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ABSTRACT
Deforestation affects freshwater assemblages since aquatic organisms are dependent on the structure of 
the riparian vegetation. To investigate the responses of riffle beetles (Elmidae) to deforestation, this study 
assessed the structure of riffle beetle assemblages found in streams running through a large and well-
preserved semi-deciduous Atlantic Forest remnant in Southern Brazil and in nearby deforested areas. 
Additionally, the effects of different substrate types (litter and stone) on the assemblages were assessed. 
Riffle beetle assemblages showed a remarkably distinct structure between forested and deforested areas. 
Lower abundance occurred in deforested streams. Indicator genera of forested streams were detected (e.g., 
Macrelmis and Microcylloepus), while a generalist genus (Heterelmis) predominated in deforested streams. 
Substrate type did not affect the composition of riffle beetle genera, although higher abundance was found 
in litter. Our results are likely associated with changes in the vegetation type and levels and quality of 
allochthonous material input between forested (native and higher levels) and deforested (exotic and lower 
levels) streams, which are directly linked to the feeding habits of riffle beetles. Thus, our study reveals an 
interesting potential of riffle beetles as indicators of stream ecological integrity in semi-deciduous areas of 
the Atlantic Forest biome.
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INTRODUCTION

Forest ecological integrity plays an important role in 
the conservation of the stream fauna (Nessimian et 
al. 2008). Shading provided by riparian vegetation 

regulates water temperature, dissolved oxygen 
concentration and primary production in streams 
(Lorion and Kennedy 2009). Riparian vegetation 
acts as a buffer against the effects of terrestrial 
human activities, as it reduces bank erosion, 
siltation and flooding through the filtering of 
undesirable particles entering the water (Roy et al. 
2003, Reid et al. 2010). In addition, the aquatic food 



An Acad Bras Cienc (2018) 90 (2 Suppl. 1)

2190	 BRUNA M. BRAUN et al.

web structure is influenced by riparian vegetation 
through the input of allochthonous organic matter 
(Weigel et al. 2003, Frady et al. 2007, Lorion and 
Kennedy 2009). Therefore, deforestation leads to 
changes in the water quality and trophic structure 
of streams, impacting its associated fauna such as 
macroinvertebrates (Lorion and Kennedy 2009, 
Reid et al. 2010, Iñiguez-Armijos et al. 2014, 
Márquez et al. 2015).

Many studies have assessed the responses 
of stream macroinvertebrates to alterations in 
riparian vegetation such as deforestation and land 
use conversion. Alterations in riparian vegetation 
can directly influence macroinvertebrates, because 
they are dependent on the quality of organic 
matter entering the streams for their feeding 
habits (Márquez et al. 2015, Graça et al. 2015). 
Responses to such environmental alterations 
include changes in macroinvertebrate assemblage 
structure (composition and richness) (Lorion and 
Kennedy 2009, Corbi et al. 2013). Additionally, 
changes in specific riparian vegetation features 
can also affect macroinvertebrate assemblage 
structure. Such features include riparian vegetation 
size, width (buffer effect), longitudinal position 
(upstream, downstream), composition (tropical, 
temperate deciduous) and distance from other forest 
fragments and converted areas (Roy et al. 2003, 
Fend and Carter  2005, Death and Collier 2010, 
Reid et al. 2010, Nessimian et al. 2008, Lorion 
and Kennedy 2009, Corbi et al. 2013, Iñiguez-
Armijos et al. 2014). However, macroinvertebrate 
assemblage responses are not standardized (Fend 
and Carter 2005) since other environmental factors 
may interact with riparian vegetation features (e.g. 
regional geomorphology and superficial geology), 
and hinder the finding of clearer patterns (Shearer 
and Young 2011).

Riffle beetles (Elmidae) are coleopterans 
that inhabit lotic systems with well-oxygenated 
waters with strong currents during the larval and 
adult stages (Brown 1987, Passos et al. 2003a, 

b, Couceiro et al. 2007, Elliott 2008, Braun et al. 
2014a) and commonly found in well-preserved 
streams (Braun et al. 2014b). Some genera have 
been associated with streams running through 
well-preserved and sometimes large forested 
areas (Weigel et al. 2003, Iñiguez-Armijo et al. 
2014), while others seem to be tolerant to forest 
conversion and can be abundant in deforested 
streams (Paula and Fonseca-Gessner 2010). Thus, 
the structure of riffle beetle assemblages could 
constitute an important environmental indicator 
of forest ecological integrity. The limited dispersal 
ability of adult and larval stages of riffle beetles 
(Elliott 2008) reinforces their potential role as 
environmental indicators because they should 
be sensitive to alterations in local environmental 
conditions.

