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Stingless bees are abundant and diverse key actors in several plant-pollinator networks in the neotropics, but little is known about
their natural history and ecology. This study aims to contribute to knowledge about the diversity and dispersion of stingless
bees and discusses the importance of nesting substrates. It was carried out in the Araguari river valley in Minas Gerais, Brazil,
where a nest site survey was conducted in an area of 100 ha during 11 alternate months from 2006 to 2008, for a total of 1,200
observation hours. Sixty-nine nests were found, belonging to 12 genera and 20 different species. Nests of Melipona rufiventris were
by far the most abundant. Stingless bees nested more frequently in hollows of live trees (64%), and 11 different substrates were
identified. Seventeen plant species were used as nesting substrates and Anadenanthera macrocarpa (Fabaceae) was the main host,
encompassing 23% of the surveyed nests. The area studied is important for the maintenance of stingless bees because it provides
nesting sites for them. Without nesting sites the reproductive division of colonies is compromised, affecting the nests’ survival.

1. Introduction

Insects comprise the most diverse animal group on the
planet, with about 925,000 known species worldwide [1].
They stand out by presenting several adaptations, interacting
with various groups of animals and plants and having a large
biomass and a wide niche breadth. An important mutualistic
interactive mechanism between plants and insects is pollina-
tion [2, 3], and eusocial bees are responsible for 30 to 50% of
these interactions [4].

The number of bee species in the world is about 30,000
[5, 6], and Brazil accounts for an estimated 10% of this
total [7]. The high diversity of bees in Brazil is mainly
owed to the tropical climate, which permits perennial nests,
and the abundant supply of food. Stingless bees, native to
Brazil, are represented by more than 200 species [7] and
have a high commercial value because they are pollinators
of several native and exotic crops [8, 9]. Knowledge of the
basic ecology of bees is essential for underpinning the devel-
opment and implementation of conservation strategies [10]

and the development of management techniques favoring
commercial farmers. In this context, ethological studies on
aspects such as foraging ecology, activities such as collecting
food resources, material for nests, the demand for sexual
partners, and the choice of sites for nests or shelter are
extremely relevant.

The choice of nesting site is a stage in the swarming
process. The division of reproductive nests in stingless bee
colonies starts with a visit by the workers to potential sites
for a nest in the vicinity of the parent colony [11]. Most
species nest in hollow trees, but many use termite mounds
(active or abandoned), anthills, gullies, and crevices in walls,
among other places [12]. Nests can be found in different
forest environments, such as the Brazilian savanna (Cerrado
biome).

The Cerrado is a very old domain. Since the Cretaceous
(between 145 and 65 million years ago), there was a pre-
cerrado formation. Soon after this period, the uplift of
the central plateau and a gradual climate change, to a
wetter period, promoted the diversification of flora and
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fauna [13]. The Cerrado biome comprises a mosaic of types
of vegetation, ranging from grassland to dense woodland
“cerradão”. Throughout this gradient of vegetation there is
a gradient of biomass, conditioned by natural factors that
determine the carrying capacity of the environment and/or
by human pressures, especially grazing, frequent fires, and
exploitation of wood [14]. The Cerrado covers approxi-
mately 22% of Brazilian territory and has suffered significant
human impacts during the past three decades [15], whereas
only 1.5% of this area is protected in conservation areas
[16]. One of the regions which has suffered the worst human
impact is the westernmost part of the state of Minas Gerais,
known as Triângulo Mineiro and located from 18 to 20◦S;
47 to 51◦W, where up to 90% of the original cover has been
wiped out. In this region, native vegetation has been replaced
by pastures and cultivated areas [17], or drastically reduced
and fragmented. Anthropogenic disturbances influence most
organisms, including native bees and other pollinators [18].

