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These protocols allowed to evaluate the availability of flo-
ral resources in the studied area and the plant species effec-
tively used by C. analis females to feed immature larvae 
during the reproductive period. The maximum reproduc-
tive period of C. analis was not associated with the high-
est floral resources availability. However, there was a strong 
selectivity of pollen in flowers of Malpighia emarginata 
(Malpighiaceae), which represented more than 59% of all 
the pollen grains provisioned throughout the year. This 
means that in the case of more specialized bees like C. ana-
lis, the availability of the preferred plants is more impor-
tant than the overall floral resource availability in the area. 
Thus, to keep C. analis in the city, it is necessary to main-
tain or introduce Malpighiaceae species in the urban plan-
ning. On the other hand, at least 27% of the plant species 
found in the study area are pollinated by C. analis, empha-
sizing the importance of preserving this bee.

Keywords Bee diet · Bee interaction · Conservation · 
Foraging behavior · Urban planning

Introduction

Plants and their pollinators are supposed to have a mutu-
alistic relationship with different levels of dependency 
(Del-Claro 2004), and therefore a floral resource base that 
provides pollen and nectar at appropriate time is essential 
for survival and reproduction of bees (Wojcik et al. 2008). 
Many pollination systems may be specialized, and in these 
cases, a good synchronization between pollinating insects 
and their host plants is expected. This is especially true for 
areas where climatic factors can limit the flowering sea-
son (Mayer and Kuhlmann 2004), or for specialist bees 
that have special morphological features corresponding to 

Abstract Spatiotemporal variation in the availability of 
food resources may be a determining factor for reproduc-
tive success and maintenance of bees, but the extent of 
these variations is poorly understood. For management and 
conservation of bees, the first step is to know the behavior 
and the food resources used. Currently, urban areas are con-
sidered refuge zones for bees, and understanding the avail-
ability of floral resources and the influence on reproduc-
tive processes is very important for management of bees. 
We used the protocols applied in phenological studies with 
bees and plant species to evaluate both throughout the year 
in an urbanized area. At the same time, we used palynol-
ogy protocols to analyze the pollen material collected from 
brood cells (food and feces) of immature Centris analis. 
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peculiar traits of the flowers from which they collect flo-
ral resources (Linsley 1958; Laroca et al. 1982; Buchmann 
1987). Pollen host specialization is common among soli-
tary bees, and is often linked to pronounced bee season-
ality due to a seasonal flowering phenology of the pollen 
host plant (Wcislo and Cane 1996). Some specialist bees 
can even synchronize temporally their own reproduction 
with the flowering of their main source of pollen (Minck-
ley et al. 2000) or their sources of floral oils (Rocha-Filho 
et al. 2008). Because of this synchronization, a species of 
solitary bee can present a variation in reproductive activ-
ity over time, depending on the region in which it occurs. 
For example, in Guarapuava, State of Paraná, Southern 
Brazil, Centris (Hemisiella) tarsata Smith, 1874 (Centri-
dini) nests primarily from November to March (hot season) 
producing two generations per year (Buschini and Wolf 
2006); in Baixa Grande, State of Bahia, Northeast Brazil, 
it nests from September to May (rainy season), producing 
up to four generations (Aguiar and Garófalo 2004); and in 
Urbano Santos, State of Maranhão, also in Northern Bra-
zil, this species behaves as univoltine, nesting from August 
to December (dry season) (Mendes and Rego 2007). These 
differences in nesting phenology have been suggested as 
a regular characteristic of cavity-nesting bee species, and 
that different species would be affected differently by sev-
eral factors, such as climatic factors and resource availabil-
ity (Frankie et al. 1998; Tommasi et al. 2004; Oertli et al. 
2005; Abrahamczyk et al. 2011; Bartomeus et al. 2011).

