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Abstract: Urbanization significantly increases the rates of environmental disturbance, being one of the main causes
of habitat loss and biodiversity. The growing trend of converting the natural landscape into areas for real estate
speculation in the coastal region of the southernmost part of Brazil is a current concern, as the region is home
to unique ecosystems, such as dunes, wetlands and large brackish lagoons. As they are organisms sensitive to
environmental changes, variations in the structure of Odonata communities are used as indicators of habitat quality
reflecting the human impact on the environment. Here we assessed how the Odonata community is affected by the
growing urbanization around natural ponds on the coast of the state of Rio Grande do Sul, testing the hypothesis
that the increase in the percentage of urbanization negatively influences the Odonata community, following the
same pattern found for other groups of invertebrates. The collections took place in 28 coastal ponds, which were
classified as urbanized and non-urbanized based on the surrounding ground cover. Anisoptera’s richness, abundance
and composition were influenced by urbanization, but the same was not found for Zygoptera. The analysis of
indicator species specifies three species associated with non-urbanized areas: Erythrodiplax sp.1, Erythemis credula
and Telebasis corallina. Our study highlights the importance of Odonata as organisms that indicate environmental
integrity and reinforces the need for urban planning strategies that favor the conservation and maintenance of the
environments affected by urbanization.

Keywords: Anisoptera; aquatic conservation; aquatic insects; urban ecology; ponds; Zygoptera.

Efeitos da urbanizacio sobre a fauna de Odonata no litoral sul do Brasil

Resumo: A urbanizagdo aumenta significativamente as taxas de perturbagdo ambiental, sendo estd uma das
principais causas da perda de habitat e biodiversidade. A tendéncia crescente de conversdo da paisagem natural
em 4reas para especulagdo imobiliaria na regido costeira do extremo sul do Brasil ¢ uma preocupagao atual, pois
a regido abriga ecossistemas unicos, como dunas, areas umidas e grandes lagoas salobras. Como sdo organismos
sensiveis as alteragdes ambientais, as variagdes na estrutura das comunidades de Odonata sdo utilizadas como
indicadores de qualidade do habitat refletindo o impacto humano no ambiente. Nos avaliamos como a comunidade
de Odonata ¢ afetada pela crescente urbanizagdo em torno de lagoas naturais no litoral do estado do Rio Grande do
Sul, testando a hipotese de que o aumento do percentual de urbanizacdo influencia negativamente a comunidade
de Odonata, seguindo o mesmo padrdo encontrado para outros grupos de invertebrados. As coletas ocorreram em
28 lagoas costeiras, que foram classificadas como urbanizadas e ndo urbanizadas com base na cobertura do solo no
entorno. A riqueza, abundéncia e composi¢do de Anisoptera foram influenciadas pela urbanizagéo, mas o mesmo
ndo foi encontrado para Zygoptera. A analise de espécies indicadoras especifica trés espécies associadas a areas
ndo urbanizadas: Erythrodiplax sp.1, Erythemis credula e Telebasis corallina. Nosso estudo destaca a importancia
dos Odonata como organismos indicadores de integridade ambiental e refor¢a a necessidade de estratégias de
planejamento urbano que favorecam a conservagdo e manuten¢do dos ambientes afetados pela urbanizagao.

Palavras-chave: Anisoptera; conservagio aquatica; insetos aquaticos; ecologia urbana; lagoas; Zygoptera.
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Introduction

Urban areas are cultural spaces with a high density of people. They
have extensive impermeable surfaces that are occupied by infrastructure,
forming a dynamic mosaic. In this context, the process of landscape
change for the establishment of urban areas is called urbanization
(Muzon et al. 2019). Urbanization has significantly increased the
rates of environmental disturbance, this being one of the main causes
of habitat and biodiversity loss (Czech et al. 2000, McDonald et al.
2008). The construction of buildings and roads leads to great changes
in the natural landscapes, destroying and homogenizing habitats.
Urbanization is the cause of some of the greatest local extinctions
(McKinney 2002), reducing species richness and abundance of certain
taxa (McKinney 2008, Buczkowski & Richmond 2012). However, the
urban environment might harbor some endangered species and can
also promote the diversity of some species adapted to the conditions
imposed by urbanization as it reduces the richness of native species
(McKinney & Lockwood 1999).

