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ABSTRACT
Macroinvertebrate associated with macrophyte beds in a Cerrado stream

Our aim was to determine the spatial (edge and center) and taxonomic influences of macrophyte beds of two species, Diamanti-
na lombardii and Eriocaulon aquatile, on attributes, structure and functional feeding groups (FFG) of macroinvertebrate in a
Brazilian savanna stream. A total of 29 invertebrate taxa were sampled, with the families Simuliidae and Chironomidae being
most abundant. Diamantina lombardii exhibited greater density and richness of macroinvertebrates (2191 ind/g and 13 taxa,
respectively) than E. aquatile (1217 ind/g and 8 taxa, respectively), which can be attributed to differences in leaf morphology
(different resource and habitat availability). The habitat provided by D. lombardii favors better protection from the force of
water current, which increases habitat dependence and facilitates macroinvertebrate colonization, whereas E. aquatile exhibited
a greater number of exclusive taxa. Higher macroinvertebrate density also increased prey density, thereby explaining the
greater abundance of predators found, mainly in the edge (by predation facilitation). Furthermore, spatial site in macrophyte
beds can drive the composition of FFG by determining the availability and type of food resources. Filtering-collectors (25 %)
remove fine particles of organic matter from the water column, which explains their greater abundance at the edge of the beds.
Gathering-collectors (45 %) consume organic matter obtained from the substrate and thus do not require water flow, which
explains their greater density in the center of the beds. Therefore, macrophyte beds are important habitats that need to be
conserved for the maintenance of macroinvertebrate biodiversity in Savannah streams.

Key words: Functional feeding groups, macroinvertebrate richness, cerrado stream, macrophytes, edge and center

RESUMO
Macroinvertebrados em bancos de macrofictas

Nosso objetivo foi determinar a influéncia do espago (borda e centro) e especifica de banco de duas macrofitas (Diamantina
lombardii e Eriocaulon aquatile) sobre os atributos das comunidades de macroinvertebrados, estrutura e grupo funcional
trofico (GFT) em riacho de Cerrado. Encontramos um total de 29 taxa, onde Simuliidae e Chironomidae foram os macroinver-
tebrados mais abundantes. Maior densidade e riqueza de macroinvertebrados foram encontradas em D. lombardii, (2191 ind/g
e 13 taxa, respectivamente) comparado a E. aquatile (1217 ind/g e § taxa, respectivamente) devido a diferencas na morfologia
foliar (mudancas no recurso e disponibilidade de habitat para a comunidade). A prote¢do da for¢a de lavagem da dgua por D.
lombardii promove habitat especificos comprados a E. aquatile que pode facilitar a coloniza¢do dos macroinvertebrados. E.
aquatile apresentou um alto numero de taxa exclusivos. A maior densidade aumenta a densidade de presas, ajudando a
explicar as elevadas densidades de predadores na borda. A posi¢do no banco de macrofita pode direcionar o GFT por
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mudangas no tipo e disponibilidade de recurso alimentar. Coletores-filtradores (25 %) removem particulas finas de matéria
orgdnica da coluna d’dagua, justificando sua maior abundancia na borda. Coletores-catadores (25 %) consomem matéria
orgdnica depositada no substrato sem precisar de corrente explicando a maior densidade no centro. Portanto, bancos de
macrdfitas sdo importantes habitats a serem conservados para a manutengdo da biodiversidade de macroinvertebrados em

riachos de Savana.

Palavras chave: Grupo tréfico funcional, Riqueza de invertebrados, Riachos de Cerrado, Borda e centro

INTRODUCTION

The structure and distribution of macroinverte-
brate communities in lotic systems can be deter-
mined by abiotic and biotic factors (Daman-
ik-Ambarita et al., 2016; Merritt & Cummins
1996; Tronstad et al., 2016). The most impor-
tant abiotic factors of the aquatic habitat include
geomorphology (mainly substrate type and
matter input; Durées et al., 2016; Lobera et al.,
2016; Rezende et al., 2014a), temperature (de
Nadai-Monoury et al., 2014), dissolved oxygen
(Rezende et al., 2014b), flow discharge (Lobera
et al., 2016), environmental quality (Daman-
ik-Ambarita et al., 2016), and habitat heteroge-
neity (Heino et al., 2015a). For example, a
greater presence of pebbles, gravel, and stones
in the substrate can increase the biodiversity of
macroinvertebrate communities by increasing
habitat heterogeneity (Rezende et al., 2014b).
On the other hand, increases in water physico-
chemical parameters, such as temperature and
events of increased velocity of water current (by
washing force), and decreases in dissolved
oxygen and environmental quality, have nega-
tive effects on macroinvertebrate diversity
(Lobera et al., 2016).

