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Contemporary urban ecology views cities as heterogeneous and dynamic
ecosystems, composed of biotic, physical, social, and man-made systems.
In this context, urban beekeeping stands out as a growing practice that
demands further studies. Many species of stingless bees (tribe Meliponini) have
adapted to urban areas, while others are more sensitive. The composition
of the surroundings where the beehive is located is important for the health
of the nests and quality of the bee products. This work used bee capture
and release techniques to evaluate the use of this methodology for releasing
and monitoring native bees in urban areas and to identify whether proportion
of green and gray urban nature areas affect the flying activities of stingless
bees in an urban landscape. We used nests of Melipona quadrifasciata
(mandacaia), a species of stingless bee native to the Atlantic Rainforest, from
three meliponaries located in different parts of the city of Sdo Paulo. The
travel time of bees in the landscape were related to the green urban areas
up to 900 m in diameter from the meliponaries. Although we did not find a
relationship between green areas and bee return times and numbers, it was
noticeable that there was variation between the study areas, indicating that
the release and monitoring methodology can be used in urban areas following
the recommended modifications.

KEYWORDS

urban ecology, urban biodiversity, urban green nature, urban gray nature, urban
meliponaries, stingless beekeeping, Melipona quadrifasciata, mandacaia

1. Introduction

Within the contemporary scope of the urban ecology, cities are studied as
heterogeneous and dynamic ecosystems, composed of biotic, physical, social and built
complexes (Cadenasso and Pickett, 2008). Wachsmuth and Angelo (2018) defined two
representations of urban nature that can characterize urban sustainability policy: green
urban nature and gray urban nature. Green urban nature encompasses all vegetation
forms that can be found in urban areas (e.g., street trees, gardens, plazas, grass), while
gray urban nature includes other sustainable urban spaces, such as dense urban cores
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and buildings (Wachsmuth and Angelo, 2018). About gray
urban nature features, urban areas have a high percentage
of impermeable surfaces and buildings, which influence the
local microclimate not only by replacing natural forest areas
and altering the natural flow of water systems, but also by
intensely absorbing solar radiation, creating heat islands (Yuan
and Bauer, 2007; Hamblin et al.,, 2018). A road, for example,
can act as a barrier to flying insects, and the composition of
these organisms can differ between the two sides of the road
(Andersson et al., 2017).

Regarding green urban nature features, urban areas not
only contain remnants of patches of vegetation (Pickett and
Cadenasso, 2012), but also feature resources not native to the
region, distributed in gardens and green areas (Kaluza et al,
20165 Silva and Kleinert, 2020), and resource heterogeneity
distinctly influence both bee dynamics and diet (Banaszak-
Cibicka et al,, 2016; Dylewski et al, 2019). Urban gardens,
for example, can act as providers of floral resources and
refuge for bees and other pollinators when resources are scarce
(Langellotto et al., 2018), and urban green areas can provide
habitat for several species of nesting bees pre-existing cavities
(Rocha-Filho et al., 2020).

In this
management of stingless bees (Meliponini tribe), is an

context, meliponiculture, the breeding and
increasingly common modern practice in urban areas in the
west hemisphere that demands further studies (Cortopassi-
Laurino et al., 2006; Venturieri et al., 2013). Brazil has a great
diversity of stingless bee species which increasingly attract the
interest of society, whether to produce specialty honeys and
marketable products, for conservation and educational purposes
or as a leisure activity (Koser et al., 2020). Recent updates in
federal (Brasil, 2020) and state (Sao Paulo, 2021) legislation have
helped regulate the practice of rearing these native bees, which
have advantages over honeybees (Apis mellifera Linnaeus, 1758)
because they are native, have special honeys and are not harmful
to humans.

