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Introduction

Abstract

Although bees are important pollinators in several ecosystems around the world, studies
on bee diversity in hygrophilous forests are scarce. This type of vegetation is restricted to
permanently wet soils and, therefore, has particular floristic, structure and physiognomy.
The goal of the present study was to inventory and analyze the temporal variation of
the euglossine bees that occur in a neotropical hygrophilous forest. In order to sam-
ple male bees we used four chemical baits, eucalyptol, eugenol, vanillin, and methyl
salicylate. The captures were made once a month, from March 2010 to February 2011,
from 9:00 am to 12:00 pm. We captured 113 individuals of three genera and five spe-
cies (in decreasing order of abundance): Eulaema nigrita Lepeletier, 1841 (n=52), Eu-
glossa pleosticta Dressler, 1982 (34), Exaerete smaragdina (Guérin-Méneville, 1844)
(12), Euglossa carolina Nemésio, 2009 (11), and Euglossa fimbriata Rebélo & Moure,
1968 (4). The most attractive bait was eucalyptol (n=98), followed by vanillin (11), and
eugenol (4). Both temperature and rainfall affected significantly the distribution of
the number of males throughout the year. The highest number of Euglossini species
and individuals was sampled in the warm and rainy season, with activity peaks varying
among species.

bral, 1997), allowed to quickly advance the knowledge about
the ecology of these bees. In addition to floral fragrances,

Bees of the tribe Euglossini, also known as orchid
bees, are characterized by a relatively long tongue, highly
modified hind tibias in males where they can store fragrances
and, in most cases, a bright metallic tegument (Cruz Landim
et al., 1965). Euglossines occur in the Neotropics and are
found from southern North America (Minckley & Reyes,
1996) and northern Mexico to northern Argentina (Dressler,
1982), at altitudes that vary from sea level to 1,500 and 1,600
m a.s.l.; euglossines are rare above 2,000 m a.s.l. (Dressler,
1982).

The fast flight, characteristic of this bee group and the
rarity of finding them at flowers (Nemésio & Silveira, 2007),
probably explains why these bees have been underestimated
in studies on Apoidea communities in the past. However,
the accidental discovery of male attraction (Lopez, 1963) to
synthetic terpenoids and aromatic hydrocarbons, mimetic of
chemical products found in floral fragrances (Rebélo & Ca-
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Euglossini males are also attracted to a variety of non-floral
fragrances, which are produced in wood, fungi, tree wounds,
fruits (Ackerman, 1983; Whitten et al., 1993), and feces (Eltz
et al.,, 2007). The studies carried out by Roubik and Han-
son (2004) and Zimmermann et al. (2006) confirmed that
the fragrances collected by males attract conspecific males,
supporting the idea that those fragrances are analogous to
pheromones and probably involved in mate recognition and
choice (Zimmermann et al., 2009).

Although the development of fragrances in the past 40
years allowed a large increase in the sampling of Euglossini
communities in several Brazilian ecosystems, hygrophilous
forests have been poorly studied. Also known as seasonal
semi-deciduous riparian forests with permanent fluvial in-
fluence (Rodrigues, 2004), broadleaf hygrophilous forests,
swamp forests (Leitdo Filho, 1982), or just hygrophilous
forests (Toniato et al., 1998), this vegetation is characterized by
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a permanently flooded soil, contrary to periodically flooded
riparian forests (Toniato et al., 1998), and has the important
function of protecting water sources (Joly, 1992; Marques,
1994; Teixeira et al., 2008). Currently, hygrophilous forests
are extremely vulnerable to human impacts (Teixeira et al.,
2008). This kind of vegetation has been largely devastated in
the State of Sdo Paulo (Torres etal., 1994), and so has progres-
sively disappeared before being studied (Gomes et al., 2006).
Until the present study no information on Euglossini commu-
nities of hygrophilous forests was available. These bees are
important pollinators in several Brazilian biomes and have
close relationships with several plants (Rocha-Filho et al.,
2012; Silva et al., 2012) of different families (Apocynaceae,
Bignoniaceae, Clusiaceae, Commelinaceae, Convolvulaceae,
Cucurbitaceae, Leguminosae, Melastomataceae, Myrtaceae,
Rubiaceae, Solanaceae and Verbenaceae) that also occur in
hygrophilous forests (Castro, personal observation).

Hence, the objective of the present study was to describe
the richness, abundance and the diversity of Euglossini bees
that occur in a fragment of hygrophilous forest, as well as to
assess the efficiency of odor baits in the attraction of males
in this environment and to test for an effect of climate on the
distribution and temporal fluctuations in the abundance of
Euglossini bees throughout the year.

