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Abstract: Aim: We assessed the influence of substrate type and categories of riparian vegetation
widths on the community structure of Odonata (Insecta) in southern Brazilian streams. Methods:
Sampling took place in twelve stream reaches differing in their riparian vegetation widths (from
more than 40 m up to less than 5 m). Larval odonates were collected in inorganic (stone and gravel)
and organic (leaf litter) substrates at each stream reach. Differences in Odonata composition among
substrates and categories of riparian vegetation width were tested using PERMANOVA and visualized
with ordination diagrams. In addition, we assessed the influence of riparian vegetation width taking
into account two levels of resolutions: fine (four categories: > 40 m, 30-15 m, 15-5 m and < 5 m)
and coarse (narrower and broader than 15 m). Results: Odonata composition differed more strongly
according to substrate type regardless of the level of resolution. Organic substrate (litter) had different
composition and higher richness than inorganic ones. Odonata composition significantly differed
between riparian vegetation widths at the coarser level of resolution (narrower and broader than
15 m); at the coarser level, the interaction between substrate and riparian widths was significant, with
the composition from litter substrate in broader widths differing from stone and gravel in narrower
widths. Conclusions: The composition of odonate larvae responded to the major reductions in
riparian widths (above > 15 m), indicating that reductions above this level are enough to affect the
community structure of Odonata. Additionally, the different composition of Odonata in organic
substrates in broader riparian vegetation widths compared to inorganic substrates in narrower widths
indicate a complex relationship between riparian vegetation and substrate in the assembly of insect
communities in southern Brazilian forest streams. The interaction between riparian vegetation widths
and substrate suggests that the effects of reductions in riparian widths on Odonata composition are
not similar across substrate types.

Keywords: aquatic insects; substrate composition; community structure; macroinvertebrates;
riparian zones.
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Resumo: Objetivo: Avaliamos a influéncia do tipo de substrato e categorias de larguras de vegetagao
ripdria na estrutura da comunidade de Odonata (Insecta) em riachos do sul do Brasil. Métodos: A
amostragem ocorreu em doze segmentos de riachos que diferiam em suas larguras de vegetagio ripdria
(de mais de 40 m a menos de 5 m). As larvas de Odonata foram coletadas em substratos inorganicos
(pedra e cascalho) e organicos (folhico) em cada segmento. As diferencas na composi¢ao de Odonata
entre substratos e categorias de largura da vegetacio ripdria foram testadas usando PERMANOVA e
visualizadas com diagramas de ordenagao. Além disso, analisamos a influéncia da largura da vegetacao
ripdria, levando em consideracao dois niveis de resolugio: mais fina (quatro categorias:> 40 m, 30-15 m,
15-5 m e <5 m) e mais grossa (mais estreita ¢ mais larga que 15 m). Resultados: A composicio do
Odonata diferiu mais fortemente de acordo com o tipo de substrato, independentemente do nivel de
resolugio. O substrato folhigo apresentou composigio diferente do que os inorginicos. Foi detectado
um efeito das larguras ripdrias na composi¢io de Odonata na escala grossa, enquanto na escala fina,
a interagdo entre as larguras do substrato e ripdria foi significativa, com a composigao do substrato
folhico em larguras de vegetagio maiores diferindo da composicao pedra e do cascalho em larguras
mais estreitas. Conclusées: A composicio das larvas de Odonata respondeu as maiores redugoes
nas larguras ripdrias (acima de 15 m), indicando que reducées acima desse nivel sdo suficientes para
afetar a estrutura da comunidade destes insetos. Além disso, a composi¢ao diferente de Odonata em
substratos orginicos em larguras de vegetagio ripdria mais amplas em comparagio com substratos
inorginicos em larguras mais estreitas indica uma relagio complexa entre vegetagao ripdria e substrato
na estruturacao de comunidades de insetos em riachos no sul do Brasil. A interacao entre as larguras da
vegetagdo ripdria e o substrato sugere que os efeitos das reducoes nas larguras ripdrias na composicao
de Odonata nio sio semelhantes entre os tipos de substrato.

Palavras-chave: insetos aqudticos; composi¢ido do substrato; estrutura de comunidade;

macroinvertebrados; zonas ripdrias.

