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Introduction

Abstract

In the Brazilian Tropical Dry Forest, the Caatinga, stingless bees (Apidae,
Meliponini) need to adjust their foraging behavior to a very short and
unpredictable blooming period. Melipona subnitida Ducke 1910 is one of
the few meliponine species adapted to the environmental peculiarities of
this biome. To get an insight into how these highly eusocial bees are able
to maintain their perennial colonies despite extended periods of food
scarcity, we asked the following questions: (1) At which plant species do
colonies of M. subnitida collect their food during the rainy season? And (2)
are there any plant species during the dry season, from which the colonies
may profit for replenishing their food stores? During 1 year, we collected
monthly honey and pollen samples from recently built storage pots of five
colonies of M. subnitida and identified the botanical origin of the collected
resources. In the course of our study, the colonies foraged at native trees,
shrubs, and herbaceous species, demonstrating the importance of all plant
strata for the bees’ diet. Profitable plants, which bloom mainly during the
rainy season and usually produce a great number of flowers, were fre-
quently sampled in new pots throughout the entire study, even during the
dry season. From our results, we compiled a list of the most important
plant species providing floral resources for bees throughout the year,
including periods of drought. We recommend these plants for restoration
areas to improve the conservation of native bee species and local bee-
keeping in the Brazilian Tropical Dry Forest.

elevated water deficit over a long period of the year
(Vasconcellos et al 2010; Andrade et al 2017). Despite

The Tropical Dry Forest in north-eastern Brazil, the
Caatinga, is characterized by a semiarid climate, with
elevated annual temperatures and extended periods of
drought. Average annual rainfall varies from 240 to
1500 mm, and, in about half of this ecoregion, does
not exceed 700 mm (Prado 2003; Andrade et al 2017).
Moreover, most of the precipitation is concentrated in
three to four consecutive months, which results in an

these harsh climate conditions for plants, the Brazilian
Tropical Dry Forest hosts an important flora biodiversi-
ty with significant levels of endemism (Albuquerque
et al 2012). The Caatinga is a mosaic of different forest
types, characterized by trees and shrubs adapted to
the periodic drought, such as deciduous species and
succulent plants (Prado 2003; Moro et al 2014).
Blooming of the vast majority of trees, shrubs and

@ Springer


https://orcid.org/0000-0003-1179-7716
https://orcid.org/0000-0003-0836-8662
https://orcid.org/0000-0002-1079-2158
http://crossmark.crossref.org/dialog/?doi=10.1007/s13744-019-00756-8&domain=pdf

596

Maia-Silva et al

herbaceous species, occurs during the very short, irreg-
ular, and unpredictable rainy season (Reis et al 2006;
Santos et al 2013; Quirino and Machado 2014). Thus,
the foraging activity of flower visitors, which depend to
a high degree on floral resources, is tightly synchro-
nized to the annual flowering cycle of plants (Zanella
& Martins 2003; Maia-Silva et al. 2015; Maia-Silva et al.
2018).

An important group of flower visitors in the Brazilian
tropical dry forest are the stingless bees (Apidae,
Meliponini), a highly diverse and abundant group of
eusocial bees with perennial colonies in tropical and
subtropical regions of the globe, where they play a
central role in the pollination of many plant species
(Michener 1974; Roubik 1989). Only few meliponine
species have adapted to the environmental challenges
of the Caatinga (Zanella 2000). The most probable ex-
planation for the limited diversity of these bees in the
Brazilian Tropical Dry Forest is the reduced availability
of floral resources during the long dry spells (Araljo
et al 2007; Maia-Silva et al 2015; Maia-Silva et al.
2018) that can last for up to 10 months (Prado 2003;
Andrade et al 2017). For maintaining their perennial
colonies during these extended periods of drought,
meliponine species have to hoard large amounts of
food in their nests during the very short rainy season
(Maia-Silva et al. 2015; Maia-Silva et al 2018; Hrncir
et al 2019). However, in these wet months as well,
the occurrence and quantity of rainfall determines the
amount of flowering plants, particularly of herbaceous
species and shrubs (Aradjo et al 2007), which are im-
portant food sources for bees in the Caatinga (Maia-
Silva et al 2015; Maia-Silva et al 2018).

