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Introduction

The United Nations predicts that by 2050, more than 
60% of the world’s population will live in cities (United 
Nations, 2018), increasing people’s demand for services, 
housing, and transportation. Urbanization has several 
consequences on ecosystems, such as native vegetation 
suppression and waterproofing, resulting in changes in the 
environment and landscape structure (Fortel et al., 2014). 
Moreover, biological homogenization related to population 
losses and local species extinction is a critical consequence 
of urbanization (McKinney, 2006), affecting ecological 
processes essential to the ecosystem’s functioning, such  
as pollination. 

Abstract  
Green areas are important environments in the urban landscape where many bee 
species can find essential resources, such as nectar, pollen, and nesting 
sites. However, few studies have evaluated the effects of urban green areas 
attributes on bee assemblages, mainly in the bees showing high forest 
dependence as Euglossini bees. These orchid bees are essential pollinators in the 
Neotropical urban ecosystems, and the forest loss associated with urbanization 
can negatively affect euglossine communities. Here, we evaluated the role of 
urban green areas (UGAs) on euglossine assemblages and the abundance of 
dominant euglossine species. For this, we quantified different local and 
landscape attributes in twelve UGAs in Campos dos Goytacazes city, southeast 
Brazil. We expected a higher euglossine abundance in UGAs with a higher 
number of trees, diameter at breast height- DBH, and flower cover (%), and with a 
lower paved area (%), number of high buildings, and surrounding paving area 
(%). The euglossine males were sampled with three bait traps in each UGA. We 
sampled 2465 euglossine bees of four species. Eulaema nigrita Lepeletier, 1841 
was the most abundant species (N = 1319; 53.5%), followed by Euglossa cordata 
(Linnaeus, 1758) (N = 1139; 46.2%). We found a positive effect of flower cover (%) on 
the abundance of these dominant euglossine species, highlighting the importance of 
floral resources in urban matrices, even for synanthropic species.
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Urbanization can influence bee populations in different 
ways. Because bees depend on different floral resources 
and nesting sites to fulfill their ecological requirements, 
changes in resource availability related to urbanization may 
negatively affect bee populations (Lanner et al., 2020). 
Public awareness of bee decline has increased the studies 
evaluating the impacts of urbanization on bees (Wenzel et al., 
2020). The results have shown that the effects of urbanization 
are not always adverse since bee responses depend on the 
taxon and environmental attributes (Wilson & Jamielson, 
2019; Graf et al., 2022). Ground-nesting bees with solitary 
behavior (i.e., no overlapping generations) usually show 
negative responses to urbanization, while bees nesting in 
preexistent cavities with eusocial behavior (i.e., overlapping 
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generations and social division) present positive responses to 
urbanization (Alves & Gaglianone, 2021; Graf et al., 2022).

Furthermore, urban green areas such as squares, parks, 
and gardens can act as refuges for bees, reducing the negative 
impacts of urbanization on bee species (Threlfall et al., 2015). 
These green areas are vegetation patches scattered in the urban 
landscape that may present a high plant richness including 
native and exotic species (Banaszak-Cibicka et al., 2016). 
These areas can also present environmental characteristics 
(e.g., lower temperature and higher resource availability) that 
may be friendly to bee species compared to the surrounding 
urban matrix. Therefore, understanding the role of urban green 
areas on bee populations and communities is essential to 
understanding how these pollinators interact with a human-
dominated landscape, contributing to sustainable management 
strategies in cities favoring different bee species.

Euglossini bees, or orchid bees, are known for 
pollinating native and exotic plant species in urban areas of 
the Neotropical region (López-Uribe et al., 2008; Ferreira-
Caliman et al., 2018). Most euglossine species exhibit a 
high association with forest environments (Dressler, 1982; 
Roubik & Hanson, 2004), and forest loss related to urbanization 
results in a low euglossine richness (Cândido et al., 2018). 
However, some species with higher environmental plasticity, 
such as Euglossa cordata (Linnaeus, 1758) and Eulaema 
nigrita Lepeletier, 1841 live in forests and cities, with some 
populations showing a high adaptation to urban areas over time 
(Rocha-Filho et al., 2020). Both species nest in preexisting 
cavities, display parasocial behavior (Garófalo, 1985), and 
may disperse across the urban landscape, contributing to the 
pollination of plant species with different floral traits (López-
Uribe et al., 2008; Ferreira-Cáliman et al., 2018). Considering 
the fast urban expansion over natural ecosystems, it is essential 
to understand the role of urban green areas in maintaining 
bee populations.

