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ABSTRACT
Understanding how the process of colonization by taxa in different types of habitat takes place is necessary to preserve
their diversity. The aim of this study was to analyze the process of colonization by macroinvertebrates on an artificial
substrate with morphology similar to that of the roots of aquatic macrophytes Ricciocarpus natans and Spirodela
intermedia, which were present in the environment investigated. The hypothesis is that the values of total density on the
artificial substrate will show a tendency similar to that of a macrophyte stand, but with a different taxonomic composition.
The differences in taxa density and composition associated with the artificial substrate and macrophytes were significant.
The total density and richness on the artificial substrate did not follow an upward curve with a significant increase in the
number of individuals during the experiment, probably due to the heavy rainfall observed. The variation in the density
values in both substrates shows that the macroinvertebrate community was maintained through an “emigration” and
“immigration” dynamic. Our hypothesis was confirmed only in relation to the taxonomic composition. The colonization of
the artificial substrate by macroinvertebrates might have been more efficient had the environment not received frequent
rains, which affected the physical stability of the macroinvertebrate community. Therefore, intrinsic sampling site
characteristics may have attenuated the effect of the flood pulse on the macroinvertebrate communities, since only
oscillations in the density values of the taxa were observed, rather than their exclusion.
Keywords: ecological succession; hydrological disturbance; phytofauna; Ricciocarpus natans; Spirodela intermedia.

INTRODUCTION

The organization and spatial distribution patterns
of natural communities appear to be largely affected
by interactions between environmental perturbations
and biological processes (Sousa 1984). Nature
management, as well as the preservation of biological
diversity, depends on knowledge of the strength that
effectively maintains the biodiversity of ecosystems
(Tilman 1994). One of the main challenges in ecology
is to understand how and when physical habitat
heterogeneity controls the structure and function of
biotic communities (Cardinale et al. 2002). Therefore,
it is important to understand how taxa colonization
occurs in different types of habitats. Organisms with
low mobility can be considered true colonizers because
they tend to effectively remain in the environment until
some factor promotes their removal or departure
(Mackay 1992). In inland water environments,

colonization may occur quickly due to oviposition by
winged adult terrestrial insects which inhabit water
during part of their life cycle (egg and larvae
phases), but their activity and the number of eggs
deposited per substrate area unit are rarely reported
(Mackay 1992).

Macroinvertebrate colonization at a determined
site depends not only on the individual’s locomotion
strategies, substrate texture and food availability, but
also on competition and predation relations with other
biota components (Mackay 1992). An important issue
when examining macroinvertebrate colonization in a
particular habitat is how to define the beginning of the
process of colonization of the site precisely. According
to Ribeiro & Uieda (2005), experiments using artificial
substrates can be useful because they enable the
standardization of the sampling area and the initial time
of colonization. However, it is important to check
whether the structure of the artificial substrate presents
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the same characteristics as the natural substrate
(Carvalho et al. 2008).

 In addition to the above-mentioned factors,
colonization success is also related to the taxa dispersal
potential and abundance in adjacent areas (Brederveld
et al. 2011). In the present study, artificial substrate
samplers were surrounded by aquatic macrophytes
Spirodela intermedia and Ricciocarpus natans. Both
macrophytes can thus be a source of potential
colonizers of the artificial substrate in the present study.
Fontanarrosa et al. (2013) and Albertoni & Palma-
Silva (2006) observed a rich and abundant
macroinvertebrate community associated with small
and medium-size floating macrophytes, including R.
natans and S. intermedia, respectively. Spirodela
intermedia has fasciculate roots up to 3.0 cm long
(Pott & Cervi 1999) and R. natans has a total length
from 1.0 to 1.5 cm (Pott & Pott 2000). According to
these authors, S. intermedia is commonly found in
conjunction with other species of floating aquatic plants,
for example, R. natans.

Succession dynamics in a peculiar area is initially
recognized by the presence of less specialized taxa,
also called pioneer organisms. They can change the
site characteristics and determine the colonization by
other individuals which extinguish their precursors
(Carvalho & Uieda 2004). However, when the
environment is disturbed in different frequencies and
intensities, distinct models of ecological succession may
be inducted (Maltchick & Florin 2002). The sequence
of stages including alterations in taxa composition and
in the environment must be determined when ecological
succession is examined. In the climax phase, equilibrium
is attained when the percentage of introduction of new
taxa into the community is equal to the percentage of
disappearance of others and, thus, the richness becomes
approximately constant (Mackay 1992). However,
generalizations on an ideal timeframe of efficient
colonization must be avoided, because colonization
patterns differ with substrate types (Booth et al. 2013)
and temporal scales (Thomazi et al. 2008).