1. Introduction

The integrity of the riparian vegetation is
closely associated with stream biodiversity (Allan
& Castillo, 2007). Many studies report detrimental
effects of reductions or removal of riparian
vegetation on ecosystem functioning and the
structure of aquatic and riparian communities in
streams, including biodiversity losses, changes in
species composition and reduced water quality
(Kiffney et al., 2003; Death & Collier, 2010;
Lorion & Kennedy, 2009; Ihiguez-Armijos et al.,
2014; Dala-Corte et al., 2020). Ensuring adequate
amounts of riparian vegetation cover thus became a
crucial point for policies aiming at the maintenance
of stream integrity (Marczak et al., 2010). Various
studies attempted at estimating the widths of
riparian vegetation required to minimize negative
impacts on stream biodiversity (e.g., Kiffney et al.,
2003; Marczak et al., 2010; Valle et al., 2013;
Moraes et al., 2014; Braun et al., 2018). However, a
range of responses to modification in riparian widths
is reported for different aquatic communities across
different ecosystems (Kiffney et al., 2003; Death &
Collier, 2010; Lorion & Kennedy, 2009; Ihiguez-
Armijos etal., 2014; Valle et al., 2013; Moraes etal.,
2014). This scenario hinders consensus on the
establishment of thresholds of riparian vegetation
width for detection biodiversity loss (Leal et al.,
2018).
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The varying relationships between biodiversity
and changes in riparian vegetation widths is not
unsurprising as the ecological functioning of streams
and riparian zones change with biome, climate
and latitude (Tiegs et al., 2019). In addition, the
composition of stream communities depends on
processes operating at different spatial scales (e.g.
catchment, riparian and instream) (Wang et al.,
2003). Most studies assessed the role of riparian
vegetation at different spatial extents (ranging from
stream reach to catchment level) (Kiffney et al.,
2003; Moraes et al., 2014; Iniguez-Armijos et al.,
2014), and thus their conclusions on the required
vegetation widths to protect biodiversity are of
limited application across study regions. In general,
the importance of the processes structuring the
composition of stream communities are context-
dependent (Heino et al., 2015) and thus the
thresholds of riparian vegetation likely also do
(Dala-Corte et al., 2020).

At the riparian scale, modifications in the
structure of the riparian vegetation alter light
and temperature regimes; the input rate of
allochthonous material (sediments and nutrients),
food and microhabitat availability and eventually
affect the stream metabolism and the associated
biota (Sweeney et al., 2004; Rios & Bailey, 2006;
Dosskey etal., 2010). The role of riparian vegetation
in structuring stream communities changes with
several factors, including, catcchment position and
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land use, and is assumedly of high importance in
subtropical regions, where the input of material to
streams is constant (Allan & Castillo, 2007). For
instance, Siegloch et al. (2017) demonstrated that
even small changes in the complexity of the riparian
vegetation (e.g. canopy coverage, tree and shrub
sizes) elicited changes in aquatic insects in southern
Brazilian streams. In addition, a previous study on the
community structure of aquatic macroinvertebrates
suggested that riparian buffer widths narrower than
15 m altered the macroinvertebrate community
structure (Moraes et al., 2014). However, further
studies identified slight variations in the responses of
specific insect taxa (Viegas et al., 2014; Braun et al.,
2018). Thus, the knowledge on how changes at
the riparian scales, such as finer reductions in the
width of the riparian vegetation, can affect stream
communities in these Brazilian subtropical regions
are so far inconclusive.

Investigating the effects of width of riparian
vegetation on stream biodiversity is particularly
important in Brazil, where over half of the extant
native vegetation occurs within private properties
(Soares-Filho et al., 2014). The new Brazilian Forest
Code (Brasil, 2012) allowed reductions in riparian
forests within private properties from 30 to 15 m (in
special cases, less than 5 m). Although the new code
enforces landowners to conserve riparian vegetation,
the minimal riparian width required should not
vary according to stream width, rather to property
size (Brasil, 2012), leading to great concern about
the impacts on freshwater biota (Brancalion et al.,
2016). Thus, studies that assess the impacts of
changes in the widths of riparian forest buffer are
fundamental in guiding public politics related
stream conservation.