Some species such as “yellow jatai” (Tetragonisca angustula
Latreille, 1811) and “arapud” (Trigona spinipes Fabricius, 1793)
have adapted to urban areas and live in anthropic habitats (Sousa
et al, 2002), being able to nest both in tree trunks and in
artificial structures, such as hollow walls (Silveira et al., 2002).
Other species, however, such as those of the genus Melipona,
are more sensitive and have not adapted so well to these new
environments (Pioker-Hara et al., 2014). Melipona bees can
suffer adverse effects of deforestation and can be considered
indicators of landscape change (Brown and Albretcht, 2001),
mainly due to the necessity of finding large cavities for nesting,
such as large trees, which are rare in urban areas (Pioker-
Hara et al, 2014). Thus, their breeding requires experience
of the stingless beekeeper and additional handling of nest, as
well as greater availability and diversity of plant species in
the area where they are located (Oliveira-Abreu et al., 2014;
Andrade et al., 2019), in addition to beekeeping programs that
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aim to maintain regional biodiversity (Brown and Albretcht,
2001). However, the potential of Melipona bees for beekeeping
is excellent, even in urban areas, not only for the creation
and commercialization of unique bee products, but also to
contribute to the conservation of this endangered species,
combining the need to increase the number of these individuals
with the conservation of forest remnants and their plant-
pollinator interactions.

Although beekeepers provide their hives with energy and
protein artificial supplements, it is essential for the maintenance
of the nests that the bees forage and seek natural sources
of nectar and pollen to meet all their nutritional needs that
maintain the health of the colony. Thus, it is known that the
composition and proportion of the landscape directly affect
the richness of resources (pollen) collected by stingless bees
(Machado et al., 2020). The arrangement and distribution of
trees and shrubs and the presence of tall structures such as
buildings (Forman, 2016), for example, are green and gray
interferences that affect organisms in urban areas. In addition,
stingless bees have diversified flight ranges, which define how
far a bee can go to reach best quality floral resources. Maximum
flight distances can reach more than 2,000 m for Melipona bees
(Roubik and Aluja, 1983). However, in methodologies involving
capture and release, bees typically do not return to the colonies
when they are released at distances greater than 1,000 m, and
only stingless bees of the genera Melipona and Trigona return
from these distances (Araujo et al., 2004; Greenleaf et al., 2007).
Still, the real distances that bees travel for foraging depend on the
attractiveness of the resources to compensate for their distance
from the nest and on the availability of alternative resources
nearby, so that they usually do not exceed 500 m (Heard, 1999).
Nevertheless, none of the mentioned studies were carried out in
urban areas, so nothing is known about the flight ranges of these
bees in this landscape context.

In this context, the bee flying activities on urban landscapes
need further studies to better understand their foraging and
pollination dynamics. In this work we used bee capture and
release techniques to identify whether green infrastructure affect
the activity of stingless bees and to evaluate the effectiveness
of this method in an urban landscape. Therefore, we aimed
to answer: can the methodology for releasing and monitoring
native bees be used in urban areas? What is the role of green
and gray infrastructure in the capacity and return time of bees to
the hive?

2. Materials and methods

2.1. Study area and species
The study was carried out in the city of Sao Paulo, state of

Sdo Paulo, Brazil, and the target species chosen was Melipona
quadrifasciata Lepeletier 1836 (typically called mandagaia). Sio

frontiersin.org


https://doi.org/10.3389/frsc.2022.1103835
https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org

Arena et al.

10.3389/frsc.2022.1103835

FIGURE 1

nature areas, and bees’ release spots and coverage regions.

Location of study areas (A—C) (meliponaries) in the city of Sdo Paulo, state of Sdo Paulo, Brazil, showing coverage regions, urban green and gray
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Paulo is a large metropolis, being the most populous city in
Brazil and the fifth most populated in the world, with more
than 20 million inhabitants (World Population Review, 2022).
Of the total area of the municipality, 735.99 km? (48.18%) are
composed of vegetal cover, including areas of natural cover,
regeneration, reforestation, etc., being 21% of natural Atlantic
Forest vegetal cover (Sao Paulo, 2020). The municipality’s rural
area represents 31.78% of the territory, from which 79.37% are
vegetation cover, while the urban area represents 68.22% of the
territory, from which only 33.65% are of vegetation cover (Sio
Paulo, 2020).

