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Introduction

Abstract

Samples of corbicular and stored pollen gathered by Tetragonisca
angustula (Latreille, 1811) in an Amazon-Chiquitano transitional forest dur-
ing the dry season were analyzed. The pollen spectrum was established as
well as the dynamics of the relationship between the stingless bee and the
surrounding flora. Pollen samples obtained from three rational hives were
subjected to acetolysis and 55 pollen types were identified, the most
frequent being from Anadenanthera (Fabaceae), Chenopodiaceae, and
Dydimopanax (Araliaceae). Significant differences in pollen families used
between hives along the months of collection were found in stored pollen
and non-significant differences in corbicular pollen. Mean values of alpha
diversity (H') showed T. angustula as a generalist while beta diversity
qualitatively showed that pollen composition was similar between two
hives both of which differed from the third hive. Pollen types in corbicular
and stored pollen were in general related with richness of flowering plants
in the foraging area; the pollen offer was less diverse than the pollen
collected, and a trend to prefer the collection of pollen from the most
abundant flowering species could be discerned. T. angustula showed poly-
lectic feeding habits and a capacity to adapt to food availability.

furthermore, over 40% of the animals that pollinate tropical
plants are bees (Ollerton 2017). Nowadays, these plant-

The well-functioning of many ecosystems depends partly on
plant-animal interactions such as pollination, which indirectly
ensure their productive sustainability and maintenance of
their biodiversity (Klein et al 2007). These mutualistic inter-
actions form complex networks that help to maintain the
architecture of biodiversity and even of the food network
of terrestrial communities (Bascompte & Jordano 2008,
Aizen & Chacoff 2009). It is estimated that one third of the
food consumed on a worldwide basis is available through the
service of pollinators (Michener 2007). Around 78% of plants
with flowers are pollinated by animals—mainly insects—in
temperate zone communities and the figure rises to 94% in
tropical communities (Ollerton et al 2011, Ollerton 2017);
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animal networks suffer from the reduction of populations
of native pollinators due mainly to loss of their natural hab-
itats (Freitas et al 2009), thus negatively affecting natural
ecosystems and crop productivity (Klein et al 2007). In
Bolivia and other countries in the Neotropics, there are
threats such as fast deforestation for farming, livestock,
and the introduction of exotic bee species causing the loss
of native species of bees (Freitas et al 2009).

In the Amazon rainforest, native bees play a key role in the
maintenance of regional ecosystems through pollination
(Absy et al 2018). For example, the stingless bee,
Scaptotrigona hellwegeri (Friese, 1900), uses a large propor-
tion of native tree pollen types as resources, thus
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contributing to the preservation of vegetation (Quiroz et al
2011). Another stingless bee, Tetragonisca angustula
(Latreille, 1811), is a constant floral visitor of certain native
species of plants (Obregon et al 2013) and is used principally
in meliponiculture (Almeida et al 2012) despite the fact that it
is attracted by plants with different amounts of the resources
pollen or nectar. In this context, the identification of the
native flora used by native stingless bees is essential for
interpreting their role in native ecosystems and for using
them as food supply plants in programs aimed at their con-
servation or their use in natural, agricultural, and urban eco-
systems (Carvalho & Marchini1999). In Bolivia, basic research
on the ecology of stingless bees has been mainly limited to
the description of their nesting patterns (De la Riva 2004),
and results have been applied to the improvement of bee
breeding and honey production (Copa 2004, Ferrufino & Vit
2013). The present study was aimed at characterizing the
preference patterns on the pollinic resources used during
the dry season by the stingless bee, T. angustula, in a transi-
tional Chiquitano-Amazonian forest in the locality of Santa
Cruz, Bolivia. In particular, we sought to (1) evaluate qualita-
tively and quantitatively the pollen resources available to
T. angustula, (2) identify pollen loaded and stored by the
bees, (3) compare the alpha and beta diversities of loaded
and stored pollen used by T. angustula in rational hives, and
(4) compare pollen use of T. angustula with pollen availability
through time.