Here, we evaluated the assemblage of euglossine bees 
in urban green areas (UGAs). Specifically, we analyzed the 
effects of local attributes of UGAs, including paved area (%), 
flower cover (%), number of trees, and diameter at breast 
height (DBH) on euglossine bees. Additionally, we assessed 
how attributes around of UGAs, such as the surrounding paved 
area (%) and the number of high buildings, influence the 
abundance of euglossine species. Considering that euglossine 
bees in urban areas depend on floral resources from plant 
species in green areas or forest patches (Ferreira-Caliman 
et al., 2018; Miranda et al., 2021) and that urbanization 
negatively affects euglossine communities (Cândido et al., 
2018), we have the following expectations: there is a higher 
euglossine abundance in UGAs with a higher number of trees, 
DBH, and flower cover (%), and with a lower paving area 
(%), number of high buildings and surrounding paved area 
(%). We also expected different ecological responses from 
euglossine species regarding the UGA attributes.

Materials and Methods

Study area

This study was carried out in twelve urban green 
areas (UGAs) of Campos dos Goytacazes (21°46’23” S – 
41°25’19” W) northeast of the Rio de Janeiro state, Brazil 
(Fig 1). This city is located in the Atlantic Forest, and almost 
85% of 514.643 inhabitants living within 87,73 km² of the 
urban area (IBGE, 2021). The climate is hot and humid, Aw 
type, according to the Köppen classification, with dry winter 
and rainy summer. 

Euglossini sampling

The twelve urban green areas (UGAs) chosen for 
bee sampling included seven squares (characterized by 
recreational areas with courts, snack bars, and a significant 
portion of the ground paved), four public gardens (designed 
for the cultivation of plants, flowers, and trees), and one 
grove. The UGA sizes varied from 3,481 to 44,379 m², 
distant by at least 1300m between them. The UGAs were 
delimited using aerial images from Google Earth Pro software. 

Fig 1. Each red dot indicates an Urban Green Area – UGAs used for 
Euglossini sampling in Campos dos Goytacazes city, Rio de Janeiro 
state, Brazil.
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We simultaneously sampled the euglossine males in each 
UGA for two days in the rainy season (October/2017 to 
March/2018) and two days in the dry season (April to 
September/2018). We used three traps with eucalyptol in 
each UGA at a minimum distance of 5 m between them. The 
bait traps were placed on vegetation in the morning (07:00 
am) and removed in the early afternoon (1:00 pm). We only 
used eucalyptol because it is the most attractive essence 
for euglossine males in the region, collecting the higher 
bee abundance and richness (Aguiar & Gaglianone, 2012; 
Aguiar et al., 2015). The bees were individually fixed on 
entomological pins and deposited in the Zoology Collection 
of the Environmental Sciences Lab at the Center for 
Biosciences and Biotechnology of the Universidade Estadual 
do Norte Fluminense Darcy Ribeiro (UENF). The taxonomic 
identification of the bees was performed at the lowest possible 
specific level through comparisons with bees deposited in the 
entomological collection and using taxonomic keys.

Urban green areas and landscape characterization

We used four attributes related to habitat quality to 
describe the local characteristics within each UGA: total paved 
area (%), flower cover (%), number of trees, and diameter at 
breast height- DBH of trees (minimum of 30 cm) (Table S1). 
These local UGA attributes have been used to evaluate the 
role of green urban areas on bees (Theodorou et al., 2017; 
Threlfall et al., 2015). The paved area (%) within each UGA 
was measured using a polygon tool within Google Earth 
Pro software (version 7.3.3.7786). The values were divided 
by the total area of each UGA x 100 to obtain of paved area 
(%). Flower cover (%) was estimated on the same days as 
the bee sampling. For this, we estimated the area covered 
(m²) by the flowers of each plant in each UGA. We added 
the results of each plant and divided it by the total area of the 
UGA x 100 to obtain the daily UGA value of flower cover 
(%). We used the mean of flower cover (%) of each UGA 
for the statistical analyses, considering the four sampling 
days (Alves & Gaglianone, 2021). The number of trees was 
obtained by counting all trees within each UGA. Furthermore, 
since euglossine bees disperse in urban environments (López-
Uribe et al., 2008) and may respond to the urban landscape 
context (Cândido et al., 2018), we also analyzed the effects 
of the urban landscape surrounding the UGAs on euglossine 
bees. For this, within a 500-m buffer considering each UGA 
as its center, we quantified the surrounding paved area (%), 
and verticalization level using as a proxy the number of 
buildings with more than three floors (Table S1). While 
paving reduces green areas (Alves & Gaglianone, 2021), high 
buildings can act as a barrier to bee dispersion in the urban 
landscape (Geslin et al., 2013; Alves & Gaglianone, 2021). 
The surrounding paved area (%) was quantified with the 
polygon tool, and the values were divided by the total area of 
the buffers x 100 to obtain the surrounding paved area (%) of 
each UGA. The street view tool was used to count the number 