Aquatic insects are key components of the
ecological dynamics of streams (Merritt et al.,
2008). Particularly, insects of the order Odonata are
closely associated with the conditions of the riparian
vegetation (Corbet, 2004). Changes in riparian
vegetation can affect the distribution of adults by
loss of perches, change in heat exchange patterns and
sunlight exposition (De Marco Janior et al., 2015;
Rodrigues et al., 2019). As for larvae, the effects of
changes in riparian vegetation structure can occur
via modification in the water quality or in-stream
habitat structure (Luke et al., 2017; Mendes et al.,
2019). Such characteristics of odonates make
them useful tools for the assessment of the effects
of changes in the structure of riparian vegetation
(Samways & Steytler, 1996). In fact, several studies
detected responses of the community structure of
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Odonata to modifications in the riparian vegetation,
e.g., removal or reductions of forest cover and land-
use conversion (Samways & Steytler, 1996; Ferreira-
Peruquetti & Fonseca-Gessner, 2002; Dutra &
De Marco Janior, 2015; Rodrigues et al., 2016;
Luke et al., 2017; Mendes et al., 2019). Although
odonates have a long-lived aquatic stage (Corbert,
2004), there is increasing evidence for a high degree
of congruent responses between larval and adult
stages to environmental changes, including the
amount of forest cover (Valente-Neto et al., 2016).
It has thus recently suggested that a single life stage
can be effectively used for biomonitoring purposes
such as the assessment of disturbances in riparian
vegetation (Valente-Neto etal., 2016; Mendes et al.,
2017). The extent to which odonates are affected
by reduction in riparian vegetation is, however, not
well known (Luke et al., 2017). In tropical regions,
some authors detected primary effects on Odonata
composition rather than richness following the
conversion of riparian vegetation, while others
found effects in both metrics (Carvalho etal., 2013;
Juen et al., 2014; Monteiro-Janior et al., 2015;
Luke etal., 2017; Calvao etal., 2018). This range of
effects in Odonata community structure likely arises
due to specific responses of the suborders Anisoptera
and Zygoptera, which differ in ecophysiological
traits (e.g., thermal conformance and body size;
higher in the former suborder) and are differently
affected by changes in riparian vegetation (De
Marco Janior et al., 2015).

However, few studies have assessed the effects
of gradients of forest loss on Odonata distribution.
The studies by Rodrigues et al. (2016, 2019)
described nonlinear species-specific responses
of Odonata to forest cover, thus suggesting
that community-level responses to changes in
riparian vegetation are complex and can be very
difficult to predict. These nonlinear effects on
Odonata distribution in response to changing
forest cover possibly arise because additional and
interacting ecological processes operating in riparian
and in-stream habitats affect the occurrence of
Odonata species (Corbet, 2004). For instance,
the distribution of larval odonates is associated
with in-stream environment variables, such as
physicochemical conditions, flow rates and substrate
type (Mendes et al., 2019). In particular, substrate
type (organic or inorganic) can be a strong driver
of the distribution of odonate larvae, because many
genera show life habits that are distinctly favored
in specific substrates (Carvalho & Nessimian,
1998; Corbet, 2004). Earlier studies in subtropical
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streams showed that larvae from Zygoptera families
(Calopterygidae, Coenagrionidae) prefer organic
substrates (e.g., litter) due to their clinging ability,
while some genera from Libellulidae (Brechmorhoga)
and Gomphidae (Progomphus) are more associated
with inorganic substrates (e.g. gravel, stones)
because they can either burrow or sprawl across
these microhabitats (Carvalho & Nessimian, 1998;
Assis et al., 2004; Pires et al., 2020). In addition,
substrate type can be influenced by changes in
riparian vegetation through modification in the
input amount of sediment and allochthonous
matter, which affect the in-stream environment,
and, consequently, the aquatic insect community
(Shilla & Shilla, 2012; Mendes et al., 2019,
2020). Thus, the observed relative importance of
riparian vegetation on Odonata distribution can
change according to many site-level contingencies
within a catchment and sometimes be overcame
by local-level conditions associated with substrate
(Roy et al., 2003; Buss et al., 2004; Ligeiro et al.,
2013; Moraes et al., 2014; Braun et al., 2018).

In this study, we assessed the responses of larval
odonate communities to changes in the width of the
riparian vegetation and substrate type in subtropical
Atlantic Forest streams in Southern Brazil. Assuming
that the structure of the riparian vegetation
affects the occurrence of species of Odonata, we
hypothesized that increasing reductions in riparian
vegetation width would lead to significant shifts in
Odonata composition, and that larval stages of the
order can be effective indicators of such changes.
We expected predominance of Anisoptera taxa in
narrower riparian vegetation widths because they are
assumedly more tolerant to enhanced heat exchange
and exposure to sunlight (i.e., conditions associated
with absence or scarce riparian vegetation). In turn,
Zygoptera taxa would be more associated with wider

widths, because higher levels of shading assumedly
favor the occurrence of thermal conformers such
as the members of this suborder. In addition to
the responses to the gradient of riparian vegetation
width, we also expected to find changes in
community composition according to substrate
type, with genera with less mobile life habits more
associated with organic (e.g., litter) substrates, while
genera with burrowing or more mobile habits, with
inorganic substrate (e.g., stones and gravel).