Material and Methods
Study area

The study was carried out in Reserva Toca da Paca
(hereafter RTP), classified as a private reserve of natural

S

heritage by the Brazilian environmental law. This private
reserve is within the boundaries of Boa Vista Farm, on the
margins of the Mogi-Guagu River (21°27°30” S - 48°05°12”
W) at 510m a.s.l.,, in the city of Guatapara, Sao Paulo State,
southeastern Brazil (Fig 1). The 187ha of RTP’s area has a
predominant vegetation of hygrophilous forest which, despite
being situated in a transition area of the cerrado and semi-
deciduous forest vegetation types, is currently surrounded by
agricultural crops, especially sugarcane.

The regional climate type is Aw (Kdppen’s classifica-
tion), with two well-defined seasons: a dry and cold season,
from April to September (autumn-winter), with the average
temperature varying between 19.3 and 22.9 °C and 201.5mm
of total rainfall; and a rainy and warm season, from October
to March (spring-summer), with the average temperature var-
ying between 23.8 and 25.2°C and 982.1mm of total rainfall
(data from Centro de Pesquisas Meteorologicas e Climaticas
Aplicadas a Agricultura - UNICAMP).

Sampling of male bees

We sampled bees monthly from March 2010 to February
2011 on a 50m long transect, inside the fragment and parallel
to its edge. The distance between transect and the edge of the
fragment was 80m and the nearest crop sugarcane was 200m
(Fig 1). We placed on this transect four odor baits with euca-
lyptol, eugenol, vanillin, and methyl salicylate, which proved
to be efficient for attracting cuglossine male bees (Rebélo
& Gardfalo, 1991; Sofia & Suzuki, 2004). We prepared the
baits using a wad of paper soaked with only one fragrance,
which was tied with a string and attached to the vegetation on

Fig 1. Location of the area where the Euglossini bees were sampled in Guatapara, Sao Paulo State, Brazil. The thicker gray line marks the
edge of Reserva Toca da Paca natural vegetation. A: Distance of 80m from the sample point to the edge of Reserva Toca da Paca’s natural
vegetation. B: Distance of 200m from the sample point to the edge the sugarcane plantation.
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a shaded place 1.5m above the ground and 10m away from
other odor baits.

Sampling was always carried out at the same sites on
a transect and each sampling session lasted three hours, from
9:00am to 12:00pm. This interval corresponds to the period
of highest activity of males in the field in northeastern Sao
Paulo State (Rebélo & Garéfalo, 1991). At each half an hour
we replaced the essences to compensate the loss of volatile
compounds, as suggested by Sofia and Suzuki (2004).

We captured the bees attracted to the baits with an in-
sect net and stored them individually in 10ml falcon tubes,
where they were killed with ethyl acetate vapor released by a
paper soaked with the substance and attached to the cap. The
specimens were deposited in the Collection of Bees and Soli-
tary Wasps at the Department of Biology, FFCLRP-USP.

Data analysis

Correlations between species richness, the number of
individuals collected each month and average temperature
and rainfall were made by Pearson coefficient (r), following
Zar (1999). The software used for these calculations was pro-
gram R version 2.15.2 (R Development Core Team, 2012).

To test the monthly distribution of the males activities
in the range of one year, we used the Rayleigh test of uni-
formity (Z) and ran the calculations in the software Oriana
4.0 (Kovach Computing Services, 2012), in which months
were converted to angles, beginning at 30°, which corre-
sponds to January, and ending at 330°, which corresponds to
December, in intervals of 30°. After the conversion, we cal-
culated the mean date (a) of the capture frequency of males
and the concentration (r) of this event around the mean angle.
In the histogram, the vector indicates the mean angle, which
corresponds to the mean date of occurrence of the event. The
hypotheses were: HO= the males of each species are evenly
distributed throughout the year and, hence, there is no tem-
poral variation; H1= the males of each species are unevenly
distributed throughout the year and, hence, there is temporal
variation. In case H1 is true, i.e., (P<0.05), the concentration
of male captures around the mean angle, denoted by (r), may
be considered a measurement of temporal variation. Accord-
ing to Morellato et al. (2000), r=0 when the distribution is
even throughout the year, and r=1 when the distribution is
concentrated around a single month.

In discussion, to compare the Euglossini richness of
RTP with other areas of the same region in northeastern Sao
Paulo State, a rarefaction curve was made to equalize the dif-
ferences in sampling effort. The diversity of bees were calcu-
lated by Shannon-Wiener index, and the values of the indices
were compared using Hutcheson’s t-test (Hutcheson, 1970).
Uniformity and dominance were quantified following Pielou
Index and Berger-Parker Index (Magurran, 2004) respective-
ly. We also applied Serensen similarity coefficient (Serensen,
1948) to compare species composition among areas. Since

this coefficient does not consider abundance, it reduces the
chances of errors caused by studies with different sampling
effort. All of the aforementioned statistical analyses were
done using the software PAST 2.17¢ (Hammer et al., 2001).

Results

We collected 113 males of five species and three gen-
era in the studied hygrophilous forest. Among the species
studied, the most abundant was Eulaema nigrita Lepeletier,
1941, with 46% of all collected individuals, followed by
Euglossa pleosticta Dressler, 1982 (30.1%), Exaerete sma-
ragdina (Guérin-Méneville, 1844) (10.6%), Euglossa caro-
lina Nemésio, 2009 (9.7%), and Euglossa fimbriata Rebélo &
Moure, 1968 (3.5%) (Table 1).

