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Abstract. Orchid bees (Hymenoptera: Apidae: Euglossina) are important pollinators commonly found in Neotropical forests,
although some species are frequently found in urban areas. The main goals of the present study were to assess the species
composition, diversity and abundance of euglossine males in an urban area in the municipality of Uberlandia (MG), Central Brazil,

inserted in the ‘Cerrado’, a xeric biome also known for its low richness and abundance of orchid bees. Field studies were carried out

in a small forest remnant inside ‘Parque do Sabi

&', a public recreation park holding a small (20 ha) ‘Cerrado’ remnant, once monthly

during a whole year by using ten different aromatic compounds known to be attractive to male orchid bees. A total of 292
specimens belonging to nine euglossine species were actively collected with entomological hand nets. A strong dominance of
Euglossa carolina Nemésio, 2009 and Eulaema nigrita Lepeletier, 1841 was observed, representing 88% of all collected specimens.
Cineole was the most attractive bait. Bees showed a strong seasonality. The orchid-bee fauna of this area revealed to be at least as
rich as those observed in nearby well-protected Cerrado remnants, in spite of being found in an area under strong anthropogenic

pressures, suggesting a high resilience of some species.
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Introduction

Brazilian savannas, locally called ‘Cerrado’, are among the
largest biomes in South America, second only to Amazonia
in total land area, covering approximately 2 million km? in
Brazil (Bruna et al. 2010). Currently, almost 50% of the origi-
nal ‘Cerrado’ area was converted to agriculture, the remain-
der being highly scattered in many fragments ranging from
very small (the majority) to a few very large areas, which ex-
ceed 200,000 ha (Mistry 1998, Arroyo et al. 1999, Klink &
Moreira 2002, Klink & Machado 2005, Bruna et al. 2010).
Though the smaller preserves, especially those closer to hu-
man activities, are often subject to stronger anthropogenic
pressures, they can also play an important role in the con-
servation of biodiversity in fragmented landscapes if they
support viable populations of smaller species, as happens to
be the case with most, if not all, insects (Turner & Corlett
1996, Bruna et al. 2010, Faria & Silveira 2011, Pires et al.
2013).

Orchid bees (Hymenoptera: Apidae: Euglossina) are ex-
clusively Neotropical bees conspicuous due to their vivid
metallic colours and the remarkable behaviour of the males,
which actively collect floral fragrances in hundreds of plant
species, notably orchids (Vogel 1966, Dressler 1982, Roubik
& Hanson 2004, Perger 2015). Contrary to the normal trend
in bees, which present their highest diversity in warm, tem-
perate, and xeric environments (Michener 1979), orchid bee
communities are particularly more diverse and richer in for-
ested areas (e.g. Ackerman 1983, Morato et al. 1992, Tonhas-
ca Jr. et al. 2002, Nemésio & Silveira 2007b, Nemésio &
Vasconcelos 2013, Silva et al. 2014, 2015, Faleiro et al. 2018).
Nevertheless, a few species do successfully exploit xeric en-
vironments, although abundance and diversity in these xeric
areas have usually been reported as low or very low (e.g.
Alvarenga et al. 2007, Ayala & Engel, 2008, Faria & Silveira
2011, Andrade-Silva et al. 2012, Justino & Augusto 2012,
Pires et al. 2013, Viotti et al. 2013, Nemésio 2016).

The westernmost portion of the state of Minas Gerais,

known as ‘Triangulo Mineiro’, lies well inside the savanna-
like ‘Cerrado” domain, in Central Brazil, where several stud-
ies have been carried out and at least fifteen orchid-bee spe-
cies have been recorded (Carvalho & Bego 1996, Alvarenga
et al. 2007, Nemésio et al. 2007, Justino 2008, Freitas 2009,
Mesquita 2009, Silveira 2010, Nemésio 2016). Nevertheless,
all these previous studies have been carried out in well-
preserved ‘Cerrado’ remnants, usually protected areas with
low anthropic disturbance.