Ecological perturbations resulted in a marked turnover of
nesting resources, leading in large shifts in the relative pro-
portions of nesting guilds [19]. The abundance of stingless
bees’ nests is usually related to the availability of appropriate
nesting sites, which may act as a limiting resource for
these species [20–22]. Other factors that negatively influence
stingless bee populations are invasion by exotic species
and expansion of agriculture [23], which may even lead
undescribed species to extinction [24]. Bees are efficient
pollinators contributing to fruit and seed production in
different ecosystems [8]. Actually, they may account for 40 to
90% of native plant pollination, depending on the ecosystem
[25, 26].

Compared to existing information for areas of temper-
ate forest, knowledge of intra and interspecific ecological
relationships that occur in the Cerrado is scarce, as this
environment little explored regarding interactive biodiversity
[27]. Several studies describe the fauna of stingless bees in the
Cerrado through the evaluation and sampling of indivduals
visiting floral resources [28–32]. Only a few studies, however,
evaluate nest distribution and nesting habits of stingless
bees in urban [33–35] and natural areas [35–38]. Although
there are several threatened native vegetation remnants in the
Triângulo Mineiro region, mostly owing to deforestation and
agriculture, there is a lack of information on bee diversity,
species composition, and the importance of the plants in
their food collection.

To contribute to knowledge about stingless’ bees diversity
and dispersion, this study describes the nesting sites occupied
by various species and discusses the importance of these
substrates in the dispersal and maintenance of the species.

2. Material and Methods

2.1. Study Area. This study was carried out in the Araguari
river valley (18◦37′, 48◦19′), in the municipality of Araguari,
Minas Gerais, south-eastern Brazil (Figure 1). The climate
is tropical wet (Aw in Köppen’s system [39]), and there is a
rainy season from October to March and a pronounced dry
season from April to September [40]. Annual rainfall ranges

from 1,300 to 1,700 mm, and mean monthly temperature
shows little variation throughout the year [41].

A nest site survey was conducted in an area of 100 ha
that was previously covered mostly with deciduous forest,
but there were also a few stretches covered with gallery and
semideciduous forests. This area was contiguous to a grazing
area, where there were old buildings and cement and wooden
poles. The study site is located between 532 and 730 meters
above sea level.

2.2. Nest Site Surveys of Stingless Bees. The study was carried
out between 2006 and 2008, in 11 alternate months and
1200 observation hours, following random lines established
for fauna rescue actions before cleaning and flooding for a
dam for hydroelectric power generation. Nest site location
was conducted through direct visual search, and each nest
position was registered as a geographical coordinate with
Global Positioning Systems (GPS).

Nest site location was conducted through direct visual
search of tree trunks and termitaria, which were inspected
from the base to ten meters’ height. The substrate type used
for nesting was recorded, and, whenever possible, the nests
were transferred to other areas, in order to protect bees
against flooding. A few nests which could not be directly
transferred to other areas without suffering damage were
transferred to wooden boxes and kept in the experimental
garden of the Instituto de Biologia (INBIO) at Universi-
dade Federal de Uberlândia (UFU). Voucher specimens of
stingless bees and exsiccates of host plants were deposited
in the Museu de Biodiversidade do Cerrado (UFU) and
Herbarium Uberlandense (UFU, Uberlândia, Minas Gerais,
Brazil), respectively.

The entrance of each nest was described and pho-
tographed to allow stingless bee species identification.
Moreover, individuals belonging to worker castes were also
collected and deposited in the following reference collec-
tions: Laboratório de Ecologia e Comportamento de Abelhas
(LECA) of UFU, Entomological Collection of the Taxonomic
Collections of the Universidade Federal de Minas Gerais
(UFMG) and Hymenopteran Collection of Faculdade de
Filosofia, Ciências e Letras of the Universidade de São Paulo,
Campus of Ribeirão Preto (RPSP).

2.3. Data Analysis. Stingless bee species diversity and even-
ness were calculated with the Shannon-Weaver index (H ′)
and Pielou index (J ′), respectively [42]. In order to detect
the type of spatial pattern, the Johnson and Zimmer index
of dispersion (I) [43] based on the distance between the
sampled points plotted on the map was used.

