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Abstract. Despite the significant biodiversity and ecological importance of solitary and pre-social
wasps, the subfamilies Eumeninae and Zethinae are still under-sampled in Minas Gerais state,
southeastern Brazil. The aim of this study was to record the occurrence of species of these subfamilies
in different Conservation Units (CUs) in the state. The study was conducted in eight CUs in the
Cerrado and Atlantic Forest domains and recorded 95 individuals distributed among 31 species of
Eumeninae and seven individuals from five Zethinae species. Alphamenes campanulatus (Fabricius,
1804), Pachodynerus argentinus (de Saussure, 1870) and Pseudodynerus auratoides (Bertoni, 1918)
(Eumeninae) are recorded for the first time in Minas Gerais state. In turn, Zethus wagneri Bohart &
Stange, 1965 (Zethinae) is recorded for the first time in Brazil. Our results illustrate the importance of
UCs for the conservation of vespid biota and reinforce the need for further studies of these insects.

Key words: Hymenoptera; inventory; wasps.

Resumen. Apesar de la significativa biodiversidad e importancia ecolégica de las avispas solitarias
y presociales, las subfamilias Eumeninae y Zethinae atn estdn submuestreadas en el estado de
Minas Gerais, sureste de Brasil. El objetivo de este estudio fue registrar la presencia de especies de
estas subfamilias en diferentes Unidades de Conservacion (UC) en el estado. El estudio se realizd
en ocho UC en los dominios Cerrado y Mata Atldntica y registr6 95 individuos distribuidos entre 31
especies de Eumeninae y siete individuos de cinco especies de Zethinae. Alphamenes campanulatus
(Fabricius, 1804), Pachodynerus argentinus (de Saussure, 1870) y Pseudodynerus auratoides (Bertoni,
1918) (Eumeninae) se registran por primera vez en el estado de Minas Gerais. A su vez, Zethus
wagneri Bohart & Stange, 1965 (Zethinae) se registra por primera vez en Brasil. Los resultados ilustran
la importancia de los UC para la conservacién de la biota de véspidos y refuerzan la necesidad de
realizar mds estudios sobre estos insectos.
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Introduction

Biodiversity conservation and ecosystem services have been a key topicin environmental
discussions, given their importance in maintaining the balance of natural ecosystems that
are home to endemic and threatened species (Bond 2019; Grass et al. 2019). In this context,
Conservation Units (CUs), whether Sustainable Use or Full Protection, are considered
effective tools for protecting biota and natural resources (Salvio 2017). Although they can
generate socio-environmental conflicts in their maintenance and implementation, CUs
not only expand the area of protection, but also promote connectivity between different
habitat fragments, allowing species to move and adapt to anthropogenic pressures and
environmental changes (Silva et al. 2024).

Regarding biodiversity conservation and management and assessing the endangered
status of species, systematic and comprehensive biological surveys are needed. These
surveys extend beyond species identification to encompass studies on their interactions,
geographical distribution, and conservation status. Based on this data, management and
conservation strategies can be developed effectively, aiming not only to protect species and
habitats, but also to restore degraded ecosystems, promote long-term sustainability and
assist in the implementation of species protection policies (Segan et al. 2011; Oliveira et al.
2021, 2023).

Many studies on the diversity, abundance and behavior of different taxa, including
social wasps, have been recently carried out in different CUs in Brazil (Oliveira et al. 2021).
However, for some groups, such as the solitary and pre-social wasps of the Eumeninae
and Zethinae subfamilies (Hymenoptera: Vespidae), there are few inventories. Among the
few examples, there is a single inventory in the Amazon (Silveira et al. 2008), one in the
Caatinga (Barbosa et al. 2022), two in the Cerrado (Auko and Silvestre 2013; Grandinete
and Noll 2013), one in the Atlantic Forest (Hermes and Kohler 2004) and one in the ecotone
between the Atlantic Forest and the Cerrado (Lopes 2020). Auko et al. (2017) carried out
a study similar to the present one, where they provided data on the occurrence of these
vespids in various biomes, such as the Cerrado and Pantanal, in Mato Grosso do Sul.
In addition, there are some other more extensive studies that used nest traps to collect
different Hymenoptera (Assis and Camilo 1997; Pires et al. 2012) that provide some of the
few records of Eumeninae for the state of Minas Gerais.

