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Introduction

Abstract

Cities provide resources for animal species that live within them or inhabit their sur-
roundings. This has motivated an increase in ecological studies of urban areas, inclu-
ding the interactions between plants and pollinators. From March 2010 to February
2011, the flowering plants present in the study area, located at the Universidade de Sdo
Paulo, Ribeirdo Preto, were sampled to evaluate how floral sources were distributed
throughout the year. Concurrently, worker bees with pollen loads were collected from
four colonies of Frieseomelitta varia (Lepeletier, 1836) to identify the sources used
by bees. Despite an increase in plant species abundance in July, plants were in bloom
year-round and consequently, the production and supply of floral resources were con-
tinuous. The workers collected resources from 77 plant species, but only three were
extensively exploited. Delonix regia (Leguminosae), Poincianella pluviosa (Leguminosae)
and Ceiba speciosa (Malvaceae) accounted for 42% of total pollen grains quantified
during the year, showing that F. varia intensify pollen collection at few sources at spa-
tiotemporal scale. This study emphasizes the importance of native urban flora to main-
tain F. varia and other bee species. The list of plants presented in this study can be used
in the design and planning of urban areas.

In cities, communities of bees and wasps are highly
diverse (Frankie et al., 2005; Zanette et al., 2005; Matteson et

According to Dearborn and Kark (2009) there are seven
possible motivations for urban biodiversity conservation: pre-
serving local biodiversity, creating stepping stones to nonurban
habitat, understanding and facilitating responses to environ-
ment change, conducting environmental education, provi-
ding ecosystem services, fulfilling ethical responsibilities,
and improving human well-being.

Although expansion of urban areas are among the
human activities that result in the loss of native fauna and
flora (McKinney, 2008), there is evidence that cities can pro-
vide potential resources for the animal species living within
them or in their surroundings, including arthropods such as
bees (Nates-Parra et al., 2006; Silva et al., 2007; Wojcik et
al., 2008) and butterflies (Bergerot et al., 2010). Indeed, cities
can also act as ecological corridors (Owen, 1991).

al., 2008) and they are affected by variables that compose the
urban landscape such as the availability of resources (Cane
et al., 2006; Kearns & Oliveras, 2009). Floral generalist bee
species are favored in urban areas (Zanette et al., 2005; Nates-
Parra et al., 2006), while specialist bee species are severely
affected by urbanization because the plants they usually visit
to collect resources are rarely ornamental and therefore, are
not often found in urban gardens (Frankie et al., 2009).

In Brazil, studies concerning the use of floral resources
by bees in urban areas are uncommon (Knoll et al., 1994;
Taura & Laroca, 2001; Agostini & Sazima, 2003; Silva et al.,
2007) and do not approach the topic from an urban landscape
planning standpoint to promote the conservation of the diversi-
ty found within these areas. The social bees known as stingless
bees comprise approximately 400 species distributed in the
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Neotropical region (Camargo & Pedro, 2007). They live in
perennial colonies and the worker bees forage year-round.
Although stingless bees are generalists, collecting pollen and
nectar from an array of plant species (Roubik, 1989; Ramalho
et al., 1990), the workers can intensify collection at certain
sources for an amount of time (Eltz et al., 2001; Faria et al.,
2012).

While seeking food in flowers, the worker bees play
an important ecological role as pollinators of many plant
species, which makes them good candidates for commercial
pollination, plus the fact that they can easily be kept in hives
and are nonaggressive (Slaa et al., 2000).

Frieseomelitta varia (Lepeletier, 1836) is a Neotropical
medium-sized species of stingless bee with occurrence in
several regions of Brazil (Camargo & Pedro, 2007). Colonies
of this species are found not only in areas of natural vegeta-
tion (Teixeira et al., 2007), but also in urban areas (Marques-
Souza, 2010).

Given stingless bees’ ecological importance, the present
study aimed (i) to understand the interactions between F. varia
and urban flora by analyzing the pollen loads from foragers and
(i1) to assess the influence of the availability of floral resources
and climatic factor in the pollen-foraging workers in an urban
landscape.

