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Abstract – Euglossine bees were sampled in three different phytophysiognomies [Rainforest (RF), Mixed Forest
(MF) and Seasonal Semi-Deciduous Forest (SF)] of Brazilian Atlantic Forest (AF). In this study, euglossine males
attracted to eight synthetic scent baits were captured with an entomological net. Results revealed different euglossine
bee assemblages associated with three AF ecosystems surveyed. A higher richness (14 spp.) of euglossines was
found in the RF, followed by SF (seven spp.) and MF (three spp.) forests. Surprisingly, despite the short distance
between MF and SF and that both forest remnants were located in the same studied region and under the same
climatic conditions, the species richness detected was lower inMF than in SF. The present study contribute to greater
knowledge of euglossine assemblages in remnants of Atlantic Forest areas composed of MF, SF and RF, helping to
further understand how the structure of these bee assemblages can vary significantly at the local and/or regional
level. In addition, our findings also represent a contribution to the understanding to the orchid bee biogeography.

euglossine bees / seasonal semi-deciduous forest / tropical rain forest / mixed forest / neotropical forests

1. INTRODUCTION

Euglossine bees, also known as orchid bees due
to their close relationship to more than 700 species
of orchids in the Neotropics, constitute a group of
pollinators native to the New World tropics

(Roubik and Hanson 2004), a region of the world
that has undergone drastic rates of deforestation
over the past centuries (Wright 2005). As a result
of deforestation in the South American portion of
the Neotropical region, nowadays, the Brazilian
Atlantic Forest (AF) is one the most threatened
forests in the world. Originally covering around
1,500,000 km2, the AF is now reduced to about
15 % of its original extension (Ribeiro et al. 2009).

Widely recognized as one of the most impor-
tant and threatened biodiversity hotspots on the
planet (Myers et al. 2000), the Brazilian Atlantic
Forest is distributed into tropical and subtropical
regions, extending through a wide latitudinal and
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longitudinal range, which have favored high lev-
els of diversity and endemism in both fauna and
flora (Ribeiro et al. 2009).

There are more than 50 orchid bee species (i.e.,
about 25 % of the known orchid bee richness),
throughout the Atlantic Forest domain, one-half
of which is considered endemic to this threatened
tropical American biome (Nemésio 2009). Al-
though the knowledge of euglossine richness and
distribution across AF has deeply improved in the
last decades (Wittmann et al. 1988; Rebêlo and
Garófalo 1991; Nemésio 2009; Cordeiro et al.
2013), recent studies have continuously reported
new euglossine species across the AF domain
(Nemésio 2009, 2010; Faria and Melo 2012). At
the same time, information about the geographical
distribution of some euglossine species has also
increased (Nemésio 2010; Giangarelli and Sofia
2011; Nemésio 2012). Based on this, it has been
suggested that additional surveys across the AF
domain are still necessary to gain better knowl-
edge about the euglossine fauna richness in this
biome (Nemésio 2009), and to improve our un-
derstanding of the geographic distribution of
many orchid bee species, including those with
apparent limited distribution (Nemésio 2010).

Previous studies have shown that the AF lati-
tudinal range is around 29° (Ribeiro et al. 2009)
and that the diversity of the orchid bee fauna
decreases from northern to southern South Amer-
ica (Wittmann et al. 1988; Nemésio 2010;
Mattozo et al. 2011). However, the Atlantic Forest
areas in southern Brazil have been poorly sur-
veyed so far. A recent study carried out on the
coastal areas of the Atlantic Forest revealed the
occurrence of only six euglossine species in a
large remnant of the AF (Mattozo et al. 2011), a
number of species that is much lower than those
reported for sites in southeastern and northeastern
Brazil (Tonhasca et al. 2002; Nemésio 2010;
Cordeiro et al. 2013). Despite their finding, Mat-
tozo et al. (2011) propose the existence a higher
diversity of orchid bee fauna in the studied region.
Taking into consideration that the region where
these authors accomplished their study belongs to
the Corredor de Biodiversidade da Serra do Mar,
one of the richest areas in biodiversity of the
Brazilian Atlantic Forest (Aguiar et al. 2003),
more efforts should be made to survey euglossine

diversity in this region. Also, if we consider the
heterogeneous environmental conditions across
the AF domain and the different types of phyto-
physiognomies constituting this Neotropical bi-
ome, local studies concerning the orchid bee com-
munities throughout the AF areas are extremely
relevant for future conservation measures to pro-
tect the euglossine biodiversity. It is generally
accepted that the knowledge of species diversity,
as well as the impact of biotic and abiotic factors
on species richness and distributions, are critical
matters in conservation biology (Petersen and
Courtney 2010).

