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Abstract. Riparian forests have positive effects on water quality and biodiversity. However, most studies have only

tested the effects of distinct vegetation types or streams with and without forests, despite the fact that riparian forests differ
in degrees of complexity. The aim of the present study was to test whether riparian forest complexity affected the
composition and abundance of the Ephemeroptera, Plecoptera and Trichoptera (EPT) taxa across a small environmental

gradient.We alsomeasuredwhether EPT genera or feeding groups responded to changes in riparian forest complexity. The
study was conducted in two protection areas (i.e. Lagoa do Peri Municipal Park, PERI; and the Permanent Protection Area
of Ratones, RAT) of Santa Catarina Island, Brazil. Primary production increased in streamswith lower canopy percentage,
and EPT assemblages differed among streams with different riparian forest complexity. In RAT, the water quality and

forest variables affected EPT composition; however, in PERI, only water quality variables were important. Indicator
species analysis based on genera suggested Kempnyia (Plecoptera) and Zelusia (Ephemeroptera) to be indicative of
streams with greater forest complexity, whereas Farrodes (Ephemeroptera) was significant in streams of intermediate

riparian forest complexity; however, no one functional group dominated. The results of the present study show that small
changes in riparian forest complexity influence the composition of EPT insects in subtropical streams.
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Introduction

Anthropogenic activity has changed landscapes primarily
through conversion of native forest to urban occupation and
agricultural land. At a watershed scale, these changes have

resulted in the degradation of water resources due to sedimen-
tation, changes in hydrology and physicochemical water char-
acteristics, and biodiversity loss (Allan 2004; Nessimian et al.

2008). Deforestation of the riparian zone, which represents an
important link between terrestrial and aquatic ecosystems,
reduces the input of allochthonous organic matter, especially in

forested headwater streams, where the main source of energy
comes from the terrestrial ecosystem (França et al. 2009). The
allochthonous organic matter (formed by coarse particulate
organic matter) entering streams is composed of litterfall,

primarily leaves, twigs and reproductive parts, regardless of
vegetation type or geographic area (França et al. 2009). This
material increases the supply of nutrients and organic matter to

streams (Balian and Naiman 2005) and may also serve as a

habitat to be colonised (leaves, branches and fruits), a refuge
from predators or water flow and oviposition sites for fauna
(Salles and Ferreira-Junior 2014).

Riparian vegetation has several other functions: it serves as a

buffer zone that reduces the entry of sediment, fertilisers and
pesticides entering streams through overland flow, assists in
reducing run-off and bank erosion, provides substrate heteroge-

neity and helps maintain a constant streamwater temperature by
reducing light input (Vannote et al. 1980; Balian and Naiman
2005; Naiman et al. 2005). By removing the vegetation, the

amount of light reaching the water increases, often leading to
higher algal growth (primary production) and accelerated break-
down rates of organic matter, because these processes are
temperature dependent (Richardson and Béraud 2014). At a

regional scale, the riparian zone serves as a climate regulator, a
carbon sink and a corridor for biota movement; the riparian zone
also increases regional biodiversity andmaintains water quality,

among other environmental services (Naiman et al. 2005).
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Given the positive effects of the riparian zone, the loss of
riparian forest affects the nutrient concentrations of streams and

physicochemical water parameters, alters the rates of organic
matter transport and breakdown and reduces aquatic faunal
diversity (Richardson and Béraud 2014). Aquatic insect diver-

sity has been shown to decreasewhen natural riparian vegetation
is replaced by agricultural land use, such as sugarcane crops and
pasture (Corbi and Trivinho-Strixino 2008; Corbi and Froehlich

2010; Egler et al. 2012, Siegloch et al. 2014), banana (Kleine
et al. 2011; Corbi et al. 2013) and eucalyptus or pine plantations
(Stenert et al. 2012). Moreover, a reduction in the width of the
riparian zone compromises aquatic assemblages in streams,

a width greater than 15 m is necessary to maintain the
composition and trophic conditions of fauna (Moraes et al.

2014). However, natural riparian forests are not homogeneous,

and may vary in composition and structure because of differ-
ences in climatic conditions, soil type, topography, successional
stage and the condition of adjacent areas (Naiman et al. 2005).