Many macroinvertebrates use aquatic
macrophytes as food resource sites (Lodge 1991,
Newman 1991, Natchtrieb et al. 2011, Watson &
Barmuta 2011). Since artificial substrates do not
supply any source of energy to herbivorous

macroinvertebrates, the working hypothesis is that
some taxa with herbivore feeding habits will not be
observed on the artificial substrate, but that the total
macroinvertebrates density on the artificial substrate
will show an increasing trend over time, with values
similar to those observed on the natural substrate
(macrophytes). This hypothesis is preliminarily
supported by Barker et al. (2014). In their comparative
study of macroinvertebrates associated with
Eichhornia crassipes and an artificial substrate analog
to its roots, they noted the existence of significant
differences in fauna structure between the two
substrates in analysis. One of the major causes of this
was the nutritional role played by macrophyte roots to
some taxa.

The goals of our study were: 1) to analyze the
macroinvertebrates ecological succession through
colonization process of an artificial substrate
morphologically similar to the roots of aquatic
macrophytes R. natans and S. intermedia (natural
substrates) found in the environment, and 2) to
compare the density, richness and composition of
macroinvertebrates on artificial and natural substrates.

This research aims to contribute to the scientific
knowledge of the dynamic of macroinvertebrate
colonization on an artificial substrate, as well as the
association of macroinvertebrates with small-size
aquatic macrophytes. Most papers in the literature
refer to the relationships of macroinvertebrates with
large-size macrophytes. The analysis of the fauna
structure of macroinvertebrates that inhabit aquatic
plants with reduced root systems may shed light on
the role that these macrophytes play in the aquatic
environment as food sources and alimentation and
shelter sites in the development of the fauna and on
their eventual contribution to the spatial heterogeneity
of habitat.

MATERIAL AND METHODS

Study area

The area selected for study is a floodplain
marginal to the Guareí River located on a stretch within
a preserved forest area (Angatuba Ecological Station,
southeast São Paulo State, Brazil). Three sites located
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in the riparian forest were sampled: S1 (23º25’30.7"S,
48º19’21.4"W), S2 (23º25’26.4"S, 48º19’21.6"W) and
S3 (23º25’27.8"S 48º19’23.2"W). The study area
(Middle Guareí River) is part of the Jurumirim reservoir
watershed that is located about 45 km far from the
confluence zone with the reservoir (Figure 1). The
predominant aquatic vegetation within the study area
was dominated by the floating macrophytes R. natans
and S. intermedia.

Experimental design and sampling frequency

Circular artificial substrate samplers were made
of polyester carpet (Figure 2) in the same dimensions
of the aquatic macrophyte sampling area (a circular

sieve 250 µm mesh screen of area 0.035 m2) and fixed
to pieces of Styrofoam with hot melt adhesive and pins.
Eighteen samplers were fixed to the margin and
incubated in mixed stands of R. natans and S.
intermedia at the three different temporary floodplain
sites. One substrate sampler and a sample of
macroinvertebrate fauna associated with the
macrophyte stand were collected at each of the three
sites at six different intervals of time from December
13th, 2012 to January 10th, 2013 (1st, 3rd, 7th, 14th,
21st and 28th days after the start of the exposition).
Aquatic macrophyte sampling was inserted under the
macrophyte beds and pulled from the water with the
macroinvertebrates associated with macrophytes
retained in the sieve.

Figure 1. Study area at the Angatuba Ecological Station and the three sampling sites on a stretch of Middle Guareí River,
in the State of São Paulo, Brazil.



