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Abstract – Females of bee species can present a temporal specialized behavior in the food collection for their
offspring. We studied the food of Euglossa townsendi immatures from nests established in trap-nests disposed in a
hygrophilous forest in Brazil, betweenMarch 2010 and February 2012. The pollinic material remaining in the brood
cells were acetolysed and identified by comparison with the pollen of plants that bloomed in the area during the study
period. We identified 21 plant species belonging to 14 families in the provision. However, the results indicated that
immature of Eg. townsendi feed preferentially on pollen ofMiconia chamissois (Melastomataceae) found in 100 %
of the samples. Except for two nests, there was a similarity above 85% in the composition of the supply plants of the
brood. We also found a high similarity between the pollinic contents of the cells of each nest. Our results suggest a
temporal preference on M. chamissois .

bee diet / trophic niche / palinoecology / pollen / trap-nest / orchid bee

1. INTRODUCTION

Euglossini bees are best known by the behavior
of males in collecting fragrances mainly from
orchids (Ackerman 1983; Dodson et al. 1969;
Dressler 1982; Roubik and Hanson 2004). How-
ever, the male bees also collect non-floral volatile
compounds, which were produced in wood, fungi,

tree wounds, fruits (Ackerman 1983; Whitten
et al. 1993), and feces (Eltz et al. 2007).

This behavior enables the attraction and cap-
ture of males in large numbers with the use of
synthetic aromatic compounds similar to those
present in orchids (Lopez 1963; Rebêlo and
Cabral 1997). With this procedure, knowledge
about the taxonomy, distribution, population dy-
namics, and structure of Euglossini communities
has increased considerably in recent decades, but
is based only on males (Braga and Garófalo 2003;
Castro et al. 2013; Peruquetti et al. 1999). On the
other hand, females are not attracted to chemical
baits and combined with the difficulties of finding
nests in the field (Cameron 2004; Dressler 1982;
Garófalo et al. 1993) there is still little knowledge
about the nesting habits and interactions of these
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bees with flowers both for the collection of food
resources and for building their nests.

Studies on the interactions of Euglossini spe-
cies with flowers are restricted to direct observa-
tions during floral visits (Lopes and Machado
1998; Rebêlo and Silva 1999; Singer and
Sazima 2001) and studies have included the anal-
ysis of pollen grains sampled on the body of males
and/or females (Ospina-Torres et al. 2015; Rocha-
Filho et al. 2012; Silva et al. 2012a) or from brood
cells (Arriaga and Hernández 1998; Cortopassi-
Laurino et al. 2009; Otero et al. 2014; Villanueva-
Gutierrez et al. 2013).

Euglossa townsendi Cockerell is a species
widely distributed in the Americas occurring from
Mexico to northern Argentina (Moure et al. 2012;
Rebêlo andMoure 1995) at altitudes ranging from
180 to 1050 m above sea level (Ramírez et al.
2002). Similar to other species of the genus, Eg.
townsendi nests in preexisting cavities (Garófalo
et al. 1993; Gazola and Garófalo 2009; Peruquetti
1998) which has allowed obtaining nests of this
species for studies on the nesting behavior and
social structure (Augusto andGarófalo 2004). The
study conducted by Augusto and Garófalo (2004)
found that nests of Eg. townsendi are established
by solitary females, which, after finishing their
reproductive activities, remain in the nests. Foun-
dations of nests occurred at a higher frequency in
the warm/rainy season (September to April).
When males emerge, they leave the nests; in turn,
some females remain in the nests and start to
reactivate it. In this reactivation, associations of
two or more females may be formed. In this
process, new cells are built and provisioned before
eggs are laid. Alternatively, older cells can be
reused. A sequence of successful reactivation pro-
cesses provides long periods of duration of nests.

Considering that Eg. townsendi uses trap-
nests and displays reproductive activities at
different times of the year (Augusto and
Garófalo 2004), our objective was (i) to ver-
ify the diet breadth of the species, and (ii)
evaluate the occurrence of specialization or
generalization for certain pollen taxa in larval
diets. In this study, we expected to find a
diverse diet, but with a strong dominance of
some botanical families or plant species, as
reported by Arriaga and Hernández (1998),

Cortopassi -Laurino et a l . (2009) and
Villanueva-Gutierrez et al. (2013) for other
species of Euglossini.