Eumeninae is the most numerous subfamily of Vespidae, with more than 3,700 species
and 210 genera recorded worldwide (Perrard et al. 2017). The Zethinae has gained
prominence due to its phylogenetic position: sometimes included as a tribe, Zethini,
within the subfamily Eumeninae (Hermes et al. 2014), sometimes as a distinct subfamily,
considered a sister group of the eusocial vespids (Bank et al. 2017; Piekarski et al. 2018).
These insects perform important ecosystem services, such as pollination, biological control
and trophic regulation (Brock et al. 2021).

Therefore, the aim of this study was to record the occurrence of species of Eumeninae
and Zethinae in CUs located within Cerrado and Atlantic Forest domains in Minas Gerais
state, southeastern Brazil, where information on these taxa is scarce (Lopes 2020; Barbosa
et al. 2022).

Materials and Methods

For this study, specimens of Eumeninae and Zethinae were collected through active
search using entomological nets in several CUs in Minas Gerais state, located in Cerrado
and Atlantic Forest areas: Serra da Canastra National Park (PNSC) in 2016 and 2018,
Sempre Vivas National Park (PNSV) in 2018 and 2019, Grande Sertdo Veredas National Park
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(PNGSV) in 2022, in Cerrado; and Rio Doce State Park (PERD), in 2010 and 2011, Ritdpolis
National Forest (FNR) and Alto Montana Private Natural Heritage Reserve (RPPNAM), in
2015, Serra do Papagaio State Park (PESP), in 2018, Machado River Basin Environmental
Protection Area (APARM), in 2018 and 2019, in the Atlantic Forest (Fig. 1).

Minas Gerais
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Figure 1. Location of the sampling areas. 1. Grande Sertdo Veredas National Park. 2. Sempre Vivas
National Park. 3. Rio Doce State Park. 4. Ritdpolis National Forest. 5. Serra do Papagaio State Park. 6.
Alto Montana Private Natural Heritage Reserve. 7. Machado River Basin Environmental Protection
Area. 8. Serra da Canastra National Park. / Figura 1. Ubicacién de las dreas de muestreo. 1. Parque
Nacional Grande Sertdo Veredas. 2. Parque Nacional Sempre Vivas. 3. Parque Estatal Rio Doce. 4.
Bosque Nacional Ritdpolis. 5. Parque Estatal Serra do Papagaio. 6. Reserva Privada del Patrimonio
Natural Alto Montafia. 7. Area de Proteccién Ambiental de la Cuenca del Rio Machado. 8. Parque
Nacional Serra da Canastra.

The collected specimens were fixed in ethanol, dried and mounted on entomological
pins. All specimens are deposited at the Entomological Collection of the Federal University
of Lavras (CEUFLA), Lavras, Brazil. Identification was performed by Prof. Dr. Marcel
Gustavo Hermes, from the Federal University of Lavras (UFLA) using specific keys and
comparison with specimens previously deposited at CEUFLA.

Results and Discussion
Atotal of 102 individuals from 36 species of solitary and pre-social wasps were collected,