Thus, the composition and structure of riparian vegetation may
affect the physicochemical water properties in tropical streams
(Souza et al. 2013) and consequently be an important predictor
of aquatic insect assemblage composition, especially groups

sensitive to environmental changes.
The structure of aquatic insect assemblages reflects the

integrity of ecosystems. In general, high diversity and the

presence of sensitive taxa are expected in streams with pre-
served riparian vegetation, whereas it is common to find a high
abundance of generalist and tolerant taxa in degraded systems

(Rosenberg and Resh 1993). Among aquatic insects, the orders
Ephemeroptera, Plecoptera and Trichoptera (EPT; mayflies,
stoneflies and caddisflies) are sensitive to the effect of human

activities on streams, and their richness decreases with increas-
ing disturbance (Rosenberg and Resh 1993). However, accord-
ing to Ligeiro et al. (2013), in basins with a weaker disturbance
gradient, natural habitat variability associated with stream size

and microhabitats explained more variation in EPT richness
than the disturbance index related to anthropogenic pressures on
sites and catchment scale. Given the relationship between

feeding behaviour and the availability of the food resources in
streams, functional groupings in the analysis of aquatic insects is
another tool used for stream assessment (Cummins et al. 2005).

Streams with riparian forests are usually characterised by a high
input of allochthonous material being consumed primarily by
shredders, which use the coarse particulate component, as well
as collectors, which use fine particulate organic matter. In well-

illuminated streams, scrapers are abundant, feeding off the
primary production of periphyton (Cummins et al. 2005; Brasil
et al. 2014).

Although several studies have highlighted the negative effect
of land use and marked degradation of riparian vegetation on
water quality and biodiversity, it remains uncertain whether

changes in riparian forest complexity, rather than just removal of
riparian canopy, can also affect aquatic insect assemblages,
primarily in tropical and subtropical regions where few studies

have been conducted. Riparian buffer zones are even more
important in headwater streams inmountainous areas of tropical
and subtropical climates, where rainfall events are more intense
and frequent, and so the riparian vegetation serves to cushion

the input of organic and inorganic material into the system

(Allan and Castillo 2007). Therefore, the aim of the present
study was to test whether variables of riparian forest complexity

and the physicochemical characteristics of streams affected the
composition of EPT assemblages across a small gradient of
riparian forest complexity in southern Brazil. In addition, we

determined whether EPT genera or functional feeding groups
responded to small changes in the complexity of the riparian
forest in order to find potential bioindicators. We worked with

the following hypotheses: (1) small changes in riparian forest
complexity can affect the EPT assemblage; and (2) the expected
changes in the availability of organic matter and primary
production affect the feeding groups along a disturbance gradi-

ent of riparian forest complexity.

Materials and methods

The study was conducted in two areas of Atlantic Forest on

Santa Catarina Island, southern Brazil. The forests on the island
have been used since the arrival of the first European settlers in
the second half of the 17th century (Caruso 1983. The main
causes of deforestation on the island were vegetation clearing

for building, energy production and the development of agri-
culture (Caruso 1983). In 1940, 83% of the native forest had
disappeared, leaving only hilltop vegetation. Currently, the

natural forests are fragmented, found mainly within conserva-
tion units or on hilltops and composed of secondary vegetation
in different stages of succession and regeneration (Bisheimer

et al. 2013).
The study areas were located in the last two larger forest

fragments on the island: (1) the Lagoa do Peri Municipal Park
(PERI; 2784303000S, 4883201800W) and the Permanent Protection

Area of Ratones (RAT; 2783105200S, 4883004500W). PERI is
located in the southern part of the island, with an area of
2030 ha. PERI is the first protected area of Santa Catarina Island

declared since 1952, established as a park in 1981; it is one of the
last remnants with pristine forest and various levels of dense
rainforest vegetation succession on the island. RAT is located in

the central north part of the island, covers an area of,492 ha and
has native vegetation ranging between 6 and 30 years of
secondary forest development (Bonnet and Queiroz 2006).