2. MATERIAL AND METHODS

2.1. Study area

The study was carried out at Private Reserve Toca da
Paca (RTP), part of the Farm Boa Vista (21° 27′ 21.57″
S and 48° 05′ 17.53″ W). The area is located at an
average altitude of 510 m, in the municipality of
Guatapará, São Paulo State, Brazil (Figure 1). RTP is
predominantly made up of hygrophilous forests (Castro
et al. 2013). This vegetation is characterized by a per-
manently flooded soil (Toniato et al. 1998), and has the
important function of protecting water sources (Teixeira
et al. 2008). The region’s climate type is Aw (Köppen
1948), with two well-defined seasons, one cold/dry and
the other warm/rainy with average annual temperature
ranging from 19.3 to 25.2 °C and rainfall of 1183.6 mm
(Castro et al. 2013) (Fig. 1 of supplementary material).

2.2. Data collection

As trap-nests (TN), we used bamboo canes
(Figure 2a) of various lengths and diameters ranging
from 1.0 to 2.0 cm, with one end closed by the node
itself. We used 64 TN placed on iron supports and
maintained at a height of 1.5 m above the ground.
Two sampling sites, 200 m away from each other, were
selected at the edge of the hygrophilous forest
(Figure 2). Each site received 32 TN. Monthly, from
August 2010 to July 2012, we inspected the TN and
those found occupied and with all cells closed were
taken to the laboratory where they were stored at room
temperature until the emergence of individuals. When
the nests were collected, we found one dead female
inside the nest N3 while in the remaining nests no
female was present.

One emerged male of each nest was sent to special-
ists for species identification and one male and one
female of each nest was deposited in the collection of
Solitary Bees and Wasps, Sector of Ecology,
Departament of Biology of Faculdade de Filosofia,
Ciências e Letras de Ribeirão Preto-USP.

After the emergence of individuals (Figure 2d and e),
we scraped the inner wall of each brood cell with the aid
of a curette for removing residual pollen, consisting of
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feces and pollen not consumed by the larvae (Figure 2b
and c). The pollen material of each cell was transferred
separately to Falcon tubes containing 2 mL of 70 %
ethanol for at least 24 h (Silva et al. 2014a). After, the
pollen material was centrifuged at 2000 rpm for 10 min
the ethanol was discarded. In the next step, we added
4 mL of glacial acetic acid to the pollen pelleted in the
tubes and these were left to stand for 24 h. Subsequently,
the pollenmaterial was subjected to acetolysis according
to Erdtman (1960) and homogenized to ensure that the
samples were representative of the diet. We embedded
the samples in Kisser gelatin and sealed the slides with
transparent varnish. These were then incorporated in the
slide collection of the Palinoecology Laboratory of
FFCLRP-USP (Silva et al. 2014a, b).

Parallel to this study, we demarcated an area of 2 ha
from the installation point of the TN and sampled plant
species in all vertical strata according Silva et al.
(2012b) considering the habit or life form: arboreal,
shrubby, herbaceous, liana, and epiphyte. Monthly, we
studied the flowering phenology in the sampling area
and recorded the number of individuals per species in
blossom to estimate the availability of floral resources:
pollen, nectar, and floral oil (Castro et al. unpubl. data).

Of the flowering species in the sampling area, we
took the anthers and subjected them to acetolysis fol-
lowing the protocol proposed by Silva et al. (2014a).

This pollen collection was essential as it enabled a more
accurate identification of the pollen found in the brood
cells by comparing with the pollen material of plants
flowering in the area throughout the study period. We
also used specialized literature (Silva et al. 2010;
Bauermann et al. 2013; Silva et al. 2014a) and online
pollen database to identify the pollen grains sample in
the brood cells (Roubik and Moreno 1991).

2.3. Data analysis

Qualitative analysis was carried out to identify
the plant species found in the samples. We then
calculated the mean and standard deviation of
pollen types across brood cells per nest and plot-
ted the data as box plot. After qualitative analysis,
a quantitative analysis assessed the importance of
each plant species identified in the larval diet. For
that, the first 400 pollen grains in each sample
were examined, as suggested by Montero and
Tormo (1990). After counting, the percentage of
each pollen type in a sample was calculated, and
the pollen grains were classified according to
Maurizio and Louveaux (1965): dominant pollen
(>45 % of all grains counted in each sample),
accessory pollen (15 to 45 %), important isolated

Figure 1. Location of the area where Euglossa townsendi nests were sampled in Guatapará, São Paulo State, Brazil.
A solid line marks the area of native vegetation that makes up the hygrophilous forest. A dotted line marks the bank
of the Mogi-Guaçu River. White dots represent the location of the trap-nests.
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pollen (3 to 15 %) and occasional isolated pollen
(<3 %).

