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Abstract

Bees gather food resources from angiosperm flowers, promoting pollination, cross-breeding, and increasing the genetic vari-
ability of many plant species. However, all over the world there has been a great decline in bee populations, with the most
accepted hypotheses being the loss of habitat caused by urbanization, fungal contamination and pesticide residues. The col-
lapse of bee colonies can unbalance ecosystems causing a reduction in plant abundance and directly impacting the agricultural
economy. Peri-urban paths are considered refuges capable of sheltering part of the biodiversity, including communities of pol-
linators such as bees. On the Brazilian Atlantic coast, restinga ecosystems are fragmented and their remnants are threatened
by anthropic actions and real estate speculation. In this work, the bee fauna was inventoried in a peri-urban patch of “restinga”
in the Municipal Natural Park of Barreto’s Restinga in Macaé, Rio de Janeiro, Brazil, with the objective of understanding the
structure of the bee community and its relationship with the availability of floral resources and seasonality. Collections were
carried out monthly between February 2019 and February 2020. The methods included active collections with entomological
nets between 08:00 and 17:00 hours. 363 individuals belonging to 31 bee species were sampled. The most abundant genera
were Xylocopa, Eulaema and Eufriesia, with the highest richness and abundance during the summer. There was a significant
relationship between the availability of floral resources and the richness and abundance of bees. There was also a positive
relationship between bee richness and rainfall. The data generated may contribute to support public policies that ensure the
maintenance and expansion of “restinga” areas in urban environments, contributing to the conservation of bee species in the

Atlantic Forest.
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Introduction thatis, with a high degree of endemic species [1]. After several
exploration cycles, the Atlantic Forest has become one of

The Atlantic Forest is one of the six Brazilian biomes, the most threatened and fragmented biomes in the world
being considered a national heritage and a diversity hotspot, [2]. Among the physiognomies that make up this biome, we
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have the “restinga” formations, which are characterized by
a predominantly shrubby and heterogeneous vegetation
under a sandy soil, with low capacity to retain water, high
incidence of solar radiation, wind and salinity [3-5].

The restingas shelter part of the biodiversity of
the Atlantic Forest, therefore, they are priority areas in
preservation actions [1,6]. In addition, because it is a coastal
environment, they are constantly threatened by the loss and
fragmentation of habitats resulting from accelerated urban
growth, port activities, real estate speculation and mineral
extraction [7]. The size of the remaining restinga fragments
and the management effort can influence the maintenance of
local biodiversity Sofia, et al. [8] allowing the permanence of
local fauna [2], such as rodents Cerqueira, et al. [9], lizards
[10], birds Cogliatti-Carvalho, et al. [11] and insects, such as
pollinating bees [12,13].

Studies on the richness of bees in restingas in Brazil,
although scarce, indicate the importance of this ecosystem
for the maintenance of bee communities [14-18]. In arestinga
region in the south of Bahia, 80 species of bees that visited
Comolia ovalifolia bushes were recorded, in a sample area of
5 hectares, with the most predominant species being Centris,
Xylocopa and Euglossa [19]. In the Lengéis Maranhenses
National Park, 59 species of bees were sampled in a sandbank
area of 200 hectares, the genera with the greatest richness
being Megachile (12 spp.), Centris (10 spp.) and Xylocopa (5
spp) [20]. Still for sandbanks in northeastern Brazil, Silva,
et al. [17] collected 80 species in an area of 450 hectares
in Salvador, Bahia. In restingas in southern Brazil, in Santa
Catarina, Kamke, et al. [21] inventoried 64 bee species in an
area of approximately 40 hectares, while Patricio, et al. [22]
sampled 39 species in an area of 18 hectares. In the state
of Rio de Janeiro, in a restinga area in the north of the state
of Rio de Janeiro, 16 bee species were collected only in the
sandy cord and associated with the psammophile Canavalia
rosea [13].

The composition of pollinator communities is related
to the floral resources available in the environment, with
greater richness and abundance occurring in periods when
the availability of floral resources is greater [23,24]. It
was observed that the low productivity and availability of
resources can influence the activity of bees, showing the
importance of trophic relationships with the floral resource
[23]. In addition, relationships also influence the overlapping
of niches and possible competition between species
(Nogueira-Ferreira and Augusto) [25], which may interfere
with the frequency and timing of foraging in flowering plants
[26].

