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by Centris (Hemisiella) tarsata Smith (Apidae: Centridini): Is C. tarsata an oligolectic or polylectic species?
Zoological Studies 51(2): 195-203. Among pollinator species, bees play a prominent role in maintaining
biodiversity because they are responsible, on average, for 80% of angiosperm pollination in tropical regions.
The species richness of the bee genus Centris is high in South America. In Brazil, these bees occur in many
types of ecosystems. Centris tarsata is an endemic species occurring only in Brazil. No previous studies
considered interactions between plants and this bee species in southern Brazil, where it is the most abundant
trap-nesting bee. Accordingly, the goals of this study were to investigate plants used by this species for its larval
food supply and determine if this bee is polylectic or oligolectic in this region. This work was conducted in the
Parque Municipal das Araucarias, Guarapuava (PR), southern Brazil, from Mar. 2002 to Dec. 2003. Samples of
pollen were collected from nests of these bees and from flowering plants in grassland and swamp areas where
the nests were built. All of the samples were treated with acetolysis to obtain permanent slides. The family
Solanaceae was visited most often (71%). Solanum americanum Mill. (28.6%) and Sol. variabile Mart. (42.4%)
were the primary pollen sources for C. tarsata in the study area. We found that although C. tarsata visited
20 species of plants, it preferred Solanum species with poricidal anthers and pollen grains with high protein
levels. This selective behavior by females of C. tarsata indicates that these bees are oligolectic in their larval
provisioning in this region of southern Brazil. http:/zoolstud.sinica.edu.tw/Journals/51.2/195.pdf
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Bees of the family Apidae can fly long
distances in tropical forests in search of preferred
plant species, thus promoting cross-pollination
(Frankie et al. 1983, Roubik 1993). The plant-
pollinator relationship is symbiotic and establishes
a beneficial relationship between 2 species with
different levels of dependency (Boucher et al.
1982, Del-Claro 2004). According to Faegri and
Van der Pijl (1979) and Proctor et al. (1996), plant-
pollinator interactions are considered to result from
natural selection, which produces a wide variety of
adaptations in plants, allows the transfer of pollen

grains, and increases gene flow within a species.
Among pollinator species, bees play an
important role in maintaining biodiversity. On
average, they are responsible for 80% of angio-
sperm pollination in tropical regions (Kevan and
Baker 1983, Bawa 1990). The higher efficiency of
bees as pollinators results from their high numbers
compared to other pollinators and from their
superior adaptations to complex floral structures.
For example, their bodies and mouthparts are
adapted to collect and transport resources, such as
nectar and pollen, respectively (Kevan and Baker
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1983, Michener 2000).

Some bee species belonging to the tribes
Tapnotaspidini and Centridini exhibit reproductive
cycles and nesting activities that are synchronized
with the flowering periods of certain species
of plants (Rocha-Filho et al. 2008, Aguiar and
Melo 2009, Bezerra et al. 2009, Gaglianone et
al. 2011). These bees visit flowers to obtain oil,
pollen, nectar, and resin (resources needed to
build parts of their nests) to feed the larvae and
maintain adults and their reproductive activities
(Vogel 1974, Buchmann 1987, Roubik 1989,
Vinson et al. 1996). Some studies showed the
importance of these bees as pollinators of various
species of Neotropical plants (Frankie et al.
1976, Gottsberger et al. 1988, Freitas 1997),
including those producing oil, such as species of
the Malpighiaceae (Régo and Albuquerque 1989,
Freitas et al. 1999) and Scrophulariaceae (Vogel
and Machado 1991).

The genus Centris is typically tropical, and
its species belong to 12 subgenera. The species
richness of Centris is high in South America. In
Brazil, these bees are found in various eco-
systems, such as dunes and sandbanks (Silva
and Martins 1999, Silva et al. 2001, Viana and
Alves-dos-Santos 2002), caatinga (Martins 1994,
Zanella 2000, Aguiar and Almeida 2002, Aguiar et
al. 2003), grasslands, and savannas (Silveira and
Campos 1995, Albuquerque and Mendonca 1996).