From the proportion data, we evaluated the
trophic niche breadth corresponding to the feeding
of a brood (nest) using the index of Shannon
(1948) (H′). To check the uniformity in the brood
cells, we used the index of Pielou (1966) (J′), and
to analyze the dominance we applied the index of
Berger-Parker (Magurran 2004) (D). We also eval-
uated the similarity in the brood cells using a
cluster analysis using the Sørensen similarity co-
efficient (QS) (Sørensen 1948).

Analyses of diet breadth were performed using the
statistical software PAST 2.17c (Hammer et al. 2001).
The representation of the trophic interaction network as
bipartite graphs (Dormann et al. 2008) was made using the
bipartite package for R Development Core Team (2012).

3. RESULTS

Euglossa townsendi females established six
nests in the study site: N1 in May 2010; N2, N3,
and N4 in January 2011; and N5 inMay andN6 in
December 2011. The number of brood cells per
nest ranged from 4 to 17, and N2 had the highest
number of cells. In total, the six nests contained 54
brood cells.

We identified 21 species of plants used for
feeding the immature brood, distributed into 14
families (Table I). Among these species, Miconia
chamissois Naudin (Melastomataceae) (Fig. 2a of
supplementary material) was present in all sam-
ples (6 nests and 54 cells), corresponding to over
75 % of all pollen grains supplied as food for the
brood.

a

b c

d e

20 mm

10 mm 5 mm

5 mm 5 mm

Figure 2. Nest of Euglossa townsendi after emergence of the bees. a Trap-nest made of bamboo cane with brood
cells; b open brood cells; c collection of residual pollen from the brood cell; d female and e male of Eg.
townsendi .
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The second-most visited species for pollen col-
lection was Solanum palinacanthum Dunal
(Solanaceae) (Fig. 2b of supplementary material),
representing 10.14 % of pollen present in food of
immature Eg. townsendi in the studied nests.
Interestingly this species was not present in the
nests established in May (N1 and N5). Of the
plant species found in pollen provisions, nine are
probably primarily used as sources of nectar
(Table I). These plants may have been visited for
the purpose of drinking nectar by the adult fe-
males, but the pollen grains nonetheless present
in the brood food.

When we estimated the diversity, evenness,
and dominance in the diet composition of imma-
ture, we observed variation among nests, with a
low evenness in most of them. The nests with the
highest richness had also higher diversity, in func-
tion of the low dominance of M. chamissois
(Table I).

We identified between one to eight pollen types
per brood cell among the studied nests (Figure 3).
Except for N6 and N4, the other nests showed a
similarity above 85% in the composition of plants
used for provisioning brood cells. In the case of
these two nests, M. chamissois pollen was not
dominant, as mentioned above, but still significant

(over 40 %). In these two nests, the diet of imma-
tures was supplemented with pollen of
S. palinacanthum (N4 and N6) and Psidium
guajava L. (Fig. 2c of supplementary material)
(N4) (Table I).

When we analyzed the diet of each immature
within the same nest, that is, cells of the same
female/mother, we found a high similarity in most
nests. The nests that showed greater richness and
diversity of plants, N4 (14 pollen types) and N6
(11 types), showed a similarity in the diet of
individuals between 49–98 and 45–89 %, respec-
tively (Table I).

Miconia chamissois was dominant in 43 out of
54 brood cells, representing more than 45% of the
pollen grains provisioned, and in ten of these cells,
the provision was monofloral (above 95 %)
(Figure 4). In the remaning samples the pollen of
M. chamissois was classified as accessory pollen
(between 15 and 45 %) or isolated (10 %), in one
single sample. In the first cell of nest 2 (N2CA),
Mimosa quadrivalvis L. (Fig. 2d of supplementa-
ry material) was the dominant pollen; in N4CE
P. guajava was the dominant pollen and in other
three cells of the same nest (cell A, B, and H),
S. palinacanthum was the dominant pollen
(Figure 4). The latter pollen type was also the
dominant in three cells of N6 (C, E, and F)
(Figure 4).