Studies investigating the effects of environ-
mental factors (physical and chemical) on aquatic
macroinvertebrate communities dominate the
literature (Boyero et al., 2015; Ferreira et al.,
2016; Ferreira et al., 2014; Heino et al., 2015b).
However, biotic factors, such as the availability
of food resources (prey abundance and plant
resource input; Mora-Goémez et al., 2016;
Rezende et al., 2016) and biological interactions
(e.g. competition and predation), can also drive
macroinvertebrate community structure, (Feno-
glio et al., 2016; Rezende et al., 2015; Rodri-
guez-Lozano et al., 2016). As example of biologi-
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cal interactions, macroinvertebrate communities
are important sources of food for fish, while
invertebrate communities themselves (Greenway
et al., 2014; Rezende et al., 2015) can participate
directly in plant litter decomposition in lotic
systems (Gongalves et al., 2016; Rezende ef al.,
2016), showing their potential for complex inter-
actions within lotic habitats (Durdes ef al., 2016).

The presence of macrophytes is important for
promoting the diversity and distribution of
macroinvertebrates (Damanik-Ambarita et al.,
2016; Mykra et al., 2008). Aquatic macrophytes
constitute an important habitat for macroinverte-
brate communities by providing shelter from
predators and water current (Baker et al., 2016;
Mykra et al., 2008; Padial ef al., 2014; Thomaz &
Cunha, 2010), and a source of food (feeding
directly on leaf tissue and/or periphyton). Differ-
ent macrophyte species represent different habi-
tats due to differences in plant architecture and
the organic resources they provide through
trapping detritus in microhabitats (Tessier et al.,
2008; Thomaz & Cunha, 2010). This variation in
habitat provided by macrophyte species diversity
can provide a diverse range of habitat characteris-
tics that can structure the complexity of macroin-
vertebrate communities differently (Tessier et al.,
2008; Thomaz & Cunha, 2010).

Submerged macrophytes are usually more
morphologically complex in plant architecture
and surface area than emergent macrophytes
(Thomaz & Cunha, 2010). The lower complexity
of emergent macrophytes may support macroin-
vertebrate communities with less biomass and
different species composition and size structure
than submerged macrophytes (Tessier et al.,
2008). On the other hand, higher primary produc-
tivity has been associated with emergent and float-
ing macrophytes than with submerged macro-
phytes (Lycarido & Dantas, 2017). Macrophyte
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productivity can have a positive influence on
macroinvertebrate communities (Damanik-Am-
barita ef al., 2016; Mykra et al., 2008). However,
abiotic factors can also affect the distribution of
macrophytes and macroinvertebrates (Christof-
fersen, 2008; Thomaz & Cunha, 2010). For exam-
ple, increased water turbid may decrease
submerged plant density, and increase the impor-
tance of other plant types, such as emergent and
floating macrophytes (Christoffersen, 2008;
Thomaz & Cunha, 2010). Furthermore, nutrient
concentrations of the water are important factors
for floating macrophytes, whereas sediments are
important for rooted and submerged macrophytes
(Lycarido & Dantas, 2017).

Some characteristics of macrophytes can
affect their associated macroinvertebrates, such as
the leaf architecture (Ieaf morphology; Quintdo et
al., 2013), growth habit (Thomaz & Cunha 2010),
chemical composition (nutrient concentration and
secondary compounds; Jardine, 2014) and the
presence of an epiphytic community (Baker et al.,
2016; Tronstad et al., 2016). The spatial site
within macrophyte beds can also change abiotic
and biotic influences and the availability of
resources for macroinvertebrate communities
(Harrison et al., 2004; Sychra et al., 2010). For
example, the gradient of decreased fine particulate
matter and increased periphyton biomass from
edge to center, due to the decreased force of water
flow, can influence the macroinvertebrate com-
munity. Some studies have investigated the
ecological role of macrophytes in the Neotropical
region, and the effect of spatial site within macro-
phyte beds (Ali et al., 2007; Carvalho et al., 2015;
Quintdo et al., 2013; Thomaz & Cunha, 2010);
however, such information is incipient.