It is long known that, although being capable of flying
long distances searching for resources, some orchid-bee spe-
cies are incapable of crossing long distances of non-forested
areas (Janzen 1971, Raw 1989, Morato et al. 1992, Tonhasca
Jr. et al. 2002, Milet-Pinheiro & Schlindwein 2005), suggest-
ing these bees are highly dependent on forested areas. As a
consequence, not only xeric environments, but also dis-
turbed areas, even in the Amazon or Atlantic Forest do-
mains, were shown to present poorer orchid-bee faunas
when compared to well-preserved, pristine forests (Tonhas-
ca Jr. et al. 2002, Nemésio 2013b). Urban areas have been
sampled for almost two decades in Brazil and the available
data supports the notion that orchid-bee faunas in these are-
as are poorer than that observed in well-preserved forest
remnants nearby, outside urban influence (e.g. Bezerra &
Martins 2001, Nemésio & Silveira 2007a, 2010, Storck-Tonon
et al. 2009, Nemésio et al. 2015). All these studies, however,
were carried out in urban areas situated within the Atlantic
Forest domain or, in one situation, within the Amazon Basin
(Storck-Tonon et al. 2009).

If orchid-bee richness tends to decrease in xeric envi-
ronments, with their typical more open vegetation cover,
and also tends to decrease in disturbed areas, as happens to
be the case in urban areas, the orchid-bee faunas of urban ar-
eas within the ‘Cerrado’ domain, a xeric environment,
should be hypothesized as potentially very poor, since it
would combine the two proxies known to reduce orchid-bee
richness. In fact, data obtained from the only previous study
that attempted to test this hypothesis, the preliminary one
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carried out by Grandolfo et al. (2013) in the city of Goiania,
state of Goias, Central Brazil, supports this idea. Only five
species were recorded in this latter study, one of them, Eu-
laema nigrita Lepeletier, 1841, responding for over 95% of the
collected specimens, thus supporting the hypothesis of a
drastic impoverishment of the orchid-bee fauna in urban ar-
eas in xeric environments. Nonetheless, the study by Gran-
dolfo et al. (2013) was carried out only for five months and
only during the dry season, when the orchid-bee faunas are
usually poorer and less abundant than during the rainy sea-
son (Dressler 1982).

Since orchid bees are important pollinators for hundreds
of plant species belonging to more than 200 plant genera
(Dressler 1982), and since urban remnants have been
demonstrated to be able to hold orchid-bee populations of
some of the more resilient species, even in the long term
(Nemésio et al. 2015), a thorough investigation of the poten-
tial of urban areas in xeric environments to hold orchid-bee
faunas remains to be carried out.

The main goal of this study is, thus, to assess the orchid-
bee fauna of a ‘Cerrado’ remnant immersed in a densely
populated urbanized area, the municipality of Uberlandia, in
the state of Minas Gerais, one of largest Brazilian cities situ-
ated in the ‘Cerrado” domain.

Material and Methods

Study Area
Data were collected in an urban park totally inserted in the populat-

ed area of the municipality of Uberlandia (18°55'07”S; 48°16'38”W),
state of Minas Gerais. Despite politically being treated as part of the
Southeast Region of Brazil, the large state of Minas Gerais ranges
from less than 100 km from the Atlantic coast, well inside the Atlan-
tic Forest domain, in the east, to Central Brazil in the west, where the
xeric savanna-like ‘Cerrado’ formation is the original biome. Uber-
landia lies exactly in the westernmost part of the state of Minas Ge-
rais, in the region so-called ‘Tridangulo Mineiro’, being one of the
largest cities in the ‘Cerrado’ domain, with a population exceeding
600,000 inhabitants. It lies at 860 m a.s.l. and presents two remarka-
ble and well-defined seasons: (i) a rainy summer, from October to
March, and (ii) a dry winter, from April to September. The average
temperature fluctuates from 21 °C to 26 °C in summer and from 17 °C
to 22 °C during winter.

The selected sampling area is the largest public park in the mu-
nicipality of Uberlandia, locally known as ‘Parque do Sabia’ (Figure
1). It has a total area of 185 ha, 20 ha of which being a remnant forest.
This 20-ha forest remnant is situated in the area belonging to the
Municipal Zoological Garden, which is located inside the ‘Parque do
Sabia’ (under a distinct administration body, however). According to
Rosa & Schiavini (2006), the park holds 80 plant species belonging to
37 arboreal families. It is a recreation area and is visited by around
10,000 people daily. Access to both the park and the zoo is free of
charge, and visitors can access both areas freely, since they are inter-
connected in more than one point. Following the categorization of
urban areas proposed by Hernandez et al. (2009), ‘Parque do Sabia’
clearly fulfils the requirements to be categorized as “Parks” (catego-
ry 4), defined as “generally designated for public recreation and of-
ten have high levels of unsupervised human usage and significant
areas of lawn”.

