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Abstract — Pollen sources used by Centris tarsata bees were identified in an area of “caatinga” vegetation
(Canudos Biological Station) in NE Bahia, NE Brazil, by analyzing the pollen residues encountered in the
nests. The analysis of the pollen residues was performed by pulverizing the sediments used to construct the
cells, followed by the application of the acetolysis method. Thirty-one pollen types were identified belong-
ing to 13 botanical families (in associations of from 4 to 15 distinct pollen types per nest), indicating which
plants were used by the bees to feed their offspring. The plant families most represented were Leguminosae
and Malpighiaceae, while the pollen types most frequently found were Chamaecrista ramosa (46.5%),
Senna rizzinii (19.7%), and Solanum paniculatum (19.6%). The identification of the pollen types and infor-
mation about the resources offered by the plants indicated that many species were visited as nectar sources

rather than as pollen or oil sources by C. farsata.

entomopalynology / pollen / solitary bees / Centris [ caatinga

1. INTRODUCTION

With the implementation of the Brazilian
Pollinators Initiative Program, there has been
a growing interest in species of Centris bees as
potential native pollinators of cultivated plants
(e.g. Oliveira and Schlindwein, 2009). Cen-
tris tarsata Smith seems to be fit for the role
as pollinator in agricultural areas because it
readily accepts nesting in artificial cavities and
their nests are easily obtained and manipulated
(Aguiar and Gardfalo, 2004). Several stud-
ies have pointed out the role of C. tarsata as
pollinator of several plant families, including
commercial fruits such as acerola (Malpighia
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glabra L.) (Freitas et al., 1999) and cashew
(Anacadium occidentale 1.) (Freitas et al.,
2002).

The nesting biology of C. tarsata is well
known (e.g. Aguiar and Garéfalo, 2004,
Mendes and Régo, 2007), although little in-
formation on the floral resources needed to
maintain its populations is available. Most of
our present knowledge concerning the floral
resources used by Centris species is derived
from standardized studies of bee communities
whose methodology consists mainly of col-
lecting specimens during floral visits. In spite
of the fact that numerous similar studies have
been undertaken in Brazil, most of the infor-
mation on the plants visited by C. tarsata has
not been published. Some data on plants vis-
ited by the species are available for different
Brazilian vegetations, such as the “Cerrado”
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(e.g. Gaglianone, 2003) and the “Caatinga”
(e.g. Aguiar et al., 2003).

Although capturing bees on target flow-
ers furnishes valuable data on bee use of flo-
ral resources, it is not always possible to in-
fer which plants are the most important as
sources of pollen. On the other hand, analyses
of the provisions stocked in nests will provide
a wider spectrum of qualitative data and allow
for a better quantitative evaluation of the im-
portance of the different pollen sources used.
There have been relatively few studies analyz-
ing the provisions stocked in nests of Centris
species in Brazil (Régo et al., 2006; Mendes
and Régo, 2007; Ramos et al., 2007; Dérea
et al., 2009). The recent standard method for
pollen analysis from sediments used to con-
struct cells (Dérea et al., 2009) allowed for the
study of pollen stored in Centris nests based
on the pollen residues left after emergence of
the adults.

Studies on bee abundance and on the di-
versity of melittophilous flora in protected
areas (such as the law-protected preserva-
tion units) are particularly relevant because
they allow for comparison between preserved
and degraded areas, in addition to long-term
comparisons in restricted areas. Such pro-
tected areas can become control areas for
the urgently needed, long-term monitoring
studies to be conducted primarily in biomes
strongly affected by human-caused actions.
Such is the case of the Brazilian seasonal
dry forests (“caatinga”), where some bee
species populations are declining (Martins,
2002; Lima-Verde and Freitas, 2002; Freitas
et al., 2009).

The impact of the Africanized bee Apis mel-
lifera on native bee fauna has been studied
by combining the techniques to sample bees
in trap-nests with the analysis of the pollen
stocked in bee nests (see Villanueva-Gutiérrez
and Roubik, 2004). These techniques are
likely to help in the assessment of conserva-
tion of the flora supporting bee populations
because they allow for the identification of
changes in native flora composition and their
effects on pollinator population, which is done
by identifying: (1) changes in abundance of
some bee species in time; (2) changes in im-

portance of different plant species as food for
selected bee species.

