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Abstract. Social wasps are essential components of ecosystems, acting as pollinators, predators of herbivorous insects, and bioindicators of 
environmental quality. Their nesting behavior is influenced by substrate availability, structural characteristics, thermal conditions, and predator 
avoidance. In urban areas, ornamental plants are widespread and may provide suitable microhabitats for wasp colonies, especially when combined 
with artificial supports such as pots. However, little is known about how these ornamental plant-pot systems influence nest site selection by 
social wasps. This study investigates the occurrence and nesting behavior of Mischocyttarus sp. (Hymenoptera: Vespidae) in ornamental plants 
in a residential urban environment in southeastern Brazil. We evaluated plant architecture, substrate stability, and nest positioning to explore 
factors that may influence nesting decisions. Special attention was given to structural and microclimatic features, such as thermal regulation and 
camouflage potential, which could enhance colony establishment and survival in anthropized landscapes. By focusing on the interactions between 
wasps and common ornamental plants, this study offers insights into the behavioral plasticity of Mischocyttarus sp. and highlights the often-
overlooked ecological role of urban vegetation. The findings contribute to a better understanding of insect adaptation to urban environments and 
raise important considerations for urban biodiversity conservation through landscaping choices.
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Social wasps play crucial roles in ecosystems, acting as pollinators, 
bioindicators, and natural controllers of herbivorous insects (Bueno et 
al. 2019; Brock et al. 2021). Their colonies are associated with various 
substrates, including plants (abaxial surfaces of leaves, branches, 
cavities in tree trunks), soil, and artificial structures (Silva et al. 2019; 
Barbosa et al. 2020; Brügger et al. 2024). These colonies can be 
established independently (Polistini and Mischocyttarini) or through 
swarming (Epiponini) (Jeanne 1975), with their success relying on 
food, water, and suitable nesting sites (Castro et al. 2014; Brügger et 
al. 2019).

To ensure colony survival, social wasps have developed multiple 
defensive strategies, including camouflage (Badejo et al. 2020; Milani et 
al. 2020; 2021; Brügger et al. 2024), associations with both invertebrates 
and vertebrates (Somavilla et al. 2013; Corbara et al. 2018; Servigne et 
al. 2020; Silva et al. 2024; Barbosa et al. 2025), aggressive behavior 
(Western & Starr 2019), chemical defense mechanisms (Abd El-Wahed 
et al. 2021), and specific nest architectures (Silveira 2008).

Urbanization has influenced the distribution and nesting behavior 
of social wasps. In anthropized areas of the Neotropical region, 
particularly in Brazil, independently founding species are often reported 
as dominant (Barbosa et al. 2017). Among them, species of the tribe 
Mischocyttarini are frequently recorded in disturbed environments 
and are widely distributed across the Neotropical region (Oliveira et 
al. 2017). Both natural substrates (ornamental and non-ornamental 
plants) and artificial ones (concrete, plastic, and metal) are widely 
used for nesting (Detoni et al. 2018; Pérez-Bote & Mora-Rubio 2020). 
Substrate selection is influenced by protection, thermal regulation, 
predator avoidance, resource availability, and microclimatic conditions 
(Virgínio et al. 2016; Silva et al. 2023; Maciel et al. 2024).

In Brazil, ornamental plants are widely used in residential areas, 
serving aesthetic and ecological functions. They provide microhabitats 
for urban biodiversity, including insects, while also enhancing 
landscapes, promoting human well-being, and contributing to 
environmental stability (Eichemberg et al. 2009; Althaus-Ottmann et 

al. 2011; Junqueira & Peetz 2017; Francini et al. 2022). However, the 
loss of green areas in urban environments has increased nesting in 
artificial substrates (Detoni et al. 2018), making ornamental plants an 
essential refuge for social insects such a social wasp.

Recent changes in consumer habits have also influenced plant 
usage. Since 2020, the COVID-19 pandemic has heightened interest in 
home gardening, increasing the demand for ornamental plants (Pereira 
et al. 2022). Studies indicate a growing preference for potted plants, 
particularly orchids and succulents, with visual appeal and price as key 
purchasing factors (Pereira et al. 2022; Souza et al. 2022). In addition 
to their aesthetic appeal, the structural characteristics of these plants 
may also increase nesting opportunities for social wasps, providing 
suitable microhabitats in urban environments.

