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Abstract

Little is known about the composition of the bee community in the
Cerrado-Amazon transition area. Herein, we present the results of a bee
survey done within the municipality of Conceicdo do Araguaia, in the
state of Para. Six fragments were sampled twice (once in the dry season
and once in the rainy season) using three methods of collecting: arboreal
pitfalls with urine, scent traps, and pan traps. We recorded 67 bee
species, distributed in 28 genera and eight tribes. Except for Partamona
chapadicola, which is endemic to the Cerrado biome, the remaining
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pan trap. are considered endemic to the Amazonian biome (four Euglossini, eight

Meliponini, one Paratetrapedia, one Xylocopa and one Augochlorini),
while 27 occur in forest and areas of Cerrado (seven Euglossini, fifteen
Meliponini, two Paratetrapedia, one Xylocopa and two Augochlorini).
Among 53 species sampled (disregarding the Euglossini species which
were sampled almost exclusively with scent), 41 were captured with
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arboreal pitfall traps. Of those, 20 species were from the Meliponini tribe.

Introduction

An ecotone is a transition area between two biomes,
characterized by the presence of faunal and floral components
from both biomes. Therefore, faunal inventories performed
in an ecotonal area may reveal important findings related
to the limits of distribution of species that are endemic to
either one of the biomes considered in this transitional area.
In the sourthern border of the Brazilian Amazon, there is an
extensive ecotonal region (also known as "Zone of Ecological
Tension’), approximately 4,500 km long, between the two
largest South American biomes, the Cerrado savanna and the
Amazon forest (Marimon et al., 2006). Bees from this region,
which comprise the most important pollinator group (Klein
et al., 2007; Ollerton et al., 2011), are poorly known in this
transitional area. Previous to the present study, this group
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has been studied in only two localities, the Bico-do-Papagaio
region, at the northern portion of the state of Tocantins (Santos
et al., 2004), and the municipality of Ribeirdo Cascalheira, in
the northeastern of the state of Mato Grosso (Oliveira-Junior
et al., 2015). In the first region, the sampling consisted of
monthly, systematic sampling of flower visitors during the
course of one year. The sampling in the other study area
consisted of a rapid survey of orchid bees using baited traps
and chemical baits with hand nets.

The standard sampling method for bee inventory consists
of capturing the bees visiting flowers using entomological
nets (Sakagami et al., 1967). However, net sampling demands
a huge sampling effort, mainly in forested area with high
canopy height. Other sampling methods that are often used
to capture bees consist of using passive traps to sample these
organisms. One example, the pan/bowl trap, (Cane et al.,
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2000; Roulston et al., 2007; Wilson et al., 2008; Joshi et al.,
2015) consists of plastic plates painted with colors attractive
to bees (usually blue, yellow, and white) and filled with water
and soap droplets to decrease the water’s surface tension
and avoid the specimens’ escape. Another passive method,
specifically designed for sampling orchid bees, uses scent/
baited traps made with PET bottles (Nemésio, 2012; Nemésio
& Vasconcelos, 2014). These insects are easily attracted to
synthetic compounds that mimic floral fragrances, making
field studies easy to conduct. Although such traps are widely
used, their effectiveness has been questioned recently (see
Nemésio & Vasconcelos, 2014), after it was shown that scent
baits allowed researchers to sample a different composition of
species than active sampling. Nonetheless, given the resource
limitations and logistic difficulties in conducting field research,
passive sampling of orchid bees with scent traps are still
widely used. Here, we also employed for the first time the
use of an unusual passive sampling method for bees that is
already commonly used to sample ants: urine traps. Urine
contains nitrogen and salts (Kaspari et al., 2009), which make
it very attractive to insects. The use of urine in arboreal pitfall
traps is common in ant inventories (see more at Maravalhas &
Vasconcelos, 2014). Here we employed it to sample bees in
multiple ecotonal transects simultaneously, along with other
sampling methods usually used in bee inventories. Therefore,
since our goal was to perform rapid bee samplings in an
ecotonal area between the Amazon forest and the Brazilian
Cerrado savanna, here we used the different passive sampling
methods we described before to sample bees in multiple
ecotonal areas of the Amazon forest with the Cerrado.