2. Material and Methods
2.1. Study area

The study area is located in the Sinos River (Rio
dos Sinos) watershed, eastern region of the state of
Rio Grande do Sul (southernmost Brazil; coordinates
ranging from 29°20°’-30°10” S; 50°15°-51°20" W/
Figure 1). The Sinos River watershed covers 32 cities
across an area of ~4000 Km? (total extension of
~190 km) and its headwaters are located in the
Southern Brazilian Plateau, at altitudes of ~900 m
(UNISINQOS, 2011). The climate in the Sinos River
watershed is humid subtropical with annual average
temperatures of ~20 °C and rainfall ranging from
1200 to 1500 mm, without a dry season (Ibge,
1986). The original vegetation in the watershed
consists of seasonal semi-deciduous forests covering
the southern boundaries of the Atlantic Forest
(Cordeiro & Hasenack, 2009; IBGE, 2012).

Three medium-order (one 4th order and two
5th-order) and hydrologically permanent tributaries
of the Sinos River, located at similar altitudes
(ranging from -70 m to ~140 m), were selected
for sampling. The selected tributaries are located
at the upper section of the watershed, the section

that harbors most remnants of native forest patches
(UNISINOS, 2011; COMITESINOS, 2014). In
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Figure 1. Sampling design and location of the study area. Adapted from: Viegas et al. (2014) and Braun et al. (2018).
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each tributary, the collections took place in four
stream reaches differing in the width of the riparian
vegetation. The minimum distance between reaches
(within each tributary) was 1.2 km. In addition, the
variation in stream channel width was independent
from the categories of riparian vegetation width
associated with the longitudinal gradient covered
in the study design (Moraes et al., 2014). Each
reach was posteriorly classified into four categories
of riparian widths. (i) > 40 m, i.e., reaches with
vegetation widths wider than 40 m on both
banks; (ii) ‘30-15 m, i.e., reaches with vegetation
widths ranging from 15 to 30 m on both banks;
(iif) ‘15-5 m’, i.e., reaches with vegetation widths
ranging from 5 to 15 m on both banks; and (iv)
‘<5m, ie., reaches with vegetation widths narrower
than 5 m on both banks (Figure 1).

In the wider categories (over > 40-m width),
the riparian vegetation reached more than 1000 m
in one of the banks, and ranged between 200 and
400 m in the other. In spite of the longitudinal
gradient of riparian vegetation width (decreasing
widths downstream), stream order and land use were
similar among the three tributaries over the sampled
gradient. In addition, previous botanic inventories
in the study area showed that the composition of the
riparian forest was similar across stream segments

(Oliveira et al., 2013).
2.2. Sampling procedures

Samplings occurred in the austral winter 0of2010
(August) and in the summer of 2011 (January), in
days of no rainfall. A Surber sampler (dimensions:
30 x 30 cm; 250-pm mesh size) was used for
collecting the larvae in stone (grain size: 20-28 cm)
and gravel (grain size: 1-6.5 cm) substrates. A hand
net (30 cm in diameter; 250-pm mesh size) was used
to collect the larvae in leaf litter substrate in the
stream bank and pool microhabitats. Six subsamples
were taken per substrate type and posteriorly pooled
into a single sampling unit. Dissolved oxygen,
electrical conductivity, pH, turbidity and water
temperature were measured in situ in each stream
reach with a multiparameter probe.

In the laboratory, individuals were sieved and
collected under stereomicroscope. Larvae were
posteriorly determined to genus level whenever
possible after consultation to specialized literature
(Costaetal., 2004). Individuals were stored in 80%
alcohol and archived in the Aquatic Insect collection
of the Laboratory of Ecology and Conservation of
Aquatic Ecosystems of UNISINOS (Sao Leopoldo,
Rio Grande do Sul, Brazil).
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2.3. Data analysis

Because of the seasonal sampling design of
the study (winter and summer samplings) and
prior evidence of seasonal dynamics in odonate
communities in southern Brazil (Pires et al., 2014,
2019, 2020), we first assessed whether Odonata
community composition changed between seasons
before proceeding to the main analyses. For
this purpose, we carried out a non-parametric
multivariate analysis of variance (PERMANOVA;
9999 permutations) with the raw dataset (N = 72;
three tributaries x four reaches x three substrate
x two seasons). We carried out the tests using
incidence-based composition datasets. The distance
matrix used was based on the Sgrensen dissimilarity
index. The PERMANOVA did not detect significant
difference in odonate composition between seasons
(R? = 0.02; Pseudo-F = 1.12; P = 0.31). In the
following procedures, we thus used a matrix with
the pooled the composition of the two seasons
(36 rows representing the sampling units) as the
response dataset.