Despite the widespread use of ornamental plants in urban areas, 
little is known about their role as nesting substrates for social wasps. 
This study aimed to investigate the occurrence of Mischocyttarus sp. 
(Hymenoptera: Vespidae) nests in cacti, succulents, and orchids in 
an urban environment, analyzing their structural characteristics and 
colony presence. The findings contribute to understanding how these 
wasps adapt to anthropized environments and highlight the ecological 
importance of ornamental vegetation in urban landscapes.

To carry out the study, vases containing ornamental plants, 9 cacti 
(Cleistocactus winteri D.Hunt), 12 succulents (Sedum morganianum 
E. Walther.), and 15 orchids (Phalaenopsis sp.), located on balconies 
in southeastern Minas Gerais, Brazil (21°21'33"S, 43°14'45"W), were 
inspected. A rapid survey of Mischocyttarus sp. nests was conducted 
between January 3 and January 25, 2025 (n = 23 days). Each nest was 
observed for ten minutes between 7:00 and 9:00 a.m., following a 
standardized protocol for short-term sampling aimed at checking if the 
nest was active.

During the survey, the following data were counted visually using 
a handheld counter and recorded: number of nests found, totaling the 
colonies of Mischocyttarus sp. present in each plant type; number of 
wasps, cells, eggs, larvae, and pupae present in each nest. Specimens 
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were identified to the genus level using the identification key proposed 
by Souza & Zanuncio (2012). Differences between plant types were 
assessed using the Wilcoxon rank-sum test, due to the small sample size 
and non-normal data distribution. All statistical analyses and graphical 
visualizations were conducted in R 4.5.0 (R Core Team 2025) using the 
packages ggplot2 (Wickham 2016), dplyr (Wickham et al. 2023), tidyr 
(Wickham et al. 2025), and ggh4x (van den Brand 2025).

Twelve nests of Mischocyttarus sp. were found: seven in cactus 
pots and five in succulents, while none were observed in orchid pots. 
The colonies varied in size and composition, with average colonies 
having 9 cells, 2 adults, 3 eggs, 3 larvae, and 1 pupae, indicating an early 
developmental stage with low adult numbers and limited reproductive 
output. No significant differences were observed between nests in 
cactus pots and succulents for any parameter (Wilcoxon rank-sum 
test; Cells: p = 0.37; Eggs: p = 0.39; Larvae: p = 0.80; Pupae: p = 0.26; 
Individuals: p = 0.48), suggesting that both substrates provide similar 
conditions for colony establishment (Fig. 1).

Figure 1. Nest characteristics of Mischocyttarus sp. (Hymenoptera: Vespidae) 
recorded on two plant types: Monkey tail cactus and Succulent. Boxplots 
represent the distribution of the number of cells (light brown), eggs (light gray), 
larvae (medium gray), pupae (dark gray), and individuals (near black) in the 
nest. The central line in each box indicates the median, the box limits represent 
the interquartile range, and whiskers indicate data variability. Red diamonds 
represent mean values, and black dots indicate outliers. Both panels share the 
same y-axis scale, allowing direct comparison between plant types.

These findings are consistent with previous studies on 
Mischocyttarus Saussure, 1853 species. For example, research on 
Mischocyttarus cerberus Ducke, 1918 shows that while colony size 
and life cycle duration may not vary significantly, the species tends to 
achieve high success in establishing viable nests in urban environments 
(Penna et al. 2007). This suggests that a small initial colony size may not 

limit long-term success in some Mischocyttarus species.
The preference for nesting cacti and succulents may be attributed 

to their structural characteristics, such as hanging stems, which provide 
protection and consequently camouflage the nest, favoring nest 
attachment. In contrast, orchids grow vertically, offering less suitable 
support for nest protection. Thus, the presence of cacti and succulents 
in urban environments can provide important microhabitats for insects 
and other invertebrates (Barbosa et al. 2017; Mayorga-Pérez et al. 
2020). Additionally, Mischocyttarus sp. workers may benefit from the 
increased availability of prey associated with these ornamental plants, 
as they often attract a greater diversity and abundance of herbivorous 
insects (Marquardt et al. 2021).