Sampling
Samplings were carried out on a monthly basis, between September

2015 and August 2016, in a single spot in the area (18°54'37”S;
48°13’45"W, 872 m a.s.l.), from 07:00h to 15:00h, when most orchid
bee foraging occurs in this region (Nemésio 2016). There were no
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landia, in Minas Gerais, Brazil. B: ‘Parque do Sabia” in Uberlandia
urban area. C: The area limited by the line corresponds to the Mu-
nicipal Zoological Garden. The white star indicates the sampling
site.

samplings in January and July 2016, due to climatic and logistic im-
pediments. Samplings usually took place on Mondays, when the Zoo
is closed to visitors, thus avoiding disturbance from the general pub-
lic during research activities.

Ten aromatic scent baits, made of cotton swabs soaked with one
of the substances below, were placed ca. one meter apart from each
other at about 1.5 m above the ground. The substances used to lure
orchid-bee males were: cineole, eugenol, trans-methyl cinnamate,
methyl salicylate, p-benzyl acetate, p-ionone, skatole, vanillin, -
carvone, and p-tolyl acetate. All bees attracted to these lures were ac-
tively captured with entomological hand nets, killed with ethyl ace-
tate and pinned for later identification. The scent to which each bee
was attracted and the date and daily time (in categories of one-hour
interval) it was collected were recorded. All collected specimens
were identified at species level by the senior author and are deposit-
ed at the entomological collections of the ‘Laboratério de Taxonomia
de Abelhas’ of the ‘Universidade Federal de Uberlandia’.

Data analysis
Data obtained in the present study was compared to previous stud-

ies carried out in the “Tridngulo Mineiro’ (westernmost part of the
state of Minas Gerais) region (Alvarenga et al. 2007, Freitas 2009, Sil-
veira 2010, Justino & Augusto 2012, Nemésio 2016). Fourteen sam-
plings were previously carried out in the “Tridngulo Mineiro’ region,
five of them in ‘Estacao Ecolégica do Panga’ (Alvarenga 2007, Freitas
2009, Justino & Augusto 2012, Nemésio 2016), the largest and best
preserved ‘Cerrado’ remnant in the vicinity of Uberlandia, with dif-
ferent ‘Cerrado’ formations, including gallery forests; four samplings
in ‘Clube Caca e Pesca Itororé de Uberlandia’ (Alvarenga 2007,
Freitas 2009, Justino & Augusto 2012), a well-preserved area typical
of “Cerrado’ formation; two samplings in ‘Fazenda Experimental do
Gléria” (Silveira 2010); and two samplings in ‘Fazenda Sao José” (Sil-
veira 2010); these two latter areas with stronger anthropic impacts
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Table 1. Compared species richness and abundance of the orchid-bee faunas sampled in the present study and previous studies carried out
in the “Tridngulo Mineiro” region. SE = Sampling effort (total number of hours), N = number of collected specimens, R = Richness, N/SE
= Corrected abundance (Number of specimens / sampling effort), H = Shannon-Wiener diversity index. Sampled areas: Panga = “Es-
tacao Ecolégica do Panga’; Caca e Pesca = ‘Clube Caca e Pesca Itorord’; Sdo José = ‘Fazenda Sao José’; Gléria = ‘Fazenda Experimental do

Gléria’; A, B, C after any of the previous sampling areas refers to specific sites in the area, according to the original study.

Study Sampling Area Total area (ha) Number of scents SE N R N/SE H

Alvarenga, 2007 Panga 410 4 12 29 5 242 1,194
Alvarenga, 2007 Caca e Pesca A 127 3 30 113 6 3.77 1,074
Alvarenga, 2007 Caca e Pesca B 127 3 30 71 4 237 0,855
Freitas, 2009 Panga 410 7 39 187 6 4.79 1,096
Freitas, 2009 Panga C 410 7 39 90 6 2.31 0,439
Freitas, 2009 Caca e Pesca 127 7 39 342 4 8.77 0,814
Silveira, 2010 Gloria A 30 7 48 64 6 1.33 1,181
Silveira, 2010 Gloria B 30 7 48 24 5 0.5 1,205
Silveira, 2010 Sao José A 30 7 48 99 10 2.06 1,814
Silveira, 2010 S&o José B 30 7 48 62 5 1.29 0,779
Justino & Augusto, 2012 Panga 410 4 18 36 4 2 0,768
Justino & Augusto, 2012 Caca e Pesca 127 4 18 97 3 5.39 0,614
Nemésio, 2016 Panga A 410 17 20 216 7 10.8 1,114
Nemésio, 2016 Panga B 410 17 20 215 10 10.75 1,121
This study Parque do Sabia 19 10 60 292 9 4.87 1,156

Table 2. Distance (in km) among all sites sampled in the “Tridangulo Mineiro’ region, Minas Gerais, Brazil. Studies are the same listed in Table
1. Studies: 1. Alvarenga, 2007; 2. Freitas, 2009; 3. Silveira, 2010; 4. Justino & Augusto, 2010; 5. Nemésio, 2016; 6. This study.