Material and Methods
Study Site

The study was performed in the private Reserve Potrerillos
del Glienda (17°39°S, 63°27.5'W) in the southeast of Ambord
in the department of Santa Cruz, Bolivia. This Reserve has an
area of 350 ha, is surrounded by the rivers Giienda and Las
Conchas, and lies in the lowlands within a biogeographical
zone where the Amazonic and Chiquitano ecoregions con-
verge (Navarro et al 1996). Lowlands in Bolivia are character-
ized by a dry season (April-September) and a wet season
with heavy rains (October—March) (Navarro 2011, Toledo
et al 2011). In the study site, higher areas are occupied by a
humid rainforest with some elements of semi-deciduous
Chiquitano forest. It is characterized by a forest canopy 13
to 30 m high depending on the zone (Navarro & Maldonado
2002) and contains species such as Aspidosperma
cylindricarpon Mill. Arg, Astrocaryum murumuru Mart.,
Bactris major Jacq., Calycophyllum spruceanum (Benth.)
Hook. f. ex K. Schum., and Dypteryx odorata (Aubl.) Willd.
In the lower areas, there are fragments of Chiquitano vege-
tation with Allagoptera leucocalyx (Drude) Kuntze,
Astronium fraxinifolium Schott, Curatella americana L., and
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Zamia boliviana (Brongn.) A. DC. (Navarro 2001). The largest
part of the Reserve has elements of both Chiquitano and
Amazonic forests, with characteristic species such as
Aspidosperma, Anadenanthera colubrina (Vell.) Brenan,
Batocarpus amazonicus (Ducke) Fosberg, Myracrodruon
urundeuva M. Allemao, Tipuana tipu (Benth.) Kuntze, 1898,
Aspidosperma rigidum Rusby, and Vitex cymosa Bertero ex
Spreng. (Navarro 2001). During the dry season, the decidu-
ous and semi-deciduous vegetation loses most of its foliage
and there is even a reduction in the flowering and growth of
herbaceous plants (Navarro 2011, Devisscher et al 2016), in
contrast to the wet season where the constant rains allow
the flowering of the different strata that make up the forest
including lianas and different epiphytes (Navarro 2001, lbich
& Merida 2003).

Rational Beehives and Pollen Samples

Three vertical rational hives were formed in February 2015 by
transplanting individuals of T. angustula from natural hives in
local trees. Two days after forming them, they were trans-
ferred and installed at the final destination at distances of
10 m from each other (Fig 1). Sampling of stored and corbic-
ular pollen was conducted monthly from April to August
2015; it was carried out during 3 days of the first week of
each month during the hours of highest activity of the bees,
from 11:00 h until 14:00 h. Three-centimeters-long pieces of
disposable plastic straws (de Novais et al 2014) were used to
collect stored pollen from the pots most recently sealed by
the bees (usually lighter in color than older pots), i.e., pots
containing the pollen stored by bees mostly during the
month previous to the sampling period. Corbicular pollen
was collected by covering the main entrance of the hive,
catching returning bees (3—15 individuals) and scraping their

N
4x200 m
10m 10m
S

Fig 1 Relative positions of rational hives of Tetragonisca angustula and
transects designed to collect pollen resources available to the bees.
Circles represent hives and rectangles represent the transects.
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corbicula. Pollen samples were stored in Eppendorf tubes
and frozen until used in laboratory procedures. Due to an
attack to the hives by the invasive bee Lestrimelitta limao
Friese, 1903 (Meliponini), no sampling of stored or corbicular
pollen was possible in July, and only two hives (hives 2 and 3)
could be sampled for stored and corbicular pollen in August.
Furthermore, no corbicular pollen was found in bees collect-
ed at the entrance of hive 1in June.

Thus, stored pollen samples collected in April, May, June,
and August corresponded to pollen collected by bees during
the months of March, April, May, and July, respectively,
whereas corbicular pollen samples collected in April, May,
June, and August corresponded to pollen transported by
the bees during those same months.