including 95 individuals from 31 species of Eumeninae and seven individuals from five
species of Zethinae (Tab. 1).
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Table 1. Solitary wasp species (Eumeninae/ Zethinae) in different Conservation Units in Minas Gerais
state. APARM = Machado River Basin Environmental Protection Area; PNGSV = Grande Sertido
Veredas National Park; PNSV = Sempre Vivas National Park; PNSC = Serra da Canastra National
Park; PERD = Rio Doce State Park; PESP = Serra do Papagaio State Park; FNR = Ritdpolis National
Forest; RPPNAM = Alto Montana Private Natural Heritage Reserve. / Tabla 1. Especies de avispas
solitarias (Eumeninae/Zethinae) en diferentes Unidades de Conservaciéon del estado de Minas
Gerais. APARM = Area de Proteccién Ambiental de la Cuenca del Rio Machado; PNGSV = Parque
Nacional Grande Sertdo Veredas; PNSV = Parque Nacional Semper Vivas; PNSC = Parque Nacional
de la Sierra de Canastra; PERD = Parque Estatal Rio Doce; PESP = Parque Estatal Serra do Papagaio;
FNR = Bosque Nacional Ritdpolis; RPPNAM = Reserva Patrimonial Natural Privada Alto Montana.
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Alphamenes campanulatus (Fabricius, 1804)
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Omicron sp. 1 0
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] Omicron tegulare (Fox, 1899) 0
Eumeninae
Omiicron tuberculatum (Fox, 1899) 2
Omicron vexatum Giordani Soika, 1978 0
Pachodynerus argentinus (de Saussure, 1870) 0
Pachodynerus brachygaster (de Saussure, 1853) 0
Pachodynerus brevithorax (de Saussure, 1853) 1
Pachodynerus quadulpensis (de Saussure, 1853) 1
Pachymenes ater de Saussure, 1852 12
Pachymenes ghilianii (Spinola, 1851)
Pachymenes olympicus (Zavattari, 1912)
Pachymenes picturatus (Fox, 1899)
Parancistrocerus sp.
Pirhosigma superficiale (Fox, 1899)
Pseudodynerus auratoides (Bertoni, 1918)
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Eumeninae Zeta argillaceum (Linnaeus, 1758) 1 1 0 0 0 0 6 0
Zethus productus Fox, 1899 0 0 0 0 0 0 1 0

Zethus smithii de Saussure, 1855 1 0 0 0 0 0 0 0

Zethinae  Zethus sp. 1 1 0 0 0 0 1 0 O
Zethus sp. 2 o o 1 0 O 0 0 O

Zethus wagneri Bohart & Stange, 1965 o0 0 0 0 2 0 0 O

Species richness Eumeninae 2 6 4 5 4 3 11 9
Abundance Eumeninae 30 11 6 8 4 6 25 12
Species richness Zethinae 2 0 1 o0 1 1 1 0
Abundance Zethinae 1 0 2 1 1 0

Although Eumeninae is the largest subfamily of Vespidae in terms of number of species
(Perrard et al. 2017), in Minas Gerais the known diversity of these wasps and also of the
Zethinae subfamily is still low. Considering the large territorial extension of the state and
its heterogeneous habitats, the sampling of these groups is very low compared to the
Polistinae subfamily (Vespidae) (Lopes 2020; Barbosa et al. 2022; Hermes and Somavilla
2024). Our results add three more records for the state, three of which are Eumeninae:
Alphamenes campanulatus (Fabricius, 1804), Pachodynerus argentinus (de Saussure, 1870) and
Pseudodynerus auratoides (Bertoni, 1918). These results increase the number of species of
these taxa for the state.

Alphamenes campanulatus was recorded in the Cerrado of the Grande Sertdo Veredas
National Park (PNGSV) and the Sempre Vivas National Park (PNSV). These CUs are
considered essential for the conservation of invertebrate biota in the state (Drumonnd et
al. 2005), harboring a high diversity of different insect taxa, with endangered species and
new records for Brazil (Silva et al. 2022; Oliveira et al. 2023), including social wasps (Souza
et al. 2020; Francisco et al. 2023). This species also occurs in Mato Grosso do Sul (Grandinete
and Noll 2013) Amazonas, Pard, Bahia, Goids and Sdo Paulo (Hermes and Somavilla 2024).

