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ABSTRACT. Faunal inventories are essential for biota management and conservation, especially in areas
with potential for the creation of conservation units. Inventories of insect taxa such as dragonflies and
damselflies (Odonata), which perform several environmental services in aquatic and terrestrial ecosystems,
are of great importance. In view of the above, this study aimed to update and expand the list of Odonata
species in the Barroso region, Minas Gerais State, Brazil. This study was carried out in three areas of forest
fragments in Atlantic Forest and Cerrado biomes in October 2020, December 2020, January 2021, and March
2021. The sampling effort was 8 hours per day during 20 days, totaling 140 sampling hours. A total of 43
Odonata species were recorded, which increased the richness of the study area from 57 to 76 species. The
studied areas harbor rare and endangered species. However, since the last sampling in 2009, there has been
a significant reduction in diversity in the Atlantic Forest fragment. In view of the changes that forest
fragments are undergoing, we underscore the need to create a conservation unit, especially in Bau Forest.
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Introduction

Faunal inventories are strategic for the implementation of public policies for biota conservation (Silveira
et al., 2010; Stephenson & Stengel, 2020), being even more relevant in ecosystems critically threatened by
anthropic actions, such as the Atlantic Forest and the Cerrado, both of which are considered biodiversity
hotspots (Myers, Mittermeier, Mittermeier, Fonseca, & Kent, 2000; Mittermeier, Turner, Larsen, Brooks, &
Gascon, 2011; Ribeiro et al., 2011; Instituto Chico Mendes de Conservacao da Biodiversidade [[CMBio], 2018).
The Atlantic Forest is a tropical forest that has suffered a significant reduction in its original area owing to
urban expansion, monoculture farming, and other activities, resulting in a mosaic of fragments (Silva, Santos,
& Moraes, 2014; Scarano & Ceotto, 2015; Zanella, Folkard, Blackburn, & Carvalho, 2017). Likewise, the
Cerrado, which is the second largest biome in Brazil in terms of geographical extension, has lost about 50%
of its original area, and only 3% of the remaining sites are located in conservation units (Ganem, Drummond,
& Franco, 2013; Lapola et al., 2014).

Despite the high biodiversity of these important biomes, many locations and phytophysiognomies are
undersampled for different taxa, such as dragonflies and damselflies (Odonata), relevant insects in aquatic
and terrestrial food chains (Moon & Silva, 2013; Souza, Pires, Brunismann, Milani, & Pinto, 2017). The order
includes generalist and specialist species that can be used as bioindicators of environmental quality, given
their sensitivity to human disturbances (Machado, 1988; Dijkstra & Clausnitzer, 2006; Souza, Souza, Pereira,
& Machado, 2013; Juen, Oliveira-Junior, Shimano, Mendes, & Cabette, 2014; Sigutova, Sipo$, & Dolny, 2019;
Guillermo & Juen, 2021).

From the 21st century onward, growing efforts have been made to understand the diversity of Odonata in
Minas Gerais State, mainly in the Atlantic Forest (Ferreira-Peruquetti & De Marco-]Jr., 2002; Souza et al.,
2013; Souza et al., 2017; Amorim, Souza, & Dos Anjos, 2018; Silva & Souza, 2020; Avila Junior, Machado,
Lencioni, & Carneiro, 2020; Stefani-Santos et al., 2021; Guedes, Vilela, & Souza, 2022) and Cerrado (Almeida,
Pinto, Carvalho, & Takiya, 2013; Bedé, Machado, Piper, & Souza, 2015; Vilela, Ferreira, & Del-Claro, 2016;
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Barbosa, Borges, Vilela, Venancio, & Santos, 2019; Borges, Barbosa, Carneiro, Vilela, & Santos, 2019; Vilela,
Koroiva, Tosta, Novaes, & Guillermo-Ferreira, 2020; Dos Anjos, Milani, & Souza, 2020; Venancio, Vilela,
Barbosa, & Santos, 2021). Some studies focused on transition areas between Atlantic Forest and Cerrado (Bedé
et al., 2015), Atlantic Forest and Caatinga (Gouveéa et al., 2022), and Cerrado and Caatinga (Souza et al., 2017).