In the present study, we evaluated the
macroinvertebrate communities on submerged
(Diamantina lombardii) and emergent (Eriocau-
lon aquatile) macrophyte beds fixed in the
substrate of a Neotropical stream system in the
cerrado (Brazilian savanna). The submerged
macrophytes were morphologically more com-
plex (Thomaz & Cunha, 2010), while the emer-
gent macrophytes had greater primary productivi-
ty (Lycarido & Dantas, 2017). Additionally,
abiotic factors, such as water turbidity and solar
radiation, can have different effects on

submerged plants, while underwater radiation is
the way of life for submerged macrophytes
(Lycarido & Dantas, 2017). Therefore, our first
hypothesis is that species of macrophytes are
more important to determine the density and
richness of macroinvertebrate compared to beds
site into the macrophytes plants. However, if the
decreased water current discharge will decrease
fine particulate matter and increase periphyton
biomass along the gradient from the edge to the
center, our second hypothesis is an increase in
abundance of gathering-collectors and a decrease
of filtering-collectors along the gradient from the
edge to center. To test the first hypothesis we
analyzed the density and richness of macro-
phytes. To test our second hypothesis, we evalu-
ated the distribution of functional feeding groups
between spatial sites on macrophytes (edge and
center). In this way, we will be able to determine
the spatial (edge and center) and taxonomic (D.
lombardii and E. aquatile) influence of macro-
phyte beds on macroinvertebrate community
attributes and structure in a cerrado stream.

MATERIAL AND METHODS
Study area

The study was conducted in the Boleiras stream,
a first-order stream located in Rio Preto State
Park in the state of Minas Gerais, Brazil (18° 07°
047 S, 43° 20’ 42” W). The stream is located in
the upper region of Jequitinhonha Valley in the
Espinhaco Mountain complex, which has an
average elevation of 800 meters. The climate
regime is tropical AW-type (with a dry winter)
with a rainy season from November to March
(average rainfall of 223 mm) and a dry season
from June to August (average rainfall of 8§ mm;
http://hidroweb.ana.gov.br).

Physical and chemical parameters of the water

A multianalyzer (model 85, YSI Inc.) was used to
measure in situ temperature, electrical conductiv-
ity, pH (YSI's EcoSense pH100A), and dissolved
oxygen, on each sampling occasion. To calculate
discharge, water current velocity was measured
with a flow meter (Sigma Sports model FP101,
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Global Water) and depth and width with measur-
ing tapes, both also on each sampling occasion.

Macrophyte beds

Two homogeneous macrophyte beds of species
with different architectural patterns — Diamanti-
na lombardii (Podostemaceae) and Eriocaulon
aquatile (Eriocaulaceae) — were chosen for
study. Diamantina lombardii has digitate leaves
(distichous, simple, digitate, 3-8 segments) and a
prominent gynophore. Plants are vegetative when
immersed by high water (submerged, fixed,
living in small rivers and streams), and flower
with receding water levels, with the capsules
maturing on dry rocks and subsequently
dispersed; seasonal water level fluctuations are
thus central to the ecology of these plants. The
species occurs in only two lotic systems, the Preto
River and the Peixe River, in the "Parque Estadu-
al do Rio Preto" conservation unit (Rutishauser et
al., 2005). Eriocaulon aquatile has a rhizome or
short stem, is membraneous, and has leaves with
3-5 ribs; 1-3 scapes; staminate and pistillate flow-
ers with sepals smaller than petals in mature
capitula and staminate flowers with equal petals.
The species has a broad geographic distribution
in the Atlantic Forest and Cerrado, and occurs
submerse and fixed in small rivers and streams in
the conservation units of "Parque Estadual do Rio
Preto" and "Parque Nacional da Serra do Cipo"
(APGII, 2003).