Centris (Heterocentris) analis (Fabricius, 1804) is a 
solitary bee that nests in preexisting cavities (Coville et al. 
1983; Camillo et  al. 1995; Vieira-de-Jesus and; Garófalo 
2000). This species has a broad geographic range extend-
ing from Mexico to Brazil (Moure 1960), indicating that 
it has great behavioral plasticity to explore different envi-
ronments. In studies on communities of solitary cavity-
nesting bees, carried out in Brazil in areas with different 
phytophysiognomies, C. analis has been one of the species 
that frequently occupies the trap-nests (Camillo et al. 1995; 
Aguiar and Martins 2002; Garófalo et  al. 2004; Gazola 
and Garófalo 2009; Mesquita and Augusto 2011). How-
ever, occupancy patterns of trap-nests differ among areas 
of occurrence. In some environments, the nesting activi-
ties may occur throughout the year (Gazola and Garófalo 
2009; Pina and Aguiar 2011), while in other environments 
it may occur only at certain times of the year, usually dur-
ing the hot/wet season (Camillo et  al. 1995; Aguiar and 
Martins 2002; Gazola and Garófalo 2003, 2009; Mesquita 
and Augusto 2011; Alonso et  al. 2012). Irrespectively of 
the pattern of occupation of the traps, during the period 
of reproductive activities, peaks of nesting are observed, 
which may be related to climatic conditions and resource 
availability (Gazola and Garófalo 2003, 2009; Alonso et al. 
2012). So, given that spatial and temporal variations in the 

availability of food resources may be a determining factor 
for reproductive success and maintenance of bees (Kremen 
et al. 2007; Jha and Kremen 2013; Wray et al. 2014), the 
goals of this study were (i) to assess whether in an urban-
ized area, occupied by a population of C. analis, the floral 
resources are distributed evenly throughout the year; (ii) 
to assess the relationship between the availability of floral 
resources, nesting period, and emergence period of females 
of C. analis. Furthermore, the relationship between (iii) the 
diversity of floral resources in the diet of immature individ-
uals and the diversity of flowering plants during the nesting 
period.

Materials and methods

Study area

This study was conducted at the campus of the University 
of São Paulo (21º10′30″S–47º48′38″W), municipality of 
Ribeirão Preto, State of São Paulo, Brazil. The campus is 
located at altitudes ranging from 510 to 800 m. a.s.l., in an 
area of 574  ha. Currently, the campus represents an area 
consisting of 65% native plant species (Aleixo et al. 2014). 
This significant number of native species is due to a forest 
covering 75 ha of the areas, reforested with those species 
(Pais and Varanda 2010). The climate of the region shows 
marked seasonality, with two seasons, cold and dry winters 
from April to August and hot, wet summers from Septem-
ber to March (Fig. S1, Supporting information).

Phenology of Centris analis; sampling and identification 
of pollen grain provisioned in brood cells

We used trap-nests to attract C. analis females to nest in 
them, to collect the pollen material of the brood cells and of 
the feces incorporated into the cocoons in nests. In accord-
ance with Alonso et  al. (2012), the trap-nests were made 
with black cardboard, closed at one end. The traps were 
5.8 cm in length and 0.6 cm in internal diameter, and were 
inserted into horizontal holes, drilled into wooden grooved 
plates (length 30  cm, height 12  cm, thickness 5.0  cm). 
Each wooden plate had 50 available holes spaced 2.0  cm 
apart and distributed in five rows. Ten plates were placed 
on shelves attached to the external walls of the laboratory 
and positioned 1.5 and 1.8 m from the ground. During the 
study period, the traps were inspected with a lantern every 
day and information was recorded for trap-nests with active 
and complete nests. Ten days after being completed, the 
nests were taken to the laboratory and replaced with simi-
lar traps. In the laboratory, each trap-nest was placed in a 
transparent glass tube 4.0 cm longer than the trap-nest and 
with an internal diameter of 0.9  cm. The trap-nests were 
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kept at room temperature (21–29 °C) and observed daily 
until the adults emerged. After emergence, the bees were 
released in the field.