410                                                                                    Silva & Henry

Oecol. Aust., 21(4): 407-421, 2017

Abiotic and biotic variables

Daily precipitation data during the study period
were provided by the meteorological station at
Angatuba Ecological Station. For each sampling site,
the following variables (with the exception of water
transparency) were determined at the water surface
within the macrophyte stands: water temperature
(mercury thermometer), dissolved oxygen (Winkler’s
method, modified by Golterman et al. 1978), water
pH and electrical conductivity (corrected to 25oC,
according to Golterman et al. 1978), suspended
matter (gravimetry, following Teixeira & Kutner
1962), water transparency (Secchi disk), and total
concentration of photosynthetic pigments (Golterman
et al. 1978). Exclusively the water temperature and
transparency were measured in situ. The water
samples for the determination of suspend matter and
photosynthetic pigments were collected by a plastic
bottle and filtered in the laboratory by filters Millipore
AP40. The total suspend matter concentration was
obtained through the difference of the initial and final
weight of the filters (after oven drying). The
photosynthetic pigments were extracted in acetone
(90%) for about 12 hours and the concentration
determined with a spectrophometer, according to
Golterman et al. (1978).

On each sampling day, three artificial substrate
samplers were collected and removed from their
Styrofoam support, individually transferred to plastic

containers and fixed with a 70% alcohol solution. In
the laboratory, the artificial substrates were carefully
washed with water over a tray and examined under
a stereoscopic microscope to ascertain the complete
removal of macroinvertebrates. Next, the tray content
was filtered with a 250-µm mesh screen and the
macroinvertebrates were sorted out under a
stereoscopic microscope and identified through
reference to specialized literature (Domínguez &
Fernandez 2009, Mugnai et al. 2010). The same
procedure was applied to fauna samples associated
with macrophytes collected at the three sites. After
fauna removal, the plants were dried in an oven
(60oC) to determine their biomass (grams of dry
weight).

Data analysis

The mean daily colonization rate (x) of
macroinvertebrates on the artificial substrate,
expressed in terms of abundance (daily variation rate
of individual abundance) and richness (daily variation
rate of taxa richness) in the successive sampling
intervals was estimated through simple derivate
calculation, which function was macroinvertebrate
abundance and richness over time using x
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time. The Simpson dominance index was also
computed (Odum & Barret 2007).

Figure 2. Artificial substrate sampler made of polyester carpet and experimental design with the position of artificial
substrate samplers on the margin of Guareí River, State of São Paulo, Brazil.
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Statistically significant differences (p < 0.05)
between sampling days in biotic and abiotic variables
were analyzed with variance analysis using software
Sigma Plot 11. Multiple data comparisons were carried
out through Tukey’s test. “One-way” ANOVA was
used when the data were normally distributed and the
Kruskal-Wallis test when the data did not present
normal distribution.

The ecological attributes and macroinvertebrate
densities in the macrophyte stand and the artificial
substrate were compared with the “t” Student test when
the data were normally distributed and the Mann-
Whitney test when the data showed a non-normal
distribution.

To test the similarity in macroinvertebrate
density and composition (presence or absence)
between the macrophyte stands and the artificial
substrates on successive sampling days, Non-Metric
Multidimensional Scaling analysis (NMDS) was done
using the Bray-Curtis dissimilarity coefficient. The
main taxa responsible for groupings shaped by the
NMDS were identified by the SIMPER analysis and
the differences in macroinvertebrate density and
composition by the ANOSIM analysis. All analyses
were carried out through program Primer v6 (Clarke
& Gorley 2006) using square root-transformed data
(Clarke & Warwick 2001). All the statistical tests
(except in NMDS, SIMPER, and ANOSIM analyses)
were carried out using (log (x + 1)) transformed data,
except for pH values.

RESULTS

Abiotic variables

After three successive days of intense rainfall,
the Guareí River overflowed on December 16, 2012
and inundated the lateral plain at Angatuba Ecological
Station, affecting the sites where the artificial substrate
samplers were exposed (Figure 3).

The highest water temperatures were recorded
during the second half of the experimental period
(Figure 4a). Dissolved oxygen and percent saturation
presented low values on all the sampling days,
especially from the 14th day on (Figure 4b). Evident
variation in water pH was observed at the beginning
of the experiment without any apparent difference from
the 14th day of sampling onwards (Figure 4c). An
opposite pattern was observed for water electrical
conductivity, which presented a great variation during
the study period, with the highest value on the 21st
day (Figure 4d). A predominance of inorganic fraction
in suspended matter was observed throughout the
study, except on the 28th day. In relation to the total
suspended matter, the highest concentrations were
recorded on the 1st, 7th and 14th days (Figure 4e).
Concerning water transparency, the lowest value was
obtained on the 7th day (Figure 4f). Significant
differences were pointed out only for water electrical
conductivity (1st day   21st day; p = 0.004) and
temperature (7th day    1st day; p < 0.001).

