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Abstract: Aim: Describe the diversity of immature stages of Odonata (Insecta) in streams from a
subtropical island in southern Brazil and investigate the influence of environmental variables on the
composition of their assemblages. Methods: Eleven low-order streams (1st to 3rd order) were sampled
in two conservation units located in the island of Santa Catarina (southern Brazil) between 2010 and
2012. Immature specimens of Odonata were collected using a Surber sampler. The influence of water
abiotic parameters and habitat structure (mesohabitats: riffle vs. pool areas, microhabitats: litter vs.
stone substrates) on the composition of Odonata was tested through the seasons using ordination
diagrams and redundancy analysis. Results: Nine odonate genera from seven families were recorded in
the study region. The genera Desmogomphus, Epigomphus (Gomphidae), Heteragrion (Heteragrionidae)
and Perilestes (Perilestidae) have their first records described for the state of Santa Catarina. Additionally,
biological notes are provided for other odonate genera concerning substrate use. The composition of
Odonata communities changed over the seasons and they were influenced by water temperature and
velocity. Additionally, odonate composition differed significantly between microhabitats (substrate
type) and mesohabitats (riffle vs. pool areas) in the streams studied. Conclusions: The lower
genera richness of Odonata recorded in the island of Santa Catarina in relation to other Brazilian
subtropical streams is probably associated with the insular condition of the study region. This study
also demonstrated that substrate (organic and inorganic) and mesohabitat (riffle and pool) types
were important drivers of the composition of the fauna of immature odonates, evidencing the role
of climate and habitat structure in influencing subtropical stream insect communities.
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Resumo: Objetivos: Descrever a diversidade de estdgios imaturos de Odonata (Insecta) em riachos
de uma ilha subtropical no sul do Brasil e investigar a influéncia de preditores ambientais sobre a
composi¢io de suas comunidades. Métodos: Onze riachos de baixa ordem (entre 12 e 32 ordem)
foram amostrados em duas unidades de conservacio localizadas na ilha de Santa Catarina entre 2010 e
2012. Individuos imaturos de Odonata foram coletados com amostrador tipo Surber. A influéncia de
pardmetros abidticos da 4gua e da estrutura de habitat dos riachos (mesohabitats: trechos de corredeira
vs. remanso; microhabitats: substratos folhico vs. pedra) sobre a variagio sazonal da composicao de
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Odonata foi testada através de diagramas de ordenagio e andlise de redundincia. Resultados: Nove
géneros pertencentes a sete familias de Odonata foram registrados na regido de estudo. Os géneros
Desmogomphus, Epigomphus (Gomphidae), Heteragrion (Heteragrionidae) e Perilestes (Perilestidae) sao
registrados pela primeira vez no estado de Santa Catarina. Adicionalmente, novas anotagoes biol6gicas
em relagdo ao uso do habitart sdo registradas para outros géneros. A composi¢io das comunidades de
Odonata variou sazonalmente e foram influenciadas pela temperatura da 4gua e vazio. Adicionalmente,
a composicao da fauna diferiu significativamente entre trechos de corredeira e remanso e entre tipos
de substrato nos riachos amostrados. Conclusées: A menor riqueza de géneros de Odonata registrada
na ilha de Santa Catarina em relago a outros riachos subtropicais brasileiros deve estar relacionada a
condigio insular da regido de estudo. Além disso, este estudo demonstrou que os tipos de substrato
(orgénicos e inorganicos) e de mesohabitat (corredeira e remanso) foram importantes preditores
ambientais da composicio da fauna de imaturos de Odonata, evidenciando a influéncia do clima e

da estrutura de habitat sobre as comunidades de insetos de riachos subtropicais.

Palavras chave: insetos aquéticos; Odonata; fauna insular; riachos; estrutura de habitat.