The positioning of the nests further highlights specific adaptations 
of Mischocyttarus sp. to urban environments, particularly regarding 
plant structure and substrate stability. All nests were located on the 
back of plant branches and attached to the surfaces of polyethylene 
and clay pots (Fig. 2), rather than directly to the plants themselves. This 
behavior may reflect a strategic response to the structural fragility of 
the host plants. Succulents have leaves and branches that detach easily 
when handled or exposed to strong winds, increasing the risk of colony 
loss (Smith 2004). Similarly, the fine and soft trichomes of the monkey 
tail cactus provide limited support, hindering effective nest adhesion.

Such substrate selection is consistent with patterns observed in 
other Mischocyttarus species. Castro et al. (2014) reported that more 
than 90.9% of Mischocyttarus cassununga (von Ihering, 1903) nests 
are constructed on artificial substrates. In a broader assessment, 
Oliveira et al. (2017) found similarly high frequencies for other species, 
including M. cerberus (98%), Mischocyttarus drewseni Saussure, 1857 
(100%), and Mischocyttarus rotundicollis (Cameron, 1912) (88.88%), 
predominantly using artificial structures such as windows, metal 
surfaces, walls, and roofs. This preference suggests that structural 
stability is a key factor influencing nest-site selection in urban habitats, 
where artificial elements may offer more reliable anchorage than 
fragile plant surfaces.

Another critical factor influencing nest-site selection in 
Mischocyttarus sp. is thermal regulation, which plays a fundamental 
role in the foundation, development, and long-term survival of 
social wasp colonies (Jeanne & Morgan 1992; Virgínio et al. 2016; 
Stabentheiner et al. 2022). The use of pots with ornamental plants 
contributes significantly to the creation of microhabitats that buffer 
temperature fluctuations. Frequent watering of these plants helps 
lower surface temperatures of the pots, promoting thermal stability 
and favoring colony maintenance (Klingner et al. 2005; Mayorga-Pérez 
et al. 2020; Maciel et al. 2024; Schaefer et al. 2025). This microclimatic 
buffering, combined with the structural stability of the pots and the 
camouflage offered by the plant foliage, reduces nest visibility to 

Figure 2. Ornamental plants used by Mischocyttarus sp. (Hymenoptera: Vespidae) for nesting in an urban environment. From left to right: (A) 
succulent Sedum morganianum with pendant stems; (B) close-up of succulent architecture providing potential camouflage; (C) monkey tail cactus 
(Cleistocactus winteri) showing a Mischocyttarus sp. nest attached to the pot rather than to the plant surface, illustrating the preference for stable 
artificial substrates.
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predators and supports colony fitness (Barbosa et al. 2020). Moreover, 
the ability of social wasps to engage in behavioral thermoregulation, 
such as fanning or water spreading, further contributes to maintaining 
optimal conditions for brood development (Stabentheiner et al. 2022; 
Amstrup et al. 2024).

Together, these findings underscore the adaptive flexibility of 
Mischocyttarus sp. to anthropized environments. The combination of 
ornamental plants, such as cacti and succulents, and artificial substrates 

like pots creates microhabitats that offer structural support, thermal 
stability, and camouflage from predators. This reflects behavioral 
adaptations that enhance colony survival and reproductive success in 
urban landscapes. However, ongoing climate change may disrupt these 
dynamics by altering the availability and suitability of nesting sites. 
Urban landscaping, therefore, plays a critical role in sustaining social 
wasp biodiversity, highlighting the ecological value of such elements in 
human-modified habitats (Fig. 3).

Figure 3. Conceptual model illustrating the main factors influencing nest-site selection of Mischocyttarus sp. (Hymenoptera: Vespidae) in ornamental plant–pot 
systems within urban environments. Plant architecture (especially cacti and succulents), substrate stability provided by pots, microclimatic buffering through shade 
and watering, and camouflage potential interact to enhance nest establishment and early colony development.

Conflict of Interest Statement
The author declares no conflict of interest.

Ethical Approval
Not applicable.

Data Availability
The data that support the findings of this study are available on 

request from the corresponding author.

Generative AI Statement
During the preparation of this manuscript, the author used SciSpace 

for reference searches and literature review, Google Translate, QuillBot, 
and ChatGPT to assist in improving the English of the text. ChatGPT and 
Canva were used to improve the illustrated conceptual model in Figure 
3. After using these tools, the author carefully revised and edited the 
manuscript as needed and assumes full responsibility for the content 
of this publication.