The current study describes the composition of the bee
community in the Amazonia-Cerrado ecotone in southeast
Para. Here, we discuss the distribution of each sampled
species and also evaluate whether the ecotone is the limit of the
species’ geographic distribution. Although our sampling was
selective to some degree, it contributes to the knowledge of
the bee fauna of this region where knowledge on this group is
scarce and that it also undergoing through rapid deforestation.
Since insect data is usually compromised by knowledge gaps,
especially the Wallacean shortfall (e.g. lack of knowledge on
the biogeographic distribution of species; Diniz-Filho et al., 2010;
Cardoso et al., 2011), additional sampling is always welcomed to
fight other biological data shortfalls (Hortal et al., 2015).

Materials and methods
Study site

We performed this study in the municipality of
Conceicao do Araguaia, in the southeastern portion of Para
state (Figure 1). Six native vegetation fragments, varying in
distance from 4 to 27 Km, were sampled (Site 1, 8°10°41.32”S
49°21°52.60”W; Site 2, 7°55°35.217S 49°24°10.49”W;
Site 3, 7°59°30.39”S 49°24°25.13”W; Site 4, 8°00°01.25”’S
49°22°12.49”W; Site 5, 8°03°43.69”S 49°20°54.07"W, Site
6, 8°02°33.44”S 49°27°34.66”W). The area sampled had high

environmental complexity, due to its location in an ecotonal
region between the Cerrado savanna and the Amazon forest,
formed by Seasonal Forest/Ombrophilous Forest (Haidar et al.,
2013). The mean altitude of this region is 240 m, and the
climate has two well-defined seasons, with the dry season
extending from May to September and the wet season spanning
October to April. The mean temperature is around 28°C
and the mean annual precipitation is 1,200 mm, according
Brazilian National Institute of Meteorology (INMET).

Bee sampling

We sampled each fragment twice, once in the dry
season (June 6-14 of 2017), and once in the wet season
(November 6-14 0f2017). In each sampled area, we set an 80 m
transect, at least 20 m from the fragment’s border to minimize
the border effect (Fisher, 1999). We sampled at five locations
along each transect, each 20 m apart. In each sampling location,
we set a group of traps (arboreal pitfalls with urine, a scent trap,
and several pan traps) as described below.

Arboreal pitfalls with urine

We installed four arboreal pitfall traps in tree canopies
at locations between 1.5 and 3 m in height. The pitfall traps
were consisted of 100 ml plastic cups, fixed to tree branches
with wires. Each trap was filled with a mixture of water
(70%), human urine (30%), and soap droplets. The sampled
bees were a by-product of this sampling protocol intended to
sample ants. The pitfall traps remained in trees for a total of
48h in each of the six sampling locations.

Scent traps

We used scent traps made of PET bottles with two
openings (adapted from Campos et al., 1989; Sofia & Suzuki,
2004). The traps were placed 1.7 m from the ground and
fixed to tree branches with wire. We used five scents, one
per sampling location in each one of the six areas. The scents
used (benzyl acetate, methyl cinnamate, cineol, eugenol, and
vanillin) were selected because they are commonly used to
sample Euglossini bees in field surveys due to their similarity
to plant chemicals, or as attractants of male specimens (Silva
& De Marco, 2014). Scent traps were left out for seven days,
revisited every 48 h to remove specimens from traps and
replenish scents.

Pan traps

We used colored pan traps filled with water and soap,
commonly used to sample bees (Krug & Alves-dos-Santos,
2008; Hall, 2016; Silva et al., 2017). We placed four (yellow,
blue, orange, and green) 22 cm traps in each sampling location
to increase the diversity of sampled insects. Traps were placed
on the ground spaced 20 cm apart from each other, forming a
square. These traps were left at each location for 48 h.
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Fig 1. Location of the six bee collecting areas in a Cerrado and Amazon Forest ecotone in the municipality of Concei¢do do Araguaia,

southeast of Para, Brazil.

Sampled specimens pinning and identification

Bees were removed from the tubes, pinned, and labeled.
Species were identified using identification keys found in
the supplemental material (Supplementary Material) and
compared by BWTC with the identified specimens already
deposited in the Entomological Collection from Museu
Paraense Emilio Goeldi (MPEG). The sampled specimens
received the collection numbers MPEG 03032032-03032076,
and MPEG 03032797-03033191 and were deposited in the
Entomological Collection of MPEG. The sampling license was
granted to us by the Secreataria de Meio Ambiente (SEMAS)
from the state of Para: Capture, Sampling, and Transportation
of Wildlife (AU N°3459/2017, process number 2016/39794).