Materials and Methods
Study area

The present study was conducted in the campus of
Universidade de Sao Paulo (21°10°30” S - 47°48°38” W),
located in the city of Ribeirdo Preto, in the northeastern part
of the State of Sdo Paulo, Brazil, at altitudes ranging from
510 to 800 m.a.s.l.. The campus covers an area of 574.75 ha
and the climate of the region is characterized by marked sea-
sonality: cold, dry winters (April to September) and hot, wet
summers (October to March). Prior to the advent of coffee
production in the region, the vegetation of the campus was
predominantly seasonal semideciduous forest. The present
day campus represents an urban area that consists of native
and exotic plant species used in urban landscaping. There is
a forest covering 75 ha of the campus comprised of plant
species native of the vegetation of this area (Pais & Varanda,
2010).

Data collection

From March 2010 to February 2011, plant species and
individuals in bloom were sampled once a month and during
five consecutive days in an area with 500 m radius from the
meliponary of Faculdade de Filosofia, Ciéncias e Letras de
Ribeirdo Preto (FFCLRP), totaling 78 hectares. The radius
used to sample the plant species in bloom is according to
flight range of the F. varia (Lichtenberg et al., 2010). Flower
buds of each species were also collected, and the pollen grains

were removed and mounted on slides, which were deposited
in the reference pollen collection of FFCLRP.

The plant species were sampled throughout the vertical
strata as suggested by Silva et al. (2012), in which trees are
considered woody individuals with circumference at breast
height (CBH) > 15 cm and more than 2 m high; shrubs are
woody individuals with CBH < 15 cm and high between 1
and 2 m; herbaceous are not woody individuals with < 1 m
high and lianas are woody individuals that grow laid on other
plants without causing damages.

The plant species collected in the study area were clas-
sified as ornamental and as native or exotic to Brazil based on
literature (Lorenzi, 2008; Souza & Lorenzi, 2008).

Concomitantly to plant species sampling, the pollen-
foraging activity of worker bees in four colonies of F. varia
was studied in relation to climatic factors and the availability
of floral resources in the sampled area. These four colonies
were kept in the meliponary of FFCLRP and the maximum
distance between them was 3 m. They were about the same
age and the same size, considering the number of workers
and number of storage pots.

Once a month, the number of workers with pollen loads
returning to their colonies was quantified for five minutes at
a time with the aid of a manual counter at intervals of 30
minutes between 5:30 am and 12:30 pm. From 1:30 pm, the
workers were quantified every hour until 5:30 pm because the
collection of resources by workers F. varia decreases during
this time period. Temperature, relative humidity, wind speed
and rainfall data were collected at the meteorological station
in the Departamento de Biologia, FFCLRP, on the days in
which pollen was sampled.

After quantifying the foraging activity of the colonies,
three intervals were determined: the beginning, the peak and
the end of the foraging activity. On the following day, five
workers returning to each colony with pollen in their corbi-
culae were sampled in each of the three intervals. Thus, fifteen
workers with corbiculae loaded with pollen were sampled
from each colony (n = 4) per day, totaling 60 samples per
month. Bees were captured using an aspirator after closing
the entries of the colonies, and the pollen loads were removed
using a probe. The pollen loads were stored in 70% alcohol,
following Silva et al. (2010). After 24 hours, the alcohol was
discarded, and the samples were placed in 4 mL of glacial
acetic acid for at least 24 hours for subsequent acetolysis
according to Erdtman (1960). The pollen grains on the slides
were identified by comparison with pollen deposited in the
reference pollen collection of FFCLRP. The plant material
was deposited at SPFR herbarium (Sao Paulo Filosofia
Ribeirdo) of Departamento de Biologia, FFCLRP.

Data analysis

Circular statistics was employed to assess seasonality in
resource availability considering the number of plant species
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and individuals in bloom from March 2010 to February 2011.
To test for the occurrence of seasonality, the Rayleigh's test
(Z) was applied to determine the significance of the mean
date of flowering event (in months; a=5%) (Zar, 1999). The
null hypothesis (/) states that when the flowering event is
distributed uniformly throughout the year, there is no seaso-
nality. If H, is rejected, the mean date is significant and there
is a seasonal phenological pattern. The intensity of the con-
centration around the mean date, denoted by r, can be consi-
dered a measure of the degree of seasonality. The vector 7 has
no units and may vary from 0 (when phenological activity is
distributed uniformly throughout the year) to 1 (when phe-
nological activity is concentrated around one single date or
time of the year) (Morellato et al., 2000). The circular statis-
tics analysis was performed by the Oriana software (Kovach,
2011). The same test was applied to assess the frequency of
workers of F. varia with pollen loads returning to the colo-
nies throughout the year.

