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Abstract. Stingless bees build their nests using, in general, clay, wax and resins; in addition, these bees also use resins for defense against
natural enemies and as an antimicrobial agent. Our goal was to register the stingless bees that collect resin from Bertholletia excelsa Bonpland
(Lecythidaceae), and the observations were made in the Reserva Particular do Patriménio Natural Dr. Daisaku lkeda, Manaus, Amazonas,
with five species recorded: Melipona (Michmelia) seminigra Friese, 1903, Trigona albipennisi Almeida, 1995, Trigona hypogea Silvestri, 1902,
Trigona williana Friese, 1900, and Ptilotrigona lurida (Smith, 1854) (Hymenoptera: Apidae), the last two species were more frequent. During the
observations, the monopoly of resin resources by T. hypogea, T. williana and P. lurida; collection without conflict between M. seminigra and T.
albipennis, and collection with intraspecific conflict between M. seminigra individuals were recorded. Bees invest substantial amounts of energy
and labor to collect resin from a wide spectrum of different plant species, and the resin must be considered as a necessary resource for the

conservation of Amazonian stingless bees.
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In general, stingless bees (Apidae: Meliponini) build their nests
using clay, wax and resins (Kerr et al. 1996; Shanahan & Spivak 2021).
Resins collected from different plants are commonly mixed with other
materials for the construction of nest structures such as the entrance,
the access tube, brood disks and honey and pollen pots (Nogueira-
Neto 1997; Roubik 2006; Griiter 2020).

Resins are commonly stored in deposits in the nests of stingless
bees, who use it in defense against the attack of intruders by placing
it on their bodies, and by creating barriers around the entrance to the
nest (Roubik 2006; Duangphakdee et al. 2009; Grego et al. 2010; Nunes
et al. 2014; Griter 2020; Melo 2020). In addition, some stingless bees
acquire substances derived from collected resins in their cuticular
chemical profiles, and use them as an additional agent in protecting
colonies against natural enemies (Leonhardt et al. 2009; Leonhardt et
al. 2015). These bees seem to have a preference for certain species
of resiniferous plants and they often visit antimicrobial plant resins
that help them regulate the microbial communities found in the nests
(Roubik 1989; Leonhardt & Bliithgen 2009; Drescher et al. 2014; Griiter
2020). The use of antimicrobial resins in nest construction may have
been fundamental for the evolution of the sociability of stingless bees
(Shanahan & Spivak 2021).

There is a variety of plants that secrete resins, but records
of resiniferous trees as a resource for the stingless bees of the
Amazon are scarce. Among the resin-producing trees in the region is
Bertholletia excelsa Bonpland (Lecythidaceae) (FAO 1986; Schongart
et al. 2015), which is popularly known as the Brazil nut tree (Lorenzi
1992). Occurring throughout the Amazon region, it is a large tree that
can reach more than 60 m in height and the base of the trunk can be
over 4 m in diameter (Lorenzi 1992; Santos et al. 2006). It has great
economic importance due to the exploitation of its wood, bark, seed
pod and seeds (Wadt & Kainer 2009). Moreover, the species present
ecological importance through its several biological interactions
(Santos-Silva et al. 2017), cultural importance via food use (Clement
1999), as well as medicinal importance (Lago et al. 2016). Although it
is protected by law in Brazil, B. excelsa has been affected by extractive
pressure, expansion of agricultural activities and logging, which have
contributed to add this species on the Red List as a species that is at
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risk of extinction (MMA 2008; CNCF 2012; IUCN 2021). Thus, our goal
in this study was to register and identify the stingless bees that collect
resin from B. excelsa, and emphasize the importance of resiniferous
plants for Amazonian bees.

The monitoring of the bees was carried out in the Reserva Particular
do Patrimonio Natural Dr. Daisaku lkeda - Instituto Soka Amazonia
(3°06'43.9"S, 59°54'31.8"W), which is an urban forest fragment in
Manaus, Amazonas state, Brazil. It has an area of 54.06 ha (ICMBIO
2021) composed by ombrophilous forest and alluvial forest, the former
with a portion of secondary vegetation. The Brazil nut tree used in the
study is located on the right bank of the track that gives access to the
banks of the Amazon River (3°06'47.7"S, 59°54'15.3"W). It is one of
the oldest trees on the site with a trunk of 6.15 m in circumference
(measured using tape measure at a height of 1.20 m from the ground).
At the base of the trunk, there are three protruding striae (Fig. 1) that
are commonly visited by stingless bees. Although there are other Brazil
nut trees in the locality, they did either not have striae or resin during
the study.

The observations of the striae of the B. excelsa specimen occurred
randomly between the months of April to November 2021, with a total
of 14 visits, which took place between 9:00 a.m. and 12:30 p.m. The
pictures were taken using a smartphone, and the bee specimens were
collected for later identification. The identification of the specimens
was done using a binocular stereomicroscope (XT-3L-NM-BI, Biofocus).
The taxonomical key from Silveira et al. (2002) was used for genera
identification. For species identification, specific literature was used:
Camargo & Pedro (2004), Oliveira et al. (2013), Camargo & Roubik
(1991), and Almeida (1992). Subsequently, the specimens were taken
to a specialist to confirm the identification.