In this sense, the current study aimed to survey
the richness, abundance and diversity of orchid
bees in three different phytophysiognomies of the
Brazilian Atlantic Forest in southern Brazil, which
comprise the Rainforest (RF), the Mixed Forest
(MF) and the Seasonal Semi-Deciduous Forest
(SM), where these types of vegetation are preva-
lent (Morellato and Haddad 2000). Nowadays,
remnants of these three forest ecosystems in
southern Brazil exist in a fragmented landscape
(Ribeiro et al. 2009), representing the last refuges
of the local biodiversity.

2. MATERIALS AND METHODS

2.1. Study areas

a) “Reserva Natural Salto Morato” (hereinafter

called RNSM) - 25°09’36" S and 48°18’02"
W, located in the municipality of Guaraqueçaba,
on the coastal region of the State of Paraná,
southern Brazil (Figure 1). Presenting an area
of about 2,340 ha, mostly covered by Rainforest
(RF), the RNSM is locatedwithin theAPA (Área
de Proteção Ambiental = Environmental Con-
servation Area) of Guaraqueçaba (Straube and
Urben-Filho 2005), which is currently part of the
largest existing remnant of Atlantic Rainforest in
Brazil (Galindo-Leal and Câmara 2003). The
local climate is classified as Cfa (Köppen), or
humid subtropical climate. The average annual
temperature is 21 °C. The rainfall rates are above
2,000 mm per year and annual average relative
air humidity is 85%. The altitude varies between
25 and 930 m (Santos-Pereira et al. 2011).
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b) “Fazenda Monte Alegre (hereinafter called
FMA)”, located at an altitude of 885 m,
24°12’42” S and 50°33’26” W, in the munic-
ipality of Telêmaco Borba, central eastern
region of the State of Paraná (Reis et al.
2005), and belonging to Klabin S.A. The
region is inserted in the limit of two types
of climate: Cfa and Cfb—Köppen classifica-
tion—(Miretzki 2003). The average annual
temperature and rainfall registered for the
region are 19.5 °C and 1,478 mm, respective-
ly (Reis et al. 2005). The FMA comprises a
total area of 126,000 ha, of which 37% of this area
is covered by native vegetation, including the fol-
lowing phytophysiognomies: Mixed Forest (MF)
and Seasonal Semi-Deciduous Forest (SF). The
other part of the vegetation present on FMA cor-
responds to cultivated areas of Pinus sp and Euca-
lyptus sp. used in the wood industry. These areas
are in direct contact with the limits of the native
vegetation areas ofMF and SF, which are frequent-
ly encircled by cultivated areas (Reis et al. 2005).
In our study, we selected two sites on FMA to
survey the euglossine bees: a Seasonal Semi-
Deciduous Forest (SF: 24°05'11" S, 50°41'55"
W) fragment of about 217 ha and an area
(7,900 ha) of Mixed Forest (MF: 24°17’03” S,
50°35’20” W). Both areas were 24 km far from
each other. However, after we finished our
samplings, the SF native vegetation area was
partially destroyed for the construction of a
Hydroelectric Power Plant (HPP) near this area.

2.2. Sampling

The sampling methodwas based on Giangarelli et al.
(2009), with some modifications. During the surveys,
male euglossine were attracted by scent baits of eight
different fragrances (eucalyptol, eugenol, vanillin, ben-
zyl acetate, benzyl benzoate, methyl salicylate and
methyl cinnamate) and collected with an entomological
net. In both reserves (RNSM and FMA), bees were
collected once a month, between 10:00 and 13:30 h,
simultaneously by two collectors positioned at two dif-
ferent sites (1 and 2) in each study area. The distance
between both collectors in each study area varied from
250 to 500 m.

On the FMA, the samplings were carried out from
March 2008 to February 2010. However, during June
and July 2008 and June, July and August 2009, which
are months of low temperatures in the region, no sam-
pling was performed in either study area (SF or MF).