4. DISCUSSION

We expected a more diverse assemblage of
pollen types in the provisions of E. townsendi ,
as reported for other species of Euglossini
(Arriaga and Hernández 1998; Cortopassi-
Laurino et al. 2009; Villanueva-Gutierrez et al.
2013). However, the species richness of plants
that made up the diet of immature Eg. townsendi
was low (total of 21 plant species, varying from 5
to 14 in the six nests), when compared to that
found for other species of Euglossini. Arriaga
and Hernández (1998) recorded 67 plant species
in nests of Euglossa atroveneta Dressler in Mex-
ico. Cortopassi-Laurino et al. (2009) classified
Euglossa annectans Dressler as polylectic by
identifying 74 pollen types in its brood cells.
Likewise, 45 pollen types were recorded in the
nests of Euglossa viridissima Friese andEuglossa

D
is

tr
ib

ut
io

n 
of

 p
ol

le
n 

ty
pe

s 

Figure 3. Distribution of pollen types identified in
brood cells for each nest of Euglossa townsendi found
in the hygrophilous forest in the Reserve Toca da Paca,
Guatapará, São Paulo State, from August 2010 to July
2012. Boxplots show themedian line within the boxes .
The lower and upper hinges of the boxes indicate the
interquartile range. The whiskers denote the range min-
imums and maximums values.
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dilemma Bembé & Eltz (Villanueva-Gutierrez
et al. 2013). These values are certainly related to
the number of nests examined and the number of
females that worked in the nests. For these

parameters, the values related to Eg. townsendi
were lower than those for other species. More-
over, because the establishment of Eg. townsendi
nests can occur at different times of the year

Figure 4. Individual diet of immature Euglossa townsendi . The meaning of abbreviations is presented in Table I.
Orange rectangles are the pollen samples analyzed and represent the individual diet in each nest. Green rectangles
represent plant species identified by means of the pollen grains provisioned in brood cells. Blue lines (links )
represent the proportion of pollen grains of each plant species identified in the food provisioned in brood cells. The
column next to the values in percentage indicates the representativeness of pollen of Miconia chamissois .
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(Augusto and Garófalo 2004), as also registered
herein, and the phenology of flowering plants in
the hygrophilous forest is diverse and temporally
variable (Castro et al., unpubl. data), we clearly
expected a wider pollen spectrum in the diet of the
brood. Even though constructed in different pe-
riods (May 2010; January, May, and December
2011), the nests of Eg. townsendi showed a high
similarity (over 80 %) in the composition and
proportion of pollen types. This high similarity is
likely due to the overall dominance of
M. chamissois in brood cells.

Except for nest N6,M. chamissois was always
dominant in the others. This species of
Melastomataceae blooms from December to July,
peaking inMay, along with 78 other plant species,
including two of the same family, Miconia
jucunda (DC.) Triana and Tibouchina herbacea
(DC.) Cogn. (Castro et al. 2013). In the same
months in which nests were constructed, 55
other species of plants were flowering besides
M. chamissois , providing nectar or pollen or both.
Nevertheless, M. chamissois pollen was actively
collected by females of Eg. townsendi during the
construction of all 54 brood cells in the study site,
and in some cases, it was the only plant used as a
pollen source in the larval food (monofloral
samples).

The low representativeness of M. chamissois
in the diet of Eg. townsendi in the nest N6 may be
because this nest was built in December, i.e.,
the beginning of flowering of M. chamissois
(Castro et al. unpubl. data). Thus, the availability
of fewer flowers or depletion of pollen therein
lead the females to seek for other food source,
in this case, S. palinacanthum , P. guajava , and
M. quadrivalvis . Bee species specialized in
collecting resources from certain plants can adjust
their reproductive system to their phenology
(Bartomeus et al. 2013; Rafferty and Ives 2011).
This could explain the overlap of nesting activities
of Eg. townsendi with the flowering period of
M. chamissois .

A similar behavior of selection and preference
of Euglossini for certain pollen species was re-
ported by Silva et al. (2012a). These authors
found that Eulaema nigrita Lepeletier, a large
sized species with communal behavior, preferably
collected pollen on flowers of Solanun

lycocarpum A. St. Hil. In the absence of
flowering of this species, El. nigrita started to
forage pollen on Melastomataceae species, espe-
cially on Rhynchanthera grandiflora (Aubl.) DC.