Botanical Samples and Reference Pollen Collection

Four orthogonal transects (4 x 200 m) were established
around the hives (Fig 1), following the flight range reported
for the species (Nogueira-Neto 1997, Gamero 2006). Flowers
and flower buds were collected and pollen was extracted
from them to elaborate a reference pollen collection.
Herbarium samples were made from all plant species whose
flowers and flower buds were collected. Identifications were
achieved by comparison with the collections of the
Herbarium of Eastern Bolivia (USZ) and by using taxonomical
keys (Gentry 1996). Plants were identified mostly to the spe-
cies level (26 cases); in some cases, only the genus could be
discerned (17 cases). Identifications were confirmed by Dr.
Michael H. Nee (New York Botanical Garden).

Pollen Treatment, Identification, and Counting Protocol

Pollen was acetolyzed according to Erdtman (1986) and pre-
served in 0.1-0.5 ml of glycerin contained in Eppendorf
tubes. Three slides per sample were prepared for identifica-
tion and quantification of pollen under the microscope.
Identification of pollen types collected and stored by bees
was based on comparisons with the reference pollen collec-
tion and with pollen catalogs (Colinvaux et al 1990, Roubik &
Moreno 1991). The level of identification of pollen types
which were collected by bees but were absent from the
reference pollen collection varied according to the taxonomic
group; in some cases, only pollen morphotypes could be dis-
cerned. Stock suspensions of pollen grains from different
pots or bees were introduced into a Neubauer chamber
and pollen types determined from the contents of the corner
cells (Celeromics 2009).

Pollen counts of different morphotypes were determined
by counting 300 pollen grains (Vossler 2012) of both corbic-
ular or stored pollen for each hive and each sampling period;
counting was carried out in triplicates. Frequency classes
were determined based on the percentage of each pollen

type in a given sample, following Louveaux et al (1978): pre-
dominant pollen (> 45%), secondary pollen (16—45%), impor-
tant minor pollen (3—15%), and minor pollen (< 3%).

Statistical Analysis

Abundance of pollen according to families was analyzed
along time in corbicular and stored pollen using similarity
analysis of permutations (ANOSIM) with 10,000 random per-
mutations and the Bonferroni correction factor. The results
were analyzed graphically using the nonmetric multidimen-
sional scaling (NMDS) method based on the Bray-Curtis ma-
trix. The pollen families in the hives responsible for the var-
iability found between months were analyzed with the sim-
ilarity of percentages (SIMPER) method. The Shannon-
Weaver (H') diversity index was used to compare alpha di-
versity between corbicular and stored pollen, pollen used in
different hives, and pollen used in different months. Bray-
Curtis index was used to determine beta diversity between
hives. All analyses were performed with the PAST software
(Hammer et al 2001).

Results
Pollen Types

Forty-three plant species and their corresponding pollen
types were registered in the transects (Table 1), while 55
pollen morphotypes belonging to 22 botanical families were
found in the hives (Table 2); 18 of those pollen types were
also found in the transects (Table 3). The highest number of
pollen types was found among the Fabaceae (eight types),
Sapindaceae and Araliaceae (five), Euphorbiaceae,
Malpighiaceae and Rubiaceae (four), Asteraceae,
Anacardiaceae, Bignonaceae and Boraginaceae (three), and
Urticaceae (two); the other eleven families were represented
by a single pollen type (Table 2). The pollen types with high-
est occurrence were from Didymopanax (88% of samples),
Chenopodiaceae-msp11 (88%), Anadenanthera (63%),
Astronium (50%), Senna (38%), Banisteriopsis (38%),
Heteropteris (37.5%), and Zanthoxylum (38%).