1. Introduction

The distribution of insect assemblages in lotic
ecosystems is influenced by several environmental
drivers. Stream insects are affected by local-scale
drivers such as substrate type, water physicochemical
parameters and riparian vegetation features. Thus,
the structure of insect assemblages is associated
with the habitat structure and ecological integrity
of running waters (Allan & Castillo 2007; Thorp
& Covich, 2010; Mendes et al., 2017). However,
streams have become one of the most threatened
ecosystems throughout the world, facing several
kinds of impacts, such as damming, riparian
vegetation removal and urban development (Allan
& Castillo 2007). These processes are assumed
to be prominent in island regions due to spatial
delimitations (March et al., 2003; Ramirez et al.,
2012). Furthermore, stream island insects are
influenced not only by habitat characteristics, but
they are also associated with spatial processes related
to isolation, common to the fauna from insular
areas (Thorp & Covich, 2010). Nevertheless, the
knowledge on the ecology of stream insects from
tropical and oceanic islands is far more developed
than in temperate and continental ones (New, 2008;
Thorp & Covich, 2010; Ramirez et al., 2012; Longo
& Blanco, 2014).

Odonates occur in streams in their immature
stages, and they are important representatives of the
trophic structure in these ecosystems due to their
predatory feeding mode (Corbet, 2004). Immature
stages of odonates have a diverse range of life habits
and ecological requirements, thus the assemblage
structure of immature odonates is influenced
by several habitat characteristics, such as water
current, water abiotic conditions and microhabitat
type (Hofmann & Mason, 2005; Suhling et al.,
2015). The sensitiveness of the immature stages of
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Odonata to changes in stream habitats makes them
reliable indicators of stream ecological integrity
(Mendes et al., 2017).

However, the fauna of Odonata of the
Neotropical region is considered the least studied
in the world (Kalkman et al., 2008). In Brazil, the
largest country in the region, more than 800 species
are described (Pinto, 2019). In subtropical regions
of the country the diversity of Odonata is poorly
known (Marco Junior & Vianna, 2005), generally
limited to spatially restricted inventories (Pires et al.,
2013; Figueiredo et al., 2013; Renner et al.,,
2016a, b). Furthermore, the knowledge on their
ecological relationships with environmental
drivers is even scarcer. The few ecological studies
available conducted in tropical Brazilian streams
show that substrate type (organic vs. inorganic)
and water quality are important drivers of odonate
composition (Carvalho & Nessimian, 1998;
Delgado, 2002; Assis et al., 2004; Soares et al.,
2015).

In this study, we present the inventory of
immature stages of Odonata found in streams
running through conservation units from a
large subtropical continental island in southern
Brazil. We also assess the influence of local
environmental drivers related to habitat structure
and water abiotic parameters on the composition
of odonate assemblages. Therefore, this study aims
at contributing to the knowledge of the diversity
and ecological relationships of the aquatic fauna in
insular freshwater ecosystems of Brazil.

2. Material and Methods
2.1. Study region

The study region is located in Santa Catarina
Island, southern Brazil (state of Santa Catarina,
Figure 1). The climate in the island is Cfa of Koppen
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Figure 1. Location of the studied streams (orange circles) in Santa Catarina Island, southern Brazil.

(humid temperate) without a marked dry season
(Nascimento, 2002). The average annual rainfall
is ~1400 mm (INMET, 2018), although higher
rainfall is historically recorded in warmer periods
of the year (from December to March; Lisboa et al.,
2015). The average temperatures range from
~16 to ~20 °C in the colder seasons (autumn and
winter), and from ~23 to ~26 °C in the warmer ones
(spring and summer) (Fontes et al., 2015).

Two conservation units in the island were
selected for the study (Figure 1): (1) The Municipal
Park of Lagoa do Peri (PMLP; 27°44’S; 48°31°W).
The PMLP has an area of ~2,000 ha and holds
the largest freshwater reservoir in the island.
The landscape is characterized by restinga vegetation
in the coastal plains and primary ombrophilous
forest next to the headwaters (-280 m a.s.l.;
Santos etal., 1989). (2) The Desterro Environmental
Conservation Unit (UCAD; 27°31°S; 48°30°W).
The UCAD has an area of ~490 ha covered by
Ombrophilous Forest fragments in different
succession stages (Bonnet & Queiroz, 2000).

In the PMLP six low-order streams (1% to 3" order;
two streams of each order) distributed in two
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sub-basins (Cachoeira Grande and Ribeirao Grande)
were seasonally sampled from 2010 to 2011 (May
2010: autumn; August 2010: winter; November
2010: spring; February 2011: summer). In the
UCAD, five stream reaches were sampled in the
summer of 2012 (February) (Figure 1). Family-level
studies on aquatic insects have been conducted in
these areas by Pires et al. (2015) and Siegloch et al.
(2016).