The presence of leaves, macrophytes, and 
woody debris in the stream substrate is also an 
important driver of riffle beetle assemblages (Passos 
et al. 2003a, b, Braun et al. 2014a), which suggests 
a direct relationship between riffle beetles and the 
quality of the vegetal remains arriving into streams. 
The relationship of riffle beetles with organic matter 
is related to their scraper or shredder feeding habits 
(White and Brigham 1996). However, subtropical 
streams with stony streambeds can also sustain rich 
and abundant riffle beetle assemblages (Braun et 
al. 2014a). Adult and larval riffle beetles feed on 
periphyton or scrape organic matter from rocks, 
roots, leaves and wood (Brown 1972, Seagle Jr 
1982). In fact, riffle beetle feeding habits can also 
differ according to the life stage in some genera 
(Tomanova et al. 2006).

This study assessed the responses of riffle beetle 
assemblages to deforestation in a well-preserved 
subtropical semi-deciduous Atlantic Forest 
remnant. Considering that the riparian vegetation 
influences the occurrence and composition of riffle 
beetles (Weigel et al. 2003, Paula and Fonseca-
Gessner 2010, Iñiguez-Armijo et al. 2014), we 
hypothesized that riffle beetle assemblage structure 
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will change between forested and deforested 
streams, because riffle beetles are sensitive to 
changes in structure of riparian vegetation such as 
land use (natural vs. converted) and composition 
(native vs. exotic), mostly through changes in the 
quality of the vegetal remains. In addition, due to 
the low richness of riffle beetle genera recorded in 
southern Brazilian streams (Braun et al. 2014a, b), 
we expected to find (i) higher abundance in forested 
streams (rather than richness) and (ii) more tolerant 
genera to predominate in deforested streams. The 
effects of litter and stone substrates on riffle beetles 
were also assessed, as substrate type is an important 
driver of riffle beetle assemblage structure (Passos 
et al. 2003b, Braun et al. 2018). Considering that 
riffle beetles have different feeding habits, we 
expected to find changes in the composition of 
riffle beetles between substrates, because they 
provide different feeding sources to stream insects. 
In addition, we investigated whether riffle beetle 
genera were indicative of forested and deforested 
streams, though previous studies that indicate 
plasticity in the feeding habits of some riffle beetle 
genera (Tomanova et al. 2006) prevented us from 
previous expectations. 

MATERIALS AND METHODS

STUDY AREA

The study was conducted in the Parque 
Estadual do Turvo (PET) conservation unit and 
nearby areas, located on the Southern Plateau 
(Planalto Meridional, Rio Grande do Sul State; 
27°14’34.08”S, 53°57’13.74”W; ca. 400 m a.s.l.; 
Fig. 1) (SEMA 2005). The PET is the largest 
environmentally protected area in Southern 
Brazil (17,491-ha area, 90-km-long perimeter). It 
comprises a significant portion of the preserved 
semi-deciduous Atlantic Forest in the region 
(Oliveira-Filho et al. 2015) and extends over 65,000 
ha in Argentina (Iguazú National Park) (Martínez 
et al. 2009).

The land use near the conservation unit is 
characterized by soybean culture and pasture 
(SEMA 2005), and streams commonly have riparian 
vegetation. The northern boundary of the study area 
is delimited by the Uruguay River basin, into which 
the streams running through the PET and adjacent 
agriculture areas drain (Fig. 1). The climate in the 
region is subtropical and sub-humid with a dry 
summer (Maluf 2000), and the mean annual rainfall 
is ~1,665 mm, well distributed throughout the year 
(SEMA 2005). In general, the streams run through 
a geomorphologically dissected region composed 
of deep valleys carved on the basalt rocks of the 
Serra Geral Formation (SEMA 2005).