At the RNSM, bees were sampled from April 2009
to May 2010 in two different locations (SARF -
25°10’12”S-48°17’98”W, and SBRF - 25°10’57”S-
48°18’20”W) apart 2.3 km, which were surveyed on
consecutive days, to ensure the improvement of our
sampling effort. Thus, we duplicated our sampling ef-
fort in the RF. Also, due to adverse weather conditions,
no sampling was performed in June 2009 in either RF
areas (SARF or SBRF) at the RNSM, and in April 2009,
September 2009, January 2010, February 2010 and
May 2010, due to successive rainy days, it was possible
to perform only one day of sampling in RF areas.
Therefore, in a period of 14 months of study at the

Figure 1Map showing the location of both ‘Fazenda Monte Alegre’ (FMA) and ‘Reserva Natural Salto Morato’
(RNSM) in the State of Paraná, southern Brazil. RF = Dense Forest; SF = Seasonal Semi-Deciduous Forest; MF =
Mixed Forest.
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RNSM, from the 28 samplings days scheduled to be
carried out in RF areas, a total of 21 surveys were
performed. Due to the same reason, it was not always
possible to perform two days of samplings in each FMA
study area. Thus, on the FMA, 19 surveys were carried
out in the area of Semi-Deciduous Forest, and only 15
samplings were performed in the area of Mixed Forest.
In February 2009, May 2009, October 2009 and Febru-
ary 2010, samplings were not performed in this area
because it rained during the surveys.

In our study, a two-hour survey was accomplished
on the FMA, while at the RNSM, the surveys lasted
three hours. Since two sites were simultaneously sur-
veyed by two collectors, we calculated four hours for
each sampling day in both the SF and MF and six hours
in the RF remnant. To homogenize variations in the
sampling effort in these areas, the number of bees
collected in each area was divided by the number of
hours of sampling in each type of vegetation.

The bees collected during the surveys were labeled
and identified in the laboratory, and voucher specimens
of all species were deposited in the Museu de Zoologia
of the Universidade Estadual de Londrina (MZUEL).

2.3. Data analysis

As stated above, for analyses considering bee abun-
dance and richness, we divided the number of individ-
uals and species collected per site by the number of
sampling hours (Giangarelli et al. 2009; Abrahamczyk
et al. 2011), to compensate for unequal sampling effort.

To evaluate sampling efficiency for the estimation of
species richness in RF, SF andMF, rarefaction curves of
species for each of these three study sites were generat-
ed using the software EstimateS 8.0 (Colwell 2006).
This software was also employed to calculate the po-
tential number of species for the three studied areas
using non-parametric richness estimators (Jack1 and
Bootstrap).

Species diversity and evenness were calculated using
the indices of Shannon-Wiener (H’) and Pielou (J’),
respectively (Ludwig and Reynolds 1988). The domi-
nance index of the Berger-Parker (dBP), obtained
through the relative abundance of the most common
species in the study area, was employed to obtain an
estimate of the homogeneity of relative abundances of
species in the three types of vegetation of the Atlantic
Forest investigated.

To compare the similarity between euglossine fauna
from two localities or phytophysiognomies, we used the
percentage similarity coefficient of Renkonen, defined
as: PS = Σmin (p1i, p

2
i), where p

1
i, is the percentage of

species i in sample 1 and p2i is the percentage of species
i in sample 2. This measure of sample similarity is
considered one of the best quantitative similarity coef-
ficients because it is not heavily influenced by sample
size or species number (Wolda 1981).

The Mann–Whitney test was conducted using the
program Graphpad Instat v. 3:06, to determine whether
there were significant differences between the abun-
dance and richness among SF and MF areas. Herein,
we decided to compare euglossine fauna, since for these
both areas the methodology of sampling was exactly the
same. The analysis was performed with a significance
level set at 95 %. This same test was used to evaluate
possible differences in bee abundance and richness
between two sampling sites in each study area in the
three phytophysiognomies, as well as between two dif-
ferent areas of Rainforest at the RNSM. When no sig-
nificant difference was found, data were grouped, ana-
lyzed and shown together.

Air temperature and relative humidity were mea-
sured every hour during the collections using a
thermo-hygrometer, hung 1.5 m above the ground.
Measures of monthly rainfall for the study areas were
obtained from Instituto Agronômico do Paraná
(IAPAR).

Correlations between biotic (species of euglossine
bees and number of individuals captured monthly and)
data and abiotic (temperature, humidity and rainfall)
data were tested for significance using PAST 2.17c
(Hammer et al. 2001). Values were considered different
where p<0.05.

To investigate possible influences of abiotic varia-
bles of the three different study sites on the relative
abundances of the orchid-bee species collected in our
study, the canonical correspondence analysis (CCA)
was performed in PAST software. In this analysis, the
four following variables were considered: monthly
mean local temperature and humidity, monthly rainfall
and fragment size. For this analysis, we decided not to
include altitude measures, since it was reported else-
where that this abiotic variable can be strongly correlat-
ed with mean annual temperature (Nemésio and
Vasconcelos 2013).