Information on pollen sources used by C. analis was 
obtained from a sampling of 10 randomly selected nests per 
month, during the nesting period of the species. Each sam-
ple consisted of the total residues of pollinic material found 
in the nest. After collecting the material, it was kept in 70% 
alcohol for at least 24 h, following Silva et al. (2010) meth-
odology. After this period, we centrifuged the pollen mate-
rial, discarded the supernatant, and added 4 mL glacial ace-
tic acid and, after 24 h, the pollen material was acetolyzed 
(Erdtman 1960). We prepared the slides with Kisser gela-
tin and sealed them with histological paraffin (Silva et  al. 
2014a). We incorporated all slides in the reference pollen 
collection at the Palynoecology Laboratory of FFCLRP-
USP (Silva et al. 2014b).

We viewed and photographed microscopically (up to 
2560x) the pollen grains on the slides and their identi-
fication was made by morphological comparison with 
the pollen collection at the Palynoecology Laboratory of 
FFCLRP-USP. We also consulted the specific literature on 
Neotropical Palynotaxonomy (Roubik and Moreno 1991; 
Silva et al. 2010, 2014a; Mouga and Dec 2012; Bauermann 
et al. 2013).

Plant phenology and pollen collection

The present study was carried out concomitantly with study 
of Aleixo et al. (2013) on the floral phenology and temporal 
distribution of floral resources and foraging of social bee 
Frieseomelitta varia (Lepeletier) (Hymenoptera, Apidae, 
Meliponini). The authors demarcated an area of 500  m 
radius, taking the bee’s nests as referential point. The total 
area, corresponding to 78 hectares, was monthly evaluated 
to sample the flowering plants and counted the number of 
flowering individuals per species, considering all vertical 
strata, as suggested by Silva et al. (2012). We used the data-
base of Aleixo et al. (2013) comparatively to verify if nest-
ing activities of C. analis were correlated with the floral 
phenology and temporal distribution of the floral resources 
during the period from March 2010 to February 2011.

At the same time, we also collected flower buds of each 
species during blooming and removed the pollen grains to 
prepare the pollen collections, as suggested by Silva et al. 
(2014a), and deposited the slides in the reference pollen 
collection of Palynoecology Laboratory of FFCLRP-USP 
(Silva et al. 2014b).

Data analyses

To assess seasonality in resource availability considering the 
number of plant species and individuals during blooming 

from March 2010 to February 2011, we employed circular 
statistics using the Rayleigh´s test (Z) to determine the sig-
nificance of the mean date of event (in months; α = 5%) (Zar 
1999). The null hypothesis (H 0) states that when the event is 
distributed evenly throughout the year there is no seasonal-
ity. If H 0 is rejected, the mean date is significant and there 
is a concentrated pattern. The intensity of the concentra-
tion around the mean date, denoted by r, can be considered 
a measure of the degree of seasonality. The vector r has no 
units and may vary from 0 (when the event is evenly distrib-
uted throughout the year) to 1 (when the event is concentrated 
around one single date or time of the year) (Morellato et al. 
2000). We used the Oriana software (Kovach Computing 
Services 2012) to perform the circular statistics analysis. We 
also applied the Rayleigh´s test (Z) to assess the frequency 
of C. analis females active on nest construction, emergence 
of total individuals, emergence of female, and the distribution 
of the pollen type used by the immature C. analis throughout 
the year.

We used generalized linear models (GLM) to assess 
which factors affected the total number of bees, the number 
of females emerging, and the nesting activities. For this, we 
considered the number of individuals of plant species used 
in the diet by C. analis and the weather daily (temperature, 
relative humidity, wind speed, and rainfall) as explanatory 
variables. We did not consider the number of flowering spe-
cies and individuals and the number of plant species used 
by C. analis, because they are correlated with the number 
of individuals of plant species used in the diet by this bee 
(Table  S1, Supporting information), thus avoiding multi-
collinearity (Crawley 2005). The effects of the explanatory 
variables on the variables of interest were measured by t 
test at 5% significance level. We applied the t test to verify 
the differences between the number of flowering species, 
number of individuals of the flowering plants species, num-
ber of species used in diet, number of plants the individu-
als used in diet, number of nests occupied, total number of 
bees emerged, and the number of females emerged. The 
number of pollen types was assessed by the Mann–Whit-
ney test due to the nature of the data. All statistical analyses 
were performed using software R 2.13.1 (R Development 
Core Team 2011).