of buildings with more than three floors. Both UGA landscape 
attributes were quantified with Google Earth Pro software 
(version 7.3.3.7786).

Data analysis 

We used Generalized Linear Models – GLMs to analyze 
the effects of UGAs attributes on the abundance of E. cordata 
and E. nigrita. Before that, the collinearity between the predictor 
variables was tested using the Variance Inflation Factor (VIF). 
The explanatory variables showed low collinearity (VIF < 
3.0), and then we used all of them in the modeling (Table 
S2). We used global models with all explanatory variables 
(UGA local attributes: paved area (%), number of trees, DBH, 
and flower cover (%); UGA landscape attributes: surrounding 
paved area (%) and number of high buildings). The response 
variables used were the abundances of E. cordata and E. 
nigrita. Although abundance is a count data, the GLMs with 
Poisson distribution showed overdispersion. Then, we used 
GLMs with a negative binomial distribution. We ranked the 
models using the Akaike’s Information Criterion corrected 
for small samples (AICc) (Burnham & Anderson, 2002). 
The model with the lowest ΔAICc was considered the best to 
explain the results. We also considered plausible models with 
ΔAICc < 2.0 and Akaike’s weight (wi) > 0.1. A null model- 
representing the absence of effect- was also used in the model 
ranking. All analyses were performed using R software (R 
Core Team, 2020). The VIF’s value was obtained with the vif 
function of the car package (Fox & Weisberg, 2019), and we 
used the dredge function from the MuMIn package for model 
selection (Barton, 2022).

 
Results

Euglossini assemblages

Euglossini assemblage showed a very richness with 
only two genera and four species from 2465 euglossine 
males. Eulaema nigrita Lepeletier, 1841 was the most 
abundant species (N = 1319; 53,5%), followed by Euglossa 
cordata (Linnaeus, 1758) (N = 1139; 46,2%), both species 
were sampled in all UGAs (Table S3). Eulaema cingulata 
(Fabricius, 1804) (N = 5; 0.2%) and Exaerete smaragdina 
(Guérin-Méneville, 1845) (N = 2; 0.08%) were sampled in 
three and two UGAs, respectively (Table S3). Due to the low 
abundance of the two previous species, only E. cordata and  
E. nigrita were used in the correlation analysis.

Effects of UGA attributes on euglossine abundance

We observed that Euglossa cordata and Eulaema 
nigrita abundances were mainly influenced by local attributes 
of urban green areas (Table 1; Table S4, S5). In contrast, 
surrounding landscape attributes did not influence these orchid 
bees. E. cordata abundance was best explained by a positive 
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effect of flower cover (%) (df = 3; wi = 0,61; AIC = 0,0) 
(Table 1; Fig 2a). The model combining a positive effect of 
flower cover (%) and a negative effect of DBH also explained 
the E. cordata abundance (Table 1). Flower cover (%) also 
better explained the E. nigrita abundance, with a positive effect 
(df = 3; wi = 0,24; AIC = 0,0) (Table 1, Fig 2b). However, the 
null model was in the set of plausible models to explain the 
abundance of this orchid bee species (Table 1). 

Response variable Model ΔAICc df wi

Euglossa cordata 
abundance

Flower cover

Flower cover + 
Diameter at breast height 

0.0

1.81

3

4

0.61

0.24

Eulaema nigrita 
abundance

Flower cover

Null 

Flower cover + 
Numer of trees

0.0

0.68

1.75

3 

2

4

0.24 

0.17

0.10

Fig. 2 Influence of flower cover (%) on the abundance of (a) Euglossa 
cordata and (b) Eulaema nigrita. The black line represents the fit of 
the GLM models and the gray shade the 95% confidence interval.