Pearson's correlation coefficient () (Zar, 1999) was
calculated to test the relationship between the number of spe-
cies and individuals in bloom and the mean monthly tempe-
rature (°C) and rainfall (mm) from March 2010 to February
2011. Pearson's correlation coefficient was also calculated to
test the relationship between the number of pollen-foraging
workers and the climatic factors of the day that they were
counted [1. temperature (°C); 2. relative humidity (%); 3.
wind speed (Km/h)], and the diversity of pollen in the sam-
ples of the respective month. The relationship between the
latter variable and the number of species that had bloomed
throughout the year was also analyzed. The analyses were
conducted using R version 2.13.1 (R Development Core
Team 2011).

Analysis of the pollen collected by the bees was per-
formed using a binocular microscope with magnifications up
to 2560x, which allowed images of pollen grains to be taken
with an attached digital camera. The first 400 pollen grains
were counted for each sample, as suggested by Montero and
Tormo (1990). The percentages were then calculated accor-
ding to the classification proposed by Maurizio and Louveaux
(1965) using the following categories: dominant pollen (> 45%
of the total grains on the slide), accessory pollen (from 15 to
45%), important isolated pollen (3 to 15%) and occasionally
isolated pollen (< 3%). The plants with pollen classified as
dominant and pollen that occurred over a period of at least
six months were considered to be key plant species in the
maintenance of F. varia.

Results

During the study period, 235 plant species and 3285
individuals in bloom were sampled in the meliponary and the
surrounding area. The mean flowering date of plant species
was significant (Z = 20.59, p < 0.01) and corresponded to
the month of April, revealing a seasonal pattern despite the

low concentration of species around this mean date (+=0.16)
(Fig. 1A). The mean flowering date of individuals in bloom
was also significant (Z=167.48, p <0.01) and corresponded
to the month of May, revealing a seasonal pattern despite the
low concentration of individuals around the mean date (r =
0.23) (Fig. 1B). Considering separately the native and exotic
species and individuals in bloom the seasonal pattern was
also observed [(native_ . : Z=10.18, » = 0.13; exotic

species”

especies:
Z=12.69, r=0.24) (native_ . .. - 7Z=115.90, r=0.22; exo-
tic

diviauass Z = 99.03,7=0.27); p < 0.01] (Fig. 1).
The number of flowering species and individuals were
not correlated with temperature and rainfall [(especies:

tempe-

°.=-0.24,r . =-0.31) (individuals: r o =-0.54,

rature ( C)_ rainfall temperature ( C)_

r=-0.55); p > 0.05].

rainfall
The monthly number of pollen foraging workers va-
ried in the four studied colonies, and presented a seasonal
distribution throughout the year [(Z =403.09, r = 0.67)

colonyl

(Z, e 477.65,7=0.61)(Z,,,, ,=214.92,7=0.50) (Z

colony2 colony4 -

A

Species in bloom

October August
September
Individuals in bloom
March
500
February April
400
Jamuary
December
November
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September

~®—Total =8~ Native ==—Exzotic

Figure. 1 Distribution of total, native and exotic plant species (A)
and individuals (B) that bloomed in the meliponary and its surroun-

ding area from March 2010 to February 2011.
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733.75,r=0.60); p <0.01] (Fig. 2). According to the pattern
of this event observed in all colonies, the period of highest
pollen collection activity by the bees (October) did not coin-
cide with the period with highest availability of floral resour-
ces (July) (Fig. 2). The pollen-foraging activity in F. varia
was not influenced by climatic factors (rtemperature Co=0.37,
rrelalive humidity (%) - 040’ rwind speed (km/h) - 040’ p>005)
Seventy-seven pollen types distributed in 36 families
and 60 genera were identified in the studied samples. Of the-
se, 63 were identified at species level and three remained as
undetermined types (Table 1). In general, the workers collec-
ted floral resources from a small fraction of the total number
of plant species available, corresponding to 32.76% of the
sampled plants that bloomed throughout the study period.