To analyze the larval diet, we counted the first 400 pol-
len grains for each sample, as suggested by Montero and 
Tormo (1990). We assessed the trophic niche breadth of C. 
analis monthly, calculating the Shannon index (Shannon 
1948)

where pi is the proportion of species visited, and ln is the 
natural logarithm of pi.

H� = −

s
∑

i=1

pi ln pi,
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We calculated the evenness (Pielou 1966) of plants 
used in the diet of bees using the formula: J� = H�∕H�

max

, where H′
max is the logarithm of the total number of plant 

species visited by the bee species.
To determine the number of the most important species 

in the bee diet, we applied the test of the apparent number: 
Saparent = eH

�

, where H′ is the niche breadth calculated by 
the Shannon index (with ln) and e = Euler’s number.

We analyzed the importance of each plant species in C. 
analis diet. For each nest, we calculated the ratio of pollen 
of each plant species found in the nests by the formula pi = 
ni/N, where ni is number of pollen grains of the plant spe-
cies i and N is the total number of pollen grains (all plant 
species used).

We also applied the Berger–Parker test to assess the 
dominance in the diet of immature C. analis by the formula 
d = Nmax/N.

Finally, we calculated the percentages according to the 
classification proposed by Maurizio & Louveaux (1960), 
using the following categories: dominant pollen (>45% of 
the total grains on the slide), accessory pollen (from 15.01 
to 45%), important isolated pollen (3 to 15%), and occa-
sionally isolated pollen (<3%). We considered the plants 
with pollen classified as dominant and pollen that occurred 
over a period of at least 6 months as key-plant species in 
the maintenance of C. analis.

Results

We found active C. analis throughout the year, more 
intensely in December, March, and May. The aver-
age date of females in nesting activity was significant 
(Z = 24.61; p < 0.05) with concentration around March 
(Table 1–DNA) and peaking in May (Fig. 1e). In the same 
period, we observed a concentration in the distribution of 
the plant species in March, April, and May, and of individ-
uals in bloom in April, May, and July (Fig.  1a, b), being 

the corresponding vectors positioned in April and May 
(Table 1—TDS and TDI), respectively.

We observed that C. analis females constructed 478 
nests, from which 630 individuals emerged. The aver-
age date of bees emerging from nests was also significant 
(Z = 27.12; p < 0.05) with high concentration in March 
(Table  1—DES), and peak in the same month (Fig.  1f). 
Of the emerged individuals, 35% were females (n = 22). 
The average date of female emergence was not signifi-
cant (Z = 2.175; p = 0.114), but presented a peak in August 
(Fig. 1g).

The number of pollen types identified in the diet of 
C. analis was more evenly distributed throughout in the 
year (Fig.  1h), and the average date was not significant 
(Z = 0.752; p = 0.121). When we analyzed the distribution 
of the plant species used by C. analis throughout the year, 
we verified that majority flowered from February to May 
(Fig. 1c), peaking in March (Table 1-DSU), corresponding 
to the period of greatest nesting activity (Fig. 1e).

When we analyzed the flowering individuals of plant 
species used in the diet of C. analis, we registered the great-
est number of these flowering individuals from April to 
August (Fig. 1d) with significant average date (Z = 14.305; 
p < 0.05) (Table 1—TIU) and peak at the end of this period.