Among the four odor baits used, eucalyptol attracted
males of all species and also the highest number of males
(n=98). Except for Eg. carolina, and Eg. fimbriata, whose
males were attracted exclusively to eucalyptol, the other spe-
cies were attracted to at least two different kinds of odor baits
(Table 1). Methyl salicylate did not attract any males.

During the study, the average monthly temperature

Table 1. Number of Euglossini bees collected with Eucalyptol (EC),
Vanillin (VA), Eugenol (EG) and Methyl salicylate (MS) in Reser-
va Toca da Paca, Guatapara, Brazil, from March 2010 to February

2011.

Aromatic baits

1 0,
Species N % —5eVva BG M
Eulaema nigrita 52 46 47 5 0 0
Euglossa pleosticta 34 30.1 29 2 3 0
Exaerete smaragdina 12 106 7 4 1 0
Euglossa carolina 11 9.7 11 0 0 0
Euglossa fimbriata 4 35 4 0 0 0
Abundance 113 100 98 11 4 0
Richness 5 - 5 3 2 0

varied from 18 to 26 °C and monthly rainfall varied from
0 to 296 mm (Fig 2). We observed the highest rainfall and
temperature values between November and March, when the
highest number of specimens was sampled (Fig 2). Species
richness showed a significant correlation with temperature
(r=0.85; p<0.01) and rainfall (r=0.83; p<0.01); male abun-
dance also showed a significant correlation with temperature
(r=0.92; p<0.01) and rainfall (r=0.81; p<0.01).

The Rayleigh test indicated a temporal variation in
the occurrence of bees in RTP (r=0.50; Z=28.35; P<0.01)
(Fig 3A), with concentration of individuals around Janu-
ary. We also observed temporal variation in different species
separately, except for Eg. fimbriata (r=0.69; Z=1.91; P=1.15)
(Fig 3C), which was not sampled in December; this species,
though, has a marked occurrence period between October
and February. Euglossa carolina (Fig 3B) and Eg. pleosticta
(Fig 3D) showed activity peaks in January, and El nigrita
(Fig 3E) was the only species sampled throughout the year,
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with a peak in December (Table 2 and Fig 3E). El. nigrita, as
well as the other species, had no males attracted to the baits
in August.

Discussion

The euglossine bees sampled in the studied fragment
of hygrophilous forest have also been observed in other envi-
ronments of northeastern Sdo Paulo State, Brazil. (Table 3).
This similarity in bees species occurrence may be explained
by the fact that the hygrophilous forest is composed of plant
species that are also found in other vegetation types that oc-
cur in this region, such as the semi-deciduous forest and the
cerrado. In addition, the geographic closeness and the relative
similar altitudes of the areas in the northeastern Sdo Paulo
State region may influence the share of the species composi-
tion of this tribe of bees, as has been observed in other studies
(Brosi, 2009; Cordeiro et al., 2013).

In contrast, species richness, expressed by the rarefac-
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Fig 2. Monthly rainfall (mm), average temperature (°C), and number
of Euglossini males collected each month in Reserva Toca da Paca,
Guatapara, Brazil. From March 2010 to February 2011.

tion curves (Fig 4), indicates a lower number of species than
observed in other areas of northeastern Sao Paulo State. This
reflects in the Serensen similarity coefficient presented by
cluster analysis in which the RTP is the least similar to other
areas of same region (Fig 5).

The Euglossini richness in areas of semi-deciduous
forest varies from eight to 14 species (Rebélo & Garofalo,
1997, Jesus & Garofalo, 2000). Also in a semi-deciduous for-
est, but very close to the ecotone with cerrado, Silveira et al.
(2011) sampled 13 species, whereas Hirotsu et al. (2010) in a
cerrado and Rebélo and Garofalo (1991) in a second-growth
area (capoeira) sampled eight species each. The difference
in Euglossini richness found between RTP and other areas
studied by Rebélo and Garofalo (1991, 1997) and Jesus and
Garofalo (2000) may be due to the size of the areas studied,
since the fragments studied by these authors were significant-
ly larger than RTP. Another reason for the smaller number of
species observed in the present study, compared to the one

Total number of individuals

A B

Euglossa carolina

October October March

September

October

September

October March

September

Fig 3. Temporal variation of the total abundance and for each Eu-
glossini species sampled in Reserva Toca da Paca, Guatapara, Bra-
zil, from March 2010 to February 2011. The line at the top of the
vector stands for standard deviation. Except for Eg. fimbriata with
P=0.151, the remaining species presented P<(0.01. The test values
corresponding to these distributions are shown in Table 2.

made by Silveira et al. (2011), could be a difference in sam-
pling effort, which in this latter were analyzed two simulta-
neous sampling points against one of the RTP. Storck-Tonon
et al. (2013) reported that those differences is also caused by
differences in the index of edge in the fragment, the connec-
tivity and the landscape structure, or as observed by Milet-
Pinheiro and Schlindwein (2005) affected by the surrounding
matrix of the studied area.