Another aspect that may be associated with bee
selectivity is the amount of pollen protein. Angio-
sperm species have pollen with 2.5 to 61 % pro-
tein (Buchmann 1986) and in Melastomataceae
species, the content can vary between 37 and
60 % protein (Roulston et al. 2000). Furthermore,
pollen digestibility can also determine the pattern
of resource selection by floral visitors (Roulston
and Cane 1999). Pollen of M. chamissois has a
thin exine with three colporate and three
pseudocolpus, which enhance the possibility of
outflow of cytoplasm during the digestive pro-
cess. In Brazil, no analyses were performed for
some decades, with pollen from Euglossini nests,
because it was believed that the bees break the
pollen during foraging, making it difficult to iden-
tify the pollen material (Camillo, pers. comm.).
Actually, Melastomataceae pollen grains are more
sensitive than other species, and in the samples
analyzed, we observed broken grains. But with
technological advances in microscopy, pollen
grains can now be identified at more specific
levels even if they are broken (Silva et al. 2010;
2014b). Hence, comparisons can be made taking
into consideration the presence of other pollen
grains of the same species in the sample, by means
of the characteristics of exine thickness, ornament,
aperture type, and peculiarities of the exine struc-
ture (Erdtman 1952; Hesse et al. 2009; Salgado-
Labouriau 1973; Silva et al. 2010, 2014b).

The low representativeness of Eg. townsendi
visiting flowers, founding nests, and males
attracted by the odor baits, leaves a gap in the
interactions that this bee maintains with floral
resources. In the study made by Rocha-Filho
et al. (2012), who sampled pollen on the body of
Euglossini bees in the Atlantic Forest, among the
68 individuals caught, only one female specimen
was Eg. townsendi . They identified 105 plant
species used by Euglossini bees and only two,
Aechmea pectinata Baker (Bromeliaceae) and
Sabicea cinerea Aubl. (Rubiaceae) were used by
Eg. townsendi as nectar sources and three,
Eugenia cf. fusca O. Berg (Myrtaceae),
Tibouchina clavata (Pers.) Wurdack, and
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Tibouchina cf. pulchra Cogn. (Melastomataceae)
were pollen sources. Other studies on the interac-
tions of Euglossini bees with flowers, made
through direct observation (Lopes and Machado
1998; Rebêlo and Silva 1999; Singer and Sazima
2001), reported the frequency of these bees on
flowers of the families Leguminosae, Solanaceae,
and Melastomaceae.

Of the few published studies on the botanical
origin of the larval food, Arriaga and Hernández
(1998) classified the feeding behavior of Eg.
atroveneta according to the sociality level. In
parasocial nests, with more than one female work-
ing in the field, the bees were classified as
polylectic, and in solitary nests, as oligolectic.
According to the authors, the difference between
the number of plant species in the diet may reflect
the fact that parasocial nests remain active for a
longer time, during which there are changes in
plants flowering. Villanueva-Gutierrez et al.
(2013) classified Eg. viridissima and Eg. dilem-
ma as polylectic species, with selectivity for So-
lanum sp. and Physalis sp. (Solanaceae), as these
two species together accounted for 77 % of the
total pollen in the nests. In the same way,
Cortopassi-Laurino et al. (2009) considered Eg.
annectans as polylectic, but registered high rep-
resentativeness of species of Melastomataceae,
Bromeliaceae, Ochnaceae, Leguminosae, and
Myrtaceae among pollen grains.

Recently, Otero et al. (2014) found that
Euglossa nigropilosa Moure is a specialist in
collecting pollen from Melastomataceae species,
and they classified it as oligolectic. This does not
seem to be the case of the studied species, Eg.
townsendi . Although a preference for pollen of
M. chamissois has been shown, Eg. townsendi
also collect pollen from other botanical families. It
appears to be common that floral polylectic bees
have a temporal preference for certain plant spe-
cies, as found forMegalopta species (Smith et al.
2012) and social stingless bees that are generalists,
collecting pollen and nectar from an array of plant
species (Roubik 1989; Ramalho et al. 1990), but
the workers can intensify collection at certain
sources for an amount of time (Eltz et al. 2001;
Faria et al. 2012; Aleixo et al. 2013). In any case,
the family Melastomataceae seems to be an im-
portant pollen source for orchid bees. Even for

those considered polylect ic , pol len of
Melastomataceae is always present (e.g., Eg.
atroveneta ).

The interaction between Eg. townsendi and
M. chamissois should be studied in more detail.
This plant species has characteristics of a
xenogamic reproductive system, that is, it depends
on cross-pollination for fruiting (Caetano et al.
2013). Flowers of this plant are more specialized,
with poricidal anthers and it needs vibration by the
bee for Bbuzz pollination^. Euglossa townsendi is
able to perform this behavior and, thus, is a po-
tential pollinator ofM. chamissois flowers. At the
same time, it showed floral constancy of the fe-
males for pollen collection from this plant,
resulting in the predominance of M. chamissois
also in the diet provided to the immatures.
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