At present, about 328 Odonata species are known to occur in Minas Gerais State (Vilela, 2022). However,
it is necessary to expand the information on Odonata communities, mainly in areas with potential for the
creation of conservation units, such as Barroso, a municipality in the south-central region of the state
(Oliveira, Henriques, Clemente, & Souza, 2021). Barroso is an important site for local biodiversity, not only
of Odonata but also of other taxa (Souza, Pires, & Prezoto, 2014; Coelho, Gouvéa, Clemente, & Souza, 2022;
Gouvéa, Clemente, Tedfilo-Guedes, & Souza, 2021; Lima, Rubim, Paddua, & Souza, 2022). There is also a need
for further inventories of dragonflies and damselflies, as the ones carried out so far indicate the existence of
species exclusive to the region (Machado, 2015; Vilela & Souza, 2022). In view of the above, this study aimed
to update and expand the list of Odonata species in the Barroso region, Minas Gerais State, Brazil.

Material and methods

This study was carried out in three forest fragments, two in Barroso (21°11'13"S 43°58'34"W) and one on
the border between Barroso and Prados (21°13'33.20”S 44°2'0.56"W), south-central Minas Gerais State. The
region is covered by Atlantic Forest, but it has enclaves or patches of Cerrado (Instituto Brasileiro de Geografia
e Estatistica [IBGE], 1997). Barroso is home to areas of montane semideciduous forest (Atlantic Forest domain)
and refuges of Cerrado fields and gallery forests (Menini-Neto, Assis, & Forzza, 2004). The three sampled
areas, namely Bat Forest (384.9 ha), Padeiro Waterfall (26.43 ha), and Lajinha Waterfall (32.25 ha) (Figures 1
and 2), have a mosaic of phytophysiognomies. These areas encompass lentic and lotic environments
associated with forest fragments at different levels of conservation and stages of regeneration, as well as
pastures and eucalyptus plantations.

The studied areas were characterized by consulting specialized literature, collecting information from the
Company of Technical and Rural Assistance of Minas Gerais (EMATER), and conducting field observations.
All areas constitute forest remnants at intermediate or advanced stages of regeneration (Menini-Neto et al.,
2004; Souza, 2006; Souza, Louzada, Serrdo, & Zanuncio, 2010).
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Figure 1. Location map showing areas (Bau Forest, Padeiro Waterfall, and Lajinha Waterfall) where collections of adult Odonata were
carried out in the municipalities of Barroso and Prados, south-central Minas Gerais State, Brazil.
Source: The authors.
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Figure 2. Active search for adult Odonata in Barroso, Minas Gerais State, Brazil. (a, b) Lajinha Waterfall and (c) Padeiro Waterfall, areas
of gallery forest in the Cerrado biome. (d) Bau Forest, seasonal semideciduous forest in the Atlantic Forest biome.

Source: The authors.

Odonata adults were collected in four campaigns that took place in October 2020, December 2020, January
2021, and March 2021, with a daily sampling effort of 8 hours, totaling 20 days of collection and 140 sampling
hours equally distributed among forest fragments. Sampling was carried out from 9:00 a.m. to 3:00 p.m. in
lentic environments, lotic environments with different current strengths, and open and closed forest areas by
the active search method using entomological nets, as suggested by Bedé et al. (2015).

Individuals were stored in entomological envelopes (7 x 11 cm), as proposed by Cezario et al. (2021).
Envelopes were identified with the date and place of collection. Subsequently, individuals were sacrificed by
immersion in acetone PA and incubated in this solvent for at least 12 hours to promote lipid dissolution and
color preservation (Garrison, Ellenrieder, & Louton, 2006). Specimens were identified using dichotomous
keys available in the literature (Garrison et al., 2006; Garrison, Ellenrieder, & Louton, 2010; Lencioni, 2017).
Additionally, publications on specific genera and species were used when needed. The specimens were
deposited in the Biological Collection of the Instituto Federal de Minas Gerais, Inconfidentes Campus. The
sampling effort was evaluated by constructing an accumulation curve from the observed richness, 95%
confidence intervals, and the Chaol estimator in EstimateS 9.1.0 software (Cowell, 2013). This study was
licensed by IBAMA/SISBIO under number 75517-1.