Table 1. Summarized best models to explain the abundance of Euglossa cordata and Eulaema 
nigrita based on local and surrounding landscape attributes of Urban Green Areas – UGA.

Discussion

Our results showed a decrease between 50% and 66% in 
euglossine richness in the urban area compared to a previously 
surveyed natural neighbor area (see Aguiar & Gaglianone, 
2011; Aguiar et al., 2014). Although remarkable, this decline 
in richness is expected. First, euglossine bees show a habitat 
preference for rainforests, and only species with high plasticity 
seem to stay in urban environments (Rocha-Filho et al., 2020). 
When comparing species composition from nearby euglossine 
communities of conserved fragments of rainforest (Ramalho 
et al., 2009; Aguiar et al., 2014) and seasonal semi-deciduous 
forest (Aguiar & Gaglianone, 2011; Aguiar et al., 2014), we 
observed that those species with more remarkable plasticity 
can adapt to the conditions exposed in urban environments 
The urbanization process exposes bee species to different 
stress caused by landscape changes, such as increased 
impervious surfaces and decreased green areas (Fortel et al., 
2014), challenging specialist bees’ capacity to sustain viable 
populations.

The euglossine assemblage was 99% dominated by 
E. nigrita and E. cordata. According to Magurran (2004), 
this pattern may reflect the environmental pressures on the 
communities, resulting in a decrease in rare species abundance 
and a dominance increase in more resilient species. Indeed, 
a species turnover by the abundant species E. cordata and E. 
nigrita has been observed over time in euglossine communities 
in urban areas (Rocha-Filho et al., 2020), indicating the ability 
of these bee populations to adjust to the urban characteristics. 
Moreover, the urban area is a mosaic of human constructions 
and small patches of green areas (e.g., gardens, squares), 
which can be considered a challenging environment for bees’ 
mobility. Although euglossine bees show an astonishing flying 
capacity (Pokorny et al., 2015), several species depend on 
forest fragments for their ecological requirements (Millet-
Pinheiro & Schlindwein, 2005; Aguiar et al., 2015), and the 
dominance herein observed reinforces that. 
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The modeled relationship between UGA attributes 
and abundances of E. nigrita and E. cordata suggests that 
landscape components surrounding the UGAs play a minor 
role compared to the inside ones. This result contrasts with 
studies highlighting a high explanatory power of landscape 
context on the euglossine dominant species (e.g., Carneiro et 
al., 2021, 2022), but it is important to underscore that those 
studies did not analyze the influence of local factors. Moreover, 
it is important to emphasize that these studies were carried 
out in landscapes with a high spatial heterogeneity related to 
different types of land use. This heterogeneity can indicate 
landscape complementation for euglossine bees (Carneiro 
et al., 2021), but this seems unimportant in the urban area 
because it has less diversified landscapes, composed mainly 
of paved areas and buildings. Even in urban areas with few 
buildings and low waterproofing, other factors, such as high 
temperatures and the absence of a plant community, may 
negatively affect orchid bees. Our results showed that abiotic 
landscape components only play some role in predicting 
the E. nigrita abundance. Both E. cordata and E. nigrita 
are cavities-nesting bees that explore unpaved surfaces or 
preexisting cavities for nidification (Garófalo, 1985). Since 
this kind of resource is irregularly distributed throughout the 
studied sites (Alves & Gaglianone, 2021), it is predictable that 
other biotic attributes, such as food availability, would be the 
main predictors of bee abundance. 

As we observed herein, the flower cover (%) was the 
most important variable in explaining euglossine species 
abundance, which is in line with other studies covering 
different bee taxa (Somme et al., 2016; Alves & Gaglianone, 
2021). Flower cover is essential for euglossine bees since 
males rely on collecting fragrances, often flower-provided, as 
part of their reproductive process (Dressler, 1982; Eltz et al., 
2005; Schorkopf et al., 2011). Moreover, euglossine species 
are constant on their site regarding nectar resources and may 
establish foraging territories based on resource availability in 
urban areas (López-Uribe, 2008). The abundance of euglossine 
males also can be a proxy for female abundance (Opedal et al., 
2016). Then, urban green areas with higher flower cover can 
indicate a more heterogeneous environment with a higher floral 
resource availability essential for the ecological requirements 
of euglossine males and females. Although E. cordata and E. 
nigrita are food generalists (Ferreira-Caliman et al., 2018), 
these species show a pollen preference for floral resources 
provided mainly by native plant species (Miranda et al., 2021). 
We indicate the importance of urban green environments as 
floral and nesting resource sources for orchid bees, acting 
as refuges in the highly homogeneous urban landscape and 
compensating for the adverse effects of urbanization.