The abundance of Euglossini bees in the RTP was also
lower than other studied areas in the region, except the area
studied by Hirotsu et al. (2010) (Table 3). Fulaema nigrita and
Eg. pleostica were by far the most frequent species through-

Table 2. Results of circular statistic analyses testing for the occur-
rence of temporal variation in the abundance of Euglossini species
sampled in Reserva Toca da Paca, Guatapara, Brazil, from March
2010 to February 2011. Rayleigh test was performed for signifi-
cance of the mean angle.

Eulaema Euglossa  Exaerete  Euglossa Euglossa Total number

nigrita  pleosticta smaragdina carolina  fimbriata of individuals
Number of males (n) 52 34 12 11 4 113
Mean angle 354.43°  28.62° 41.45° 356.31° 345° 12.47°
Mean date (a) December January February  December December  January
Concentration () 0.39 0.64 0.68 0.64 0.69 0.50
Rayleigh test (Z) 7.95 14.08 5.56 4.51 1.90 28.35
Rayleigh test (P) <0.01 <0.01 <0.01 <0.01 0.151 <0.01
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Table 3. Number of Euglossini bees sampled in areas of the northe-
astern Sdo Paulo State.

Areas in northeastern 580 Paulo 5tate

Species -
Cua!  3ta Ser Mat Pat  Cay
Fuftlesen auriceps (Friese) - - - - 1 -
Eufrigseq violacea (Blanchard) - - 24 30 7519
Fuglossa annectans Dressler - t 4 N - 12
Fuglossa cordata (Linnasus) 11 3 3 3 & 2
Euglossa despecta Moure - - - - - -
Euplossa fimbriata Bebélo & Mome 4 2 33 X 232
Euglossa imperials Cockerell - 4 - - k) 2
Euglossa leucolriche Rebélo & MWowe - - - - 1 1
Euglossa melanotricha hlore - - 1 - 15 18
Fuglossa pleosticta Dressler 34 1 533 383 392 245
Fuglossa securigera Diressler - 3 - 1 - 1
Fuplossa stellfeldl IWonre - - - - 5
Euglossa fownsendi Cockerell - - 1 - - 2
Fuglossa fruncafa Rebélo & hiowe - 3 g 12 20 %
Euglossaviolaceifrons Rebélo & Mloure - - - 1 - 1
Fulaema nigrita Lepeletier P 12 8 66 181 251
Erxaerefe dentata (Linnaeus) - - - - 1 -
Fraerefe smaragdina (Guénin) 12 - 16 1 1 0
Lbundance 113 64 736 214 B39 904
Richness 5 g m w13 14
Drversity (HY) 130 171 103 127 166 149
Uniformity (1) nel 082 045 035 045 064
Doruinance 046 042 072 045 046 028

Gua=Guatapara (present study), Sta=Santa Rita do Passa Quatro
(Hirotsu et al., 2010), Ser=Sertazinho (Rebélo & Gardfalo, 1997),
Mat=Matao (Jesus & Garofalo, 2000), Pat=Patrocinio Paulista (Sil-
veira et al., 2011), Caj=Cajuru (Rebélo & Garoéfalo, 1991, 1997).

Eg. cordata is treated as Eg. carolina by Nemésio, 2009.

out the year and also the most abundant species, represent-
ing together 76% of all individuals collected in the present
study. This was expected, since these species were also the
most common in all other studies carried out in the same re-
gion of Sdo Paulo (Rebélo & Garofalo, 1991, 1997; Jesus &
Garo6falo, 2000; Hirotsu et al., 2010; Silveira et al., 2011).
However, while in RTP and the area studied by Rebélo and
Garofalo (1997) El. nigrita was the most abundant bee, being
responsible for a dominance of 0.46 and 0.27 respectively, in
the other studied areas Eg. pleosticta was the most numerous
species, reaching a 0.72 dominance in Rebélo and Garofalo
(1997) studied area (Table 3). The 1.302 diversity index of
RTP was very similar to that obtained by Jesus and Garofalo
(2000), not been significantly different (t=0.216; p>0.05) and
only higher than the one presented by Rebélo and Garofalo
(1997), which was influenced by its high dominance value
(Table 3).

Eucalyptol, or 1,8-cineol, was the most attractive
bait for Euglossini males in RTP, which corroborates the
efficiency of that compound as attractive scent bait for a
large number of species and individuals, as emphasized by
Dressler (1982) and observed in other studies carried out in
several neotropical regions (e.g., Janzen et al., 1982; Acker-
man, 1983; Pearson & Dressler, 1985; Rebélo & Garofalo,

1991, 1997; Cordeiro et al. 2013; Rocha-Filho & Garofalo,
2013). Asreported by Alvarenga et al. (2007) and Neves and
Viana (1999) in their study areas, methyl salicylate was also
not attractive for males in the RTP.