In order to check whether the set of water
physicochemical variables changed among the
riparian vegetation widths, we conducted a
multivariate analysis of variance (MANOVA).
In this step, variables not normally distributed
were log transformed to meet this assumption,
and in accordance to the sampling design of the
study, we repeated this procedure for each subset
of seasons (winter and summer subsets). The
MANOVA detected no difference in the set of
water physicochemical variables measured among
riparian vegetation widths in both sampling periods
(summer: Pillai’s trace = 1.63; P = 0.51; winter:
Pillai’s trace = 1.64; P = 0.49). Therefore, we did
not include the influence of other water-level and
habitat structure environmental variables in our
assessment. In relation to the land use in the study
region, previous data indicated that the land-use
classes (agriculture, pasture and urban areas) did
not change among riparian vegetation widths,
except for forest area, which were larger in the wider
buffers (i.c., widths higher than 40 m). The original
information on the land use in the study area is
available in Moraes et al. (2014) and Braun et al.
(2018).

2.4. Assessment of the influence of substrate types
and riparian vegetation widths

We visually assessed the variation in Odonata
composition among riparian vegetation widths and
substrate types through ordination diagrams based on
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principal coordinates analysis (PCoA). For statistical
validation, we ran a two-way PERMANOVA
with interaction (riparian vegetation widths and
substrate types as main effects; 9999 permutations)
using the tributary identity as blocking factor. A
previous study on the community structure of
aquatic macroinvertebrates conducted in the same
watershed suggested that riparian buffer widths
narrower than 15 m altered the macroinvertebrate
community structure (Moraes et al., 2014). We
thus further conducted a second assessment to test
whether Odonata community structure patterns
also varied with the abovementioned ‘threshold’.
The original categories of riparian vegetation
widths were reclassified according to the following
levels of resolution, which took into account the
15 m-width as breakpoint: ‘narrower’ (which
lumped the original ‘< 5 m’ and ‘15-5 m’ categories);
and ‘broader’ (which lumped the original > 40 m’
and ‘30-15 m’ categories). We hereafter refer to
each level of resolution as ‘fine’ (four categories
of vegetation widths) and ‘coarse’ (two categories
of vegetation widths) (Figure 2). All analyses were
carried out using the R program (R Core Team,
2019). We used the following functions from the
vegan package: adonis for PERMANOVA and
cmdscale for PCoA (Oksanen et al., 2019).

3. Results
3.1. Community structure of Odonata

We collected 408 individuals from six families
and 19 taxa of Odonata (16 genera and three
additional unidentified taxa) over the sampling
period. These included 178 individuals of Anisoptera
(15 taxa from three families, including 13 genera
and two unidentified taxa) and 230 individuals
of Zygoptera (four taxa from three families: three
genera and an additional taxa identified to family
level). Libellulidae and Gomphidae were the
richest families (eight and five taxa, respectively).
Coenagrionidae was the dominant family (45.3%).
Argia Rambur, 1842 (Coenagrionidae) was the
dominant genus, followed by Progomphus Selys,
1854 (Gomphidae), comprising 39.5% and 25.2%
of the individuals collected, respectively. Eight taxa
occurred exclusively in a single riparian width. The
total number of individuals collected was similar
across substrate types (Table 1).

At the fine level (four categories of vegetation
widths), the PERMANOVA detected a significant
influence of substrate type and of the interaction
between substrate type and riparian vegetation
widths on odonate composition (P < 0.05). At the
coarse level (two categories of vegetation widths),

Coarse-level Fine-level Riparian
B vegetation
= - : widths
B -
/ >40 m
Broad | .
P
~ __,"'/
/ \ 15-5m
.-’/ :
Narrow | ;,i
‘ Riparian » <5m
35 - vegetation
R " widths
Stream
channel

Figure 2. Schematic representation of the two levels of resolution (coarse and fine) adopted for the assessment of the
effects of riparian vegetation widths in this study.
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the PERMANOVA detected a significant effect of
riparian vegetation widths, substrate type and of
the interaction between substrate type (P < 0.05)
on community composition (Table 2).