Pseudodynerus auratoides have only been recorded in the Machado River Basin
Environmental Protection Area (APARM), located in southern Minas Gerais, home to a rich
fauna of social vespids (Oliveira et al. 2021), Odonata (Guedes et al. 2022) and butterflies
(Vieira et al. 2020). However, this area is threatened by various anthropogenic pressures.
This species also occurs in the states of Parand and Rio Grande do Sul, besides been
recorded in Paraguay (Hermes et al. 2005; Hermes and Melo 2008).

Pachodynerus argentinus has been recorded in the Serra da Canastra National Park (PNSC)
and the Ritdpolis National Forest (FNR), and occurs in the states of Goids, Mato Grosso,
Sao Paulo, Parang, Santa Catarina and Rio Grande do Sul (Hermes and Somavilla 2024).
The PNSC, the second largest CU in the state, is part of the Cerrado biome, in transition
with the Atlantic Forest, is a priority conservation area (Drumonnd et al. 2005), with the
presence of endemic and endangered species (Bruno 2013; Vilela et al. 2023), and a high
diversity of arthropods, including other vespids, such as social wasps (Vicente et al. 2020).

In turn, the FNR is the smallest CU in Minas Gerais state, located in its central-southern
region and covering only 89.5 ha of Cerrado and Atlantic Forest remnants. This area has
proved to be an important refuge for the biota of the Campos das Vertentes, especially for
social wasps (Oliveira et al. 2021). In addition to the unprecedented record of P. argentinus for
the state of Minas Gerais, Alphamenes insignis (Fox, 1899) and Minixi tricoloratum (Zavattari,
1911) were recorded only in this CU, and constitute the second record of these species
for the state, previously recorded in the western portion of Minas Gerais (Oliveira ef al.
2019). Alphamenes insignis also occurs in the states of Bahia and Espirito Santo (Hermes and
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Somavilla 2024), Mato Grosso do Sul (Grandinete and Noll 2013; Oliveira et al. 2019) and
Paraguay (Oliveira et al. 2019), while M. tricoloratum has been recorded in Mato Grosso, Sédo
Paulo and Rio Grande do Sul (Hermes and Somavilla 2024) and Argentina (Oliveira et al.
2019). Thus, the records of restricted and rare species in this CU reinforce its importance for
maintaining the biota in a region that has few CUs (Oliveira et al. 2023).

Zethus wagneri Bohart & Stange, 1965 (Fig. 2) represents a new record for Brazil, collected
in the Rio Doce State Park (PERD) (Hermes and Somavilla 2024). This CU is also home to
one of the richest Social Vespid faunas in the country (Souza et al. 2012; Oliveira et al. 2021).
An additional specimen had already been collected in the same UC in 2000 and is deposited
in the Centro de Colecoes Taxondmicas da Universidade Federal de Minas Gerais, Belo
Horizonte, State of Minas Gerais (CCT-UFMGQG), Brazil. These data added to the new record
can be explained by the fact that this CU is home to the largest conserved and continuous
area of Atlantic Forest in Minas Gerais, formed by semi-deciduous and ombrophilous
forest. In addition, this is one of the most important remnants in Brazil (Ribeiro et al. 2009),
which highlights the need to carry out inventories of Eumeninae and Zethinae in this CU.

Figure 2. Zethus wagneri collected in the Rio Doce State Park (PERD). A. Lateral view. B. Dorsal view.
C. Head frontal view. Escalas: A-B = 10 mm; C = 2 mm. / Figura 2. Zethus wagneri colectado en el
Parque Estatal Rio Doce (PERD). A. Vista lateral. B. Vista dorsal. C. Vista frontal de la cabeza. Scale
bars: A-B =10 mm; C =2 mm.

Alphamenes campanulatus and P. argentinus occur across various states and biomes in
Brazil; however, this record is significant in addressing the knowledge gap regarding their
presence in the state of Minas Gerais. In contrast, P. auratoides is primarily distributed
within the Atlantic Forest, predominantly in southern Brazil, where the climate is milder.
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This study confirms that its range also extends into southeastern Brazil, reaching the
transitional zone with the Cerrado. Zethus wagneri had previously been documented only
along the Paraguay-Argentina border (Bohart and Stange 1965), within the Atlantic Forest,
specifically in the Semideciduous Seasonal Forest. This new record from Brazil extends
the known distribution of the species, now including a different phytophysiognomy of
the Atlantic Forest —the Ombrophilous Forest. These findings enhance the understanding
of the distribution patterns of these species and provide essential baseline data for future
assessments of their extinction risk.