The focus of the present work was the iden-
tification of the pollen, oil and nectar sources
used by C. tarsata in a law-protected preserva-
tion area of “caatinga” vegetation in the semi-
arid region of Bahia State, Brazil. The study
consisted of the analysis of the pollen residues
found in the sandy substrate used to construct
nest cells and the quantification of the pollen
grains, to assess the importance of different
plant species.

2. MATERIALS AND METHODS

The present work was undertaken in the
Canudos Biological Station (CBS) (09°56"40.9”S x
39°00'55.7"W), situated in the municipality of
Canudos, Bahia State, Brazil, during the period be-
tween January, 2004, and December, 2006. The
CBS is located in the Raso da Catarina eco-region,
and is dominated by shrubby hyperxerophilous
“caatinga” vegetation. The regional climate is semi-
arid tropical, with an average annual temperature
of 24.15 °C and an average annual rainfall rate of
454 mm (SEI, 1998).

Our study of the pollen sources used by
C. tarsata was performed by analyzing pollen
residues found in cells after adult emergence. A
total of 224 trap-nests were available to nesting-
cavity bees. The trap-nests were 0.8 X 10.5 cm tubes
made from black cardboard, that were inserted into
wooden boards with holes drilled through them
(4 boards, with 56 drilled holes each); bamboo in-
ternodes (1.5 X 17 cm) were also employed as trap-
nests, as described by Aguiar and Garéfalo (2004).

The trap-nests used by the bees were removed
monthly and the nests were taken to the Plant
Micromorphology Laboratory (LAMIV/UEFS) for
analysis. The adult bees that emerged from each
nest were pinned and subsequently deposited in
the Entomology Collection Johann Becker of the
Zoology Museum of the Universidade Estadual de
Feira de Santana (MZUEFS) to identification. After
the emergence of the adults, the nests were treated
chemically to remove any pollen residues accord-
ing to the methodology described by Doérea et al.
(2009).

After acid treatment of the nests, seven slides
were prepared for each sample, and glycerine jelly
stained with safranin was applied to five of them.
The slides were covered with cover slips and sealed
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with paraffin. Qualitative analyses involved the
identification of the pollen types, and the quanti-
tative analyses were based on 1000 pollen grains,
at least, counted per sample following Vergeron
(1964).

Data from the quantitative analyses was used
to calculate the frequencies of occurrence of the
pollen types in each nest studied, and the average
frequency of each pollen type among the samples
(see Villanueva-Gutiérrez and Roubik, 2004). The
identification of the pollen types was subsidized
by pollen previously collected from the CBS and
stored in the palynotheca at LAMIV/UEFS.

3. RESULTS

Nesting activity of C. tarsata was re-
stricted to the months of March (2005), July
and August (2004), September and December
(2006) (Tab. I). Thirteen nests were analyzed.
We were able to identify 100% of all of the
pollen grains recovered from residues left in
the nests of C. tarsata — representing 31 pollen
types (Fig. 1) derived from 13 plant families.
Leguminosae was the best represented plant
family, with 14 pollen types (Tab. I).

The representation of the pollen types
among sampled nests were variable, the
main pollen types represented in them
were Byrsonima vacciniifolia (12 nests),
Chamaecrista ramosa (10), Krameria tomen-
tosa (7), Solanum paniculatum (7), Banis-
teriopsis muricata (6), Caesalpinia micro-
phylla (6), Rhaphiodon echinus (6), Senna
rizzinii (6), and Capparis yco (5). No pollen
type was present in all 13 nests, however
B. vacciniifolia was present in 12 of the
13 nests analyzed, and in all months of nesting
activity of C. tarsata in CBS. The number of
pollen types per nest varied from four (in sam-
ples I, V, and VI) to 15 (sample IX) (Tab. D).

Considering the total sampling period, the
pollen types Chamaecrista ramosa, Senna
rizzinii, Solanum paniculatum and B. vac-
ciniifolia stood out due to their high aver-
age frequency in the 13 nests of C. rarsata
(46.5%,19.3%, 19.6% and 8.7%, respectively)
(Tab. I). Eleven pollen types were present with
low average frequencies (<0.01%), and six-
teen pollen types had average frequency be-
tween 0.01% and 10%, including Byrsonima

vacciniifolia (8.7%). Almost 50% of the pollen
types (n = 14) were observed in just a single
sample. Among them, Aeschynomene brevipes
present a high average frequency (10.7%) in
sample IX.