Results

In this study, we sampled 1,411 specimens belonging to
67 species, 28 genera, and 2 bee families (Apidae and Halictidae).
In Table 1, the species we sampled are listed, along with
their abundance in each different sampling method we tested:

arboreal urine pitfalls, scent traps, and pan traps. Only one
species, Stilbochlora eickworti (Engel, Brooks & Yanega, 1997),
had not been previously reported for Para (Moure et al., 2012).

A total of 882 male orchid bees from 14 different species
representing four of the euglossine genera were sampled:
Euglossa with eight species, Eulaema with four, Eufriesea,
and Exaerete represented by a single species. The most
abundant species were Eulaema nigrita Lepeletier, 1841 (54.1%
of the total amount of orchid bees sampled), EL cingulata
(Fabricius, 1804) (33.7 %) and Euglossa ignita Smith, 1874
(8.4 %). The remaining 11 species made up just 3.8 % of the
total bees sampled.

Stingless bees were the second most abundant group
sampled, with 481 specimens from 29 species, and 14 genera.
The most common species was Trigona aff. fuscipennis
Friese, 1900, with 285 specimens (59.3% of the total amount
of stingless bees sampled), followed by Tetragona clavipes
(Fabricius, 1804) (40 specimens; 8.3%) and Trigona guiane
Cockerell, 1910 (37; 7.7%). The remaining species made up
24.3 % of the total of stingless bees sampled.
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The remaining species of Apidae sampled in our inventory
are distributed among the genera Apis (1), Paratetrapedia (4
species), Ceratina (3), Xylocopa (3), and Tetrapedia (2). The
three types of traps sampled only 24 specimens of Halictidae,
representing 11 species and morphospecies from five
genera: Augochlora (2), Augochloropsis (5), Megalopta (2),
Megaloptidia (1) and Stilbochlora (1).

The highest species richness was observed for the
arboreal urine pitfalls, with which we sampled a total of 43
species, being twenty of Meliponini, representing 11 genera.
Euglossa intersecta Dressler, 1982 was the only orchid bee
only sampled with the urine pitfalls. The scent traps showed
the second highest richness, with 28 species sampled. The
lowest species richness was recorded by the pan traps, with
which only 15 species were captured.

Table 1. List of bee species sampled in six sites and using three different traps (arboreal pitfalls with urine, scent trap and pan traps) in a
Cerrado and Amazon Forest ecotone in the municipality of Concei¢do do Araguaia, southeast of Para, Brazil. (N = Abundance of bees).

Taxon Scent trap Pan trap Pitfall
N Site N Site N Site

APIDAE

Apini
Apis mellifera Linnaeus, 1758 1 2 1 2 1 6

Ceratinini
Ceratina sp.1 0 - 1 2 1 6
Ceratina sp.2 - - 1 6
Ceratina sp.3 - 0 - 3

Euglossini
Eufiiesea concava (Friese, 1899) 1 1 0 - 0 -
Euglossa avicula Dressler, 1982 2 5:6 0 - 0 -
Euglossa decorata Smith, 1874 1 6 0 - 0 -
Euglossa ignita Smith, 1874 74 1;2;3;4;5,6 0 - 0 -
Euglossa intersecta Latreille, 1817 0 - 0 - 2 5:6
Euglossa liopoda Dressler, 1982 1 6 1 4 0 -
Euglossa orellana Roubik, 2004 2 5:6 0 - 0 -
Euglossa piliventris Guérin, 1844 1 6 0 - 0 -
Euglossa townsendi Cockerell, 1904 1 5 0 - 0 -
Eulaema cingulata (Fabricius, 1804) 297 1;2;3;4;5;6 0 - 0 -
Eulaema meriana (Olivier, 1789) 9 1;3;4;5 0 - 0 -
Eulaema mocsaryi (Friese, 1899) 1 4 0 - 0 -
Eulaema nigrita Lepeletier, 1841 476 1;2;3;4;5,6 0 - 1 6
Exaerete smaragdina (Guérin, 1844) 12 2:4:;5;6 0 - 0 -