SAMPLING

Samplings were conducted during austral summer 
(between 23 and 25 January 2011) in six small-order 
streams (1st and 2nd order, according to Strahler’s 
classification) during a period of low precipitation. 
These climatic conditions are favorable for 
collecting riffle beetles in southern Brazilian 
streams (Braun et al. 2014a). Three streams (F1, 
F2, and F3) were located within the PET (forested 
streams), and the other three (C1, C2, and C3) 
were located outside the PET (deforested streams) 
in a deforested area that had been converted to 
agricultural land use near the edge of the PET 
(Fig. 1). In both areas, the streams had riparian 
vegetation and were similarly shadowed, but in 
the deforested areas, vegetation included exotic 
species such as Eucalyptus and Japanese raisin tree 
(Hovenia dulcis) (Bertaso et al. 2015).

Riffle beetles were collected using a Surber 
sampler (0.0361-m

2 
area, 250-μm mesh size). 

Samplings were performed within a ~50 m reach 
in each stream. Ten subsamples were collected 
in each reach (five in litter substrate and five in 
stone substrate), which were posteriorly pooled 
according to substrate type. Sampling reaches had 
no wood or aquatic plants in order to assess the 
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effect of litter and stone substrate on riffle beetle 
assemblage structure. Riffle beetles were identified 
at genus level since the diversity of Neotropical 
Elmidae in southern Brazil is poorly known at 
species level (Domínguez and Fernández 2009). 
Furthermore, many specimens occurred as larvae, 
which are identifiable at only genus level by the 
available taxonomic keys (Manzo 2005, Passos et 
al. 2007, Segura et al. 2012, Barbosa et al. 2013). 
Specimens were deposited in the Collection of 
Aquatic Insects at Federal University of Pampa 
(UNIPAMPA).

Some landscape-scale environmental 
descriptors were obtained for each sampling site, 
such as the distance from the forest edge (‘BorDist’; 
m) and riparian vegetation features. The latter 
include the length of riparian vegetation upstream 
(‘RipVegL’; m); percentages of native vegetation 
cover (‘NatVeg’) and converted area (‘Land use’), 
both of which were measured within an arbitrarily 
defined buffer of ~100 m around each sampling site 
in deforested areas; and riparian vegetation width 
(‘RipVegW’; m), which was measured considering 

the sum of both bank widths. Measures of RipVegW 
were standardized to 500 m in forested streams 
to avoid overestimation in data analysis. These 
measures were taken from Google Earth images 
(dated from February 2011), and followed similar 
methodology used in previous studies conducted in 
subtropical streams (Moraes et al. 2014, Salvarrey 
et al. 2014).

The following local-scale environmental 
descriptors were taken at each sampling site: 
percentage of siltation (visually estimated), stream 
width, and stream depth (cm). In addition, water 
abiotic descriptors such as water temperature (WT; 
°C), electric conductivity (EC; μS/cm), dissolved 
oxygen (DO; mg/L), and turbidity (Turb; NTU) 
were measured with a multiparameter probe.

DATA ANALYSIS

 Riffle beetle assemblage structure was previously 
assessed through non-metric multidimensional 
scaling (NMDS) ordination diagrams. Differences 
in riffle beetle assemblage structure between 
forested and deforested streams were tested 

Figure 1 - Location of the sampled streams in forested (F1, F2, and F3) and converted areas (C1, C2, and C3) at Parque Estadual 
do Turvo and adjacent areas, in Southern Brazil. Adapted from: Bertaso et al. 2015.
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through a non-parametric MANOVA followed 
by 9,999 permutations (perMANOVA). In this 
analysis, the larval and adult stages of each genus 
were pooled (i.e., eight entries), because their 
feeding habits might not be strongly affected by 
differences in riparian vegetation quality. The 
influence of substrate type (litter vs. stone) on 
riffle beetle assemblage structure was also tested 
through a perMANOVA. The fauna matrix used 
in this analysis, however, kept the larval and adult 
stages separate (i.e., fourteen entries) in order to 
assess whether life stages respond differently 
to the substrate type according to previous 
studies (Tomanova et al. 2006). The NMDS and 
perMANOVA analyses were conducted with 
distance matrices (Bray-Curtis dissimilarity index) 
based on a log transformed matrix of the fauna. 

Both analyses were performed using the R vegan 
package.

Redundancy analysis (RDA) was used to 
assess the influence of environmental descriptors 
on the spatial distribution of riffle beetle genera and 
their life stages in the study area. Since percentages 
of land use, native vegetation cover and siltation 
were highly correlated, the model included only the 
distance from the forest edge, land use and stream 
width. This method was also efficient in removing 
the multicollinearity among the explanatory 
variables, since none of them showed a high 
inflation factor (VIF) (sensu ter Braak and Šmilauer 
2002). A Monte Carlo test (999 randomizations) 
was used to test the significance of the canonical 
axes (ter Braak and Šmilauer 2002). The biotic data 
were Hellinger transformed. The environmental 
percentage descriptors were arcsine transformed, 
and the others were square-root transformed and 
standardized by standard deviation. RDA was 
performed using the statistical software CANOCO 
v. 5.0.