Results and discussion

We collected a total of 343 Odonata individuals belonging to 11 families and 43 species (Table 1, Figure 3).
In the suborder Anisoptera, the most numerous family was Libellulidae, with 8 genera and 16 species, followed
by Gomphidae, with 1 genus and 4 species. Among the Zygoptera, the family Coenagrionidae was the most
numerous, with 3 genera and 6 species, followed by Heteragrionidae and Protoneuridae, with 1 and 3 genera,
respectively, and both with 4 species. Argia sordida Hagen in Selys was the species with the highest
abundance, corresponding to 19% of the total number of specimens (Table 1).
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Table 1. Abundance, richness, and conservation status of Odonata species recorded in Atlantic Forest and Cerrado biomes in Barroso,

Minas Gerais, Brazil.

. . Atlantic Forest  Cerrado IUCN
Suborder Family Species SSF GF Status
Aeshnidae Casto.ra.eschm.J janu.aria (Hag.en, 1867) 1 1 LC
Remartinia luteipennis (Burmeister, 1839) 1 0 LC
Progomphus complicatus Selys, 1854 0 6 LC
. Progomphus costalis Hagen in Selys, 1854 0 1 LC
Gomphidae . .

Progomphus gracilis Hagen in Selys, 1854 0 1 LC

Progomphus teolitavius Vilela & Souza, 2022 0 1 -
Brechmorhoga nubecula (Rambur, 1842) 1 7 LC
Dasythemis mincki (Karsch, 1890) 1 4 LC
Elasmothemis schubarti (Santos, 1945) 1 5 DD
Erythrodiplax fusca (Rambur, 1842) 2 7 LC
. Erythrodiplax latimaculata Ris, 1911 0 1 LC

Anisoptera . o

Erythrodiplax paraguayensis (Forster, 1905) 1 1 LC
Macrothemis calliste (Ris, 1913) 0 2 DD
. . Macrothemis heteronycha (Calvert, 1909) 1 0 LC
Libellulidae Macrothemis imitans Karsch, 1890 4 10 LC
Macrothemis marmorata Hagen, 1868 0 1 LC
Macrothemis tenuis Hagen, 1868 1 2 LC
Micrathyria didyma (Selys in Sagra, 1857) 3 1 LC
Micrathyria pseudeximia Westfall, 1992 2 0 LC
Orthemis aequilibris Calvert, 1909 0 1 LC
Orthemis discolor (Burmeister, 1839) 0 1 LC
Perithemis tenera (Say, 1840) 4 3 LC
Hetaerina hebe Selys, 1853 2 22 LC
Calopterygidae Hetaerina rosea Selys, 1853 5 7 LC
Mnesarete guttifera (Selys, 1873) 2 23 LC
Acanthagrion gracile (Rambur, 1842) 4 3 LC
Argia lilacina Selys, 1865 3 3 LC

Coenagrionidae Argia sp. 2 9 )
Argia sordida Hagen in Selys, 1865 5 62 LC
Oxyagrion basale Selys, 1876 4 10 DD
Oxyagrion terminale Selys, 1876 9 13 LC
Dicteriadidae Heliocharis amazona Selys, 1853 0 1 LC
Heteragrion aurantiacum Selys, 1862 0 2 LC