Colony 1
March
250
chruary 1 _ April
550
Jamary May
Decembes Jme
November ~ aly
October Avgust
Secptember
Colony 3
March
350
T
550
Jammary May
December Jme
Novemba . " Juty
October Angnst

September

More than half of the plant species used by F. varia were
distributed in seven of the 36 botanical families. The families
with the highest number of visited species were Leguminosae
and Myrtaceae, which were represented by 11 and 7 species,
respectively. However, most of the pollen came from species
of Leguminosae and Malvaceae, which were represented by
44.30% and 9.50% of total pollen grains quantified in the
samples.

Considering monthly pollen analysis, Delonix regia
(Leguminosae), Ceiba speciosa (Malvaceae) and Poincia-
nella pluviosa (Leguminosae) were intensively visited as
they showed more than 45% of the pollen grains in the sam-
ples (Table 1).

Throughout the year, the three species accounted for

Colony 2

March
850

£ .
¥ i N

550

May

Novemba

October Aungust

Scptember
Colony 4

March
850

_ 700

550

= &= Number of pollken foraging workers —®—Number of individuals in bloom

Figure. 2 Distribution of the monthly number of workers of Frieseomelitta varia per colony and monthly number of individuals that bloo-
med in the meliponary and its surrounding area from March 2010 to February 2011.
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42% of the total pollen grains. There is almost no overlap in
the use of D. regia, C. speciosa and P. pluviosa by F. varia
(Table 1), which reflects the flowering period of these spe-
cies in the study area. Eucalyptus moluccana (Myrtaceae),
Leucaena leucocephala (Leguminosae), Paspalum notatum
(Poaceae) and Schinus terebinthifolius (Anacardiaceae) were
also important for F. varia because they provided food to the
colonies for a period of at least six months (Table 1). There
was no correlation between mean number of pollen-foraging
workers and pollen diversity (=0.12; p>0.05), and no corre-
lation between pollen diversity of samples and the number
of species bloomed (r=0.00; p>0.05). Although there was a
low richness of plant species in bloom, the highest numbers
of pollen types in the samples were found in October and
November, with 33.33% and 45.45% of the available sources
used, respectively. In contrast, the samples from March and
April showed lower numbers of pollen types in relation to the
numbers of plant species in bloom, with 16.49% and 13.27%
of the available sources used, respectively.

Among the 63 identified species, 59 belong to plants
used in urban landscape planning or plants that have a high
potential to be used for this purpose. Of these 59 ornamental
species that were exploited as food sources, 64.50% species
are native to Brazil (Table 1).

Discussion

Despite displaying a seasonal flowering pattern, spe-
cies were in bloom year-round in the study area, and therefore
the production and supply of floral resources was continuous.
In a phenological study performed on the campus of the Uni-
versidade de Campinas - SP, Brazil (22°46°57” S - 47°04°47”
W), which is also an urban area, the species bloomed throu-
ghout the year but did not exhibit marked seasonality (Agostini
& Sazima, 2003). Those authors argue that species with diffe-
rent flowering periods are used to enhance ornamentation in
urban settings, maintaining flowers available for most year-
round. In our study, both native and exotic species contribu-
ted significantly to the seasonal pattern observed. Besides the
revegetated area, the campus also comprises trees species of
the seasonal semideciduous forest for the purpose of shading.
One of the main factors for the increased species richness of
plants in urban habitats is human-aided dispersal of exotic
species (McKinney, 2008). However, using native plants in
the planning of green areas is important from the conserva-
tion point of view, since it favors the maintenance of a vast
richness of plant-pollinator interactions.

In the study area, the absence of correlation between
the flowering phenology and climatic factors can be explained
by the increased irrigation, which is one of the manipulator
of floral blooming within the urban landscape. In urban areas,
irrigation can influence the continuous production of flowers
(Frankie et al., 2005), mainly in shrub and herbaceous strata.
In tropical areas, the flowering pattern, and consequently the

resource availability, is associated with seasonal variations in
rainfall (van Schaik et al., 1993).

Our study shows that the period of highest food col-
lection activity by F. varia is not associated with the period
when the resources are more abundant in the field. This re-
sult is not in accordance with literature for other species of
stingless bees. Although Roubik (1982) and Biesmeijer et al.
(1999) have discussed that pollen foraging activity in colo-
nies of Melipona species decreased due to reduced pollen
availability in the environment, the authors did not evaluate
the flowering phenology of plant species.