Meliponini
Aparatrigona impunctata (Ducke, 1916) 1 4 0 - 0 -
Celetrigona longicornis (Friese, 1903) 0 - 0 - 2 2
Cephalotrigona capitata (Smith, 1854) 0 - 1 6 0 -
Frieseomelitta longipes (Smith, 1854) 0 - 0 - 1 2
Frieseomelitta sp.1 1 1 0 - 0 -
Melipona seminigra Friese, 1903 0 - 0 - 2 4
Melipona flavolineata Friese, 1900 0 - 4 4;6 8 4
Nannotrigona punctata (Smith, 1854) 0 - 0 - 2 6
Nannotrigona schultzei (Friese, 1901) 0 - 0 - 3 6
Oxytrigona sp.1 0 - 0 - 1 4
Partamona chapadicola Pedro & Camargo, 2003 1 2 2 6 15 3;4;6
Plebeia alvarengai Moure, 1994 0 - 5 2 5
Plebeia minima (Gribodo, 1893) 0 - 0 - 1 6
Plebeia sp.2 0 - 0 - 4 3;4
Scaptotrigona postica (Latreille, 1807) 11 1;6 1 5 0 -
Scaptotrigona tubiba (Smith, 1863) 4 2;3 0 - 0 -
Scaptotrigona sp.1 1 1 0 - 0 -
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Table 1. List of bee species sampled in six sites and using three different traps (arboreal pitfalls with urine, scent trap and pan traps) in a Cerrado
and Amazon Forest ecotone in the municipality of Concei¢do do Araguaia, southeast of Pard, Brazil. (N = Abundance of bees). (Continuation)

Taxon Scent trap Pan trap Pitfall
N Site N Site N Site
Meliponini
Scaura latitarsis (Friese, 1900) 0 - 0 - 2 6
Tetragona beebei (Schwarz, 1938) 1 5 0 - 19 4;5;6
Tetragona clavipes (Fabricius, 1804) 0 - 0 - 40 2:3:4;6
Tetragona truncata Moure, 1971 0 - 0 - 1 4
Tetragonisca angustula (Latreille, 1811) 0 - 0 - 1 6
Trigona branneri Cockerell, 1912 0 - 0 - 1 6
Trigona chanchamayoensis Schwarz, 1948 0 - 1 5 7 6
Trigona dallatorreana Friese, 1900 1 5 1 2 0 -
Trigona guianae Cockerell, 1910 0 - 5 4;6 32 2:4,6
Trigona hypogea Silvestri, 1902 3 0 - 0 -
Trigona pallens (Fabricius, 1798) 1 4 0 - 0 -
Trigona aff. fuscipennis Friese, 1900 233 1;2;3;4;5:6 7 2:6 52 2:4:6
Tapinotaspidini
Paratetrapedia flaveola Aguiar & Melo, 2011 0 - 0 - 1 6
Paratetrapedia lugubris (Cresson, 1878) 0 - 0 - 1 4
Paratetrapedia testacea (Smith, 1854) 0 - 0 - 1 4
Paratetrapedia sp.01 0 - 0 - 1 4
Tetrapediini
Tetrapedia sp.1 0 - 0 - 1 6
Tetrapedia sp.2 - - 2 2
Xylocopini
Xylocopa aurulenta (Fabricius, 1804) 0 - 0 - 6 2:3;5
Xylocopa nigrocincta Smith, 1854 - - 1 2
Xylocopa suspecta Moure & Camargo, 1988 0 - 0 - 1 6
HALICTIDAE
Augochlorini
Augochlora sp.1 0 - 0 - 2 1;3
Augochlora sp.2 0 - 0 - 1 3
Augochloropsis sp.1 0 - 0 - 2 4;6
Augochloropsis sp.2 1 2 1 4 1 4
Augochloropsis sp.3 1 3 0 - 0 -
Augochloropsis sp.4 0 - 1 4 2 6
Augochloropsis sp.5 0 - 0 - 1 6
Megalopta amoena (Spinola, 1853) 3 5 0 - 0 -
Megalopta sodalis (Vachal, 1904) 0 - 0 - 4 4;6
Megaloptidia sp.1 0 - 0 - 2 3
Stilbochlora eickworti (Engel, Brooks & Yanega, 1997) 0 - 2 4;6 0 -
Richness 28 15 43
Exclusive species 19 2 31
Abundance 1142 34 235
Discussion we sampled were also sampled in the study by Oliveira-Junior