Melipona subnitida Ducke 1910 is one of the few sting-
less bee species adapted to the environmental peculiar-
ities of the Caatinga (Zanella 2000). The survival strate-
gies of this species include the preferential collection at
highly profitable resources during the short rainy season,
and the reduction of the colony population and, thus, of
food requirement, throughout the dry months (Maia-
Silva et al 2015; Maia-Silva et al 2016). To get an insight
into how these highly eusocial bees are able to maintain
their perennial colonies despite extended periods of food
scarcity, we asked the following questions: (1) At which
plant species do colonies of M. subnitida collect their
food during the rainy season? And (2) are there any
plant species during the dry season, from which the col-
onies may profit for replenishing their food stores? The
answers to these questions provide an important contri-
bution to the conservation of this and other meliponine
species of the Brazilian Tropical Dry Forest because they
highlight those plant species that are indispensable for
these bees to survive extended periods of drought.
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Material and Methods
Study site

The study was conducted from January to December
2012 at the Experimental Field Station Rafael
Fernandes of the Brazilian Federal University at
Mossord, Rio Grande do Norte (Universidade Federal
Rural do Semi-Arido; 5°03'54.45"S, 37°24'03.64"W, alti-
tude 79 m). The field station, located close to large
agricultural areas and rural settlements, comprises ap-
proximately 400 ha, including experimental crop plan-
tations surrounded by native vegetation typical for the
Brazilian tropical dry forest. On average, the annual
cumulative rainfall in the study region is around
700 mm. Yet, in dry years, the total precipitation can
drop below 200 mm and it can exceed 1200 mm in
wet years (Espinola Sobrinho et al 2011).

Environmental parameters

For each month of our study, we calculated the following
environmental variables (EV): Tayg, average ambient temper-
ature (°C); Tyax, Maximum ambient temperature (°C); Ty,
minimum ambient temperature (°C); and RAIN, total precip-
itation (mm). The data were obtained from a nearby
weather-station of the National Institute of Meteorology
(Instituto Nacional de Meteorologia, INMET; weather-
station number A318).

Bee species

For our study, we used five queenright colonies of the
stingless bee species Melipona subnitida Ducke 1910
(Apidae, Meliponini), popularly known as jandaira,
whose geographic distribution is restricted to the
Brazilian north-east (Zanella 2000). The colonies were
maintained in wooden observation hives installed in an
area of native caatinga vegetation approximately 1 year
prior to our study.

Floral origin of pot-honey and pot-pollen

Monthly from January through December 2012, we col-
lected pot-honey and pot-pollen samples from the bee
colonies. In order to avoid repeated sampling of the
same material, we collected honey and pollen only
from new pots, built between two subsequent sam-
pling events, identified by mapping the colonies’ food
stores. Pollen samples were extracted from the pots
with a plastic drinking-straw (2—3 g of pollen per colo-
ny) and the honey samples with a disposable syringe
(10 ml of honey per colony). In case a colony had not
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built a new pot since the last sampling event, we did
not collect the respective material from the nest. In
total, we obtained 23 samples of pot-pollen and 30
samples of pot-honey.

Samples were acetolysed following the methods de-
scribed by Erdtman (1960), and the pollen grains were
identified through comparison with reference material
from university’s pollen collection (Colegdo ASA-Abelhas
Semiarido). In order to evaluate the composition of the
potentially mixed pollen content in the storage pots,
we counted between 400 and 800 pollen grains per
sample and calculated the relative abundance (A) of
each pollen type:

A n; X 100
P

j=11J

where n is the number of grains counted for a specific
pollen type (i, j) in a sample, and p the number of
different pollen types in a sample.

Due to the great size variation between pollen grains from
different plant species, abundance obtained by simple count-
ing may not represent the real contribution in weight or
volume of each plant in the samples (Silveira 1991).
Consequently, we determined the relative importance of
each pollen source performing a volumetric correction (Q)
of the grains for pot-pollen samples (Silveira 1991):

(average diameter of pollen type i)*

T (average diameter of smallest pollen type in sample)3

where Q; is the volumetric correction coefficient for pollen
type i present in a sample. The average diameters of differ-
ently shaped pollen grains (sphere, ellipsoid, triangular) were
obtained following the equations indicated in Silveira (1991).

To estimate the relative importance of each pollen source
in each pot-pollen sample, we calculated its Q-corrected vol-
umetric contribution (Q-corrected abundance Ac):

n; X Q; X 100
Ac=—F———
=N % Q

where n is the number of grains counted for a specific pollen
type (i, j) in a sample, Q the volumetric correction coefficient,
and p the number of different pollen types in a sample.