Differences in Consumption of Pollen Families in the Different
Months

ANOSIM revealed that abundance of pollen belonging to
different families collected during different months
showed significant differences between hives (one-way
ANOSIM: R=0.39, P=0.007); the graph resulting from
NMDS (Fig 2) showed the closer similitude between pol-
len families in hives 2 and 3. Furthermore, SIMPER anal-
ysis showed that the families Asteraceae, Bignonaceae,
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Table1 Presence (1) and absence
(o) of flowering plants found in
transects defined (see text), and
total number of individuals found
in the transect.

Chenopodiaceae, Euphorbiaceae, Malpigiaceae,
Rutaceae, and Sapindaceae were mainly responsible for
the differences between the hives. Abundance of

@ Springer

Family Species/genus April  May  June July August  Number of
individuals
Acanthaceae Ruellia sp. o} o} 1 2
Amaranthaceae Alternanthera sp. o o 0o o 1 3
Asteraceae Chromolaena sp. o) 1 1 o) o) 2
Mikania sp. 1 o] 0 0 o] 1
Venonanthura sp. o] 0 0 1 o] 1
Vernonia sp. o o o o 1 1
Senecio sp. o o o o 1 1
Heterocondylus vitalbae o o 0o 1 o 1
Quechualia fulta o o 0o o 1 1
Bignonaceae Fridericia candicans o o 1 1 o 3
Handroanthus impetiginosus 1 o o o o 1
Tecoma stans o o o o 1 1
Boraginaceae Varronia sp. o o o 1 o 1
Cordia alliodora o] o] o) 1 o 2
Leguminosae Crotalaria anagyroides 1 o} 0o o o 1
Crotalaria micans o 1 o) o o] 1
Machaerium scleroxylum 1 (o} 0o o} o} 1
Senna spectabilis 1 o} o o o 2
Lamiaceae Hyptis sp. o o o 1 o 1
Cantinoa mutabilis o] 1 o) o) o 1
Lauraceae Persea sp. o o o o 1 1
Malpigiaceae Banisteriopsis sp. 1 1 o) o o 2
Banisteriopsis muricata 1 o o o o 1
Malvaceae Ceiba speciosa o 1 o o o 1
Pavonia humifusa 1 o o o o 1
Pseudobombax marginatum 1 o o o o 2
Sida linifolia o o 1 o o 1
Sida variegata o o 1 o o 1
Melastomataceae ~ Miconia molybdea o o o 1 1 2
Meliaceae Trichilia elegans o o o o 1 1
Poligonaceae Coccoloba guaranitica 1 o 0o o o 1
Rubiaceae Galianthe sp. o} 1 0o o o} 1
Psychothria sp. o} o} 0o o} 1 1
Galianthe eupatorioides o o} 1 o} o 1
Rutaceae Citrus sp. o o o o 1 1
Zanthoxylum sp. o) 1 0 0 o) 1
Zanthoxylum sprucei o] o] o) 1 o] 1
Salicaceae Casearia aculeata 1 o] o) o) o] 1
Casearia silvestris o 1 1 1 o 3
Sapindaceae Serjania sp. o o o} 1 1 2
Solanaceae Cestrum megaphylum 1 o} 0o o o a4
Solanum caricaefolium o o} 0o o} 1 1
Zingiberaceae Alpinia sp. 1 o} o o} o 1

corbicular pollen belonging to different families collected
during different months showed non-significant differen-
ces between hives (one-way ANOSIM: R=0.15, P=0.97).
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Table 2

Spectrum of corbicular pollen (CP) and stored pollen (SP) collected by Tetragonisca angustula. msp morphospecies. Frequency classes: p

predominant pollen, s secondary pollen, im important minor pollen, m minor pollen. Overall frequency classes (F.C.): S secondary pollen, IM important
minor pollen, M minor pollen. Empty spaces indicate the absence of data at that point of time.