These areas are approximately 22 km apart, separated by several
districts of the Florianópolis city with different histories of
urban occupation. Currently, these areas represent sites of great
relevance for conservation, because the Atlantic Forest Biome is

considered a global biodiversity hot spot and has a high number
of endemic species (Myers et al. 2000). The climate is classified
as ‘Cfa’ according to the Köppen climate classification, with

rainfall uniformly distributed throughout the year and no dry
season. However, rainfall records since 1992 have shown higher
rates of rainfall in the warmer months between December and

March (Kleba Lisboa et al. 2015).

Sampling design

Within each area, samples were taken at five independent low-

order streams (first and second order following Strahler 1957)
along a gradient of riparian forest complexity: one streamwas in
the middle of a highly complex riparian forest, three streams
were intermediates with regard to riparian forest complexity and

one stream was inside the forest, but close to the fragment edge
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and near urban residences. In total, across the two areas, 10
streams were sampled, each with at least a 50-m width of

riparian forest (two streams had highly complex riparian forests,
six streamswere intermediates and two streams had low riparian
forest complexity). In each stream, three sampling points were

selectedwithin 50mof one another. At each sampling point, two
samples of substrate were collected in riffles, one in gravel and
another sample in organic material as leaves trapped in riffles.

These subsamples were combined to give one sample per
sampling point, totalling 15 samples in each area. Samples of
aquatic insects were collected between January andMarch 2012
with a Surber sampler (area 0.0361 m2, mesh 0.25 mm). In the

laboratory, thematerial was fixed and preserved in 80% ethanol,
passed through a 0.25-mm mesh and then sorted and identified
under a stereomicroscope. The EPT were identified to the genus

level using taxonomic keys (Wiggins 1996; Salles et al. 2004,
Domı́nguez et al. 2006; Domı́nguez and Fernández 2009).

Environmental variables

Variables related to water, riparian forest structural complexity
and soil cover were measured at each sampling point in order to

test their effect on EPT assemblages. The following variables
were measured within the streams: water velocity (m s�1) using
the float method (Bain and Stevenson 1999); width and depth of

streams (cm), determined using a measuring tape; electrical
conductivity (mS cm�1); dissolved oxygen concentration;
pH and water temperature, measured using a YSI Model

Multiprobe; primary production, quantified through analysis
of chlorophyll-a; and phaeopigment, scraped from the bed-
rock surface at each sample point and placed in a container

with 200 mL of water. These samples were filtered (0.7 mm;
Millipore AP40 glass fibre) and 90% acetone was used for
pigment extraction from filters (Lorenzen 1967). The organic
matter retained in each Surber sample was dried in an oven at

608C for 5 days and then weighed. The last variable determined
was predominant inorganic substrates, which were estimated
visually according to Ward (1992).

The environmental variables of riparian forest and soil cover
were measured using the adapted point-centred quarter method
at each sampling location (Brower et al. 1998). Tree, shrub and

soil variables were measured in each quadrant as follows:
circumference at breast height for trees (when diameter at breast
height .5 cm); size (basal area and height multiplied); top
diameter of trees; distance away from the nearest tree to the

centre of the cross, circumference at ankle height for shrubs
(when,5 cm andwith aminimumheight of 1m); canopy cover;
percentage of litter cover; percentage of green cover; percentage

of uncovered soil; height; and leaf litter biomass.
The height of trees and shrubswas estimatedwith a 4-m ruler.

Top diameter, circumference and distance were determined

using a measuring tape. The percentage of litter, soil covered
by vegetation and uncovered soil (without vegetation and litter)
was estimated visually following percentage classes (0–5, 6–25,

26–50, 51–75, 76–95 and 96–100%), using a square of 1 m2,
placed about 20 cm away from the cross. The biomass of the leaf
litter was determined using a portion of litter removed from the
square. Leaf litter was later dried (608C, 72 h) and weighed to

obtain dry biomass. The percentage of canopy cover was

estimated visually using the same classes described above.
The basal area of trees and shrubs was calculated from the trunk

circumference (based on the area of the circle). For each
variable, a measure of central tendency was calculated based
on the Shapiro–Wilk normality test. Thus, each environmental

variable represented a central value (mean or median, as
appropriate) of the four measurements at each point.