We found positive association with temperature 
(t = 2.653; p = 0.038), humidity (t = 3.365; p = 0.015), and 
the total of bees emerged, as well as TIU with the total of 
emerged females (t = 3.192; p = 0.019). Nevertheless, these 
results were influenced by one value, or a few, and with-
drawal annulled the significance (p > 0.05), although it is 
remarkably a marginal effect of temperature on the total 
of emerged bees (Table S2, Supporting information). The 
other variables did not influence the total number of bees/
females emerging and the nesting activity (Table S2, Sup-
porting information). We observed the averaged number of 
individuals flowering (t = 3.260; p = 0.009) and the number 
of individuals used in the bee’s diet (t = 2.384; p = 0.038) 
were high in dry season (Fig. 2). There was no difference 

Table 1  Results of circular statistics for testing the occurrence of seasonality in floral phenology, availability of floral resources, nesting behav-
ior, and emergence of Centris analis in the campus of the University of São Paulo, Ribeirão Preto, from March 2010 to February 2011

 TDS total distribution of species; TDI total distribution of individuals; DSU distribution of the species used by C. analis throughout the year; 
TIU Distribution of the individuals of the species used in the diet of C. analis; DNA Distribution of nesting activities; DES Distribution of emer-
gence of specimens; DFE Distribution of female emergence; DPTN Distribution of the number of pollinic types identified in the nests
* not significant in α ≤ 0.05

Variables TDS TDI DSU TIU DNA DES DFE DPTN

Number of observations 798 3075 154 681 478 630 221 124
Mean vector (µ) April May March June March March February February
Mean vector length (r) 0.159 0.216 0.122 0.145 0.222 0.207 0.099 0.078
Circular standard deviation 109.85° 100.238° 117.481° 112.611° 99.362° 101.614° 123.169° 129.468°
Rayleigh test (Z) 20.212 144.08 2.299 14.305 24.61 27.123 2.175 0.752
Rayleigh test (p) <0.05 <0.05 0.100* <0.05 <0.05 <0.05 0.114* 0.121*
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Fig. 1  Total distribution of 
species (TDS) and individuals 
(TDI) at flowering in the cam-
pus of USP; distribution of the 
species (DSU) and individuals 
of the species used in the diet 
of C. analis (TIU); Distribution 
of nesting activities (DNA); 
Distribution of emergence of 
specimens (DES); Distribution 
of female emergence (DFE); 
Distribution of the number of 
pollinic types identified in the 
nests (DPTN)
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between the dry and rainy seasons and the mean value of 
other variables .

Although the mean number of pollen types in 
the diet had been similar between the seasons (X 
dry season = 11.75 ± 4.94, X rainy season = 11.0 ± 2.12), in the 
rainy season the diet was composed basically of dominant 
pollen, with only one plant species representing between 66 
and 95% of the diet (Table 2) .

The floral resources used by C. analis for feeding the 
brood were obtained from 52 species of plants distributed 
into 45 genera and 19 families (Table  2). The number of 
pollen types in the samples was evenly distributed through-
out the year, with the exception of July (Fig.  1h). During 
this month, it was not possible to analyze the pollen mate-
rial because of mortality and degradation of brood cell con-
tents. The number of pollen types used monthly in the diet 
of immature C. analis ranged from 8 to 14, with the highest 
frequencies occurring in September and January (Fig. 1h).

The diversity of pollen species in the diet of C. analis 
varied over the year (Table  2). Notably, of the 52 plant 
species visited, C. analis females concentrated their col-
lection of floral resources in only three plant species (S 
aparent  =  3.18), belonging to families Malpighiaceae and 
Leguminosae (Fig. 3a). Malpighiaceae showed the greatest 
frequency of occurrence in the samples, found in 100% of 
nests (n = 107) (Table 2). Moreover, only Malpighia emar-
ginata (Malpighiaceae) represented 59% of the total pollen 
grains in the nests (Fig.  3b). This plant species, together 
with Heteropteris anoptera (Malpighiaceae), constituted 

the pollen dominating the diet of immature C. analis, (65% 
of all pollen grains in nests throughout the year) (Table 2). 
These two plant species also provided floral oils; other 
plant species in the samples do not offer floral oils.

Pollen of the family Leguminosae was present in 91% 
of the nests, represented by seven species. Leguminosae 
pollen constituted 26% of all the pollen grains identified 
in nests (Table  2). Among these species, Centrolobium 
tomentosum prevailed (12% of pollen grains) (Fig. 3b). The 
Leguminosae family, along with Bignoniaceae, was the 
most important source of nectar for C. analis.