Centris tarsata has only been recorded from
Brazil. The distribution of C. tarsata in Brazil is
based on Aguiar and Gardéfalo (2004), information
from specimens deposited in entomological
collections (J.M.F. Camargo, pers. commun.),
samples of females and/or males collected on
flowers (Camargo and Mazucato 1984, Vogel
and Machado 1991, Martins 1994, Silveira and
Campos 1995, Albuquerque and Mendonga 1996,
Freitas 1997, Schlindwein 1998, Zanella 2000),
and the location of nests (Chandler et al. 1985,
Camilo et al. 1995, Silva et al. 2001, Viana et al.
2001, Aguiar and Martins 2002). This information
indicates that C. tarsata occurs in the states of PA,
MA PI, CE, PB, PE, BA, MG, SP, PR, RS, MS, MT,
and GO.

In the savanna area of Uberlandia (Minas
Gerais State, Brazil), C. tarsata was recorded
as one of the principal pollinators of West Indian
cherry Malpighia emarginata DC (Malpighiaceae)
(Vilhena and Augusto 2007). This bee is solitary
and tends to nest in preexisting cavities. Its
nests can be built in trap-nests (Silva et al. 2001,
Aguiar and Garéfalo 2004, Buschini and Wolff

2006). In southern Brazil, C. tarsata is the most
abundant bee species (Buschini 2006). It prefers
open habitats and shows greater nesting activity
during the hot season, especially in Dec. and Jan.
(Buschini and Wolff 2006).

Several studies were conducted in Brazil
to identify sources of pollen used by different
species of bees and to understand the degree
of association between bees and the plants that
they visit. Through an analysis of pollen grains,
it is possible to identify the main floral resources
used by bees. This information allows the asse-
ssment of resource availability in the field and
the identification of times of resource scarcity
(Salgado-Labouriau 1961, Ortiz 1994, Bastos et al.
2003).

An analysis of the pollen spectrum of C.
tarsata based on samples from nests in the
northeastern micro-region of Bahia State, Brazil
indicated the presence of 17 pollen types from 7
plant families. These samples, representing an
assemblage of 5-11 pollen types, identified plants
used by the bees to feed their offspring (Dérea et
al. 2009). In Maranhao State, also in northeastern
Brazil, pollen analyses of C. tarsata showed
relatively high quantities of pollen grains from
Banisteriopsis sp. (Malpighiaceae) and Cassia sp.
(Caesalpiniaceae).

Centris tarsata is endemic to Brazil. No
previous studies of the interactions of plants with
this bee species have been conducted in southern
Brazil, where it is the most abundant trap-nesting
bee. The goals of this study were to investigate
the plants that constitute the larval food supply for
C. tarsata and determine whether this bee has a
polylectic or an oligolectic tendency in this region.

MATERIALS AND METHODS

This study was carried out in the Parque
Municipal das Araucarias, located in the
municipality of Guarapuava, Parana State,
southern Brazil (25°21'06"S, 51°28'08"W). The
area of the park is approximately 104 ha. The
vegetation is composed of mixed ombrophilous
forest (42.75%), gallery forest (10.09%), fields
(6.8%), swamps (7.13%), and altered areas
(33.23%). The grasslands are physionomically
characterized by areas of low grasses and no
bushes. Species of the families Cyperaceae,
Leguminosae, Verbenaceae, Compositae, and
Umbelliferae are the principal plants in this habitat.
The grasslands are surrounded by Araucaria
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forests, dominated by Araucaria angustifolia
(Coniferae: Araucariaceae). The swamps are
located in the lowest-elevation regions of the
park and are primarily composed of grasses and
members of the Compositae (Buschini and Fajardo
2010). According to the Koppen classification, the
climate is humid mesothermic, with no dry season
and mild summers because of the elevation. The
winter is moderate, with the frequent occurrence
of frost. The annual mean temperature is appro-
ximately 16°C.

In this study, pollen grains were removed
from provisioned cells of 11 nests of C. tarsata
from a total of 128 trap-nests installed in the
swamp and grassland areas. Centris tarsata has
a seasonal pattern of nesting activity from Nov.
to May (Buschini and Wolff 2006), so the pollen
grains used in this study were collected from Mar.
2002 to Dec. 2003. Pollen collected from the
nests was preserved on permanent slides with the
acetolysis method (Erdtman 1960). Five pollen
grain slides were made for each nest to produce a
total of 55 slides. Pollen grains were also collected
from flowering plants from May 2006 to Apr. 2007.
Pollen was collected throughout the area in which
nests were built. The pollen was removed from
the flowers and/or buttons of each plant to obtain
2 slides per plant. All pollen grain slides from
both nests and plants were examined using light
microscopy to identify plants used by the bee. The
pollen was quantified by consecutively counting
300 pollen grains per slide. Total numbers of
pollen grains counted were 1500 grains per
nest and 16,500 grains in all. Subsequently, we
determined the percentages of occurrence of each
species and botanical family in C. tarsata nests
according to the classification of Barth (1970) and
Louveaux et al. (1970 1978). Thus, pollen types
were classified as dominant (> 45% of total grain
on the slides), accessory (15%-45%), important
isolates (3%-14%), and occasional isolates (< 3%).