Little segregation was observed in odonate
composition among the finer-scale riparian
vegetation widths (Figure 3A), whereas odonate
composition varied more clearly between the

coarser categories of riparian vegetation widths
(Figure 3B). Nevertheless, the most evident
segregation was detected among substrate types.
The composition in litter substrates strongly differed
from stone and gravel substrates (Figure 4A).
Argia, Brechmohoga Kirby, 1894 (Libellulidae) and
Progomphus were more associated with stone and
gravel substrates, while Calopterygidae, Oxystigma

Table 1. Relative and total abundance, composition and richness of larval odonates recorded in stream reaches with
different riparian vegetation widths and substrate types in Southern Brazil.

Riparian vegetation width (m) Substrate type Total

> 40 30-15 15-5 <5m L S G
Anisoptera
Aeshnidae
Limnetron Forster, 1907 0.01 0.01 1
Aeshnidae gen. 1 0.01 0.01 1
Gomphidae
Cacoides Cowley, 1934 0.05 0.03 4
Phyllocycla Calvert, 1948 0.03 0.02 0.04 6
Phyllogomphoides Belle, 1970 0.06 0.03 0.01 0.01 0.07 0.01 1"
Progomphus Selys, 1854 0.23 0.21 0.34 0.20 0.05 0.38 0.32 103
Tibiogomphus Selys, 1854 0.02 0.05 0.12 0.12 0.02 18
Libellulidae
Brechmohoga Kirby, 1894 0.01 0.01 1
Elasmothemis Westfall, 1988 0.02 0.04 0.06 0.06 0.02 12
Elga Ris, 1911 0.02 0.01 2
Gynothemis Calvert & Ris, 1909 0.02 0.03 0.01 0.01 0.04 0.01 7
Idiataphe Cowley, 1934 0.02 0.01 2
Macrothemis Hagen, 1868 0.02 0.03 0.01 0.01 0.04 0.01 0.0 7
Planiplax Muttkowski, 1910 0.02 0.01 2
Libellulidae gen. 1 0.01 0.01 1
Zygoptera
Calopterygidae 0.08 0.08 0.04 0.16 0.24 0.01 0.02 35
Coenagrionidae
Argia Rambur, 1842 0.32 0.44 0.45 0.35 0.05 0.52 0.61 161
Telebasis Selys, 1865 0.20 0.05 0.18 24
Heteragrionidae
Oxystigma Selys, 1854 0.03 0.05 0.02 0.04 0.01 0.02 10
Abundance 95 107 125 81 134 144 130
Richness 10 14 1" 10 18 7 7

Abbreviations: L = litter; S = stone; G = gravel.

Table 2. Summary of the PERMANOVAs for the effects of the riparian vegetation widths and substrate types on the

composition of larval odonates in the study area.

Resolution Predictor pseudo-F R? P
Fine-level Riparian width 1.063 0.051 0.3860
Substrate 13.319 0.421 0.0001
Riparian width *substrate 1.839 0.174 0.0494
Tributary 0.773 0.024 0.5850
Coarse-level Riparian width 2.91 0.043 0.0450
Substrate 13.981 0.421 0.0001
Riparian width *substrate 1.112 0.102 0.0070
Tributary 0.877 0.026 0.5140

Bold values indicate significant effects (P < 0.05). For the details on criteria for each level of resolution, see the
definitions in subsection 2.4 in Material and Methods. * = symbol representing interaction term between factors.
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Figure 3. PCoA ordination diagrams of the composition of the larval communities of Odonata according to riparian
vegetation width (A: fine resolution (two classes of riparian vegetation width); B: coarse resolution (two classes of
riparian vegetation width)).
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Figure 4. PCoA ordination diagrams of the composition of the larval communities of Odonata according to (A) substrate
types; (B) Adjusted scores of the odonate taxa. Labels for Anisoptera taxa: Prgm = Progomphus; Phyllc = Phyllocycla;
Tbgm = Tibiogomphus; Phyllg = Phyllogomphoides; Ccds = Cacoides (Gomphidae); Elsm: Elasmothemis; Plnp:
Planiplax; Mcrt: Macrothemis; Elga = Elga; Gynt: Gynothemis; 1dtp: Idiataphe; Brch: Brechmohoga; L..1: Libellulidae.
gen.1 (Libellulidae); Lmnt: Limnetron; As.1: non-identified Aeshnidae (Aeshnidace); Labels for Zygoptera taxa: Clpt:
Calopterygidae; Argi: Argia; Tlbs: Telebasis (Coenagrionidae); Oxys: Oxystigma (Heteragrionidae).
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Selys, 1854 (Heteragrionidae), Phyllocyla Calvert,
1948, Phyllogomphoides Belle, 1970 (Gomphidae),
Gynothemis Calvert & Ris, 1909 and Macrothemis
Hagen, 1868 (Libellulidae) predominated in litter
(Figure 4B).