2.2. Sampling methods and specimen identification

In each stream, immature odonates were
collected with a Surber sampler (area = 361 cm?
mesh size = 0.25 mm) in riffle and pool mesohabitats
(reaches). In each mesohabitat, four subsamples
were taken in litter and stone substrates and
posteriorly pooled into a sample. In the laboratory,
the sampled material was sorted in a 0.25-mm
mesh sieve. Odonate specimens were collected
under a stereomicroscope and identified to genus
level whenever possible using specialized literature
(Costa et al., 2004). The assignment into families
of the genera found was based on the nomenclature
and classification system proposed by Dijkstra et al.
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(2014). Odonates were fixed and preserved in
80% ethanol and stored in the collection of the
Laboratério de Limonologia of the Universidade
Federal de Santa Catarina (Florianépolis, Santa
Catarina, Brazil).

2.3. Data analysis
2.3.1. Inventory

The accumulated richness was estimated by
the collector’s curve. The curve was obtained
with 500 curves generated by random addition
of samples. In view of the standardized sampling
design in the PMLP, the collector’s curve was built
using the samples of this dataset only. For this
analysis, the samples were pooled according to

substrate type (N = 96).

2.3.2. Influence of habitat structure and water
abiotic parameters on the composition of
Odonata

In the rifle mesohabitats of the PMLP, the
following water abiotic parameters were measured
with a YSI Model multi-parameter water quality
meter: water temperature (° C); pH; electrical
conductivity (uS.s-1); and dissolved oxygen
(mg.L-1). In addition, the following habitat structure
variables were measured at each stream: water depth
(m) and stream width (m) with a measuring tape
and water velocity (m.s-1) using the floatmethod
(Bain & Stevenson, 1999). To assess the influence
of the water abiotic parameters and habitat structure
variables on odonate composition, we employed a
redundancy analysis (RDA, Legendre & Legendre,
2012). On account of the seasonal sampling design,
we first ran a non-parametric multivariate analysis of
variance (PERMANOVA) to test for variation in the
explanatory variables (standardized values) among
seasons. As a significant variation among seasons
was detected (pseudo-F = 94.534; R* = 0.934;
P =0.005), seasons were included in the RDA. Prior
to the RDA, we ran pre-selection procedures on the
matrix of environmental variables (standardized
values); in this procedure, the significance value
used for inclusion of a parameter was 5% along
with adjusted explained threshold value of 0.1
(Blanchet et al., 2008). This procedure retained
the following variables: water temperature, water
velocity and stream width, and they were included
(along with seasons) as predictor variables in the
RDA. The odonate composition matrix was based
on the pooled data of the substrate samples (N = 24)
and transformed by the relative abundance prior
to the RDA. Finally, we assessed the explained
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variance of the models using R?* adj, values, and
the significance of the model using randomization
tests (999 permutations) (Peres-Neto et al., 2000).
We first assessed the influence of mesohabitat
(riffle and pool) and microhabitats (litter and stone
substrate types) on the composition of Odonata
through non-metric multidimensional scaling
(NMDS) ordination diagrams. Statistical differences
in the composition of Odonata between mesohabitat
and microhabitats were tested by taking into account
the repeated-measures design of the study. For this
purpose, we ran a PERMANOVA using seasons as
blocking factor (randomized-block PERMANOVA;
9999 permutations). The ordination diagrams and
the PERMANOVA were based on the full dataset
of the PMLP (N = 96). The dissimilarity matrix
used was generated with the Bray-Curtis coefficient
applied to the relative abundance matrix of odonate
taxa. All statistical analyses were conducted with
the vegan package (Oksanen et al., 2016) in the R
environment version 3.3.3 (R Core Team, 2017).

3. Results

We collected 212 specimens from seven families
and nine genera in the studied streams 185 in the
PMLP; 27 in the UCAD). The suborder Anisoptera
was represented by three families and six genera,
while the suborder Zygoptera, by four families
and three genera (Calopterygidae specimens could
not be identified to genus level). Gomphidae was
the richest family (three genera). The dominant
genera in the study region were Heteragrion Selys,
1862 (Heteragrionidae) (24.3%), followed by
Rhbionaeschna Forster, 1909 (Aeshnidae) (18.4%) and
Brechmorhoga Kirby, 1894 (Libellulidae) (14.1%).
Immatures of Calopterygidae corresponded to
24.1% of the total number of specimens collected
(Table 1). The collector’s curve reached the
asymptote (Figure 2), indicating that the sampling
effort was sufficient to record the diversity of
Odonata in the study region.