In southern Brazil, the coastal region follows a national tendency of
the urbanization, where there is a valuing coastal area, mainly because
of political and economic reasons (Moraes 2007). Urban development
on the coast began in the 1980s and became more intense as acquiring
properties became easier (Strohaecker 2007). The coastal zone of Rio
Grande do Sul harbors rare ecosystems, such as wetlands and brackish
lagoons, which are ecosystems with great environmental vulnerability
(Strohaecker 2007). In the face of the extension of the impacts caused
by urban development, it becomes increasingly essential to understand
the effects of urbanization on natural habitats.

According to Muzoén et al. (2019), almost all known orders of
aquatic insects can inhabit freshwater ecosystems in urban areas.
However, urbanization is a complex process. Several studies describe
the effects of urbanization on richness and abundance of different groups
such as birds (Chace & Walsh 2006), mammals (Tait et al. 2005), reptiles
(Barret & Guyer 2008), amphibians (Hamer & McDonnell 2008) and
several groups of land arthropods (McIntyre et al. 2001), showing that
the effects of urbanization can vary according to taxon. However, most
studies show a negative effect associated with urbanization, which can
be explained mostly by habitat loss and/or degradation of the remaining
habitat (McKinney 2008).

One of the most representative orders of aquatic insects is Odonata.
These insects are found in a variety of water bodies, from rivers and
streams to lakes and temporary ponds (Corbet 1999), being frequently
mentioned as indicators of habitat quality because, through variations
in their community structure, they can reflect the human impact on the
environment (Clark & Samways 1996, Callisto et al. 2001, Ferreira-
Peruquetti & De Marco 2002, Oliveira-Junior et al. 2015, Renner et al.
2016, Renner et al. 2018, Renner et al. 2019).

Odonata are among the best-known insect groups in the world
(Kalkman et al. 2008). Odonata are estimated to comprise 6322 species
in the world (Schorr & Paulson 2019), and the Neotropical region
harbors the second highest diversity, with more than 1700 species (Von
Ellenrieder 2009). About 750 species are known to occur in Brazil
(Olaya 2019), and, in the state of Rio Grande do Sul, a survey indicated
the presence of 182 species (Dalzochio et al. 2018a).

Some studies aimed to evaluate the effect of urbanization on the
Odonata community. They suggest that the changes occurring in the
process, both in the landscape scale (Samways & Steytler 1996) and
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the physical and chemical parameters of water (Corbet 1999), may
negatively affect the diversity pattern of this order. However, the impact
is different depending on the species (Monteiro-Junior et al. 2014).
Zygoptera species, in general, are more sensitive to environmental
disturbances, as they have narrower niches and less dispersion capacity,
when compared to anisopterans (Monteiro-Jtnior et al. 2015, Corbet
1999). Thus, some species of Zygoptera may be less tolerant to urban
lentic environments, consequently presenting less diversity (Prescott
& Eason 2018). In contrast, Anisoptera species are favored in this
type of environment, since they are more generalist and have greater
dispersion capacity (Corbet 1999, Goertzen & Suhling 2013). The
two suborders also have different thermoregulatory requirements,
and in open landscapes, such as wetlands, there is a predominance of
Anisoptera species (Juen et al. 2014).

In this context, our work seeks to answer the following questions:
1) How does percent urbanization affects species richness, abundance
and composition in the coastal plain of Rio Grande do Sul? 2) Are there
species that can be considered indicators of urbanized or non-urbanized
environments?

We expected that the increase in percent urbanization will have a
negative influence on the Odonata community in this region, following
the same pattern found for several invertebrate groups. However, some
species may be more tolerant of this variable.