4. Discussion

The composition of odonate larvae varied
among substrate types and reaches with different
riparian vegetation widths in subtropical Atlantic
Forest streams in southern Brazil. Many authors
showed that Odonata composition is affected by
changes in the structure and integrity of the riparian
vegetation in tropical regions from Brazil (Amazon
and Cerrado biomes; Carvalho et al., 2013;
Juen et al., 2014; Dutra & De Marco Janior, 2015;
Calvao et al., 2018; Mendes et al., 2019, 2020).
However, most of the aforementioned studies assess
the effects of the conversion of riparian vegetation to
anthropic land uses rather than variation in riparian
vegetation widths (i.e., broadly corresponding to the
amount of forest cover). The effects of reductions
in the riparian vegetation width on stream insect
communities and particularly on Odonata remain,
in general, largely unknown in subtropical regions
of Brazil, where fewer studies have been carried out
(Siegloch et al., 2017). In this sense, recent studies
showed that changes in the amount of forest cover
affect the composition of odonates, as detected
by Rodrigues et al. (2016, 2019) and Valente-
Neto et al. (2016) in streams running through the
transition between semi-deciduous and savanna
landscapes. Our results are roughly in line with
those three studies, as the composition of odonate
larvae varied according to reductions in riparian
vegetation width, and broadly supported our main
hypothesis.

In relation to the relationship between odonate
distribution and forest cover, Rodrigues et al.
(2016) described that most of the indicator species
of Odonata had negative relationships with loss of
forest cover. Although this study was conducted
along a shorter extent, our results roughly resemble
the findings by Rodrigues et al. (2016) on the
relationships of Odonata communities and amount
of forest cover. In this study, ~42% of the pool of
odonate taxa (eight out of 19) exclusively occurred
in each one of the categories of riparian vegetation
width. This result suggests that different odonate
taxa abruptly responded to reduction in riparian
vegetation width in the study area. More specifically,
this value adds up to ten out of 19 (> 50%)
considering the two major categories (narrower and
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broader than 15 m). More specifically, the majority
of taxa was exclusive of the narrower widths (< 15 m:
three out of 19; 15%), while seven out of 19;
(35%) occurred exclusively in the broader widths
(> 15 m). Our findings suggest that few odonate
species specialize in reaches with extreme reduced
riparian vegetation (assumedly more degraded),
whereas a larger part of the pool was restricted to
reaches with wider riparian vegetation. In addition,
our results corroborated the findings of Moraes et al.
(2014) on the importance of riparian widths wider
than 15 m in sustaining less altered communities of
stream insects. In this context, this result provides
initial evidence for the potential effectiveness of
odonates in detecting impacts at the riparian scale
in subtropical Atlantic Forest streams.

As for the expectation on the differential
distribution of Anisoptera and Zygoptera, we
observed a general distinction between the
compositions of each suborder across categories
of riparian vegetation widths. Most taxa from
Anisoptera (Gomphidae and Libellulidae families)
either thrived or were exclusive of widths narrower
than 15 m. In turn, for Zygoptera, Argia (the most
frequent taxa of this suborder) was more associated
with wider widths (Figure 4B). In addition, 50%
of the Zygoptera taxa recorded in this study were
absent from the narrowest width (less than 5 m)
(Table 1). Changes in the structure of the riparian
vegetation can influence odonate composition
through reductions of available habitats for adult
dispersal and survival (Petersen et al., 2004).
Riparian vegetation also helps regulate the activity
patterns of odonates (e.g., foraging, reproduction
and oviposition), which depend on sunlight and
temperature regimes (Corbet, 2004; De Marco
Junior & Resende, 2004; Corbet & May, 2008).
These abiotic regimes vary with the riparian
vegetation cover (Moore et al., 2005). Thus,
increasing reductions in riparian vegetation should
represent a significant thermoregulatory constraint
for the occurrence of certain odonate species, and
eventually affect the community composition (De
Marco Janior etal., 2015). Specifically, the odonates
from the suborder Anisoptera (e.g., Gomphidae
and Libellulidae) have larger body sizes and are
more tolerant to warmer temperatures, and are
expected to predominate in streams with lower
integrity of riparian vegetation. Most Zygoptera
taxa, in contrast, are smaller-bodied and thermal
conformers, and thus less tolerant to warmer
temperatures and increased sunlight exposure and
less prone to thrive in riparian habitats with lower
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integrity (Ferreira-Peruquetti & Fonseca-Gessner,
2002; Juen et al., 2014; De Marco Junior et al.,
2015; Calvao etal., 2018). Many authors evidenced
that the distribution of each suborder is differently
associated with riparian habitat loss, showing that
adults from Anisoptera taxa usually thrive in altered,
degraded riparian zones, while Zygoptera tend to
be more associated with riparian habitats with
higher integrity (Carvalho et al., 2013; Oliveira-
Janior et al., 2015). Similar evidence for the
abovementioned pattern also includes studies with
larval stages (Mendes et al., 2019). Our results have
generally supported this pattern, because Zygoptera
taxa were more closely associated with the broader
riparian vegetation widths, while Anisoptera
comprised the predominant subset of taxa in the
narrower widths. Thus, the observed pattern in
this study suggests that the adults of Anisoptera
were capable of tolerating the (assumedly) lower
environmental integrity in reaches with reduced
riparian vegetation widths, and corroborated our
expectation.