Finally, aiming to compare the euglossine fauna
surveyed in the current study with results obtained in
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nine other studies carried out in 14 different areas of
Rainforest and Seasonal Semi-Deciduous Forest rem-
nants of Atlantic Forest located in southern and south-
eastern Brazil, we performed a Detrended Correspon-
dence Analysis or DCA (Hill and Gauch 1980). For this
analysis, a presence-absence matrix of species was built
(using original data presented herein and data previous-
ly published in ten different studies, listed below). After
that, using the software R, version 1.17-6 (R
Development Core Team 2011) and “vegan” package
2.0-4 (http://vegan.r-forge.r-project.org/), the data were
submitted to DCA (Oksanen et al. 2011). In this analy-
sis, our euglossine faunal surveys were named as PR1-
RF (corresponding to RNSM area), PR2-SF (FMA;
semi-deciduous forest) and PR3-MF (FMA; mixed for-
est area).

Of the 14 Atlantic Forest areas included in our
analysis, ten [RJ1 (Ramalho et al. 2009), PR4
(Mattozo et al. 2011), SP3 and SP4 (Rocha-Filho and
Garófalo 2013) and SP6 (Boracéia) SP7 (Neblinas),
SP8 (Ilhabela) and SP9 (Cantareira) (Cordeiro et al.
2013) and BA1 and AL1 (Nemésio 2010, 2011)] were
carried out in Rainforest (RF) areas and four [SP1 and
SP2 (Rebêlo and Garófalo 1997), SP5 (Jesus and
Garófalo 2000) and PR5 (Sofia et al. 2004)] in Seasonal
Semi-Deciduous Forest (SF) areas. Thus, a total of 17
sites (three from the current study and 14 from these
nine other studies) related to the three major types of
Atlantic Forest vegetation (RF, SF and MF) were ana-
lyzed through the DCA. One of these studies (Ramalho
et al. 2009) used exclusively bait traps to survey the
euglossine fauna; two others (Mattozo et al. 2011 and
Cordeiro et al. 2013) employed both bait traps and
insect net methodologies during samplings, while all
others used only insect nets. Unidentified species, pre-
sented in any of these works as “sp.”, were not included
in our analysis. Geographical information, such as mu-
nicipality and geographical coordinates of all areas con-
sidered in our analysis were included in Table I-S.

Similarly to those of other authors (Sydney et al. 2010;
Mattozo et al. 2011), the two multivariate analyses
employed in our study (CCA and DCA) were based on a
matrix including only qualitative data (presence-absence).

3. RESULTS

In the three studied phytophysiognomies (RF,
SF and MF), we collected a total of 744 male
euglossine bees, belonging to 15 species and four

genera. Of these species, 13 were collected in the
RF (RNSM), seven in the SF and only three
species in the MF (FMA) (Table I). Besides, at
the RNSM, a female of Euglossa anodorhynchi
Nemésio was collected in a nest of this species
found in an iron pipe, totaling 14 species surveyed
in this study area. However, this species was not
included in our analyses. As we can notice in
Table I, the species collected in the RF area
were distributed in four different genera of
Euglossini, while the species surveyed in the
SF and in MF were distributed in three different
genera.

In RF, MF and SF the numbers of individuals
collected per sampling hour (or sampling effort)
were, respectively: 2.8, 1.53 and 3.9 (Table I).

Three hundred and fifty-five orchid bee males
were collected in the Dense Forest area at the
RNSM. Euglossa was the most abundant genus
in number of individuals, and was better repre-
sented in number of species (335 individuals and
nine species). Eulaema, represented by two spe-
cies, was the second most abundant genus (18
individuals), followed by Eufriesea and Exaerete,
which were represented by only one individual
each (Table I).

In the FMA Seasonal Semi-Deciduous Forest
(SF) area, 297 males, belonging to seven species
and three euglossine genera, were collected.
Euglossa was the most diverse genus, represented
by five species, but less abundant in number of
males attracted to baits (n=79 individuals), repre-
senting 26.6 % of the total sample (Table I).

In the Mixed Forest area at the FMA, El. nig-
rita was the most common species, representing
96.7 % of the total sample (Table I).