An indicator species analysis (ISA) based on 
the indicator value (Indval; (Dufrêne and Legendre 
1997)) was performed to highlight the relationships 
between Elmidae genera and their life stages with 
forest integrity and substrate type. Indval considers 
the taxa fidelity and relative abundance in groups 
established a priori to identify the indicator taxa 
of each group (Dufrêne and Legendre 1997). 
Significance values (p) were obtained after 1,000 
randomizations, and the analysis was performed 
using the R labdsv package.

RESULTS

Similar values of water abiotic descriptors were 
found in forested and deforested streams. In turn, 
higher values of landscape-scale environmental 
predictors (BorDist, NatVeg, RipVegW, and 
RipVegL and land use) were found in forested 

Figure 2 - Non-metric multidimensional scaling (NMDS) 
ordination diagram of samples from a) forested (white squares) 
and deforested (filled squares) areas; b) substrate types.
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streams, as expected. Siltation values were higher 
in deforested streams (Table I).

We collected 1,400 individuals from eight 
genera and one unidentified taxon (Table II). 
Adult and larval stages of five genera were 
found. Hexanchorus Sharp, 1882 was found only 
as larvae, and Cylloepus Erichson, 1847 and 
Phanocerus Sharp, 1882, only as adults. Higher 
abundance of riffle beetles was found in forested 
streams (895) and litter substrate (956). The larval 
stage of Heterelmis Sharp, 1882 was dominant in 
both forested and deforested streams and in litter 
substrate, and its adult stage was predominant in 
deforested streams and in both substrate types.

The NMDS ordination diagram showed a 
clear segregation between forested and deforested 
streams (Fig. 2a; stress = 0.07), but not between 
substrate types (Fig. 2b; stress = 0.06). Riffle beetle 
assemblage structure differed significantly between 
forested and deforested streams (pseudo-F1,11 = 4.72; 
R2 = 0.32; p = 0.003), but not between substrate 

types (pseudo-F1,11 = 0.88; p = 0.3). The RDA 
axes were significantly different from chance (F = 
2.047, p = 0.047). The first two axes summarized 
67.1% of the variance in riffle beetle abundance 
data and explained 88.9% of their relationship with 
the environmental descriptors (Table III). The first 
RDA axis showed a strong positive correlation with 
the distance from the forest edge (0.7533) and a 
strong negative correlation with land use (0.9403) 
and stream width (0.8914) (Fig. 3). The second 
RDA axis showed a strong negative correlation 
with the distance from the forest edge (0.6103) 
(Fig. 3). In general, the first RDA axis segregated 
forested from deforested streams (Fig.3).

Some riffle beetle genera were influenced by the 
environmental gradient reflecting deforestation (Fig. 
3). Adult and larval stages of Neoelmis Musgrave, 
1935 and larvae of Macrelmis Motschulsky, 1859 
showed close relationships with forested streams. 
There were no strong relationships with the 
distance from forest edge for both life stages of 

TABLE I
Values of environmental descriptors recorded at sampled streams in forested (F) and deforested (C) areas. Numbers 1-3 

refer to each sampled stream. For abbreviation of environmental variables, see Materials and Methods section.
  Forested streams Deforested streams 