Data analysis

A principal components analysis (PCA) was performed to
reduce the dimensionality of independent variables for physi-

cochemical water and riparian forest characteristics for each
area. The variables indicated by the PCA for the riparian forest
were used to determine the degree of riparian forest complexity.

The streams were labelled from A to E, beginning with streams
of higher complexity descending to streams with lower com-
plexity. Multiple linear regressions were used to determine the

relationship between riparian forest variables and physico-
chemical water descriptors. The first two axes of each PCA (site
scores, weighted sums of species scores) of riparian forest
variables were used as independent variables in a linear

regression model to evaluate the effects of riparian forest
complexity on stream habitat and water quality variables. When
necessary, the environmental variables were standardised and

the analysiswas run using the stats and vegan packages forR ver.
3.0.1 software (R Foundation for Statistical Computing, Vienna,
Austria, see http://www.R-project.org, accessed 2015 January

2005). Permutational multivariate analysis of variance
(PERMANOVA) was used to test for significant differences in
insect assemblage composition between the two sampling areas.

In this analysis, area was considered a fixed factor and cross-
over and lower hierarchical levels (streams) were considered
fixed and nested (Anderson et al. 2008). This analysis was
performed using PRIMER 6 version 6.1.16 with the PERMA-

NOVA add-on version 1.0.6 (PRIMER-E Ltd, all rights
reserved, Anderson et al. 2008). Based on the results obtained,
each area was treated independently.

Differences in observed richness of EPT taxa among streams
with different levels of riparian forest complexity were explored
using one-way analysis of variance (ANOVA). The structure of

EPT assemblages was analysed using the Bray–Curtis similarity
coefficient and was represented using non-metric multidimen-
sional scaling (NMDS). An analysis of similarity (ANOSIM;
one way) was used to test for differences in assemblage

composition between the five streams in each area, using the
permutation method on the Bray–Curtis resemblance matrix.

The most important water and riparian forest structure

descriptors selected by the PCA were correlated with the EPT
data matrix through a routine BioEnv (Clarke and Gorley 2006).
The Bray–Curtis dissimilarity biotic matrix was correlated with

the environmental matrix (Euclidean distance) through a Spear-
man correlation. The following environmental variables were
used in the BIOENV analysis for PERI: electrical conductivity,

depth, dissolved oxygen, percentage of boulders, amount of
organic matter, chlorophyll-a and phaeopigments (physico-
chemical stream parameters), tree size and top diameter,
distance from the nearest tree to the centre of the cross, canopy

cover percentage, percentage of green cover and uncovered soil,
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and litter biomass (riparian forest variables). For RAT, the
following variables were used: water velocity, electrical con-

ductivity, dissolved oxygen, substrate percentage, amount of
organic matter, chlorophyll-a and phaeopigments (physico-
chemical stream parameters), tree size and top diameter, size

of shrubs, percentage of green cover and uncovered soil, height
and leaf litter biomass (riparian forest variables). EPT data
were Hellinger transformed, and the environmental variables

were square root transformed and standardised (Clarke and
Gorley 2006).

From the PCA results, the streams were grouped into three
groups of environmental quality (high, medium and low com-

plexity). To test whether EPT genera and functional groups
could be used to detect changes in riparian forest complexity, an
indicator species analysis (Dufrêne and Legendre 1997) was

undertaken with a Monte Carlo test used to assess the signifi-
cance of the indicator value, using 999 permutations. The
classification of the EPT genera in functional feeding groups

was based on Cummins and Klug (1979), who define the
following groups: brushers, filtering collectors, gathering
collectors, shredders, scrapers, piercing and predators.