We observed a substitution of the most im-
portant pollen resources used by C. tarsata
during the course of the study period. Chamae-
crista ramosa type was frequently found in
nests (9 of the 13 examined), and had high
representation in the six nests in July and Au-
gust/2004 (87% to 97%). In March/2005, how-
ever, the representation of this pollen type fell
down to 36%, although it continued to be im-
portant in stocking C. tarsata nests, appear-
ing as the second most representative pollen
type. In the September/2006, no grains of this
pollen type were observed, and in Decem-
ber/2006 it was only marginally represented
in the two nests (1.0% and 3.7%). Solanum
paniculatum pollen type was identified in sam-
ples from March/2005, September/2006, and
December/2006, with frequency per nest that
varied from 0.3% to 71.4%. Senna rizzinii
pollen type was important for C. farsata dur-
ing the months of September and Decem-
ber/2006, with frequency per nest that varied
between 9.1% and 90.8% (Tab. I).

In Dec./2006, three different pollen types
were the most important to the nests sampled:
S. paniculatum (0.3% to 71.4%), S. rizzinii
(9.1% to 90.8%), and B. vacciniifolia (1.7%
to 69.6%). On the other hand, in July/2004
females of C. tarsata hardly foraged on
C. ramosa, the pollen type most representative
in all of the five nests examined (87% to 97%).

4. DISCUSSION

According to the pollen types surveyed and
the CBS flora (Silva, 2007), plants used by
C. tarsata belong to taxa whose floral available
resources are pollen, nectar and oil (Tab. II).
This information, combined with each pollen
type frequency (Tab. I) was used to distin-
guish pollen plants from the nectar or oil
sources. The high frequency observed in some
pollen types in the samples indicates that these
plants are important pollen sources used by
C. tarsata.
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Figure 1. Pollen types present in nests of solitary bee Centris tarsata. A. Aeschynomene brevipes. B—C.
Aeschynomene martii. D. Anemopaegma laeve. E. Banisteriopsis muricata. F. Barnebya harleyi. G-H. Byr-
sonima vacciniifolia. 1. Caesalpinia microphylla. J. Krameria tomentosa. K. Lonchocarpus araripensis.
L-M. Mimosa filipes. N-P. Raphiodon echinus. Q-T. Senna rizzinii. U-V. Solanum paniculatum. X-Y.
Zornia echinocarpa (bar = 10 um).
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Table II. Plant groups and their floral rewards according to their respective authors.

Plants Resource offered References

Alternanthera Nectar Freitas and Silva, 2006; Santos et al., 2006

Conocliniopsis Nectar King and Robinson, 1987

Anemopaegma Nectar Correia et al., 2006

Tabebuia Nectar Aguiar et al., 2003; Machado and Lopes, 2006

Capparis Nectar Dafni et al., 1987

Krameria Oil Machado and Lopes, 2006

Rhaphiodon Nectar Santos et al., 2006

Caesalpinia Pollen/ Nectar Aguiar et al., 2003; Freitas and Silva, 2006

Chamaecrista Pollen Aguiar et al., 2003

Senna Pollen Aguiar et al., 2003; Machado and Lopes, 2006

Anadenanthera Pollen/Nectar Freitas and Silva, 2006

Mimosa Pollen/Nectar Aguiar et al., 2003; Freitas and Silva, 2006

Aeschynomene Nectar Santos et al., 2006

Lonchocarpus Nectar Aguiar et al., 2003; Machado and Lopes, 2006

Zornia Nectar Aguiar et al., 2003

Banisteriopsis Oils Gaglianone, 2003; Machado and Lopes, 2006

Barnebya Oils Buchmann, 1987

Byrsonima Oil/Pollen Machado and Lopes, 2006

Herissantia Pollen Machado and Lopes, 2006

Campomanesia Pollen Gressler et al., 2006

Oxalis Nectar Aguiar et al., 2003

Spermacoce Nectar Santos et al., 2006

Solanum Pollen Aguiar et al., 2003; Machado and Lopes, 2006
Pollen types Chamaecrista ramosa, were the most heavily represented in samples.