Study 1 1 2 2 3 3 4 4 5 6
Area Panga CacaePesca Panga CacaePesca Gloria SaoJosé Panga CagaePesca Panga Parque do Sabia

1 Panga 0 23.91 0 23.91 3236  80.77 0 23.91 0 33.31
1 Caca e Pesca 23.91 0 23.91 0 11.06 57.05 23.91 0 23.91 11.68
2 Panga 0 23.91 0 23.91 3236  80.77 0 23.91 0 33.31
2 Caca e Pesca 2391 0 2391 0 11.06  57.05 2391 0 23.91 11.68
3 Gloria 32.36 11.06 32.36 11.06 0 51 32.36 11.06 32.36 5.27
3 Sao José 80.77 57.05 80.77 57.05 51 0 80.77 57.05 80.77 46.72
4 Panga 0 23.91 0 23.91 3236  80.77 0 23.91 0 33.31
4 Caca e Pesca 23.91 0 23.91 0 11.06 57.05 23.91 0 23.91 11.68
5 Panga 0 23.91 0 23.91 3236  80.77 0 23.91 0 33.31
6 Parque do Sabia  33.31 11.68 33.31 11.68 5.27 4672 3331 11.68 33.31 0

and smaller preserved areas than the first two areas.

It is important to note that all these previous studies were car-
ried out in well- preserved ‘Cerrado’ remnants, none of them located
in or close to urban areas. Although some of these previous studies
were carried out by different authors in the same areas and even in
the same specific sites, methodologies (number of scent baits, use of
insect nets or baited traps, seasonal and daily duration of samplings)
usually differed. A detailed comparison of methodologies and re-
sults from these previous studies are summarized in Table 1. Dis-
tances among all areas are given in Table 2.

Diversity, both for the data from the present study and for the
data gathered from previous studies in the region, was estimated
through Shannon-Wiener diversity index (H’), as H' = - piln (pi),
where pi is the proportion of total number of species made up of the
i-th species (Pielou 1975). The similarity in faunistic composition
among all sites, including the present study, was estimated by the
percent similarity index of Renkonen, recommended by Wolda
(1981) for small samples. The use of similarity indexes that take into
account not only the presence of species but also their relative abun-
dances, is strongly recommended (Balmer 2002). Based on those sim-
ilarities, the areas were grouped using UPGMA (Sneath & Sokal
1973).

Taxonomy
Taxonomy follows Nemésio & Rasmussen (2011). Since most

genera in Euglossina have an initial “E”, the following abbreviations

are used [according to General Recommendation 11, Appendix B of
the International Code of Zoological Nomenclature (ICZN, 1999) and
current usage in orchid-bee works]: Ef. for Eufriesea; EQ. for Euglossa;
El. for Eulaema; Ex. for Exaerete.

Results

Faunistic composition

A total of 292 individuals belonging to three genera and nine
species were collected from September 2015 to August 2016
in the ‘Parque do Sabid’. One hundred and seventy-nine
specimens belong to six species of Euglossa, 112 belong to
two species of Eulaema, and only one collected specimen be-
longs to Eufriesea (Table 3).

Two species were most abundant, Euglossa carolina
Nemésio, 2009, with 149 collected individuals, and Eulaema
nigrita Lepeletier, 1841, with 108 individuals. These two spe-
cies together represented more than 88% of all collected
bees. The other seven species were represented by less than
15 individuals each, whereas two species, Eufriesea surina-
mensis Linnaeus, 1758 and Euglossa imperialis Cockerell, 1922,
were represented by singletons (Table 3).




Orchid bees of an urban ‘Cerrado” area

53

Table 3. Number of specimens belonging to each orchid-bee species sampled in ‘Parque do Sabia’, Uberlandia, Minas Gerais, Brazil,

from September 2015 to August 2016.