Zygoptera . Sl - .
Heteragrionidae Heteragrlon.caue?l Avila Jr., Lencioni & Carnf.'lro, 2017 3 13 A8
Heteragrion tiradentense Machado & Bedé, 2006 7 16 LC
Heteragrion thais Machado, 2015 3 0 DD
Lestidae Archilestes exoletus (Hagen in Selys, 1862) 1 0 LC
Megapodagrionidae Allopodagrion contortum (Hagen in Selys, 1862) 3 8 LC
Perilestidae Perilestes fragilis Hagen in Selys, 1862 0 3 LC
Peristicta jalmosi Pessacq & Costa, 2007 0 1 LC
. Peristicta janiceae Pessacq & Costa, 2007 2 4 LC
Protoneuridae i o, i
Epipleoneura venezuelensis Racenis, 1955 0 1 LC
Forcepsioneura sancta (Hagen in Selys, 1860) 5 3 LC
Richness 29 38
Total richness 43
Abundance 83 260
Total abundance 343

Species were classified according to the International Union for Conservation of Nature and Natural Resources (IUCN) Red List. SSF, semideciduous
seasonal forest; GF, gallery forest; LC, least concern; DD, data deficient; VU, vulnerable.

Source: The authors.

With the update in species number, it can be said that the Odonata richness of the Barroso region is
expressive; it harbors one of the four richest communities in Minas Gerais State (Table 2). Such richness can
be attributed to the presence of different environments with different phytophysiognomies in the transition
area between the Cerrado and Atlantic Forest, as also observed by Bedé et al. (2015) in the Refiigio de Vida
Silvestre Libélulas da Serra de Sdo José, about 30 km from the current study area.
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Figure 3. Representative photographs of Odonata species sampled in Barroso, Minas Gerais State, Brazil. (a) Elasmothemis schubarti, (b)
Progomphus complicatus, (c) Argia lilacina, (d) Acanthagrion gracile, (e) Heteragrion cauei, (f) Heteragrion tiradentense.

Source: The authors.

Table 2. Checklist of Odonata occurring in different biomes in Minas Gerais State, Brazil.

Biome .
Reference Atlantic forest Cerrado Caatinga Richness
Bedé et al. (2015) X X 128
Venancio et al. (2021) X 101
Vilela et al. (2020) X 90
Amorim et al. (2018) X 73
Silva & Souza (2020) X 71
Guedes et al. (2022) X 21
Santos (1966) X 59
Souza et al. (2013) X 57
Gouvéa et al. (2022) X X 55
Souza et al. (2017) X X 48
This study X X 43(76%)

Barbosa et al. (2019) X 42
Avila Janior et al. (2020) X 40
Stefani-Santos et al. (2021) X 39
Borges et al. (2019) X 36
Vilela et al. (2016) X 31
Ferreira-Peruquetti & De Marco-]Jr. (2002) X 28
Almeida et al. (2013) X 23
Dos Anjos et al. (2020) X 20

(*) Number of species updated for Barroso, Minas Gerais State, Brazil.

Source: The authors.
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In the past 15 years, there has been a reduction in water resources in the Bat Forest, both in terms of water
volume and number of small streams, resulting from an increase in gully erosion, an issue that has been
reported globally (Sharma & Shakya, 2006). This situation is further aggravated by the decrease in natural
areas, which have been replaced with eucalyptus plantations, differing from scenarios described in previous
papers (Souza, 2006; Pires, Morgado, Souza, Carvalho, & Nemésio, 2013). Eucalyptus plantations may impact
streamflows, thereby affecting fluvial ecosystems and their biota (Ferraz, Rodrigues, Garcia, Alvares, & Lima,
2019). These effects explain the reduction in odonatofaunal occurrences, from 57 (Souza et al., 2013) to 29
species (current study). Furthermore, it should be noted that Heteragrion cyane Machado and Souza, whose
type locality is the study region, was not found (Machado & Souza, 2014).

Another factor corroborating to explain the decrease in richness as a result of environmental impact is the
Chaol estimator. The estimator showed that the number of species may reach 34, which is considerably lower
than the 57 species sampled by Souza et al. (2013) in the past. Although the sampling effort of the 2013 study
was greater, encompassing 18 months of collection and covering all seasons of the year, such a reduction in
species number is relevant.

In addition to anthropogenic impacts, the vegetation matrix of forest fragments may influence Odonata
communities. Surrounding environments may offer better conditions and resources to insect communities,
halting biodiversity reduction and substitution of specialist species with generalist species (Popielarz & Neal,
2007; Martello, Andriolli, Souza, Dodonov, & Ribeiro, 2016).