Solanum paniculatum, Senna rizzinii, and
Byrsonima vacciniifolia had the greatest
average frequencies of occurrence considering
all nests (Tab. I), and seem to represent the
most important pollen sources for C. tarsata
in the “caatinga” region.

Nine legume species from the local flora
of CBS had representation in the pollen
spectrum surveyed in pollen residues of
C. tarsata nests: Anadenanthera colubrina
(Vell.) Brenan, Caesalpinia microphylla Mart.
ex. G. Don, C. pyramidalis Tul., Chamae-
crista ramosa (Vogel) H.S. Irwin & Barneby,
C. swainsonii (Benth.) H.S. Irwin & Barneby,
S. rizzinii H.S. Irwin & Barneby, Lonchocar-
pus araripensis Benth., Mimosa filipes Mart.,
and M. misera Benth. Probably these plants
represent the main sources of pollen for
C. tarsata in “caatinga” environment, mainly
C. ramosa and S. rizzinii, which pollen grains

Other legume species (Aeschynomene brevipes
Benth., A. martii Benth., Zornia braziliensis
Vogel, and Z. echinocarpa Benth.) may be im-
portant nectar sources due to the frequencies of
their pollen types in the samples and also ac-
cording to available information on nectar re-
sources offered by these plants (Tab. II).

Aguiar et al. (2003) noted that Chamae-
crista spp. and Senna spp. (in addition to
the species of genus Solanum) are important
sources of pollen for Centris bees in several
areas of the “caatinga”. These data are cor-
roborated by Machado and Lopes (2005), who
likewise indicated species of Chamaecrista,
Senna, and Solanum as main sources of pollen
in “caatinga” vegetation. Another interesting
aspect of CBS sampling was that the pollen
types related to these genera appear to be of-
ten associated in the same nest. This suggests
a possible complementarity of pollen types
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along with the nesting season of C. farsata.
These pollen types are produced by plants with
poricidal anthers whose pollen grains are lib-
erated through buzz-pollination. According to
Buchmann (1983), pollen is the floral reward
of plants with poricidal anthers, which are
pollinated by bees that vibrate their bodies dur-
ing floral visits, as Centris bees do. As such,
the significant presence of these pollen grains
in nests of C. tarsata can reflect the ability of
these bees to gather pollen through vibration.

The nectar sources used by C. frarsata
can not be clearly established by examin-
ing the pollen grains stored in nests be-
cause some pollen may represent “contami-
nation” during the search for floral rewards.
It is possible, however, to indicate plants
used as sources of nectar by cross-checking
pollen frequency data with types of floral
rewards of each plant species found in the
study area. Aeschynomene brevipes, A. mar-
tii, Z. brasiliensis, and Z. echinocarpa ap-
pear to be probable nectar sources due to the
low frequencies of their respective pollen per
nest, and according to available information
concerning nectar resources of these plants
(Tab. IT). C. microphylla, Rhaphiodon echinus
Schauer and Capparis yco Mart. are also most
likely nectar sources.

Three species of Malpighiaceae and one
Krameriaceae were identified as oil sources
to C. tarsata in the CBS, based on available
information about floral resources (Tab. II).
Pollen from three species was only poorly
represented in the nests, suggesting that oil
is the principal resource used by C. tarsata,
but Byrsonima vacciniifolia pollen type had
a higher frequency in some samples, indicat-
ing the species importance for oil and pollen.
The families Krameriaceae, Malpighiaceae,
and Scrophulariaceae are known producers of
oils and their species supply resources for a
guild of specialized oil-collecting bee species,
such as Centris spp. in the “caatinga” ecosys-
tems (Machado et al., 2002). According to
Buchmann (1983), Krameria species have po-
ricidal anthers but pollen is liberated in a sticky
mass, making the liberation of large quanti-
ties of grains much more difficult. The author
observed that species of this genus are vis-
ited in order to collect oils instead of pollen

and included them within the group of plants
that have poricidal anthers but are not buzz-
pollinated. This may help to explain the low
frequency of occurrence (< 1.5%) of pollen
grains of Krameria tomentosa in the CBS sam-
ples.