Discussion

The nesting frequencies of C. analis did not differ between 
seasons, but the population showed a significant tempo-
ral variation in that parameter, with the occurrence of two 
peaks of activity, one of them at the end of the rainy sea-
son and beginning of the dry season (March to May), and 
the other at the middle of the rainy season (December). 
Gazola and Garófalo (2009) reported similar results for 
two populations of C. analis occurring in areas covered pri-
marily by semi-deciduous forests. The results of both stud-
ies differ from studies carried out in other areas (Camillo 
et al. 1995; Morato et al. 1999; Aguiar et al. 2005; Thiele 
2005), as well as from other studies in the same area of this 
work (Gazola and Garófalo 2003; Alonso et al. 2012), with 
the authors highlighting a strong tendency of association 

Fig. 2  Activities of Centris 
analis and distribution of the 
flowering plant species consid-
ering the dry and wet seasons 
on the campus of University 
of São Paulo, Ribeirão Preto, 
State of São Paulo, Brazil, from 
March 2012 to February 2011
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1 3

between rainfalls and nesting frequency. These differences 
in nesting phenology have been suggested as regular char-
acteristics of cavity-nesting bee species, and different spe-
cies would be affected differently by several factors, such 
as climatic factors and resource availability (Frankie et al. 
1998; Tommasi et al. 2004; Oertli et al. 2005; Abrahamc-
zyk et al. 2011; Bartomeus et al. 2011).

The period of maximum reproductive activity presented 
by C. analis was not associated with the numbers of species 
or flowering individuals. Similarly, in studies performed 
in the same area and period, Faria et al. (2012) and Aleixo 
et al. (2013) reported that the periods of highest food col-
lection activity by workers of Scaptotrigona aff. depilis and 
Frieseomelitta varia, respectively, were not associated with 
the periods when the resources were more abundant in the 
urban area. The distribution of floral resources throughout 
the year also varied between different years, e.g., in the 
same studied area, in the subsequent year to that of our 
study, bloom was greatest during the rainy season (Aleixo 
et  al. 2014). In the tropics, studies have shown that the 

greatest insect activity is concentrated in the rainy season 
(Wolda 1988; Richards and Winsdor 2007) or in the transi-
tion from dry to rainy season (Silva et al. 2011). According 
to Wolda (1988), in areas with well-defined cycles of rain-
fall, insect activity subsides in the dry season.

In this study, C. analis nested more in the rainy sea-
son, as reported by Gazola and Garofalo (2003), than with 
the distribution of species of plants and flowering indi-
viduals. On the other hand, the phenology of flowering in 
angiosperm has been associated with weather conditions, 
including rainfall as the main factor. However, there are 
discussions pointing out that flowering is related to a set of 
factors and their interaction, and not only to climatic con-
straints, which would act as a trigger, indicating the occur-
rence of flowering (see Oliveira 2008). Heithaus (1979) 
showed that the distribution and diversity of bees in dry 
forest and savanna communities could be associated with 
strong seasonality in the tropical region. This applies to the 
study region, where it predominates dry forest and savanna, 
with most species of plants pollinated by bees (Silva et al. 
2012; Aleixo et  al. 2014). Woody species, although hav-
ing less restriction from the absence of rain, with indi-
viduals flowering in the dry season, have flowering peaks 
in hot and rainy seasons (Oliveira and Gibbs 2000, 2002; 
Oliveira 2008). The fact is that the flowering dynamics 
directly implies the availability of food resources used by 
floral visitors, as in the case of bees, which depend exclu-
sively on these resources (pollen, nectar, resins, and floral 
oils) for survival (Buchmann 1987; Vogel 1990; Minck-
ley and Roulston 2006; Michener 2007). Nevertheless, for 
C. analis, the number of species and individuals in bloom 
were not associated with the nesting frequencies, suggest-
ing that intrinsic factors of the species, such genetic and 
chronobiology factors, can also strongly affect the repro-
ductive cycle.