Although the Odonata richness of the Bad Forest decreased in the last decade, the area was found to be
home to rare species, such as Heteragrion thais Machado, previously recorded only in its type locality, a lotic
environment within the Bad Forest (Machado, 2015). The family Heteragrionidae is associated with extensive
forest environments under low anthropogenic pressure (Machado, 1988; Ferreira-Peruquetti & De Marco,
2002; Amorim et al., 2018; Stefani-Santos et al., 2021).

Of note, Castoraeschna januaria (Hagen) and Elasmothemis schubarti (Santos) were recorded in both
phytophysiognomies. The first species is classified as least concern (LC) and the second as data deficient (DD)
by the International Union for Conservation of Nature and Natural Resources (IUCN, 2022); however, ICMBio
(2018) classified the species as vulnerable (VU) and endangered (EN), respectively. Both species are restricted
to lotic environments with preserved riparian vegetation (ICMBio, 2018; Dos Anjos et al., 2020). Therefore,
the degradation of such environments may directly influence the occurrence of these and similar species.
Another taxon recorded here was Macrothemis calliste (Ris), a species previously documented in the state but
lacking information on its ecology and geographic distribution (Garrison & Ellenrieder, 2006). This species
only occurred in mid-December, suggesting greater adult activity in the middle of the rainy season. More
detailed studies are needed to validate this hypothesis.

This is the first report of M. calliste, Progomphus gracilis Hagen in Selys, Perilestes fragilis Hagen in Selys,
and Heteragrion cauei Avila Jr., Lencioni and Carneiro occurring in gallery forests and Cerrado fields in Brazil.
Until now, they had been recorded only in semideciduous forests, a phytophysiognomy of the Atlantic Forest
(Souza et al., 2013; Lencioni, 2017; Amorim et al., 2018; Avila Jinior et al., 2020; Stefani-Santos et al., 2021).
H. cauei is classified as vulnerable (VU) by the IUCN, as it faces a high risk of extinction in the wild (IUCN,
2022). The biotic and abiotic variables of these phytophysiognomies likely influenced the survival strategies
of species throughout evolution. New studies are needed to understand the ecological and ethological
patterns of these taxa in such environments.

We recorded Macrothemis marmorata Hagen for the first time in a gallery forest and Cerrado field in Minas
Gerais State. This record contributed to our knowledge of the distribution of the species in different
ecosystems in the state (Costa, Machado, Lencioni, & Santos, 2000; Souza et al., 2013; Amorim et al., 2018).
According to Renner, Dalzochio, Périco, Sahlén, & Suhonen (2020), M. marmorata is a generalist species. The
specimen was collected in the Padeiro Waterfall (gallery forest), possibly indicating a reduction in the natural
resources of the environment.

The present study provided new information on the occurrence of Odonata species in the Barroso region.
The number of recorded species increased from 57 to 76. As such, the region ranks fourth in Odonata species
richness in Minas Gerais State. The following species were recorded for the first time in the area: Hetaerina
hebe Selys, Mnesarete guttifera (Selys), A. sordida, H. cauei, Archilestes exoletus (Hagen in Selys), P. fragilis,
Peristicta jalmosi Pessacq & Costa, P. janiceae Pessacq & Costa, Remartinia luteipennis (Burmeister, 1839),
Progomphus complicatus Selys, Progomphus costalis Hagen in Selys, P. gracilis, Progomphus teolitavius Vilela
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and Souza, 2022, M. calliste, Macrothemis tenuis Hagen, Micrathyria didyma (Selys in Sagra), Micrathyria
pseudeximia Westfall, and Orthemis aequilibris Calvert.

Conclusion

The gallery forest and semideciduous forest fragments of Barroso, Minas Gerais State, harbor an expressive
Odonata richness, including rare species, species of restricted occurrence, and those threatened with
extinction. We underscore the need to create a conservation unit, given the changes that these fragments,
particularly the Bau Forest, are undergoing.
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