The majority of the pollen types were found
at least in three nests and did not represent
even 1% of the overall pollen quantified per
nest. According to other authors (Tab. II), a
majority of these pollen grains come from
plants that are probably nectariferous.

The identification of the pollen found in
C. tarsata nests in the “caatinga” region of
Canudos, in addition to the available informa-
tion concerning the floral resources of local
plants, indicated that these bees visited more
plant species to gather nectar than to gather
pollen or oils. This conclusion supports Aguiar
et al. (2003), who studied floral resources used
by species of Centris in the “caatinga” region
and observed the predominant tendency for
these bees to collect pollen or oil from a rel-
atively small number of plants in each locality,
while they are more generalist in using sources
of nectar.

The blending of methodologies to collect
bees on individual flowers and to analyze the
pollen present in nests of C. farsata will en-
large our understanding of their use of floral
resources and provide useful data to help the
development of adequate strategies for Centris
species management and conservation. Our
study shows that C. farsata uses several dif-
ferent sources of floral resources in preserved
environments with diversified flora. The find-
ings should guide comparisons among usages
of the melittophilous flora by this bee species
in areas with different levels of preservation.
Solitary bee conservation is still scarcely em-
phasized (see Vinson et al., 1993) in spite of
the recent growing interest in native bee con-
servation. Recently, some authors have iden-
tified several threats to these pollinator pop-
ulations (see Batley and Hogendoorn, 2009;
Freitas et al., 2009). Few monitoring stud-
ies to identify the decline of bee populations
have included species of Centris (e.g. Frankie
et al., 1997, 1998, 2005). In the Brazilian sea-
sonal dry forests (“‘caatinga”), bee populations
are highly affected by human-caused actions,
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particularly are wood gathering, deforestation,
and the intensification of agriculture (Martins,
2002; Lima-Verde and Freitas, 2002; Freitas
et al., 2009). Centris bee populations demand
special requirements as far as sources of flo-
ral oils and cavities for nesting for instance,
and are highly susceptible to floral depletion.
Our study suggests that legume plant species
such as Senna rizzini, a frequently found and
widely distributed species, are promising for
monitoring the abundance of Centris bees in
target plants.

The effects of invasive alien bees (such
as the Africanized Apis mellifera) on native
bees, particularly the negative interactions of
A. mellifera with solitary bees have seldom
been studied (Freitas et al., 2009; Stout and
Morales, 2009; Murray et al., 2009). Stout and
Morales (2009) suggest that priority should
be given to examine the impacts of invasive
alien bees on solitary native bees, particularly
rare and specialist bee species because most
of such interactions are still unknown. Anal-
yses of the pollen stocked in bee nests have
been used to assess Africanized Apis mellif-
era (AHB) impact on native bee fauna when
data on the use of floral resources by na-
tive bees could be collected before the estab-
lishment of AHB (Villanueva-Gutiérrez and
Roubik, 2004). In Brazil, the introduction and
establishment of AHB preceded studies on the
use of floral resources by native bees. Efforts
to analyse AHB use of floral resources at the
Canudos Biological Station have been done
recently by our research team (Novais et al.,
2009), which shall allow for comparison of the
overlapping levels of AHB trophic niches with
native bee species such as Centris tarsata.
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Résidus de pollen dans les nids de Centris tarsata
Smith (Hymenoptera, Apidae, Centridini) dans
une région tropicale semi-aride du nord-est du
Brésil.