Results

The riparian forest complexity variables and physicochemical
characteristics of water differed between the five streams in the

two areas. In PERI, the first axis of the PCA (51% of total
variation) for riparian variables represented the forest
complexity gradient, where streams with high riparian forest

complexity (A andB) had a higher basal area, tree and shrub size
and top diameter, percentage canopy cover, biomass and litter
height, whereas the second axis (30.6% of total variation)

separated the stream in worse condition (E; Fig. 1, Table S1).
For physicochemical water variables, Stream A was associated

with greater substrate heterogeneity, Streams B and C had
higher primary production (chlorophyll-a and phaeopigments)
and Stream D was associated with higher amounts of organic

matter (Fig. 1). Multiple linear regressions showed that the
amount of organic matter and chlorophyll-a were significantly
related to the first axis of the PCA, performed with riparian

forest data (R¼ 0.4217, P¼ 0.04). Chlorophyll-a values
increased in streams with a lower percentage of canopy cover,
and greater amounts of organic matter were found in streams
with uncovered soil and greater distance among the trees.

In RAT, the first principal component (PC1; 47.2% of
variation) separated Streams A and B from streams with
intermediate riparian forest complexity (Streams C and D).

Higher values of basal area, tree and shrub size, top diameter,
percentage of canopy cover and litter characterised Streams A
and B. Streams C and D had higher percentages of green cover

and litter layer (Fig. 2, Table S1). The second principal compo-
nent (PC2; 28.9% of variation) separated Stream E, a site near
the edge of the forest fragment, and was characterised by a

greater distance from the nearest tree and uncovered soil. For
physicochemical water variables, PC1 separated the streams by
substrate composition and primary production. Stream A had
homogeneous substrate and Stream C had higher primary

production. Streams D and E had higher amounts of organic
matter, water velocity and dissolved oxygen (Fig. 2). Regression
analysis showed that the first axis of riparian forest variables

was significantly related to phaeopigments and chlorophyll-a
(R¼ 0.455,P¼ 0.026). Primary production increased in streams
with a lower canopy cover percentage.
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In all, 1493 individual EPT insects were collected during the
study, distributed across 20 families and 37 genera (Table 1).

The Trichoptera presented the highest abundance (53.5% of
total) and genera richness (59% of total), whereas Plecoptera
had the lowest abundance (17.3% of total) and only four genera.

Despite the similar richness between the two areas (28 genera in
PERI and 29 in RAT), PERMANOVA showed significant
differences in the taxonomic composition of the EPT assem-

blages between the two areas (F¼ 2.93, P¼ 0.003), indicating
that there are two distinct assemblages. Many genera occurred
only in PERI (Tricorythopsis, Massartela, Austrotinodes,

Amphoropsiche, Chimarra, Polycentropus), whereas others
were found only in RAT (Baetodes, Cotulma, Anchitrichia,
Nectopsyche, Oecetis, Cyrnellus, Polyplectropus, Xiphocen-

tron). This analysis showed that each area has a different

assemblage, with little genera turnover between sites, probably
reflecting distance and geographical isolation of the areas.
Similarity percentage analysis (SIMPER) showed an average

dissimilarity of 53% between PERI and RAT. Many genera
contributed to the dissimilarity between areas, with the most
representative being Helicopsyche (6.67%), Farrodes (6.04%),

Smicridea (5.85%),Americabaetis (5.46%),Neotrichia (5.36%)
and Anacroneuria (5.07%). Thus, each area was treated
independently.

The observed richness of EPT was similar among RAT

streams (ANOVA, F¼ 0.46, d.f.¼ 4, P¼ 0.76), but differed
among PERI streams, with higher richness in Stream B com-
pared with the others (ANOVA, F¼ 16.94, d.f.¼ 4,

P¼ 0.0001). Regarding taxonomic composition, Phylloicus

(Trichoptera) and Farrodes (Ephemeroptera) genera were
dominant in both areas, whereas Kempynia and Tupiperla

(Plecoptera) occurred only in streams with higher riparian forest
complexity. The percentage of functional feeding groups (FFG)

in streams is given in Table 2. Most FFG groups occurred
independently of stream complexity; however, a higher percent-
age of scraper insects was recorded in streams with low riparian

forest complexity.
Bray–Curtis similarity analysis showed distinct EPT assem-

blages among streams in the two areas (Fig. 3). In PERI, the

NMDS graph revealed four groups, with a clear distinction
among streams, except for StreamsB andC. In RAT, two groups
were formed, one with Streams A and B of higher riparian forest

complexity, and the second group with Streams C, D and E.
One-way ANOSIM indicated significant differences in the
EPT assemblages among the five streams in PERI (R¼ 0.899,
P¼ 0.001) and RAT (R¼ 0.567, P¼ 0.001).