The precise location of each nest was mapped with
ArcView GIS to determine patterns of nest dispersion. We
assigned each nest to a substrate type and counted the
number of nests belonging to each substrate local. The
following substrate types were used: live tree trunk, dead tree
trunk, rock substrate, soil, epigeous termitaria, arboreous
termitaria, underground termitaria, cement pole, wooden
pole, vine, and wall.
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Figure 1: (a) Location of the state of Minas Gerais in Brazil and original extension of Cerrado; (b) Study site location in Minas Gerais.

In order to evaluate patterns of nesting substrate used
by the bees, we performed a Principal component analysis
(PCA), which ordinates substrate type categories per bee
species, using PC-ORD 5.10 version [44]. According to
Gauch [45], the first principal component accounts for most
variability in the data, and each succeeding component
accounts for as much of the remaining variability as possible.
In this way, each axis produces an eigenvalue, which
corresponds to the relative contribution of that component
in explaining the total variance in dataset.

3. Results

We found 69 nests of Meliponina bees at the study site,
belonging to 12 genera and 20 different species. The bees
occupied 11 distinct substrate types (Tables 1 and 2). The
genus Trigona presented the highest number of species
(six) in the study site, followed by the genera Tetragona,
Partamona, and Scaptotrigona, represented by two species
each. Regarding nests, Melipona rufiventris Lepeletier, 1836
was the species with highest abundance (N = 10 nests),
followed by Tetragonisca angustula Latreille, 1811 (N = 7
nests) and Scaptotrigona bipunctata Lepeletier, 1836, Tetrag-
ona clavipes Fabricius, 1804, Trigona hyalinata Lepeletier,
1836, and Partamona ailyae Camargo, 1980 (N = 6 nests)
(Table 1).

The diversity of nests of stingless bee species in the study
site was 2.68 (H ′), and evenness (J ′) was 0.89, which
characterizes a high species’ evenness. The 69 nests mapped
presented a strongly clumped distribution, since the Johnson
and Zimmer index of dispersion (I) was 10.2. This index

was calculated for M. rufiventris, the most abundant species,
and the nests showed a clumped distribution (I = 3.32)
(Figure 2).

Tetragonisca angustula used a higher number of substrate
types (dead tree trunk, live tree trunk, wooden pole,
and wall), representing 36.4% of the total, followed by
Frieseomelitta varia Lepeletier, 1836 which used 27.3% of
different substrate types (wall, cement pole, and wooden
pole) (Table 1). Some species, however, nested in specific
substrates, such as M. rufiventris, which used exclusively
tree hollows (mostly from live trunks, which represented
90%). Cephalotrigona capitata Smith, 1874, Scaptotrigona
bipunctata Lepeletier, 1836, and Tetragona clavipes Fabricius,
1804 nested exclusively in live trunks. On the other hand,
Partamona combinata Pedro and Camargo, 2003, Trigona
recursa Smith, 1863, and Trigona fulviventris Guérin, 1837
nested only in sites associated with termites (Table 1). Most
nests were located in hollows of live trunks (64%), which
were occupied by 14 different stingless bee species (Table 2).
Seventeen plant species were used as substrate for nesting,
and Anadenanthera macrocarpa (Benth.) Brenan (Fabaceae)
was the commonest one (Table 3).

The Principal component analysis (Figure 3) pooled
substrates in at least two major groups, according to distance
from ground level, showing similarities between nesting
habitats of some species of bees. The first group was
composed of substrates located at ground level (rock, dead
trunk, and underground termitaria), which presented similar
values for both ordination axes. Substrates located above
ground (cement pole and wooden pole) formed a second
group, situated at the center of the ordination. The ecological
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Figure 2: (a) Spatial distribution of the 69 nests of stingless bees in the study area mapped. (b) Spatial distribution of the 63 nests presented
in Figure 2(a), on a large scale. (c) Spatial distribution of the 10 nests of M. rufiventris mapped in the study area.

preference for live trunk substrate was found in the analysis,
through the placement of this category in the central portion
of the ordination. On the other hand, substrates that were
seldom used (e.g., arboreus termitaria, murundum termit

and vines) presented lower values from the second axis, and
failed to form groups with most substrates present in the
ordination. The first axis explained 61.8% of the variance in
the dataset, while the second axis explained only 7.21%.
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Table 1: Number of nests and substrate types used by each stingless bee species in a forest fragment located in the municipality of Araguari,
Minas Gerais, Brazil.