Although there is no relationship between climatic
factors and the mean number of F. varia pollen-foraging
workers, the flight activity of stingless bees is known to be
influenced by such variables, and their pollen-foraging acti-
vity reflects the influence of meteorological parameters (Pick
& Blochtein, 2002). For example, the flight activity of Ple-
beia pugnax foragers, a small species of stingless bee, may
be relatively constant over a wide range of temperatures (Hi-
lario et al., 2001), while the highest intensities of P. saiqui
worker pollen-foraging activity coincided with the highest
temperatures throughout the year (Pick & Blochtein, 2002).
Kajobe and Echazarreta (2005) found that the number of
worker bees for two medium-sized species of stingless bees
decreased in the field when the relative humidity was higher
than the optimal value of 78%. The worker bees of P. pugnax
flew over a wide range of relative humidity, from 30% to
100%, decreasing slowly the number of bees flying after 50%
(Hilério et al., 2001). Other factors may affect the flight ac-
tivity of bees including the population size (Hilario et al.,
2000), the reproductive status of the colony (Nunes-Silva et
al., 2010) and even the body size of different species, which
affects the maximal flight distance and the onset of this acti-
vity (Teixeira & Campos, 2005).

Although F. varia workers collected resources from 77
plant species, only three species were extensively exploited,
showing that the bees intensify pollen collection at few sour-
ces at spatiotemporal scale. These results are consistent with
the work of Marques-Souza (2010) on F. varia in an urban
area located in Manaus - AM, Brazil. That author identified
pollen of 79 plant species distributed among 60 genera and
37 botanical families, but only four of these species provided
71% of the total pollen collected. This pattern was also found
in natural environments by Teixeira et al. (2007) when they
analyzed Brazilian studies on the use of floral resources by
bees of the Frieseomelitta genus in areas with different types
of vegetation. Those authors mention that workers visited a
large spectrum of plant species but only focused on some
of them. Other studies have also shown that stingless bees
obtain most of their food from a small number of plant spe-
cies (Imperatriz-Fonseca et al., 1989; Ramalho, 1990; Pick
& Blochtein 2002).

The species intensively visited D. regia, C. speciosa
and P. pluviosa have individuals close to the colonies, which
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facilitated the access to resources by workers once F. varia
has a small estimated flight distance compared with estimates
for other medium-sized stingless bee species (Lichtenberg et
al., 2010). Besides that, those species bloomed in sequence
which resulted in a temporal structuration with complemen-
tarity in the use of those sources. Factors such as high protein
content may also explain the high frequency with which the
three plants were exploited (Kleinert et al., 2009). The inflo-
rescences of E. moluccana, L. leucocephala, P. notatum and
S. terebinthifolius with large numbers of flowers and anthers,
plus their long flowering period, provide a large amount of
source to stingless bee populations. The eusocial bees, even
showing a generalist habit accepted as standard (Ramalho et
al., 1990), may exploit the most lucrative sources, being tem-
porarily selective in their food choice (Eltz et al., 2001).

The Leguminosae and Myrtaceae families, which
were intensely visited by F. varia in the present study, have
also been recorded in other surveys of plants used by sting-
less bees as demonstrated by Ramalho et al. (1990). In a stu-
dy by Teixeira et al. (2007), bees of the Frieseomelitta genus
focused their visits on the Caesalpinioideae (Leguminosae),
Malpighiaceae, and Anacardiaceae families. Myrtaceae was
the second most important family found in samples of F.
varia by Marques-Souza (2010) and occurred in 11 months
of the study period. Of the plants visited by bees in the study
by Agostini and Sazima (2003), Leguminosae was one of the
two best represented families, with 13 species. Leguminosae
is the family with the highest species richness in the area
covering the meliponary and its surroundings, which was si-
milar to the study conducted in Campinas.

When considering a monthly analysis, F. varia col-
lects a greater diversity of pollen when there are more fora-
gers in the field. Because this species’ workers are solitary
foragers (Jarau et al., 2003), the interaction with other spe-
cies of stingless bees would explain this tendency to diver-
sify. The species of stingless bees whose workers forage in
large groups through effective recruiting mechanisms domi-
nate the sources of pollen and change the foraging patterns
of species such as F. varia (Lichtenberg et al., 2010). Conse-
quently, by foraging independently, F. varia workers would
visit a higher number of different plant species in the same
spatiotemporal scale than the group-foraging species, which
is reflected in the diversity of resources brought to the colo-
nies. Lichtenberg et al. (2010) experimentally removed the
group-foraging workers and found that the solitary foragers,
including workers of F. varia, had greater access to sucrose
solution feeders and collected more of it.