Material and Methods

1. Study area

The study was conducted in natural ponds in the municipalities of
the coastal plain of the state of Rio Grande do Sul. The state of Rio
Grande do Sul is located in the southern portion of Brazil (27°04° - 33°45°
S; 49°42° - 57°38> W) (Figure 1) with an area of about 282.000 km?. The
coastal plain is characterized by a sedimentary plain consisting of dunes,
ponds and lagoons (Strohaecker 2007). According to the delimitation
established by the Program of Coastal Management (GERCO-RS) of
the State Program of Environmental Protection (FEPAM), the northern
coast has an extension of 120 km of coastal line and a surface area of
3700 km?. The dominant climate is subtropical, belonging, according
to Koppen'’s classification, to the Cfa type (Kuinchtner & Buriol 2001),
having well-defined four seasons with a mean temperature of 15 °C in
winter and 27 °C in summer. The terrain has a mean altitude of 40 and
50 meters and the annual precipitation varies between 1500 and 1700
mm (Rossato 2011).

2. Sample design

We sampled 28 ponds, respecting a minimum distance of 1000 m
between them. In this context, we delimited a radius of 1 km from the
center of the sampling pond and, using the tool ruler to calculate area
and the most recent images available in the software Google Earth
Pro™, we calculated the percentage of the areas with built structures,
such as roads, houses and buildings. Thus, the study included 15 non-
urbanized ponds and 13 urbanized. Ponds with urbanization percentage
points below 20% were considered non-urbanized and those with more
than 20% of urbanization were considered urbanized. The area of the
sampled pond varied from 0.0027 to 3.96 hectares (Figure 1). The
ponds were sampled twice between November 2016 and March 2018,
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Figure 1. Location of the sampled areas on the northern coast of the state of
Rio Grande do Sul.

except in winter due to the absence of activity of Odonata adults, the
two samples per pond were added.

3. Collection of biological material

The study was based on the collection of adults. Specimens
were collected using aerial insect nets by a team consisting of three
researchers and a sampling effort of 40 minutes per locality. Collections
were performed solely on sunny days, between 10:00 and 16:00 hours.
Captured specimens were immediately fixed in 96% ethanol and
preserved in glass flasks that were identified with collection date and
location for later determination in the laboratory.

Species determination was conducted in the Laboratory of Ecology
and Evolution of UNIVATES with the aid of a stereomicroscope and
identification keys for Odonata adults of the Neotropical region:
Garrison et al. (2006); Garrison et al. (2010), Heckman (2008), Heckman
(2006), Lencioni (2005) and Lencioni (2006). The specimens will be
housed in the invertebrate collection of the Natural History Museum
of UNIVATES (MCNU).

4. Data analysis

Species (S) richness was considered as the number of species,
while abundance was considered as the total number of individuals.
The analyses were conducted separately for each suborder of Odonata,
as they are biologically and ecologically distinct (Dutra & De Marco
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2015). All statistics routines were conducted in the statistical program
R project (R Core Team 2019).

Due to the possibility of containing a greater number of perches in
the non-urbanized area, since its surrounding vegetation is preserved,
we have developed a coverage-based rarefaction analysis, according
to Chao et al. (2014). We used package rareNMtests and rarefaction.
individual function (Cayuela & Gotelli 2014).

To determine the relation of urbanization to richness and abundance
for each suborder, we elaborated a Generalized Linear Mixed Model
(GLMM). We used the percentage of urbanization of each sampled site
as an explanatory variable and as a random variable the log area (m?)
of the ponds. These analyses were conducted using the package Ime4
(Bates et al. 2015) and the function glmer. For both suborders, richness
followed a negative binomial distribution and abundance followed a
Poisson distribution.

To evaluate whether urbanized and non-urbanized ponds were
similar regarding species composition, we used the abundance data
matrix transformed into Hellinger. First, we conducted a dispersion
analysis (PERMDISP), to understand how homogeneous the samples
were within the treatments, using the betadisper function. Next, we
conducted an One-Way Permanova using Bray-Curtis dissimilarity
index and 9999 permutations, with the adonis2 function. To represent
the results found at Permanova, an NMDS was created, using the vegan
package and the metaMDS function. Both functions are from the Vegan
package (Oksanen et al. 2019).