Sep Oct Nov Dec Feb Mar May Jun Jul Aug Total
Eufriesea surinamensis 00 00 01 00 00 00 00 00 00 00 01
Euglossa amazonica 01 00 01 00 00 00 01 00 00 00 03
Eg. carolina 75 27 34 09 01 00 02 01 00 00 149
Eg. despecta 00 00 03 00 00 00 00 00 00 00 03
Eg. melanotricha 03 06 05 00 00 00 00 00 00 00 14
Eg. pleosticta 01 00 03 05 00 00 00 00 00 00 09
Eg. imperialis 00 00 01 00 00 00 00 00 00 00 01
Eulaema marcii 00 00 03 01 00 00 00 00 00 00 04
El. nigrita 13 16 45 18 02 02 09 00 01 02 108
Total 93 49 96 33 03 02 12 01 01 02 292
Richness 05 03 09 04 02 01 03 01 01 01 09
s+ 5 7 @ £
= & A& & U % a < = < @ BT g
o o w w pry =) = = = « = = s 72 =
S5 55 55288 22 222 2222 2252 28 25 28 2%
8¢ 88 RS RJ RE S5 &L RSL RE RESL R0 [0 ££ 8%
I__I | I
9 L:‘
84
72 7]
60 7
z
E 48 7
E
v
36 |
24 7 . .

Figure 2. Grouping of the 15 sam-
plings of orchid-bee faunas in the
region of ‘Triangulo Mineiro’,

12 7 Western Minas Gerais, according
to their percent similarity (Ren-
konen index, in %). For sampled

0 T T T T T T 1 areas, see Table 1.
Similarity Seasonality

The faunistic composition, richness, diversity, and abun-
dance of the orchid-bee faunas of the present study and each
one of the previous samplings in the “Tridngulo Mineiro’ re-
gion are summarized in Table 1.

The grouping of sampling sites in the ‘Tridngulo Minei-
ro’ region according to the similarity of their orchid-bee fau-
nas revealed high values, regardless of the sampling meth-
odology used. Orchid-bee faunas of the largest and best-
preserved ‘Cerrado’” remnants (‘Estacao Ecoldgica do Panga’
and ‘Clube Caca e Pesca’) showed up more similar to each
other, while ‘Parque do Sabia’ (the present study) grouped
with the smallest and more disturbed ‘Fazenda do Gloéria’,
with more than 90% similarity (Figure 2).

The occurrence of orchid bees in ‘Parque do Sabia” showed a
marked seasonality. Both the peak of abundance and the
peak of richness were observed during the first four sam-
pling months, the end of the dry season and the beginning of
the rainy season in the region. All species and 92% of the
specimens were also sampled during the first four months of
the study (Table 3).

Bait attractivity
Only seven of the ten scent baits used were attractive to or-

chid-bee males during the present study. Eugenol, methyl
salicylate and p-benzyl acetate were not attractive. Cineole
was the most efficient lure, attracting 44% of the sampled
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Table 4. Preferences of orchid-bee males for attractive scents from September 2015, to August 2016 in ‘Parque do Sabia’, Uberlandia, Minas
Gerais, Brazil. C = Cineole, E = Skatole, V = Vanillin, T = p-Tolyl Acetate, § = p-ionone, Cm = trans-Methyl Cinnamate, R = r-Carvone,

F = Flight (flying in the sampling site).

C S \4 T B Cm R F Total
Eufriesea surinamensis Linnaeus, 1758 00 00 01 00 00 00 00 00 01
Euglossa amazonica Dressler, 1982 01 02 00 00 00 00 00 00 03
Euglossa carolina Nemésio, 2009 95 23 00 00 08 21 01 01 149
Euglossa despecta Moure, 1968 00 03 00 00 00 00 00 00 03
Euglossa melanotricha Moure, 1967 08 00 00 00 00 06 00 00 14
Euglossa pleosticta Dressler, 1982 01 01 06 00 00 01 00 00 09
Euglossa imperialis Cockerell, 1922 01 00 00 00 00 00 00 00 01
Eulaema marcii Nemésio, 2009 00 00 02 00 00 00 00 02 04
Eulaema nigrita Lepeletier, 1841 22 38 37 11 00 00 00 00 108
Total 128 67 46 11 08 28 01 03 292
Richness 06 05 04 01 01 03 01 02 09

bees (n =128) belonging to six species, followed by skatole
(23%; five species) and vanillin (16%; four species) (Table 4).
Three specimens were collected when flying around the
sampling site, being attracted to the set of lures, but not to a
specific scent.

The two most abundant species showed strong prefer-
ences for specific scents. El. nigrita males were attracted to
four scents, although 70% of them were captured in skatole
or vanillin lures; Eg. carolina males, on the other hand, were
attracted to five lures, although almost two-thirds of them
were collected when approaching cineole baits (Table 4).