Conclusion

Our study presents new records of Eumeninae and Zethinae for Minas Gerais state,
as well as a new occurrence for Brazil: Zethus wagneri (Zethinae). This reinforces the need
for new studies on these insects, in order to develop strategies for their preservation,
biodiversity management and assessment of their conservation status, as well as
highlighting the importance of Conservation Units for the conservation of the vespid biota.

Acknowledgments

To Leonardo Dutra Barbosa for sorting the specimens for identification. MGH thanks
CNPq (Process 306882 /2021-3). We thank Rogério B. Lopes for confirming the occurrence
of a second specimen of Z. wagneri in Brazil.

Author Contributions

MMS: Conceptualization, investigation, writing - original draft. FGAC: Investigation,
writing - original draft. GCSO: Investigation, writing - original draft. TPG: Investigation,
writing - original draft. MGH: Supervision, writing - review & editing. GCJ: Writing -
original draft, writing - review & editing, visualization.

Literature Cited

Assis, J.EM. and Camillo, E. (1997) Diversity, seasonality and nesting biology of solitary
wasps (Hymenoptera: Sphecidae: Vespidae) in trap-nests in the Ituiutaba region, MG.
Anais da Sociedade Entomolégica do Brasil, 26(2): 335-347. https:/ /doi.org/10.1590/
50301-80591997000200016

Auko, TH. and Silvestre, R. (2013) Composicdo faunistica de vespas (Hymenoptera:
Vespoidea) na Floresta Estacional do Parque Nacional da Serra da Bodoquena, Brasil.
Biota Neotropica, 13(1): 292-299.

Auko, T.H., Carbonari, V., Ribeiro, D.G. and Silvestre, R. (2017) Inventdrio de vespas
(Hymenoptera, Vespidae) no Mato Grosso do Sul, Brasil. Iheringia, Série Zoologia, 107:
€2017125. https:/ / doi.org/10.1590/1678-4766€2017125

Bank, S., Sann, M., Mayer, C., Meusemann, K., Donath, A., Podsiadlowski, L., Kozloyv,
A., Petersen, M., Krogmann, L., Meier, R., Rosa, P., Schmitt, T., Wurdack, M., Liu, S.,
Zhou, X., Misof, B., Peters, R.S. and Niehuis, O. (2017) Transcriptome and target DNA
enrichment sequence data provide new insights into the phylogeny of vespid wasps
(Hymenoptera: Aculeata: Vespidae). Molecular Phylogenetics and Evolution, 116: 213-226.
https:/ /doi.org/10.1016/j.ympev.2017.08.020

Barbosa, L.D., Jacques, G.C., Souza, M.M., Teéfilo-Guedes, G.S. and Hermes, M.G.
(2022) Diversity of solitary wasps (Vespidae, Eumeninae) in decidual seasonal forest
in the state of Minas Gerais, Brazil. Acta Biolégica Catarinense, 9(3): 45-53. https:/ / doi.
org/10.21726 / abc.v9i3.1694

651


https://doi.org/10.1590/S0301-80591997000200016  
https://doi.org/10.1590/S0301-80591997000200016  
https://doi.org/10.1590/1678-4766e2017125 
https://doi.org/10.1016/j.ympev.2017.08.020
https://doi.org/10.21726/abc.v9i3.1694
https://doi.org/10.21726/abc.v9i3.1694

Souza et al.: Eumeninae and Zethinae from Minas Gerais, Brazil.

Bohart, R.M. and Stange, L.A. (1965) A revision of the genus Zethus Fabricius in the
Western Hemisphere (Hymenoptera: Eumenidae). University of California Publications in
Entomology, 40: 1-208.