Despite the significant efficiency of odor baits for the
study of Euglossini communities, two species that nested in
the study area, Euglossa townsendi Cockerell, 1904 and Eu-
glossa truncata Rebélo & Moure, 1996, were not sampled
with the baits used in the present study (Castro, personal
observation). Similar observations were reported by Rebélo
and Garofalo (1991), who found nests of Eufriesea auriceps
Friese, 1899 and Eg. fownsendi in semi-deciduous forests,
but did not collect males of these species with odor baits.
Recently, Knoll and Penatti (2012) reported that six fra-
grances used as odor baits, for 77 months, did not attract Eg.
townsendi males, which were captured only on flowers. These
observations reveal a lack of attraction of males of those spe-
cies by the baits used in those studies or, in the case of Eg.
townsendi, a weak association, because even when they were
attracted by the baits they were always in small numbers
(Janzen et al., 1982; Ackerman, 1989; Rebélo & Garofalo,
1997; Nemésio & Silveira, 2007; Abrahamczyk et al., 2011;
Silva, 2012). Such occurrences show the importance of using
alternative methods to sample euglossine bees, such as trap
nests (Garofalo et al., 1993) and direct collection on flowers

Number of species
s
[¢]

100 200 300 4040 500 600 TO0 J00 SO0
Number of individuals

Fig 4. Rarefaction curve for Euglossini species richness in areas of
northeastern Sao Paulo State, Brazil. A- Guatapara (present study),
B- Santa Rita do Passa Quatro (Hirotsu et al. 2010), C- Sertaozinho
(Rebélo & Gardfalo, 1997), D- Matdo (Jesus & Garofalo 2000),
E- Patrocinio Paulista (Silveira et al. 2011), F- Cajuru (Rebélo &
Garofalo, 1991, 1997).

with insect nets (Rocha-Filho et al., 2012), in order to obtain
representative samples of the species composition. Rebélo
(2001) pointed out that males have different preferences for
aromatic fragrances depending on locality and season.
Regarding temporal variation in bee abundance, in the
present study, temperature and rainfall affected significantly
the distribution of males throughout the year. Both the number
of species and number of individuals were higher in the warm
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and rainy months with activity peaks varying among species.
These results are consistent with other studies carried out in
different ecosystems (e.g., Rebélo & Garofalo, 1991, 1997,
Rebélo & Cabral, 1997; Ramalho et al., 2009; Cordeiro et
al., 2013; Silva, 2012) suggesting that the peaks in number of
individuals and species are probably related to a higher avail-
ability of floral resources (Rebélo & Garofalo, 1997), since
the flowering in tropical environments is cued by the rains
and many of the orchid bees may also use these rains as a cue

0,704

0,654

0.604

Fig 5. Similarity dendogram based in Serensen coefficient between
areas of northeastern Sao Paulo State, Brazil. A- Guatapara (present
study), B- Santa Rita do Passa Quatro (Hirotsu et al. 2010), C-
Sertdozinho (Rebélo & Garofalo, 1997), D- Matdo (Jesus & Gard-
falo 2000), E- Patrocinio Paulista (Silveira et al. 2011), F- Cajuru
(Rebélo & Gardfalo, 1991, 1997).

for emergence (Pearson & Dressler, 1985). However, indi-
vidual analyzes of the most abundant species in a community
may show temporal variations different from that observed
in RTP. In Peru, Pearson and Dressler (1985) observed the
occurrence of two peaks in the activities of males, a major
peak at the end of the dry season and beginning of the wet
season, and another minor peak at the end of the wet season
and into the dry season. According to those authors, smaller
orchid bee species predominate in the hot/dry season. Large
and very large species were virtually aseasonal in abundance,
while medium species were relatively more common during
the cool/dry season. Two peaks of abundance were also re-
ported by Aguiar and Gaglianone (2008) working in rem-
nants of lowland forest on tertiary tabuleiro in the north Rio
de Janeiro State, Brazil. The abundance peak in the hot/rainy
season was strongly influenced by El. nigrita and that in the
cool/dry season was influenced by Eg. cordata.

The observed low abundance and richness of Eugloss-
ini in the hydrophilious forest in relation to those found in
other areas of the same geographic region cannot be inter-
preted only as a feature of this type of vegetation. The simi-

larity in species composition with other regional vegetation
types contrasts with the very low number of individuals sam-
pled and suggests a strong effect of area and spatial isolation
by sugarcane culture and deforestation. Other studies should
be carried out in other hygrophilous forests areas in order to
increase the species list and also to advance the knowledge
about community composition of these bees in this kind of
vegetation, which is still poorly known.