Centridini species may exhibit a long reproductive cycle, 
shorter or more than 1 per year (Aguiar et al. 2006; Mendes 
and Rêgo 2007; Drummont et al. 2008; Gazola and Garo-
falo 2009). Gaglianone (2003) found two peaks in the num-
ber of species of Centridini active in the Cerrado, the first 
being observed in the rainy season and synchronously with 
the flowering peak of Byrsonima intermedia (Malpighi-
aceae), and the second in the transition to the dry season, 
when the most species of Malpighiaceae flowered. Centri-
dini bees collect pollen and floral oils, especially from Mal-
pighiaceae flowers, that are used both to build their nests 
and to feed larvae (Vogel 1974; Vinson et  al. 1997; Agu-
iar et al. 2006; Alves-dos-Santos et al. 2007; Oliveira and 
Schlindwein 2009; Dórea et al. 2010; Rabelo et al. 2012).

Besides that, floral oil was the least common resource in 
the study area due to low representativeness of Malpighi-
aceae at flowering and absence of other family that produce 
this floral resource. Only two species of Malpighiaceae 

0 20 40 60 80 100 120

The other 14 families 

Cactaceae

Meliaceae

Bignoniaceae

Leguminosae

Malpighiaceae

Frequency of ocurrence (%) Dominance%

0 10 20 30 40 50 60

The other 42 species 

Cajanus cajan

Phaseolus sp.

Machaerium aculeatum

Tipuana tipu

Arachis repens

Cedrela fissilis

Desmodium uncinatum

Heteropterys anoptera

Centrolobium tomentosum

Malpighia emarginata

A

B

Fig. 3  Representativeness of families (a) and plant species (b) pre-
sent in the diet of immature Centris analis in nests established in the 
campus of the University of São Paulo, Ribeirão Preto, State of São 
Paulo, Brazil, from March 2012 to February 2011
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1 3

blossomed throughout the year. Heteropterys anoptera, a 
native liana, presented a massive bloom in February; the 
other is a cultivated species, M. emarginata, which blooms 
throughout the year (Silva et  al. 2014a). We observed 
individuals at flowering during the rainy season, but with 
peak in April and May, corresponding to more than 90% 
of flowering individuals throughout the study period (Silva 
unpublished). Nevertheless, we know that floral phenol-
ogy can vary between the years and, in the urban area, the 
fluctuation can be more pronounced than in native areas, 
due to pruning, irrigation, and fertilization. One year after 
the present study, Aleixo et al. (2014) working in the same 
area, reported the occurrence of a greater availability of oil 
during the rainy season, with two peaks of abundance, one 
in October and another in February. The phenology of C. 
analis also changes from year to year (Alonso et al. 2012), 
as in plant species. The maximum reproductive rate of C. 
analis observed in this study and also in other studies car-
ried out in the same area (Alonso et al. 2012) or in a native 
area of semi-deciduous forest (Aguiar and Garófalo 2004) 
suggests a synchrony between the activities of collecting 
oil by the bees and the flowering period of the species of 
Malpighiaceae.

According to Vogel (1990), there is a close relation-
ship between bees of the Centridini tribe and plants of the 
family Malpighiaceae, which can be considered a result 
of a long evolutionary history between these two groups; 
this would explain the success of this family in the Ameri-
cas. Malpighiaceae species also bloom in the dry season, 
with asynchrony between them (Silva 2009), but the peak 
with the highest number of flowering species and individu-
als occurring in the rainy season (Silberbauer-Gottsberger 
and Gottsberger 1988; Silva 2009). Some Centridini spe-
cies can exhibit a reproductive period synchronized with 
Malpighiaceae species (Gaglianone 2003), e.g., Epich-
aris bicolor and Byrsonima intermedia (Rocha-Filho et al. 
2008). Moreover, there is a strong association of floral oil 
production and the availability of floral oil supplies with 
the richness and abundance of Centridini bees (Rosa and 
Ramalho 2011; Pacheco Filho et al. 2015).