The estimates of diversity (H’) found for orchid
bee assemblages surveyed in these three phyto-
physiognomies varied from 0.16 (MF) to 1.53
(RF), and the evenness (J’) measures ranged from
0.15 (MF) to 0.72 (SF) (Table I). The extremely
high dominance of El. nigrita in the MF resulted
in a high value found for the Berger-Parker index
(dBP=0.97) in the studied area, while a lower
value of this index (dBP=0.4) was found for both
RF and SF (Table I). Eg. iopoecila and El. nigrita,
respectively, were the dominant species, in these
two last phytophysiognomies of the Atlantic
Forest.
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The species accumulation curves for the three
studied ecosystems failed to reach an asymptote
(Figure 2). On the other hand, whereas the SF and
especially MF showed a clear tendency to curve
stabilization, the accumulation curve of the RF
didn’t show this tendency, indicating that an ad-
ditional number of species is expected in the RF
studied area (Figure 2). Particularly for this area,
non-parametric richness estimators (Jack 1 and
Bootstrap) clearly confirm this expectation, indi-
cating that between 14 and 16 species are estimat-
ed for the RF area (Figure 2).

The paired percentage similarity (PS) compar-
ing euglossine assemblages of the three studied
phytophysiognomies, calculated with the Renko-
nen index, varied between 3.8 % (RF x MF) and
44 % (SF x MF). However, taking into account
the proximity between the MF and SF areas
(24 km), which are located in the same region
and under the same climatic conditions, the

percentage similarity (PS) between these two
euglossine assemblages can be considered low.
A percentage similarity between the RF and SF
areas was also low (PS=21.7 %).

Considering the possible influence of mean
temperature and humidity taken locally during
the samplings and monthly rainfall on bee abun-
dance and species richness surveyed in the three
study areas (MF, SF and RF), these two biotic
variables were significantly correlated only with
temperature and rainfall at RF (Fig. 1S).

The four environmental variables tested (frag-
ment size, mean local temperature, mean local
humidity and rainfall) in CCA explained 93 %
of the species-habitat relationship, with 72.3 %
being accounted for by Axis 1 and 20.7 % by
Axis 2 (Fig. 2S). Temperature, humidity and rain-
fall were among the most important environmen-
tal variables influencing the variation in the com-
position of euglossine bees (Fig. 2S). For a group

Table I. Number of males of different species of orchid bee sampled in scent baits in three different phytophysiogn-
omies of Atlantic Forest in southern Brazil. RF = Rainforest; MF = Mixed Forest, and SF = Seasonal Semi-
Deciduous Forest. Baits: 1- eucalyptol, 2- eugenol, 3- vanillin, 4- beta-ionone, 5- benzyl acetate, 6- benzyl benzoate,
7- methyl salicylate, and 8- methyl cinnamate. * = species that escaped from capture

Species DF SF MF Bait

Euglossa cordata (Linnaeus 1758) 5 1 – 1, 4

Euglossa fimbriata Moure 1968 2 7 – 1, 6

Euglossa iopoecila Dressler 1982 154 – – 1, 2, 3, 4, 5, 6, 7

Euglossa pleosticta Dressler 1982 4 14 – 1, 2, 3

Euglossa roderici Nemésio 2009 18 – – 1, 2, 6, 7, 8

Euglossa stellfeldi Moure 1947 17 – – 1, 2, 4

Euglossa annectans Dressler 1982 119 47 – 1, 2, 3, 4, 5, 6, 7, 8

Euglossa truncata Rebêlo and Moure 1996 1 10 – 1, 2

Euglossa viridis (Perty 1833) 15 – – 1, 2, 3, 6, 7

Euglossa sp* Latreille 1802 – – 1 1

Eulaema cingulata (Fabricius 1804) 6 – – 4, 5

Eulaema nigrita Lepeletier 1841 12 124 89 1, 3, 4, 5, 7

Eufriesea dentilabris (Mocsáry 1897) 1 – – 1

Eufriesea violacea (Blanchard 1840) – 94 2 2, 3

Exaerete sp* Hoffmannsegg 1817 1 – – 1

Total 355 297 92

No. ind/h 2.82 3.91 1.53

H’ 1.53 1.40 0.16

J’ 0.60 0.72 0.15

dBP 0.40 0.40 0.97
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of eight euglossine species (Eg. annectans, El.
cingulata, Eg. viridis, Eg. iopoecila, Eg. roderici,
Eg. stellfeldi, Ef. dentilabris and Exaerete sp),
these three abiotic variables were apparently more
closely related to these species; seven of which
occurred exclusively in the RF fragment (Table I;
Fig. 2S). Particularly, for El. nigrita, the fragment
size was the abiotic factor more closely associated
to the variance of this species.