However, the effects of different riparian
vegetation widths on odonate composition
depended on substrate type, i.c., the interaction
between riparian vegetation width and substrate
was important to explain odonate distribution. In
addition, the effect of the interaction was significant
in both levels of resolution (broad and fine). Here,
odonate composition in organic substrates in
streams with narrower riparian vegetation widths
differed more clearly from inorganic substrates in
reaches with wider riparian vegetation widths. The
differences in life habit and behavior usually lead
to specific association and preference by substrate
types among larval odonate taxa (Corbet, 2004).
In view of the low mobility of the larval stage,
most odonate taxa tend to avoid microhabirtats
with stronger flow in lotic environments (Corbet,
2004; Suhling etal., 2015). Scream flow is generally
higher in microhabitats characterized by coarser
particles such as stone and gravel, while litter
substrates are characterized by areas accumulation
and deposition of organic material, with reduced
water flow (Lampert & Sommer, 2007; McCabe,
2011). However, allochthonous material input
can vary with forest cover and thus impact the
associated macroinvertebrates (Reid et al., 2008).
Mendes et al. (2020) detected a relationship between
changes in riparian vegetation structure and the
community structure of odonate larvae, suggesting
that reduction of native forest decreases the plant
material in the stream compartment. In this study,
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although the amount of litter entering streams
was not calculated across reaches, the narrower
vegetation widths could have been associated with
lower amount of litter. Such differential input
could have likely limited the occurrence of larvae
less adapted to coarser substrates and higher flow
in reaches with narrower riparian vegetation, as
previously discussed, and eventually lead to different
composition across substrate types in reaches
differing in the width of riparian vegetation. In
specific, most of the predominant (or exclusive) taxa
detected in litter substrates in (all Aeshnidae, most
Gomphidae (except for Progomphus, see below),
Coenagrionidae and Libellulidae) have larval
stages with low mobility with life habits that favor
establishment more suitable to areas of deposition
such as litter (clinger or fossorial habit; as most
Aeshnidae and Gomphidae; Carvalho & Nessimian,
1998). In turn, Progomphus (which predominated in
stone and gravel) larvae have burrowing habits that
allow burial and establishment in coarser substrates
(Carvalho & Nessimian, 1998; Assis et al., 2004).
The larvae of Argia show a range of life habits
(sprawling and crawling), which likely explain their
occurrence across substrates of different natures
and higher flow (Assis et al., 2004). In fact, the
predominance in stony substrates (e.g. stones
and gravel) is in line with studies on the odonates
in streams from subtropical Brazil (Carvalho &
Nessimian, 1998; Assis et al., 2004; Pires et al.,
2020). Thus, the synergy between substrate type
(organic: litter), differences in the input in licter
amount and in water flow in each microhabitat
likely converged for the effects of the interaction
of substrate type with riparian widths in driving
odonate composition.

5. Conclusion

This study detected significant shifts in the
composition of odonate larvae among substrate
types and reaches with different riparian vegetation
widths in Southern Brazilian Atlantic Forest
streams. In particular, the composition of odonate
larvae in organic (litter) substrate in reaches with the
narrower riparian vegetation widths strongly differed
from inorganic (stones and gravel) substrates in
reaches with the wider riparian vegetation widths.
Our findings indicate that changes in forest cover
at the riparian scale were differently associated
with the distribution of odonate larvae at the in-
stream compartment, and suggest that the effects
of reductions in riparian vegetation on odonate
distribution are not similar across substrate types.
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Odur results are thus of interest for understanding the
functioning and limnology of subtropical aquatic
ecosystems in southern Brazil because they provide
important evidence for the coupling of ecological
processes operating at the riparian and in-stream
compartments that drive insect distribution in
subtropical forest streams.
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