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Abstract
Euglossini bees are important Neotropical pollinators, but there is a lack
in the knowledge about this fauna in dry tropical environments. The aims
of this study were to evaluate the richness and abundance of euglossine
bees in two fragments of seasonally dry tropical forest (Caatinga), as well
as to assess the distribution of euglossine species richness in the Caatinga
environment. Males were collected along 12 consecutive months, using
traps with aromatic baits. The species richness (S=5) was lower than in
rainforests and savannas. Euglossa cordata (L.) was the dominant species in
the assemblage, representing 70% of the individuals. The highest abundance
occurred in the rainy season. Euglossini fauna presents low local species
richness in Caatinga areas, however the beta diversity is higher, since
assemblages in different habitats have differences in species composition.

Introduction
Euglossini bees are also known as “orchid bees” due to
the intimate interactions with Orchidaceae (Dressler, 1982),
whose flowers are used by males to collect fragrances that
they probably use for the court (Dodson et al., 1969; Eltz
et al., 2005). Other floral sources are exploited to collect
fragrances, resins, pollen and nectar (Whitten et al., 1993;
Cortopassi-Laurino et al., 2009; Perger, 2015). These bees are
pollinators of plants included in approximately 40 botanical
families (Ramírez et al., 2002).
This taxon is distributed in the Neotropical region
(Dressler, 1982; Moure et al., 2012), and higher species
richness is found in tropical rainforests (Roubik & Hanson,
2004), but there are populations settled in arid areas, as in the
seasonally dry tropical forest (Caatinga) (Lopes et al., 2007;
Andrade-Silva et al., 2012). Studies focusing on Euglossini
assemblages in the Caatingas’ dominium are scarce and
geographically restricted. Some works were carried out in

different phytophysiognomies located near the Caatinga
vegetation, such as riparian forests of the São Francisco River
(Neves & Viana, 1999; Moura & Schlindwein, 2009), while
few studies focused on the euglossine assemblages in the
typical xerophytic vegetation of Caatinga (Lopes et al., 2007;
Andrade-Silva et al., 2012).
Habitat fragmentation has been recognized as one of
the main causes of biodiversity loss (Fahrig, 2003; Krauss et
al., 2010; Haddad et al., 2015), while changes in abundance
and species richness related to land use pressures also have
been observed (Laurence et al., 2011; Newbold et al., 2015).
The Caatinga is a xerophilous vegetation in the Northeast of
Brazil that occupies an area of approximately 750.000 km²,
reduced to almost half of its original area (IBGE, 2015). The
fragmentation these ecosystems is related to the proximity
of cities and road construction (Santos & Tabarelli, 2002),
livestock, slash and burn agriculture and use of wood for
coal production (Leal et al., 2005; Holanda et al., 2015).
The scarcity of knowledge on euglossine assemblages in
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dry environments, and the high level of degradation of the
seasonally dry tropical forest (Caatinga) (Leal et al., 2005;
IBGE, 2015) motivated the planning of this study, which aimed
to characterize the euglossine assemblage in two fragments of
Caatinga, as well as to evaluate the distribution of Euglossini
species richness in the Caatinga.
Material and Methods
Study area
The study was carried out in two fragments of Caatinga
located in the municipality of Pé de Serra, state of Bahia,
Brazil. These fragments are 4 km apart and are surrounded by
a predominant pasture matrix. Fragment I (11°54’ S; 39°31’
W) has approximately 50 ha, consisting of a shrub Caatinga
vegetation (SEMA, 2014) in regeneration, and there is some
goat and sheep farming in this site. Fragment II (11° 57’ S 39°
32’ W) has approximately 220 ha, is covered by arboreal and
shrub caatinga (SEMA, 2014). The local vegetation is generally
dense, although the site has already suffered burnings.
The area of study has dry climate of type BSh according
to classification of Köppen. The rainy season lasting from
November to March and annual rainfall around 658 mm (SEI,
2014). Annual rainfall was 495 mm during this study, which
is below the expected average. Rainfall data were obtained
from the Instituto Estadual do Meio Ambiente (INEMA).
Methods
Males were collected monthly from November 2015
to October 2016, totalizing 216 h of sampling effort per site.
Sampling was carried out on sunny days and without rain. In
each fragment, a sampling point was selected, where seven
bait traps were hung from a height of 1.5 m above the ground,
at least 2 m from each other. Seven aromatic compounds
(benzyl acetate, β-ionone, methyl cinnamate, eucalyptol, eugenol,
methyl salicate and vanillin) were soaked in cotton and
inserted into traps made from plastic bottles, in which three
lateral openings were made to insert funnels, following a
model proposed by Aguiar and Gaglianone (2008).Traps were
installed between 7:30 a.m. and 8:00 a.m., remaining exposed
for two days. The bees caught on the first day of sampling
were removed from the traps at the beginning of the second
day, immediately before reapplication of the baits.
The specimens were identified according to the
taxonomic keys (Nemésio, 2009; Faria Jr & Melo, 2012)
and confirmed by bee taxonomy specialist. We followed
the Moure’s Bee Catalog (Moure et al., 2012) for species
nomenclature.
Data analysis
We have used the Rank-Abundance Plot, where the
relative abundance of species is determined in descending
order (Whittaker, 1965), to evaluate the distribution of species
abundance in each fragment. Additionally, the Shannon-