entomopalynologie / pollen / abeilles solitaires /
Centris [ caatinga

Zusammenfassung — Pollenreste in Nestern von
Centris tarsata Smith (Hymenoptera, Apidae,
Centridini) in einer tropischen Halbtrocken-
region im Nordosten Brasiliens. Bienen der
Gattung Centris sind potentielle Bestduber von
Kulturpflanzen in Brasilien und verschiedene Un-
tersuchungen weisen bereits auf die Bedeutung
dieser Bienen als Bestiuber verschiedener Pflan-
zenfamilien, einschlieBlich kommerzieller Friichte
hin. Wenig ist allerdings dariiber bekannt, welche
floralen Ressourcen fiir den Erhalt der Populatio-
nen notwendig sind. Anhand der Analyse von Pol-
lenresten im sandigen Substrat der Nistzellen dieser
solitdren Bienen untersuchten wir die von C. tar-
sata genutzten Pollen-, Ol- und Nektarquellen in
einer Region mit nativer Vegetation in einer Halb-
trockenregion im Nordosten Brasiliens, der Caatin-
ga. Pollenkorner wurden quantifiziert, um die Be-
deutung der verschiedenen Pflanzenarten fiir die
Bienen abschitzen zu koénnen. Hierzu wurden mo-
natlich Nistfallen eingesammelt, so dass aus den
Nestern (n = 13) nach dem Schlupf der Imagi-
nes die Pollenreste chemisch herausgelost werden
konnten. Pro Probe wurden sieben Mikrospopie-
préparate erstellt. Die quantitative Analyse basierte
auf jeweils 1000 Pollenkornern. Wir identifizierten
31 verschiedene Pollentypen, wobei die von Cha-
maecrista ramosa, Senna rizzinii, Solanum panicu-
latum und Byrsonima vacciniifolia die grofiten Hiu-
figkeiten aufwiesen (Tab. I) und damit vermutlich
die wichtigsten Pollenquellen fiir C. tarsata in die-
ser Region darstellen. In geringen mittleren Héu-
figkeiten (<0,01 %) waren 11 Pollentypen vertre-
ten, und 16 Pollentypen wiesen Haufigkeiten von
0,01 % bis 10 % auf, darunter Byrsonima vac-
ciniifolia. Neun Arten der lokalen Flora im Pol-
lenspektrum des Materials aus C. tarsata Nestern
stellen vermutlich die Hauptpollenquellen dieser
Bienen in der Caatinga dar. Die Mehrzahl der Pol-
lentypen stellte weniger als 1 % des aus den Ne-
stern gewonnen Pollenmaterials dar (Tab. II). Drei
Malpighiaceen-Arten und eine Krameriacee konn-
ten wir als Olquellen von C. tarsata identifizieren.
Wir konnten zeigen, dass Pollenanalysen in Nest-
material interessante Ergebnisse liefern konnen. Ei-
ne Verbindung dieser Methode mit einer Sammel-
strategie von Bienen an einzelnen Pflanzenarten
sollte es dementsprechend ermdglichen, dass wir
unser Wissen liber die Nutzung floraler Ressourcen
erweitern und daraus angemessene Strategien zum
Erhalt und Nutzung von Centris-Arten als Bestdu-
ber entwickeln konnen.



566 M. da Costa Dérea et al.

Entomopalynologie / Pollen / solitire Bienen /
Centris [ Caatinga

REFERENCES

Aguiar C.M.L., Garéfalo C.A. (2004) Nesting biology
of Centris (Hemisiella) tarsata (Hymenoptera,
Apidae, Centridini), Rev. Bras. Zool. 21, 477-486.

Aguiar C.M.L., Zanella F.C.V., Martins C.F., Carvalho
C.A.L. (2003) Plantas visitadas por Centris spp
(Hymenoptera, Apidae, Centridini) para obtencio
de recursos florais na caatinga, Neotrop. Entomol.
32, 247-259.

Batley M., Hogendoorn K. (2009) Diversity and
conservation status of native Australian bees,
Apidologie 40, 347-354.

Buchmann S.L. (1983) Buzz pollination in an-
giosperms, in: Jones C.E., Little R.J. (Eds.),
Handbook of Experimental Pollination Biology,
Scientific and Academic Editions, New York,
pp. 73-113.

Buchmann S.L. (1987) The ecology of oil flowers and
their bees, Annu. Rev. Ecol. Syst. 18, 343-369.

Correia M.C.R., Pinheiro M.C.B., Lima H.A. (2006)
Biologia floral e polinizacdo de Anemopaegma
chamberlaynii Bur. & K. Schum. (Bignoniaceae),
Lundiana 7, 39-46.

Dafni A., Eisikowitch D., Ivri Y. (1987) Nectar
flow and pollinators efficiency in tow cooccuring
species of Capparis (Capparaceae) in Israel, Plant
Syst. Evol. 157, 181-186.