The NMDS ordination diagrams displayed
a clear structure in odonate assemblages
according to meso and microhabitats, and these
differences were validated by PERMANOVA
(mesohabitats: pseudo-F=7.46; R*=0.11; P=0.001;
microhabitats: pseudo-F = 5.16; R* = 0.05;
P = 0.003). Argia, Brechmorhoga, Desmogomphus
and Calopterygidae were associated with riffle,
while Epigomphus, Heteragrion Phyllogomphoides,
Perilestes, Remartinia and Rhionaeschna, by pool
(Figure 3a). Argia, Brechmorhoga, Heteragrion
and Phyllogomphoides were associated with stone
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Table 1. Abundance, richness and composition of immature stages of Odonata (Insecta) recorded in meso- and
microhabitats in the studied streams in Santa Catarina Island, southern Brazil.

Conservation unit PMLP UCAD
Mesohabitat Riffle Pool Riffle Total
Microhabitat L s L Total Total
Suborder Family Genus
Anisoptera Aeshnidae Remartinia Navas, 5 5 5
1911
Rhionaeschna 1 29 4 34 34
Forster, 1909
Gomphidae Desmogomphus 3 3 3
Williamson, 1920
Epigomphus Hagen 3 3 3
in Selys, 1854
Phyllogomphoides 2 2 4 4
Belle, 1970
Libellulidae Brechmorhoga Kirby, 9 13 2 2 26 7 10 17 43
1894
Zygoptera Calopterygidae 38 2 3 2 45 45
Coenagrionidae Argia Rambur, 1842 7 3 4 14 7 7 21
Heteragrionidae Heteragrion Selys, 4 8 23 10 45 3 3 48
1862
Perilestidae Perilestes Hagen in 6 6 6
Selys, 1862
Total 61 27 73 24 185 7 20 27 212
Taxa richness 5 5 8 6 10 1 3 3 10

Abbreviations of the Conservation units: PMLP = Municipal Park of Lagoa do Peri; UCAD = Desterro Environmental
Conservation Unit. Abbreviations of the mesohabitats: L = litter; S = stone.

10

Richness
[}
|

Number of samples

Figure 2. Cumulative richness of immature stages of
Odonata (Insecta) in the Municipal Park of Lagoa do
Peri (PMLP; Santa Catarina Island, southern Brazil).
‘The grey shaded area within the dotted lines indicate 95%
confidence intervals of the estimated values.

substrates, while Epigomphus, Perilestes, Remartinia
and Calopterygidae were associated with litter
(Figure 3b).

The final RDA model was significantly different
from chance (F = 1.962 R*adj. = 0.253; 2= 0.021).
The two first axes summarized 25.3% of the variance
in odonate composition, and accounted for 74.3%
of the total the relationship with the environmental
dataset. The first of RDA axis mostly segregated
winter samples from the other seasons. In general,
higher values of water temperature and stream
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Figure 3. NMDS ordination diagrams of the composition
of odonate assemblages according to (A) mesohabitats
and (B) microhabitats (stress = 0.06) in streams in the
island of Santa Catarina.
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of the filled squares in (a) corresponds to the location of the names of the odonate taxa in (b). Abbreviations in (a):
Vel = stream velocity; WT = water temperature; Width = stream channel width; Sp = spring; A = autumn; Sm = summer.

width were associated with warmer seasons; the
second RDA was positively associated with water
velocity (Figure 4a). Some taxa were correlated
with the environmental variables and seasons:
Calopterygidae were more common in the winter,
while Rhionaeschna and Heteragrion, in autumn;
Argia and Desmogomphus, were more common in
the warmer season. Brechmorhroga was positively
correlated with water velocity (Figure 4a, b).