Figure 3. Daily precipitation (mm) in December 2012 and January 2013 at Angatuba Ecological Station, State of São Paulo,
Brazil. Note the difference in scales. The arrows indicate the sampling days.
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Biotic variables

Total pigments from water samples varied during
the experiment and the highest value was observed on
the 3rd day (13.8 µg.L-1) (Figure 5a). No evident
variation in macrophyte biomass was observed during
the experiment (Figure 5b).

The density of macroinvertebrates associated with
macrophytes (Figure 6a) was higher than that on the
artificial substrate (Figure 6b). A rising density curve
was observed on the artificial substrate from the 1st to
the 7th days; the abundance decreased on the 14th day
and increased only from the 28th day (Figure 6b).

Comparing the fauna associated with the artificial
substrate and macrophytes, differences were pointed
out for total density (t-test p<0.001), total richness (t-
test p=0.028) and macroinvertebrate density, except for
Nematoda, Acari and Odonata. On the temporal scale,
differences were obtained only for the total density of
the fauna associated with the macrophytes (1st day =
from all other successive sampling days; p < 0.001) and
for Nematoda (1st day = 7th, 14th, 21st and 28th days;
p < 0.001). In relation to the density in the artificial
substrate, Insecta (1st day = 3rd and 7th days; p = 0.033),
Turbellaria (1st day = 21st day; p = 0.028), Acari (1st
day = 14th, 21st and 28th days; p = 0.008), Crustacea

Figure 4. Mean ± SD (N = 3) of water temperature (a), dissolved oxygen and percent saturation (b), pH (c), electrical
conductivity (d), organic and inorganic suspended matter (e) and transparency (f) on the plain lateral to the Guareí River
on successive sampling days from December 2012 to January 2013. Note the difference in scales.
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(1st day = 7th day; p = 0.035) and Diptera (1st day =
3rd, 7th, 14th and 28th days; p = 0.005) differed during
the experiment.

The mean daily variation rate in the number of
macroinvertebrate organisms colonizing the artificial
substrate showed an abundance peak on the 3rd day
(144 ind.day-1) and negative values on the 14th and
21st days (Figure 6c). An evident increase in the taxa
richness daily rate was recorded on the 1st day of the
experiment, decreasing significantly on the 3rd and 7th
days, and was very low during the remainder of the
experiment (Figure 6d).

The mean taxonomic richness of fauna
associated with macrophytes varied from 18 to 21 taxa
(Figure 6e) and on the artificial substrate it attained a
maximum value on the 3rd and 28th days (15 taxa)
and was approximately constant during the remainder
of the experiment (Figure 6f).

During the study period, Crustacea, Insecta and
Annelida were the most numerous groups of
invertebrates on the artificial substrate (Figure 7a), but
high abundance in the macrophytes was limited to the
first two (Figure 7b).

The density of aquatic insects on the artificial
substrate (Figure 8a) was lower than in the macrophyte
stands throughout the experiment (Figure 8b). In both
substrates, Diptera predominated during the study
period and Ephemeroptera was the least numerous

Insecta order (Figure 8a and b).
Diptera, Oligochaeta, Ostracoda, and

Amphipoda presented the highest relative abundances
on the artificial substrate (Figure 9a). The range of
abundance of Diptera varied from 19.0% (1st day)
to 42.7% (3rd day), Oligochaeta from 16.7% (7th
day) to 35.0% (1st day), Ostracoda from 1.3% (3rd
day) to 22.1% (28th day), and Amphipoda from 7.8%
(28th day) to 27.0% (1st day) (Figure 9a). The most
abundant taxa in the macrophyte stand during all the
sampling period were Diptera and Amphipoda (Figure
9b). On the 3rd day, Diptera corresponded to 44.6%
of the total abundance of macroinvertebrates, while
Amphipoda attained 49% at the beginning of the
sampling (Figure 9b).

The variation in the dominance index (range: 0.2-
0.3) of the macroinvertebrate community associated
with the artificial substrate and macrophytes during
the experiment period were similar.

NMDS analysis showed that the density
(Figure 10a) and composition (Figure 10b) of
macroinvertebrates associated with the artificial
substrate and the macrophytes differed on the spatial
scale. However, no significant difference occurred on
the temporal scale for either composition in the artificial
substrate (ANOSIM: p = 0.558, global R = -0.021) or
density in the macrophytes (ANOSIM: p = 0.628,
global R = -0.046).