Bee species Number of nests Nesting substrate category∗

(1) Cephalotrigona capitata (Smith, 1874) 03 f, f, f

(2) Frieseomelitta varia (Lepeletier,1836) 03 e, g, h

(3) Lestrimelitta limao (Smith,1863) 01 f

(4) Melipona rufiventris (Lepeletier, 1836) 10 b, f, f, f, f, f, f, f, f, f

(5) Oxytrigona tataira (Smith, 1863) 01 f

(6) Partamona ailyae (Camargo, 1980) 06 f, f, f, f, f, k

(7) Partamona combinata (Pedro and Camargo, 2003) 03 j, j, k

(8) Plebeia droryana (Friese, 1900) 01 f

(9) Scaptotrigona bipunctata (Lepeletier, 1836) 06 f, f, f, f, f, f

(10) Scaptotrigona depilis (Moure, 1942) 04 b, f, f, f

(11) Scaura longula (Lepeletier, 1836) 01 f

(12) Tetragona clavipes (Fabricius, 1804) 06 f, f, f, f, f, f

(13) Tetragona quadrangula (Lepeletier, 1836) 02 f, f

(14) Tetragonisca angustula (Latreille, 1811) 07 b, e, f, f, f, f, h

(15) Trigona fulviventris (Guérin, 1837) 02 c, c

(16) Trigona hyalinata (Lepeletier, 1836) 06 a, f, f, f, f, f

(17) Trigona hypogea (Silvestri, 1902) 02 d, f

(18) Trigona recursa (Smith, 1863) 02 k, k

(19) Trigona spinipes (Fabricius, 1793) 02 i, i

(20) Trigona truculenta (Almeida, 1985) 01 a
∗a: rock substrate, b: dead trunk, c: underground termitaria, d: soil, e: wall, f: live trunk, g: cement pole, h: wooden pole, i: vine, j: arboreous termitaria, k:
epigeous termitaria.
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Figure 3: Principal component analysis (PCA) ordinating substrate
types used for nesting per twenty stingless bee species that occurred
in a forest fragment located in the municipality of Araguari, Minas
Gerais, Brazil.

4. Discussion

Different substrates were used by stingless bees as shelters in
which to nidify inside the dry forests that include different
physiognomies contiguous to a grazing area. This character-
istic of the dry forests may account for the abundance of
stingless bee samples whereby the nesting success includes
the abundance, size, and species of trees [46, 47]. Suitable

Table 2: Number of stingless bee nests for each substrate type, and
number of species nesting for each substrate in a forest fragment
located in the municipality of Araguari, Minas Gerais, Brazil.

Substrate type
Number of

nests
Number of species
using the substrate

(1) Cement pole 1 1

(2) Dead trunk 6 3

(3) Epigeous termitaria 4 3

(4) Live trunk 44 14

(5) Rock substrate 2 2

(6) Soil 1 1

(7) Arboreous termitaria 2 1

(8) Underground termitaria 3 1

(9) Vine 2 1

(10) Wall 2 2

(11) Wooden pole 2 2

nesting sites are considered limiting resources for stingless
bees [21, 25], whereas the availability of materials used in
nest construction, food supply, and natural enemies [48] is
also important for the survival and reproduction of species.
These factors also appear to be relevant for other social
invertebrates such as ants [49] and pseudoscorpions [50].

Owing to the peculiar swarming activity in Meliponina,
which limits maximum flight distance, the distance between
appropriate nesting sites, and the connectivity between
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Table 3: Plant species used as nesting substrate by stingless bee species, and number of nests per bee species in each different plant in a forest
fragment located in the municipality of Araguari, Minas Gerais, Brazil.