With the purpose of knowing which species could serve as
indicators in environments with and without urbanization influence,
we obtained information through the analysis of indicator species
(INDVAL — Dufrene & Legendre 1997). This index is calculated
estimating the specificity (whether the species shows an association
with certain habitat types, occurring only in certain environments or
conditions) and fidelity (whether the species is invariably present under
a certain environmental condition). This analysis was elaborated with
the aid of the package labdsv 1.5.0 for R project (Roberts 2012). To
complement the INDVAL analysis, we applied the Multinomial Species
Classification Method (Chazdon et al. 2011), which uses a multinomial
model based on estimated species relative abundance to classify species
as generalists and specialists in two distinct habitats, with the package
vegan, function clamtest.

Results

The areas of the analyzed ponds ranging from 26 m? to 39,79 m?,
with an average of 3,47 m2. The richness varied from 3 spp to 13 spp,
with an average of 8 spp. The abundance ranged from 9 individuals
to 55 individuals, with an average of 29 individuals (Table 1). A total
of 820 individuals were collected, in 38 species and 17 genera, with
Orthemis schmidti Buchholz, 1950 being a new record for the state.
Anisoptera was the most abundant suborder with 462 individuals
belonging to 11 genera and two families, Libellulidae and Gomphidae.
Zygoptera had 358 individuals distributed into 6 genera and two
families, Coenagrionidae and Lestidae (Table 2).

The most abundant species of Anisoptera were Erythrodiplax
paraguayensis (Forster, 1904) (n = 124) and Erythrodiplax sp.1(n =
102), which represented 49% of the total number of individuals of
this suborder that were collected in this study. The most abundant
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Table 1. Sampling locations: coordinates, pond area, percentage of urbanization, classification of the environment, richness e abundance.

Sites Coordinate Pond (m?) Urbanization (%) Environment Richness Abundance
1 S 29°51'42.1" W 50°04'59.8" 1031 51 Urbanized 5 25
2 S 29°50'57.3" W 50°04'40.8" 490.37 40 Urbanized 3 10
3 S 29°48'38.5" W 50°03'38.9" 556.94 53 Urbanized 9 22
4 S 29°47'34.1" W 50°02'55.5" 173.69 40 Urbanized 9 23
5 S 29°44'44.1" W 50°01'48.51" 191.85 55 Urbanized 9 15
6 S 30°02'22" W 50°10'01" 35.09 59 Urbanized 11 48
7 S 29°38'26.83" W 49°58'2.48" 8185.37 44 Urbanized 5 9
8 S 29°43'50.9" W 50°01'20.5" 6077.6 31 Urbanized 8 31
9 S 30°01'16" W 50°09'01" 113.26 98 Urbanized 5 25
10 S 30°10'57" W 50°13'14" 1478.92 37 Urbanized 9 36
11 S 30°09'26" W 50°12'03" 1249.13 46 Urbanized 8 55
12 S 30°20'40.8" W 50°16'40.3" 26.21 75 Urbanized 6 12
13 S 30°17'49.95" W 50°15'33.9" 49.22 59 Urbanized 8 16
14 S 30°13'46.6" W 50°15'41.3" 39785.76 9 Non-urbanized 6 35
15 S 29°36'45.5" W 49°57'25.3" 2597.74 Non-urbanized 7 30
16 S 29°41'48.2" W 50°00'13.3" 4254.79 14 Non-urbanized 12 55
17 S 29°32'32.7" W 49°55'10.6" 2973.77 Non-urbanized 9 34
18 S 29°28'00.5" W 49°50'52.8" 3883.59 Non-urbanized 9 43
19 S 29°24'37.5" W 49°47'55.5" 10258.92 Non-urbanized 5 28
20 S 29°23'53.9" W 49°47'14.3" 2258.8 16 Non-urbanized 8 24
21 S 29°20'48.3" W 49°45'57.8" 1367.8 17 Non-urbanized 7 15
22 S 29°43'47.6" W 50°01'19.4" 816.97 20 Non-urbanized 7 21
23 S 30°05'37" W 50°10'26" 2006.09 2 Non-urbanized 9 27
24 S 30°04'51" W 50°10'01" 859.77 18 Non-urbanized 5 13
25 S 30°12'50,1" W 50°17'31,7" 625.63 1 Non-urbanized 9 40
26 S 30°19'08,5" W 50°15'43,8" 4077.11 Non-urbanized 9 35
27 S 30°11'59" W 50°18'36" 1018.66 7 Non-urbanized 13 47
28 S 30°01'60" W 50°16'05" 846.61 14 Non-urbanized 8 46