Bond, W.]J. (2019) Open Ecosystems: Ecology and Evolution Beyond the Forest Edge. Oxford
University Press, UK.

Brock, R.E., Cini, A. and Sumner, S. (2021) Ecosystem services provided by aculeate wasps.
Biological Reviews, 96(4): 1645-1675. https:/ /doi.org/10.1111/brv.12719

Bruno, S.F. (2013) Pato-mergulhdo—Biologia e Conservagdo do pato-mergulhio (Mergus octosetaceus)
no Parque Nacional da Serra da Canastra e entorno (MG). Niteréi: Editora da UFFE. 225 pp.

Drummond, G.M. (2005) Biodiversidade em Minas Gerais: um atlas para sua conservagdo. Belo
Horizonte, Minas Gerais, Fundagédo Biodiversitas. 222 pp.

Francisco, S.C.C., Gouvéa, T.P., Rubim, L.G.T., Jacques, G.C. and Souza, M.M. (2023)
Social wasps (Vespidae: Polistinae) in Cerrado and Caatinga conservation units, Minas
Gerais, Brazil. Biota Neotropica, 23(4): €20231563. https://doi.org/10.1590/1676-0611-
BN-2023-1563

Guedes, M.B,, Vilela, D.S. and Souza, M.M. (2022) Odonata (Insecta) community in the
Environmental Protection Area of the Machado River hydrographic basin, southern
Minas Gerais State, Brazil. Papéis Avulsos de Zoologia, 62: €202262061. https://doi.
org/10.11606/1807-0205/2022.62.061

Grandinete, Y.C. and Noll, EB. (2013) Checklist of social (Polistinae) and solitary (Eumeninae)
wasps from a fragment of Cerrado “Campo Sujo” in the State of Mato Grosso do Sul.
Sociobiology, 60(1): 101-106. https:/ / doi.org/10.13102 / sociobiology.v60i1.101-106

Grass, I, Loos, J., Baensch, S., Batary, P, Libran-Embid, F,, Ficiciyan, A., Klaus, E,, Riechers,
M., Rosa, J., Tiede, ]J., Udy, K., Westphal, C., Wurz, A. and Tscharntke, T. (2019) Land-
sharing/-sparing connectivity landscapes for ecosystem services and biodiversity
conservation. People and Nature, 1: 262-272. https:/ / doi.org/10.1002/ pan3.21

Hermes, M.G. and Kohler, A. (2004) Chave ilustrada para as espécies de Vespidae (Insecta,
Hymenoptera) ocorrentes no Cinturdo Verde de Santa Cruz do Sul, RS, Brasil. Caderno de
Pesquisa, Série Biologia, 16(2): 65-115.

Hermes, M.G., Garcete-Barrett, B.R. and Kohler, A. (2005) Taxonomic notes on the genus
Pseudodynerus (Hymenoptera, Vespidae, Eumeninae). Iheringia, Série Zoologia, 95: 189-
195.

Hermes, M.G. and Melo, G.A. (2008) Revision and cladistic analysis of the eumenine wasp
genus Pseudodynerus de Saussure (Hymenoptera, Vespidae, Eumeninae). Systematic
Entomology, 33(2): 361-394. https:/ / doi.org/10.1111/j.1365-3113.2008.00421.x

Hermes, M.G., Melo, G.A.R and Carpenter, J.M. (2014) The higher level phylogenetic
relationships of the Eumeninae (Insecta, Hymenoptera Vespidae), with emphasis on
Eumenes sensu lato. Cladistics, 30: 453-484. https:/ /doi.org/10.1111/cla.12059

Hermes, M.G. and Somavilla, A. (2024) Vespidae in Catdlogo Taxonémico da Fauna do
Brasil. Accessed on: 10 June 2024. Available at: http://faunajbrj.gov.br/fauna/
faunadobrasil /3729