References
Abd El-Wahed, A.; Yosri, N.; Sakr, H. H.; Du, M.; Algethami, A. F. M.; 

Zhao, C.; Abdelazeem, A. H.; Tahir, H. E.; Masry, S. H. D.; Abdel-
Daim, M. M., et al. (2021) Wasp venom biochemical components 
and their potential in biological applications and nanotechnological 
interventions. Toxins, 13(3): 206. doi: 10.3390/toxins13030206

Althaus-Ottmann, M. M.; Cruz, M. J. R.; da Fonte, N. N. (2011) 
Diversidade e uso das plantas cultivadas nos quintais do Bairro 
Fanny, Curitiba, PR, Brasil. Revista Brasileira de Biociências, 9(1): 
39-49. 

Amstrup, A. B.; Kovac, H.; Käfer, H.; Stabentheiner, A.; Sørensen, J. G. 

(2024) The heat shock response in Polistes spp. brood from differing 
climates following heat stress. Journal of Insect Physiology, 156: 
104667. doi: 10.1016/j.jinsphys.2024.104667

Badejo, O.; Skaldina, O.; Gilev, A.; Sorvari, J. (2020) Benefits of insect 
colors: a review from social insect studies. Oecologia, 194(1-2):27-
40. doi: 10.1007/s00442-020-04738-1 

Barbosa, B. C.; Detoni, M.; Maciel, T. T.; Prezoto, F. (2017) Resource 
Storage in the Neotropical Social Wasp Mischocyttarus socialis 
(Saussure, 1854) (Vespidae: Polistini). Sociobiology, 64(3):356–358. 
doi: 10.13102/sociobiology.v64i3.1686 

Barbosa, B. C.; Maciel, T. T.; Gonzaga, D. R.; Prezoto, F. (2020) Social 
wasps in an urban fragment: seasonality and selection of nesting 
substrates. Journal of Natural History, 54(25–26): 1581-1591. doi: 
10.1080/00222933.2020.1814889

Barbosa, B. C.; Maciel, T. T.; Lima, D. M. (2025) Unveiling a new 
association: First record of Psocoptera in social wasp nests. 
Entomological Communications, 7: ec07014. doi: 10.37486/2675-
1305.ec07014

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

Brügger, B. P.; Milani, L. R.; Prezoto, F. (2024) Nesting of the camouflaged 
nest of social wasp Mischocyttarus mirificus (Hymenoptera: 
Vespidae) in human buildings. Brazilian Journal of Biology, 84: 
e279805. doi: 10.1590/1519-6984.279805

Brügger, B. P.; Alcántara-de La Cruz, R.; Carvalho, A. G.; Soares, M. 
A.; Prezoto, F.; Zanuncio, J. C. (2019) Polybia fasticiosuscula 
(Hymenoptera: Vespidae) foraging activity patterns. The Florida 
Entomologist, 102(1): 264-265. doi: 10.1653/024.102.0150 

Bueno, E. T.; Souza, M. M. de; Clemente, M. A. (2019) The Effect of 
Forest Fragmentation on Polistinae. Sociobiology, 66(3): 508–514. 
doi: 10.13102/sociobiology.v66i3.4378

Castro, M. M.; Avelar, D. L.; Souza, A. R. D.; Prezoto, F. (2014) 
Nesting substrate, colony success, and productivity of the wasp 
Mischocyttarus cassununga. Revista Brasileira de Entomologia, 

http://doi.org/10.3390/toxins13030206
https://doi.org/10.3390/toxins13030206
https://doi.org/10.1016/j.jinsphys.2024.104667
http://doi.org/10.1007/s00442-020-04738-1
https://doi.org/10.1007/s00442-020-04738-1
https://doi.org/10.13102/sociobiology.v64i3.1686
https://doi.org/10.1080/00222933.2020.1814889
https://doi.org/10.37486/2675-1305.ec07014
https://doi.org/10.37486/2675-1305.ec07014
https://doi.org/10.1111/brv.12719
https://doi.org/10.1111/brv.12719
https://doi.org/10.1590/1519-6984.279805
https://doi.org/10.1653/024.102.0150
https://doi.org/10.13102/sociobiology.v66i3.4378


Entomological Communications, 8, 2026: ec08021

4

58(2): 168-172. doi: 10.1590/S0085-56262014000200009
Corbara, B.; Servigne, P.; Dejean, A.; Carpenter, J. M.; Orivel, J. (2018) 