Acknowledgements

We thank Daniela de Azevedo Souza Defina, for al-
lowing us to sample in her farm; the Guatapard municipal
government (through Julio Yoji Takaki) for providing the
meteorological data; FAPESP (process #2010/10285-4) and
CAPES-PNPD (process #02958/09-0), for financial support,
CAPES-Demanda Social for granted Mauricio M. N. Castro
a scholarship and Research Center on Biodiversity and Com-
puting (BioComp). We thank three anonymous reviewers for
comments that helped to improve this article.

References

Abrahamczyk, S., Gottleuber, P., Matauschek, C. & Kessler,
M. (2011). Diversity and community composition of euglos-
sine bee assemblages (Hymenoptera: Apidae) in western Am-
azonia. Biodivers. Conserv., 20: 2981-3001. doi: 10.1007/
s10531-011-0105-1

Ackerman, J.D. (1983). Specificity and mutual dependency
of the orchid-euglossine bee interaction. Biol. J. Linn. Soc.,
20:301-314. doi: 10.1111/j.1095-8312.1983.tb01878.x

Ackerman, J.D. (1989). Geographic and seasonal-variation
in fragrance choices and preferences of male euglossine bees.
Biotropica, 21: 340-347. doi: 10.2307/2388284

Aguiar, WM. & Gaglianone, M.C. (2008). Comunidade de
Abelhas Euglossina (Hymenoptera: Apidae) em Remanes-
centes de Mata Estacional Semidecidual sobre Tabuleiro no
Estado do Rio de Janeiro. Neotrop. Entomol., 37: 118-125.
doi: 10.1590/S1519-566X2008000200002

Alvarenga, P.E.F., Freitas, R.F. & Augusto, S.C. (2007). Di-
versidade de Euglossini (Hymenoptera: Apidae) em areas de
cerrado do Triangulo Mineiro, MG. Biosci. J., 23(suppl. 1):
30-37.

Brosi, B.J. (2009). The effects of forest fragmentation on
euglossine bee communities (Hymenoptera: Apidae: Eu-
glossini). Biol. Conserv., 142: 414-423. doi: 10.1016/j.
biocon.2008.11.003

Cordeiro, G.D., Boff, S., Caetano, T.A., Fernandes, P.C. &
Alves-dos-Santos, 1. (2013). Euglossine bees (Apidae) in At-
lantic forest areas of Sdo Paulo State, southeastern Brazil.
Apidologie, 44: 254-267. doi: 10.1007/s13592-012-0176-3



Sociobiology 60(4): 405-412 (2013)

411

Cruz Landim, C., Stort, A.C., Costa Cruz, M.A. & Kitajima,
E.W. (1965). Orgdo tibial dos machos de Euglossini. Estudo
ao microscopio optico e eletronico. Rev. Bras. Biol., 25: 323-
342.

Dressler, R.L. (1982). Biology of the orchid bee (Euglossini).
Annu. Rev. Ecol. Syst., 13: 373-394. doi: 10.1146/annurev.
es.13.110182.002105

Eltz, T., Zimmermann, Y., Haftmann, J., Twele, R., Francke,
W., Quezada-Euan, J.J.G. & Lunau, K. (2007). Eufleurage,
lipid recycling and the origin of perfume collection in orchid
bees. Proc. R. Soc. B., 274(1627): 2843-2848. doi: 10.1098/
rspb.2007.0727

Gardéfalo, C.A., Camillo, E., Serrano, J.C. & Rebélo, J.M.M.
(1993). Utilization of trap nests by Euglossini species (Hy-
menoptera: Apidae). Rev. Bras. Biol., 53: 177-187.

Gomes, P.B., Valio, LF.M. & Martins, F.R. (2006). Germina-
tion of Geonoma brevispatha (Arecaceae) in laboratory and
its relation to the palm spatial distribution in a swamp forest.
Aquat. Bot., 85: 16-20. doi: 10.1016/j.aquabot.2006.01.008

Hirotsu, C.M., Nascimento, A.L.O. & Gardéfalo, C.A. (2010).
Levantamento das espécies de Euglossini (Hymenoptera,
Apidae) da Gleba Cerrado Pé-de-Gigante, do Parque Estadu-
al de Vassununga, Santa Rita do Passa Quatro, SP. In Z. L. P.
Simdes, D. S. M. Antonio & M. M. G. Bitondi (Eds.), Anais
do IX Encontro sobre Abelhas: Genética e Biologia Evolu-
tiva de Abelhas (pp. 494). Ribeirdo Preto: FUNPEC.

Hammer, @., Harper, D.A.T. & Ryan, P.D. (2001). PAST:
Paleontological statistics software package for education and
data analyses. Palacontologia Electronica, 4(1): 9pp.