Discussion

Faunistic composition

The observed species richness in “Parque do Sabid” supports,
on one hand, the current notion that the orchid-bee richness
in xeric environments is lower than in humid forested bi-
omes. On the other hand, when compared to local faunas,
the present study revealed an unexpected high richness,
since our sampling was carried out in an urban area and the
previous studies were carried out in well-preserved ‘Cer-
rado’” remnants. Although 15 species are known to occur in
the ‘Triangulo Mineiro” region (Nemésio 2016), no single
sampling site in previous studies recorded more than 10
species, most of them recording from three to seven species
(see Table 1). Thus, the figure of nine species recorded in an
urban area within the ‘Cerrado” domain is one of the highest
species richness ever observed for a single site in the region.
The observed species richness is also remarkably higher than
that observed by Grandolfo et al. (2013) in urban parks in
Goidnia, the only other study carried out in urban areas in
the ‘Cerrado” domain. Grandolfo et al. (2013) recorded only
five species in their study, but it should be stressed that this
figure corresponds to the sum of species collected in four
different urban parks. When considering individual parks,
the highest observed species richness in Grandolfo and col-
leagues’ (2013) study was three species, only one-third of the
observed species richness in ‘Parque do Sabid’.

The observed richness in ‘Parque do Sabia” should also
be assessed taking into account the total area of the sampled
sites in the ‘“Triangulo Mineiro’ region. ‘Parque do Sabid” is
3.6 times smaller when compared to the area belonging to

the ‘Clube Caga e Pesca Itororé” (distant 8 km from the near-
est urban matrix), and 11.7 times smaller than ‘Estacdo Eco-
légica do Panga’ (distant 30 km from the nearest urban ma-
trix), the best-preserved ‘Cerrado” sites in the region which
presented orchid-bee diversities similar to or lower than that
observed in ‘Parque do Sabid’. This data supports the con-
clusions by Nemésio & Silveira (2007a; 2010) that orchid-bee
species richness does not seem to be directly related to the
remnant size.

Besides the nine species recorded here, two other or-
chid-bee species can possibly occur in ‘Parque do Sabid": Ex-
aerete smaragdina Guérin-Méneville, 1844 was recorded in
previous studies in this region (e.g. Freitas 2009, Silveira
2010, Justino & Augusto 2012, Nemésio 2016) and it is
known to be a kleptoparasite in nests of El. nigrita, one of the
most common species in ‘Parque do Sabid’. Thus, the occur-
rence of Ex. smaragdina in ‘'Parque do Sabid’” is probable and
further studies are necessary to evaluate this hypothesis. Eu-
laema helvola Moure, 2000 was recorded in the urban area of
Uberlandia (Nemésio 2016), in a site more disturbed than
‘Parque do Sabid’. Since this species is not attracted to any
known scent bait (Nemésio & Silveira 2006b), it may occur in
‘Parque do Sabid” but was not detected through the method-
ology here used, a potential bias previously discussed in
depth by Nemésio (2012) and Nemésio & Vasconcelos
(2014).

When one compares the observed richness in the present
study to those recorded in urban areas in the Atlantic Forest
domain, the available data also suggests a relatively high
species richness in ‘Parque do Sabia’. For example, in the
municipality of Jodo Pessoa, state of Paraiba, North-Eastern
Brazil, an area under the influence of the ‘Centro de Ende-
mismo Pernambuco’, one of the richest sites for orchid bees
in the Atlantic Forest domain (Nemésio & Santos Janior
2014), the observed richness was eight and nine species in
forest remnants presenting six and 471 ha, respectively (Bez-
erra & Martins 2001). In Belo Horizonte, a large metropolis
where more than 3,000,000 inhabitants live, capital of the
state of Minas Gerais, the observed richness oscillated from
10 to 12 species in four urban remnants ranging from 24 to
100 ha (Nemésio & Silveira 2007a).