Lopes, R.B. (2020) Checklist of the Vespidae (Insecta: Hymenoptera) of an area with Cerrado
and Atlantic Forest in Minas Gerais, Brazil. Entomological Communications, 2: ec02038.
https:/ / doi.org/10.37486 / 2675-1305.ec02038

Oliveira, G.C.S., Henriques, N.R., Clemente, M.A. and Souza, M.M. (2021) Conservation
Units as a protection tool for social wasps in Minas Gerais state, Brazil. Papéis Avulsos de
Zoologia, 61: €20216125. https:/ / doi.org/10.11606/1807-0205/2021.61.25

Oliveira, G.C.S., Gouvéa, T.P. and Souza, M.M. (2023) First record of giant anteater
(Myrmecophaga tridactyla - Myrmecophagidae) in Campos das Vertentes, Minas
Gerais. Revista Agrogeoambiental, 15: €20231777. https://doi.org/10.18406/2316-
1817v15nunico20231777

652


https://doi.org/10.1111/brv.12719 
https://doi.org/10.1590/1676-0611-BN-2023-1563 
https://doi.org/10.1590/1676-0611-BN-2023-1563 
https://doi.org/10.11606/1807-0205/2022.62.061 
https://doi.org/10.11606/1807-0205/2022.62.061 
https://doi.org/10.13102/sociobiology.v60i1.101-106 
https://doi.org/10.1002/pan3.21 
 https://doi.org/10.1111/j.1365-3113.2008.00421.x 
https://doi.org/10.1111/cla.12059 
http://fauna.jbrj.gov.br/fauna/faunadobrasil/3729 
http://fauna.jbrj.gov.br/fauna/faunadobrasil/3729 
https://doi.org/10.37486/2675-1305.ec02038 
https://doi.org/10.11606/1807-0205/2021.61.25
https://doi.org/10.11606/1807-0205/2021.61.25 
https://doi.org/10.18406/2316-1817v15nunico20231777 
https://doi.org/10.18406/2316-1817v15nunico20231777 

Revista Chilena de Entomologia 50 (4) 2024

Oliveira, L.A., Inez, T.G., Ferreira, W.D. and Hermes, M.G. (2019) A phylogenetic
investigation of the Neotropical genus Alphamenes van der Vecht, 1977 (Hymenoptera,
Vespidae, Eumeninae). Revista Brasileira de Entomologia, 63(1): 73-79. https://doi.
org/10.1016/j.rbe.2018.11.006

Perrard, A., Grimaldi, D. and Carpenter, J.M. (2017) Early lineages of Vespidae
(Hymenoptera) in Cretaceous amber. Systematic Entomology, 42(2): 379-386. http://
dx.doi.org/10.1111/syen.12222

Piekarski, P.K., Carpenter, J.M., Lemmon, A.R., Lemmon, E.M. and Sharanowski, B.J.
(2018) Phylogenomic evidence overturns current conceptions of social evolution
in wasps (Vespidae). Molecular Biology and Evolution, 35(9): 2097-2109. https://doi.
org/10.1093 /molbev /msy124

Pires, E.P., Pompeu, D.C. and Souza-Silva, M. (2012) Nesting of solitary wasps and bees
(Hymenoptera: Aculeata) in the Biological Reserve Boqueirdo, Ingai, Minas Gerais.
Bioscience Journal, 28(2): 302-311.

Ribeiro, M.C., Metzger, J.P., Martensen, A.C., Ponzoni, EJ. and Hirota, M.M. (2009) The
Brazilian Atlantic Forest: How much is left, and how is the remaining forest distributed?
Implications for conservation. Biological Conservation, 142(6): 1141-1153.

Salvio, G.M.M. (2017) Areas Naturais Protegidas e Indicadores Socioecondmicos: O desafio da
conservacgdo da natureza. Jundiai: Paco Editorial.

Segan, D.B., Bottrill, M.C., Baxter, P.W.]J. and Possingham, H.P. (2011) Using conservation
evidence to guide management. Conservation Biology, 25: 200-202.