RESULTS

We collected 99 flowering plant species in the
study area during the activity period of C. tarsata.
Overall, 20 pollen types from 17 plant families
were collected by this bee (Fig. 1, Table 1).

The family Solanaceae was visited most
often (71%). Solanum americanum Mill. (28.6%)
and Sol. variabile Mart. (42.4%) were the primary
pollen sources for C. tarsata in the study area.
The 2nd most frequently visited family was the

Phytolaccaceae. Phytollaca dioica L. supplied
15.4% of the pollen in the samples. The family
Malpighiaceae represented 4.5% of the pollen
in the samples, whereas the families Lauraceae
(3.2%), Myrthaceae (2.8%), Melastomataceae
(1.01%), Lythraceae (0.9%), Campanulaceae
(0.4%), Convolvulaceae (0.2%), Caesalpiniaceae
(0.16%), Asteraceae (0.1%), Amaranthaceae
(0.08%), and Polygalaceae (0.07%) occurred at
low percentages. Erythroxylum deciduum A. St.
Hil. (0.03%), of the family Erythroxilaceae, and
another species not yet identified (Undetermined-1)
(0.01%) appeared in more than 1 sample but at
low occurrence percentages. Although the pollen
types of Styrax leprosum Hook and Am. (0.09%)
and another unidentified species (Undetermined-2)
(0.04%) were recorded in only 1 sample, their
percentages were higher than those of Ery.
deciduum and Undetermined-1.

The frequencies of occurrence of pollen
types in the 11 samples analyzed showed that Sol.
americanum and Sol. variabile (100%) were the
most consistent, followed by Janusia guaranitica
and Cinnamomum amoenum (Ness and Mart.)
Kosterm (60%), Gomphrena elegans Mart., and
Ipomoea grandifolia Lam. (40%). The 14 other
pollen types occurred in 10%-30% of samples:
Phytollaca dioica, Vernonia sp. Schreb, Senna
multijuga (Rich.) H. S., Cuphea sp. P. Browne
(30%), Ery. deciduum, Janusia sp. A. Juss,
Tibouchina cerastifolia Cong, and Undetermined-1
(20%), and Baccharis sp. L., Lobelia sp. Pohl,
Ipomoea purpurea (I.) Roth, Campomanesia
adamantium O. Berg, Polygala sp. L., Sty.
leprosum Hook. and Arn, and Undetermined-2
(10%).

DISCUSSION

Although C. tarsata used 20 types of pollen
grains, pollen of Sol. americanum, Sol. variabile,
and Phy. dioica were most common in the larval
diet. The importance of the family Solanaceae as
a source of pollen for C. tarsata was also reported
by Aguiar et al. (2003) and Dérea et al. (2009) in
the Caatinga, xerophytic vegetation predominant
in semi-arid northeastern Brazil. According to
Buchmann (1983), the presence of poricidal
anthers in flowers of the Solanaceae establishes
a close relationship with females of Centris. In
this plant-pollinator relationship, pollination by
vibration (buzz-pollination) is an effective method
of extracting pollen from these plants (Buchmann
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Fig. 1. Pollen grains found in nests of Centris tarsata. (A) Gomphrena elegans, (B) Baccharis sp., (C) Vernonia sp., (D) Lobelia sp., (E)
Ipomoea grandifolia, (F) I. purpurea, (G) Erythroxylum deciduum, (H) Senna multijuga, (1) Cinnamomum amoenum, (J) Cuphea sp., (K)
Janusia guaranitica, (L) Janusia sp., (M) Tibouchina cerastifolia, (N) Campomanesia adamantium, (O) Phytolacca dioica, (P) Polygala
sp., (Q) Solanum americanum, (R) Sol. variabile, (S) Styrax leprosum, (T) Undetermined-1, (U) Undetermined-2.
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1983). The collection of pollen by vibration
also occurs on flowers of the Melastomataceae
(Buchmann and Hurley 1978) and Caesalpiniaceae
(Moure and Castro 2001). This method of polli-
nation is associated with small pollen grains, as
in Solanum species. These grains have a high
amount of protein, which is important for larval
development (Roulston et al. 2000).