Family Pollen types March April April May May June July August F.C.
SP SP cp SP cP cP SP cP
Anacardiaceae aff Astronium - m - - - - s - M
Anacardiaceae Anacardiaceae-msp6 - - - - - - m - M
Anacardiaceae Astronium m - - m im - - s IM
Araceae Araceae-msp5 - - - - - - s im IM
Araliaceae aff Didymopanax - - - - m m - - M
Araliaceae aff Oreopanax - - - - 3 - - IM
Araliaceae Araliaceae-msp7 - - im - - - - - M
Araliaceae Araliaceae-msp8 - - m IM
Araliaceae Didymopanax p s S p p p im SP
Arecaceae Euterpe - - - m - - - - M
Asteraceae aff Pluchea - - m - - - - - M
Asteraceae Mikania m im - - - - M
Asteraceae Vernonia - m m - - - - - M
Bignonaceae Arrabidaea - - - - - m - - M
Bignonaceae Bignoniaceae-msp17 - im - - - - - s IM
Bignonaceae Handroanthus impetiginosus m - - - - - - - M
Bombacaceae Bombacaceae-msp12 - - - - - - - im M
Boraginaceae Boraginaceae-msp13 - - - - - - - m M
Boraginaceae Boraginaceae-msp15 - - - - - - - im M
Boraginaceae Tournefortia - m - - - - - - M
Chenopodiaceae Chenopodiaceae-msp11 m m im - im m m m M
Euphorbiaceae Euphorbiaceae-msp18 - - - - - - - im M
Euphorbiaceae Euphorbiaceae-msp19 - - - - - - - m M
Euphorbiaceae Euphorbiaceae-msp1 - m - - - - - - M
Euphorbiaceae Euphorbiaceae-msp9 m - - - - - - - M
Fabaceae aff Inga m - - - - - m - M
Fabaceae aff Lonchocarpus m m - - - - - - M
Fabaceae aff Machaerium im - - - - - - M
Fabaceae Anadenanthera im - im s m m IM
Fabaceae Crotalaria m s - - - - - - IM
Fabaceae Fabaceae-msp4 - im - m - - - - M
Fabaceae Fabaceae-msp14 - - - - - - m M
Fabaceae Senna m m - m - - - - M
Lamiaceae aff Vitex im M
Malpighiaceae Banisteriopsis im - 3 - - - im - IM
Malpighiaceae Heteropteris m m m - - - - - M
Malpighiaceae Mascagnia - - im - - - s - IM
Malpighiaceae Tetrapterys - - - - im - im - M
Malvaceae aff Luehea m - - - - - - - M
Melastomataceae Miconia - - - - - - im - M
Myrtaceae aff Psidium - - - - - - - m M
Rubiaceae aff Psychotria - m - - - - - - M
Rubiaceae Galianthe - - - - - - - m M
Rubiaceae Rubiaceae-msp16 - - - - - - - m M
Rubiaceae Rubiaceae-msp3 - - - m - - - - M
Rutaceae Zanthoxylum im - m - - - - m M
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Table 2 (continued)

Family Pollen types March April April May May June July August F.C.
SP SP CcpP SP CcP CcpP SP CcpP
Salicaceae Casearia - im - m - - - - M
Sapindaceae aff Serjania - m - - - - - - M
Sapindaceae Paullinia m im - - - - - M
Sapindaceae Sapindaceae-msp10 m - - - m - - - M
Sapindaceae Sapindaceae-msp2 - - - im - - - - M
Sapindaceae Serjania - m - - - - - - M
Sapotaceae aff Pouteria - - - - m - - - M
Urticaceae aff Cecropia - - - - - m - - M
Urticaceae Cecropia im - - - - - - - M

Alpha and Beta Diversity of Pollen Types

The mean Shannon Weaver index (H') for stored pollen (0.73)
was higher than for corbicular pollen (0.57). Hive 1 had the
highest diversity of both stored and corbicular pollen (H'=1
and 0.85, respectively) compared with hives 2 (H'= 0.76 and
0.59, respectively) and 3 (H'=0.62 and 0.68, respectively).
Diversity and abundance of blooming plants (with flowers or
flower buds) was high and showed a decrease at the begin-
ning of the study period and an increase towards the end of
the study period (Fig 3). However, this measure of diversity
hides the fact that the composition of species showed high
variability; in fact, all but five species occurred in only one
observation period and presence of a species was highly
scattered (Table 1). Diversity of stored pollen was higher than
that of corbicular pollen; however, both followed similar
trends through time, and similar to that of blooming plants
(with flowers or flower buds) in the transects (Fig 3).