The number of Euglossini species we found (14 species)
is similar to the number sampled by Oliveira-Junior et al.
(2015) in a transitional forest at Ribeirdo Cascalheira, in

et al. (2015): EL nigrita, El. cingulata (Fabricius, 1804), El.

northeastern Mato Grosso state (16 species). Five of the species  both inventories.

mocsary (Friese, 1899), Eg. ignita and Exaerete smaragdina
(Guérin, 1844). The first and second most abundant species,
El nigrita and El. cingulata, respectively, were the same in
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All orchid bee species sampled here, in addition to
those listed by Oliveira-Junior et al., (2015), were recorded
for Brazilian Amazon. Among the 23 species (Euglossa
gr. purpura was not included), six (26.1% of the total of
species) are endemic to the Amazonian biome (Nemésio
& Silveira, 2007): Euglossa bidentata Dressler, 1982, Eg.
chalybeata Friese, 1925, Eg. intersecta, Eg. orellana Roubik,
2004, Eg. piliventris Guérin, 1844 and EIl. mocsaryi; and
two species, Eufriesea concava (Friese, 1899) and Euglossa
bursigera Moure, 1970 are found in the Amazonian Basin and
Central America (but see Moure et al., 2012 for a discussion
regarding the distribution of Ef. concava). Thus, the Cerrado-
Amazon ecotone is expected to be the southern limit of their
distributions. Six species, among the 23 listed, occur also in
Atlantic Forest domain (Nemésio & Silveira, 2007; Sydney et
al., 2010): Eufriesea surinamensis (Linnaeus, 1758), Euglossa
cordata (Linnaeus, 1758), Eg. liopoda Dressler, 1982, Eg.
pleosticta Dressler, 1982, Eg. securigera Dressler, 1982 and
Eg. avicula Dressler, 1982.

Among the 23 species of orchid bees sampled in the
Amazonia-Cerrado ecotone, nine were recorded from Cerrado
in the state of Minas Gerais: Eg. cordata, Eg. decorata Smith,
1874, Eg. imperialis, Eg. securigera, Eg. pleosticta, Eg.
townsendi, El. cingulata, El. nigrita, and Ex. smaragdina.
Additionally, the species El. bombiformis (Packard, 1869),
El cingulata, El. meriana (Olivier, 1789), El nigrita and
Euglossa ignita were recorded in the inventory carried out
by Vital et al. (2016) within the Cerrado biome in the state
of Tocantins. Therefore, 52.2% of the euglossine species
sampled in the ecotonal region also occur in Cerrado.

Except for P. chapadicola Pedro and Camargo, 2003,
which occurs from the southeastern region of Para to up to the
state of Piaui in both the Cerrado and Caatinga biome (Pedro
& Camargo, 2003), the remaining 24 species of stingless
bees sampled in our study are present in the Amazonian
Forest (Rebélo et al., 2003; Moure et al., 2012; Pedro, 2014).
Among these 24 species, six (25.0% of the total of species)
are endemic to the Amazonian biome: Nannotrigona punctata
(Smith, 1854), N. schultzei (Friese, 1901), Tetragona beebei
(Schwarz, 1938), Plebeia alvarengai Moure, 1994, P. minima
(Gribodo, 1893) and Friesiomellita longipes (Smith, 1854).
Thus, the Cerrado-Amazon ecotone is the southern limit of the
distributions of these endemic species, and to Aparatrigona
impunctata (Ducke, 1916), which occurs in Central America
and the Amazonian Basin. This region is also likely the
distribution limit of Melipona seminigra Friese, 1903 and M.
flavolineata Friese, 1900, because these species require large
cavities in large trees for nesting (Pioker-Hara, 2011). In the
state of Tocantins, these species are present in the Cerrado only
because they are reared by humans (Costa-Neto et al., 2016).