Wiener index (H’) was used to calculate diversity of species,
following the algorithm H’= - Σpi x ln pi, where pi is the
proportion of individuals of the species i represented in the
sample and ln = neperian logarithm (Magurran, 2004). Pielou
index (J’) was used to calculate the uniformity of abundance,
following the algorithm J’= H’ / log2S, where H’= Shannon
diversity index and Log2S = logarithm in base two of species
richness (Magurran, 2004). Dominance was evaluated using
Berger-Parker index (d), defined as d = Nmax/N, where Nmax
= Number of individuals of the most abundant species, N =
total sample number. A linear correlation of Sperman’s was
performed to investigate the relation between abundance and
rainfall. These indexes were calculated in the PAST 2.17c
program (Hammer et al., 2001).
In order to evaluate if the sampling effort was enough
to sample the species richness in each fragment, we used
richness estimators (Chao 1 and Jackknife 1), calculated in
the EstimateS 9.1 software (Cowell, 2015). To analyze the
distribution of Euglossini species richness in different areas
of the Caatinga, we reviewed data published in studies on
Euglossini assemblages in which aromatic baits were used
to attract males, totalizing nine sites sampled: 1. Site Parque
Estadual Pedra da Boca (Zanella & Martins, 2005); 2. Site
Cacimba de Dentro (Zanella & Martins, 2005); 3. Site 1 (Lopes
et al., 2007); 4. Site 2 (Lopes et al., 2007); 5. Site 3 (Lopes
et al., 2007); 6. Site 4 (Lopes et al., 2007); 7. Site Pindoba
(Andrade-Silva et al., 2012); 8. Site Cambuí (Andrade-Silva
et al., 2012); 9. Site Braúna (Andrade-Silva et al., 2012). From
these data, we elaborated a table presenting the distribution of
species by Caatinga phytophysiognomy (arboreal or shrub)
and species accumulation curves in function of the sample
effort, given by the number of localities sampled.
Results
The Euglossini assemblage sampled was composed
by five species (Table 1). The species richness expected
was the same as that observed in fragment I (Chao1=
2.00±0.17; Jackknife1=2.92±0.92) while in fragment II, the
species richness expected was higher than that observed
(Chao1=6.09±2.41; Jackknife=6.86±1.72). Abundance was
also higher in fragment II than in fragment I. Euglossa cordata
(Linnaeus) was the most abundant species, representing 70%
of the males collected, contributing to the highest relative
abundance in both fragments (Fig 1). Three Euglossa species
were recorded only in fragment II. Although diversity was
higher in fragment II (H’= 0.977) compared to fragment I
(H’= 0.636), the values did not differ significantly (t= -1.311,
p= 0.245). The uniformity was higher in fragment I (J’= 0.92)
than in fragment II (J’= 0.607) (Table 1).
The highest abundance of Euglossini was found in
January (Fig 2), a rainy month, influenced by the abundance
of Eg. cordata. In Fragment II, a number of males was in
activity in March/2016, a month with low precipitation (Fig 2).
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Comparing Euglossini species richness in different
areas of Caatinga, we observed that arboreal Caatinga have a
richer Euglossini fauna (up to 14 species per assemblage) than
shrub Caatinga, in which only two species have been recorded
(El. nigrita and Eg. cordata) (Table 2). The number of species
registered in the site 9 (Braúnas) (S = 14) was significantly
higher than in the other sites (mean = 4.45; standard deviation
= 3.70), and this assemblage had four exclusive species.
Species accumulation curves did not stabilize, including or
excluding site 9 from the analysis (Fig 3).
Fig 1. Rank abundance plot for Euglossini species in two fragments
of Caatinga (1 = Eg. cordata; 2 = El. nigrita; 3 = Euglossa sp; 4 =
Eg. fimbrita; 5 = Eg. securigera).
Table 1. Composition, Species Richness, Diversity, Uniformity and
Dominance in Euglossini assemblages in two fragments of Caatinga.
Species