Variables F1 F2 F3 C1 C2 C3

Coordinates
27°16’13.3”S
54°01’04.2”W

27°12’56.4”S
53°55’34.7”W

27°11’15.8”S
53°51’22.4”W

27°15’11.03”S
53°57’50.01”W

27°15’07.1”S
53°54’09.46”W

27°14’11.2”S
53°51’13.55”W

WT (°C) 26.15 23.36 23.04 25.3 22.27 24.74

DO (mg/L) 8.42 9.13 9.34 9.14 10.39 9.41

EC (μS/cm) 50 91 79 45 53 58

Turb (NTU) 3.27 2.4 2.9 2.6 1.2 0.6

Width (m) 0.6 1.48 1.17 0.6 1.91 1.62

Depth (cm) 4.5 4.5 6.3 4.9 4.9 6.6
RipVegW 

(m) 500 500 500 40 70 10

RipVegL (m) 1.000 1.300 1.500 200 140 40
Land use 

(%) 0 0 0 70 60 90

NatVeg (%) 100 100 100 60 85 20

Siltation (%) 0 0 0 10 7 20

BorDist (m) 600 1.100 2.850 -220 -1.000 -100
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Microcylloepus Hinton, 1935 and Hexacylloepus 
Hinton, 1940, the larvae of Hexanchorus and 
Phanocerus, and adults of Macrelmis. However, 
they were associated with forested streams (F1 and 
F2). Both life stages of Heterelmis and adults of 
Cylloepus were positively associated with streams 
located in deforested areas, as well as stream width 
and land use.

The ISA showed significant indicator values 
of larval and adult stages of riffle beetles only in 
forested streams. Larvae of Macrelmis (IV = 100%, 
p = 0.004) and adults of Microcylloepus (IV = 94%, 
p = 0.029) had the highest indicator values for 
forested streams. Larvae of Neoelmis and adults 
of Hexacylloepus, Macrelmis, and Neoelmis had 
marginally significant indicator values. Regarding 
substrate type, only larvae of Heterelmis showed a 
high indicator value for litter substrate, although it 
was marginally significant (IV = 73%, p = 0.071).

DISCUSSION

RESPONSES OF RIFFLE BEETLE ASSEMBLAGES 
TO DEFORESTATION AND THE VALUE OF SOME 
GENERA AS ENVIRONMENTAL INDICATORS OF 
FOREST INTEGRITY

Our results showed that assemblages of riffle 
beetles were sensitive to deforestation in the study 
area. Streams running through forested areas had 
assemblages with higher similarity and higher 
abundance of riffle beetles than those running 
through deforested and converted areas. Streams 
running through forested areas tend to be well 
shadowed with lower water temperature and 
higher dissolved oxygen values than those running 
through deforested areas. However, water abiotic 
descriptors had very similar values in forested and 
deforested streams in the study area. The presence 
of riparian vegetation in all streams (forested and 
deforested) should have prevented expressive 

Figure 3 - Ordination diagram of streams and riffle beetle genera assemblages of the Redundancy Analysis constrained by land 
use, distance from the forest edge, and stream width in Parque Estadual do Turvo. Taxa abbreviation: Cyllo: Cylloepus, Gen: Genus 
undetermined; Heter: Heterelmis, Hexac: Hexacylloepus, Hexan: Hexanchorus, Macre: Macrelmis; Micro: Microcylloepus; Neoel: 
Neoelmis; Phano: Phanocerus; letter A at the end of genus name refers to adult stage; and F1, F2, F3 and C1, C2, C3 refer to the 
streams studied in forested (F) and converted (C) areas.
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TABLE III
Eigenvalues, taxa-environment correlation coefficients, and cumulative percentage explained by the first four RDA axes of 

riffle beetle assemblages of streams in Parque Estadual do Turvo.
Axes Axis 1 Axis 2 Axis 3 Axis 4 Total variance

Eigenvalues 0.454 0.217 0.084 0.190 1.000

Species-environment correlations 0.979 0.987 0.971 0.000

Cumulative percentage variance

of taxa data 45.4 67.1 75.4 94.4

of taxa-environment relation 60.2 88.9 100.0 0.0

Sum of all eigenvalues 1.000

Sum of all canonical eigenvalues 0.754

TABLE II
Composition, richness and abundance of riffle beetle genera sampled in forested (F) and deforested (C) streams and 

substrate types (L = leaf litter; S = stone). Letter ‘(A)’ at the end of genus name indicates adult life stage.

Genera Streams Substrate type

F C L S Total

Cylloepus(A) 0 1 1 0 1

Heterelmis 302 277 421 158 579

Heterelmis(A) 99 134 166 67 233

Hexacylloepus 2 1 0 3 3

Hexacylloepus(A) 18 10 9 19 28

Hexanchorus 2 0 1 1 2

Macrelmis 79 0 14 65 79

Macrelmis(A) 22 2 5 19 24

Microcylloepus 10 2 12 0 12

Microcylloepus(A) 191 13 153 51 204

Neoelmis 101 38 104 35 139

Neoelmis(A) 13 2 3 12 15

Phanocerus(A) 56 24 66 14 80

Gen Indet. A 0 1 1 0 1

Abundance 895 505 956 444 1.400

Richness 7 9 8 7 9

changes in water quality. The buffer effect provided 
by riparian vegetation, even when it is narrow 
and short in length (Lorion and Kennedy 2009), 
should also have prevented expressive increases 
in water temperature. Thus, the explanation for 
the differences found between assemblages from 
forested and deforested streams in the PET region 
should be related to other environmental descriptors.