Richness of pollen types varied between hives (32, 21, and
27 pollen types for hives 1, 2, and 3, respectively). Beta diver-
sity based on the Bray-Curtis index showed that pollen abun-
dance was more similar between hives 2 and 3 (index = 0.60)
than between hives 1 and 2 (index = 0.15) and between hives
1and 3 (index = 0.28).

Pollen Collected and Flower Occurrence

The 18 pollen types from the transects which were collected
and stored by the bees had mellitophilous features.
Additionally, Chenopodiaceae-msp11 is a non-mellitophilic
pollen type which was absent from the transects but present
as stored pollen in all hives at all collection times.

The time course for diversity and abundance of blooming
plants (with flowers or flower buds) and for corbicular and
stored pollen types followed similar trends, i.e., a decrease
during the first 2 months followed by an increase towards
the end of the study period (Fig 4).
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Pollen types used by bees were seldom associated to
flower taxa present in the transects. In fact, in only 9 of the
108 possible (pollen type-blooming taxon) associations, pol-
len was used which occurred as a resource in the transects.
In the remaining associations, pollen was used but was not
found in the transects (10 associations) or pollen was neither
found as resource nor as used pollen (43 associations)
(Table 3).

Discussion and Conclusions

T. angustula collected 55 pollen types belonging to 22 plant
families, thus showing a polylectic feeding habit (Martinez
et al 1994). The Fabaceae was the most represented family
at the species level. This family is considered an important
resource for stingless bees such as Scaptotrigona fulvicutis
(Moure 1964) (Marquez-Souza et al 2007), since it generally
offers large amounts of pollen over long periods of time thus
providing resources to perennial hives (Michener 2007).
The ten most frequent pollen types accounted for almost
80% of all pollen collected. It should be noted that none of
the pollen types had an occurrence index >90%,
corresponding to a temporary specialization sensu Rech &
Absy (2011a). This type of variation of the use of the resour-
ces available may correspond to a strategy common in the
Meliponinae that involves maintaining fidelity towards cer-
tain abundant pollinic food sources while in parallel seeking
to diversify the collection of pollen (Rech & Absy 20113, b, de
Novais et al 2015). This leads to the finding of infrequent or
rare pollen types (Marques-Souza 2010), which are consid-
ered alternative resources. Fidelity towards certain pollinic
sources involves the quantity and/or quality of the reward,
cost/benefit considerations, and seasonal changes that could
affect the pollen spectra available (Ramalho et al 1990, de
Novais et al 2015). The broad pollen spectrum utilized by
T. angustula involves perennial and deciduous plant species
with a variety of life forms (e.g., trees, shrubs, herbs, climbing
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Table 3 Phenology of flowering species in transects used by Tetragonisca angustula. Light gray: period of flowering. Dark gray: presence in
corbicular pollen. Black: presence in stored pollen.

Family Species or pollen type March April May June July August

Mikania

Asteraceae

Vernonia

Handroanthus

Bignonaceae . .
impetiginosus

Crotalaria anagyroides

Crotalaria micans

Fabaceae

Machaerium
scleroxylum

Senna spectabilis

Banisteriopsis

Malpigiaceae

Banisteriopsis muricara

Melastomataceae Miconia molybdea

Galianthe

Rubiaceae Psychothria

Galianthe
eupatorioiodes

Rutaceae Zanthoxylum

Zanthoxylum sprucei

Casearia aculeata

Salicaceae

Casearia silvestris

Sapindaceae Serjania
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plants). Moreover, the fact that the richness of pollen types
characterized in transects only represents around 30% of the
pollen types found in corbicular and stored samples suggests
the existence of a wide niche in relation with pollen resour-
ces used by T. angustula, a factor that may increase food
availability during the dry season thus favoring the develop-
ment of the hive.