Sampling of macroinvertebrates associated
with aquatic macrophyte beds

Sampling was conducted monthly from August
2011 to July 2012 (12 months). Five macrophyte
beds of similar size were selected for each of the
two macrophyte species. Each macrophyte bed
was sampled with a Surber collector (0.01 m?2) at
two spatial sites (edge and center). Thus,
sampling encompassed: two macrophyte species
x two bed sites x five beds x 12 months = 240
sub-replicate samples; Fig. S1, available at
http://www.limnetica.net/en/limnetica.

In the laboratory, the macrophyte beds were
washed with distilled water in a sieve (250 pm
mesh). The invertebrates retained were fixed in
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70 % alcohol for later sorting and identification
(Hamada et al., 2014; Merritt & Cummins 1996).
The number of taxa (taxonomic richness) and
density (individual/ to m2) were calculated based
on the invertebrate inventory. The invertebrates
were also classified into five functional feeding
groups (FFGs): gathering-collectors, filter-
ing-collectors, shredders, scrapers and predators
(Cummins et al., 2005; Pérez 1988).

Statistical analysis

To evaluate the effects of macrophyte bed taxa on
density, richness and FFGs of macroinverte-
brates, we used generalized linear models
(GLM), with Gaussian (link= log, test= F), Pois-
son (link= log, test= Chi-square) and quasi-bino-
mial (link= logit, test= Chi-square) distributions,
respectively (Crawley, 2007). Data for density
and richness (response variables) were analyzed
in terms of macrophyte species (D. lombardii and
E. aquatile), site in the beds (edge and center) and
the interaction between these two factors (two
GLMs). To evaluate the influence of spatial site in
the beds of the two macrophyte species on the
FFGs of aquatic macroinvertebrates, five GLMs
were constructed (one for each FFG: gather-
ing-collectors, filtering-collectors,  scrapers,
shredders and predators). All GLMs analyzed
were corrected for cases of under- or overdisper-
sion. A linear regression was used to evaluate
relationships between water velocity and density,
richness and FFG of macroinvertebrates (Craw-
ley, 2007).

To analyze the overall effects of macrophyte
species (D. lombardii and E. aquatile), site in the
beds (edge and center) and the interaction
between these two factors on the structure of the
macroinvertebrate community, PerMANOVA
and par-contrast analyses (Bonferroni correction)
were used (Oksanen et al., 2013; Oksanen et al.,
2008). A Correspondence Analysis (CA) was
carried out to search for patterns in the distribu-
tion of aquatic macroinvertebrates between the
edge and center of the beds of the two macro-
phyte species (Oksanen et al., 2013; Oksanen et
al., 2008). Ordination of sampling sites, based on
the density of macroinvertebrates, was performed
to reduce the dimensionality of biotic data.
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Table 1. Mean and standard error values of the density of macroinvertebrates (individuals/m2) in the sampling sites (edge and center)
and macrophytes species (D. lombardii and E. aquatile). Media e erro padrdo dos valores de densidade de macroinvertebrados
(individuos/m2) nos pontos amostrados (borda and centro) e espécie de macrofita (D. lombardii and E. aquatile).

D. lombardii E. aquatile
Edge Center Edge Center
Mean SE Mean SE Mean SE Mean SE

Annelida

Oligochaeta 12824 + 44 2728.1 £ 53 33286 + 6.2 4220.7 £ 7.1
Arthropoda

Arachnida

Hydracarina 882 + 1.1 1625 + 14 128.6 + 2.1 112.1 = 1.3
Insecta

Ephemeroptera

Baetidae 20147 + 42 3003.1 + 4.6 25339 + 44 2412.1 + 4.7
Leptohyphidae 676 + 1.3 1219 = 1.7 60.7 + 1.2 2259 + 2.5
Leptophlebiidae 1853 + 1.8 3844 + 2.5 4875 + 24 5603 + 2.9
Odonata