Conclusion

This study showed that urbanization negatively 
influenced the orchid bee assemblage and that urban green areas 
play an important role in the abundance of dominant species. 

Only species with more remarkable plasticity remained in 
an altered environment, such as urban areas, and showed 
increased abundance. The urban landscape, primarily paved, 
may prevent species’ dispersion and make it more sensitive to 
vegetation absence. However, the importance of flower cover 
for the dominant species indicated that is possible to reconcile 
urban expansion with bee conservation. 

Within the urban landscape context, UGAs play a 
fundamental role in maintaining vegetated areas and friendly 
environmental conditions for the euglossine bee populations. 
In urban landscapes with low vegetation cover, UGAs can 
be a refuge where bees can find resources and conditions. 
We suggest increasing the number of green areas in cities, 
considering a high plant richness with different bloom seasons 
to keep the resources available throughout the year. A higher 
number of urban green areas in different parts of the cities 
can also facilitate the dispersion of orchid bees and other 
bee species in the urban environment, contributing to bee 
conservation and maintenance of their ecological services. 

Acknowledgments

We thank the graduation Program of Ecology and 
Natural Resources from Universidade Estadual do Norte 
Fluminense Darcy Ribeiro for their support. We also thank 
Campos dos Goytacazes city hall for the permission to study 
in green areas, Caíque Barcelos for field help, and Camila 
Priante for map confection. This study was financed in part 
by the Coordenação de Aperfeiçoamento de Pessoal de Nível 
Superior – CAPES, Finance Code 001. 

Funding

SGA is funded by the Coordination for the Improvement 
of Higher Education Personnel (CAPES), the Rio de Janeiro 
Research Foundation (FAPERJ), and the Graduate Program 
in Ecology and Natural Resources (PPGERN-UENF). LSC is 
funded by CAPES (processes 88887.824249/2023-00;88881. 
846057/2023-01), FAPERJ (processes E-26/201.358/2023; E-26/ 
200.279/2021), Brazilian Fund for Biodiversity (FUNBIO), and 
PPGERN-UENF. MCG thanks to FAPERJ (processes E-26/ 
201.149/2021; E-26/210.306/2021), CNPq (process #311577/ 
2021-0), and North Rio de Janeiro State University Darcy 
Ribeiro (UENF) for their financial support.

Author’s Contributions

SGA: conceptualization, methodology, investigation, formal 
analysis, writing-initial draft, writing-review and editing;
MCG: conceptualization, methodology, writing-initial draft, 
writing-review and editing;
LSC: formal analysis, writing-initial draft, writing-review 
and editing;
WSF: formal analysis, writing-initial draft, writing-review 
and editing; 



Alves et al. – Correlations between Urban Green Areas and Euglossine Male’s Abundance6

Competing Interests

The authors declare no conflict of interest.

Availability of data and material

Additional data is available in the supplementary material.

References

Aguiar, W.M. & Gaglianone, M.C. (2011). Euglossine bees 
(Hymenoptera Apidae Euglossina) on an inselberg in the 
Atlantic Forest domain of southeastern Brazil Tropical 
Zoology, 24: 107-125.

