean overall resident macroinvertebrate richness (dark green columns), and richness on individual organic (light green
columns) and inorganic (green columns) artificial substrates.
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and Stenochironomus usually present clear association
with submerged trunks and leaves (BORKENT,
1984; TRIVINHO-STRIXINO; STRIXINO, 1998;
RINCON; MARTINEZ, 2006; VALENTE-NETO et
al., 2015). Thus, the nature of stream bed material may
be an important determining factor of macrobenthic
community structure (BEISEL et al., 2000; RINELLA;
FEMINELLA, 2005) and may indirectly define the
colonization of artificial substrates.

The artificial substrates tested in this experiment
revealed differential selectivity among taxa according
to stream. For example, the different distribution of
the two mayflies Askola and Miroculis observed in
our study may be related to different preferences. The
particular traits of the different taxa and consequently,
the faunal richness in each substrate, varied according
to the stream, possibly by the adjustment of fauna to
the natural substrate type already present in the streams.
We observed higher faunal richness and abundance in
organic substrates than in the other artificial substrates
in Espraiado and Fazzari streams, in which the bottom
stream beds are formed by leaves, trunks and branches.
The Canchim stream contains gravel and rock fragments
in the stream bed in addition to organic substrates, and
richness and abundance was similar on all artificial
substrates at this site. It is also known that there is a
relationship between the fauna and microhabitats formed
in streams (FENOGLIO et al., 2002; CZERNIAWSKA -
KUSZA, 2004), and the addition of a resource may not
be attractive to the local fauna.

Caution is needed when using artificial substrates
to characterize environments due to their powerful
selectivity (MACKAY, 1992; ORTELI; LACHAVANNE,
1995) and given the possibility of being unattractive to
local wildlife. The selectivity power of an artificial
substrate may be used as tool only by expert researchers
to obtain particular groups of macroinvertebrates,
for example, the collection of Endotribelos species
(ROQUE; TRIVINHO-STRIXINO, 2008). Prior
knowledge of the faunal habits and the features of the
stream is thus necessary for selection the best type of
artificial substrate.

Although chironomid larvae are often neglected
in ecological studies or generally addressed as a single
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group, it is interesting to highlight the richness and
abundance of this group in our experiment. This is
explained by its dominance in freshwater environments
compared to other aquatic insects (ARMITAGE et
al., 1995). According to Carvalho and Uieda (2004),
chironimidae presents low selectivity for available
resources in the environment, being characterized as
generalist organisms. In our experiment, Tanytarsus,
Caladomyia and Phaenopsectra larvae exhibited this
behavior, being dominant on several different types
of substrates. As a megadiverse family, different taxa
may also colonize particular substrates. For example,
the larvae of the already cited Endotribelos, considered
shredders of dead plant material (ROQUE et al., 2005;
RAMSEYER; MARCHESE, 2009), were found more
frequently and exhibited great affinity for detritus
substrate compared to natural bed substrate. Other
shredder larvae such as Phaenopsectra were found
colonizing different artificial substrates in Canchim
stream. This may be an indicative of the plasticity of
the family Chironomidae, which can also obtain food as
collectors from different organic or mineral substrates.
On the other hand, the predator group (4blabesmyia,
Labrundinia, Larsia and Pentaneura) showed no specific
preference for substrate type despite the fact that artificial
substrates can potentially serve as traps for prey, aiding
in their predation.

In summary, all artificial substrates used in our
experiment were shown to be subject to selection by
resident macroinvertebrate taxa. Furthermore, the
hypothesis that the plant detritus substrate would be
similar to the natural bed substrate was not confirmed.
This is likely explained by environmental heterogeneity,
with streams composed of innumerous substrates and
with strong patchiness, and large perimeters, providing
a great number of possible niches for invertebrates
(BEISEL et al., 2000). In other words, the heterogeneity
of microhabitats constitutes an important factor for
enhancing biological diversity (MOLOZZI et al., 2011;
HEINO, 2013). Thus, the use of artificial substrates is
likely more effective for capturing particular groups
of invertebrates. In addition, individuals being more
dominant on a particular artificial substrate than on the
stream bed may be due to the introduction of the new
substrate an attractive resource. Preliminary studies on
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the composition of stream beds may be informative for
choosing the most adequate substrate for sampling of
the local community.
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