Libellulidae 70.6 £ 1.0 125.0 = 1.3 119.6 + 14 1379 + 1.7
Gomphidae 29 £ 04 0.0 £ 0.0 54 £ 05 0.0 £ 0.0
Aeshnidae 0.0 £ 0.0 0.0 £ 0.0 1.8 £ 04 0.0 £ 0.0
Calopterygidae 0.0 £ 0.0 0.0 = 0.0 1.8 + 04 0.0 £ 0.0
Plecoptera

Perlidae 0.0 £ 0.0 0.0 £ 0.0 36 £ 04 0.0 £ 0.0
Hemiptera

Veliidae 29 £ 04 0.0 = 0.0 0.0 £ 0.0 0.0 £ 0.0
Megaloptera

Corydalidae 471 + 0.9 594 £+ 0.8 482 + 0.8 552 + 0.9
Trichoptera

Hydrobiosidae 200.0 = 1.4 275.0 £ 1.5 141.1 £ 1.3 1569 = 1.3
Hydroptilidae 11.8 + 0.6 28.1 + 0.8 32.1 £ 1.0 345 + 1.1
Hydropsychidae 57735 + 94 38719 + 6.6 36929 + 8.0 45983 + 7.2
Philopotamidae 59 £ 05 94 £ 05 1.8 £ 04 69 £ 0.6
Leptoceridae 1235 = 1.4 128.1 + 1.3 75.0 = 1.1 672 £ 12
Lepidoptera

Pyralidae 58.8 £ 1.3 68.8 + 1.2 54 £ 05 172 + 1.1
Coleoptera

Dryopidae 2088 + 1.9 150.0 + 1.7 32.1 £ 1.0 552 £ 1.5
Dytiscidae 29 + 04 3.1 =+ 04 1.8 £+ 04 34 + 04
Elmidae 126794 + 8.7 139094 + 8.3 10537.5 £ 7.3 11665.5 = 8.6
Hydroscaphidae 0.0 £ 0.0 375 £ 1.3 214 £ 0.8 12.1 £ 0.6
Scirtidae 353 £ 1.0 37.5 £ 0.9 69.6 £ 1.3 448 + 1.1
Psephenidae 0.0 £ 0.0 0.0 £ 0.0 1.8 £ 04 0.0 £ 0.0
Diptera

Ceratopogonidae 300.0 = 1.9 503.1 = 2.2 501.8 £ 2.6 450.0 + 2.3
Chironomidae 12414.7 + 10.6 13812.5 + 13.2 3685.7 + 6.3 34431 + 5.8
Empididae 1176 + 1.3 1375 = 1.1 89.3 + 1.2 1155 + 1.3
Simuliidae 21126.5 + 14.9 44687.5 + 26.0 31766.1 + 17.0 32413.8 + 16.5
Dolichopodidae 0.0 £ 0.0 0.0 £ 0.0 1.8 £ 04 1.7 £ 04
Mean 1959 + 2.4 2905 + 2.9 1978 + 2.4 2096 + 2.5
Total 56820 84243 57376 60810
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RESULTS

Mean water velocity was 1.28 m/s (£0.98), with
higher values for the edge of the beds of D.
lombardii (1.97£0.84 m/s) and E. aquatile
(1.46+0.71 m/s), followed by the center of E.
aquatile (1.06+£0.43 m/s) and the center of D.
lombardii (0.61+£0.43 m/s). An opposite pattern
was observed for depth in the macrophyte beds,
with the higher values for the edge of D. lombar-
dii (10.3£1.41 cm) and E. aquatile (9.72+1.81
cm), followed by the center of D. lombardii
(5.97+£1.09 cm) and the center of E. aquatile
(5.16£0.93 cm). Temperature ranged from 18 to
22 °C for the water, and 16 to 23 °C for the air.
Water pH was near neutral (range 6.1 to 6.65),
with low electrical conductivity (range 3.02 to
11.45 puS/cm) but high levels of dissolved oxygen
(range 8.45 to 10.03 mg/L).