A graphic representation obtained through
DCA on the variation of the euglossine assemb-
lages surveyed in the current work and nine other
studies also involving areas of AF is shown in
Fig. 3. The axes 1 and 2 of the DCA explained the
most part of the variation found (DCA1: 0.56;
DCA2: 0.31). Considering particularly the three
areas surveyed in our study (PR1-RF, PR2-SF and
PR3-MF), we can notice that PR1-RF appears
very close to a group of five other surveys: SP7-
RF, PR4-RF, SP4-RF, SP8-RF and SP3-RF. More
closely positioned to this group of surveys are,
among others, the species El. cingulata, Eg. stell-
feldi, Eg. roderici and Ef. dentilabris. Following
axis 2 (from left to right), we can notice RJ1-RF in
an intermediate position, followed by other two
studies (BA1-RF and AL1-RF). Euglossa analis
Westwood, Eg. despecta Moure, El. bombiformis
(Packard) and Eg. gaianii Dressler are among the

set of species that appears more closely related to
these three studies (RJ1-RF, BA1-RF and AL1-
RF). Regarding PR2-SF, its close relation to the
surveys SP1-SF, PR5-SF, SP5-SF, SP2-SF, SP6-
RF and SP9-RF, comprising a ‘cluster’ of seven
studies to which species like Eg. fimbriata, Eg.
pleosticta, Eg. truncata, Eg. townsendi and Eg.
annectans are apparently more closely linked, is
perceptible. Among the surveys included in the
DCA, PR3-MFwas the one positioned more apart
from all others carried out in AF considered herein
(Figure 3). Thus, overall, the DCA revealed two
main groups of studies carried out throughout
Atlantic Forest domain; one group clustering of
surveys with species endemic or more associated
to coastal areas (including nine from twelve stud-
ies carried out in RF), and a second group cluster-
ing species more associated to inland areas, al-
though in this latter cluster, not only studies in
inland areas of the AF domain were present.

4. DISCUSSION/CONCLUSION

This was the first study surveying the orchid
bee fauna in RF, SF and MF of Atlantic Forest
(AF) remnants across similar latitude and longi-
tude. One the main findings of this study was the
remarkable difference between the euglossine bee
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Figure 2 Rarefaction curves of euglossine species plotted against number of samplings in the three phytophysiogn-
omies of Atlantic Forest (RF = Rainforest, SF = Seasonal Semi-Deciduous Forest andMF=Mixed Forest) studied in
State of Paraná, southern Brazil. Non parametric estimators: Jack 1 mean and Bootstrap mean.
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assemblages present inMF (Mixed Forest) and SF
(Semi-Deciduous Forest) located in the same
study area. Curiously, despite the large foraging
range shown by euglossine bees, which are rec-
ognized as strong flyers (Janzen 1971), several
species of bees found in the SF were not collected
in the MF, although both areas are only 24 km
apart and connected, to a large extent, by areas of
Pinus and Eucalyptus. Also, although it has been
demonstrated that male euglossine bees are able to
cross deforested areas (Raw 1989; Tonhasca et al.
2003), species differ in their ability to travel out of
the forest habitat (Milet-Pinheiro and Schlindwein
2005) and explore different habitats (Otero and
Sandino 2003). In our study, among the euglos-
sine species surveyed in the SF and MF, El.
nigrita is possibly the species with a higher
ability to explore and travel across the local
landscape. Actually, different authors have indi-
cated that this species is resistant to environmental

disturbance (Peruquetti et al. 1999; Tonhasca et al.
2002).

Regardless of the fact that the Mixed Forest
(MF) is one the most threatened types of the
Brazilian Atlantic Forest ecosystems, only few
studies on euglossine assemblages have been con-
ducted in MF forest remnants thus far. For in-
stance, in a survey conducted in a fragment of
the MF in the State of Santa Catarina, also in
southern Brazil (26°19′ S/50°55′ W), Krug and
Alves-dos-Santos (2008) did not collect any male
of orchid bees in scent baits in the study area, a
forest remnant of about 105 ha. Similarly to our
results, Dias (2010) also found low species di-
versity and an almost absolute dominance of the
species E. nigrita in a MF area (25°21′ S/51°58′
W) in the State of Paraná, southern Brazil. In
our study, the high dominance of this species in
the MF area, along with the low number of
species sampled in this type of vegetation

Figure 3 Detrended Correspondence Analysis (DCA) of the orchid bee assemblages throughout the Brazilian
Atlantic forest (site codes can be found in the text and in the Table S-I). The three study sites surveyed in the current
study are PR1-RF, PR2-SF and PR3-MF. RF = Rainforest; SF = Seasonal Semi-Deciduous Forest; MF = Mixed
Forest. PR, SP, RJ, AL and BA correspond to abbreviations of the following Brazilian states, respectively: Paraná,
São Paulo, Rio de Janeiro, Alagoas and Bahia. Eg = Euglossa; Ef = Eufriesea; El = Eulaema and Ex = Exaerete.
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formation, explain the low value of the Shannon
diversity index (H'=0.16) obtained for the study
area.