Plant species Stingless bee species
Nests number/stingless

bee species/plant
Total nests/plant

(1) Anadenanthera macrocarpa (Benth.) Brenan (Fabaceae)

Cephalotrigona capitata 1

Lestrimelitta limao 1

Melipona rufiventris 1

Oxytrigona tataira 1

Partamona ailyae 3
16Scaptotrigona bipunctata 3

Scaptotrigona depilis 1

Tetragona clavipes 3

Tetragonisca angustula 1

Trigona hyalinata 1

(2) Caryocar brasiliense Camb. (Caryocaraceae)
Melipona rufiventris 1

2Tetragona quadrangula 1

(3) Chorisia speciosa A. St.-Hil. (Malvaceae) Trigona hyalinata 2 2

(4) Copaifera langsdorffii Desf. (Fabaceae)
Scaptotrigona bipunctata 1

2Tetragonisca angustula 1

(5) Dipteryx alata Vogel (Fabaceae) Tetragonisca angustula 1 1

(6) Ficus sp. (Moraceae)
Melipona rufiventris 1

2Tetragonisca angustula 1

(7) Guapira sp. (Nyctaginaceae)

Cephalotrigona capitata 1

4Melipona rufiventris 1

Plebeia droryana 1

Scaptotrigona bipunctata 1

(8) Hymenaea courbaril L. (Fabaceae)
Tetragona clavipes 1

3Trigona hyalinata 2

(9) Myracrodruon urundeuva Fr. All. (Anacardiaceae)
Partamona ailyae 1

2Trigona hypogea 1

(10) Pouteria ramiflora (Mart.) Radlk. (Sapotaceae) Melipona rufiventris 1 1

(11) Qualea parviflora Mart. (Vochysiaceae) Cephalotrigona capitata 1 1

(12) Sclerolobium aureum (Tul.) Benth. (Fabaceae) Melipona rufiventris 1 1

(13) Senna rugosa (G.Don) H.S. Irwin and Barneby
(Fabaceae)

Scaura longula 1 1

(14) Stryphnodendron adstringens (Mart.) Cov. (Fabaceae) Melipona rufiventris 1 1

(15) Tabebuia aurea (Manso) Benth. and Hook.f. ex S.
Moore (Bignoniaceae)

Melipona rufiventris 1
3Partamona ailyae 1

Tetragona clavipes 1

(16) Tapirira guianensis Aubl. (Anacardiaceae) Tetragona clavipes 1 1

(17) Terminalia argentea Mart. et Zucc. (Combretaceae) Tetragona quadrangula 1 1

fragmented habitats directly influence the dispersion ability
of bees and species-genetic variability. Disparate forest
fragments may attract only limited colonization by stingless
bees because, during the swarming process, the colony that is
formed depends on food and materials for nest construction
provided by the maternal nest for some days [5, 51]. Con-
sequently, to allow successful dispersal, nesting sites should

be within worker bees’ flight range, and well-preserved
fragmented areas should be connected. The present study
confirmed the importance of maintaining the study area that
functions as a provider of nest sites for stingless bees. This
is a fundamental condition for the survival of these species,
because otherwise the reproductive division of the colony is
compromised, affecting nest survival and consequently the
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dispersion of the species. Thus, the maintenance of natural
areas close to each other is essential.

Although 17 plant species were used as nesting substrate,
Anadenanthera macrocarpa was the main substrate used by
nesting bees. The suitability of A. macrocarpa as a nesting
substrate may be related to its large trunk diameter, which
presents larger natural cavities in contrast to most Cerrado
plant species that present thin and contorted trunks. The
preference for some plant species is reported by previous
authors, in that more than 61% of nests were encountered in
only two species of tree [36, 38]. The diversity of bee genera
found in this study represents 60% of all genera occurring in
Minas Gerais state, and as regards species this value is about
41% compared with data presented in a systematic study of
stingless bees by Silveira et al. [7].