Silva, L.D., Rosa, A.H.B., Freitas, A.V.L., Iserhard, C.A., Kaminski, L.A., Marini-Filho,
0.]., Thompson, B.M., Soares, G.R. and Souza, M.M. (2022) Papilionoidea inventory
of the Sempre Vivas National Park, Minas Gerais State, southeastern Brazil (Insecta:
Lepidoptera). SHILAP Revista de lepidopterologia, 50: 367-380. https: / / doi.org/10.57065/
shilap.148

Silva, A.F,, Batista, A.D.M., Gouvéa, T.P.,, Saleem, K. and Souza, M.M. (2024) Uma visdo
comparativa de unidades de conservagdo de protecdo integral no estado de Minas
Gerais, Brasil: conflitos locais e alternativas econdmicas. Biodiversidade Brasileira, 14:
1-17. http:/ / doi.org/10.37002 / biodiversidadebrasileira.v14i2.2446

Silveira, O.T., Costa Neto, S.V. and Silveira, O.EM. (2008) Social wasps of two wetland
ecosystems in brazilian Amazonia (Hymenoptera, Vespidae, Polistinae). Revista Acta
Amazonica, 38(2): 333-334.

Souza, M.M,, Pires, E.P,, Ferreira, M., Ladeira, T.E., Pereira, M.C.A., Elpino-Campos, A.
and Zanuncio, J.C. (2012) Biodiversidade de vespas sociais (Hymenoptera: Vespidae)
do Parque Estadual do Rio Doce, Minas Gerais, Brasil. MG Biota, 5(1): 4-19.

Souza, M.M., Teofilo-Guedes, G.S., Bueno, E.T., Milani, L.R. and Souza, A.S.B. (2020)
Social wasps (Hymenoptera, Polistinae) from the Brazilian savanna. Sociobiology, 67:
129-138. https:/ / doi.org/10.13102 / sociobiology.v67i2.4958

Vicente, L.O., Jacques, G.C., Souza, M.M. and Corréa, B.S. (2020) Riqueza de vespas sociais
(Hymenoptera: Vespidae) de Cerrado no sudeste do Brasil. Nature and Conservation,
13(4): 1-11. http:/ / doi.org/10.6008 / CBPC2318-2881.2020.004.0001

Vieira, L.R., Silva, L.D., Oliveira, L.A., Rosa, A.H.B. and Souza, M.M. (2020) Borboletas
(Lepidoptera, Papilionoidea) em floresta estacional semidecidual do sul do estado
de Minas Gerais, Brasil. Nature and Conservation, 13: 14-25. http:/ /doi.org/10.6008/
CBPC2318-2881.2020.002.0002

Vilela, D.S., Guillermo-Ferreira, R. and Koroiva, R. (2023) Argia koroivarum sp. nov.
(Odonata: Coenagrionidae) from Minas Gerais state, Southeastern Brazil. Zootaxa,
5296(1): 58-66. https:/ / doi.org/10.11646 / zootaxa.5296.1.5

653


https://doi.org/10.1016/j.rbe.2018.11.006   
https://doi.org/10.1016/j.rbe.2018.11.006   
http://dx.doi.org/10.1111/syen.12222 
http://dx.doi.org/10.1111/syen.12222 
https://doi.org/10.1093/molbev/msy124 
https://doi.org/10.1093/molbev/msy124 
https://doi.org/10.57065/shilap.148 
https://doi.org/10.57065/shilap.148 
http://doi.org/10.37002/biodiversidadebrasileira.v14i2.2446
https://doi.org/10.13102/sociobiology.v67i2.4958
http://doi.org/10.6008/CBPC2318-2881.2020.004.0001
http://doi.org/10.6008/CBPC2318-2881.2020.004.0001
http://doi.org/10.6008/CBPC2318-2881.2020.002.0002 
http://doi.org/10.6008/CBPC2318-2881.2020.002.0002 
https://doi.org/10.11646/zootaxa.5296.1.5