Bezerra and Martins (2001) postulated that
possibly only geographically close areas with sim-
ilar topography, vegetation and climate present
similar euglossine assemblages. Indeed, local abi-
otic factors (e.g., temperature and humidity) have
been related to variations in species richness and
composition found in orchid bee assemblages
occurring in areas with similar types of vegetation
(Andrade-Silva et al. 2012). In our study, while
some abiotic variables such as temperature and
rainfall were important abiotic factors associated
with the euglossine assemblage from RF, the cli-
mate was not sufficient to determine a greater
similarity between the MF and SF faunas (PS=
44 %); consequently, to explain the limited simi-
larity between euglossine faunas fromMF and SF,
which are located under the same climate condi-
tions, other factors should be considered, includ-
ing possible biological differences among the spe-
cies. Actually, some euglossine species, such as
El. nigrita, have been considered as tolerant to
open areas (Peruquetti et al. 1999; Martins and
Souza 2005; Milet-Pinheiro and Schlindwein
2005; Aguiar and Gaglianone 2008). According
to Martins and Souza (2005), this fact could be
related to the greater tolerance to higher temper-
atures of larger euglossine species compared to
the small ones (May and Casey 1983). On the
other hand, other euglossine species seem to be
more closely bound to, or are at least somehow
more dependent on forest habitats (Milet-Pinheiro
and Schlindwein 2005).

According to Nemésio (2009), few Atlantic
Forest areas have been extensively surveyed in
studies of orchid bee fauna. This fact is especially
true when we consider the Atlantic Forest areas in
southern Brazil. Particularly for RF areas, until
this moment, only a few studies on these Neotrop-
ical bees have been conducted at a latitude above
25°S (Wittmann et al. 1988; Mattozo et al. 2011),
revealing a lower richness of this group of bees in
relation to those found in areas of RF throughout
the Atlantic Forest domain in southeastern (Cor-
deiro et al. 2013; Rocha-Filho and Garófalo 2013)
and northeastern Brazil (Nemésio 2010). Precise-
ly, regarding these three studies, they included

rainforest remnants located between 23°21' S -
44°49' Wand 23°38′ S - 45°52′W, in southeastern
Brazil (Cordeiro et al. 2013; Rocha-Filho and
Garófalo 2013), and at 09°13’23” S - 35°52’45”
W in the northeastern region (Nemésio 2010). In
fact, euglossine species richness and diversity are
expected to be lower at higher latitudes (Mattozo
et al. 2011; Abrahamczyk et al. 2011). Besides our
study, Mattozo et al. (2011) have also performed a
survey of euglossine bees in the APA of Guara-
queçaba, the same region where the RNSM is
located. These authors, however, collected only
six euglossine species in a remnant forest frag-
ment of about 8,700 ha, also covered by pristine
Atlantic Forest, mainly rainforest, located at
25°19’S and 48°39’W. On the other hand, based
on data from additional brief euglossine sam-
plings and from generalized bee surveys carried
out in the region, they estimated the occurrence of
12 species of these bees in the region of Guara-
queçaba. Our findings, however, showed the inci-
dence of 14 species of orchid bees in both areas of
RF at RNSM (13 captured in baits and one female
of Eg. anodorhynchi collected in a nest found in
the area), indicating a higher species richness than
that estimated by Mattozo et al. (2011). These
authors also reported in their study the occur-
rence of three other species [Eufriesea mussi-
tans (Fabricius 1787), Eufriesea smaragdina
(Perty 1833) and Euglossa mandibularis Friese
1899] collected in different surveys; these were
not collected in our samplings. Taking our find-
ings together with the reports of Mattozo et al.
(2011), the number of euglossine species al-
ready recorded for the APA of Guaraqueçaba
totals 17 species, which is a number close to
that obtained through the non-parametric rich-
ness estimates, which estimated between 14 and
16 orchid bee species for the RF area in the
RNSM.