Despite the relatively high richness, it was observed a
strong dominance in the orchid-bee community in ‘Parque
do Sabia’ by two species: El. nigrita and Eg. carolina. The first
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species is widely distributed in the Neotropics and is re-
garded as highly tolerant to open and disturbed areas, espe-
cially in the Atlantic Forest domain (Peruquetti et al. 1999,
Bezerra & Martins 2001, Tonhasca Jr. et al. 2002, Sofia et al.
2004, Milet-Pinheiro et al. 2005, Souza et al. 2005, Nemésio &
Silveira 2006a, Ramalho 2006, Nemésio 2007, 2009). Along
the ‘Triangulo Mineiro’ region, the high prevalence of this
species was also observed by Alvarenga et al. (2007) and
Freitas (2009), and it was also revealed to be the most abun-
dant species in urban areas in Goidnia, exceeding 95% of the
sampled specimens (Grandolfo et al. 2013). Euglossa carolina
is also widely distributed and it is often associated with
open and disturbed areas typical of urban environments
(Tonhasca Jr. et al. 2002, Peruquetti et al. 1999, Bezerra &
Martins 2001, Sofia et al. 2004, Milet-Pinheiro et al. 2005,
Souza et al. 2005, Ramalho 2006, Nemésio & Silveira 2006a,
Nemésio 2009, 2013b). When recorded in well-preserved,
pristine areas, Eg. carolina is usually at or close to the forest
edge (Tonhasca Jr. et al. 2002, Milet-Pinheiro et al. 2005,
Nemésio & Silveira 2006a, Nemésio 2013a). Previous studies
along the ‘Tridngulo Mineiro’ had also shown the high
abundance of this species (Silveira 2010). The strong domi-
nance of both species in ‘Parque do Sabid’, thus, is not sur-
prising at all, since the sampled area presents the two prox-
ies that highly favours them: open (‘Cerrado’) and disturbed
(urban area) environments.

Diversity

Even considering the two proxies that could potentially limit
the diversity in ‘Parque do Sabid’, the phytophysiognomy
typical of the xeric ‘Cerrado’ and the anthropogenic pres-
sures typical of urbanized areas, the observed diversity (H =
1.16) is relatively high when compared to previous studies
carried out in the ‘Tridngulo Mineiro” region (see Table 1).
The same is true even when compared to other studies in the
Neotropics (reviewed by Storck-Tonon et al. 2009). Janzen et
al. (1982), in a previous study in the Evergreen forests of
Costa Rica, where some of the highest species’ richness and
the diversity of orchid-bee faunas were observed (Acker-
man, 1983, Storck-Tonon et al. 2009, Nemésio & Rasmussen
2014), found a similar diversity (H'= 1.28) to that observed in
‘Parque do Sabid’. Milet-Pinheiro & Schlindwein (2005) also
found a similar diversity (H = 1.2) in Pernambuco, North-
Eastern Brazil, within the Atlantic Forest domain, in one of
the hotspots for orchid bees in Eastern Brazil (Nemésio &
Santos Junior 2014). Rebélo & Cabral (1997), in Maranhdo,
also found a similar diversity (H'=1.18) in a richer area.
Storck-Tonon et al. (2009) carried out the most extensive
compilation of data regarding the diversity of orchid-bee
communities in the Neotropics and observed that the diver-
sity ranged from H" = 0.13 (southernmost Brazil) to H" = 2.54
(Brazilian Amazon, recorded by Storck-Tonon and col-
leagues themselves in the aforementioned study). A few
years later, Nemésio & Rasmussen (2014) recorded the high-
est known orchid-bee diversity (H = 3.02) in a single site in
the Peruvian Amazon. Storck-Tonon et al. (2009) observed
that samplings carried out in Southern and South-Eastern
Brazil showed the lowest diversity values and the highest
dominance when compared to samplings carried out in the
Amazon and Central America. This trend was also observed
in the present study; however, it should be stressed that al-
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most all studies analysed by Storck-Tonon et al. (2009) were
carried out in well-preserved forested areas, contrary to the
present study, which was conducted in a small, disturbed
(urbanized) remnant in a xeric environment.

Similarity

When the orchid-bee fauna of ‘Parque do Sabid” is compared
to those faunas observed in previous studies in the ‘Tria-
ngulo Mineiro” region through Renkonen similarity index, it
is possible to observe three main groupings: (i) the four stud-
ies carried out at ‘Clube Caga e Pesca Itororé’ de Uber-
landia; (ii) the six samplings conducted in “Estacdo Ecologica
do Panga’, besides one of the sites sampled at ‘Fazenda Sao
José€’; and (iii) the resulting grouping referring to the two
samplings at ‘Fazenda Experimental do Gléria’, one of the
sites sampled at “‘Fazenda Sao José’, and the present study
(see Figure 2).

The first two groupings are easily explained by the gath-
ering of multiple studies carried out in the same areas, even
under different methodologies, years and seasons. This same
phenomenon was observed by Nemésio & Rasmussen (2014)
when comparing different studies carried out in the same
areas but under different sampling protocols in the Peruvian
Amazon. This high similarity is, most probably, a conse-
quence of, at least partially, of the high stability of orchid-
bee communities over time when compared to other organ-
isms, as observed in long-term studies (>4 years) involving
these insects in other biomes (Roubik & Ackerman 1987) or
even in urban forest remnants (Nemésio et al. 2015).