For pot-pollen samples, this volumetric correction is
important because it considers that different-sized pol-
len grains contribute differently to the amount of pro-
tein available for the bees (Silveira 1991). Volumetric
correction was not performed on the pot-honey sam-
ples, given that the protein content has only marginal
importance for this kind of bee-food, and pollen grains
only accidentally end up in the honey storage pots
(Barth 2004).

Results

In dry months, colonies reduced the construction of new
storage pots

The year 2012 was a very dry year for the study region, with a
total precipitation of 226.6 mm from January through
December. Most of the rainfall occurred between January
and April (Fig 1). February was the most humid month with
25.9% of the annual precipitation. The monthly average, min-
imum, and maximum temperatures showed little variation in
the course of 2012 (Fig 1). Probably owing to the low precip-
itation in the second half of the study year, and the concom-
itant decline in food source availability, the colonies of
M. subnitida did not build new storage pots (Fig 1) and we
were not able to collect pot-honey and/or pot-pollen sam-
ples for our analyses (June, and August through November:
no new honey pots; September through December: no new
pollen pots).

Floral composition of pot-honey and pot-pollen

In total, we identified 18 pollen types collected by
M. subnitida in the course of our study (17 pollen types in
pot-honey; 12 pollen types in pot-pollen). Of these, the mass-
flowering tree species Pityrocarpa moniliformis was the most
abundant nectar source contributing to the pot-honey (51.5%
of total grains counted). The most abundant pot-pollen sour-
ces were shrub species with poricidal flowers, Chamaecrista
spp. (20.8% of total grains counted) and Senna obtusifolia
(22.3%), as well as the mass-flowering tree species
P. moniliformis (25.1%) (Figs 2 and 3, Table 1). We identified
pollen of only two exotic species (Eucalyptus sp. and
Leucaena leucocephala) and of one cultivated plant
(Psidium guajava, common name: guava) in our samples.

In the course of the year, we observed a variation
concerning the floral composition of the food stored by
M. subnitida. Some pollen types were present in both pot-
honey and pot-pollen samples throughout the entire study
(in case new pots were available for sampling), whereas
others were only found in specific periods. Pollen of
P. moniliformis, Mimosa arenosa, and M. caesalpiinifolia oc-
curred in all samples collected from January through August
and in December 2012, regardless of the fact that these
mass-flowering trees bloom mainly in the rainy period.
Other species frequent in pot-pollen and pot-honey through-
out the year were Borreria verticillata, Chamaecrista spp.,
M. tenuiflora, Psidium guajava, and Senna obtusifolia (Figs
2 and 3, Table 1). By contrast, Croton sonderianus, a mass-
flowering tree that blooms in the rainy months, and
Myracrodruon urundeuva, a mass-flowering tree that blooms
in the dry season, contributed to the pot-honey and pot-
pollen samples according to their flowering period
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3 Colonies with new pollen pots
Fig 1 Reduction of storage pots in dry months. a Variation of
environmental parameters in the course of the study period (January
2012 to December 2012). Given are monthly temperatures (upright
triangle: maximum temperature; down-pointing triangle: average
temperature; circle: minimum temperature) and total precipitation
(shaded bars). b Number of colonies of Melipona subnitida (Nigta = 5)
that had built new storage pots (honey pots: light gray bars; pollen pots:
dark gray bars) in a given month.

(C. sonderianus: February through June 2012; M. urundeuva:
June, July, and December 2012) (Figs 2 and 3, Table 1).

In pot-honey samples, we identified a significant number
of pollen grains from non-nectar flowers. Chamaecrista spp.
and S. obtusifolia, both plants with flowers that have porici-
dal anthers and produce high amounts of pollen, do not
produce nectar. Nevertheless, pollen grains of these species
were highly abundant and frequent in pot-honey samples
throughout the year (21% of identified pollen grains;
Table 1). Similarly, the cultivated fruit tree P. guajava, whose
flowers also only produce pollen as floral reward, contribut-
ed 1.4% to the total amount of pollen grains identified in the
pot-honey samples (Table 1).