A mimetic nesting association between a timid social wasp and an 
aggressive arboreal ant. Comptes Rendus Biologies, 341(3): 182-
188. doi: 10.1016/j.crvi.2018.01.006

Detoni, M. F. F. S.; Barbosa, B. C.; Maciel, T. T.; dos Santos, S. J. L.; 
Prezoto, F. (2018) Long- and short-term changes in social wasp 
community structure in an urban area. Sociobiology, 65(2): 305–
311. doi: 10.13102/sociobiology.v65i2.2597

Eichemberg, M. T.; Amorozo, M. C. D. M.; Moura, L. C. D. (2009) Species 
composition and plant use in old urban homegardens in Rio Claro, 
Southeast of Brazil. Acta Botanica Brasilica, 23: 1057-1075. doi: 
10.1590/S0102-33062009000400016

Francini, A.; Romano, D.; Toscano, S.; Ferrante, A. (2022) The 
contribution of ornamental plants to urban ecosystem services. 
Earth, 3(4): 1258-1274. doi: 10.3390/earth3040071

Jeanne, R. L.; Morgan, R. C. (1992) The influence of temperature on nest 
site choice and reproductive strategy in a temperate zone Polistes 
wasp. Ecological Entomology, 17(2): 135-141. doi: 10.1111/j.1365-
2311.1992.tb01170.x

Jeanne, R. L. (1975) The adaptiveness of social wasp nest 
architecture. The Quarterly Review of Biology, 50(3): 267-287. doi: 
10.1086/408564

Junqueira, A. H.; Peetz, M. (2017) Brazilian consumption of flowers 
and ornamental plants: habits, practices and trends. Ornamental 
Horticulture, 23(2):178-184. doi: 10.14295/oh.v23i2.1070

Klingner, R.; Richter, K.; Schmolz, E.; Keller, B. (2005) The role of moisture 
in the nest thermoregulation of social wasps. Naturwissenschaften, 
92: 427-430. doi: 10.1007/s00114-005-0012-y

Maciel, T. T.; Barbosa, B. C.; de Oliveira, M. L.; Prezoto, F. (2024) If you 
can’t stand the heat, get out of the kitchen! Notes on the influence 
of temperature on the nesting of social wasps. Revista Chilena de 
Entomología, 50(2).

Marquardt, M.; Kienbaum, L.; Kretschmer, L. A.; Penell, A.; Schweikert, 
K.; Ruttensperger, U.; Rosenkranz, P. (2021) Evaluation of the 
importance of ornamental plants for pollinators in urban and 
suburban areas in Stuttgart, Germany. Urban Ecosystems, 24: 811–
825. doi: 10.1007/s11252-020-01085-0

Mayorga-Pérez, D. F.; del Rocío Castro-Cepeda, L.; Layedra-Larrea, N. 
P.; Pérez-Peñafiel, B. E.; Morales-Avilés, C. E. (2020) Determinación 
de la conductividad térmica y resistencia mecánica de placas 
conformadas de cemento y polietileno teraftalato (pet), como una 
alternativa de cuidado al medio ambiente. Polo del Conocimiento, 
5(3): 595-618. 

Milani, L. R.; Prezoto, F.; Clemente, M. A.; Gomes, P. P.; Souza, M. 
M. (2020) Nesting Behaviour of a Neotropical Social Wasp 
Mischocyttarus saussurei Zikán, 1949 (Hymenoptera, Vespidae). 
Sociobiology, 67(1): 121–125. doi: 10.13102/sociobiology.
v67i1.4842

Milani, L.R.; de Queiroz, R.A.B.; Souza, M. M.; Clemente, M. A.; 
Prezoto, F. (2021) Camouflaged nests of Mischocyttarus mirificus 
(Hymenoptera, Vespidae). Neotropical Entomology, 50: 912–922. 
doi: 10.1007/s13744-021-00910-1

Oliveira, T. C. T.; Souza, M. M.; Pires, E. P. (2017) Nesting habits of social 
wasps (Hymenoptera: Vespidae) in forest fragments associated 
with anthropic areas in southeastern Brazil. Sociobiology, 64(1): 
101–104. doi: 10.13102/sociobiology.v64i1.1073

Penna, M. A. H.; Gobbi, N.; Giacomini, H. C.; Prezoto, F.; Gonçalves, F. 
M. F. (2007) Comparative productivity of Mischocyttarus cerberus 
styx (Richards, 1940) and Mischocyttarus cassununga Saussure 
(von Ihering, 1903) in an anthropic environment as evaluation 
for differences in ecological strategies. Revista Brasileira de 
Zoociências, 9(2): 205-212.