This observation is most evident in the period with
the fewest species and plants in bloom (August to January),
which overlaps with the highest pollen diversity and num-
ber of pollen-foraging workers in the field. Instructing more
workers to collect pollen would be a strategy for F. varia co-
lonies to ensure their supply of protein even when collecting
from low-yield sources. Indeed, when resources are in short

supply, workers of group-foraging stingless bee species visit
a wider range of sources. Conversely, in periods of greater
resource availability, the workers collect from fewer sources,
focusing instead on those that offer more profitable resources
(Eltz et al., 2001; Faria et al., 2012).

Another implication of the solitary foraging strategy is
the lower importance of mass flowering plant species for the
maintenance of colonies of F. varia in comparison with other
stingless bees species. Although E. moluccana was found
during nine months of the study period, its relative abundan-
ce was low. Furthermore, the other species of Eucalyptus
and species of Eugenia, another mass flowering genus, were
included in the occasionally isolated pollen category, with
pollen of low visibility, among the species selected to main-
tain the colonies. The generation of a high number of flo-
wers providing pollen and/or nectar in a short period is a
valuable resource for species of stingless bees that recruit
nest mates for foraging. It has been noted that the species
of the Eucalyptus genus are some of the most frequently
used species by bees of the Scaptotrigona genus (Ramalho,
1990; Faria et al., 2012), which includes the group-foraging
species Scaptotrigona aff. depilis (Jarau et al., 2003).

Our study indicates that ornamental plants can main-
tain populations of F. varia, especially when native flowering
species are used to enhance the green areas. This conclusion
was also made in other studies about urban ecology (Frankie
etal., 2005; Cane et al., 2006). In urban areas exotic flowers ge-
nerally account for most of the ornamental species, especially
in gardens (Acar et al., 2007). Therefore, exotic species are
important nutritional resources not only for bees (Agostini &
Sazima, 2003; Zanette et al., 2005; Nates-Parra et al., 2006;
Frankie et al., 2009) but also for butterflies with generalist
habits (Bergerot et al., 2010). Flowers of the exotic species
Tecoma stans (Bignoniaceae), which is commonly used in
landscaping, were visited extensively by bees for collection
of nutritional resources; therefore, this species is an impor-
tant source of resource for maintaining the bee populations
in the three Brazilian urban areas studied (Silva et al., 2007).
Flowers of T. stans are similar to the flowers of Handroanthus
and Tabebuia species, two genera of Bignoniaceae native to
Brazil important as sources of nectar for bee populations.

Studies that consider the resource availability for bees
usually sample only plants of the tree and shrub strata (Agos-
tini & Sazima, 2003). Nevertheless, some important sources
of nectar can be found in herbaceous and liana strata as we
could see in this study and in Faria et al. (2012) that was
developed in the same area. This result suggests that all the
vertical strata are important for the bee’s foraging and there-
fore future studies about bee’s trophic niche should consider
herbaceous and liana strata on floristic survey.

Urban areas, such as the campus, which nowdays has
a beneficial and positive history of land management can act
as a refuge for native bees. Urban areas seem to act as a refuge for
pollinators, as discussed by McFrederick and LeBuhn (2006)
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and Lopez-Uribe et al. (2008), for bees of the Bombini and
Euglossini groups, respectively.

The present study has enabled the understanding of
resource use by colonies of the eusocial bee species F. varia,
which is one of the first steps in the management and con-
servation of this species’ populations. The data generated by
the present study will be useful for designing and managing
green areas in urban environments. Plant species with different
flowering periods are recommended, as also planting native
species in green areas as gardens and parks. As previously
discussed in the literature (Silva et al., 2007; Lopez-Uribe et
al., 2008; Wojcik et al., 2008), the designs should aim to incre-
ase the number of plants that effectively attract and maintain
pollinator populations. This present study emphasizes the im-
portance of plant’s diversity to maintain Frieseomelitta varia
in urban area, as also showed to other species of pollinators
(McKinney, 2008).
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