4. Discussion

4.1. Inventory and diversity of Odonata in the study
region

The biodiversity of Odonata in the state of Santa
Catarina is poorly known, and even genus-level
inventories are rare in the literature. The revision
and the family-level inventory conducted by
Pires et al. (2015) recorded eight odonate families
in Santa Catarina Island and in the state as a
whole. The Taxonomic Catalogue of the Brazilian
Fauna (CTFB) describes 39 valid odonate species
from 23 genera in the state of Santa Catarina
(Pinto, 2019). However, with information of
the geographic distribution of Anisoptera genera
provided by Garrison et al. (2006) and the records
of Zygoptera species provided by Lencioni (2005,
2006) (posteriorly adjusted by the revision of
Dijkstra et al., 2014) we were able to detect
57 genera from eleven families of Odonata for
Santa Catarina state. Additionally, our results
indicate new records of Desmogomphus Williamson,
1920, Epigomphus Hagen, 1854 (Gomphidae),
Heteragrion (Heteragrionidae) and Perilestes Hagen,
1862 (Perilestidae) for the state.
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In relation to the composition of dominant
taxa, Calopterygidae and Hereragrion are common
odonates in lotic systems (Costa et al., 2004). Their
predominance is explained by their wide distribution
in the Neotropical Region (Kalkman et al., 2008).
On the other hand, the overall odonate genera
richness in Santa Catarina Island is lower than other
streams located in tropical and subtropical regions
of the Brazilian territory. Pires et al. (2013) recorded
16 genera of immature odonates, while Renner et al.
(20164, b) recorded 13 and 15 genera of adult
Odonata, respectively, in streams of the state Rio
Grande do Sul (southernmost Brazil). Though the
family richness is similar among these studies (from
six to eight), it still corresponds to approximately
one-third of the overall family richness recorded for
the Neotropical Region (21; Kalkman etal., 2008).

The lower diversity observed in this study
is probably due to two main reasons. First, the
latitudinal diversity gradient observed for Odonata.
Odonate richness is commonly higher in tropical
regions of the globe, and tends to decrease
towards higher latitudes (Kalkman et al., 2008).
For instance, in comparison to streams from
tropical regions in Brazil, studies record an overall
odonate richness of no less than twenty genera
(Ferreira-Peruquetti & Fonseca-Gessner, 2002;
Assis et al., 2004; Anjos-Santos & Costa, 2006).
Second, the insular condition of the study region
might have prevented the occurrence of more taxa.
The richness of insect groups is related to spatial
isolation in islands (Dennis et al., 2008), and the
effects of increasing distances on dispersal limitation
of many aquatic insects have been described in the
literature (Ligeiro et al., 2010; Siegloch etal., 2018).
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In the study region, the original Atlantic Forest
vegetation has been largely fragmented (Klein etal.,
2006; Bisheimer et al., 2013), increasing dispersal
limitation and contributing to reduced richness of
aquatic insects like odonates.

4.2. Environmental drivers of the composition of
Odonata

Habitat structure played an important role
in structuring assemblages of Odonata in the
streams studied. Substrate type (litter and stone)
and mesohabitats (riffle and pool) influenced
the composition of immature stages of Odonata.
The differential occupation of stream habitats
by odonates is generally associated with their
relationships with the aquatic vegetation and
water flow regime (Corbet, 2004). The immature
stages of odonate species that usually prefer either
stronger or depositional areas in streams show
large differences in the morphology and life habits
associated with the adaptation to water current
variation (Corbet, 2004; Suhling et al., 2015).
In this study, Argia, Heteragrion and Calopterygidae
showed preference by riffles. Their immature
stages have elongated body shapes (‘clasper’ type),
which favors attachment to substrate and enables
their establishment in stronger water currents
(Corbet, 2004). Argia and Heteragrion also had
closer association with stone substrate. This finding
agrees with previous studies that reported their
occurrence in inorganic substrates in Brazilian
streams (Carvalho & Nessimian, 1998; Assis et al.,
2004). Brechmorhoga showed preference by riffles
and stone substrates. Immature stages of this genus
have a sprawling body shape, which makes them
well adapted to rithral areas (Carvalho & Nessimian,
1998; Assis et al., 2004). In fact, the detected
influence of water velocity on odonate composition
can be accounted by the close relationship of this
genus with higher levels of stream discharge, as
it was the genus positively correlated with water
velocity.