Studies in different Brazilian biomes also
highlighted the importance of the families
Solanaceae (Doérea et al. 2009), Malpighiaceae,
Caesalpiniaceae, and Myrtaceae (Mendes and

Rego 2007) as sources of pollen for C. tarsata.
Aguiar et al. (2003), in Itatim (BA), northeastern
Brazil, recorded the presence of pollen of the
Caesalpiniaceae in the diet of C. tarsata offspring.
Senna Mill. was also found to represent a frequent
source of pollen and nectar for this bee. Plants of
this genus are also associated with a mechanism
of pollination by vibration (Santos et al. 2004,
Anacleto and Marchini 2005, Andena et al. 2005).
Moreover, Aguiar et al. (2003) stated that solitary
bees, such as species of Centris, are more likely to
act as generalists during foraging for nectar than

Table 1. Occurrence of pollen grain types in nests of Centris tarsata: pollen accessory (PA), pollen important

isolate (PII), pollen occasional isolate (POI)

Pollen type Resources  Life form Local occurrence Month of Percent Classification of
available collection occurrence on  pollen types
slides

Amaranthaceae

Gomphrena elegans Mart. - Herb Swamp Mar. 0.08% POI
Asteraceae

Baccharis sp. L. Pollen, nectar ~ Shrub Grassland Feb., Mar. 0.04% POI

Vernonia sp. Schreb. Pollen, nectar Tree Forest Oct. 0.06% POI
Campanulaceae

Lobelia sp. Pohl. Herb Swamp Feb. 0.4% POI
Convolvulaceae

Ipomoea grandifolia Lam. Pollen Liana Swamp Mar. 0.13% POI

Ipomoea purpurea (1.) Roth. Pollen Liana Swamp Mar. 0.07% POI
Erythroxilaceae

Erythroxylum deciduum A. St. Hil. Pollen, nectar ~ Shrub Grassland Sept. 0.03% POI
Caesalpiniaceae

Senna multijuga (Rich.) H. S. Pollen, nectar Tree Grassland Feb. 0.16% POI
Lauraceae

Cinnamomum amoenum (Nees) Kosterm. Pollen Tree Forest Oct. 3.2% Pl
Lythraceae

Cuphea sp. P. Browne. Pollen, nectar Herb Swamp Apr. 0.9% POI
Malpighiaceae

Janusia guaranitica (A. St.-Hil.) A. Juss. Pollen, oil Herb Grassland Dec. 3.2% PII

Janusia sp. A. Juss. Pollen, oil - - 1.3% POI
Melastomataceae

Tibouchina cerastifolia Cong. Pollen, oil Herb Grassland Jan., Feb. 1.01% POI
Myrtaceae

Campomanesia adamantium O. Berg. Pollen Tree Grassland Oct. 2.8% POI
Phytolaccaceae

Phytolacca dioica L. Pollen Tree Grassland, forest Oct. 15.4% PA
Polygalaceae

Polygala sp. L. Pollen, nectar - - 0.07% POI
Solanaceae

Solanum americanum Mill. Pollen Herb Grassland, Mar. 28.6% PA

swamp

Solanum variabile Mart. Pollen Tree Grassland Nov. 42.4% PA
Styracaceae

Styrax leprosum Hook. and Arn. Pollen, nectar Tree Forest Oct. 0.09% POI
Undetermined-1 - - - 0.04% POI

Undetermined-2 -

- - 0.01% POI
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during foraging for pollen and oil. Those authors
also stated that the exploitation of resources from
the families Caesalpiniaceae and Malpighiaceae is
frequently found in different biomes.

In Salinas (MG), southeastern Brazil,
Guimaraes (2006) found that the family Myrtaceae
was visited by several species of Centris. Similar
results were obtained in the Sdo Francisco Valley
of Brazil by Siqueira et al. (2005), who reported a
high frequency of Centris and Xylocopa visitation
to flowers of this family. Pollen is the primary
resource provided by this family for bees, which
are probably its most efficient pollinators (Gressler
et al. 2006). In these plants, pollination also
occurs by vibration, although the anthers exhibit
longitudinal dehiscence and are not poricidal
(Proenca 1992).