The use of floral resources from 52 different plant spe-
cies throughout the year, varying from eight to 14 pollen 
types per month, allows classifying C. analis as a generalist 
species, as already described by other authors (Oliveira and 
Schlindewein 2009; Dórea et al. 2010; Rabelo et al. 2012). 
However, in the present study, we observed a clear selec-
tivity of pollen of M. emarginata, which represented more 
than 59% of all the pollen grains provisioned throughout 
the year. The pollen preference by M. emarginata was 
also emphasized by Oliveira & Schlindwein (2009). These 
authors found a representativeness of over 90% of pollen in 
the nests of C. analis and indicated C. analis as one of the 
few solitary species to be managed in West Indian Cherry 

crops in Brazil. The second most important species in the 
diet of immature C. analis, H. anoptera, represented more 
than 66% of the pollen material in the nests analyzed in 
March, which were provisioned in February, when this spe-
cies showed massive flowering. In these same samples, we 
also identified pollen of M. emarginata (26%), showing C. 
analis willingness to use this cultivated species in addition 
to the native species. In natural areas of Cerrado, Rabelo 
et al. (2012) studied C. analis and observed that Heterop-
terys spp. accounted much more of the pollen provisioned 
in brood cells (70–94%).

Unlike other Centris species that add floral oil to the lar-
val food (Simpson et al. 1977; Vinson et al. 1997; Pereira 
and Garófalo 1996; Aguiar and Garófalo 2004), females of 
C. analis use that resource only in the construction of the 
nest (Vieira de Jesus and Garófalo 2000). The nectar used 
by C. analis was collected mainly from plant species of the 
family Leguminosae, such as Arachis repens, Centrolobium 
tomentosum, Desmodium uncinatum, Centrosema sp., Tip-
uana tipu. These plant species present papilionoid flower 
(Sensu Faegri & van der Pijl 1979), wings, and the petals of 
the keel (Westerkamp 1997) that protects the androecium, 
gynoecium, and the nectariferous chamber. The odor, land-
ing platform, resource guides, and zygomorphy are traits 
of these flowers that are associated with the bee pollina-
tion system (Faegri & van der Pijl 1979). The nectar is the 
main floral resource involved in attracting floral visitors in 
papilionoid flowers (Amaral-Neto et al. 2015). While col-
lecting nectar in flowers, female of C. analis accidentally 
takes pollen grain upon to their body and, during the clean-
ing process, the bees transfer the pollen grains to the scope 
and subsequently provision them in brood cells (Michener 
2007). Furthermore, C. tomentosum was also used as a pol-
len source, accounting for 79% of the diet of immature C. 
analis in June. The floral morphology of C. tomentosum 
enables the collection of pollen and nectar by female C. 
analis .

The present study allowed determining the floral 
resources used by the solitary bee C. analis for feeding 
progeny, which is one of the first steps in the management 
and conservation of this species (Silva 2009). The campus 
of USP-RP is evidently important for the maintenance of 
communities of floral visitors and pollinators, especially 
bees (Camargo and Mazucato 1984; Silva et al. 2007; Faria 
et al. 2012; Aleixo et al. 2013), which may be responsible 
for the pollination of almost 70% of the plants sampled 
in this area (Aleixo et al. 2014). Among these plants pol-
linated by bees, at least 27% are pollinated by C. analis, 
emphasizing the importance of preserving this bee and the 
plant diversity in urban areas, as was also evidenced for 
other species of pollinators (Silva et  al. 2007; McKinney 
2008). Studies show that cities work as refuges for Eugloss-
ini (López-Uribe et  al. 2008), Bombini (McFrederick and 
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Le Buhn 2006), and solitary bees (Tommasi et  al. 2004; 
Zanette et al. 2005). Therefore, it is important to know the 
availability of floral resources and their implication in the 
maintenance of bees in urban environments (Aleixo et  al. 
2014).
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