Seasonal changes linked to radiation intensity, rainfall
and temperature variation throughout the day and year are
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abiotic variables that influence the flowering intensity of
plants (Lorenzon) and the richness and abundance of their
pollinators [27]. In colder seasons, there is a lower supply
of floral resources and a decrease in bee activity [27-29].
Throughout the day, pollinators can share the use of floral
resources by modifying their foraging periods due to the
influence of temperature and luminosity [30]. In Euglossinae
bees, greater activity was observed in the morning, with
an average temperature of 26.5°C [31]. Stingless bees and
species with large body sizes also show greater activity in
the early morning, when the temperature and luminosity are
lower and the availability of resources is greater, while small
bees start their activities when the temperature increases,
around 11 am [32].

Bees are important pollinating agents, ensuring the
reproduction of many plant species [33,34]. Pollination
increases the quantity and quality of fruits and grains that
make up the diet of many animals, including 70% of crops
intended for human consumption [35,36]. In this sense,
pollination by bees is fundamental to the economic success
of several agricultural crops in the world [37]. Although the
relevance of pollination ecosystem services is considered,
with the approval of a series of international initiatives in
defense of pollinators [38-41], in recent years the rates of
reduction in the abundance of several species have been
alarming. Among the most likely causes for this worldwide
phenomenon is the use of agricultural pesticides and the loss
of habitats and resources, resulting from accelerated and
disorderly urban growth [42,43].

Thus, the creation and maintenance of urban parks could
reduce the effects of degradation on the restinga fragments,
making them refuges for bee species, thus minimizing the
impacts of urbanization. When transforming a fragment of
urban vegetation into a conservation unit, it is important
to know its biological diversity so that management plans
are well structured in order to promote the conservation
of resources and ecosystem services [44]. In this sense,
this study aims to inventory the community of bees in the
Municipal Natural Park of Barreto’s Restinga, an peri-urban
patch of restinga and analyze how the climatic seasonality
influences the composition of this community.

Material and Methods

Study Area

The study was conducted in a restinga area in the
Municipal Natural Park of Barreto’s Restinga - PNMRB -
(22°20°'22”S and 41°44°28”W) located in the municipality
of Macaé, State of Rio de Janeiro, Brazil (Figure 1). The
park has a peri-urban patch of restinga of approximately
32 hectares. The vegetation is predominantly shrubby
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mainly composed of species of Myrtaceae, Convolvulaceae,
Cactaceae, Bignoneaceae and a sandy cord with a wide
distribution of psammophilous vegetation. The climate in the
region is tropical, classified as Aw according to Kdppen [45].

The average temperature is 22.9°C and the annual average
rainfall is 1126 mm, with most of the rain concentrated in
the summer.

Figure 1: Geographic map of the study area showing the municipality of Macaé on the coast of Rio de Janeiro State, Brazil. The
Municipal Natural Park of Barreto’s Restinga (PNMRB). The red rectangle indicates the sampling area.

Sampling

Monthly collections were carried out between February
2019 and February 2020. The collections were carried out
along a transect of 1500 meters. In each sampling, two
collectors walked the transect from 8:00 am to 5:00 pm,
staying for 10 minutes on each flowering plant. A total of 108
hours of field sampling were carried out. Bees were collected
with entomological nets during visits to flowers and then
killed in chambers containing ethyl acetate. All individuals
were stored in envelopes with date and time identification,
taken to the Integrated Laboratory of Invertebrate Biology
of the Institute of Biodiversity and Sustainability of the
Federal University of Rio de Janeiro (NUPEM/UFR]), where
they were mounted on an entomological pin and deposited
in the collection. Species identification was performed using
taxonomic keys and consulting specialists [46].

Climatic data of temperature, solar radiation and rainfall
were recorded for each collection day (INMET - Instituto
Nacional de Meteorologia) to assess how abiotic factors may
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influence the composition of the bee assemblage [47,48].

Statistical Analysis

Data were analyzed in the statistical software R (R
Development Core Team) using simple linear models.
Analysis of Variance (ANOVA) was applied to verify whether
the richness and abundance of bees vary according to
the time of year. Analysis of variance was also carried out
between abiotic factors (temperature, precipitation and
solar radiation) and their relationship with the abundance
and richness of bees. In order to verify if there was a temporal
partition of floral resources between bee species, the Beta
Diversity analysis was carried out (Betapart Package).