Although the percentage of pollen from plants
of the family Malpighiaceae in the diet of C. tarsata
in Guarapuava was low (4.5%), this finding does
not mean that these plants have little importance
as resource suppliers for these bees. According to
Anderson (1979), Vogel (1990), and Ramalho and
Silva (2002), a close relationship between bees
of the tribe Centridini and plants of this family can
be interpreted as a product of a long evolutionary
history of interactions between the 2 groups. This
history could even explain the high reproductive
success of these plants in the Americas. The
plants provide both oil and pollen to feed the larvae
of these bees. They bloom almost year-round, but
the flowers are more highly abundant during the
warm and rainy period (Silberbauer-Gottsberger
and Gottsberger 1988). In the Brazilian savanna
(i.e., the cerrado), the nesting and foraging
activities of the Centridini are generally more
frequent during the period of peak flowering of
the Malpighiaceae (Rocha-Filho et al. 2008). The
Centridini is considered to be key pollinators of
this plant family (Michener 2000, Machado 2002
2004, Machado et al. 2002, Alves dos Santos et al.
2007). The system of oil production in these plants
and collection of the oil by the bees require a
series of morphological adaptations in both groups
and behavioral adaptations by the bees (Simpson
and Neff 1977). The oil, the primary resource
that attracts the bees to the plants, is secreted by
glands called elaiophores (Vogel 1974, Simpson
and Neff 1981) and is included in the diet of larval
bees.

In the Malpighiaceae, pollen grain sizes
usually range from medium to large. Pollen of
Janusia occurred in small quantities in bee nests,
but these quantities were considerably higher than

those found for Sol. americanum, Sol. variabile,
and Phy. dioica. According to Severson and
Parry (1981), measurements of a pollen sample
should be representative of the mass of pollen by
including the average number of grains counted
and should also reflect the estimated volumetric
contribution of the grain type. Thus, the degree
of importance of 1 type of pollen grain should
not be based solely on its percentage but should
also include both its numeric and volumetric
representation in the sample.

The sporadic presence of pollen of the
Melastomataceae in nests of C. tarsata in
Guarapuava may reflect the tendency of the bees
to seek the oil of these plants to build their nests.
When collecting the oil, they place their ventral
abdomen and thorax on the stigma and anthers of
the flowers. This behavior facilitates the transfer
of pollen to the stigma (Gimenes and Lobéo
2006) and also results in the transport of small
amounts of pollen from the plants to the bees’
nests. In studies in Camacari (BA), northeastern
Brazil, Oliveira-Rebougas and Gimenes (2004)
observed that medium- and large-sized species
of Centris were highly efficient at collecting pollen
from flowers of the Melastomataceae. In the study
region, the use of pollen of the Convolvulaceae
(e.g., Ipomoea) by Centris may be related to the
morphology of the pollen grains. These grains
are large-sized, are porate and colpate with a
perforated exine, and are spiculated and hairy.
The spine characteristic of this genus assists in
the attachment of pollen grains to the hair of bees,
thereby optimizing the transport process (Machado
and Melhem 1987, Sengupta 1972, Leite et al.
2005).

The occurrence of pollen from the
Phytolaccaceae, Lauraceae, and Styracaceae
in the diet of C. tarsata may be related to the
bees’ search for resources in plants located in
transitional areas between the grassland and
Araucaria forest. These areas are close to sites
where the bees nest. Frankie et al. (1983) also
observed many species of Centris foraging in the
canopy of mass-flowering tree species.

Although C. tarsata was found to visit 20
species of plants, it preferred Solanum species
with poricidal anthers and pollen grains with high
amounts of protein. This selective behavior by
females of C. tarsata indicates that this bee is
oligolectic in its larval provisioning in this region
of southern Brazil. Because C. tarsata occurs in
areas of natural grasslands and collects pollen from
plants in transition zones between these areas and
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Araucaria forest, these bees undoubtedly promote
the pollination of various plant species in these
areas that are currently suffering from severe
exploitation and fragmentation in southern Brazil.
Further studies should be conducted to investigate
the ability of these bees to explore different
grassland fragments in this region and transport
pollen grains between them, thereby increasing
the genetic variability of the region’s plants.
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