Figure 5. Mean ± SD (N = 3) of total pigments from water samples (a) and dry biomass of Ricciocarpus natans and
Spirodela intermedia (b) on the plain lateral to the Guareí River, State of São Paulo, Brazil, on successive sampling days
from December 2012 to January 2013.
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Figure 6. Mean ± SD (N = 3) of the total density of macroinvertebrates associated with macrophytes (ind.m-2) (a) and on
the artificial substrate (b), daily rates of variation of abundance (ind.day-1) (c), and richness of macroinvertebrates
(taxa.day-1) colonizing the artificial substrate (d); total taxonomic richness of fauna associated with macrophytes (e) and
on the artificial substrate (f) on the plain lateral to the Guareí River, State of São Paulo, Brazil, in successive sampling days
from December 2012 to January 2013. Note the difference in scales.
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Figure 7. Mean (N = 3) of the total density (ind.m-2) of macroinvertebrate taxa in macrophytes (a) and on the artificial
substrate (b) on the plain lateral to the Guareí River, State of São Paulo, Brazil, on successive sampling days from December
2012 to January 2013. Note the difference in scales.
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According SIMPER analysis (similarity
percentage analysis) the densities of Oligochaeta
(contribution of 19.3%), Amphipoda (contribution
of 15.4%) and Chironominae (contribution of
11.3%) were the main densities responsible for the
similarity within the group shaped by the artificial
substrate. In relation to the macroinvertebrates
associated wi th macrophytes ,  Amphipoda
(contr ibut ion of 22.3%),  Chironominae
(contribution of 12.7%) and Orthocladiinae
(contribution of 11.0%) contributed significantly to
the NMDS result (Figure 10a).

DISCUSSION

The artificial substrates used in this study were
efficient for the colonization of macroinvertebrates,
however their density did not follow an ascendant curve
of increase of fauna from the incubation day until the
end of the experiment. Structural and functional
alterations in freshwater macroinvertebrate populations
and biota communities are faster and usually occur as
a function of short-term variability in environmental
characteristics, such as rainfall, and the consequent
change in water level and discharge, temperature and
food availability (e.g., input of allochthonous organic
matter) (Resh et al. 2013). Thomazi et al. (2008) also
reported that intense rainfall affects the colonization
process because rains resulted in increased water

movement and the consequent washing of
invertebrates present in the environment, considerably
reducing their number.

The taxa richness variation was low on the
temporal scale. Conversely, the taxa density on the
artificial substrate increased from the 1st to 7th day,
showing a decline from the 7th to the 14th day, and a
trend to a new increase on the 28th day. This is an
indication that a new colonization process occurred
and that ecological succession began on the 14th day.
According to Connell & Slatyer (1977), succession in
the majority of the communities is frequently
interrupted by great perturbations occurring in nature
(e.g., fires, storms) and the process starts all over again.
However, to study the occurrence of disturbances in
nature is more complex than the theories show,
because it can lead to a simplified idea of a predictable
effect of perturbation on diversity (Fox 2013).

The biota response to disturbances can be better
interpreted by examining the eventual resistance and
resilience of the individuals. In previous studies that
analyzed disturbance effects (e.g., inundation and
drought on freshwater macroinvertebrates), resistance
is determined by measuring structural alterations in the
community after the perturbation and resilience is
defined as the capacity of recovery of the individuals
and attaining the condition previous to the disturbance
within a determined time scale (Melo et al. 2003,
Fritz & Dodds 2004, Hershkovitz & Gasith 2013).

Figure 8. Mean (N = 3) of total density (ind.m-2) of the different orders of  Insecta associated with macrophytes (a) and with
the artificial substrate (b) on the plain lateral to the Guareí River, State of São Paulo, Brazil, on successive sampling days
from December 2012 to January 2013. Note the difference in scales.
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Figure 9. Mean (N = 3) of relative abundance (%), total abundance and standard-deviation (±) of macroinvertebrates
associated with macrophytes (a) and on the artificial substrate (b) on the plain lateral to the Guareí River, State of São
Paulo, Brazil, on successive sampling days from December 2012 to January 2013.