The Spearman correlation using BIOENV demonstrated
that, in PERI, only environmental water variables (r¼ 0.95,
P¼ 0.044) affected EPT assemblage composition. However, in

RAT, water variables (r¼ 0.94, P¼ 0.011) and riparian forest
variables (r¼ 0.90, P¼ 0.039) were important. In PERI, the
analysis indicated that the following water variables determined

the variation in EPT assemblages: electrical conductivity, depth,
boulder percentage and phaeopigments. However, in RAT, the
variables of riparian forest (size and top diameter of trees and
size shrubs) and physicochemical water characteristics (water

velocity, sand and boulder percentage, amount of organic
matter, chlorophyll-a) affected the EPT assemblage.

From the PCA results, the streams were grouped into three

groups of environmental quality (high, medium and low com-
plexity) to run the indicator species analysis. This analysis
indicated that there were two genera in streams with greater
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riparian forest complexity (Kempnyia – Plecoptera (indication

value, IV¼ 0.787; P¼ 0.003) and Zelusia – Ephemeroptera
(IV¼ 0.635; P¼ 0.047)), and one genus in streams with inter-
mediate complexity (Farrodes – Ephemeroptera; IV¼ 0.773;

P¼ 0.02). However, the analysis did not indicate any functional
groups as bioindicators of riparian forest complexity.

Discussion

Studies in tropical and subtropical streams have shown that the
removal of the riparian zone or replacement of the native

vegetation by agriculture or forestry land use can significantly

reduce aquatic invertebrate richness (Nessimian et al. 2008;
Corbi et al. 2013; Siegloch et al. 2014) and change physico-
chemical properties of streams (Souza et al. 2013). Recently, it

was reported that the quality of riparian vegetation could also
affect richness, diversity and density of collector–gatherers of
invertebrate assemblages (Mesa 2014). Moreover, the presence
of a riparian forest buffer appeared to significantly reduce the

effects of deforestation from adjacent areas on aquatic assem-
blages (Lorion and Kennedy 2009). According to Lorion and
Kennedy (2009), the diversity and structure of invertebrate

Table 1. Total abundance and taxonomic composition of Ephemeroptera, Plecoptera and Trichoptera recorded in five streams (A–E, from highest

to lowest riparian forest complexity) within two sampled areas (Lagoa do Peri Municipal Park (PERI) and Permanent Protection Area of Ratones

(RAT)) on Santa Catarina Island, southern Brazil

The functional feeding groups (FFG) of insects collected were as follows: brushers (Bs), filtering collectors (Cf), gathering collectors (Cg), shredders (Sh),

scrapers (Sc), piercing (Pi) and predators (Pr)