Fragment I Fragment II

Total

Euglossa cordata (Linnaeus)

2

26

28

Euglossa securigera Dressler

0

1

1

Euglossa fimbriata Moure

0

2

2

Euglossa sp.

0

3

3

Eulaema nigrita Lepeletier

1

5

6

Abundance

3

37

40

Species Richness

2

5

5

Diversity (H’)

0.636

0.977

0.970

Uniformity (J’)

0.918

0.607

0.603

Dominance (d)

0.666

0.702

0.700

Eg. cordata was recorded in fragment I only in months with
the highest rainfall (January and October), but in fragment II
it occurred in both rainy and dry months. Eulaema nigrita
Lepeletier was recorded only in January, the rainiest month.
There was no correlation between monthly abundance and
rainfall (r = 0.411, p = 0.183).

Fig 2. Rainfall and monthly flutuaction in abundance of Euglossini
bees in fragments of Caatinga.

Fig 3. Species accumulation curves in function of the number of
localities sampled in Caatinga vegetation. The solid line represents
the curve based on all the sites (n = 11) sampled in the Caatinga,
and the dotted line the curve excluding the site 9 (Braúnas). 1. Site
Parque Estadual Pedra da Boca (Zanella & Martins, 2005); 2. Site
Cacimba de Dentro (Zanella & Martins, 2005); 3. Site 1 (Lopes
et al., 2007); 4. Site 2 (Lopes et al., 2007); 5. Site 3 (Lopes et al.,
2007); 6.Site 4 (Lopes et al., 2007); 7. Site Pindoba (Andrade-Silva
et al., 2012); 8. Site Cambuí (Andrade-Silva et al., 2012); 9. Site
Braúna (Andrade-Silva et al., 2012); 10. Fragment I (this study); 11.
Fragment II (this study).

Discussion
The species richness and abundance of euglossine bees
found were similar to that observed in most areas covered
by seasonally dry tropical forest (Caatinga). The euglossine
assemblages in the Caatinga are commonly composed of
two to five species (Lopes et al., 2007; Zanella & Martins,
2005; this study), but there are some assemblages with higher
species richness. A single assemblage in arboreal Caatinga
was composed of more than eight species (Andrade-Silva et
al., 2012). The assemblages with the highest species richness
were found in arboreal Caatinga with canopy 5 to 12 m in
high, located in areas with higher humidity, in the Chapada
Diamantina highlands, a region characterized by a mosaic of
different types of vegetation (semideciduous forest, riparian
forests, savanna and caatinga), located at relatively close
distances between each other, forming a complex landscape
(Juncá et al., 2005).
The total number of Euglossini species recorded in
Caatinga vegetation is fifteen, with a single endemic species,
Eufriesea nordestina (Moure) (Zanella & Martins, 2005) and
one undescribed species of Eulaema (Andrade-Silva et al.,
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Table 2. Composition and species richness in Euglossini assemblages in different Caatinga phytophysiognomies. 1. Site Parque Estadual
Pedra da Boca (Zanella & Martins, 2005); 2. Site Cacimba de Dentro (Zanella & Martins, 2005); 3. Site 1 (Lopes et al., 2007); 4. Site 2 (Lopes
et al., 2007); 5. Site 3 (Lopes et al., 2007); 6. Site 4 (Lopes et al., 2007); 7. Site Pindoba (Andrade-Silva et al., 2012); 8. Site Cambuí (AndradeSilva et al., 2012); 9. Site Braúna (Andrade-Silva et al., 2012); 10. Fragment I (this study); 11. Fragment II (this study).
Arboreal Caatinga