species of Zygoptera were Ischnura fluviatilis Selys, 1876 (n = 217)
and . capreolus (Hagen, 1861) (n = 89), which made up 85 % of the
specimens in this suborder.

The coverage-based rarefaction analysis indicates the same
percentage of coverage for both urbanized and non-urbanized areas
(Figure 2). Although the coverage sample value was lower than 0,6, this
curve indicates that there is no bias caused by possible higher numbers
of perches in non-urbanized areas.

The mean richness of Anisoptera per point was 5.16 species, while
that of Zygoptera was 2.60. The GLMM showed that urbanization does
not influence the richness of Anisoptera (Z=-1.32; p=0.187 neither
Zygoptera (Z=-0.071; p = 0.943). The mean abundance of Anisoptera
per point was 16.5 individuals, while that of Zygoptera was 12.78.
The GLMM showed that urbanization has a negative influence on the
abundance of Anisoptera (Z=-2.82; p = 0.004) (Figure 3) but does not
influence the abundance of Zygoptera (Z =-0.251; p = 0.802).

The dispersion analysis (PERMDISP) did not indicate heterogeneity
in the samples of Zygoptera (F = 0.152; p = 0.699) or Anisoptera (F =
2.65;p=0.115). The PerMANOVA, indicated significant differences in
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Anisoptera species composition between urbanized and non-urbanized
environments (F, . = 3.235; p = 0.001), while the composition
of Zygoptera was not statistically different between the studied
127 = 0.3774; p = 0.821) (Figure 4).

The indicator species analysis (INDVAL) indicated only three

environments (F

species associated with non-urbanized areas: Erythrodiplax sp.1
(INDVAL = 0.861; p = 0.005), Erythemis credula (Hagen, 1861)
(INDVAL = 0.789; p = 0.005) and Telebasis corallina (Selys, 1876)
(INDVAL = 0.632; p = 0.025). These three species were classified as
“non-specialists” for non-urbanized areas by the Multinomial Species
Classification Method. Although without significant values, the species
Brachymesia furcata (Hagen, 1861), Erythrodiplax fusca (Rambur,
1842), Erythrodiplax latimaculata Ris, 1911, Erythrodiplax umbrata
(Linnaeus, 1758), Lestes paulistus Calvert, 1909, Libellula herculea
Karsch, 1889, Micrathyria stawiarskii Santos, 1953, Orthemis schmidti
Buchholz, 1950, Progomphus intricatus Hagen in Selys, 1858, Tramea
abdominalis (Rambur, 1842) and Tramea cophysa Hagen, 1867 were
found exclusively in non-urbanized areas, while Acanthagrion gracile
(Rambur, 1842), Acanthagrion lancea Selys, 1876, Erythemis attala

https://doi.org/10.1590/1676-0611-BN-2020-1122



Biota Neotropica 21(1): e20201122, 2021

Effects of urbanization on the fauna of Odonata

Table 2. Species collected in the study sites on the northern coast of Rio Grande do Sul, Brazil, between November 2016 and March 2018