It has been reported in the literature that the
euglossine fauna of the Atlantic Forest changes
noticeably between coastal and inland areas at the
same latitude (Mattozo et al. 2011). Our findings
are in accordance with this statement. In fact, as
shown by these authors, while Euglossa iopoe-
cila, Eg. sapphirina, Eg. roderici and El. cingu-
lata appeared highly associated to coastal area,
other orchid bee species such as Eg. truncata,
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Eg. pleosticta and Eg. fimbriata appear to be more
associated to inland areas. This finding was deep-
ly corroborated by Detrended Correspondence
Analysis herein performed. Thus, the closer as-
sociation among SP6-RF and SP9-RF with
SP1-SF, PR2-SF and PR5-SF surveys than with
other studies carried out in coastal areas could
be due, at least in part, to the absence both in
SP6-RF and SP9-RF of some orchid bee spe-
cies, such as Eg. iopoecila, Eg. stellfeldi, Eg.
sapphirina, Eg. ioprosopa Dressler and Eg. vir-
idis, usually found throughout AF’s coastal
areas. Finally, the changing in the set of orchid
bee species that apparently occurs through the
axis 2 of DCA seems to follow a latitudinal
gradient, from southern to northeastern. This
statement finds support in the study of Sydney
et al. (2010), who detected a significant corre-
lation between euglossine assemblages and lati-
tude in neotropics.

In Atlantic Forest areas, particularly
concerning those euglossine species that are
endemic to the RF vegetation, which is one
the most endangered ecosystem of this bi-
ome, it is worth emphasizing the high abun-
dance of Eg. iopoecila found in the RSNM.
Through the distributional limit of this spe-
cies, which includes a wide coastal area of
the Brazilian territory (Moure et al. 2012),
two other studies (Mattozo et al. 2011;
Rocha-Filho and Garófalo 2013), also carried
out in areas belonging to the Corredor de
Biodiversidade da Serra do Mar, have al-
ready reported a high abundance of Eg.
iopoecila, as observed in the present study.
Apparently, this finding indicates that some
remnant areas of RF located at latitudes
above 23°21’S in the Corredor de Biodiver-
sidade da Serra do Mar are able to maintain
large populations of this species.

On the other hand, evidence involving
declines in bee diversity worldwide has been
accumulating in the last decade (Grixti et al.
2009; Martins and Melo 2010). Amongst the
main causes of this fact are habitat loss and
fragmentation, use of agricultural pesticides,
climate changes and decrease in floral abun-
dance and diversity, resulting from anthropo-
genic interference (Martins and Melo 2010).

Orchid bees have been considered a group of bees
sensitive to deforestation, forest fragmentation
and habitat disturbance, showing decline in
abundance of some species (Powell and
Powell 1987; Giangarelli et al. 2009). Brosi
(2009) found a positive relationship between
euglossine abundance and forest area. Particu-
larly when we consider the bee diversity in
threatened ecosystems, such as the Atlantic For-
est (AF), a tropical forest that currently exists
mostly in small fragments, about 50 % of
which is less than 100 m distant from the edge
(Ribeiro et al. 2009), major concerns regarding
bee conservation emerge. The present condition
of the AF has led a large expanse of the biodi-
versity of this Brazilian forest to the threat of
extinction (Ribeiro et al. 2009).

It has been suggested that populations of
species that dwell close to their distributional
limits are more prone to extinction (Martins
and Melo 2010). In the current study, besides
E. iopoecila, several euglossine species, such
as Eufriesea dentilabris, Eg. stellfeldi and
Eg. roderici, are endemic to the Atlantic
Forest biome and are very close to their
southern distributional limit (Moure et al.
2012). As with these orchid bee species, we
should remember that other euglossine spe-
cies (eg. Eg. viridis and Eg. truncata) not
endemic to the Atlantic Forest are also close
to their southern limit of occurrence (Moure
et al. 2012). Considering the high threat con-
dition of the Atlantic Forest remnants
(Ribeiro et al. 2009), our findings reinforce
the importance of the Corredor de Biodiver-
sidade da Serra do Mar as a biodiversity
repository (Aguiar et al. 2003).

Overall, we can conclude that the results
obtained in this study significantly contribute
to greater knowledge of euglossine assemb-
lages in remnants of Atlantic Forest areas
composed of MF, SF and RF, helping to
further understand how the structure of these
bee assemblages can vary significantly at the
local and/or regional level. Finally, it is
worth emphasizing the importance of exten-
sively studying a particular region to more
effectively understand the real diversity of
species present on the studied site.
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Assemblages d’abeilles à orchidée (Hymenoptera: Api-
dae: Euglossini) à partir de 3 physiognomies de la vég-
étation différentes et menacées de la Forêt Atlantique
brésilienne subtropicale

Euglossine / forêt semi-caducifoliée / forêt pluviale
tropicale / forêt mixte / forêt néotropicale

Ansammlungen von Prachtbienen (Hymenoptera: Api-
dae: Euglossini) in drei unterschiedlichen, bedrohten
Phytophysiognomien des subtropischen brasilianischen
Atlantischen Regenwalds

Euglossine Bienen / saisonaler Halbtrockenwald /
tropischer Regenwald / neotropische Wälder
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