In turn, most genera that preferred pool
mesohabitats, such as Epigomphus, Phyllogomphoides
(Gomphidae), Remartinia and Rhionaeschna
(Aeshnidae), were also associated with litter
substrates. This result can be explained by
the relationship of immature odonates with
aquatic vegetation (Carvalho & Nessimian,
1998; Costa et al., 2004; Garrison et al., 20006).
Accumulation of aquatic vegetation is more common
in slower-flowing water (McCabe, 2011). In this
sense, the immature stages of Aeshnidae, which
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have less active behaviors (Palacino-Rodriguez et al.,
2018), generally occur more frequently in these
habitats (Carvalho & Nessimian, 1998). Immature
stages of Aeshnidae and Gomphidae also have life
habits associated with the aquatic vegetation, such
as clinger habits (Carvalho & Nessimian, 1998;
Corbet, 2004; Garrison et al., 2006). In accordance,
Perilestes showed preference by litter, and the
occurrence of immature stages of this family in the
aquatic vegetation is also recorded in the literature
(Carvalho & Nessimian, 1998). Desmogomphus
(Gomphidae) was associated with riffles. This can
be explained by the burrowing habit if this genus,
which turns it well adapted to variable water currents
lotic systems (Corbet, 2004; Garrison et al., 2006).

For some specific genera, our results represent
records of new biological aspects regarding
the occupation of meso and microhabitats.
For instance, immatures of Phyllogomphoides
were previously recorded in muddy and sandy
streambeds of low-current streams (Costa et al.,
2004; Garrison et al., 2006). In this study,
this genus occurred in pool reaches and stone
substrate. In addition, Desmogomphus, which
was reported in inorganic substrates (sand and
mud) and in strong-current waters (Costa et al.,
2004; Garrison et al., 2006), was common in
organic substrate (litter) and pool reaches in the
streams studied. In this study, Perilestes which was
previously recorded in strong waters, preferred
pools. Immatures of Perilestidae were reported to
show mobile as well as sessile life habits (Carvalho
& Nessimian, 1998), thus suggesting that the
immature stages of this genus can be generalist
regarding mesohabitat.

Other habitat structure variables that
influenced the composition of immature stages of
Odonata showed seasonal variation, such as water
temperature. In fact, the composition of Odonata
differed more strongly between winter and the
other seasons. Most odonate taxa were associated
with warmer periods of the year, while few taxa
(Calopterygidae) occurred in winter periods.
This result agrees with previous studies describing
seasonal patterns in the assemblage structure of
odonates in subtropical Brazil (Pires et al., 2014,
2019) and reinforces the importance of climate in
structuring the occurrence of Odonata in stream
ecosystems. Temperature is a strong driver of the life
cycle of aquatic insects (Corbet et al., 2006), and is
particularly important for odonates because it has
an important role in larval development (Corbert,
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2004). Although very few studies have assessed
the life cycles of immature Odonata in subtropical
regions of Brazil, a recent study showed that the
occurrence of species of Odonata inhabiting streams
in southernmost Brazil was highly constrained
in colder periods of the year, (Pires et al., 2019),
thus explaining the positive association with the
occurrence of most genera. Calopterygidae was
the solely taxa that occurred in winter. They are
reported to predominate in subtropical Brazilian
streams (Pires et al., 2013). Although previous
reviews suggested that few odonate species are able
to overwinter and yield more than one generation in
lotic ecosystems at moderate to high latitudes, some
species of Calopterygidae were found to overcome
this contingency (Corbet et al., 2006), thus being
able to overwinter as immatures in non-tropical
regions.

5. Final Remarks

The assemblages of immature stages of Odonata
inhabiting the studied streams in the island of Santa
Catarina had lower genera richness than tropical
and subtropical Brazilian regions. This pattern is
likely associated with the latitudinal gradient that
influences the diversity of Odonata and to the
insular condition of the study region (assumedly
due to dispersal limitation effects). This study also
provides new records of odonate genera for the
state of Santa Catarina and subtropical areas of
the Neotropical Region, as well as new biological
notes regarding habitat use by odonate genera
during their immature stage. Moreover, this study
demonstrated the constraining effects of seasonal
climate on the assemblage structure of stream
odonates. In summary, our results are important for
the understanding of the diversity and the ecology
of freshwater insects inhabiting insular regions in
the Brazilian territory.
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