Species and families Urbanized Non-urbanized Total
Gomphidae

Progomphus intricatus Hagen, 1858 0 1 1
Libellulidae

Brachymesia furcata (Hagen, 1861) 0 1 1
Erythrodiplax sp.1 13 89 102
Erythrodiplax sp.2 13 17
Erythemis attala (Selys, 1857) 1
Erythemis credula (Hagen, 1861) 26 30
Erythemis peruviana (Rambur, 1842) 11
Erythrodiplax atroterminata Ris,1911 15 22
Erythrodiplax fusca (Calvert,1895) 1 1
Erythrodiplax latimaculata Ris, 1911 2 2
Erythrodiplax media Borror, 1942 39 55 94
Erythrodiplax melanorubra Borror, 1942 4
Erythrodiplax nigricans (Rambur, 1842) 2 2
Erythrodiplax paraguayensis (Forster, 1905) 41 83 124
Erythrodiplax umbrata (Linnaeus, 1758) 0 1 1
Libellula herculea (Selys, 1857) 0 1 1
Micrathyria catenata Calvert, 1909 2 0 2
Micrathyria spuria (Selys, 1900) 2 1 3
Micrathyria stawiarskii Santos, 1953 0 2 2
Nephepeltia flavifrons (Karsch, 1889) 12 5 17
Orthemis ambinigra Calvert, 1909 1 2 3
Orthemis discolor (Burmeister, 1839) 1 0 1
Orthemis schmidti Buchholz, 1950* 0 3 3
Pantala flavencens (Fabricius, 1798) 4 2 6
Perithemis mooma Kirby, 1889 2 5 7
Tramea abdominalis (Rambur, 1842) 0 1 1
Tramea binotata (Rambur, 1842) 1 0 1
Tramea cophysa Hagen, 1867 0 2 2
Coenagrionidae

Acanthagrion gracile (Rambur, 1842) 1 0 1
Acanthagrion lancea Selys, 1876

Argia sp. 0 2
Homeoura chelifera (Selys, 1876) 13 10 23
Ischnura capreolus (Hagen, 1861) 44 45 89
Ischnura fluviatilis (Selys, 1876) 103 114 217
Telebasis corallina 0 17 17
Telebasis willinkii Fraser, 1948 2 2 4
Lestidae

Lestes paulistus Calvert, 1909 0 1 1
Lestes undulatus Say, 1840 1 0 1
Total 326 494 820

* First record for the State of Rio Grande do Sul
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Figure 2. Coverage-based rarefaction analysis (urbanized and non-urbanized
area).

Figure 3. Generalized linear model (GLMM) for abundance Anisoptera.

Figure 4. NMDS representing the composition of Zygoptera (A) and Anisoptera
(B) species in urbanized (green) and non-urbanized (red) ponds.

(Selys, 1857), Erythrodiplax melanoruba Borror, 1942, Erythrodiplax
nigricans (Rambur, 1842), Lestes undulatus Say, 1840, Micrathyria
catenata Calvert, 1909, Orthemis discolor (Burmeister, 1839) and
Tramea binotata (Rambur, 1842). were found exclusively in urbanized
areas (Table 3).
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Discussion

The expansion of urban areas and the consequent loss and
fragmentation of habitats, is one of the most significant environmental
impacts on natural landscapes (Villalobos-Jiménez et al. 2016). Despite
the importance of studies that assess the impact of urbanization on
aquatic habitats, there are few studies on the use of ponds by species of
aquatic insects, regarding they use to environmental integrity (Willigalla
& Fartmann 2012). Adequate pond management can be an important
factor in conservation strategies (Chien et al. 2019), and ponds, even
small and in urban areas, can work as a reservoir for several species, as
well as present similar species richness and aquatic invertebrate families
when compared to non-urban ponds, although there are clear differences
in the composition of communities (Hill et al. 2016).

Species of the order Odonata are excellent indicators of
environmental quality, and species composition, followed by diversity
and taxonomic distinctness, are the parameters that best respond to
environmental disturbance gradients (Miguel et al. 2017). In general,
studies with Odonata that consider urbanization gradients demonstrate
that species richness increases along a gradient from the center of a city
to the rural area and is significantly highest in rural areas (Willigalla &
Fartmann 2012). Studies in the Cerrado biome, in open areas, indicate
that zygopteran species richness decreased as habitat integrity decreased,
with the opposite pattern being observed for the anisopterans (Carvalho
etal. 2013).