Higher abundance of riffle beetles occurred 
in forested streams. The size of the forested area, 
the vegetation type (semi-deciduous forest) and 
the preservation condition should have enabled 
the differences found in the PET region. Previous 
studies have demonstrated the influence of large-
sized forest fragments, including wider riparian 
vegetation on macroinvertebrate assemblage 
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structure (Couceiro et al. 2007, Iñiguez-Armijos 
et al. 2014, Moraes et al. 2014). This relationship 
has not been discussed so far, but it can be easily 
explained by the plasticity in the feeding habits 
of riffle beetles. Riffle beetles are shredders and 
grazers. Some genera feed on allochthonous vegetal 
matter, while others are xylophagous (Anderson 
and Sedell 1979, Elliott 2008). In fact, riffle 
beetles have been mainly considered shredders 
(Elliott 2008), and the abundance of this functional 
group is typically linked to the abundance of litter 
(Cummins et al. 1989), which has higher input in 
streams flanked by deciduous vegetation (Frady et 
al. 2007). Thus, the greater the size of the forest 
and the wider the riparian vegetation, the higher the 
abundance of shredders (Weigel 2003, Frady et al. 
2007, Lorion and Kennedy 2009, Valle et al. 2010, 
Iñiguez-Armijos et al. 2014).

Riffle beetle assemblages were more similar 
within the PET area than in the nearby deforested 
areas. Previous studies have also recorded more 
similar macroinvertebrate assemblages in streams 
from forested areas than deforested ones (Death and 
Collier 2010, Corbi et al. 2013, Iñiguez-Armijos 
et al. 2014, Bertaso et al. 2015). Disturbances 
promoted by agricultural activities as well as 
environmental heterogeneity (Heino 2000) are 
important drivers of freshwater macroinvertebrate 
diversity. Thus, the occurrence of more dissimilar 
riffle beetle assemblages among deforested 
streams should have been determined by the 
greater variation in landscape-scale environmental 
descriptors, particularly the occurrence of different 
exotic species in the riparian vegetation (e.g., 
Eucalyptus and Japanese raisin). Previous studies 
have shown that exotic vegetation remains entering 
streams affect macroinvertebrate assemblages 
because their leaves have lower nutritional quality 
and reduced palatability (Graça et al. 2002, 2015, 
Márquez et al. 2015). Thus, exotic vegetation also 
affects shredder organisms (Death and Collier 

2010), including riffle beetles (Huamantinco and 
Nessimian 1999).

Many riffle beetle genera and life stages showed 
high value as indicators of forest integrity in the PET 
region. Previous studies analyzing the influence of 
forest removal and conversion to agricultural uses 
on stream macroinvertebrate assemblages have 
recorded the occurrence of riffle beetles, especially 
(or exclusively) in streams running into native 
forest and grassland areas (Paula and Fonseca-
Gessner 2010, Azevedo et al. 2012, Corbi et al. 
2013, Iñiguez-Armijos et al. 2014). In this study, 
Neoelmis, Hexacylloepus and Microcylloepus were 
indicative of forested streams. These genera have 
been found in streams located in forested areas from 
other regions (Lorion and Kennedy 2009, Paula and 
Fonseca-Gessner 2010, Corbi et al. 2013, Iñiguez-
Armijos et al. 2014). Cylloepus and Phanocerus 
showed weak relationships with deforested streams 
in the PET region and were previously associated 
with streams running into forested areas (Paula 
and Fonseca-Gessner 2010, Corbi et al. 2013, 
Iñiguez-Armijos et al. 2014). Heterelmis has been 
recorded in streams located in both impacted and 
protected areas (Paula and Fonseca-Gessner 2010). 
The larval stage of Macrelmis showed the highest 
indicative value for PET forested area, suggesting 
a relation to the presence of native vegetation 
leaves with good nutritional quality. The adult 
stage of Microcylloepus, which had the second 
highest indicative value for forested areas, was 
previously associated with preserved areas (Paula 
and Fonseca-Gessner 2010). In other words, except 
for the adult and larval stages of Heterelmis, many 
other genera and their life stages seem to be strongly 
associated with forested areas and constitute good 
environmental indicators of forest integrity.