A total of 29 macroinvertebrate taxa (Table 1)
were found representing three classes: Insecta
(nine orders) Clitellata (one subclass), and
Arachnida). The most abundant invertebrate
families, considering both macrophyte species
together, were Simuliidae (Diptera), followed by
Elmidae (Coleoptera) and Chironomidae (Dip-
tera), all of Insecta. Considering macrophyte
species separately, the pattern was similar for D.
lombardii (Podostemaceae), but not for the E.
aquatile (Eriocaulaceae) beds, which had
Hydropsychidae (Trichoptera) replacing
Chironomidae as the third most abundant taxon
(Table 1). Furthermore, the families Dolichopo-
didae (Diptera), Psephenidae (Coleoptera), Perli-
dae (Plecoptera), Aeshnidac (Odonata) and
Calopterygidae (Odonata) were found only in E.
aquatile, while Veliidae (Hemiptera) was found
exclusively in D. lombardii.

Macroinvertebrate community composition
differed between spatial sites in macrophyte
beds (edge and center), with some taxonomical
groups (Veliidae, Gomphidae (Odonata),
Psephenidae, Perlidae, Aeshnidae and Calop-
terygidae) being exclusive to the edge while
none of the taxa were exclusive to the center
(Table 1). Macrophyte species had a significant
effect on density and richness of macroinverte-
brate communities (Table 2A). Spatial site (edge
and center) did not have a significant effect on
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density and richness of the macroinvertebrate
communities (Table 2A).

Both density and richness were significantly
higher in D. lombardii than in E. aquatile (Table
2A). Sites within macrophyte beds did not differ
significantly in density and richness of aquatic
macroinvertebrates (Table 2A; Fig. 1). Water
velocity was negatively related to richness
(linear regression R2 (1 77) = -0.72, p = 0.048)
and density of invertebrates (linear regression
R2 (122 = -0.79, p = 0.017). With regard to
FFGs, there was greater relative abundance of
predators and gathering-collectors in the center,
while filtering-collectors were more abundant in
the edge of D. lombardii beds (Table 2B). The
relative abundances of the other FFGs did not
vary significantly among the factors tested
(Table 2B; Fig. 2). Water velocity was negatily
related to abundance of predator (linear regres-
sion RZ (122) = -0.69, p < 0.001). The FFGs
abundance of gathering-collectors (R2 (122) =
-0.11, p = 0.891), filtering-collectors (RZ (1 22) =
-0.26, p = 0.548), scrapers (R2 (1 22y =-0.13, p =
0.772) and shredders (RZ (122) = 0.21, p =
0.734) were not significantly related to water
velocity.

According to PERMANOVA, the structure of
the aquatic macroinvertebrate community (based
on occurrence and density) exhibited a pattern
similar to that observed for richness and density
(Table 2C), with the macroinvertebrate commu-
nity varying only between macrophyte species
(Table 2C). In the Correspondence Analysis
(CA), Axis 1 (29.8 %) and Axis 2 (18.2 %), with
eigenvalues of 0.20 and 0.12, respectively,
explained 48 % of the total of variance. The
aquatic macroinvertebrates were ordinated
according to their occurrence and density on the
different macrophyte species, but not according
to their site within the macrophyte beds (edge and
center). Thus, the macrophyte species could only
be distinguished by the presence of Veliidae,
Dytiscidae, Dryopidae and Chironomidae on D.
lombardii, and Simuliidae, Dolichopodidae,
Psephenidae, Aeshnidae and Calopterygidae on
E. aquatile. On the other hand, the structure of the
aquatic macroinvertebrate communities did not
segregate between the edge and center of beds

(Fig. 3).
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Table 2. Generalized Linear Models (GLM) comparing (1) the effect of sites (edge and center) and macrophyte species (D. lombardii
and E. aquatile) on the density and richness of the macroinvertebrate community; (2) the effect of sites on the percentage of the five
functional feeding group (shredders, predators, gathering-collectors, filtering-collectors and scrapers); (3) the effect of sites and macro-
phyte species on macroinvertebrates composition. Also contrast analysis of GLMs and PerMANOVA results. Degrees of freedom
(DF) and Deviance Residual (DR %). Modelos Lineares Generalizados (MLG) comparando (1) efeito do local (borda e centro) e
espécie de macrofita (D. lombardii e E. aquatile) sobre a densidade e riqueza da comunidade de macroinvertebrados, (2) efeito do
local sobre a percentagem dos cinco grupos funcionais troficos (fragmentadores, predadores, coletores-catadores, coletores-filtrado-
res e raspadores); (3) efeito do local e espécie de macrofita sobre a composi¢do de macroinvertebrados. Analise de contraste dos
MLGs e resultado da PerMANOVA