For pot-pollen, in addition to the relative abundance of
pollen types (A), we estimated the relative importance of

@ Springer

each pollen source by calculating its Q-corrected volumetric
contribution (Q-corrected abundance, A¢) to the samples.
Here, pollen sources with big grains gained whereas those
with small grains lost in importance. According to simple
counting, the most abundant pollen source during our study
was Pityrocarpa moniliformis (average diameter =20.6 um;
frequency in samples =100%; A = 25.1%). However, after vol-
umetric correction, the pollen of this mass-flowering tree
contributed only 8.8% to the analyzed pot-pollen (Fig 3,
Table 1). Similarly, other pollen sources with small-sized
grains, such as Mimosa arenosa/M. caesalpiinifolia (average
diameter =14.3 um; frequency in samples =100%; A =15.9%,
Ac=1.9%) and Mimosa tenuiflora (average diameter =
19.5 um, frequency in samples =57%; A =10.1%, Ac=3.0%)
lost in relative importance after calculating their Q-corrected
volumetric contribution to the stored pollen (Fig 3, Table 1).
On the other hand, a pollen source that increased significant-
ly in relative importance was Senna obtusifolia (average di-
ameter = 40.4 um). Pollen grains of this plant were found in
85.7% of the pot-pollen samples with a relative abundance of
22.3%. Yet, after volumetric correction, we found that this
pollen source contributed by more than half (Ac=59.2%) to
the annual pot-pollen storage (Fig 3, Table 1).

Discussion

The year of 2012 marked the onset of a supra-annual drought
in the Brazilian tropical dry forest that lasted until 2016
(Marengo et al 2017). In the study region, the cumulative
rainfall of less than 250 mm in that year remained far below
the annual average of 700 mm (Andrade et al 2017), turning
2012 into the driest year of the twenty-first century so far
(Espinola Sobrinho et al 2011; Salimon & Anderson 2018).
These severe drought conditions surely influenced the phe-
nology of the plants, reducing the amount of resources avail-
able to the bees. Yet, albeit all climatic adversity,
M. subnitida was able to collect resources at flowers of na-
tive trees, shrubs, and herbaceous species, demonstrating
the importance of all plant strata in the habitat for the main-
tenance of the perennial colonies of this meliponine species
in the Brazilian Tropical Dry Forest. Furthermore, our results
demonstrate that the bees obtained most of their food from
a rather small number of plant species, preferentially visiting
profitable food sources.

During periods in which floral food is abundant, colo-
nies of stingless bees intensify their foraging activity and
store large amounts of pollen and nectar to ensure a
constant food supply and, consequently, increase the
colonies’ chances of survival during events of resource
scarcity (Hrncir & Maia-Silva 2013; Maia-Silva et al 2015;
Maia-Silva et al 2016; Hrncir et al 2019). In the Brazilian
Tropical Dry Forest, floral food is available mainly during
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Fig 2 Mainly pollen types harvested by Melipona subnitida in the Brazilian Tropical Dry Forest. a Mimosa tenuiflora. b Anadenanthera colubrina. ¢
Pityrocarpa moniliformis. d Mimosa arenosa. e Mimosa quadrivalvis. f Croton sonderianus. g Senna obtusifolia. h Chamaecrista duckeana. i

Myracrodruon urundeuva.

short, irregular rainy periods that last between 2 and
5 months (Prado 2003; Andrade et al 2017). To profit
of the ephemeral resource abundance, colonies of
M. subnitida preferentially explore highly profitable food
sources, such as mass flowering trees and plants with
poricidal flowers (Maia-Silva et al. 2014; Maia-Silva et al
2015). These plants provide large quantities of pollen and
nectar and, consequently, are excellent resources that

allow stingless bees to build up large food reserves in a
short period of time (Wilms et al 1996; Ramalho 2004).
Although mass flowering trees that bloom in the dry
season, like M. urundeuva and Anadenanthera colubrina,
allow social bees to replenish part of their food stores,
the colonies of M. subnitida did not built new storage
pots during the hottest and driest months of our study.
This result indicates that the key resources for the
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(16) Waltheria sp.; (17) Ipomoea asarifolia; (18) Senegalia polyphylla.

maintenance of perennial colonies in this meliponine
species are profitable plants heavily exploited during
the rainy season.

In our study, we identified pollen grains from mass flower-
ing trees and plants with poricidal flowers that bloom exclu-
sively in the rainy season throughout the entire year in newly
built pots. This, on the one hand, highlights the large
amounts of nectar and pollen from these food sources col-
lected during the rainy period. On the other hand, the lack of
association between the flowering period of plants and their
occurrence in the food stores suggests the reallocated of
resources from old into newly built storage pots. This trans-
fer of old pollen together with non-pathogenic microorgan-
isms present in the pots may induce fermentation processes
that facilitate the preservation of the stored food (Gilliam
et al. 1990; Menezes et al. 2013).