Hutcheson, K. (1970). A test for comparing diversities based
on the Shannon formula. J. Theor. Biol., 29: 151-154. doi:
10.1016/0022-5193(70)90124-4

Janzen, D.H., Devries, P.J., Higgins, M.L. & Kimsey, L.S.
(1982). Seasonal and site variation in Costa Rica euglossine
bees at chemical baits in lowland deciduous and evergreen
forests. Ecology, 63: 66-74. doi: 10.2307/1937032

Jesus, B.M.V. & Garoéfalo, C.A. (2000). Riqueza ¢ abundan-
cia sazonal de Euglossini (Hymenoptera, Apidae) na Mata
da Virginia, Matao, Sao Paulo. In M.M.G. Bitondi, K. Hart-
felder et al. (Eds.), Anais do IV Encontro sobre Abelhas
(pp-239-245). Ribeirdo Preto: Faculdade de Filosofia, Cién-
cias e Letras/ Departamento de Biologia/ USP

Joly, C.A. (1992). Biodiversity of gallery forest and its role
in soil stability in the Jacaré-Pepira water, state of Sao Paulo,
Brazil. In A. Jensen (Ed.), Ecotones at the river basin scale
global land/water interactions. Proceedings of ecotones re-
gional workshop (pp. 40-66). Barmera: UNESCO/MAB.

Knoll, F.R.N. & Penatti, N.C. (2012). Habitat fragmentation
effects on the orchid bee communities in remnant forests of

southeastern Brazil. Neotrop. Entomol., 41: 355-365. doi:
10.1007/s13744-012-0057-5

Kovach Computing Services. (2012). Oriana for Windows
(version 4.01). Anglesey, Wales.

Leitao Filho, H.F. (1982). Aspectos taxondmicos das florestas
do estado de Sao Paulo. Silvicultura em Sao Paulo, 16A(1):
197-206.

Lopez, F.D. (1963). Two attractants for Eulaema tropica L. J.
Econ. Entomol., 56: 540.

Magurran, A. E. (2004). Measuring biological diversity. Ox-
ford: Blackwell Publishing, 256 p

Marques, M.C.M. (1994). Estudos auto-ecologicos do gua-
nandi (Calophyllum brasiliense Camb. Clusiaceae) em uma
mata ciliar do municipio de Brotas, SP. Master Thesis, Uni-
versidade Estadual de Campinas, Campinas, Brasil.

Milet-Pinheiro, P. & Schlindwein, C. (2005). Do euglossine
males (Apidae, Euglossini) leave tropical rainforest to collect
fragrances in sugarcane monocultures? Rev. Bras. Zool., 22:
853-858. doi: 10.1590/S0101-81752005000400008

Minckley, R.L. & Reyes, S.G. (1996). Capture of the orchid
bee, Eulaema polychroma (Friese) (Apidae: Euglossini) in
Arizona, with notes on northern distributions of other Mes-
oamerican bees. J. Kansas Entomol. Soc., 69: 102-104.

Morellato, L.P.C., Talora, D.C., Takahasi, A., Bencke, C.C.,
Romera, E.C. & Zipparro, V.B. (2000). Phenology of Atlan-
tic rain forest trees: A comparative study. Biotropica, 32(4b):
811-823. doi: 10.1111/j.1744-7429.2000.tb00620.x

Nemésio, A. & Silveira, F.A. (2007). Orchid bee fauna (Hy-
menoptera: Apidae: Euglossina) of Atlantic forest fragments
inside an urban area in southeastern Brazil. Neotrop. Entomol.,
36(2): 186-191. doi: 10.1590/S1519-566X2007000200003

Neves, E.L. & Viana, B.F. (1999). Comunidade de machos
de Euglossinae (Hymenoptera: Apidae) das matas ciliares da
margem esquerda do médio Rio S@o Francisco, Bahia. An.
Soc. Entomol. Bras., 28(2): 201-210. doi: 10.1590/S0301-
80591999000200002

Pearson, D.L. & Dressler, R.L. (1985). Two-year study of
male orchid bee (Hymenoptera: Apidae: Euglossini) attrac-
tion to chemical baits in lowland south-eastern Peru. J Trop
Ecol 1: 37-54.

R Development Core Team. (2012). R: A language and envi-
ronment for statistical computing (version 2.15.2 ). Vienna,
Austria.

Ramalho, A.V., Gaglianone, M.C. & Oliveira, M.L. (2009).
Comunidades de abelhas Euglossina (Hymenoptera, Api-
dae) em fragmentos de Mata Atlantica no Sudeste do Brasil.
Rev. Bras. entomol., 53(1): 95-101. doi: 10.1590/S0085-
56262009000100022



412 MMN Castro, CA Garofalo, JC Serrano, Cl Silva - Orchid Bees of a Hygrophilous Forest

Rebélo, .M.M. & Cabral, A.J.M. (1997). Abelhas Euglossi-
nae de Barreirinhas, zona do litoral da Baixada Oriental Ma-
ranhense. Acta Amaz., 27(2): 145-152.

Rebélo, JM.M. & Gardfalo, C.A. (1991). Diversidade e
sazonalidade de machos de Euglossini (Hymenoptera, Api-
dae) e preferencias por iscas-odores em um fragmento de
floresta no sudeste do Brasil. Rev. Bras. Biol., 51: 787-799.

