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Abstract – In this study, both the genetic diversity and population genetic structure of Eufriesea violacea from
six Atlantic Forest fragments, located in four Brazilian states, were assessed using microsatellite markers. The
results showed that genetic diversity was high in all populations and the genetic differentiation (ΦST), based on
allelic frequency differences, for all population pairwise comparisons was found to be significantly different
from zero, indicating from low to moderate genetic differentiation among populations. Considerably higher
genetic differentiation values were revealed by the Dest estimator, indicating very high levels of differentiation
for some pairs of populations. The present results on the population structure of E. violacea suggest a restriction
in gene flow among populations from different Atlantic Forest remnants. Thus, considering the intense threats
over the current Atlantic Forest remnants, more attention should be paid to populations of this euglossine
species.

genetic variation / euglossine bees / forest fragments / microsatellites

1. INTRODUCTION

In the last decade, strong evidence for a decline
in bee populations worldwide has generated
several ecological and economical concerns
(Biesmeijer et al. 2006; Gallai et al. 2009; Grixti
et al. 2009), since bees are considered the main
pollinator group in both agricultural and natural
ecosystems (Neff and Simpson 1993; Kevan and

Phillips 2001). Different factors have contributed
to this decline, including habitat destruction and
fragmentation, modern agricultural practices and
the use of pesticides and climate change (Cane
2001; Freitas et al. 2009; Murray et al. 2009;
Zayed 2009; Martins and Melo 2010).

Considered one of the hotspots of biodiversity
on the planet (Myers et al. 2000) and representing
in the past one of the largest rainforests of the
Americas, the Brazilian Atlantic Forest is currently
totally fragmented, due to intense process of the
deforestation and anthropogenic occupation which
began about 500 years ago and extends to the
present days (Morellato and Haddad 2000;
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Ribeiro et al. 2009; Fundação SOS Mata Atlântica
and INPE 2010). The majority of the remaining
Atlantic Forest exists in small fragments, in
different stages of vegetation succession, which
are isolated from each other (Ribeiro et al. 2009).
It is within this fragmented landscape that native
bees and other groups of animals still found daily
resources necessary for their survival. Despite
habitat fragmentation, considered to be one of the
main causes of pollinator decline (Kremen et al.
2002, 2007; Klein et al. 2007; Brosi et al. 2008),
very few empirical studies have addressed the
effects of forest fragmentation on bees (Brosi et al.
2008).

Among bees, euglossines (Apidae: Euglossini)
comprise a group of approximately 200 species
found exclusively in the tropical Americas
(Cameron 2004; Roubik and Hanson 2004), from
which about 50 species are known to be endemic
to the Atlantic Forest (Peruquetti et al. 1999;
Nemésio 2009). Widely recognised as important
pollinators in Neotropics, euglossine bees are
important pollinating agents of different species
belonging to over 30 tropical plant families,
while about 700 orchid species are pollinated
exclusively by euglossine males (Dressler 1982;
Ackerman 1983; Roubik and Hanson 2004).
Despite their importance in the maintenance of
gene flow across Neotropical forests, a number
of studies have suggested that euglossine bees
are sensitive to forest fragmentation and a
reduction in the size of forest fragments (Powell
and Powell 1987; Sofia and Suzuki 2004; Brosi
et al. 2008; Brosi 2009). On the other hand,
genetic studies involving different orchid bee
species have shown that even in fragmented
landscape scenarios, some species have main-
tained high levels of population genetic diversity
(Sofia et al. 2005; Suzuki et al. 2010; Cerântola
et al. 2011; Zimmermann et al. 2011).

Among the Euglossini, Euglossa chalybeata
Friese, Euglossa analis Westwood, Eufriesea
violacea (Blanchard) and other species have been
identified as sensitive to forest fragmentation
(Powell and Powell 1987; Tonhasca et. al. 2002;
Giangarelli et al. 2009). E. violacea is a seasonal
species, exhibiting a univoltine annual life cycle
(Peruquetti and Campos 1997), distributed across

Brazilian, Paraguayan and Argentinean territories
(Kimsey 1982). In Brazil, this species is found
almost exclusively in the Atlantic Forest (Nemésio
and Silveira 2007), occurring in seven states
throughout southern and southeastern regions
(Nemésio 2009).