Mandagaia is an important species native to the Atlantic
Forest (Nogueira-Neto, 1997; Michener, 2007; Camargo et al.,
2013) and is commonly breed in meliponaries in the state of Sdo
Paulo. This species is typical from forest environments (Silveira
et al., 2002), so it is very sensitive to the loss of habitat, that
is the reality of urban areas. Mandagaia was chosen because
it is native to the region, it has a valuable potential for the
beekeeper, and it is one of the favorites among breeders, mainly
in urban areas.
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2.2. Data collection

Three landscapes were selected to compose a gradient of
green-gray urban nature, where meliponaries used to collect
bees for the experiment were located (Figure 1). To ensure
that all hives of mandagaia were in similar condition, nests
were monitored during 6 months (autumn and winter) and
fed with syrup (sugar solution: 50% water; 50% organic sugar).
The experiments took place in early spring (September 2022).
For each study area (meliponary) the bees were randomly
divided into three groups of 15 individuals (n = 45), and bees
were marked with a water-based colored pen (POSCA PC-
5M), so that each group was assigned to a color. Bees were
placed in plastic pots (100 ml) according to their groups, and
immediately transported in thermic boxes with ice. Considering
that bees typically do not return to the colonies when they
are released at distances greater than 1,000m (Aratjo et al,
2004; Greenleaf et al., 2007), we established a maximum release
distance of 900 m. For each study area, groups of bees were
released at three distances from the nest: 300 m (subbuffer 1),
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FIGURE 2
Dispersion graph showing the return time (minutes) of each bee according to the release point distance for each study area (A, B, C).

600 m (subbuffer 2), and 900 m (subbuffer 3), and the direction
in which the releases were made was randomized (Figure 1).

The releases of bees from each nest were carried out on the
same day of collection, on sunny days, between 8:00 am and
9:00 am. The releases started from the closest point (300 m)
to the farthest (900 m), and the exact time of each release was
noted. A video camera monitoring system was used to check
how many individuals returned to the nests and how long they
took to return. A webcam was installed at the entrance of the
nest and connected to a notebook to record the bees arriving to
the hive, for 3 h after the last bee was released. The images were
analyzed to obtain the arrival times of the bees of each release
group (visually identified by color) to the nest.

2.3. Spatial analysis
The land cover for each study area was classified as

“green urban nature” and “gray urban nature” (Figure 1). The
classification was performed with Sentinel satellite images, using

Frontiersin Sustainable Cities

as a filter the temporal space of 1 year (08/30/21 to 22), to
obtain the median with the most characteristic classification of
the spectral response of that image. Having the meliponaries
as a central point, 900 m radius buffers were generated to
demarcate the coverage regions around each study area. Filters
were created based on the NDVI and EVI bands, in order to
obtain specific responses regarding the presence of vegetation
cover. The automatic classification of land uses was performed
using the Earth Engine platform using the “random forest”
classifier, and the training was performed 1,000 times to verify
the best classification. Finally, to confirm the accuracy of the
classification, confusion matrices were generated.

2.4. Data analysis

For each bee individual that returns to the nest, the
difference between the time of release and the time of record
was calculated to obtain the number of individuals that returned
per nest and the return times (in minutes). Generalized

frontiersin.org


https://doi.org/10.3389/frsc.2022.1103835
https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org

Arena et al. 10.3389/frsc.2022.1103835
35
31

30

25 24
21

20

15 14

10
10 9
8
7 7 7
5
5
0
A B C
1 m2 m3 mTotal

FIGURE 3
Total number of returning bees per study cover regions (A, B, C) and subbuffers (1, 2, 3, and total).

linear models (GLMs) with gamma and poisson distributions
were created to verify the relationship between the response
variables and the predictor variables, in order to identify which
parameters influenced the return time intervals (minutes) of
bees. Data were organized in Excel and statistical analysis were
performed using the Jamovi 2.2.5 software.