This study was carried out in a forest remnant that
includes at least three different physiognomies presented in
such a way that habitat heterogeneity contiguous to a grazing
area may account for the abundance of stingless bee samples.
This characteristic could explain the bee species’ richness and
the nest dispersion, which provides a wide variety of nesting
sites and food resources, thus facilitating species’ coexistence
through resource partitioning. Stingless bees constructed
their nests mostly in hollows of live tree trunks; hence,
deforestation greatly influences their community structure
and population dynamics [52] owing to a decrease in the
availability of nesting sites and food supply.

Studies which try to explain the diversity of stingless bees
through a search for nests are scarce because of difficulties
imposed by the search method, which can actually increase
depending on the vegetation and topography of the area
in question. Environments consisting of low and open
vegetation the nests can be found more easily. However, in
high vegetation with closed canopy the application of this
method becomes more difficult.

The aggregated pattern of distribution of nests should
be correlated with the composition of existing vegetation
in the study area. The nests were mostly found in places
where there are trees with thicker trunks, in semideciduous
forest in the savanna and in areas adjacent to pastures, where
many trees have been preserved. The same is true of M.
rufiventris, whose nests were found mainly near streams in
areas of gallery forest (Siqueira, pers. comm.). In studies of
Trigona collina, species in a mixed area of deciduous forest
in Thailand had a strongly clumped nest distribution [37].
Serra et al. [38], studying three different areas of disturbed
savanna vegetation, found for two of them a random pattern
that was understood as the absence of competition for
food resources. The pattern of spatial distribution of nests
is possibly related to extrinsic factors such as distribution
and density of suitable substrates for nest construction, the
ecological aspects of occupancy of hollows, predation [38]
and related features of the swarming process [37].

According to Laroca [53], bee communities usually
follow a lognormal distribution, in which a few species are
rare or highly dominant, and most species present moderate
abundance. Our data on nest abundance of stingless bees fit
with this species-abundance relationship.

Some studies evaluated stingless bee nest diversity in
Brazilian Cerrado areas. In the Araguari river valley, nest
diversity was higher than that found by Serra et al. [38]
and Mateus et al. [35]. Serra et al. [38] studied a Cerrado
area of 114 ha in the state of Maranhão (north of Brazil)
and found 40 nests belonging to ten Meliponina species. In
a natural Cerrado area in Nova Xavantina (Mato Grosso,
central Brazil), Mateus et al. [35] found 34 nests belonging
to seven genera and 12 species. Maia et al. [54] found
seven different species nesting in trunks in a gallery forest
area in a Cerrado area in the state of Maranhão (north
of Brazil). In the latter study, M. rufiventris was more
abundant than other species, which is in accordance with our
results.

Carvalho and Bego [29] sampled bees visiting floral
resources in a Cerrado area near our study site and found
nine genera and 11 Meliponina species. Considering the
methodological differences and the difficulty of finding bee
nests in the wild, our results suggest that bee species’ richness
is almost twice as high in our study site as that of Carvalho
and Bego [29], which reinforces the importance of protecting
our study site.

M. rufiventris is considered a specialist in flowers
occurring in well-preserved areas [55], and it presents a
strong connection with water courses, as nests are usually
found close to or along river margins [56]. This species,
along with P. combinata, was in the IUCN Red Lists for
the state of Minas Gerais [57]. In addition to habitat
specialist species, the Araguari river valley stingless bee
community retains several rare species, including Melipona
quadrifasciata, Melipona quinquefasciata, Partamona helleri,
Plebeia remota, Nannotrigona testaceicornis and Schwarziana
quadripunctata (Siqueira, pers. comm.). These species were
added to the community through sporadic observations of
bees visiting flowers. Hence, we suggest that (1) the study site
is important in terms of maintaining stingless bee species’
diversity, (2) future studies using methods ranging from nest
surveys to direct collection of bees visiting flowers could
increase the observed Meliponina species’ richness in the
study site, and (3) management plans and conservation
actions should be employed in order to protect the diversity
of stingless bees in Cerrado biome.
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[39] W. Köppen, Climatologia: Con un Estudio de los Climas de la
Terra, Fondo de Cultura Económica, México, 1948.
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