Shrub Caatinga

1

2

3

6

7

8

9

11

4

5

10

Eufriesea nordestina (Moure)

_

X

_

_

_

_

_

_

_

_

_

Eufriesea auriceps (Friese)

_

_

_

_

X

X

X

_

_

_

_

Euglossa townsendi¹ Cockerell

_

_

_

_

_

_

X

_

_

_

_

Euglossa cordata² (Linnaeus)

X

X

X

X

X

X

X

X

X

X

X

Euglossa fimbriata Moure

_

_

_

_

_

_

X

X

_

_

_

Euglossa leucotricha Rebêlo & Moure

_

_

_

_

X

_

X

_

_

_

_

Euglossa melanotricha Moure

_

_

_

_

X

X

X

_

_

_

_

Euglossa pleosticta Dressler

_

_

_

_

_

X

X

_

_

_

_

Euglossa securigera Dressler

_

_

X

_

X

X

X

X

_

_

_

Euglossa sp.

X

_

_

_

_

_

_

_

_

_

_

Euglossa sp.1

_

_

_

_

_

_

_

X

_

_

_

Euglossa stellfeldi Moure

_

_

_

_

_

_

X

_

_

_

_

Euglossa truncata Rebêlo & Moure

_

_

_

_

_

_

X

_

_

_

_

Eulaema cingulata (Fabricius)

_

_

_

_

X

X

X

_

_

_

_

Eulaema nigrita Lepeletier

X

_

X

X

X

X

X

X

X

_

X

Eulaema sp.

_

_

_

_

_

X

X

_

_

_

_

Exaerete dentata (Linnaeus)

_

_

_

_

_

_

X

_

_

_

_

3

1
cited as Euglossa aratingae by Andrade- Silva et al. (2012); 2cited as Euglossa carolina by Andrade- Silva et al. (2012); 3cited as Eulaema marcii by Andrade-Lima et al. (2012).

2012). However, due to the small number of studies, it is still
difficult to measure the gamma diversity of Euglossini bees.
The species accumulation curves did not have tendency towards
stabilization, indicating that sampling at other sites should reveal
other species of Euglossini bees living in the Caatinga.
The change from shaded vegetation to open vegetation
seems to influence Euglossini assemblages, leading to a
decrease in the species richness, both in the Brazilian savanna
(Cerrado) (Nemésio & Faria Jr., 2004; Alvarenga et al., 2007;
Silveira et al., 2015), and Caatinga (Neves & Viana, 1999;
Lopes et al., 2007; Andrade-Silva et al., 2012). AndradeSilva et al. (2012) showed that temperature was the most
important environmental variable to explain variations on
composition and abundance of Euglossini in three Caatinga
fragments. Moura and Schlindwein (2009) pointed out that
although some species of Euglossini bees from the Atlantic
forest use riparian forests of the São Francisco river as habitat
corridors, there is a decrease in the number of species towards
the interior of the Caatinga biome.
Additionally, the change from arboreal to shrubby
vegetation in the Caatinga seems to limit the occurrence of
most species of Euglossini. Several species of Euglossini
bees appear to have restricted geographical distribution in
the Caatinga, while few species, such as Eg. cordata and El.
nigrita has greater ecological valence and wider distribution

in these xeric areas. These species are tolerant to dry and open
environments, and under anthropic influence (Peruquetti et al.,
1999; Tonhasca et al., 2002), which may explain its occurrence
in xerophilous Caatinga environments. The uniformity
and dominance indexes reflected differences in species
abundance, since that a single dominant species (Eg. cordata)
was represented by many individuals in the assemblage, as
reported in other Euglossini assemblages (Alvarenga et al.,
2007; Aguiar & Gaglianone, 2008; Rocha-Filho & Garófalo,
2013; Silveira et al., 2015; Vilhena et al., 2017). This study
reinforces the idea of low species richness of orchid bees in
xerophilous Caatinga vegetation. Additional studies focusing
on the influence of habitat loss and fragmentation on these bee
assemblages in the seasonally dry tropical forest are required
to plan conservation strategies for these bee populations, since
there is a high level of degradation of the Caatinga environment.
Acknowledgements
We thank to Gabriel A. R. Melo (UFPR) for the identification of the reference specimens, ES Aniceto for language
revision, and the owners of the farm for allowing the collections.
LS Carneiro and GMM Santos received a scientific initiation
and research productivity fellowships, respectively, from CNPq
(Conselho Nacional de Desenv. Científico e Tecnológico).