Pereira, B. R.; de Aguiar, R. A.; Pires, L. L. (2022) Consumo de plantas 
ornamentais e os impactos iniciais da pandemia de Covid-19. 
Biodiversidade Brasileira, 12(2): 1-11. doi: 10.37002/biobrasil.
v12i2.1875 

Pérez-Bote, J. L.; Mora-Rubio, C. (2020) Nesting ecology of Polistes 
species (Hymenoptera, Vespidae) in urban areas of south-western 

Iberian Peninsula. Sociobiology, 67(3): 462–468. doi: 10.13102/
sociobiology.v67i3.4885

R Core Team (2025) R: A Language and Environment for Statistical 
Computing. R Foundation for Statistical Computing, Vienna, 
Austria. https://www.R-project.org

Schaefer, I.; Morais, W.; Oliveira, L. R.; Barbosa, B. C.; Prezoto, F. (2025) 
Foraging activity in Polybia striata (Fabricius, 1787) (Hymenoptera: 
Vespidae). Entomological Communications, 7: ec07013. doi: 
10.37486/2675-1305.ec07013

Servigne, P.; Orivel, J.; Azémar, F.; Carpenter, J.; Dejean, A.; Corbara, 
B. (2020) An uneasy alliance: a nesting association between 
aggressive ants and equally fierce social wasps. Insect Science, 
27(1): 122-132. doi: 10.1111/1744-7917.12597

Silva, E. S.; Souza, M. M.; Barbosa, B. C.; Santos, A. A.; Plata-Rueda, A.; 
Zanetti, R.; Zanuncio, J. C. (2023) Nesting plants and colony defense 
strategies of Chartergus globiventris (Hymenoptera: Vespidae) in 
the Brazilian Cerrado. Brazilian Journal of Biology, 83: e268176. 
doi: 10.1590/1519-6984.268176  

Silva, P. V. A.; Maciel, T. T.; Brito, S.; Lucena, D. A. A.; Barbosa, B. C. (2024) 
New host association between the cuckoo wasp Caenochrysis 
striatidorsa (Linsenmaier, 1984) and mason wasp Pison 
plaumanni Menke, 1968 (Hymenoptera: Aculeata). Entomological 
Communications, 6: ec06032. doi: 10.37486/2675-1305.ec06032

Silva, R. C.; da Silva, A. P.; Assis, D. S.; Nascimento, F. S. (2019) 
Occurrence and nesting behavior of social wasps in an anthropized 
environment. Sociobiology, 66(2):381–388. doi: 10.13102/
sociobiology.v66i2.4303

Silveira, O. T. (2008) Phylogeny of wasps of the genus Mischocyttarus 
de Saussure. Revista Brasileira de Entomologia, 52(4): 510-549. 
doi: 10.1590/S0085-56262008000400004

Smith, E. F. (2004) Nest sites of the paper wasp Mischocyttarus 
collarellus (Hymenoptera: Vespidae: Polistinae) in a lowland 
tropical rain forest. Journal of the Kansas Entomological Society, 
77(4): 457-469. doi: 10.2317/E35.1

Somavilla, A.; Fernandes, I. O.; Oliveira, M. L. D.; Silveira, O. T. (2013) 
Association among wasps’ colonies, ants, and birds in Central 
Amazonian. Biota Neotropica, 13(2): 308-313. doi: 10.1590/S1676-
06032013000200031

Souza, M. C. D.; Oliveira, M. R.; Nadal, M. C.; Paiva, P. D. D. O.; Reis, 
M. V. D. (2022) Ornamental plant market in Dona Euzébia-MG: 
production, commercialization and impact of the COVID-19 
pandemic. Ornamental Horticulture, 28(4):442-452. doi: 
10.1590/2447-536X.v28i4.2463

Souza, M. M.; Zanuncio, J. C. (2012) Marimbondos: Vespas Sociais 
(Hymenoptera: Vespidae). Viçosa: Editora UFV. 