The following five species of stingless bees were recorded
collecting resin from the Brazil nut tree: Trigona williana Friese, 1900
(with 33.3% of the records); Ptilotrigona lurida (Smith, 1854) (26.7%);
Melipona (Michmelia) seminigra Friese, 1903 (20%); Trigona hypogea
Silvestri, 1902 (13.3%); and Trigona albipennis Almeida, 1995 (6.7%)
(Hymenoptera: Apidae). No other insects were seen collecting resin
during the observation period.
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three striae (indicated with the yellow arrow).

In most cases, the presence of more than five individuals per
species was recorded collecting resin from the striae. It is possible
that the behavior of group formation to collect resin is common in
some species, since it is one of the main resources for building and
protecting their nests. The apparent monopoly of the site of the resin
resource presented by T. hypogea, T. williana and P. lurida (Figs. 2A-
C, respectively) is not exclusive of these species, this behavior also
was observed for Trigona corvina Cockerell, 1913 (Hymenoptera:
Apidae) (Reyes-Gonzalez & Zamudio 2020). The dominance of the
resin resources is possibly similar to that of food resources, Johnson
& Hubbell (1974) describe the behavior, in which interspecifically
aggressive species are usually large and commonly forage in groups,
visiting and monopolizing clustered resources, and the interspecifically
nonaggressive species tend to be smaller and to forage alone or in
small groups.

On one occasion, M. seminigra and T. albipennis were observed
collecting resin simultaneously, apparently without any conflict, in the
same striae, though maintaining a distance of about five centimeters
(Fig. 2D). This distancing from T. albipennis may be related to the size
of M. seminigra, since there is a relationship between larger size and
a higher rate of aggressive behavior in some stingless bee species
(Leonhardt & Blithgen 2009). Most often, M. seminigra bees collected
resin without the presence of other bee species (Fig. 2E). Intraspecific
conflicts between M. seminigra were witnessed in April and November,
in which one of the bees attacked the other in order to gain access to
the resin source (Fig. 2F). This behavior was also reported for other
species in the studies of Howard (1985) and Leonhardt & Bluthgen
(2009).

The striae of the trunk of the Brazil nut tree secreted resin during
the entire observation period, though sometimes at a lower rate during
the dry season, from July to November in the central Amazon (Asner &
Alencar 2010). This fact may be related to the presence of bees on the
site, since stingless bee species actively bite resin wounds and are able
to stimulate and maintain resin secretion for long periods (Schwarz
1948), despite the lack of studies about the resin productivity of
Brazil nut tree throughout the year. Several species, especially Trigona
Jurine, 1807, such as Trigona spinipes (Fabricius, 1793) (Hymenoptera:
Apidae), stimulate the secretion of resins by biting buds, young leaves,

Figure 1. Brazil nut tree (Bertholletia excelsa) of the Instituto Soka Amazénia, Manaus, Amazonas state, Brazil. A) Tree in wide view. B) The base of the tree with the
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flowers and plant bark (Willer & Michener 1973; Santos et al. 2012).

Bees invest substantial amounts of energy and labor to collect
resin from a wide spectrum of different plant species (Leonhardt &
Blithgen 2009; Simone-Finstrom & Spivak 2010), because they benefit
more from a greater variety of resin resources due to the greater effect
against various predators and microorganisms (Drescher et al. 2014).
The diversity of tropical bees, such as stingless bees, is not only related
to floral resources, but is likely driven by the broad spectrum of plant
species that provide non-floral resources such as resin (Roubik 1989;
Litman et al. 2011).

Some studies have identified potential plant families that
produce resin resources that are collected by stingless bees, such as
Hypericaceae [Vismia guianensis (Aubl.) Choisy], on the outskirts of
Manaus, Amazonas state, Brazil (Kerr et al. 1967); Moraceae (Castilla
elastica Sessé) in Costa Rica (Howard 1985); Dipterocarpaceae,
Myristicaceae, Araucariaceae and Burseraceae in Borneo, Malasia
(Leonhardt & Bluthgen 2009); Euphorbiaceae (Croton yucatanensis
Lundell) in Costa Rica (Reyes-Gonzédlez & Zamudio 2020); and, in this
work, bees were recorded collecting resin from Lecythidaceae (B.
excelsa) in Manaus, Amazonas state, Brazil. Bertholletia excelsa also
presents itself as a source of pollen for some species of meliponines
(Santos & Absy 2010). Despite this record, more studies are necessary
to bigger conclusions about the usage and importance of the resin of
B. excelsa for stingless bees.

It is of great importance to have knowledge of and conserve
resiniferous plants since they are an indispensable resource for stingless
bees. The loss of biodiversity as a result of anthropogenic actions can
limit this resource for them, and can negatively contribute to the
destabilization of populations due to the restriction in the variety of
resources (Howard 1985; Drescher et al. 2014). Unfortunately, the role
and importance of resin still receives little attention and more studies
related to the variety of plants that provide such resources are needed
(Requier & Leonarth 2020). Therefore, it is important to consider resin
as a necessary resource for the conservation of Amazonian stingless
bees.
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Figure 2. Stingless bees collecting resin from the striae of Bertholletia excelsa Bonpland (Lecythidaceae), at the Instituto Soka Amazonia. A) Trigona hypogea; B)
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Trigona williana; C) Ptilotrigona lurida; D) Melipona seminigra (red arrow) and Trigona albipennis (blue arrow) collecting on the same stria; E) group of Melipona
seminigra; F) Conflict between the specimens of Melipona seminigra (red arrow marks the bee that is attacking and the yellow arrow the one being attacked).
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