Order and Family Genera FFG PERI RAT

A B C D E A B C D E

Ephemeroptera

Baetidae Americabaetis Cg 3 15 5 0 0 4 12 15 18 8

Baetodes Sc 0 0 0 0 0 0 0 4 9 1

Cloeodes Sc 0 2 5 0 0 0 0 0 0 0

Zelusia Cg 0 6 0 2 0 9 8 5 0 4

Caenidae Caenis Sc 1 0 0 0 0 0 0 0 0 0

Euthyplociidae Campylocia Cf 0 4 1 0 0 0 1 2 1 0

Leptohyphidae Tricorythopsis Sc 0 1 27 0 0 0 0 0 0 0

Leptophlebiidae Askola Bs 0 2 0 1 15 8 0 0 0 0

Farrodes Bs 5 20 62 1 0 2 3 42 37 13

Thraulodes Bs 1 11 0 0 0 0 0 4 11 7

Massartela Bs 0 2 0 0 0 0 0 0 0 0

Plecoptera

Perlidae Anacroneuria Pr 2 35 10 5 0 2 6 2 32 43

Kempnyia Pr 0 11 0 1 0 20 8 0 0 1

Gripopterygidae Paragripopteryx Sh 1 7 5 20 1 8 6 0 2 2

Tupiperla Sh 0 0 5 0 0 18 3 1 0 0

Trichoptera

Anomalopsychidae Contulma Sc 0 0 0 0 0 0 0 0 0 3

Calamoceratidae Phylloicus Sh 20 23 11 8 27 9 29 157 37 32

Ecnomidae Austrotinodes Cf 0 2 2 0 1 0 0 0 0 0

Glossossomatidae Itauara Sc 0 12 1 0 0 0 0 1 41 5

Helicopsychidae Helicopsyche Sc 5 12 3 15 37 0 1 9 0 1

Hydrobiosidae Atopsyche Pr 1 9 13 10 4 2 2 2 9 7

Hydropsychidae Leptonema Cf 0 0 1 0 1 1 2 0 0 0

Smicridea Cf 0 5 3 0 0 22 7 3 12 1

Hydroptilidae Anchitrichia 0 0 0 0 0 0 0 0 7 0

Alisotrichia Sc 4 0 0 1 0 0 0 4 2 11

Metrichia Pi 0 0 0 0 0 0 0 1 0 0

Neotrichia Sc 0 8 2 0 0 22 0 4 3 10

Leptoceridae Amphoropsyche 0 0 0 1 0 0 0 0 0 0

Nectopsyche Sh 0 0 0 0 0 0 0 0 0 1

Oecetis Pr 0 0 0 0 0 2 1 0 0 0

Triplectides Sh 1 1 0 0 1 1 2 1 1 0

Odontoceridade Marilia Sh 1 0 0 0 0 0 1 0 0 0

Philopotamidae Chimarra Cf 0 3 2 0 2 0 0 0 0 0

Polycentropodidade Cyrnellus Cf 0 0 0 0 0 0 0 0 0 1

Polycentropus Pr 0 1 0 0 0 0 0 0 0 0

Polyplectropus Cf 0 0 0 0 0 0 2 0 0 0

Xyphocentronidae Xiphocentron Sc 0 0 0 0 0 0 1 0 0 0
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assemblages in reaches with a forest buffer, with some excep-
tions, are very similar to those in forested reference reaches.
A study conducted in the subtropical region of Brazil showed

that a riparian zonewith awidth greater than 15m is necessary to
maintain the composition and trophic conditions of aquatic
invertebrates similar to those in reference states of conservation

(Moraes et al. 2014). The results of the present study showed
that EPT richness was similar among streams with small dif-
ferences in riparian forest complexity, but the new contribution
is that small changes in riparian forest complexity can affect

EPT assemblage composition and reduce the abundance and
frequency of occurrence of the most sensitive genera, as well as
cause changes in the availability of organic matter and primary

production in streams.
Many studies have shown that EPT insects respond to

marked changes in habitat and water quality, especially when

there is a reduction in dissolved oxygen and the accumulation of
fine sediments that can be deposited in the gills, reducing
respiratory capacity (Rosenberg and Resh 1993; Compin and
Céréghino 2003). In addition, it seems that this group does not

respond homogeneously to environmental variations, because
some genera are more sensitive, whereas others are more
tolerant. For example, in the study of Corbi et al. (2013), the

Americabaetis (Ephemeroptera) and Leptonema (Trichoptera)
genera were common in streams edged with banana plantations,
whereas Plecoptera families and other Trichoptera genera were

related to streams with natural riparian forest.
In the present study, the composition of EPT genera also

responded to riparian forest complexity, considering a small-

scale gradient. The greater occurrence and abundance of
Farrodes genera (Ephemeroptera) in streams with medium
riparian forest complexity seems to be associated with periphy-
ton availability (chlorophyll-a and phaeopigments) and the

amount of organic matter, a food source for brushers such as
these insects (Baptista et al. 2006). In well-illuminated environ-
ments, scrapers are abundant, feeding on autochthonous

periphyton; when these insects exploit other particles adhered
to the substrate, they are classified as brushers (Brasil et al.
2014). TheKempnyia (Plecoptera) andZelusia (Ephemeroptera)

indicated streams with higher riparian forest complexity,
corroborating the results of Corbi et al. (2013), who found that
40% of the Plecoptera genera recorded in their study were
sensitive to environmental changes. Plecoptera taxa tend to

decline at less intense levels of human disturbances compared
with Ephemeroptera and Trichoptera, and they require a
high proportion ($54%) of forest with limited anthropogenic