A further indicator for the reallocation of resources from
old to new pots is the occurrence of pollen grains from non-
nectar flowers in the honey pots. Plants with poricidal
anthers offer only pollen as floral reward (Buchmann 1983;
Dafni1992). Also, nectar production by Mimosa species is an
exception rather than the rule (Vogel et al. 2012).
Consequently, the observed occurrence of pollen of these
plants in the honey pots of M. subnitida cannot be attributed
to nectar foraging but may be due to resource recycling be-
tween storage pots. An additional explanation for the occur-
rence of pollen from non-nectar flowers in pot-honey could
be a contamination effect (Maia-Silva et al. 2018). Pollens of
both plants with poricidal anthers and Mimosa species were
abundant in the pot-honeys sampled in several months of
our study. The incidence of these pollen types in the honey
pots, particularly of pollen from poricidal flowers, trended to
increase with increasing occurrence in the pollen pots
(Table 1). Melipona nests, usually, present fewer pollen
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storage pots than honey pots (Alves et al., 2012;
Nascimento and Nascimento 2012; Maia-Silva et al. 2016).
Thus, when pollen foraging activity suddenly increases, as is
the case during mass flowering or when flowers with porici-
dal anthers become available, pollen collectors may not find
appropriate storage space and, consequently, deposit their
load in any available pot. The consequence is a mixture of
pollen grains from nectar and pollen plants in the pot-honey,
as observed in our study.

Whereas pollen grains end up only occasionally and often
accidentally in pot-honey and contribute only little to its nu-
tritional value (Barth 2004), their proteins constitute the
main nutrient of pot-pollen. Given that different-sized pollen
grains contribute differently to the amount of protein avail-
able for the bees, analyzing the mere abundance of pollen
grains overestimates the importance of small and abundant
grains in pollen samples (Silveira 1991). Hence, for determin-
ing the relative importance of each pollen type, it is crucial to
include the grain volume in the analysis of pot-pollen sam-
ples (Roubik 1989; Buchmann and O'Rourke 1991; Silveira
1991; Biesmeijer et al. 1992; Malagodi-Braga and Kleinert
2009). In our study, the comparison between simple pollen
counts and volume-corrected abundance revealed consider-
able differences between these two approaches. In particu-
lar, Senna obtusifolia (large pollen) gained in importance as
protein source. Pollen grains of this shrub with poricidal flow-
ers had a relative abundance of 22.3% after simple pollen
counts, yet accounted for 59.2% of the samples after volu-
metric correction. Although S. obtusifolia is considered an
invasive species in agricultural crops, our results highlight
the importance of this shrub species as key protein source
for M. subnitida.

Our study underlines the importance of melittopalynolog-
ical surveys for the elaboration of management plans for the
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conservation of native pollinator populations. In the
Brazilian Tropical Dry Forest, just as in most other ter-
restrial ecosystems, social bees are important pollina-
tors of native plants and agricultural crops (Aguiar
2003; Freitas and Bomfim 2017). In addition, some of
them, including M. subnitida, are traditionally used for
honey production by local beekeepers, providing an
extra income for rural communities (Jaffé et al. 2015).
Thus, declines of bee populations associated with hab-
itat destruction and regional climate changes predicted
for the coming decades may have severe ecologic and
socioeconomic consequences (Potts et al. 2016;
Giannini et al. 2017). Melittopalynological studies are
a helpful tool to indicate suitable plant species for
habitat restoration and habitat improvement programs
aiming at the conservation of native bee biodiversity
and the increase of productivity of local meliponicul-
ture. Especially in semiarid regions, the use of native
flora, which is adapted to the challenging ambient con-
ditions, is crucial for the success of restoration pro-
grams. Our results highlight the contribution of native
species of all plant strata (trees, shrubs, and herba-
ceous species) for the diet of M. subnitida colonies.
Of particular importance are profitable food sources,
such as mass-flowering plants or species with poricidal
flowers, and species that bloom in the dry season.
From our results, we strongly recommend the following
plant species for composing suitable foraging areas of
M. subnitida: (1) mass-flowering in the dry season: A.
colubrina, M. urundeuva; (2) mass-flowering in the
rainy season: C. sonderianus, M. arenosa,
M. caesalpiinifolia, P. moniliformis, and S. polyphylla;
(3) mass-flowering in the transition between rainy and
dry season: M. tenuiflora; (4) flowers with poricidal
anthers: Chamaecrista spp. and S. obtusifolia. These
plants could be used in areas of habitat restoration
and habitat improvement to increase the success of
conservation programs for native bee populations and,
also, to improve the productivity of stingless
beekeeping.
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