Aguiar, W.M. & Gaglianone, M.C. (2012). Euglossine bee 
communities in small forest fragments of the Atlantic Forest, 
Rio de Janeiro state, southeastern Brazil (Hymenoptera, 
Apidae). Revista Brasileira de Entomologia, 56: 210-219. 
https://doi.org/10.1590/S0085-56262012005000018

Aguiar, W.M., Melo, G.A.R. & Gaglianone, M.C. (2014). 
Does forest physiognomy affect the structure of orchid bee 
(Hymenoptera, Apidae, Euglossini) communities? A study in 
the Atlantic Forest of Rio de Janeiro state, Brazil. Sociobiology 
61: 68-77. https://doi.org/10.13102/sociobiology.v61i1

Aguiar, W.M., Sofia, S.H., Melo, G.A. & Gaglianone, M.C. 
(2015). Changes in orchid bee communities across forest-
agroecosystem boundaries in Brazilian Atlantic Forest 
landscapes. Environmental Entomology, 44: 1465-1471. 
http://doi: 10.1093/ee/nvv130

Alves, S.G. & Gaglianone, M.C. (2021). Bee guilds’ responses 
to urbanization in neotropics: A case study. Diversity, 13: 
365. https://doi.org/10.3390/d13080365

Banaszak-Cibicka, W., Ratyńska, H. & Dylewski, Ł. (2016). 
Features of urban green space favorable for large and diverse 
bee populations (Hymenoptera: Apoidea: Apiformes). Urban 
Forest and Urban Green, 20: 448-452. 
https://doi.org/10.1016/j.ufug.2016.10.015

Barton, K. (2022). Mu-MIn: Multi-model inference. R Package 
Version 1.46.0. http://R-Forge.R-project.org/projects/mumin/

Cândido, M.E., Morato, E.F., Storck-Tonon, D., Miranda, 
P.N. & Vieira, L.J. (2018). Effects of fragments and landscape 
characteristics on the orchid bee richness (Apidae: Euglossini) 
in an urban matrix, southwestern Amazonia. Journal of Insect 
Conservation, 22: 475-486. 
https://doi.org/10.1007/s10841-018-0075-7

Carneiro, L.S., Aguiar, W.M., Priante, C.F., Ribeiro, M.C., 
Frantine-Silva, W. & Gaglianone, M.C. (2021). The interplay 
between thematic resolution, forest cover, and heterogeneity 
for explaining Euglossini bees’ community in an agricultural 
landscape. Frontiers in Ecology and Evolution, 9: 628319. 
http://doi.org/10.3389/fevo.2021.628319

Carneiro, L.S., Ribeiro, M.C., Aguiar, W.M., Priante, C.F., 
Frantine-Silva, W. & Gaglianone, M.C. (2022). Orchid bees 

respond to landscape composition differently depending on 
the multiscale approach. Landscape Ecology, 37: 1587-1601. 
http://doi.org/37. 10.1007/s10980-022-01442-8

Cardoso, M.C. & Gonçalves, R.B. (2018). Reduction by half: the 
impact on bees of 34 years of urbanization. Urban Ecosystems, 
21: 943-949. https://doi.org/10.1007/s11252-018-0773-7

Dressler, R.L. (1982). Biology of orchid bees (Euglossini). 
Annual Review of Ecology, Evolution and Systematics, 13: 
373-394. http://doi:10.1146/annurev.es.13.110182.002105

Eltz, T., Sager, A. & Lunau, K. (2005). Juggling with volatiles: 
exposure of perfumes by displaying male orchid bees. Journal 
of Comparative Physiology, 191: 575-581

Ferreira, R.P., Martins, C., Dutra, M.C., Mentone, C.B. & 
Antonini, Y. (2013). Old fragments of forest inside an urban 
area are able to keep orchid bee (Hymenoptera: Apidae: 
Euglossini) assemblages? The case of a Brazilian historical 
city. Neotropical Entomology, 42: 466-473.
https://doi.org/10.1007/s13744-013-0145-1

Ferreira-Caliman, M.J., Rocha-Filho, L.C., Freiria, G.A. & 
Garófalo, C.A. (2018). Floral sources used by the orchid bee 
Euglossa cordata (Linnaeus, 1758) (Apidae: Euglossini) in 
an urban area of south-eastern Brazil. Grana, 57: 471-480. 
https://doi.org/10.1155/2012/934951

Fortel, L., Henry, M., Guilbaud, L., Guirao, A.L., Kuhlmann, 
M., Mouret, H., Rollin, O. & Vaissière, B.E. (2014). Decreasing 
abundance, increasing diversity and changing structure of the 
wild bee community (Hymenoptera: Anthophila) along an 
urbanization gradient. PLoS ONE, 9: e104679. 
https://doi 10.1371/journal.pone.0104679

Fox, J. & Weisberg, S. (2019). An R Companion to Applied 
Regression, Third edition. Sage, Thousand Oaks CA