In our study, Chironomidae and Amphipoda can be
considered resistant organisms, since both taxa were
abundant on the artificial substrate and in the
macrophytes on all sampling days. Conversely, in a
study by Robinson (2012), these two taxa were less
resistant to inundation, since they presented a
significant reduction (> 70%) in their densities after
the disturbance. Considering the eventual resilience,
in the present study it was observed that the community
recovered after 15 days in the macrophytes and after
 21 days on the artificial substrate. Due to frequent

precipitation during the study period, we cannot
asseverate that these two respective periods are
necessary for the recovery of equilibrium in
macroinvertebrate density, since the duration may be
different in a highly stable environment. Therefore,
seasonal changes in macroinvertebrate abundance may
affect the measurement of resilience capacity of
individuals (Robinson 2012). Varying inundation
magnitude can lead to different effects on community
structure in an aquatic environment due to differences
in life cycle, resistance and adaptation strategies of
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the organisms. Low and medium intensity inundation
may reduce the density of aquatic communities.
Conversely, high magnitude inundation may remove a
determined population temporarily (Maltchick & Florin
2002). In the present study, inundation was probably
of medium intensity, because only a diminution in the
macroinvertebrate density was observed, without taxa
exclusion. In relation to the fauna in the macrophytes,
a fluctuation in density and taxa number values was
seen in the temporal scale. The analysis of the
maintenance of the macroinvertebrate community
structure under disturbance can give an idea of how it
is affected and re-established after perturbation
(Connell & Slatyer 1977). To determine the intensity
of the effects of hydrologic disturbance on aquatic biota
requires a perception of the resistance threshold of
each community or population to perturbations by
inundation (Maltchick & Florin 2002).

According to the SIMPER analysis, the most
abundant taxa on the artificial substrate were
Oligochaeta, Amphipoda, and Chironominae, while
Amphipoda, Chironominae and Orthocladiinae were
higher in the macrophytes. These taxa were thus the
most resistant to the effects of inundation on the plain
lateral to the Guareí River. Also, Oligochaeta,
Amphipoda and Chironominae, pioneer organisms

important in the ecological succession, were observed
on the artificial substrate from the beginning of the
experiment. Pioneer  taxa are less specialized
organisms, change the habitat and allow colonization
by other individuals which may extinguish the
precursors in the ecological succession process
(Carvalho & Uieda 2004). However, in the present
study, Oligochaeta, Amphipoda and Chironomidae were
observed on the artificial substrate on all the sampling
days and no taxa change pattern was identified in the
process. Thus, the macroinvertebrate ecological
succession reported in the present study showed a
pattern distinct from those reported in the literature.

Many studies have reported that Chironomidae
and Oligochaeta are important colonizers of artificial
substrates (Carvalho & Uieda 2004, Souza et al. 2008,
Barker et al. 2014). However, on Amphipoda most
information refers its taxonomy, biology, ecology, and
their association with aquatic macrophytes and macro-
algae (Jacobucci & Leite 2002, Saigo et al. 2009,
Acosta & Prat 2011, Bastos-Pereira & Bueno 2013).
A study on temporal and spatial patterns of
macroinvertebrates associated with different floating
macrophytes revealed that when the area covered by
R. natans is large, the macroinvertebrate community
is dominated by Hyalella curvispina amphipodes

Figure 10. Non-metric multidimensional scaling (NMDS) analysis of density (ind.m-2) (a) and composition (b) of
macroinvertebrates associated with the artificial substrate and the macrophytes on the plain lateral to the Guareí River,
State of São Paulo, Brazil, on successive sampling days from December 2012 to January 2013.
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(Fontanarrosa et al. 2013). Amphipoda individuals are
commonly found in association with macrophytes and
macro-algae (Jacobucci & Leite 2002) and present
an herbivorous or herbivorous-detritivorous feeding
habit (Jacobucci & Leite 2006, Saigo et al. 2009,
Acosta & Prat 2011, Barker et al. 2014). This
peculiarity of these organisms can explain the
dominance of crustaceans in R. natans and S.
intermedia stands, attaining approximately 50% of the
relative abundance. Aquatic plants with low biomass
and little developed roots and low capacity to retain
particulate organic matter present a high number of
associated herbivores and predators (Poi de Neiff &
Neiff 2006).