Our results showed that urbanization is a predictor variable for the
structuring of the Odonata community on the coast of Rio Grande do
Sul, influencing abundance, richness and composition of the suborder
Anisoptera. Species of Zygoptera seem to be influenced by other factors
since the variable urbanization had no significance for the analyzed metrics.

This is the first study that characterized the Odonata fauna on the
coastal area of Rio Grande do Sul. The 38 species found correspond
to 21% of the total known for this state (Dalzochio et al. 2018a). The
most species were lentic species typical of wetland environments, which
are characteristic of the sampled region. The model explained that the
richness and abundance of Anisoptera were negatively influenced by the
urbanized areas, but there was no variation in richness and abundance of
Zygoptera. Most likely these results are related to the ecological needs
of these suborders. In this context, species of Zygoptera have a higher
ecological diversity and some species can be considered eurytopic
(Samways & Steytler 1996). Therefore, they are not subject to significant
changes in their richness and abundance in urbanized ecosystems.
However, specialist species can also find refuge in urbanized areas
(Harabi$ & Dolny 2015). As analyzed by Monteiro-Junior et al. (2014),
habitats heavily degraded by urbanization lead to a loss in the number
of species of both suborders.

The landscape around the sampled areas (e. g. buildings and paved
roads) is a predictor variable for the species richness and abundance
patterns (Jeanmougin 2014) since the landscape surrounding the aquatic
environments is fundamental for the foraging and maturation of Odonata
species (Bried & Ervin 2006). Generally, the increase in urbanization
has a negative effect on the diversity of these animals. However, there
are more generalist species that are able to live in human-disturbed
habitats (Clark & Samways 1996).
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Table 3. Indicator species (INDVAL) and their respective classification by Multinomial Species Classification Method (CLAM). Values in bold
are statistically significant for INDVAL.

Species Urbanized Non-urbanized INDVAL P-value CLAM
Acanthagrion gracile 1 0 0.277 0.405 Too rare
Acanthagrion lancea 1 0 0.392 0.180 Too rare
Argia sp. 0 1 0.365 0.435 Too rare
Brachymesia furcata 0 1 0.258 1.000 Too rare
Erythemis attala 1 0 0.277 0.435 Too rare
Erythemis credula 0 1 0.789 0.005 Specialist of Non-urbanized sites
Erythemis peruviana 1 1 0.327 NA Generalist
Erythrodiplax 1 1 0.598 NA Generalist
atroterminata

Erythrodiplax fusca 0 1 0.258 1.000 Too rare
Erythrodiplax 0 1 0.258 1.000 Too rare
latimaculata

Erythrodiplax media 1 1 0.866 NA Generalist
Erythrodiplax 1 0 0.277 0.510 Too rare
melanorubra

Erythrodiplax nigricans 1 0 0.392 0.210 Too rare
Erythrodiplax 1 1 0.964 NA Generalist
paraguayensis