A study on the genetic diversity and population
structure of E. violacea from three forest frag-
ments distributed in a restricted and regional
scale, based on random amplified polymorphic
DNA (RAPD) markers, revealed the occurrence
of high levels of genetic variation and a single
panmitic population in the studied region (Sofia
et al. 2005). These authors attributed their results
to possible gene flow between bees from the
three fragments or to the recent history of forest
fragmentation in the region. However, consider-
ing that genetic studies provide insights into
population structure and genetic variation that
are crucial for conservation management (Davis
et al. 2010), and since populations of E. violacea
populations could be suffering declines in their
populations (Giangarelli et al. 2009), more studies
concerning the genetic populations of this species
are still necessary. Moreover, many characteristics
of these bees, including their characteristic
endemism and distribution intimately associated
with the Atlantic Forest (Nemésio and Silveira
2007) and recent origin (Ramírez et al. 2010),
among others, make them objects of particular
interest for conservation approaches.

Thus, in the current study, we assessed the
genetic diversity and population genetic structure
of E. violacea surveyed across a large range of
the distribution of this species in Atlantic Forest
remnants in southern and southeastern Brazil.

2. MATERIAL AND METHODS

2.1. Study sites

This study was conducted in six remnants of the
Atlantic Forest. Three are located in the state of Paraná:
(1) “Fazenda Santa Maria” (PR1), (2) “Parque Estadual
Mata dos Godoy” (PR2) and (3) “Fazenda Monte
Alegre” (PR3). In three other states, only one location
was sampled: (4) “Nazaré Paulista” (SP1), a fragment

Genetic structure and diversity of Eufriesea violacea 393



present in the state of São Paulo, (5) “Centro de
Pesquisas e Conservação da Natureza Pro-Mata
(CPCN-Pró Mata)” (RS1), in the state of Rio Grande
do Sul and (6) “Estação Experimental da Empresa de
Pesquisa Agropecuária e Extensão Rural de Santa
Catarina S/A (EPAGRI)”, in the state of Santa
Catarina (SC1) (Figure 1; Table I). The distance
between these fragments ranges from 130 to 850 km.

2.2. Bee sampling

The sampling method was based on the methods of
Sofia and Suzuki (2004). Bees were sampled simulta-
neous by two collectors positioned at two different
sites in each forest fragment. Males of E. violacea
were collected with an insect net when they were
attracted to scent baits of eugenol, eucalyptol and
vanillin, from 10:00 am to 1:00 pm, during November
and December of 2008 and 2009. Samplings were
carried out preferentially in sunny days. The captured
bees were placed in plastic tubes, transported alive to
the laboratory and stored at −20°C until DNA analysis.
Except for the fragment PR1, where only 53 males
were surveyed, 60 males were captured and analysed
per fragment (PR2, PR3, SP1, RS1 and SC1). In these
five forest fragments, a similar effort of sampling was
employed, which ranged in number from one (SP1,
RS1 and SC1) to two (PR2 and PR3) per fragment
studied. Only fragment PR1 demanded a higher effort
of sampling (five surveys).

2.3. DNA extraction and microsatellite
amplification and analysis

Prior to DNA isolation, the bees were rinsed
individually with 70% alcohol on a sterile plate to
remove exogenous material. Next, DNA was extracted
from the insect thorax. Samples were then incubated
with proteinase K (100 μg/μL) and extraction buffer
(1% SDS, 200 mM Tris–HCl, 250 mM NaCl, 25 mM
EDTA, pH 8.0) for 2 h at 64°C. The DNA concentration
was determined using a DyNA Quant 200 fluorometer
(Hoefer) using Hoechst 33258 dye and was diluted so
that all DNA samples were at a standard concentration
(0.5 ng/μL). Isolates were then used immediately or
stored at −20°C.