We estimated if there were differences in the return
times between subbuffers within buffers, assuming subbuffers
categories as predictor variables. To find if there were
differences due to the distances of the release points (subbuffers)
within coverage regions (buffers), we generated GLMs for
buffer A considering subbuffers Al (300m), A2 (600 m),
and A3 (900m); for buffer B considering subbuffers Bl
(300m), B2 (600m), and B3 (900m); and for buffer C
considering subbuffers Cl1 (300m), C2 (600m), and C3
(900 m).

Additionally, we answered if there were differences in
return time between the cover regions, assuming buffers
as predictor variables. Finally, we wanted to know if there
was a relationship between the vegetation amount and the
return time. Therefore, data was organized considering the
total vegetation area (Km?) and number of patches (NP) as
predictor variables.
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3. Results

Exploratory analysis showed that in study area C bees took
longer to return from the release points to the nest, followed by
the bees from the areas B and A, respectively (Figure 2). Study
area A presented the higher number of returning bees (31),
followed by areas C (24) and B (21) (Figures 2-4).

Models regarding return time comparisons between
subbuffers within coverage buffers (Table 1; Figure 5) showed
no significant differences, except for subbuffers C1 and C3 (p
< 0.001). Differences in return time between buffers showed
significant differences between study areas A and B and between
areas A and C (Table 2; Figure 6). We did not find statistically
significant differences between the vegetation area and the
return time or between the number of patches and the return
time (Table 3). Detailed results of the generated models are
available in the Supplementary material.

4. Discussion

Although we did not find a relationship between vegetation
and bee return times and numbers, it was noticeable that there
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Plots accounting the number of bees that returned to the nest after release for each study area (A,B,C).
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TABLE 1 Post-hoc comparison tests for the generalized linear models regarding differences between subbuffers.

Subbuffer Subbuffer Difference z Phoeniament
Al A2 ~14.0 10.5 ~133 0.551
Al A3 —30.7 15.0 —2.05 0.121
A2 A3 ~16.7 15.4 ~1.09 0.827
Bl B2 433 20.0 ~2.163 0.092
B1 B3 —26.1 232 ~1L122 0.786
B2 B3 17.2 221 0.777 1.000
ct c2 ~57.3 14.7 ~3.887 <0.001
ct C3 —44.7 14.4 ~3.106 0.006
c2 c3 12.6 17.0 0.741 1.000

was variation between the study regions, showing that the release
and monitoring methodology can be used in urban areas. We
obtained satisfactory bee return rates of 46.6% (21 out of 45
bees in area B), 53.3% (24 out of 45 bees in area C), and 68.8%
(31 out of 45 bees in area A). Marking techniques have been
widely applied in studies with several conservation purposes
and with a variety of permanent and impermanent methods
(see Briggs et al., 2022). Our study proved that the method of
marking and releasing bees can also be successful on different
green-gray urban nature gradients. Additionally, we used a very
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wide spatial scale in this work in order to cover the green-gray
gradient. To efficiently develop conservation strategies for local
bees in urban landscapes, it is necessary to consider different
spatial scales (Zanette et al., 2005). Thus, our findings report a
new context for studies applied to the ecology of the movement
of pollinating organisms in urban environments. Accordingly, it
would be interesting to carry out a new study that uses greater
spatial detail to investigate the influences of different elements
of the urban landscape, such as street trees, paved roads or
vacant lots.
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Plot results for the generalized linear models regarding differences between subbuffers.
TABLE 2 Post-hoc comparison tests for the generalized linear models
regarding differences in return time between buffers.
Study Study Difference SE Z | [Phsmamen
area area
100 4
A B —54.4 10.30 —5.28 <0.001 a
A C —76.9 991 | —7.76 <0.001 S
B C —-22.5 10.89 | —2.06 0.117 50 1
A B C
In order to be able to infer whether variations between Study area
study regions occurred due to the landscape around the nests FIGURE 6
and not to other factors (such as intercolonial variations), it Plot results for the generalized linear models regarding
. . . differences in return time between buffers.
would be suitable to repeat the experiment with a greater

number of study areas. We suggest, for a next experiment,
that more releases be carried out, at different distances, in
order to cover a better representation of the landscape around
the meliponaries. Bees are organisms that carry out recursive
movement, defined as repeated visits to the same locations in
a systematic way, between series of known points (“traplines”),
in search of renewable resources, such as pollen and nectar
(Berger-Tal and Bar-David, 2015). Thus, understanding how
bees move and interact with anthropic landscapes, both in search
of resources and in pollination, is extremely important both
for the conservation of bees and the resources they need, and
for good agricultural productivity (Heard, 1999; Machado et al.,
2020; Silva and Kleinert, 2020).