Dérea M. da C., Santos FA.R., Lima L.C.L., Figueroa
L. (2009) Analise Polinica do Residuo Pos-
emergéncia de Ninhos de Centris tarsata Smith
(Hymenoptera: Apidae, Centridini), Neotrop.
Entomol. 38, 197-202.

Frankie G.W., Rizzardi M.A., Vinson S.B., Griswold
T.L., Ronchi, P. (2005) Changing bee composition
and frequency on a flowering legume, Andira in-
ermis (Wright) Kunth ex DC during El Nifio and
La Nina years (1997-1999) in Northwestern Costa
Rica, J. Kans. Entomol. Soc. 78, 100-117.

Frankie G.W., Thorp R.W., Newstrom-Lloyd L.E.,
Rizzardi M.A., Barthell J.E,, Griswold T.L., Kim
J.Y., Kappagoda S. (1998) Monitoring solitary
bees in modified wildland habitats: implica-
tions for bee ecology and conservation, Environ.
Entomol. 27, 1137-1148.

Frankie G.W., Vinson S.B., Rizzardi M.A., Griswold
T.L., O’Keefe S., Snelling R.R. (1997) Diversity
and abundance of bees visiting a mass flowering
tree species in disturbed seasonal dry forest, Costa
Rica, J. Kans. Entomol. Soc. 70, 281-296.

Freitas B.M., Alves J.E., Branddo G.F., Aratjo Z.B.
(1999) Pollination requirements of West Indian

cherry (Malpighia emarginata) and its putative
pollinators, Centris bees, in NE Brazil, J. Agric.
Sci. 133, 303-311.

Freitas B.M., Paxton R.J., Holanda-Neto J.P. (2002)
Identifying pollinators among an array of flower
visitors and the case of inadequate cashew pollina-
tion in NE Brazil, in: Kevan P., Imperatriz-Fonseca
V.L. (Eds.), Pollinating bees — The Conservation
Link Between Agriculture and Nature, Ministério
do Meio Ambiente, Brasilia, pp. 229-244.

Freitas B.M., Silva E.M.S. (2006) Potencial apicola
da vegetacdo do semi-drido brasileiro, in: Santos
FA.R. (Ed.), Apium Plantae, Série IMSEAR,
Vol. 3, Ministério da Ciéncia e Tecnologia, Recife,
pp. 19-32.

Freitas B.M., Imperatriz-Fonseca V.L., Medina L.M.,
Kleinert A.M.P.,, Galetto L., Nates-Parra G.,
Quezada-Euan J.J.G. (2009) Diversity, threats and
conservation of native bees in the Neotropics,
Apidologie 40, 332-346.

Gaglianone M.C. (2003) Abelhas da tribo Centridini
na Estag¢do Ecoldgica de Jataf (Luis Antonio, SP):
Composi¢do de espécies e interagdes com flo-
res de Malpighiaceae, in: Melo G.A.R., Santos
L.A. (Eds.), Apoidea Neotropica: Homenagem aos
90 Anos de Jesus Santiago Moure. Editora da
UNESC, Cricitima, pp. 279-284.

Gressler E., Pizo M.A., Morellato P.C. (2006)
Polinizagdo e dispersio de sementes em
Myrtaceae do Brasil, Rev. Bras. Bot. 29, 509-530.

King R.M., Robinson H. (1987) The genera of
The Eupatorieae (Asteraceae), Missouri Botanical
Garden, 581 p.

Lima-Verde L.W., Freitas B.M. (2002) Occurrence and
biogeographic aspects of Melipona quinquefasci-
ata in NE Brazil (Hymenoptera, Apidae), Braz. J.
Biol. 62, 479-486.

Machado I.C., Lopes A.V. (2005) Recursos florais e
sistemas de polinizagdo e sexuais em caatinga,
in: Leal L.R., Tabarelli M., Silva J.M.C. (Eds.),
Ecologia e Conservacdo da Caatinga, Editora da
UFPE, Recife, pp. 515-563.

Machado I.C., Lopes A.V. (2006) Melitofilia em espé-
cies da caatinga em Pernambuco e estudos rela-
cionados existentes no ecossistema, in: Santos
FA.R. (Ed.), Apium Plantae, Série IMSEAR,
Vol. 3, Ministério da Ciéncia e Tecnologia, Recife,
pp- 33-60.