Sociobiology 65(2): 253-258 (June, 2018)

References
Aguiar, W.M. & Gaglianone, M.C. (2008). Comunidade de
abelhas Euglossina (Hymenoptera: Apidae) em remanescentes
de mata Estacional Semidecidual sobre Tabuleiro no estado
do Rio de Janeiro. Neotropical Entomology, 37: 118-125. doi:
10.1590/S1519-566X2008000200002
Alvarenga, P.E.F., Freitas, R.F. & Augusto, S.C. (2007).
Diversidade de Euglossini (Hymenoptera: Apidae) em áreas
de cerrado do Triângulo Mineiro, MG. Bioscience Journal,
23: 30-37.
Andrade-Silva, A.C.R., Nemésio, A., Oliveira, F.F. &
Nascimento, F.S. (2012). Spatial-Temporal variation in
orchid bee communities (Hymenoptera: Apidae) in remnants
of arboreal caatinga in the Chapada Diamantina region, state
of Bahia, Brazil. Neotropical Entomology, 41: 296-305. doi:
10.1007/s13744-012-0053-9
Cortopassi-Laurino, M., Zillikens, A. & Steiner, J. (2009).
Pollen sources of the orchid bee Euglossa annectans Dressler
1982 (Hymenoptera, Apidae, Euglossini) analyzed from
larval provisions. Genetics and Molecular Research, 8: 546556. doi: 10.4238/vol8-2kerr013
Cowell, R. K. (2015). EstimateS: Statistical estimation of
species richness and shared species from samples. version
9.1. 0. [Online] http://viceroy.colorado.edu/estimates/ (acessed
date: 18 june, 2017)
Dodson, C.H., Dressler, R.L., Hills, H.G., Adams, R.M. &
Williams, N. H. (1969). Biologically active compounds in
orchid fragrances. Science, 164: 1243-1249. doi: 10.1126/
science.164.3885.1243
Dressler, R.L. (1982). Biology of the orchid bees (Euglossini).
Annual Review of Ecology and Systematics, 13: 373-394.
doi: 10.1146/annurev.es.13.110182.002105
Eltz ,T., Sager, A. & Lunau, K. (2005). Juggling with
volatiles: exposure of perfumes by displaying male orchid
bees. Journal of Comparative Physiology A., 191: 575-581.
doi: 10.1007/s00359-005-0603-2
Fahrig, L. (2003). Effects of habitat fragmentation on
biodiversity. Annual Review of Ecology, Evolution,
and Systematics, 34: 487-515. doi: 10.1146/annurev.
ecolsys.34.011802.132419
Faria Jr, L.R.R. & Melo, G.A.R. (2012). Species of Euglossa
of the analis group in the Atlantic forest (Hymenoptera,
Apidae). Zoologia, 29: 349-374. doi: 10.1590/S198446702012000400008
Haddad, N.M., Brudvig, L.A., Clobert, J., Davies, K.F.,
Gonzalez, A., Holt, R.D., Lovejoy, T.E., Sexton, J.O., Austin,
M.P., Collins, C.D., Cook, W.M., Damschen, E.I., Ewers,
R.M., Foster, B.L., Jenkins, C.N., King, A.J., Laurance, W.F.,
Levey, D.J., Margules, C.R., Melbourn, B.A., Nicholls, A.O.,