Table 2. Total abundance (number of individuals), richness (number of genera) and percentage of functional feeding groups in five streams (A–E,

fromhighest to lowest riparian forest complexity)within two sampled areas (Lagoa doPeriMunicipal Park (PERI) andPermanent ProtectionArea of

Ratones (RAT)) on Santa Catarina Island, southern Brazil

PERI RAT

A B C D E A B C D E

Abundance (n) 45 192 158 65 89 130 95 257 222 151

Richness 12 22 17 11 9 15 18 17 14 18

Functional feeding groups (%)

Brushers 13.3 18.2 39.2 3.1 16.9 7.7 3.2 17.9 21.6 13.2

Filtering collectors 0 7.3 5.7 0 4.5 17.7 12.6 1.9 5.9 1.3

Gathering collectors 6.7 10.9 3.2 3.1 0 10.0 21.1 7.8 8.1 7.9

Predators 6.7 29.2 14.6 24.6 4.5 20 17.9 1.6 18.5 33.8

Shredders 51.1 16.1 13.3 43.1 32.6 27.7 43.2 61.9 18.0 23.2

Scrapers 22.2 18.2 24.1 24.6 41.6 8.6 2.1 8.6 24.8 20.5

Piercing 0 0 0 0 0 0 0 0.4 0 0

D

E

A

B

2-D stress: 0

C

B

A

C

D
E

2-D stress: 0

Fig. 3. Non-metric multidimensional scaling (NMDS) plots of Ephemeroptera, Plecoptera and Trichoptera

assemblages of streams sampled in Streams A–E in Lagoa do Peri Municipal Park (PERI; filled symbols) and the

Permanent Protection Area of Ratones (RAT; open symbols), where StreamsA have greater riparian forest complexity

and Streams E have lower complexity. Data were transformed using Hellinger and Bray–Curtis similarity measure-

ments. Dashed circles represent 60% dissimilarity among groups in both areas.
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influence to maintain similar taxonomic richness to reference
conditions (Törnblom et al. 2011).

On a local scale, it is possible that riparian forest complexity
is an important moderator of physicochemical water variables
and habitat, and consequently of aquatic insect assemblages.

A study conducted in the same area as the present study showed
that forest environmental heterogeneity was the main factor
structuring dung beetle communities (Silva and Hernández

2014). In the present study, riparian forest variables seem to
have affected the primary production and amount of organic
matter in streams, and thus indirectly or directly the distribution
pattern of EPT assemblages. In south-eastern Brazil, a study

conducted in rural streams showed that composition (e.g.
percentage of trees, grasses, vines, bamboo, canopy cover)
and riparian forest structure (e.g. tree density and height, vertical

canopy structure, mean basal area and diameter at breast height)
affected water quality variables such as the amount of fine
sediments, conductivity, dissolved oxygen and ammonia con-

centrations (Souza et al. 2013).
In PERI and RAT, the higher values of primary production

(chlorophyll-a and phaeopigments) found in streams was due
to a low canopy cover percentage. This result was expected

because the more open the canopy over a stream, the greater
the light incidence and, consequently, the greater the growth
of periphyton on the substrate (Vannote et al. 1980). The

amount of allochthonous organic matter appeared to be more
related to channel morphology, slope and the retention capa-
city of organic material. A higher amount of organic material

was found in Stream D of PERI and seemed to be associated
with a lower retention capacity of the surrounding terrestrial
system. This stream had a steep slope, greater percentage of

uncovered soil and greater distance between trees, which may
have facilitated the input of organic matter into the stream
by rain.

The EPT assemblages seem to be affected by multiple

environmental predictors. Several predictors are driving EPT
assemblages in the study area, which are related to riparian
forest complexity (tree and shrub size and top diameter), as well

as the composition of inorganic substrate, amount of organic
matter, primary production and physicochemical characteristics
(electrical conductivity, depth, water velocity). In conclusion,

the results of the present study show that EPT insects can
indicate small changes in riparian forest complexity, a reflection
of processes generated by local disturbances.
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