Six microsatellite loci (Eln 12b, Eln 7J, Eln 12J,
Eln 2J, Egc 17 and Egc 18) were amplified according
to the protocol of Souza et al. (2007), with some
modifications. Each PCR reaction was carried out in
a 15-μL solution containing 2 μL of DNA template,
0.25 mM of each dNTP (GE Healthcare), 1 mM of
each primer, 2.0 mM of MgCl2 (BioTools), 1× buffer
(BioTools), 1 U Taq polymerase (BioTools) and
sterile water. The PCR products were amplified in a
thermocycler (MJ Research PTC 100), and the
amplification protocol consisted of 4 min at 94°C,
followed by 29 cycles of 30 s at 94°C, 30 s at 51°C
(Eln 12J), 54°C (Eln 2J; Eln 12b; Eln 7J), 56°C (Egc
17) or 57°C (Egc 18), and 1 min at 72°C. An aliquot
(10 μL) of the PCR product was electrophoresed in

Figure 1. Map of Brazil showing the six localities in four states where males of E. violacea were surveyed. The
sampling sites codes (SP1, PR1, PR2, PR3, SC1 and RS1) were described in Table I.
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nondenaturing 8% polyacrylamide gels in 1.0× TBE
buffer, stained with silver nitrate, photographed and
analysed. Allele lengths were estimated by compar-
ison with 10 bp DNA ladder, using Fragment Length
Calculator software (Ray 2000).

2.4. Data Analyses

To test for linkage disequilibrium among pairs of
loci, GENEPOP web 3.4 (Raymond and Rousset 1995;
Rousset 2008) was employed, using 10,000 permuta-
tions to assess significance; sequentially, p values were
adjusted by the Bonferroni correction (Rice 1989).

Assuming Hardy–Weinberg equilibrium, unbiased
expected heterozygosity (He) in each population and
for all populations (total expected heterozygosity, He-T)
were estimated using TFPGA software (Miller 1997).
Both estimates were also analysed by FSTAT software
(Goudet 1995) using diploidised male microsatellite
data. In addition, FSTAT was used to calculate allelic
richness (Ar). One locus was considered polymorphic
when the frequency of the most common allele was
smaller than 95% (Cerântola et al. 2011).

To evaluate the apportioning of genetic variation
within and among sampling localities, an analysis of
molecular variance (AMOVA) was performed using
the software Arlequin version 3.5 (Excoffier and
Lischer 2010). Variance components were tested
statistically by nonparametric permutation proce-
dures, using 1,000 permutations, and were considered
significant at p values <0.05.

In view of the concern over the efficiency of FST and
its relatives (GST, ΦST and others) to detect levels of
genetic differentiation between subpopulations at
highly polymorphic loci (Hedrick 2005; Jost 2008),
including microsatellite loci, genetic differentiation
was also calculated by the Dest estimator (Jost 2008)
using the SPADE software (Chao and Shen 2003). Dest

is a measure based on the proportion of alleles that are
unique to a subpopulation, and it is independent of the
average within-subpopulation heterozygosity (Jost
2008).

All analyses were carried out excluding diploid
males when these were detected among males
surveyed at different sampling sites, since the
majority software used in the analyses do not allow
data sets including a combination of haploid and
diploid genotypes. Thus, since our data set includes
only haploid individuals (males), and as a conse-
quence, it is not possible here to assess the Hardy–
Weinberg equilibrium condition for the populations
surveyed, it was assumed that all populations were
under Hardy–Weinberg equilibrium with equal allele
frequencies between the sexes (Lopez-Uribe et al.
2007).

To test for isolation by distance (IBD), pairwise
estimates of genetic distances (ΦST/(1−ΦST), analo-
gous to FST/(1−FST); Rousset 1997) were regressed
on geographical distances (kilometres) between dif-
ferent sites, using a Mantel test, performed by
TFPGA software (Miller 1997). In addition, pairwise
values of Dest/(1−Dest) were similarly plotted against

Table I. Site code, location (including, respectively, the municipality, geographic position in the Brazilian state,
and Brazilian region, this last indicated in parenthesis), geographic coordinates, fragment size and type of
vegetation of the six localities where males of E. violacea were surveyed.

Site
code

Location Coordinates Size (ha) Vegetation type

PR1 Santa Terezinha de Itaipu, western Paraná
state (Southern)

25°25′S; 54°25′W 280 Semidecidual forest

PR2 Londrina, northern Paraná state (Southern) 23°27′S; 51°14′W 580 Semidecidual forest

PR3 Telêmaco Borba, center-eastern Paraná state
(Southern)

24°05′S; 50°42′W 217 Semidecidual forest

SP1 Nazaré Paulista, southeastern São Paulo state
(Southern)

23°14′S; 46°20′W 2,809 Tropical rain forest

RS1 São Francisco de Paula, southeastern Rio Grande
do Sul state (Southern)

29°28′S; 50°9′W 1,778 Araucaria forest

SC1 Urussanga, Santa Catarina state (Southern) 28°32′S; 49°18′W 630 Tropical rain forest
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geographical distances aiming to verify possible
correlations between both measures.