Frantine-Silva, W., Augusto, S.C., Tosta, T.H.A., Pacheco, 
A.S, Kotelok-Diniz,T., Apolinário, C.S. & Sofia, S.H. (2021). 
Genetic diversity and population structure of orchid bees 
from Brazilian savanna. Journal of Apicultural Research 60: 
385-395. https://doi.org/10.1080/00218839.2021.1898788

Garófalo, C.A. (1985). Social structure of Euglossa cordata 
nests (Hymenoptera: Apidae: Euglossini). Entomological 
Genetics, 11: 77-83. http://doi: 10.1127/entom.gen/11/1985/77

Geslin, B., Gauzens, B., Thébault, E. & Dajoz, I. (2013). Plant 
pollinator networks along a gradient of urbanization. PLoS 
One, 8: e63421. https://doi.org/10.1371/journal.pone.0063421

Gonçalves, R.B. & Faria, L.R.R. (2021). In euglossine we 
trust as ecological indicators: a reply to Añino et al. (2019). 
Sociobiology 68: e4610. 
https://doi.org/10.13102/sociobiology.v68i1.4610

Graf, L.V., Schneiberg, I. & Gonçalves, R.B. (2022). Bee 
functional groups respond to vegetation cover and landscape 
diversity in a Brazilian metropolis. Landscape Ecology, 37: 
1075-1089. https://doi.org/10.1007/s10980-022-01430-y

https://doi.org/10.1590/S0085-56262012005000018
https://doi.org/10.13102/sociobiology.v61i1
about:blank
https://doi.org/10.3390/d13080365
https://doi.org/10.1016/j.ufug.2016.10.015
http://r-forge.r-project.org/projects/mumin/
http://doi.org/10.3389/fevo.2021.628319
http://doi.org/37. 10.1007/s10980-022-01442-8.
https://doi.org/10.1007/s11252-018-0773-7
about:blank
https://doi.org/10.1155/2012/934951
https://doi.org/10.1155/2012/934951
https://doi.org/10.1155/2012/934951
https://doi.org/10.1155/2012/934951
https://doi.org/10.1155/2012/934951
https://doi.org/10.1155/2012/934951
https://doi.org/10.1080/00218839.2021.1898788
https://doi.org/10.1127/entom.gen/11/1985/77
about:blank
https://doi.org/10.1371/journal.pone.0063421
https://doi.org/10.13102/sociobiology.v68i1.4610
https://doi.org/10.1007/s10980-022-01430-y


Sociobiology 71(4): e10457 (December, 2024) 7

Instituto Brasileiro de Geografia e Estatística- IBGE (2021). 
Available online: http://ibge.gov.br Acessed 2 july 2022

Lanner, J., Kratschmer, S., Petrović, B., Gaulhofer, F., 
Meimberg, H. & Pachinger, B. (2020). City dwelling wild bees: 
how communal gardens promote species richness. Urban 
Ecosystems, 23: 271-288.  
https://doi.org/10.1007/s11252-019-00902-5

López-Uribe, M.M., Oi, C.A. & Del Lama, M.A. (2008). 
Nectar-foraging behavior of Euglossine bees (Hymenoptera: 
Apidae) in urban areas. Apidologie 39: 410-418. 
https://doi.org/10.1051/apido:2008023

Magurran, A.E. (2004). Ecological diversity and its 
measurements. Princeton: Princeton University Press. 99p.

McKinney, M.L. (2006). Urbanization as a major cause of 
biotic homogenization. Biological Conservation, 127: 247-260. 
https:// doi.org/10.1016/j.biocon.2005.09.005 

Milet-Pinheiro, P. & Schlindwein, C. (2005). Do euglossine 
males (Apidae, Euglossini) leave a tropical rainforest to collect 
fragrances in sugarcane monocultures? Revista Brasileira de 
Zoologia 22: 853-858. 
https://doi.org/10.1590/S0101-81752005000400008

Miranda, E.A., Nascimento Lima, I., Oi, C.A., López-Uribe, 
M.M., Del Lama, M.A., Freitas, B.M. & Silva, C.I. (2021) 
Overlap of ecological niche breadth of Euglossa cordata and 
Eulaema nigrita (Hymenoptera, Apidae, Euglossini) accessed 
by pollen loads and species distribution modeling. Neotropical 
Entomology, 50: 197-207.
https://doi.org/10.1007/s13744-020-00847-x 