Test DF DR % P Result

A - Factorial Two Way GLMs

Density

Site 1 0.75 0.123

Macrophyte 1 7.93 <0.001 E. aquatile > D. lombardii
Site*Macrophyte 1 1.27 0.041

Residual 235 90.05

Richness

Site 1 0.02 0.78

Macrophyte 1 7.18 <0.001 E. aquatile > D. lombardii
Site*Macrophyte 1 0.17 0.401

Residual 235 92.62

B - One Way GLMs
Shredders %
D. lombardii

Site 1 0.83 0.463
Residual 65 99.17

E. aquatile

Site 1 0.08 0.718
Residual 171 99.92

Predators %
D. lombardii

Site 1 9.29 <0.001 edge > center
Residual 65 90.71

E. aquatile

Site 1 0.21 0.551

Residual 171 99.79

Gathering-Collectors %
D. lombardii

Site 1 4.11 0.049 edge > center
Residual 65 95.89

E. aquatile

Site 1 0.07 0.956

Residual 171 99.93

Filtering-Collectors %
D. lombardii

Site 1 4.37 0.048 center > edge
Residual 65 95.63

E. aquatile

Site 1 0.17 0.584

Residual 171 99.83

Scrapers %
D. lombardii

Site 1 1.47 0.326

Residual 65 98.53

E. aquatile

Site 1 0.19 0.572

Residual 171 99.81

C - Two Way PerMANOVA

Site 1 0.66 0.611

Macrophyte 1 5.57 <0.001 E. aquatile # D. lombardii
Site*Macrophyte 1 0.06 0.921

Residual 235 93.71
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Figure 1. Density (A, B and C) and number of faxa (richness; D, E and F) of macroinvertebrates in edge and center (C and F) of D.
lombardii and E. aquatile macrophytes beds (B and E). First (lower line) and third (higher line) quartile, the median (bold line), upper
and lower limits (dashed line) and outliers (circles). Different letters (a and b) indicate significant differences. Densidade (A, B e C) e
numero de taxa (riqueza; D, E e F) de macroinvertbrados na borda e centro (C e F) em bancos de D. lombardii e E. aquatile (B e E).
Primeiro (linha inferior) e terceiro quartil (linha superior), média (linha em negrito), limites superior e inferior (linha tracejada) e
valores discrepantes (circulos). Letras diferentes (A e B) indicam diferencas significativas.

DISCUSSION

Macrophyte species was to be more important for
the density and richness of the macroinvertebrate
communities than the site within the beds. Differ-
ences in leaf morphology between D. lombardii
and Eriocaulon aquatile (Balci & Kennedy 2003;
Warfe & Barmuta 2006) resulted in different
dissectedness and surface area (Gongalves et al.,
2012; Quintdo et al., 2013), and thus explains the
differences in their macroinvertebrate communi-
ties (Heino et al., 2015b). Furthermore, nutrient
and chemical composition of leaf tissue (Carval-
ho et al., 2015; Gongalves et al., 2016; Rezende
et al., 2016) are important for the colonization of
periphyton and epiphytic communities, which
enrich the substrate as a resource for invertebrate
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communities (Baker et al, 2016; Rosa et al.,
2013). The greater leaf complexity and nutritional
composition (e.g. nitrogen and phosphorus) of D.
lombardii may explain its greater macroinverte-
brate density and richness compared to E.
aquatile, thus corroborating our first hypothesis.
Therefore, this result may indicate that the taxo-
nomic identity of macrophytes can drive
macroinvertebrate community colonization in
cerrado streams. The specific habitat of D.
lombardii (submerged and fixed in small swift
currents) may provide shelter against high current
velocity, compared to E. aquatile (emergent and
fixed in less current), and which may also
increase habitat dependence and facilitate coloni-
zation by macroinvertebrates (Choi et al., 2014;
Rezende ef al., 2014a).
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Figure 2. Relative abundance of Shredders (A), Predators (B), Gathering-Collectors (C), Filtering-Collectors (D) and Scrapers (E) in
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centro (C e F) em bancos de D. lombardii e E. aquatile (B e E). Primeiro (linha inferior) e terceiro quartil (linha superior), média
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diferencas significativas.