Kruskal–Wallis test was employed to test differ-
ences among mean expected intraloci heterozygosity
from each population. All statistical tests were
performed using a significance level of 5%.

3. RESULTS

3.1. Genetic diversity

In total, 353 males of E. violacea from six
populations were genotyped at six microsatellite
loci and all these loci were polymorphic in the
six populations surveyed. Of these 353 males,
eight were found to be diploid for different
microsatellite loci (data not shown) and were
not included in the analysis.

The analyses showed that all pairs of micro-
satellite loci were in linkage equilibrium (P>0.05),
after adjusting to the nominal 5% level with the
Bonferroni correction for four pairs. The number
of alleles per locus ranged from 3 (locus Eln 2J) to
11 (locus Egc 18), averaging 7.6 alleles found per
locus. We found no tendency for any locality to be
generally more or less diverse than another. The
average number of alleles per population varied
from 6 (PR1 e PR2) to 6.8 (RS1), revealing a low
range of variation among populations. Consider-
ing the mean expected heterozygosity (He), this

measure of genetic diversity ranged from 0.70
(population PR2) to 0.77 (RS1), not differing sub-
stantially among populations (Table II); the mean
global expected heterozygosity (He�T) was found
to be 0.74. The locus Eln 2J was the least variable,
showingmeasures ofHe ranging from 0.53 to 0.63,
while the locus Egc 18 was the most variable
(He�T ¼ 0:84), exhibiting a low variation of He

among populations (ranging from 0.82 to 0.86).
Mean expected intraloci heterozygosity did not
differ significantly among populations. Allelic
richness (Ar) ranged between 3.00 and 10.27.

3.2. Genetic structure

In total, only two private alleles were detected,
one each in the following populations: PR2 (locus
Eln 12b), and PR3 (Egc 18). Also, some alleles
were surveyed in two or three populations, such as
allele 8 (locus Egc 17) found only in populations
RS1 and SC1 (Figure 2).

The AMOVA, employed to assess the partition
of genetic variation, indicated that 95.61% of the
total variation was contained within populations
(sum of squares (SS)=747.2, df=347, variance
component=0.099), while 4.39% represents the
differences among populations (samples) (SS=
39.85, df=5, variance component=2.15); how-
ever, global ΦST (0.0439) was found to be
significantly different from zero (P<0.01).

Table II. The global expected heterozygosity (He�T) and standard deviation (±SD), intra-locus expected
heterozygosity and mean expected heterozygosity (He) and associated standard deviation (±SD) in populations of E.
violacea from six Brazilian localities (SP1, PR1, PR2, PR3, RS1 and SC1).

Locus Populations He�T ±SD

PR1 PR2 PR3 SP1 RS1 SC1

Eln 2J 0.59 0.53 0.62 0.63 0.60 0.54 0.59 0.04

Eln 7J 0.78 0.80 0.81 0.82 0.79 0.83 0.80 0.02

Eln 12b 0.67 0.58 0.57 0.53 0.70 0.70 0.63 0.07

Eln 12J 0.81 0.78 0.84 0.80 0.81 0.83 0.81 0.02

Egc 17 0.75 0.69 0.66 0.70 0.84 0.82 0.74 0.07

Egc 18 0.82 0.84 0.86 0.83 0.85 0.85 0.84 0.01
He 0.74 0.70 0.73 0.72 0.77 0.76 0.74 0.02

±SD 0.08 0.11 0.11 0.11 0.09 0.11 0.10 –
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The genetic differentiation (allelic frequency
differences) for each pairwise population compar-

ison was found to be significantly different from
zero (P<0.01) for all pairs analysed, ranging from
0.02 to 0.11 (Table III). The highest measures of
ΦST were detected for the following three pairwise
comparisons: PR1-SP1 (ΦST=0.06), PR2-PR3
(ΦST=0.08) and PR3-SP1 (ΦST=0.11) (Table III).
However, as shown in Table III, considerably
higher genetic differentiation values were revealed
by Jost’s (2008) estimator. Dest values ranged
from 0.05 to 0.32, and also in this case, the
highest estimates of genetic differentiation were
found between pairwise comparisons PR1-SP1
(Dest=0.17), PR2-PR3 (Dest=0.23) and PR3-SP1
(Dest=0.32) (Table III). Despite the highest genetic
differentiation measures detected by the Dest

estimator, a highly significant positive correlation
(P<0.001) between both ΦST and Dest was
detected, indicating that measures provide similar
relative estimates of population differentiation.
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Figure 2. Microsatellite allele frequencies in populations of E. violacea from six Brazilian localities. For localities,
see Table I. Number of individuals analysed was 53 for population PR1 and 60 for all other populations.