Erythrodiplax sp.1 0 1 0.861 0.005 Specialist of Non-urbanized sites
Erythrodiplax sp.2 1 0 0.674 0.105 Specialist of urbanized sites
Erythrodiplax umbrata 0 1 0.258 1.000 Too rare
Homeoura chelifera 1 1 0.598 NA Generalist
Ischnura capreolus 1 1 0.866 NA Generalist
Ischnura fluviatilis 1 1 0.982 NA Generalist
Lestes paulistus 0 1 0.258 1.000 Too rare
Lestes undulatus 1 0 0.277 0.525 Too rare
Libellula herculea 0 1 0.258 1.000 Too rare
Micrathyria catenata 1 0 0.392 0.205 Too rare
Micrathyria spuria 1 0 0.328 0.620 Too rare
Micrathyria stawiarskii 0 1 0.258 1.000 Too rare
Nephepeltia flavifrons 1 1 0.500 NA Generalist
Orthemis ambinigra 1 1 0.267 NA Too rare
Orthemis discolor 1 0 0.277 0.495 Too rare
Orthemis schmidti 0 1 0.258 1.000 Too rare
Pantala flavencens 1 1 0.423 NA Too rare
Perithemis mooma 1 1 0.463 NA Too rare
Progomphus intricatus 0 1 0.258 1.000 Too rare
Telebasis corallina 0 1 0.632 0.025 Specialist of non-urbanized sites
Telebasis willinkii 1 1 0.267 NA Too rare
Tramea abdominalis 0 1 0.258 1.000 Too rare
Tramea binotata 1 0 0.277 0.495 Too rare
Tramea cophysa 0 1 0.365 0.415 Too rare
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The changes in land use and land cover from the urbanization process
in the region are recent, beginning in the 1990s (1995), and correspond
to the fourth cycle of occupation of the northern coast of Rio Grande do
Sul (Lopes et al. 2018). Therefore, it is likely that it is not yet possible to
measure the process of adaptation of Odonata species (Goertzen & Suhling
2019). Additionally, the urbanization process in the tropics usually occurs
rapidly, causing the loss of sensitive species (Monteiro-Jinior et al. 2014).

Regarding species composition, although Zygoptera was not
influenced by urbanization, all landscape elements act in biological
communities, which, in turn, interact to structure the whole environment
(Turner & Gardner 2001). The dimension and number of certain
landscape elements are crucial for the formation and continuity of
specific communities (Bond & Parr 2010). In addition, target taxa,
such as Odonata, respond to anthropogenic changes. Therefore, the
species distribution and general diversity of these taxa are related to
the landscape structure or to the variables of land use (Soares Filho
1998). The variable urbanization, in this case, may have limited the
dispersion of certain species of Anisoptera, while not affecting other
species, such as Zygoptera.

Studies in lagoons in North America and Europe found that the
richness of Odonata increases or is not affected by urban processes
(Craves & O’Brien 2013, Goertzen & Suhling 2013), which indicates
that some species are likely becoming tolerant to urbanization. This can
be the case of species found in urbanized environments: Acanthagrion
gracile, Acanthagrion lancea, Erythemis attala, Erythrodiplax
melanorubra, Erythrodiplax nigricans, Lestes undulatus, Micrathyria
catenata, Orthemis discolor and Tramea binotata. Most species
belonging to the genera Acanthagrion, Erythemis, Erythrodiplax,
Lestes, Micrathyria and Orthemis are considered generalists (Dalzochio
et al. 2018b). They have short life cycles and adapt very quickly to
environmental changes, being found even in very hostile environments.
Moreover, generalist species can explore the available resources due to
reduced competition, resulting in the high abundance of tolerant species
(Villalobos-Jiménez et al. 2016).

In this regard, one of the species that was pointed out as an indicator
of non-urbanized environments, Erythrodiplax sp.1, was unexpected
since most species in this genus are considered generalists (Dalzochio
et al. 2018b). However, there are cases in which species of the genus
Erythrodiplax were established as bioindicators, for example, in the
Cerrado biome, were the genus indicated pasture environments and
non-shaded areas (Dutra & De Marco 2015). The suggestion of the
species Telebasis corallina and Erythemis credula as bioindicators may
be associated with the presence of macrophytes or with the physical
and chemical parameters of the sampled locations (Fulan et al. 2011).
In this context, species of Zygoptera, such as Telebasis corallina, are
more vulnerable to changes in landscape structure and vegetation cover
and may become locally extinct (Monteiro-Junior et al. 2015).

We observed that the richness and abundance of the species of the
suborder Anisoptera was reduced with urban expansion through the
construction of buildings, pavement of roads and high flow of people. In
this sense, urban planning is necessary to ensure ecosystem maintenance
and limit environmental degradation. However, due to the complexity of the
human occupation in this region, more studies are necessary. Additionally,
we suggest the use of Odonata to evaluate these environments. We hope
that this study will help with measurements that aim to restore, conserve
and maintain environments affected by urbanization.
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