Factors related to forest environmental 
integrity, such as land use, stream width, and 
distance from the forest edge, were important 
drivers of riffle beetle assemblage structure in the 
PET region. However, the influence of the distance 
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from the forest edge is possibly related to the effects 
of isolation and dispersal ability of riffle beetles. 
Connectivity is a strong driver of stream insect 
assemblages, mostly due to dispersal limitation 
(Rosenberg and Resh 1993). Riffle beetles disperse 
via drift and flight (Elliott 2008), although their 
dispersal ability is limited because adults seldom 
leave the water after settling (Yee and Kehl 2010). 
In this study, sites that were more distant from 
each other had different compositions. Therefore, 
spatial isolation must have played an important role 
in structuring riffle beetle assemblages in the PET 
region.

SUBSTRATE INFLUENCE ON RIFFLE BEETLE 
ASSEMBLAGES

Riffle beetle assemblages in leaf litter substrate had 
higher abundance than in stone substrate. Previous 
studies also recorded riffle beetle assemblages with 
higher richness and abundance in leafy substrates 
than in other substrate types (Tavares and Williams 
1990, Passos et al. 2003a, b, Azevedo et al. 2012, 
Graça et al. 2015). This relationship was attributed 
to the importance of vegetal remains to the life 
habits of riffle beetles. In contrast, richness was 
very similar between assemblages inhabiting 
both substrate types in the study area. Some 
previous studies also found rich and very abundant 
assemblages in stony streambeds, where litter does 
not accumulate (Brown 1987, Elliott 2008, Braun 
et al. 2014a). This result may be determined by the 
scraper feeding habit of riffle beetles over rocks 
(Elliot 2008), which leads to the occurrence of 
similar richness between both substrate types in the 
PET region.

Heterelmis was indicator of substrate type, 
although showing marginally significant value. 
Larvae of Heterelmis, which were associated with 
litter substrate, have been classified as generalist 
collectors (including the adult stage) in Neotropical 
streams (Chara-Serna et al. 2012). However, they 
have also been found in predominantly stony 

substrates (Braun et al. 2014a) and in very impacted 
areas (Corbi et al. 2013). Thus, species of Heterelmis 
should also be tolerant to differences in substrate 
type, as suggested by the marginal significance of 
its indicative value in the PET region.

CONCLUSIONS

The structure of riffle beetle assemblages was 
sensitive to forest integrity in the PET conservation 
unit and to land use in nearby agricultural converted 
areas. Riffle beetle assemblages had lower 
abundance and similarity in deforested streams. 
In addition, some genera such as Macrelmis 
and Microcylloepus showed indicator value of 
environmental integrity in streams from semi-
deciduous Atlantic Forest remnants. Furthermore, 
the assemblages had higher abundance in litter than 
in stone substrate, reinforcing the role of substrate 
type in the structure of their assemblages. Our 
results could be related to specific features of the 
study area, such as the importance of the amount 
and quality of the allochthonous organic matter 
entering the streams, since the input of a broad 
array of vegetal remains (leaves, branches, twigs, 
and woody debris) is guaranteed in native forested 
streams (Marquéz et al. 2015). In contrast, streams 
running in converted areas contained exotic 
vegetation, which likely affected the establishment 
of shredder organisms such as riffle beetles. In 
summary, we suggest that the quality of the riparian 
vegetation (native) be as important as its buffer role 
in structuring riffle beetle assemblage structure.

Finally, we recommend that the role of temporal 
changes in the input of native allochthonous matter 
in structuring riffle beetle assemblages be further 
investigated. The input of organic matter from 
native deciduous to semi-deciduous vegetation is 
not seasonal in Neotropical streams (Gonçalves et 
al. 2006). Complementarily, many streams from 
temperate areas in the Holarctic Region also have 
riparian vegetation with seasonal (deciduous 
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vegetation) input patterns, and show lower 
vegetation diversity than in subtropical areas of the 
Neotropical Region (Campbell et al. 1992). Thus, 
through similar mechanisms, the role of riparian 
vegetation in influencing riffle beetle assemblages 
can differ between the different vegetation types in 
the Atlantic Forest biome (e.g., subtropical semi-
deciduous type covered in this study and tropical 
evergreen ones) and zoogeographical regions.
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