Unfortunately, the technique used is limited to identify the
routes of the bees returning to the hive. For this, there would
be necessary to use more modern but expensive technologies
for monitoring bee activity, such as harmonic radar. Although
transmitter sizes have recently become small enough to allow
tracking of insects under natural field conditions, they are still
too big for most bee species and are still too expensive (Kissling
et al., 2014; Nunes-Silva et al., 2019). It is also important to
highlight that no marked bees were recorded returning with
floral resources, demonstrating that during the return journey
of the bees to the hive they did not carry out collection activities,
focusing only on their return. Thus, there is no need to assess
which resources are available in the vegetation to carry out this
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type of experiment, which allows the focus of the analyzes to
be concentrated only on the type of urban element present in
the landscape.

Bee flight capacities are an important factor that determines
the area that a colony can exploit (Costa et al, 2021).
Tetragonisca angustula and T. spinipes, for example, stingless
bees commonly found in urban areas, can reach distances up to
1,000 m (Van Nieuwstadt and Iraheta, 1996; Araujo et al., 2004;
Greenleaf et al., 2007). Typically, M. quadrifasciata can reach a
flight distance of 2,100 m (Roubik and Aluja, 1983). However,
recent studies using RFID tracking technology have revealed
that Melipona bees can reach much greater flight ranges, with
foraging flight distances from 1,000 to 2,000 m, and a maximum
homing distance from 5 to 10km (Nunes-Silva et al., 2019;
Costa et al,, 2021). Therefore, it is fundamental to study in
detail the movement of bees and their relationship with the
landscape elements in a radius of 1,000 m around the colony in
order to assign the best conservation and management strategies
of the meliponary and its surroundings. It is also important
to highlight that, in both mentioned studies, the releases were
carried out in forest areas, emphasizing the originality and
importance of our survey and other studies that evaluate the
movement of native bees in urban areas.
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TABLE 3 Parameter estimates for the generalized linear models regarding differences between the vegetation area and the return time for buffers A,
B, and C.

95% Confidence interval

Estimate Lower Upper

(Intercept) 41.097 5.76 31.67 55.11 7.135 <0.001
veg CA_km2 37.098 19.15 3.11 86.96 1.938 0.063
other_CA_km?2 0.450 1.36 —2.30 3.50 0.332 0.742
Buffer B Estimate SE Lower Upper z P

(Intercept) 95.5 8.66 78.5 112.5 11.02 <0.001
veg CA_km2 1,080.1 560.37 —18.2 2,178.4 1.93 0.070
other_CA_km?2 —152.0 85.74 —320.1 16.0 -1.77 0.093
Buffer C Estimate SE Lower Upper z P

(Intercept) 118 6.51 106 132 18.11 <0.001
other_CA_km?2 —695 246.92 —1,218 —237 —2.81 0.010
veg_cakm2 430 141.17 168 729 3.04 0.006

Although some studies about the flight ranges of native Author contributions

bees have been successfully developed in natural areas, there

is a lack of studies about the dynamics of these organisms in
urban landscapes. Research that considers the new anthropic
scenario to which native bees are submitted is of unquestionable
importance for the development of public and conservation
policies that concern biodiversity and urban ecology. Thus,
our study presents a relevant suggestion for new research
within this modern context. We conclude that, although some
modifications are necessary, studies involving the marking,
release and monitoring of bees can be of great value for
the development of urban ecology studies, in order to better
understand how these organisms interact in these landscapes
and, thus, develop better conservation and maintenance
strategies for native bees in urban areas.
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