Results

Atotal of 363 bees belonging to 31 species were collected
(Table 1). The most abundant genera were Xylocopa (177),
Eulaema (48), Eufriesia (45), Epicharis (33) and Centris (30),
which together make up 91.7% of the specimens collected.
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The month with the highest abundance and richness was 1 & Figure 2). The seasons with the highest abundance and
March, with the lowest values occurring in November (Table richness of bees were summer and autumn (Figure 3).
Specie Abundance relative to the months sampled 2019/2020
Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec| Jan | Feb

1- Apis mellifera - - - - - - - - - - - - - -
2- Centris sp. 1 3 1 4
3- Centris sp. 2 1 1 3 5
4- Centris sp. 3 2 1 1 4
5- Centris sp. 4 4 4
6- Centris sp. 5 3 3
7- Centris sp. 6 2 3
8- Centris sp. 7 2 1 3
9- Centris analis 2 1 1 1 5
10- Ceratina sp. 1 1 1
11- Ceratina sp. 2 1
12- Epicharis sp. 1 2 3 3 3 6 1 2 2 1 23
13- Epicharis sp. 2 4 2 10
14- Eufriesea sp. 1 1
15- Eufriesea dentilabris 9 14 8 6 7 | 44
16- Euglossa sp. 1 1 1
17- Eulaema nigrita 19 10 3 4 7 2 45
18- Eulaema nigrohirta 2 3
19- Megachile sp1 2 5
20- Megachile sp2 1
21- Melipona quadrifasciata 1 1
22- Mesoplia sp.1 1 2 3
23- Pseudoaughlora sp. 1 1 1 1 3
24- Pseudoaughlora sp. 2 1 1
25- Paratetrapedia sp. 1 1 1
26- Trigona spinipes 1 6 1 8
27- Trigona hialinata 2 2
28- Xylocopa sp. 1 1 5 3 12 6 8 3 2 62
29- Xylocopa sp. 2 4 5 6 7 9 39
30- Xylocopa frontalis 4 6 11 4 1 3 1 3 43
31- Xylocopa truxali 15 7 3 8 1 34
Total bee/month 23 81 | 32 | 52 | 22 | 37 | 22 | 23| 22 6 11 | 21 | 12
Richness of bees/month 9 16 6 12 6 6 6 7 7 3 5 9 4 | 31
Total flowering plants/month 6 12 6 8 5 6 5 5 4 2 4 5 5 31

Table 1: Diversity of bees and number of plant morphospecies collected over the months in the Municipal Natural Park of
Barreto’s Restinga, Macaé-R] between the years 2019-2020. The abundance of Apis mellifera was not counted due to the large
number of individuals (greater than 100 individuals/month).
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Figure 2: Relationship between abundance (a) and bee richness (b) over the months of the year sampled in the Municipal
Natural Park of Barreto’s Restinga, Macaé, R], between 2019 and 2020.

Barreto’s Restinga, Macaé, R], between 2019 and 2020.

Figure 3: Relationship between abundance (a) and bee richness (b) throughout the seasons, in the Municipal Natural Park of

J

The months with the greatest diversity of flowering
plants (March and May) were accompanied by the greatest
richness and abundance of bees (Table 1). Significantly
positive linear relationships were observed between the
abundance of bees and the number of flowering species,
where the predictor variable explained about 81% of the

variation observed in the response variable (Figure 4a). We
also found a significant positive linear relationship between
bee richness and the number of flowering species, with the
predictor variable explaining about 80% of the observed
variation in the response variable (Figure 4b).

Figure 4: Relationship between the abundance (a) and richness of bees (b) with the species richness of flowering plants, in the
Municipal Natural Park of Barreto’s Restinga, Macaé, R], between 2019 and 2020.

The bees collected floral resources at different times of
the day, with the highest frequency of visits being between 9
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and 11 am, and at 12 noon the lowest number of individuals
sampled in flowers (Figure 5).
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Figure 5: Relation of the average abundance of bees according to the hours evaluated in the Municipal Natural Park of Barreto’s
Restinga, Macaé, R], between 2019 and 2020.

Figure 6: Relationship between abundance and richness of bees with different environmental variables, in the Municipal
Natural Park of Barreto’s Restinga, Macaé, R], between 2019 and 2020. Average temperature (0C), precipitation (mm) and
solar radiation (lux)

o
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The solar radiation indices on the sampling days showed
two large peaks, with the lowest solar radiation in March,
where the highest monthly abundance (81) and richness
(16) of bees occurred, and the highest radiation index
was in the month of November, when only 06 individuals
belonging to 03 bee species were sampled. However, the
abiotic variables temperature, rainfall and solar radiation
were not significantly related to the abundance of bees.
Also, no significant linear relationship was found between
bee richness and average temperature and solar radiation.
However, a significantly positive linear relationship was
observed between bee richness and rainfall (r* = 0.514, p =
0.009; Figure 6).