Machado I.C., Vogel S., Lopes A.V. (2002) Pollination
of Angelonia cornigera Hook. (Scrophulariaceae)
by long-legged, oil-collecting bees in NE Brazil,
Plant Biol. 4, 352-359.

Martins C.F. (2002) Diversity of the Bee Fauna of
the Brazilian Caatinga, in: Kevan P., Imperatriz
Fonseca V.L (Eds.), Pollinating Bees — The
Conservation Link Between Agriculture and
Nature, Ministry of Environment, Brasilia,
pp. 131-134.



Pollen in nests of Centris tarsata from Brazil 567

Mendes EN., Régo M.M.C. (2007) Nidificagdao de
Centris (Hemisiella) tarsata Smith (Hymenoptera,
Apidae, Centridini) em ninhos-armadilha no
Nordeste do Maranhio, Brasil, Rev. Bras. Ent. 51,
382-388.

Murray T.E., Kuhlmann M., Potts S.G. (2009)
Conservation ecology of bees: populations species
and communities, Apidologie 40, 211-236.

Novais J.S., Lima L.C.L., Santos F.A.R. (2009)
Botanical affinity of pollen harvested by Apis mel-
lifera L. in a semi-arid area from Bahia, Brazil.
Grana 48, 224-234.

Oliveira R., Schlindwein C. (2009) Searching for
a manageable pollinator for acerola orchards:
the solitary oil-collecting bee Centris analis
(Hymenoptera: Apidae: Centridini), J. Econ.
Entomol. 102, 265-273.

Ramos M., Mendes F.,, Albuquerque P., Régo M.
(2007) Nidificagdo e forrageamento de Centris
(Ptilotopus) maranhensis Ducke (Hymenoptera,
Apidae, Centridini), Rev. Bras. Zool. 24, 1006—
1010.

Régo M.M.C., Albuquerque PM.C., Ramos M.C.,,
Carreira L.M. (2006) Aspectos da Biologia
de Nidificagdo de Centris flavifrons (Friese)
(Hymenoptera: Apidae, Centridini), um dos
Principais Polinizadores do Murici (Byrsonima
crassifolia L. Kunth, Malpighiaceae), no
Maranhao, Neotrop. Entomol. 35, 579-587.

Santos F.A.R., Oliveira J.M., Oliveira P.P., Leite
K.R.B., Carneiro C.E. (2006) Plantas do semi-
arido importantes para as abelhas, in: Santos

FAR. (Ed.), Apium Plantae, Série IMSEAR,
Vol. 3, Ministério da Ciéncia e Tecnologia, Recife,
pp- 61-86.

SEI — Superintendéncia de Estudos Economicos e
Sociais da Bahia (1998) Atributos climaticos do
estado da Bahia. Secretaria de Planejamento do
Estado da Bahia, Série Estudos e Pesquisas 38,
Salvador.

Silva EH.M. (2007) Contribuicdo a palinologia das
caatingas, Dr. Sc. Diss. Universidade Estadual de
Feira de Santana, Feira de Santana, Bahia, Brazil,
178 p.

Stout J.C., Morales C.L. (2009) Ecological impacts
of invasive alien species on bees, Apidologie 40,
388-4009.

Vergeron P. (1964) Interprétation statistique des ré-
sultats en matiere d’analyse pollinique des miels,
Ann. Abeille 7, 349-364.

Villanueva-Gutiérrez  R., Roubik D.W. (2004)
Pollen sources of long-tongued solitary bees
(Megachilidae) in the biosphere reserve of
Quitana Rdo, México, in: Freitas B.M., Pereira
J.O.P. (Eds.), Solitary Bees: Conservation,
Rearing a Management for Pollination, Imprensa
Universitaria, Universidade Federal do Ceard,
Fortaleza, pp. 185-190.

Vinson S.B., Frankie G.W., Barthell J.E. (1993)
Threats to the diversity of solitary bees in
a neotropical dry forest in Central America,
in: La Salle L., Gauld I. (Eds.), Hymenoptera
and Biodiversity, CAB International, Wallingford,
pp. 53-81.



	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References