Although amphipods were recorded on the
artificial substrate, their relative abundance was lower
than 35%. NMDS analysis showed a clear distinction
between the density and composition of taxa associated
with macrophytes compared to those on the artificial
substrate. According to the SIMPER analysis, the
percent contribution of Amphipoda to the NMDS result
was higher in the macrophytes (22.3%) than on the
artificial substrate (15.4%). The analysis pointed out
taxa segregation on the artificial substrate and in the
macrophytes on all the successive sampling days,
confirming our working hypothesis concerning a
difference in taxa composition on both substrates. No
similarity trend in density values on either the natural
and artificial substrates was observed at the end of
the experiment, refuting our initial hypothesis.

A comparative study of macroinvertebrates
associated with Eichhornia crassipes and an artificial
substrate analog to its roots showed that the fauna
structure differed in both substrates (Barker et al.
2014). Macrophyte roots provide a food source to some
taxa, this being a determining factor in the selection of
which plant to inhabit and which habitat is more useful
to macroinvertebrates (Barker et al. 2014). Taxonomic
composition (taxa presence or absence) in the present
study showed that Culicidae, Tipulidae and Lepidoptera
were exclusive in macrophytes, and Muscidae,
Tabanidae, and Bivalvia were rare on the artificial
substrate. Some lepidopterans and dipterans are
shredder-herbivorous organisms (Newman 1991,
Nachtrieb et al. 2011), which can explain their
presence in plants. In this study, the artificial substrate

supplied no food to herbivorous macroinvertebrates that
feed on periphyton, because the supporting Styrofoam
disks protected the polyester carpet samplers from light
incidence and prevented alga colonization and growth.
Thus, the macroinvertebrates associated with the
artificial substrate had only adhered particulate organic
matter and organisms from inferior trophic levels as a
source of food and were a food source for top
predators, such as Odonata larvae, the second most
numerous aquatic insect after dipterans.

Although the feeding habits of
macroinvertebrates supply important information for
the understanding of their presence or absence at a
determined site, there is yet much doubt concerning
“true colonization” vs. “resources exploitation” in
experiments using artificial substrates. Colonization
can be characterized as complete (“true”) only when
taxa richness and density values on artificial
substrates become stable or are similar to those of
the surrounding community (Mackay 1992). However
macroinvertebrates present a patch-like aggregate
distribution in the environment that varies with
colonization stage and taxonomic composition.
Thus, artificial substrates distributed randomly in the
environment can be ineffective in the precise
estimation of macroinvertebrates in the ecosystem
(Benoîtet al. 1998).

According to Melo et al. (2003), inundation of
aquatic environments cause a re-distribution of
invertebrates and some sites loose individuals during
the high water period, while others retain or receive
organisms, acting as shelter. They also claim that
habitats with high spatial heterogeneity furnish an ample
range of shelters against hydraulic perturbations. Our
sampling site was located within a preserved forest on
the plain lateral to the Guareí River and presented great
heterogeneity due to the presence of R. natans and S.
intermedia, and also due to the riparian forest located
on the temporary shores. Riparian vegetation
contributes to increase the spatial heterogeneity of the
aquatic environment, from the input of allochthonous
matter to water bodies, and in the marginal zone of
aquatic ecosystems it provides additional food
resources and shelter to macroinvertebrates. Intrinsic
characteristics of our sampling sites can have thus
greatly diminished the effect of inundation pulses on
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the macroinvertebrate communities, considering that
only a fluctuation in taxa density values was observed,
not taxa exclusion.

The total density and taxonomic richness of
macroinvertebrates associated with macrophytes was
higher than that on the artificial substrate, refuting our
initial hypothesis. In relation to taxonomic composition
on both substrates our second hypothesis was
confirmed, because the NMDS analysis pointed out
taxa segregation on the artificial substrate and in the
macrophytes on all the successive sampling days.
Culicidae, Tipulidae and Lepidoptera were taxa
exclusive in macrophytes, and Muscidae, Tabanidae,
and Bivalvia were rare on the artificial substrate.
Diptera and Amphipoda were abundant taxa in both
substrates.

The hydrologic perturbation observed in the
present study determined no fauna disappearance.
Oscillations between an increase and a decline in density
values in both substrates show that the
macroinvertebrate fauna was maintained by a dynamic
involving “de-colonization” and “re-colonization” (i.e.,
emigration and immigration). Hydrologic disturbances
in lotic ecosystems and marginal floodable areas must
be considered not as a problem in the studies of
macroinvertebrate colonization, but rather as an
opportunity to investigate the influence and importance
of stochastic and deterministic processes in the shaping
of the structure of aquatic communities (Mackay 1992).
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