257

Orrock, J.L., Song, D.X. & Townshend, J.R.(2015). Habitat
fragmentation and its lasting impact on Earth’s ecosystems.
Science Advances, 1: e1500052. doi: 10.1126/sciadv.1500052
Hammer, O., Harper, D.A.T. & Ryan, P.D. (2001). PASTPalaeontological Statistics, ver. 1.89. Palaeontologia
electronica, 4(9). Retrived from: http://palaeo electronica.org/
2001_1 /past/past.pdf/
Holanda, A.C., Lima, F.T.D., Silva, B.M., Dourado, R.G. &
Alves, A.R. (2015). Estrutura da vegetação em remanescentes
de caatinga com diferentes históricos de perturbação em
Cajazeirinhas (PB). Revista Caatinga, 28: 142-150
Instituto Brasileiro de Geografia e Estatística [IBGE]. (2015).
Indicadores de desenvolvimento sustentável: Brasil 2015.
[Online] http://biblioteca.ibge.gov.br/visualizacao/livros/liv942
54.pdf/ (accessed date: 10 march, 2017)
Juncá, F. A., Funch, L. & Rocha, W. (2005). Biodiversidade e
conservação da Chapada Diamantina. Brasília: Ministério do
Meio Ambiente, 411 p
Krauss, J., Bommarco, R., Guardiola, M., Heikkinen, R.
K., Helm, A., Kuussaari, M., Lindborg, R., Ockinger, E.,
Partel, M., Pino, J., Poyry, J., Raatikainen, M.K., Sang, A.,
Stefanescu, C., Teder, T., Zobel, M. & Steffan-Dewenter, I.
(2010). Habitat fragmentation causes immediate and timedelayed biodiversity loss at different trophic levels. Ecology
Letters, 13: 597-605. doi: 10.1111/j.1461-0248.2010.01457.x
Laurance, W.F., Camargo, J.L.C., Luizão, R.C.C., Laurance,
S.G., Pimmd, S.L., Bruna, E.M., Stouffer, P.C., Williamson,
G.B., Benítez-Malvido, J., Vasconcelos, H.L., Houtan, K.S.V.,
Zartman, C.E., Boyle, S.A., Didham, R.K., Andrade, A. &
Lovejoy, T.E. (2011). The fate of Amazonian forest fragments:
a 32-year investigation. Biological Conservation, 144: 56-67.
doi: 10.1016/j.biocon.2010.09.021
Leal, I.R., Tabarelli, M., Silva, J.M.C. & Lacher, T. (2005).
Mudando o curso da conservação da biodiversidade na Caatinga
do Nordeste do Brasil. Megadiversidade, 1: 139-146
Lopes, A.V., Machado, I.C., Aguiar, A.V. & Rebêlo, J.M.M.
(2007). A scientific note on the occurrence of Euglossini bees
in the Caatinga, a Brazilian tropical dry forest. Apidologie,
38: 472-473. doi: 10.1051/apido:2007031
Magurran, A.E. (2004). Measuring biological diversity. Oxford:
Blackwell Publishing, 264 p
Moura, D.C. & Schlindwein, C. (2009). Mata ciliar do rio São
Francisco como biocorredor para Euglossini (Hymenoptera:
Apidae) de florestas tropicais úmidas. Neotropical Entomology,
38: 281-284
Moure, J.S., Melo, G.A.R. & Faria Jr, L.R.R. (2012). Euglossini
Latreille, 1802. In Moure J.S., Urban D. & Melo G.A.R
(Eds.), Catalogue of bees (Hymenoptera, Apoidea) in the
Neotropical region - online version. http://www.moure.cria.

258

LS Carneiro, WM Aguiar, CML Aguiar & GMM Santos – Occurrence of euglossini bees in Caatinga