Eriocaulon aquatile, on the other hand, had a
greater number of exclusive taxa (Dolichopodi-
dae, Psephenidae, Perlidae, Aeshnidaec and
Calopterygidae) than D. lombardii (only Velii-
dae). This finding can be explained by the higher
primary productivity of emergent macrophytes
compared to submerged macrophytes (Thomaz

& Cunha, 2010). All of these taxa are generally
predators, and are thus supported by consumers,
which are positively affected by primary
productivity, mainly in terms of biomass (Van-
note et al., 1980; Cummins, 1996; Cummins ef
al., 2005). However, we did not evaluate the
biomass of the macroinvertebrate communities
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of the present study. Furthermore, the taxon
Psephenidae comprises scrapers that consume
biofilm in the substrate, and are positively
affected by slow water current and its lower
force (Vannote et al., 1980; Cummins, 1996;
Cummins et al., 2005). The presence of E.
aquatile in habitats with less current may be due
to the physical and chemical characteristics of
sediments, as a result of greater deposition (e.g.
increase in organic matter and particle size in
sediments), and water transparency (e.g. nutrient
concentration and transparency), which may
increase predation efficiency by these organisms
(Risse-Buhl et al., 2017). Therefore, our results
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highlight that for emergent macrophytes, such as
E. aquatile, morphological conditions of the
stream (e.g. water current velocity) may influ-
ence species-specific relationships between
macrophytes and macroinvertebrates by increas-
ing primary productivity in habitats with slow
water current velocity.

Greater density also helps to explain the great-
er predator abundance (due to increased prey),
mainly in the edge (exclusive taxa Veliidae,
Gomphidae, Perlidae, Aeshnidae and Caloptery-
gidae). Higher predator density at the edge of
macrophyte beds indicates increased predation
efficiency compared to the center (Cummins et
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al., 2005; Warfe & Barmuta 2004). In turn, this
may increase predation pressure on filtering-col-
lectors (higher density in the edge), and decrease
it on gathering-collectors (higher density in the
center), mainly in D. lombardii (Cummins et al.,
2005; Hamada et al., 2014; Merritt & Cummins
1996). This could be explained by the trophic
strategy of these invertebrates (Cummins et al.,
2005; Hamada et al., 2014; Kouamé et al., 2011),
thus corroborating our second hypothesis.

Filtering-collectors remove fine particles of
organic matter from the passing water column,
which explains their greater abundance in the
edge of macrophyte beds (Cummins et al., 2005;
Hamada et al., 2014; Merritt & Cummins 1996).
Gathering-collectors consume fine particles of
organic matter gathered from the substrate (sedi-
ment, leaf, rock, litter etc.), and thus do not
require flowing water (Cummins et al., 2005;
Hamada et al., 2014; Merritt & Cummins 1996).
Thus, the high density of gathering-collectors in
the center of macrophyte beds may reflect a
response to the high density of predation in the
edge. These results highlight the importance of
spatial site within the stream and within macro-
phyte beds (center and edge) to the abundance of
FFGs in macroinvertebrate communities.

CONCLUSION

To summarize, our results show that macrophyte
taxon (species) can help to drive the structure of
macroinvertebrate communities in streams (high-
er density and richness in D. lombardii, mainly in
the center of beds). Also, the site within macro-
phyte beds can drive the selection of FFGs.
Therefore, we can infer that: i) the exclusion of
some macrophyte species will alter the structure
of macroinvertebrate communities by decreasing
community diversity due to species-specific
relationships; ii) different sites in macrophyte
beds have different availabilities and types of
food resources, highlighted by the greater density
of gathering-collectors in the center and filter-
ing-collectors in the edge (mainly in D. lombar-
dii). We can also conclude that macrophyte beds
are important habitats that need to be conserved
to maintain the diversity of macroinvertebrates in
cerrado streams.
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