A morphotype of Chenopodiaceae was one of the most
frequently occurring pollen types in spite of lacking mellito-
philic features, thus supporting the idea that pollination syn-
drome is less relevant when it comes to food consumption. It
is probably used as a resource only during the dry season
when other flowering plants become scarce, thus
corresponding to a temporary specialization in which bene-
fits to the plant and to its floral visitor are not symmetrical
(Rech & Absy 2011a). This may be interpreted as a case of bee

Coordinate 1

plasticity in its collection habits, in which a resource of rela-
tively poorer quality is used because of its high abundance
relative to other more rewarding species (Marquez-Souza
2010); alternatively, the flowers of this Chenopodiaceae mor-
photype may possess some hitherto unknown features that
make them attractive to the bee.

Corbicular and stored pollen showed a certain degree of
parallelism along time (Fig 3), in spite of the facts that cor-
bicular pollen was assessed during a very short period of time
(3 days per month, 3 h per day) in comparison with stored
pollen (all hours of bee activity during the whole month) and
that blooming individuals may have varied along the month.
Moreover, a certain degree of parallelism was observed be-
tween families of blooming plants in the transects and pollen
collected along time (Fig 3) and between availability of
blooming species and of blooming individuals and pollen

1.0
::5 0.8 -
=
Iz
o
=
© 06
©
<
2
<<
Fig 3 Change of Shannon-
Weaver diversity index as a |
) . . 0.4
function of time for corbicular
pollen (circle) and stored pollen
(diamond) of Tetragonisca
angustula and for the flowering
plant species in the transects 0.2

1 Il 1 1 Il

(square).
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collected and stored through time (Fig 4). These observations
suggest that pollen collection responds to the blooming dy-
namics in the transect rather than specificity in collection
behavior (de Novais et al 2014). This is supported by the high
variation of species composition in the transects through
time.

The large number of pollen types collected by the bees
but not found in the transects could reflect a foraging pattern
different from that established by Nogueira-Neto (1997) and
by Gamero (2006). For example, Didymopanax and
Anadenanthera sp. were among the most frequently occur-
ring pollen types but were absent from the transects.
Alternative explanations may be offered: (i) the flight range
of the bee under the prevailing environmental conditions
could be greater than the 200 m reported for the species
(Nogueira-Neto 1997, Gamero 2006), thus having access to
flowering species not represented in the transects; (ii) trans-
ects may not be representative of all flowering plants within
a radius of 200 m from the central hive; and (iii) observations
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Fig 4 Number of blooming species (square) and blooming individuals
(circle) in transects (a), and number of corbicular (circle) and stored
(diamond) pollen types used by Tetragonisca angustula (b), as a
function of time.

in the transect were performed at floor level whereas the
presence of flowers and flower buds at the canopy level
could be different (Ramalho 2004), since many species in
the transect were tall trees (10 of the 43 species) or epi-
phytes (4 of the 43 species) growing high up in the canopy.

Some pollinic resources from plants in the transects with
mellitophilic flowers were not collected and/or stored by the
bees (in fact, only 18 of the 29 mellithophilic species in the
transects were used as pollen resources). This is probably
related to the bee not foraging on species that are scarcely
represented (Vossler 2012); nevertheless, this can also be
related to a behavioral preference by this bee towards some
specific pollen types. Thus, pollen collection would occur
mostly from the most represented species, independent of
their quality (Ramalho et al 1990, Vossler 2012). In addition,
an initial pollen collection based on resource availability rath-
er than quality may lead to learning and memorization of
certain plant features and produce fidelity towards a poorer
resource (Nicolson 2007, de Novais et al 2014, Benitez-Vieyra
et al 2014). Additional studies are required to evaluate bee
preference for different resources available.
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