Discussion

Apidae was the most representative group in this work,
with the genera Xylocopa, Eulaema and Eufriesia being
the most diverse, as also observed in other restinga areas
[17,22,49,50]. The prevalence of species of these genera in
restinga can be related to generalist habits in the use of floral
resources and body size, since most species of the genera
in question have a medium to large body size [51] which
enables them to support the strong and constant winds in
the restinga [52].

Restinga areas in northeastern Brazil showed higher
richness than that observed for the PNMRB. In southern
Bahia, Oliveira-Rebougas, et al. [19] recorded 80 bee species.
In Lengo6is Maranhenses, 59 species were sampled Gostinsk,
et al. [20] and in Salvador, Bahia, 80 species were collected
[17].Inarestingain southern Brazil, in Santa Catarina Patricio
RS, et al. [22] sampled 39 species. The difference in richness
can be attributed to several factors, such as collection time
and areas of sampled fragments. However, within the cited
worKks, the relative low richness of the current study can be
attributed to factors of anthropic influences, since the area is
highly urbanized in all its limits and with continuous use and
traffic of people and vehicles.

The bees showed a temporal variation in foraging
behavior throughout the day, with the highest foraging times
being between 9 am and 11 am. This pattern is commonly
observed for species of Xylocopa and Megachile when visiting
flowers of Sophora tomentosa and Crotalaria vitellina [33].
This time preference has also been observed for the genera
Mesoplia and Centris [49]. Insects need to reach a high
metabolic rate to start foraging, but they tend to limit their
activities to temperature ranges that have little influence on
their energy expenditure [53].

The availability of floral resources influences the
structure of the bee community, with greater abundance and
richness being common in the months with greater supply
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of flowering plants [15, 29]. In the sampled study area, the
Municipal Natural Park do Barretos Restinga, a work carried
out in the sandy cord demonstrated that the richness and
abundance of bees was positively related to the number of
open flowers of Canavalia rosea [13]. Bees are sensitive to
environmental responses associated with resource offers,
and this factor may be a determining factor in community
structure [54,55]. Thus, climatic seasonality may have
an effect on the availability of floral resources, such as
the amount of flowers and the reward to visitors (nectar
and pollen), which will influence the structure of the bee
community [29,34,55].

During the hottest and rainiest months, a greater
abundance of bees was observed, which may be related to the
availability of water in the soil. In the restinga, the soils do not
accumulate water so easily and with that the development of
the plants is limited in the driest months, while in the rainy
periods there is a greater emission of leaf buds and flower
buds, which means a greater supply of resources flowers in
this period [56,57]. In the study area, it was observed that
as rainfall increased, there was a significant increase in bee
species richness, which possibly occurred due to the increase
in the supply of floral resources, but can also be explained as
aresponse to less overlapping of niches and less competition
for resources between different species [58].

As for the effects of solar radiation, a lower richness
and abundance of bees foraging in the period of the year
with the highest radiation (November) was observed, as
was also observed by Souza [59] who correlated higher
air temperature and solar radiation to a lower number of
Melipona subnitida bees foraging. In the study area, the
five bees that were observed foraging during this period of
higher radiation, out of a total of six specimens observed,
are species of Xylocopa. This genus is one of the most diverse
in restinga areas, being considered a potential pollinator
for several plants, because, due to their large body size,
these bees are able to forage even under strong winds and
high temperatures, which is an important adaptation for a
pollinator in the restinga environment [19,50].

Conclusion

Knowledge about the structure of bee communities
and their ecosystem services can contribute to actions
aimed at preserving remaining areas of the Atlantic Forest
and its phytophysiognomies, such as restingas. Considering
the accelerated process of urbanization and fragmentation
of restinga environments, as occurred in the PNMRB, it
is important to inventory and understand the trophic
relationships between fauna and flora, generating subsidies
for management plans that aim to maintain or expand these
protected areas, ensuring the ecosystem conservation.
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Our study demonstrated that even urban and anthropized
fragments can harbor plant species and pollinators, being
fundamental for the maintenance of sandbank species and,
therefore, contributing to the conservation of the Brazilian
Atlantic Forest.
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