org.br/catalogue/. (acessed date: 18 April, 2017)
Nemésio, A. & Faria Jr, L.R.R. (2004). First assessment of
orchid bee fauna (Hymenoptera: Apidae: Apini: Euglossina)
of Parque Estadual do Rio Preto, a cerrado area in southeastern
Brazil. Lundiana, 5: 113-117
Nemésio, A. (2009). Orchid bees (Hymenoptera: Apidae) of
the Brazilian Atlantic Forest. Zootaxa, 2041: 1-242
Neves, E.L. & Viana, B.F. (1999). Comunidade de machos
de Euglossinae (Hymenoptera: Apidae) das matas ciliares da
margem esquerda do médio rio São Francisco, Bahia. Anais
da Sociedade Entomológica do Brasil, 28: 201-210. doi:
10.1590/S0301-80591999000200002
Newbold, T., Hudson, L.N., Hill, S.L.L., Contu, S., Lysenko,
I., Senior, R.A., Börger, L., Bennett, D.J., Choimes, A., Collen,
B., Day, J., De Palma, A., Díaz, S., Echeverria-Londoño,
S., Edgar, M.J., Feldman, A., Garon, M., Harrison, M.L.K.,
Alhusseini, T., Ingram, D.J., Itescu, Y., Kattge, J., Kemp, V.,
Kirkpatrick, L., Kleyer, M., Correia, D.L.P., Martin, C.D.,
Meiri, S., Novosolov, M., Pan, Y., Phillips, H.R.P., Purves,
D.W., Robinson, A., Simpson, J., Tuck, S.L., Weiher, E.,
White, H.J., Ewers, R.M., Mace, G.M., Scharlemann, J.P.W. &
Purvis. A. (2015). Global effects of land use on local terrestrial
biodiversity. Nature, 520 (7545): 45. doi: 10.1038/nature14324
Perger, R. (2015). The highest known euglossine bee community
from a garden in the Bolivian Andes (Hymenoptera, Apidae,
Euglossini). Journal of Hymenoptera Research, 45: 65-73.
doi: 10.3897/JHR.45.5003
Peruquetti, R.C., Campos, L.A.O., Coelho, C.D.P., Abrantes,
C.V.M. & Lisboa, L.C.O. (1999). Abelhas Euglossini (Apidae)
de áreas de Mata Atlântica: abundância, riqueza e aspectos
biológicos. Revista Brasileira de Zoologia, 16: 101-118.
Ramírez, S., Dressler, R.L. & Ospina, M. (2002). Abejas
euglosinas Hymenoptera: Apidae) de la región Neotropical:
Listado de espe-cies con notas sobre su biología. Biota
Colombiana, 3: 7-118.
Rocha-Filho, L. C. D., Garofalo, C. A., & Jetton, R. (2013).
Community ecology of euglossine bees in the coastal Atlantic
Forest of São Paulo State, Brazil. Journal of Insect Science,
13. doi: 10.1673/031.013.2301
Roubik, D.W. & Hanson, P.E. (2004). Orchids bees of tropical
America: biology and field guide. INBio Press: Heredia,
Costa Rica

Santos, A.M.M. & Tabarelli, M. (2002). Distance from roads
and cities as a predictor of habitat loss and fragmentation in
caatinga dry forest of Brazil. Brazilian Journal of Biology,
62: 897-905
Secretaria Estadual do Meio Ambiente [SEMA]. (2014).
Vegetação do Estado da Bahia. [Online] http://www.inema.
ba.gov.br/wp-content/files/MTematicos_vegetacao.pdf/
(accessed date: 11 May, 2017)
Silveira, G.C., Freitas, R.F., Tosta, T.H.A., Rabelo, L.S.,
Gaglianone, M.C. & Augusto, S.C. (2015). The orchid bee
fauna in the Brazilian savanna: do forest formations contribute
to higher species diversity? Apidologie, 46: 197-208. doi:
10.1007/s13592-014-0314-1
Superintendência de Estudos Econômicos e Sociais da Bahia
[SEI]. (2014). Estatísticas dos Municípios Baianos: Território
de Identidade Bacia do Jacuípe. Salvador 4(2)
Tonhasca, A., Blackmer, J.L. & Albuquerque, G.S. (2002).
Abundance and diversity of euglossine bees in the fragmented
landscape of the Brazilian Atlantic Forest. Biotropica, 34:
416-422
Vilhena, P.S., Rocha, L.J. & Garófalo, C.A. (2017). Male
Orchid Bees (Hymenoptera: Apidae: Euglossini) in Canopy
and Understory of Amazon Várzea Floodplain Forest. I.
Microclimatic, Seasonal and Faunal Aspects. Sociobiology,
64: 191-201. doi: 10.13102/sociobiology.v64i2.1232
Whittaker, R.H. (1965). Dominance and diversity in land
plant communities: numerical relations of species express
the importance of competition in community function and
evolution. Science, 147(3655): 250-260
Whitten, W.M., Young, A.M. & Stern, D.L. (1993). Non
floral sources of chemicals that attract male Euglossine bees
(Apidae: Euglossina). Journal of Chemical Ecology, 19:
3017-3027.
Zanella, F.C.V. & Martins, C.F. (2005). Abelhas (Hymenoptera,
Apoidea, Apiformes) da área do Curimataú, Paraíba. In Araújo
F.S., Rodal M.J.N. & Vasconcellos M.R.V.B. (Eds.), Análise
das variações da biodiversidade do bioma Caatinga: suporte a
estratégias regionais de conservação, (pp. 379-391). Brasília:
Ministério do Meio Ambiente