Table III. Pairwise ΦST values and pairwise Dest

differentiation estimates.

PR1 PR2 PR3 SP1 RS1 SC1

PR1 – 0.10 0.10 0.17 0.10 0.07

PR2 0.04 – 0.23 0.09 0.06 0.11

PR3 0.04 0.08 – 0.32 0.14 0.05

SP1 0.06 0.04 0.11 – 0.09 0.14

RS1 0.03 0.02 0.05 0.03 – 0.05

SC1 0.03 0.04 0.02 0.05 0.02 –

Pairwise ΦST values are shown below diagonal and pairwise
Dest differentiation estimates above the diagonal. All ΦST

and Dest pairwise estimates were significant (P<0.05). For
details about the localities, see Table I

Genetic structure and diversity of Eufriesea violacea 397



No significant correlation was found between
geographical distance and genetic distance [ΦST/
(1−ΦST) or Dest/(1−Dest)] (Figure 3).

4. DISCUSSION

Our findings on the population genetic structure
of E. violacea across the Atlantic Forest frag-
ments revealed a significant genetic differentia-
tion between all pairs of populations analysed. In
fact, if we consider the large geographical
distances between most of populations here
analysed, this result was somewhat expected.
Similarly, Zimmermann et al. (2011) analysing
seven populations of Euglossa dilemma also
distributed over a large spatial scale throughout
southern Mexico, based on three microsatellite
loci, found significant values of FST for some
pairs of populations. However, differently of our
results, these authors have detected a significant
correlation between genetic differentiation and
geographical distances of E. dilemma populations
from different localities, indicating that their
findings are in agreement with IBD model
(Rousset 1997). In our study, there are some
possible explanations for the lack of association
between measures of genetic differentiation and
geographical distances found for populations of
E. violacea. First, small sample size, as suggested
by Ellis et al. (2006). Although Zimmermann et
al. (2011) have detected a significant trend of
IBD in just seven populations of E. dilemma, the
recommended minimum number of samples to
detect a signal of IBD is 15 populations (Peterson
and Denno 1998). These authors emphasize that

with fewer than 15 populations, erroneous con-
clusions about IBD could be taken. Second, lack
of migration-drift equilibrium (Hutchison and
Templeton 1999), and third, recent loss of habitat
and isolation. A study on the population genetic
structure ofBombus sylvarum also detected similar
lack of IBD, attributing as possible causes to this
finding recent fragmentation and drift in isolated
populations (Ellis et al. 2006). Also, the lack of
IBD could simply indicate long separated pop-
ulations, which show no gene flow between them.
Even though in this case individual populations
could be in mutation-drift equilibrium, genetic
drift may influence the degree of relatedness
between these populations (Ellis et al. 2006).

Studies on population genetic structure of
euglossine bees carried out in a regional scale
have reported absence of population structuring
(Sofia et al. 2005; Waldschmidt et al. 2005;
Rocha Filho 2011) or low levels of genetic
differentiation between populations (Cerântola et
al. 2011). These findings have been attributed to
the high capability of euglossine to disperse,
especially males (Sofia et al. 2005; Waldschmidt
et al. 2005; Cerântola et al. 2011; Rocha Filho
2011). Concerning our results on genetic differ-
entiation levels, revealed by both estimators (ΦST

and Dest), while the measures of ΦST were
indicative that samples of E. violacea constitute
subpopulations exhibiting from low to moderate
genetic differentiation among them (see Hartl
and Clark 1997), Jost’s estimator (Dest) indicated
from low to very high genetic differentiation
between pairs of subpopulations. In general, Dest

showed higher genetic differentiation between
pairs of subpopulations than that indicated by