Opedal, O.H., Albertsen, E., Armbruster, W.S., Pérez-
Barrales, R., Falahati-Anbaran, M. & Pélabon, C. (2016). 
Evolutionary consequences of ecological factors: pollinator 
reliability predicts mating-system traits of a perennial plant. 
Ecology Letters, 19: 1486-1495. 
https://doi.org/10.1111/ele.12701

R Core Team. (2020). R: A language and environment for 
statistical computing. R Foundation for Statistical Computing, 
Vienna, Austria. https://www.R-project.org/ 

Ramalho, A.V., Gaglianone, M.C. & Oliveira, M.L. (2009). 
Comunidades de abelhas Euglossina (Hymenoptera; Apidae) 
em fragmentos de Mata Atlântica no Sudeste do Brasil. 
Revista Brasileira de Entomologia, 53: 95-101

Rocha-Filho, L.C., Montagnana, P.C., Boscolo, D. & Garófalo, 
C.A. (2020). Species turnover and low stability in a community 
of euglossine bees (Hymenoptera: Apidae) sampled within 28 
years in an urban forest fragment. Apidologie. 51: 921-934. 
https://doi.org/10.1007/s13592-020-00772-3

Roubik, D.W. & Hanson, P.E. (2004). Orchid bees of tropical 
America: biology and field guide. Heredia, Costa Rica

Schorkopf, D.L., Mitko, L. & Eltz, T. (2011). Enantioselective 
preference and high antennal sensitivity for (−)-Ipsdienol in 
scent-collecting male orchid bees, Euglossa cyanura. Journal 
of Chemical Ecology, 37: 953-960. 
https://doi.org/10.1007/s10886-011-0010-9

Somme, L., Moquet, L., Quinet, M., Vanderplanck, M., 
Michez, D., Lognay, G. & Jacquemart, A.L. (2016). Food in a 
row: urban trees offer valuable floral resources to pollinating 
insects. Urban Ecosystemas, 19: 1149-1161.
http://doi:10.1007/s11252-016-0555-z

Theodorou, P., Albig, K., Radzevičiūtė, R., Settele, J., 
Schweiger, O., Murray, T.E., Paxton, R.J. (2017). The structure 
of flower visitor networks in relation to pollination across an 
agricultural to urban gradient. Functional Ecology, 31: 838-847. 
https://doi.org/10.1038/s41467-020-14496-6

Threlfall, C.G., Walker, K., Williams, N.S.G, Hahs, A.K., 
Mata, L., Stork, N. & Livesley, S.J. (2015). The conservation 
value of urban green space habitats for Australian native bee 
communities. Biological Conservation, 187: 240-248. 
https://doi.org/10.1016/j.biocon.2015.05.003

United Nations. (2018). Department of economic and social 
affairs, population division, world urbanization prospects: the 
2018 revision, highlights (ST/ESA/SER.A/352). New York: 
United Nations, 27p.

Wenzel, A., Grass, I., Belavadi, V.V. & Tscharntke, T. 
(2020). How urbanization is driving pollinator diversity and 
pollination – A systematic review. Biological Conservation, 
241: 108321. https://doi.org/10.1016/j.biocon.2019.108321

Wilson, C.J. & Jamielson, M.A. (2019). The effects of 
urbanization on bee communities depends on floral resource 
availability and bee functional traits. PLoS ONE, 14: 
e0225852. https://doi.org/10.1371/journal.pone.0225852

http://link.springer.com/10.1007/s11252-019-00902-5
http://link.springer.com/10.1007/s11252-019-00902-5
https://doi.org/10.1051/apido:2008023
https://doi.org/10.1590/S0101-81752005000400008
https://doi.org/10.1007/s13744-020-00847-x
https://doi.org/10.1111/ele.12701
https://www.r-project.org/
https://doi.org/10.1007/s13592-020-00772-3
https://doi.org/10.1007/s10886-011-0010-9
https://doi.org/10.1007/s11252-016-0555-z
https://doi.org/10.1038/s41467-020-14496-6
https://doi.org/10.1038/s41467-020-14496-6
https://doi.org/10.1016/j.biocon.2015.05.003
https://doi.org/10.1016/j.biocon.2019.108321
https://doi.org/10.1371/journal.pone.0225852