Among the 24 species of Meliponini bees sampled in
the Amazonia-Cerrado ecotone we inventoried, five species
were recorded in Cerrado from state of Goias (Santiago et
al., 2009; Moure et al., 2012): Trigona chanchamayoensis

Schwarz, 1948, Celetrigona longicornis (Friese, 1903),
Trigona pallens (Fabricius, 1798), T. branneri Cockerell,
1912 and Tetragona truncata Moure, 1971. The species
Trigona guianae Cockerell, 1910 is found in the states of
Tocantins, Ceara, and Paraiba (Moure et al., 2012); and 7.
dalatorreana Friese, 1900 is found in the ecotone area in
the state of Tocantins (Santos et al., 2004). Furthermore,
eight species are widely distributed in Brazil (Moure et al.,
2012), inhabiting both forest and Cerrado (Andena et al.,
2005; Santiago et al., 2009; Imperatriz-Fonseca et al., 2011;
Pioker-Hara, 2011): Cephalotrigona capitata (Smith, 1854),
S. postica (Latreille, 1807), S. tubiba (Smith, 1863), Scaura
latitarsis (Friese, 1900), Tetragonisca angustula (Latreille,
1811), T. clavipes, T. hypogea Silvestri, 1902 and 7. aff.
fuscipennis. Therefore, about 62.5% of Meliponini species
sampled in this ecotone region occur in Cerrado.

The bees from the Paratetrapedia genus are especially
diverse in the Amazon Forest (Aguiar & Melo, 2011). Among
the three species of this genus we sampled and identified, only
P. testacea (Smith, 1854) is endemic to the Amazon basin,
occurring mainly in the eastern Amazon (Aguiar & Melo,
2011). The species P. lugubris (Cresson, 1878) has a pan-
neotropical distribution, while P. flaveola Aguiar and Melo,
2011 is a widespread species distributed throughout Brazil.
We identified three species of Xylocopa: X. nigrocincta Smith,
1854, X. suspecta Moure and Camargo, 1988 with widely
distribution (Moure et al., 2012), and X. aurulenta (Fabricius,
1804), which is restricted to the Amazonian domain.

We also recorded three species of sweat bees. Two
of them are widely distributed: Megalopta amoena (Spinola,
1853) occurs from Guatemala to the state of Sdo Paulo
in Brazil, while M. sodalis (Vachal, 1904) occurs from
Venezuela to the Brazilian state of Santa Catarina. However,
Stilbochlora eickworti (Engel, Brooks & Yanega, 1997) is
strictly an Amazonian species. Only five species sampled in
this study were among those listed by Santos et al. (2004):
EL nigrita, M. seminigra, T. dalatorreana, T. pallens, and P.
testacea. This small proportion of overlap in sampled species
is likely due to differences in the methodologies used in both
the surveys. In total, Santos et al. (2004) captured 83 species
from 38 genera and five families.

In this inventory, we expected to sample specimens
from at least three different families of bees: Apidae,
Halictidae, and Andrenidae. The lack of Andrenidae species
is probably due to the poor sampling efficiency of the pan
traps. The efficiency of pan traps is not well studied, but may
be dependent on the local vegetation type, water availability,
and both type and placement of traps (Gongalves et al., 2012).
Previous studies have reached different conclusions about
the performance of this sampling method. Krug and Alves-
Dos-Santos (2008), Gongalves and Oliveira (2013), Ayala
(2014), Perillo et al. (2017) for instance, reported capture
efficiency. However, Gongalves et al. (2012) reported very
poor performance of these traps in Atlantic Forest.
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Out of the 23 genera of stingless bees reported for
Para (Pedro, 2014), 48.8% were captured with arboreal urine
pitfall. Based on our results, we encourage the use of this
trap as complementary sampling method for bee inventories,
especially in northern Brazil, where there is high species
richness of stingless bees (Oliveira et al., 1995). We suggest
this sampling method may help overcome the difficulty in
sampling them passively in forested areas, especially with pan
traps. The arboreal urine pitfall traps also seem to be efficient
in sampling specimens of Paratetrapedia,
Xilocopa, Ceratina, and Halictidae bees.

In summary, the bee community in the transitional
Cerrado-Amazon area we sampled contains fifteen endemic
species from the Amazonia region, one species endemic to the
Cerrado as well as 27 species which occur in forest and areas of
Cerrado. We suggest that future studies employing arboreal urine
pitfalls are needed to properly evaluate the sampling efficiency
of urine pitfall traps, especially for sampling Meliponini bees.
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