Figure 3. Relationship between
the logarithm of geographical
distance and genetic distance
[measured as ΦST/(1−ΦST)]
across the six Atlantic Forest
populations of E. violacea in
pairwise comparisons. Mini-
mum distance was 130 km
(SC1-RS1) and maximum dis-
tance was 850 km (SP1-RS1).
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ΦST, and that for the PR3-SP1 and PR3-PR2
pairwise comparisons, this differentiation was
very high. Similar findings were reported by
Davis et al. (2010), when these authors applied
both estimators to a population structure analysis
of the solitary mining bee Colletes floralis
(Eversmann). Also, Souza et al. (2010) computed
estimates of genetic differentiation to infer
population connectivity between populations of
E. violacea from two sites located in southeast-
ern Brazil and separated by about 500 km; this
study found that the measure of FST was lower
than that detected by G′ST, although in this case
no significant statistical difference was detected.
G′ST is an estimator proposed by Hedrick (2005)
that takes into account the locus-specific levels
of genetic variation within each population and
rescales differentiation to between 0 and 1. Both
Hedrick (2005) and Jost (2008) maintain that
FST, GST and its relatives, such as ΦST, usually
underestimate genetic differentiation since these
measures were developed for low-diversity sys-
tems or less polymorphic loci, while for highly
polymorphic loci, these approaches apparently
provide no information concerning the real
degree of genetic differentiation between sub-
populations (for details, see Jost 2008).

In our study, both analyses (ΦST and Dest)
revealed that the pairwise comparisons PR3-
SP1 and PR3-PR2 showed the highest measures
of genetic differentiation in comparison to the
other pairs of populations analysed. In addition,
despite the absence of important differences in
genetic variation or in the allele composition in
samples from different sites, notable variations
in allele frequencies among populations, espe-
cially for the most variable loci, indicate
divergences between some pairs of populations.
Thus, the high measures of Dest found seem
more consistent than the ΦST estimates, rein-
forcing Jost’s (2008) conviction; this could be
attributed to the possible effects of genetic drift.
Taking into account that E. violacea is a
univoltine species (Peruquetti and Campos
1997), which demands large fragments to main-
tain its large populations and is usually absent or
found in small numbers in small forest fragments
(Giangarelli et al. 2009), it would be expected

that the effects of genetic drift would take more
time to become conspicuous. Population genetic
models show that substantial differences in allele
frequency will not occur over a short period of
time except through selection or low effective
population size, either continuously or as a result
of transient bottlenecks leading to differentiation
due to drift (Ferguson et al. 1995).

The simplest measure of genetic diversity at a
locus is the number of alleles or allelic richness
(Kalinowski 2004). However, this author points
out that this measure is highly dependent on
sample size, since larger samples should contain
more alleles compared to smaller ones. In our
study, the similar numbers of alleles found for
different loci and the different populations
analysed suggest that no important bias could
be expected for this parameter of genetic
diversity, since similar sample sizes were
surveyed. Concerning the number of alleles
detected at different microsatellite loci, a strong
similarity was found between the present results
and those reported by Souza et al. (2010), who
genotyped 53 males of E. violacea with the help
of an autosequencer. Similarities were also
found in the base pair length of the alleles
detected in both studies, indicating that no bias
in the data resulted from differences in the
methodologies used in these studies.

In recent years, studies have assessed the
genetic diversity of some Euglossini bee pop-
ulations using RAPD, microsatellites and allo-
zyme markers (Sofia et al. 2005; Cerântola et al.
2011; Rocha Filho 2011; Zimmermann et al.
2011). In general, these authors have reported
high values of heterozygosity (observed and/or
expected) for the populations surveyed. Com-
paring our findings with these studies, the levels
of expected heterozygosity found for E. viola-
cea could be considered high. However, on the
other hand, it is difficult to evaluate here if the
estimates of expected heterozygosity are really
higher or lower than could be expected since we
do not have any non-fragmented population to
compare with the fragmented populations of E.
violacea surveyed.

Overall, based on the levels of genetic
diversity showed by all populations of E.
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violacea studied here, we can consider that
these populations are not under risk of suffering
immediate genetic diversity decline. On the
other hand, the present results on the population
structure of E. violacea suggest a restriction in
gene flow among populations from different
Atlantic Forest remnants, the persistence of which
in the long term could promote significant
changes in genetic structure and diversity across
populations of this species. Thus, considering the
intense threats over the current Atlantic Forest
remnants, more attention should be paid to
populations of this euglossine species.
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