Bezerra & Martins (2001) suggested that in close geo-
graphic areas, showing similar topography, climate, and
vegetation, the orchid-bee communities also tend to be simi-
lar. This hypothesis can explain, at least partially, the group-
ing observed in this study since the closest areas, just 5.27
km apart (‘Parque do Sabia” and ‘Fazenda Experimental do
Gloria’, see Table 2) were grouped. This high value probably
happens due to the similar flora, environment, and availabil-
ity of resources (Silveira 2010), besides the higher probability
of migration between them.

The orchid-bee community of ‘Parque do Sabia” is more
similar to site B of the ‘Fazenda Experimental do Gléria” (see
Silveira 2010). This high similarity is most easily explained
due to the high dominance of Eg. carolina, which represented
at least 47% or the orchid-bee communities in both sites, and
El. nigrita, which responded for at least 34% of the orchid-
bee fauna in both sites.

Seasonality
In Central Brazil, there are two well defined seasons: the dry

winter and the rainy summer. As previously observed by
Freitas (2009) and Silveira (2010), the orchid-bee abundance
was highly seasonal, presenting its peak at the beginning of
the rainy season. The huge majority of specimens belonging
to the most abundant species, Eg. carolina (98%) and El. nigri-
ta (87%) were sampled during the beginning of the rainy
season (see Table 1). Euglossa amazonica was only sampled
twice during the rainy season and once during the dry sea-
son. All the remaining six species were not sampled during
the dry season.

Although almost all previous studies in the Neotropics
showed a higher abundance (and species richness) of orchid
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bees during the rainy season, the sharp differences observed
in the present study are not common. In fact, almost 93% of
the orchid-bee fauna was sampled during the first four sam-
pling months, a trend observed in no previous study, with
the possible exception of the orchid-bee fauna of Rio Grande
do Sul (Wittman et al. 1988, 1989), but these latter studies
were not carried out the year-round.

Bait attractivity
The strong preference for cineole observed in the present

study was also observed in many previous studies in the
Amazon (e.g. Powell & Powell 1987, Becker et al. 1991, Mor-
ato et al. 1992, Oliveira & Campos 1996, Rebélo & Silva
1999), Atlantic Forest (e.g. Bezerra & Martins 2001), and even
in “Cerrado’ (Nemésio & Faria Jr. 2004, Alvarenga et al. 2007,
Freitas 2009). The strong preference of El. nigrita for vanillin
was also previously observed by Braga (2000) and Freitas
(2009).

Cineole, skatole, and vanillin, together, were responsible
for the attraction of 83% of the collected specimens and also
attracted all species in ‘Parque do Sabia’. Nonetheless, at
least four out of the seven attractive scents were visited by
more than one species, emphasizing the importance of offer-
ing a wide bouquet of scents in orchid-bee studies.

Conclusions

The original hypothesis and even the preliminary results
(Grandolfo et al. 2013) suggested that urban ‘Cerrado’ rem-
nants would probably harbour, at most, a poor and little
abundant community of orchid bees. The present study, on
the contrary, revealed a surprisingly abundant and relatively
species-rich orchid-bee fauna at ‘Parque do Sabia’, a small
remnant of ‘Cerrado’ vegetation in the urban matrix of the
municipality of Uberlandia, Central Brazil. In spite of being
the smallest area ever sampled in the “Tridngulo Mineiro” re-
gion, ‘Parque do Sabid” presented one of the highest abun-
dances ever recorded in orchid-bee studies in xeric environ-
ments.

This study suggests that urban forest fragments, even in
xeric environments, may have an important role in harbour-
ing viable populations or orchid bees, in congruence with
previous studies in urban areas in other biomes (e.g. Bezerra
& Martins 2001, Nemésio & Silveira 2007a, 2010, Storck-
Tonon et al. 2009, Nemésio et al. 2015). Since orchid bees are
well-known pollinators (Dodson et al. 1969, Dressler 1982,
Whitten et al. 1993, Eltz et al. 1999), the conservation of these
insects is of considerable importance if conservation of many
plant species is to be achieved. Due to the accelerated in-
crease of urbanization in the region of the present study, fur-
ther studies should focus on alternatives to connect ‘Parque
do Sabia” and other urban areas in the municipality of Uber-
landia to the best-preserved areas in the vicinity through
green “corridors”. This strategy would possibly allow migra-
tion and the consequent long-term survival of populations of
these bees, even in an area under the strong anthropogenic
pressure.
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