Rebélo, JM.M. & Garéfalo, C.A. (1997). Comunidades
de machos de Euglossini (Hymenoptera: Apidae) em ma-
tas semideciduas do nordeste do estado de Sdo Paulo. An.
Soc. Entomol. Bras., 26: 243-255. doi: 10.1590/S0301-
80591997000200005

Rebélo, J.M.M. (2001). Historia natural das Euglossineas: as
abelhas das orquideas. Sao Luis: Lithograf.

Rocha-Filho, L.C. & Garofalo, C.A. (2013). Phenological
Patterns and Preferences for Aromatic Compounds by Male
Euglossine Bees (Hymenoptera, Apidae) in Two Coastal
Ecosystems of the Brazilian Atlantic Forest. Neotrop. Ento-
mol., doi: 10.1007/s13744-013-0173-x

Rocha-Filho, L.C., Krug, C., Silva, C.I. & Garéfalo, C.A.
(2012). Floral Resources Used by Euglossini Bees (Hy-
menoptera: Apidae) in Coastal Ecosystems of the Atlantic
Forest. Psyche 2012: 13 pages. doi: 10.1155/2012/934951

Rodrigues, R.R. (2004). Uma discussdo nomenclatural das
Formagdes Ciliares. In R. R. Rodrigues & H. F. Leitdo-Filho
(Eds.), Matas ciliares: conservagdo e recuperagao (pp. 91-
99). Sao Paulo: Edusp/ Fapesp.

Roubik, D.W. & Hanson, P.E. (2004). Orchid bees of tropical
America: biology and field guide. San Jose: INBIO.

Silva, C.I., Bordon, N.G., Rocha Filho, L.C. & Garo6falo, C.A.
(2012). The importance of plant diversity in maintaining the
pollinator bee, Eulaema nigrita (Hymenoptera: Apidae) in
sweet passion fruit fields. Rev. Biol. Trop., 60: 1553-1565.

Silva, F.S. (2012). Orchid bee (Hymenoptera: Apidae) com-
munity from a gallery forest in the Brazilian Cerrado. Rev.
Biol. Trop., 60: 625-633.

Silveira, G.C., Nascimento, A.M., Sofia, S.H. & Augusto,
S.C. (2011). Diversity of the euglossine bee community

(Hymenoptera, Apidae) of an Atlantic Forest remnant in
southeastern Brazil. Rev. Bras. Entomol., 55: 109-115. doi:
10.1590/S0085-56262011000100017

Sofia, S.H. & Suzuki, K.A. (2004). Comunidade de machos
de abelhas Euglossina (Hymenoptera: Apidae) em fragmen-
tos florestais no sul do Brasil. Neotrop. Entomol., 33: 693-
702. doi: 10.1590/S1519-566X2004000600006

Serensen T. (1948). A method of establishing group of equal
amplitude in plant sociobiology based on similarity of spe-
cies content and its application to analyses of the vegetation
on Danish commons. Biol. Skr. 5: 1-34.

Storck-Tonon, D., Morato, E.F., Melo, A W.F. & Oliveira,
M.L. (2013). Orchid Bees of forest fragments in Southwest-
ern Amazonia. Biota Neotrop. 13: 133-141. doi: 10.1590/
S1676-06032013000100015

Teixeira, A.D.P., Assis, M.A., Siqueira, F.R. & Casagrande,
J.C. (2008). Tree species composition and environmental
relationships in a Neotropical swamp forest in Southeastern
Brazil. Wetlands Ecol. Manage., 16: 451-461. doi: 10.1007/
s11273-008-9082-x

Toniato, M.T.Z., Leitdo Filho, H.F. & Rodrigues, R.R.
(1998). Fitossociologia de um remanescente de floresta hi-
grofila (mata de brejo) em Campinas, SP. Rev. Bras. Bot., 21:
197-210. doi: 10.1590/S0100-84041998000200012

Torres, R.B., Matthes, L.A.F. & Rodrigues, R.R. (1994).
Floristica e estrutura do componente arbéreo de mata de
brejo em Campinas, SP. Rev. Bras. Bot., 17: 189-194.

Whitten, W.M., Young, A.M. & Stern, D.L. (1993). Nonflo-
ral sources of chemicals that attract male euglossine bees
(Apidae, Euglossini). J. Chem. Ecol., 19: 3017-3027. doi:
10.1007/b£00980599

Zar, J.H. (1999). Biostatistical analysis (4 edn.). New Jersey:
Prentice-Hall, 736 p

Zimmermann, Y., Ramirez, S.R. & Eltz, T. (2009). Chemi-
cal niche differentiation among sympatric species of orchid
bees. Ecology, 90: 2994-3008. doi: 10.1890/08-1858.1

Zimmermann, Y., Roubik, D.W. & Eltz, T. (2006). Species-
specific attraction to pheromonal analogues in orchid bees.
Behav. Ecol. Sociobiol., 60: 833-843. doi: 10.1007/s00265-
006-0227-8