Stabentheiner, A.; Nagy, J. M.; Kovac, H.; Käfer, H.; Petrocelli, I.; 
Turillazzi, S. (2022) Effect of climate on strategies of nest and 
body temperature regulation in paper wasps, Polistes biglumis 
and Polistes gallicus. Scientific Reports, 12(1):3372. doi: 10.1038/
s41598-022-07279-0

van den Brand, T. (2025) _ggh4x: Hacks for 'ggplot2'. R package version 
0.3.1. doi: 10.32614/CRAN.package.ggh4x

Virgínio, F.; Maciel, T. T.; Barbosa, B. C. (2016) Hábitos de nidificação 
de Polistes canadensis (Linnaeus) (Hymenoptera: Vespidae) em 
área urbana. EntomoBrasilis, 9(2): 81-83. doi: 10.12741/ebrasilis.
v9i2.586

Western, C. A.; Starr, C. K. (2019) Array and sequence of visual threats 
in three neotropical social wasps (Hymenoptera: Vespidae: Polistes 
spp.). Journal of Entomological Science, 54(3): 288-292. doi: 
10.18474/JES18-110

Wickham, H. (2016) ggplot2: Elegant graphics for data analysis. New 
York: Springer-Verlag.

Wickham, H.; François, R.; Henry, L.; Müller, K.; Vaughan, D. (2023) 
dplyr: A grammar of data manipulation. R package version 1.1.4. 
doi: 10.32614/CRAN.package.dplyr

Wickham, H.; Vaughan, D.; Girlich, M. (2025) tidyr: Tidy messy data. R 
package version 1.3.1. doi: 10.32614/CRAN.package.tidyr

https://doi.org/10.1590/S0085-56262014000200009
http://doi.org/10.1016/j.crvi.2018.01.006
https://doi.org/10.1016/j.crvi.2018.01.006
https://doi.org/10.13102/sociobiology.v65i2.2597
https://doi.org/10.1590/S0102-33062009000400016
https://doi.org/10.3390/earth3040071
https://doi.org/10.1111/j.1365-2311.1992.tb01170.x
https://doi.org/10.1111/j.1365-2311.1992.tb01170.x
http://doi.org/10.1086/408564
https://doi.org/10.1086/408564
https://doi.org/10.14295/oh.v23i2.1070
https://doi.org/10.1007/s00114-005-0012-y
https://doi.org/10.1007/s11252-020-01085-0
https://doi.org/10.13102/sociobiology.v67i1.4842
https://doi.org/10.13102/sociobiology.v67i1.4842
https://doi.org/10.13102/sociobiology.v67i1.4842
https://doi-org.ez25.periodicos.capes.gov.br/10.1007/s13744-021-00910-1
https://doi.org/10.1007/s13744-021-00910-1
https://doi.org/10.13102/sociobiology.v64i1.1073
https://doi.org/10.37002/biobrasil.v12i2.1875
https://doi.org/10.37002/biobrasil.v12i2.1875
https://doi.org/10.13102/sociobiology.v67i3.4885
https://doi.org/10.13102/sociobiology.v67i3.4885
https://doi.org/10.13102/sociobiology.v67i3.4885
https://www.R-project.org
https://doi.org/10.37486/2675-1305.ec07013
http://doi.org/10.1111/1744-7917.12597
https://doi.org/10.1111/1744-7917.12597
https://doi.org/10.1590/1519-6984.268176
https://doi.org/10.37486/2675-1305.ec06032
https://doi.org/10.13102/sociobiology.v66i2.4303
https://doi.org/10.13102/sociobiology.v66i2.4303
https://doi.org/10.13102/sociobiology.v66i2.4303
http://doi.org/10.1590/S0085-56262008000400004
https://doi.org/10.1590/S0085-56262008000400004
https://doi.org/10.2317/E35.1
http://doi.org/10.1590/S1676-06032013000200031
https://doi.org/10.1590/S1676-06032013000200031
https://doi.org/10.1590/S1676-06032013000200031
https://doi.org/10.1590/2447-536X.v28i4.2463
https://doi.org/10.1038/s41598-022-07279-0
https://doi.org/10.1038/s41598-022-07279-0
https://doi.org/10.32614/CRAN.package.ggh4x
https://doi.org/10.12741/ebrasilis.v9i2.586
https://doi.org/10.12741/ebrasilis.v9i2.586
http://doi.org/10.18474/JES18-110
http://doi.org/10.18474/JES18-110
https://doi.org/10.32614/CRAN.package.dplyr
https://doi.org/10.32614/CRAN.package.tidyr

